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CHEMICAL SECURITY AS A SYNTHESIS OF SCIENCES

Lestaw Goérniak
Instytut Chemii Przemystowej im. Prof. Ignacego Moscickiego
leslaw.gorniak@ichp.pl

Chemical substances may be hazardous, in a toxic, explosive or physical way. Applied science called chemical
safety has been developed in order to protect workforce, consumers, neighbourhood of chemical process
facilities and environment. That interdisciplinary science applies developments of many natural, technical and
humanities, in particular social sciences. Recently chemical safety specialists have been facing new challenges.
The beginning of XXI century brought the new risks to the world society due to exploitation of most hazardous
properties. The emerging non-state actors in pursue of their destructive goals don’t limit themselves to
dedicated weapons but reach for every available harmful material or precursor, trying to convert them into
destructive mean of terror. The new branch of chemical safety - chemical security is being developed in order
to develop prevention and protection measures against such misuse. Chemical security involves even more
disciplines than chemical safety. In this paper we will discuss complex nature of chemical safety and security.

Introduction

Chemical substances may be hazardous, in a toxic, explosive or physical way. Applied science called
chemical safety has been developed in order to protect workforce, consumers, neighbourhood of chemical
process facilities and environment. That interdisciplinary science applies developments of many natural,
technical and humanities, in particular social sciences. Recently chemical safety specialists have been
facing new challenges. The beginning of XXI century brought the new risks to the world society due to
exploitation of most hazardous properties. The emerging non-state actors in pursue of their destructive
goals don’t limit themselves to dedicated weapons but reach for every available harmful material or
precursor, trying to convert them into destructive mean of terror. The new branch of chemical safety -
chemical security is being developed in order to develop prevention and protection measures against such
misuse. Chemical security involves even more disciplines than chemical safety. In this paper we will
discuss complex nature of chemical safety and security.

Managing safety begins with evaluation of chemical substances hazardous properties. Hazards are
assembled in four main groups: hazardous with regard to reactivity, reaction with living organisms,
reaction with environment and reaction with atmosphere. Those groups consist of several classes, e.g.
reactive hazards include explosives, flammable, pressurised gases, pyrophoric substances, self heating,
emitting flammable gases when reacting with water, oxidizing and corrosive to metal. Reaction with
living organisms include several mechanisms of toxicity, tissue corrosiveness, respiratory or skin
sensitizing, aspiration toxicity which is a physical effect not reaction with tissues or entering metabolism.
Environmental hazards are described by various mechanisms of ecotoxicity. The only identified as
requiring classification atmospheric hazard is ozone layer depletion. Safety of use includes calculation of
each hazardous substance/mixture emission during predicted use time and conditions, followed by
assessments whether its value exceeds what is generally accepted as safe. Different approach and
methodology has to be applied when managing safety of processing. The energy of reaction and its
capacity to form heat and mechanic wave in case of accident as well as flow and concentration of harmful
plume have to be calculated for various possible runaway scenarios. The results help to organize
prevention and engineer layers of protection in order to reduce associated risks. When replacing random
accident caused by error or malfunction with intentional act, safety managers have to take into
consideration not only present material and process conditions but include possibility of process and
infrastructure alteration in attempt to maximise the impact in terms of injuries numbers and gravity.

Safety management engineers require tools belonging to several scientific domains. Reaction
thermodynamics and Kinetics are needed to calculate reaction rate, its dependence on temperature
pressure, reaction mass composition. Physical chemistry and material science need to be used when
assessing possibility of equipment rupture. Physics of mass and heat flow is needed to assess velocity and
other parameters of incidental emission. Most of scientific developments from those core sciences were
assembled in process engineering and its branch process safety engineering. The latter, beside chemistry
and physics, employs Boolean algebra, logic analysis, probability theory and statistics. The product of
release react with organic matter and enter metabolism pathways in living organisms The effect vary from
acute to multiple generations so studying toxicity involves different branches of biological sciences.
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Security or safety of intended releases involves social interactions employing behavioural sciences
including psychology and sociology. Since in modern world safety and security involve complex societal
or industrial organisms, the tools originating from management and organisation sciences using
mathematical modelling, algorithm analysis and some elements of economy and engineering are
employed. Chemical safety and security are thus interdisciplinary sciences oriented strongly on practical
aspects and requirement of producing ready-to-use solutions. In the same time they are not heavily loaded
neither advanced in theory. On a classical theory vs. practice graph they may be located in so called
Edison’s quadrant presented on a Figure 1.

High Theory
Advancement

High Theory / Low Practice High Theory / High Practica

BOHR'S PASTEUR'S
QUADRANT QUADRANT
{use inspired basic science)
Low Practice . High Practice Chemical
Advancement Advancement SEIfEtV
PATTERSON’S EDISON’S Chemical
QUADRANT QUADRANT .
security
Low Theory / Low Practice Low Th:uryf$dh:e
v
Low Theory
Advancement

Figure 1. Placement of chemical safety and security on a practice vs. theory graph.

It is a generally adopted axiom that “safety is unity”. To represent that axiom, safety may be
expressed as a sum of its components, as presented in a Formula 1:

(1) S =Spt Syt Ve

Where S represents components of safety, V — represents vulnerability (explained further in the text)
and suffixes respectively represent

(P- process; U — use; Ext- external action)

The concept of total safety or safety as unity is presented on a figure 2.

Safety of use
Process Security
safety vulnerability

Figure 2. Total safety or safety as unity
Area delineated by bold line represents overall S(afety). It is a sum of process safety, safety of use
and security. Part of the area is category specific — managing safety in that category doesn’t influence
other categories. A part of the area, shaded in cross-line pattern, is common meaning that managing
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safety in one category suffices in reducing overall risk. If any of the categories is left unchanged i.e. risk
or vulnerability are not reduced, the overall safety management is incomplete.

The safety management can be represented as consisting of several blocks as presented on a Figure

3:
Safety of use risk reduction loop Frocess safety risk reduction loop
| Hazardou_s Material | Prt:_::egs |
| Pmp{erties | Deviatioli (accident) |
| Conditions | Impact, c}:nsequences

| Layers of protection

ot

acceptable

yes not

acceptable

Cansidercd SAFE Considered SAFE

Figure 3. Safety risk reduction loops

Hazardous properties

The most direct science involved in explaining harmful properties is toxicology. For the purpose of
visualisation, quantification and ease of communication, toxicology has been amended with interfaces of
technical scientific nature. Toxic effects require quantification that are difficult to develop on the basis of
toxicology itself. Most substances subject to safety management are xenobiotics i.e. they don’t naturally
occur in organisms. Metabolism of those substance require detailed pharmacologic and pharmacokinetic
studies. To be reliable, the effects are to be observed on representative populations and evaluated
statistically. Allometric scaling has to be employed in order to convert the results of animal studies to
humans. The principles of inter-species dose extrapolation are poorly understood and applied [1]. The
Formula 2

) P=aW®

giving the relationship between whole body metabolic rate and body size where P is the physiological
parameter (metabolic rate) and W is the body weight in kilogram is based on observations and correlation
of experimental data rather than adoption of theoretical model. Exponents are thus not constants and have
no physiological meaning by themselves. Scaling is one of the techniques since toxicokinetics and
toxicodynamics vary from childhood through adult to elderly organisms.

The results of effects on human populations are rarely available. It is common practice to run test on
animals and extrapolate the results to humans. That extrapolation is never straightforward and is
depending on various mechanisms. Before the experimental data are expressed as parameters to be
observed, they undergo several adjustments due to necessity of standardisation, determination of
confidence level and safety margins. The final number considered as applicable for safety analyses is a
Derived Minimum of No-effect Levels (DMEL of DNEL). These numbers take into account corrections
for all species used in studies or observations, duration normalisation as well as data uncertainties. They
are derived from experimental, statistically adjusted “No Adverse Effect Levels” (NOAEL) values. An
example of how far experimental toxicity data fall from the derived values used in hazard communication
is presented below.[2]

If observed NOAEL for adrenal glands is 10 mg/kg body weight/day obtained from experimental
data on rats, it requires correction

- dermal absorption at human i 2 times less than in rats

- interspecies Adjustment factor: 10
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- Intraspecies Adjustment (uncertainty) factor: 5

- Dose-response factor: 3

- Duration: 2

Thus overall Assessment factor: 0,5x 10 x5 x 3 x 2 = 150

DNEL = 10 (NOAEL)/150 (AF) = 0,06 mg/kg/bw/day

AF —adjustment factor

The above consideration has been introduced to present how deep adjustment and correction
originating from scientific theory and technical adjustments is needed to standardise initial observation
data. It is also worth noticing how large safety margin is adopted when deriving numerical values used is
“safe conditions” assessment.

Hazardous processes

Properties of substances characterise intrinsic hazard due to substances participating in a process.
They alone cannot represent a total process hazard. The other, equally important are conditions where
those substances are manufactured, processed or otherwise handled. The hazards of use depend on
condition of use, time of exposure and potentially applied protection measures. The hazard of process
depends of present substances, process parameters, local climate, terrain, infrastructure, complexity. It is
assumed that nearly 80% of all accidents are due to a human error, only the reminder due to the other
factors such as unpredicted equipment failure, material defect, natural disaster etc. Proper management,
education and technical culture of personnel are the most important factors determining process safety.

The phenomena governing industrial catastrophic or accidental emissions include evaporation,
boiling liquid evaporation, evaporation combined with fire or other reactions, release of pressurised
gasses, explosion, deflagration and detonation. Those phenomena result in propagation of vapour or
aerosol cloud, mechanical wave and heat wave.

Emission of compressed gases may be solved with the use of selected equations of state. In the
simplest model of an instantaneous release a flash evaporation calculable with thermodynamic tools is
possible. In all other cases, when released flow is not instantaneous flow mechanic calculations have to be
combined with thermodynamics to produce particular applicable models, e.g. stable (usually for small
holes) or not unstable (for larger ruptures) flow from vessels or pipelines. Engineering arrangements of
the hardware may influence how far the flowing fluid is from adiabatic conditions. It may be mentioned
at this stage that in security related cases which often assume emission triggered by a shock wave caused
by planted explosive materials a forced dispersion occurs. The particles of material dispersed in such a
way differ in size and physical state from a cloud emitted as a result of catastrophic rupture. In all but
compressed gas or boiling liquids cases the process mixtures are released in the form of near-isothermally
evaporating droplets nearing spray release.

The subject of the above discussion were primary events. Each of primary events triggers other
events requiring subsequent and independent calculations. Liquid release for example usually results in
forming of a pool evaporating liquid which velocity depending on thermodynamic properties of liquid but
also atmospheric conditions including temperature, humidity air velocity over the pool, heat transfer
to/from the pool, dike and platform shape, material, obstacles on the dispersion direction, liquid-to soil
penetration. The latter is probably the most complex depending on the soil composition, geometry,
humidity and penetrating properties. In case of low-boiling liquid and liquid being released above its
boiling temperature the model is yet more complicated because of vapours flowing counter-currently to
the penetrating liquid flow.

Process safety engineering [3]

The goal of process safety engineering is to characterise and calculate risk then assess it against
adopted risk level standards. In assessing risk it is necessary to calculate emission of material, mechanical
wave and heat wave. Each of those phenomena may follow different models depending on primary cause
like rupture, malfunction or runaway reaction. Some types of primary causes are linked to particular
model e.g. catastrophic rupture of cryogen or low-boiling liquid is followed by near-adiabatic pool
evaporation but in practice the models are more complex and include for example flash evaporation,
vessel or pool evaporation , jet evaporation, two phase flow, cryogen liquid evaporation, film boiling,
pool boiling, boiling with accompanied fire, explosion and several other models. The models for different
types of flow are created In the similar manner. If emission is combined with reaction resulting in fire or
sudden volume/pressure build up, heat and mechanic wave effects are formed. There are models
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describing each of those types depending on initial conditions, land shape, atmospheric conditions,
reaction speed and other factors.

Risk quantification

Fault tree analysis

The ultimate goal of process safety analysis is to reduce risk. In most simplified version risk can be
presented in a form of equation

(3) R(e) =H(e) * P(Zej)

where R isarisk of an evente
H is a hazard ( of summarised impact)
P is probability of a sum of events sequence (i)

In order to assess risk both impact of an accident and its probability are to be calculated. Impact
calculation is based on semi-empirical models described above. Probability is adopted on the basis of
heuristics or expert judgement. Then, impact and probability are to be linked together. Several methods of
assessing risk by linking probability with impact does exist. One of those methods is fault tree analysis
(FTA). Torun FTA, a scenario has to be adopted. A visualisation of scenario-based FTA is presented on a
Figure 4.

Initial Internal Peak External Physical effacts
avents event @vant avants And
Consequances
IE1
Effactl, consequence 1
Effect 2, consequence 2
IE1 Effect 3, consequence 3
Effect 4, consequence 4

Figure 4. Fault tree analysis for a sequence of events

What to this moment was called an accident or event, in FTA diagram is called external event. Each
of the external events has a series of initial and internal and one peak event. Each external event has its
impact and a path leading to that event has a probability: a product of probabilities of each step.

Initiating events include human errors, material or machinery failures.

Failure rate is usually assessed on the basis of historical data and any other existing factors e.g.
equipment manufacturer’s information. Probability, which has to be assessed as one of the risk factors is
traditionally a function of failure occurrence and time as presented in the Formula (4)

(@) P= 1 — exp(-at) where o — occurrence rate, t — time

Internal events include technical failures of existing safety or security systems.

Peak event is a release of: (i) material (ii) energy, mechanical or in a form of heat.

External events include external exceptional conditions (extreme weather) and performance of safety
systems belonging to the layers of protection.

Only certain paths and scenarios are selected for a next step: risk reduction analysis. In most cased a
sequence most probable and the one having the highest impact are further considered.

Consequences in probable numbers of injuries and damages are finally quantified. Product of
quantified consequence and its probability is a resulting risk. If that risk is acceptable, the process is
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considered safe, otherwise, the additional components have to be introduced to the layers of protection,
to reduce consequences (impact or probability of occurrence).

For practical reasons further risk description has to depart from science based theory. The categories
of risk assessed for different impact endpoints are presented in the descriptive way. The example of
assigning categories to the particular descriptions is given in a Table 1. The content is , for the sake of
brevity limited to two extreme (lowest and highest) categories:

Table 1. Description of accident category

Overall Employees | Community | Environment Property Image
Cat I Negligible _“'l.!lm_:r No No Do minimis © public
injuries interest
) ) N ) :-\[ﬂ:][}l' Fnvironmental W mghrmg_:un ]Ill'l%l'ﬂﬂl'lﬂlslﬂl
Cat V | Catastrophic | Fatalities injuries or company’s level media
. catastrophe . )
fatalities existence coverage

Conversion of the results of calculations for given categories matched with frequencies is done by
arbitrary assigning the numerical value representing risk. The procedure is presented in the Table 2.

Table 2. Measured risk matrix

w Cat. I Cat. II Cat. III Cat IV Cat. V
Frequency negligible small medium large Catastrophic
Very frequent 7 g 0 10 11
Frequent ] 7 8 0 10
Moderately frequent 5 ] 7 8 0
Occasional 4 5 ] 7 8

Rare 3 4 5 ] 7

Very rare 2 3 4 5 ]
Almost impossible 1 2 3 4 5

Thus obtained numerical values representing risk are indicating whether to consider or not in further
analysis and adoption of layers of protection.

Layers of protection
Protection against individual and combined risks is done in the way of installing multiple layers of
protection [4]. The analysis which layers and how are to be installed is called layers of protection analysis
(LOPA) and is a simplified form of risk assessment.
The visual concept is presented on
Community Emergency Response | a Flg 5, together with short description
if the domains taken into consideration.

Plant Emergency Response

Active/Passive Protection Figure 5
Automatic Action SIS or ESD

Alarm, Operator Action

The origin of that approach comes
from the need to systematise and make
implementation of risk analysis an
objective process, based on documented
decisions. That process beforehand was
often subject to incremental, emotional
and subjective influence.

Layer of Protection Model LOPA include the following steps
Block description. LOPA begins
with estimation of consequence and severity. Analysis is normally a continuation of prior study so i order
to proceed with the first LOPA step usually either most common or most severe in consequences scenario
is chosen. Further steps are applied to one cause-consequence pair at a time. Most of LOPA relies thus on
expert judgement based on engineering experience rather than on scientific foundations. Elements of
logic and statistics are however employed in the selection of loops and evaluation of probability of failure
on demand. Also consequences assessment is based on calculation of release and calculation of its results,
given the assumed input data. Those data are either objective, like atmospheric conditions, landform,
demography that can be presented quantitatively, or qualitative only, like cultural or behavioural factors.

450



LSISHMBZIRML 3IGE0IGIBSMS IOMBEIN0 535RIFOOL 8dG6J, Jodoob Lyos 2016 . 42 Ne4

Estimatig
COMSeqUE nCefseverity

Making risk decisions Developing scenarios

Determining scenarko Indentifying initiating
frequency event frequency

Ide ntifying related
independent layers of
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Figure 6. Steps of Layers of protection analysis

Intention induced incidents, a different concept.

A number of parameters increase significantly if a release is not a result of malfunction or human
error but is staged intentionally, e.g. for profit or terror.

The incidents involving intentional origin although exploiting the similar nature of hazards:
chemical, radiological or physical, differ in characteristics.

First, some components that are not normally present in a process may be brought in as a result of a
planned action. Process engineering treats process as a black box. So if a variation or change of a process
occurs, the analysis has to approach it as a different process, having a separate set of input data and
accident scenarios.

Secondly, a release may be multiplied or directed where it causes the biggest impact. Such
occurrence again generates need to approach it as another process, adds new scenarios or changes
probability and impact characteristics.

Third, any material may be moved from its original location to a place where its release is most
effective. This fact is never considered by process safety since it belongs to a site physical security or
assets protection category. There has been rarely any link in an enterprise decision tree between process
safety and physical security. Modern management theory however includes not only a link but considers
safety and security as one category in corporate organisational management structure [5].

Fourth, some material may be used as precursors in manufacturing harmful materials and devices.

The external action of unknown capacity and direction implies that probability of such event is
impossible to be reliably assessed. Moreover, occurrence of such event takes place off the company limits
what make traditionally thinking safety officers believe that it is not company’s concern any more. The
deficiency of that way of thinking arises from the fact that protection of own company’s material is very
important layer of protection in reducing site vulnerability.

Taking the four above discussed factors, instead of security risk it is rather more convenient to adopt
vulnerability, which is frequency independent, as an objective category. Components of vulnerability are
more difficult to quantify than those contributing to safety. While in the case of safety there is a problem
of quantifying product of frequency and impact, a common metrics is identified as measurable risk. In the
case of vulnerability, there are least 8 components (see Table 3) with no common metrics. The block
diagram of security improvement shall be modified to provide for inclusion of all four made above
remarks. The security diagram is presented on Figure 7.
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Security vulnerability reduction loop

Hazardous materials/Precursors/Process

On-site
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Frocess safety
fiskraduction loop Process

conditions
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| Default s;:enarios }

. Mew processes

| Layers of protaction | Imain saquance repeated
Tor each process)

acceptable !
yes l Acceptablevulnerahbility |

vulnerability

Figure 7. Security diagram

While process safety analysis starts from initial analysis of events, selection of representative events,
analysis of scenarios for those selected ones and adoption of layers of protection reducing the final risk,
security starts with inventory of operations, selection of critical ones, plant vulnerability analysis and
countermeasure analysis.

In process safety analysis, the risk of malfunction during normal work of an object (plant) is
assessed. Reduction of this risk includes prevention of malfunctions, reduction of impact and mediation
of the consequences.

In process security, exposure of the components and features of an object (plant) to the unpredictable
external actions is assessed. The vulnerable components are the intrinsic features of the object,
independent of any external factors.

Awareness and culture, what social sciences teach us?

One problem is to assess vulnerability in order to identify areas requiring improvement and assess
the results of the undertaken improvement efforts. Vulnerability components relevant to site or enterprise
security are listed below:

e Process hazards
Construction materials hazard
Workforce
Training and education
Land and environment
Neighbourhood
Physical security
Recognisability and availability of information
Management

o Problem placement

o Communication

o Change

e Organisational culture building

The vulnerability of the above factors has no common metrics. The most suitable methodology used
to measure vulnerability is assembling the particular categories into tabular form assigning them
numerical values and adopting weight factors. Adoption of weighting factors is a method of overcoming
lack of any common metrics. The methodology of converting subjective judgement into numerical values
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can be performed in different ways. One recommended is derived by Society of Chemical Manufacturers
and Affiliates [6].

As much as there is no common metrics for vulnerability assessment there is no uniform approach to
vulnerability improvement either. Reducing vulnerability requires actions at a level of process
engineering, material accountancy, land planning, different fields of company management, information
management, internal and external communication, staff involvement and continuity management. If
activities in all those fields are to be managed together they require an organisational framework initiated
at the top level of corporate structure meaning requires managerial coordination and commitment.

Overcoming differences between methodologies used for solving particular problems requires
creation of a common platform. Departure from technical sciences and even applied social sciences is
needed to create such platform. It is accepted [7] and practiced that a organisational culture in any of its
variants serves best as such a platform. A culture and its structure is presented in a Figure 8.

A culture

What? Why?

. eMeaningfulness
Incentives s * Model
simpactresults Order * Proactivity
* Patterns
H =Core values
Foundations  [Erpes
(0613 16][[s 414 Bl + Engagement of individuals
Building blocks [Eet »Group cooperation
*Role els
shrtifacts
i . Cha nge & * Consolidation
sLeadership commitment
Management e :m,,m, deve |0pment *Response to challenges
sCommunication

Figure 8. Central position of culture

* Sharing values

In our case “a culture” becomes “security culture” . This culture is subsidiary to the archetype of
corporate culture usually pictured as one of four types (hierarchic, clan, business and adaptability) [8].
While each of the blocks presented on a Fig. 8 takes it distinguished meaning, the particular methods and
solutions depend on an archetype they are to be embedded in. Whatever the way to build a (security)
culture is selected, there is — one or more- foundation elements that cannot be missing in an
entrepreneurial environment. One such element that has been identified is meaningfulness of work [9].
The meaningfulness of work lies at the foundation of all constructive attitudes of a single employee and in
this way is a starting point in formation of safe and secure work and dependent public environment.
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XUMHNYECKAS BE3OITACHOCTDb KAK CUHTE3 HAYK
Jlecnas I'opHsik
Hccneoosamenvckuii uncmumym npomvluiiennol xumuy, Bapwasa, Ionvuwia
PE3IOME

XHUMUYEeCKHe BEIIeCTBA MOTYT OBITH ONACHBIMH B TOKCHYECKOM, B3PHIBOOIIACHOM HWIH (HU3NIECKOM
otHomreHuu. [IpukiagHas Hayka Kak XUMUYecKas 0€30MacHOCTh Pa3BHUTA JIJIS TOTO, YTOOBI 00€30I1aCUTh
pabcuity, TOTpeOuTeNel, TeppUTOPHIO, TPUIIETAIONIYI0 K 00OpYIOBAHUIO XUMHUYECKHX TPOIECCOB, U
OKPY>KaIOILYIO cpeAy. DTa MEXKIUCUUIUIMHAPHASI HAYKa UCIOJB3YET JOCTHKEHUS MHOTMX €CTECTBEHHBIX,
TEXHUUYECKUX, TYMAaHUTAPHBIX HAyK, B OCOOCHHOCTH OOIIECTBEHHBIX HayK. HemaBHO cremmaiucThbl 10
XUMHUECKOH 0€30MacHOCTH OKa3aJIMCh Iepe]l HOBbIMU mpoOsiemamu. Hauano XXI Beka mpuHecI0 HOBbIC
PUCKH MHUPOBOH OOIIECTBEHHOCTH. OTH PHCKHA BBI3BaHBI MPUMEHEHHEM OCO0O OMACHBIX BEIECTB.
[losiBMBIIMECS HETOCYyNapCTBEHHBIE CYOBEKTHI, Npecienyss CBOM pa3pylIUTENbHbIE IIEIH, HE
OTPaHUYMBAIOTCA MPO(ECCHOHATIBHBIM OPY)KHEM, a CTapaloTcsi J00paThCs IO KaKAOTO JOCTYIHOTO
OIIACHOTO MaTepuaia, MbITasCh NEPEBECTH €ro B pa3pyUINTEIbHOE TeppopHcTHIecKoe cpeacTBo. HoBas
oTpacib XHMHUYECKOH O0€30IacHOCTH — XHUMHYEcKas 3alluTa pPa3BHBAETCs, YTOOBI O0ECHEeUnTb
MPEAOTBPAIICHUE U 3aAIIUTY OT TAKUX 3JIOYMBIIUICHHUKOB. XUMHUYECKasl 3alUTa CONEPXKUT HAMHOTO
OompIle AWCIMIUIMH, YeM XWUMHYecKas Oe3omacHOCTh. B 1maHHOW cTatbe MBI paccMaTpUBaeM
KOMIIJIEKCHYIO IPUPOJY XUMHUYECKOH O€30MacHOCTH U 3aLUTHI.
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HYDROGENATION OF CARBON DIOXIDE
OVER Fe-Zr/Al AND Fe-Ni/Al OXIDE CATALYSTS

Shahla Tagiyeva, Nushaba Aliyeva, Lala Qasimova, Rovshan Akhverdiyev, Etibar Ismailov
Institute of Petrochemical Processes of Azerbaijan National Academy of Sciences,
e-mail: etibar.ismailov@gmail.com.com

The results of a study of Fe-Zr/Al and Fe-Ni/Al oxide systems as catalysts for the methanation of carbon
dioxide and the first results of the studies of the distribution of the elements of active components by scanning
the surface of Fe-Zr/Al and Fe-Ni/Al oxide catalysts using an X-ray fluorescence microscope as a function of
the catalysts preparation, reaction conditions and the nature of the catalytically active composition are given.
Electron magnetic resonance of catalyst in combination with on line chromatographic analysis of gas-phase
products and XRD studies used to identify the magnetic centers of the catalyst and determination of the
dependence of composition of the gas-phase products on the nature and concentration of the magnetic centers.

Introduction

The increase in emissions of carbon dioxide in the atmosphere leads to the deterioration of the
ecological state of the environment, climate change [1-3]. One of the solution of this problem is the
conversion of CO; into valuable chemical products [4, 5]. Among them catalytic hydrogenation of CO; is
one of the most appropriate and important reaction to produce the fuel and chemicals [6-10]. The
hydrogenation of carbon dioxide to methane is thermodynamically favorable reaction (AG298K = -
130,8kJ-mol™). But the reduction of the fully oxidized carbon occurs with significant kinetic limitations
which require the selection of effective catalysts for achieving acceptable rate and selectivity of the
process. These constraints complicate the development of effective catalyst for CO2 hydrogenation,
process technology, whereby to date there are only a few industrial processes which use CO2. Hecmotpst
Ha OOJIBIIIOE KOJIMYECTBO YICCJICI{OB&HHfI, 10 HaCTOAIIECC BPpEMA UIACT WHTEHCUBHBINA TTOMCK aKTHUBHOTO U
crabunpHOTO Karanmm3aTopa rugpupoBanus CO2, uccnemayeTcss mpupoaa aKTUBHBIX IIEHTPOB, MEXaHHU3M
ruapupoBanusi CO2, KOTOPBI IO CHX TOp sBJISETCs peaMeToM auckyccuid. Despite the large number of
studies, at the present time there is an intensive search for active and stable catalyst for hydrogenation of
CO2, the nature of the active sites, mechanism of CO2 hydrogenation, which are still the subject of
debate. The nature of the active sites, the interaction between the active components and the carrier is
still open [11-14].

The aim of this work is in the selection of effective catalysts for the hydrogenation of carbon dioxide
process, study the nature of the active centers of this process with a number of modern physical and
chemical methods. This paper presents the results of a study of Fe-Zr/Al and Fe-Ni/Al oxide systems as
catalysts for the methanation of carbon dioxide, results of a systematic study of elemental composition of
the catalyst surface, the distribution of the catalytically active component on catalyst depending on the
nature of the active composition, the reaction conditions — mol. ratio CO./H,, temperature and reaction
time.

Experimental part

The catalyst samples were tested in the hydrogenation reaction of CO2 with the molar ratio CO2 /
H2 of 0.7 to 2.2 was performed in a flow reactor at atmospheric pressure in the range of 733-793K with
the chromatographic analysis of the gas phase reaction products in on line mode. Pretreatment of catalyst
samples was their calcination in air at 873 K followed by reduction in hydrogen at this temperature.
Elemental and phase composition of the catalysts before and after reaction were determined using X-ray
fluorescence microscopy, atomic absorption spectroscopy and X-ray diffraction, respectively. For this
purpose were used X-ray fluorescence microscope a Horiba XGT 7000, atomic absorption spectrometer
AAS iCE 3000, Thermo Scientific, X-ray diffractometer XRD TD 3500, China. Electron magnetic
resonance (EMR) spectra of the samples were recorded using the spectrometer JES-PE-3X, Jeol, Japan.

Results and discussions
Results of the chromatographic analysis of the composition of gaseous products of hydrogenation of
CO2 to hydrocarbons on Fe-Zr / Al and Fe-Ni / Al oxide catalysts are presented in Table 1.
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Table 1. Results of the chromatographic analysis of the composition of gaseous products of
hydrogenation of CO; to hydrocarbons on Fe-Zr / Al and Fe-Ni / Al oxide catalysts*

Catalysts T,’K Con- Selectivity, %
version,% | CH, >C, CO
1,4%Fe-2,3%Zr/Al 633 18.4 41.2 12.6 35.8
733 28,2 66.4 10.0 23.6
793 29,8 70.2 13.3 16.5
2,8%Fe-4,6%Zr/Al 633 20.4 55.5 13.1 31.4
733 34.9 61.7 9.2 29.1
793 33.8 72.6 12.1 15.3
4,6%Fe-9,2%Zr/Al 633 22.9 62.1 10.3 27.6
733 39.3 65.3 9.1 25.6
793 35.8 74.0 11.5 14.5
1,4Fe-1,5Ni/Al 633 314 44.2 12.8 32.6
733 42,2 56.2 15.0 28.8
793 39,8 69.0 14.7 16.3
2,8Fe-3,0Ni/Al 633 34.6 52.3 11.2 36.5
733 41.9 60.7 7.0 28.3
793 38.7 69.6 11.1 19.3
4,6Fe-6,0Ni/Al 633 41.9 61.4 10.3 28.3
733 495 68.3 10.1 21.6
793 39.8 72.0 10.5 175

* Chromatographic analysis is performed every 30 minutes. from the beginning of the reaction.

The results show that the major reaction products CO2 in the presence of the above hydrogenation
catalysts are methane, hydrocarbons >C2, carbon monoxide and water, and a maximum catalyst activity
is shown in both cases at 733K.

Table 2 shows the results of investigating of the distribution of the elements of active components
by scanning the surface of 4,6%Fe-9,2%Zr/Al oxide catalyst using an X-ray microscope.

Table 2. The content of Zr and Fe in each of the 5 points of the scanning surface.

Elem | Line | Mass[%] | 3sigma | Atomic[%] [IQSE?;% Formula | Mass[%] MO[LZ(}UIE
26 Fe K 13,79 12,64 9,6 181 Fe203 19,72 15,93
40 Zr K 59,43 13,38 25,33 975,9 Zr0; 80,28 84,07
o) 26,78 7,18 65,07

26 Fe K 11,06 5,76 7,78 461,88 Fe203 15,81 12,65
40 Zr K 62,33 6,1 26,85 3290,37 Zr0; 84,19 87,35
0 26,62 3,27 65,37

26 Fe K 69,81 0,43 39,94 6216,33 Fe203 99,81 99,76
40 Zr K 0,14 0,46 0,05 11,45 Zr0; 0,19 0,24
o) 30,05 0,24 60,01

26 Fe K 16,92 4,76 11,64 1809,6 Fe203 24,2 19,76
40 Zr K 56,12 5,04 23,63 7422,49 ZrO; 75,8 80,24
o) 26,96 2,7 64,73

26 Fe K 16,16 4,67 11,15 1742,32 Fe203 23,1 18,82
40 Zr K 56,93 4,94 24,04 7614,77 Zr0; 76,9 81,18
0] 26,91 2,65 64,81

Note that the data shown in the table were obtained for the case of the scanning of the surface of the
catalyst with a spot diameter of 10 microns. These measurements show primarily the enrichment of the
catalyst surface with the iron and zirconium structures, as well as significant heterogeneity of the
distribution of the elements on the surface of Fe-Zr/Al oxide catalyst. The same pattern is observed for
the Fe-Ni / Al oxide catalyst samples both before and after the reaction for 4 hours.
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Fig. 1. EPR spectra at room
temperature of the initial 4,6%Fe-
9,2%Zr/Al (a), and this sample
after reaction (‘a).

Figure 1 shows the EMR spectrum at room temperature of the 4,6% Fe-9,2%Zr/Al oxide catalyst
before and after reaction. As seen from the Fig.1 the EPR spectrum of the initial sample consists of two -
broad and narrow signals, and after reaction only one narrow but complicated signal is observed. Both
signals belong to superpara-/ferromagnetic iron/iron oxide Fe/FeOx particles of nanometer scale.

Table 3. EMR parameters for the system 4,6%Fe-9,2%Zr/Al reduced at different temperatures under
reaction mixture CH4/H2.

Particles Size Resonance Line
Catalysts T,K ' . Width, mT
nm Field, mT
573 7.9 322.2 88.0
673 10.9 302.0 125.0
0 - 0
2,8%Fe-4,6%Zr/Al 773 14,9 290.7 155.0
1123 19,9 277.6 176.2

X-ray diffraction data indicate the formation of such particles in the studied systems. According to
these data at room temperature the iron is in the form of hematite Fe203, which transforms into magnetite
Fe304 at 573-623K and at 773-823K is a mixture of iron and reduced iron oxide Fe/FeOx particles.

Summary

This paper presents the results of a study of Fe-Zr/Al and Fe-Ni/Al oxide systems as catalysts for
the methanation of carbon dioxide. The first results of a systematic study of elemental composition of the
catalyst surface, the distribution of the catalytically active component on the catalyst depending on the
method of the catalysts preparation, the reaction conditions — mol. ratio CO2/H; and temperature, the
nature of the catalytically active composition by the scanning of the surface of catalysts using the X-ray
fluorescence microscope before and after the reaction are given. Method of electron magnetic resonance
of catalyst in combination with a chromatographic analysis of gas-phase products and XRD studies of
solid products of reaction used to identify the magnetic centers of the catalyst and determination of the
dependence of gas-phase composition of the reaction products on the condition and concentration of the
magnetic centers. It was shown that grain size of catalysts with superpara/ferro-magnetic properties
calculated from EMR spectra was within of 7-20 nm. It was shown also that the maximum methane
yield - 25.7% and 35%, observed for Fe-Zr/Al and Fe-Ni/Al oxide catalysts, respectively, at the reaction
temperature 733K.
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0B9Mmds0xc 60 9H36790¢m0 bsdgpb09t 53509000L b3300m8Jodowm0 36Gmp9lg8ol 0bbdodwido
etibar.ismailov@gmail.com

®Jb(03939

30039 6oL Fomdmpagbowo Fe-Zr/Al s Fe-Ni/Al mdlow® 35¢9w0Do@m®mgdbg 39¢9wobw®oo
3dBomco 3m33mbgbEoL gobsforgdol d9w9agdo, HmIwgdog Jomgdwos  Mgbagbmawmmqlgbdmwo
90360mb3M30000  HBgs30MHoL  1BBoMIBOL BTN GdOm  J9GHIWODIGMOMOL 9Ty 96 MBS
90056093580, 95d300L Bo@oMgdol 30MHMdJOOL - INWsMo BsMmdol CO/Hz, (§gddgHsdmeol ©s
695943000 Bs@omgdols boby®mdwogmdol asm35¢olfobgdom. saabowos 35@swoBsGHMMmgddo sd@oweo
3003mbgbEHOL 3bgdol s dobo 3MBEI6EHMIEOOL gogagbs edmliagsewbyg, CO2 -0l 30EM0MIdOL FJIRO®
fom3mgdbomo  s06HBIBMGO  3OHMEIBHIOOL  dobsfowgdsy.  gwgdBHO™IsabodMMo  Hgbmbsbliol
Lodmo@gdoom in situ ®gg0ddo  sagbowos 7-20 63 bmdob  bsfowszgdom  Fgjdbowo  Lvydgm-
mOH0J0/R9OMIsbab4dob LEGHMWIEBHMMOL sMLYdMBS. boB3gbgd0s MHMT 9msbol Joduodo o AsBMbOgsEO
25,7% o5 35% 99lodsdolo Fe-Zr/Al s Fe-Ni/Al mdbou® 35@swoBo@mmgdby doowmfigzs 733 K-bg.

I'MAPUPOBAHUE JUOKCHUJA YIJVIEPOJA
HA Fe-Zr/Al ! Fe-Ni/Al OKCUJIHBIX KATAJIM3ATOPAX

[Taxma Tarnea, Hyma6a Anunea, Jlana 'aceiMmoBa, PoBiran Axsepanes, Otudap Mcmanmos
Hnemumym negpmexumuueckux npoyeccos HAH Aszepbaiioscana

PE3IOME

BrnepBrle mpuBOASATCS pe3yibTaThl CHCTEMAaTHUYECKOIO HMCCIENOBAaHUS pacHpeleNieHuss KaTalUTHYeCKU
akTHBHOTO KoMmnoHeHTa Ha Fe-Zr/Al u Fe-Ni/Al oxcumHpIX KaTaiaM3aTopax IMyTeM CKaHHPOBAHUS
MOBEPXHOCTH C HCIOJb30BAHMEM METOJIa PEHTTeHO(IYOPECIIEHTHONH MHUKPOCKOIIUM B 3aBUCHMOCTH OT
COCTaBa KaTajau3aropa, YCJIOBHHU MPOBeIEHHs peakiuu - MoibHOro otHomeHuss CO2/Hpz, Temneparypsl U
BpEMEHH NpPOBEJICHHUS pPEaKUUH. YCTAaHOBJIECHO BIMSHHUE INPHPOILl AKTHBHOI'O KOMIIOHEHTa M €ro
KOHIICHTpAIMH B KaTAIN3aTOPax Ha BBIXOJI, pacnpe/ielieHre razodasHsix npoaykros ruapupoBanust CO».
ITo DMP cnekrpam B pexxume in SitU yCTaHOBJIEHO Hajau4ue cyneprapa/geppo-MarHUTHBIX CTPYKTYP C
pasmepamu yacturl 7-20 um. [TokazaHo, 4TO MaKCUMasbHBIC BbIxoa MeTtaHa — 25,7% u 35% na Fe-Zr/Al
n Fe-Ni/Al okcuaHbIX KaTanm3aTopax, COOTBETCTBEHHO, HaOMoaar0TCs Ipu Temmeparype 733K.
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THE FORMATION OF INTERMOLECULAR C-C BONDS AS A FUNCTION OF
TEMPERATURE WITH PARTICIPATION OF Cs-C4 ALKANE

Safa Abasov, Aynura Aliyeva, Surayya Agayeva, Rizvan Zarbaliyev
Institute of Petrochemical Processes named after Academician Yusif Mammadaliyev,
e-mail: aynura82@yahoo.com

The temperature dependence of associated petroleum gas components was studied by using compositional
catalysts ZSM-5/W04%(SO4%)ZrO; in aromatization reaction (400-600°), alkylation of benzene (300-450°) and
involving these to the process with natural gasoline(140-220°). The possibility of forming alternative process
for obtaining high-quality gasolines from associated petroleum gas was determined on the base of these
reactions.

Introduction

One of the ways of rational use of gaseous alkanes Cs-C4 - components of associated petroleum gas
along with dehydrogenation or isomerization of n-butane is their liquefaction. Succesful solution of this
problem assumes involvement of Cs-C4 to the process of formation of intermolecular C-C bonds with
their participation. In particular Cs-C, alkanes might be subjected to cyclodehydrooligomerization or can
be used as a alkylating agent in the reactions with benzene and other aromatic hydrocarbons [1]. Current
conversions of associated petroleum gas components are realized at the temperatures higher 350°C in the
presence of catalysts prepared on the base of modified zeolite ZSM-5. In these reactions the formation of
intermolecular C-C bonds take place due to initial activation of Cs-C4 alkanes with the formation of
unsaturated intermediates. For this reason, those reactions take place at elevate temperatures.

It also is known that, utilization of sulphated and tungstened dioxides results in significant reduction
of temperature of n-butane isomerisation [2,3]. Activation of this reaction includes the stage of
bimolecular formation of Cg intermediate, i.e. results in intermediate formation of intermolecular C-C
bonds. So the formation of intermolecular C-C bonds with the presence of associated petroleum gas
components realize at broad range of temperatures. The stages of conversion of intermediates with the Cs-
Cs alkanes conversions depending on functional properties of catalysts, mainly result in
hydride transitions which in their turn result in isomerisation, disproportionation and dehydrogenation. In
connection with this it might be suggested that the combination features of zeolite ZSM-5 and WOQ,*
(SO4*)ZrO; in the composite catalyst systems allow to create contacts which enable to involve gaseous
alkanes to the process of obtaining valuable liquid hydrocarbons.

For this reason current report is dedicated to the study of the influence of the temperature on the
activation of conversion of associated petroleum gas components into the liquid hydrocarbons over
composite catalysts ZSM-5/WQ4>(S04>)ZrO, (HZSM/(W/S)Z) and their components.

Experimental part

The object of study is composite catalysts ZSM-5/S04%-ZrO,, (ZSM [S/Z), ZSM-5/ WO~
ZrOx(ZSM/W/Z).

Zeolite HZSM-5 has been used as an initial carrier for the preparation of catalyst, but (NH4)2SOs,
ZrO(NQO3); -2H,0 and (NH4)4sWs017-2,5H,0 salts in the given amounts have been used as the source of
active components. Application of these salts on the H-form of zeolite have been done by the method of
impregnation with following evaporation during 24 hours, by drying at 120°C temperature, by mixing
with bonding Al.Oz component (25% from mass of catalyst) and by following thermal treatment 200°C,
400C, 550°C (4 hours). The content of dioxide zirconium in prepared catalyst is 10%, but tungsten and
sulphur (in recalculation to SO4?) is 6%.

Propane, butane (purity not less 96%); benzene, heptane and natural gasoline have been taken as a
raw material.

The catalytic conversions of reactants with participation of synthesized examples have been studied
at laboratory set-up with prototype reactor. The capacity of loaded catalyst in the reactor have been varied
between 1-5 sm?,

The experiments have been done by varying temperatures from 140°C to 600°C and reactant delivery
rate from 250 h™to 1000h™.

The analysis of the reaction products were done by flow gas-liquid chromatography method using
«Auto System XL, Perkin Elmer» chromatography provided with the appropriate computer program.
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Results and discussions

Propane and butane can be subjected to intense conversions at elevated temperatures (>450°C) over
ZSM-WZ and its components. The main conversion products of propane can be benzene and different
alkylbenzenes, but accompanied ones can be aliphatic C;-C3 and small amount Cs.. It can be seen from
table 1 that initial component HZSM-5 can activate noted conversion of propane. But catalytic parameters
of composite catalyst ZSM-WZ is significantly higher than HZSM-5: conversion is 25%, but selectivity is
2 times more for aromatic hydrocarbons.

Table 1. Conversion of propane over ZSM-WZ and its components (T=500°C, GHSV=250h")

Catalyst ZSM ZSM-WZ ZSM-W
Conversion, % 50,5 76,5 86,2
Products distribution,%

H, 2,4 4,5 4,6
CH4 + CoHg 41,0 45,2 45,8
CoH4 20,3 23,6 23,0
CaHe 13,5 21,5 22,5
Cas+ 8,1 5,2 41
Aromatic 14,7 31,5 33,4
hydrocarbons

Aromatic hydrocarbons distribution, %

benzene 26,5 32,2 32,6
toluene 44,1 42,6 44 4
xylene+ethylbenzene | 25,5 22,5 21,7
Co+ 2,9 2,7 1,3

The distribution of aromatic hydrocarbons over these catalysts is differ. The yield of aromatic
hydrocarbons over ZSM-WZ (the other equal conditions) have been moved to the benzene side (table 1).
Comparison of distributions of aliphatic hydrocarbons over these catalysts shows that ZSM-WZ
characterized by decreased yields of unsaturated C,-Cs hydrocarbons. The conversion of propane over
ZSM-W is significantly different from its conversion over NZSM-5. The selectivity on the formation of
aromatic hydrocarbons is also different. But these data and also distribution products of propane
conversions over ZSM-W and ZSM-WZ are close (table 1). At the same time the noticeable decrease of
propane conversion (10%) over ZSM-WZ than ZSM-W shows that increasing of HZSM-5 aromatic
activity can be only connected with the influence of tungsten.

Actually, the assumed scheme of the involvement of propane to dehydrocyclooligomerization
includes dehydrogenation of the initial molecule and intermediates stages, the stages catalyzed by acidic
proton centers which activate CsHs, oligomerization-cracking, cyclization, izomerization, and also
migration stages of intermediates from dehydrated to protonic centres [1,4].

The structure of tungstened oxide zirconium assumes the formation of super- acidic centres [2]. The
presence of similar centres must be increased total activity of ZSM-WZ. But the reduction of the activity
of catalyst by using dioxide zirconium points to the lack of extra effects, which are connected with
changes in acidity of ZSM-WZ composite catalyst. So noted changes in the features of HZSM-5, ZSM-
WZ and ZSM-W are connected with the changes of dehydrating properties of catalyst under the influence
of surface formations of tungsten.

The composition of formed products of propane conversion depends on temperature. As shown from
table 2, the formation alkylbenzenes over ZSM-WZ and ZSM-W begin to fix up 450°C. The main
products are alkylbenzenes Cy:, and also unsaturated C»-Cz hydrocarbons. The total yield of aromatic
hydrocarbons is decreased as the temperature rised from 500 to 600°C, but their distribution is shifted to
the increasing yield of benzene. It can be assumed that, hydrocracking of alkyl substitutes results in this
changes. At the same time the decreasing of temperature in the range 400-600°C results in reduction of
aromatic activity of catalysts till zero.
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Table 2. Influence of the temperature on aromatization of propane over HZSM-5 zeolite catalysts

(GHSV=250 hl)

Temperature,°C ZSM-W ZSM-WZ

Conversion,% “Yield% Conversion,% “Yield %
450 4,0 3,6 (25) 2,0 1,8(24)
500 68,0 35,36 (51) 32,0 16,64(49)
550 86,0 34,4 (77) 76,5 30,6(79)
600 93,0 26,04 (96) 81,0 22,68(92)

* the content of benzene+toluene in the composition of aromatic hydrocarbons.

The similar reduction of activity of catalyst might be connected with the supposed termodynamical
limitations for dehydrating of propane. But unlike HZSM-5 and ZSM-W ZSM-WZ system can activate
the formation of intermolecular C-C bonds with the participation of propane/butane and such molecules
as benzene or Ce-Cy alkanes even below 400°C temperature. The involvement of benzene with propane to
the reaction results in alkylation even at 200°C temperature (table 3). It can be seen from table 3 that the
initial product of the reaction is benzene. The secondary processes is developed by the temperature
rise: dealkylation, realkylation, izomerization and et.c. It is interesting that Ci-C, hydrocarbons are
practically not seen in the products till 400°C.

Table 3. Temperature dependence of CsHs: CeHg = 9:1 mixtures conversions over ZSM-WZ
(GHSV=250 h?)

Temperature,’C | Conversion, % Selectivity,%
CsHs CsHs PB* CsHs n—PB** ArH*** Ci-Co

200 0,5 4,0 100 - - - -

250 1,8 9,3 85,0 5,0 - - -
300 5,8 24,4 70,1 23,4 6,5 - -

320 12,9 51,8 55,6 28,4 12,8 3,2 -
350 18,2 46,3 24,6 58,0 13,0 4.4 -

375 20,7 16,3 6,3 79,3 6,3 8,1 -
400 3,8 5,8 0,1 64,8 7.4 27,6 0,1

* propyl benzene
“ n- propyl benzene
“* aromatic hydrocarbons

Termodynamical limitations of dehydrogenation of propane results in the reduction of the activity of
catalyst. Therefore, the formation of propyl -carbonium ions which involves the dehydrogenation steps
[2-4] are unlikely[1,4]. This supposes the activation of the formation of bimolecular intermediates with
participation of C3-C4 alkanes redox centers of WZ component of the composite catalyst .Due to this the
oligomerized-izomerized mexanism of alkylation of benzene [5] or oligomerized (izomerized)
(hydro)cracking/ disproportioned mexanism at low temperatures (140-220°C) with the joint conversion of
C3-C4 and Cs. alkanes over the WZ zeolite or SZ zeolite systems are realized [6].

The involvement of associated petroleum gas in the joint processing with natural gasoline is realized
due to this activation mexanism. It was found that in comparison with ZSM-SZ ZSM-WZ is not stable
below 220°C temperatures. For example, the mixture 15% Cs-Cs and 85% natural gasoline which
contains till 28% C7+ at 180°C is converted to the product involving ~1% Cs-C4 and conversion is
reached to 35-50% by increasing the content of high-octane components.

Summary
So the use of composite catalysts ZSM-W(S)Z and its components allows to create technological

schemes by varying conditions of the process and to convert efficiently the associated petroleum gas to
the components of high-quality gasolines.
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TEMIIEPATYPHAS BABUCUMOCTbH OBPA3OBAHUSI MEXKMOJEKYJISPHBIX
C-C CBSI3EM C YYACTHUEM C3i-Cs AJJKAHOB

C.1 Abacos., A.D.Anuesa, C.b.Araesa, P.P.3ap6anuen
Hnemumym negpmexumuueckux npoyeccos HAH Aszepbaiioscana

PE3IOME
Nzydena temmepaTypHas 3aBUCHUMOCTh BOBIJICUEHHS KOMIIOHEHTOB IIOIYyTHOTO HE(TSHOTO Ta3a C
y4acTHEM KOMIIO3UIMOHHKIX KaTanu3aTopos ZSM-5/W0,%(S04%)ZrO, B peakuun apomarusanuu (400-
600°C), ankuiupoBanus Oenzoia (300-450°C) u BOBJieUEHHE HUX B MPOIECC ¢ Ta30BbIM OcH3uHOM (140-
220°C). YcraHoBIIleHa BO3MOXHOCTh CO3/IaHUSI HA OCHOBE ATHX PEaKIMi aJlbTePHATHBHOTO MpoIiecca st
MTOJIYYCHHS BBICOKOKAUYE€CTBEHHBIX O€H3MHOB U3 MOIMyTHOTO ra3a.
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NANOSTRUCTURAL CATALYSTS FOR SYNTHESIS OF N-VINYLMORFOLINE

Dilorom Mirkhamitova, Suvonkul Nurmanov,Olim Ruzimuradov
National University of Uzbekistan, Tashkent, Uzbekistan,
nurmonov_se@mail.ru

Vinylation of nitrogen-containing heterocyclical compounds in the presence of different by nature catalysts,
organic solvents and their mixtures is important problem of modern organic chemistry. Investigation of
properties of modified nanostrutural heterogeneous catalysts for vinylation of organic compounds having in
their composition active atoms of hydrogen is also very important.

The reaction of vinylation of morpholine in presence of KOH with using super-base systems DMSO-KOH and
DMPhA and also for comparison without solvent has been investigated. Heterogeneous-catalytic reaction of
acetylene with morpholine in the presence of catalysts: activated coal AU-L/KOH and nanostructural activated
coal/KOH has been investigated. It was shown that in both cases N-vinylmorpholine was formed. Activity of
catalytical system nanostructural activated coal/KOH was higher in comparision with catalyst AU-L/KOH.
Yield of N-vinylmorpholine in their presence was equalto 38.2 and 31.7% correspondingly.

Key words: vinylmorpholine, nanostructure, heterogeneous catalyst.

Vinylation of nitrogen-containing heterocyclical compounds owing to low reaction-ability of
hydrogen atom at nitrogen atom has been investigated insufficiently and by this reason their vinylation in
the presence of different by nature catalysts, organic solvents and their mixtures in high-base mediums is
important and actual problem of modern organic chemistry.

In last time progress in synthesis and investigation of properties modified nanostrutural
heterogeneous catalysts for vinylationof organic compounds having in their composition active atoms of
hydrogen is very important problem.

Vinyl derivatives of heterocyclical compounds also as aromatichydrocarbons can be synthesized by
different methods for example by action of acetylene [1,2].

In accordance to above-mentioned the reaction of vinylation of morpholine in presence of KOH with
using super-base systems DMSO-KOH and DMPhA and also for comparison without solvent has been
investigated. Reaction has carried out by following scheme:

EOH-TIMCO
0-95°C

Ve - N
O NH+H'=CH 0 N-CH=CH,

Influence of nature of solvent on this reaction was investigated. Experimental data have shown that
in absence of aprotonicdipolayric solvents also N-vinylmorpholine was formed with low yield (2.0 % and
below). In solution of DMPhA obtained product at 70°C and duration of reaction before 4 h. was formed
with yield 8-10 %.

Desplacement of DMPhA on DMSO has caused the increasingof yield of product. At the same
conditions (70°C, 4 h.)yield of N-morpholine was equal to 22%. In all cases with increasing duration of
reaction the yield of product was increased but in absence of solvent it with increasing duration of
reaction has changed insufficiently.

Kinetics of morpholinevinylation by acetylene at atmospherical pressure in the presence of catalytic
system KOH-DMSO carrying out at different duration and temperatures has been investigated. By kinetic
data graph was constructed by dependence of rate logarithm (IgW) from reverse temperature (1/T) and
corresponding energy of activation (E) of vinylation reaction of morpholinehas been calculated, which
was equaled 55.6kJ/mole.

Heterogeneous-catalytic vinylation of morpholine also was carried out in flowing reactor in the
presence of heterogeneous catalysts. For optimization of conditions of morpholinevinylation influence of
temperature on itscarrying out in heterogeneous system was investigated that is on yield of formed N-
vinylmorpholine. Obtained results are presented in table 1.

Table 1. Influence of temperature on yield of products morpholinevinylation
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Yield of N- Yield of N-
Ne Temperature, °C vinylmorpholine, % Ne Temperature, °C vinylmorpholine,%
1 65— 70 - 6 210-215 23,2
2 100 — 105 10,6 7 225 - 230 25,0
3 120 - 125 18,4 8 250 — 255 31,7
4 140 — 160 19,8 9 280 — 285 19,0
5 180 — 190 21,5 10 290 — 300 12,0

Obtained results have shown that with increasing of temperature in interval 100-255°C the yield of
N-vinylmorpholine also has increased from 10.6 to 31.7%. Further increasing of temperature has carried
out to sharp decreasing of yield of synthesized product at 280-285 C and 290-30°C which it equaled 19.0
and 12.0 % correspondingly.

For elaboration of new catalytic systems for reaction of acetylene with morpholinenanostructural
matrixes of activated coal were obtained [3].1t was determined influence of initial dimensions activated
coal which was used as bearer of catalyst in synthesis of N-vinylmorpholine. Dimension of particles of
base quantity of activated coal was equaled 1-3 nm (fig.1.).

Flg 1. Mlcroscoplc graph of initial activated coal.

Dispersion analysis by method of microscopy has been carried out. For this with aim of decreasing
of particles dimensions of activated coal before fractionation samples were undergo to ultra-sound
treatment. For this water suspension of activated coal (150 ml H2O:5 g of activated coal) was obtained
which was treated by ultra-sound in regime 0.6A, 38 kGc during 60 min.

Through 10, 20, 30, 40 and 60 min. fractions were separated and dimensions of their particles were
determined by method of microscopy.

On fig.2. Microscopic graph of sample of actlvated coal treated by ultra-sound is presented.
By 3T

Fig. 2. Microscopic graph of dispergated particles of activated coal treated by ultra-sound during 10
min.

Analysis of obtained results has shown that dimensions of dispergated particles of activated coal are
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in level 700-900 nm. Carrying out sedimentational fractionation of particles of activated coal during 20,
30, 40 and 60 min has shown that at this their dimensions have changed. Dimensions of particles of
obtained fraction after 20 min of dispergation were equaled 500-750 nm.After 30, 40 and 60 minof
dispergationtheir dimensions were equaled 300-550; 200-320 and 200-250 nm correspondingly. Obtained
data is presented in table 2.

Table 2. Influence of dispergation time on dimensions of particles of activated coal

No Time of dispergation, min. Dimensions of particles of activated coal, nm
1. - 1-3 MxMm
2. 10 700-900
3. 20 500-750
4. 30 300-550
5. 40 200-320
6. 60 200-250

Thus results of dispersion analysis by method of microscopy have shown that in ultra-sound
dispergator UZDNZ2T it is possible to achieve of dimensions of particles of activated coal in level 200-250
nm during 60 min. Further increasing time of dispergation didn’t influence on dimensions of particles of
activated coal.

Heterogeneous-catalytic reaction of acetylene with morpholine with using of catalyst on the base of
nanostructural activated coal with dimentions of particles 200-250 nm has been investigated. Conditions
of carrying out of this reaction were the same as in presence of catalyst activated coal-KOH. Quantity of
KOH in composition of catalyst was equaled 30 mass%. Influence of temperature on reaction of acetylene
with morpholine in heterogeneous conditions in presence of catalyst obtained on the base of activated
coal with dimensions of particles 200-250 nm has been investigated.

Obtained results have shown that in case of changing temperatures in interval 160-180°C has
influenced in great degree on yield of forming N-vinylmorpholine in the presence of above mentioned
catalyst. Its maximal yield 38.2 % was observed at 240°C. With increasing of temperature in interval 160-
240°C vyield of product has increasing from 24.3 to its maximal value 38.2 %. Increasing of temperature
negatively influences on the product yield. For example it’s yield at temperatures 260 and 280°C was
equaled 25.6 and 20.4 % correspondingly.

Analysis of obtained data have shown that for reaction of acetylene with morpholine in the presence
of catalyst on the base of monostructural activated coal with dimensions of particles 200-250 nm at
optimal temperature 240°C yield of N-vinylmorpholine was equaled 38,2%.

Thus heterogeneous-catalytic reaction of acetylene with morpholine in the presence of catalysts:
activated coal AU-L/KOH and nanostructural activated coal/KOH has been investigated. It was shown
that in both cases N-vinylmorpholine was formed. Activity of catalytical system nanostructural activated
coal/KOH was higher in comparison with catalyst AU-L/KOH. Yield of N-vinylmorpholine in their
presence was equaled 38.2 and 31.7% correspondingly.
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HAHOCTPYKTYPHBIE KATAJIU3ATOPBI 1JIs1 CUHTE3A N-BUHUJIMOP®OJIMHA

Hunopom MupxamuroBa, CyBonkyn Hypmanos, Onum Py3zumypanos
Hayuonanvuwiii Ynusepcumem Y3zoexucmana, Tawxenm, Y30exucman

PE3IOME

BunminpoBaHue a30TCOAEpKAlINX TeTEPOIUKINIECKUX COCIUHEHHH B NPHCYTCTBUU Pa3lIWYHBIX IO HPUPOAE
KaTajau3aTopoB, OPTaHMUYECKUX PACTBOPHUTENICH M WX CMECEeH SBIIAETCS CYIIECTBEHHOW MpoOIeMOl OpraHUYecKOu
xuMuH. lccienoBanue CBOHCTB MOAM(PHUIMPOBAHHBIX HAHOCTPYKTYPHBIX T'€TEPOI€HHBIX KaTaln3aTOpOB IS
BUHWJIMPOBAHNUS OPIraHMYECKUX COEANHEHUH, COZepXKallluX aKTUBHBIE aTOMbI BOJIOPO/A, TAK)KE OYE€Hb BAXKHO.
Brita nccnenoBaHa peakiys BHHHIMpOBaHMsA MopdosmHa kak B npucyrctsud KOH ¢ ucnonb3oBanmuem cymep-
6asupoBannbix cucteM DMSO-KOH u DMPhA, tak u 6e3 pactBoputens. bbuia uccienqoBaHa Takke reTepOreHHO-
KaTaJUTHYECKAasl PEaKIysl alleTHIeHa ¢ MOP(OIMHOM B IPUCYTCTBUN KaTaJM3aTOPOB: aKTHBHPOBaHHBIN yrons AU-
L/KOH u mHaHocTpyKTypHBIi akTHBHpOBaHHbIH yroas/KOH. Beuto mokasano, 4to B 060X ciaydasx GOpMHpYETCs
N-BHHUIMOP(OIUH. AKTHBHOCTh KaTAIUTHYECKOW CHUCTEMBI - HAHOCTPYKTYPHBIH akTHBHUpPOBaHHBII yrons/KOH
Beiie B cpaBHeHuH ¢ karammzatopom AU-L/KOH. Bsipabotka N-BunHHIMOpdOIMHA B WX NPHUCYTCTBHH
cooTBeTCTBEHHO paBHa 38.2 u 31.7%.

Kiriouessre cioBa: BUHIIIMOP(]OIIMH, HAHCTPYKTYpa, T€TepOreHHbIH KaTaau3aTop
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POLYMERIC COMPOSITIONS ON THE BASIS
OF POLYMERIC ACID AND BENTONITE

M.A.Mahkamov, M.G.Muhkamediev
Department of Polymer Chemistry, National University of Uzbekistan, Tashkent, Uzbekistan

In these investigations, some peculiarities of obtaining of composition hydrogels (CH) on the basis of cross-
linked polyacrylic acid (PAAc) and bentonite clay (BC) were investigated. Methods of optical microscopy and
rentgenography have shown that, in CH’s, destruction of crystallic structure of montmorillonit occurs due to
the penetration of polymeric macromolecules in between bundle layers as a result of which CHs have a
uniform homogeneous structure. The kinetics of swelling of the obtained CH in water was investigated and it
was shown that they have a high sorbtion ability to water in wide interval of pH. Sorbtion of metilenic blue
(MB) by gels from water solutions was investigated by statical method. It was determined that sorbtion ability
of CHs was higher than by hydrogels on the basis of PAAc. Sorbtion of MB has increased with increasing
temperature of medium and consequently the bonding of MB by CHs has carried out owing to chemosorbtion.
Key words: Acrylic acid; Bentonite; Composition hydrogel; Swelling; Sorbtion.

Introduction

Polymeric hydro gels (PH) are of practical interest because of the possibilities of their usage in many
fields of science and industry to solve various problems. PHs can be used in medicine as medical
compounds; for division and adsorbtion of ions of different metals; in ecology for purification of sewage
from different organic and inorganic impurities; for obtaining of sensors [1-7]. The base of PHs in most
cases is synthetic polymers, distraction of which in natural conditions is difficult which is their weakness
from the ecology point of view. By this reason, construction of absorbents on the base of biodegradated
materials and decreasing in their composition the content of synthetic polymers is one of the important
tasks. Obtaining of compositions on the basis of cross-linking polymers by introductions in their
composition of different natural materials is one of possible ways to solve this problem. By this reason
polymer-bentonite compositions are of special interest. The choice of bentonite clay (BC) as component
for polymeric compositions is determined by its high hydrophilicity, low toxicity, ecological safety; good
adsorption ability and also its accessibility and low cost. These properties of BC’s have allowed to
consider it as the most perspective materials for obtaining of composites. Authors of [8-9] have shown
that BC particles have attached to gels some new physico-chemical properties and also improved their
mechanical properties. Therefore construction of composition hydrogels (CH) on the base of such system
as polymer-BC and investigation their phisico-chemical properties have allowed to decide some problems
arising at PHs using.

The aim is this work — synthesis of CHs on the base PAAc gel with inclusion of particles of BC
dispersions and investigation of some physico-chemical properties of obtained materials.

Thus, PHs were obtained on the basis of PAAc and CHs by radical polymerization of acrylic acid
and cross-linking agent sorbided on the BC. Investigation of the sorbtion degree of obtained materials
was carried out. Sorbtion of methelenic blue (MB) by synthesized materials from water solution in
statistical condition was investigated for determination their sorbtion ability.

Experimental
Chemicals

Acrylic acid (AAc; OAO Reactive, Russia) was vacuum distilled at 47 °C/7 mm Hg. The cross-
linker N,N’-methylene-bisacrylamide (N,N’-MBAA; BDH Chemical Ltd, England) was of analytical
grade. Methelenic blue or methylthionimium chloride (MB, Russia) is an dye having also antiseptical
properties. Bentotite clay (Uzbekistan) of grade “Navbahor” has an following composition, mass %:

Name SIO; TIO, A|203 Fe,O3 MgO Ca0 | Na;O | K,O | P20Os SO; FeO | omm*
Alkali
bentonit | 57,91 | 0,35 | 13,69 5,10 1,84 (048 | 153 |1,75 (043 |0,75 | - 16,71
clay

and it before using was washed and dried on the air to constant mass and then was carefully reduced to
fragments.
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Synthesis of hydrogels and composition materials

PHs were obtained by polymerization of acrylic acid (AAc) in water solution in the presence of
cross-linking agent N,N’-MBAA. Oxidized-redoxy system on the base of thiosulfate sodium and
persulfate potassium was used as initiator. Reaction was carried on at 25 °C during 24 h. The obtained
gels were placed in glass column and were washed by distillated water during 20 h and then were dried at
temperature 45 °C to constant mass.

For obtain of CH firstly the suspension of BC in water at mixing by magnet stirrer during 2 h was
prepared. Than to this suspension the monomer and cross-linking agent (AAc+ N,N’-MBAA) were added
and the obtained system was mixing during 6 h. Than to suspension the oxidized-redoxy system was
added and mixture was poured in test-tubes.

Table 1. Conditions of obtain of the composition hydrogels on the base AAc-BC (according to ratio to
mass of initial mixture)

Ne [AACc], [BC], [AACc]:[BC], [N,N’-MBAA],
sample | mass % mass % mass mass % from AAC mass
1 100 0 1.0 0,33

2 95 5 1:0,05 0,33

3 91 9 1:0,1 0,33

4 87 13 1:0,15 0,33

5 87 13 1:0,15 0,43

6 87 13 1:0,15 0,50

7 87 13 1:0,15 0,60

8 87 13 1:0,15 0,64

9 80 20 1:0,25 0,33

10 67 33 11 0,33

11 50 50 1:2 0,33

12 40 60 1:3 0,33

13 34 66 1:4 0,33

The copolymerization was carried out during 20 h at 25 °C. After copolymerization the obtained gels
were extracted from test-tubes, then they were purified from residues of monomers by repeated washing
in column by distillated water and were dried at temperature 45 °C to constant mass. Conditions of obtain
of some investigated systems are presented in Table 1.

Investigations of gels reology

Roentgenograms of gels samples and compositions were recorded on the DRON-3 (Russia) at wave
length 1,54 A. Microphotographies of PHs and CHs samples were recorded on the optical microscope
BIOLAM-6 (Russia).

Degree of swelling

Swelling degree of PHs and CHs in water was determined by the gravimetric method in special cells
supplied by net from neilon polymeric material. The values of the swelling degree of hydrogels (Q) were
calculated by following formula:

Q — (M S _Md )
Mg
were: Ms and My — the masses of swelling and dry samples.

Sorbtion of metylenic blue by gels

Sorbtion of MB from water solutions of PHs and CHs was investigated by the spectrophotometric
method. Samples of gels with equal mass were placed in water solutions of MB and through some
intervals of time the optical density of solutions (D) was measured on the SF-46 (Russia) at wave length
500 nm. MB concentration in solutions was determined on the base of calibrated graphic in coordinates:
concentration of MB in solution- optical density.
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Results and discussion

Obtain of hydrogels and investigation their rheological parameters

It is known that bentonites are minerals with high content of montmorillonit which has formed very
small leafs and fiber like isolations. Investigation with using of electronic microscope has shown the
presence in it some characteristical lamellar, petal-like crystals. Crystallic lattice of montmorilonit has an
ability to expansion [11, 12], what is caused by its atomic structure. If inside of lamellar bundles in
montmorillonit there are covalent bonds then between bundles there are only weak strengths of Van-der-
Vaals. For this reason, water and other polar liquids can easily penetrate the space between the bundles
and the expansion or swelling of montmorillonit lattice has carried out. This can cause increase of
distance between bundles in several times. High changing capacity of the montmorillonit in comparison
with some other clay minerals also can be explain by fact that in it’s crystals the ionic exchange has
carried out not only on the outer surface of crystals but also inside of the crystallic lattice between atomic
layers. Correspondently at water sorbtion the swelling was carried out not only owing to formation of
solvatic covers on the surface of bundles but also the introduction of water molecules between bundles of
the crystallic lattice [13].

It is obvious in this case that at addition of monomers in BC suspensions their penetration can
carried out between bundles layers of crystallic lattice of montmorillonit (Fig. 1.b).

Fig. 1. Scheme of the compositions hydrogels formation on the base of cross-linking PAAc and BC

At polymerization of some monomers the nettings are formed the cells of which are filled by BC
crystals (Fig. 1.c). Such scheme of formation of the polymeric composition was presented in work [14].

Obtained in our work CHs were porous homogeneous masses swelling in water. For investigation of
the surface structure of the obtained CHs their microphotografies were obtained (Fig. 2).

o~

RN i

B T e NP TS : o
Fig. 2. Microphotographics of the cross-linking gel on the base of PAAc (a); particles of BC (b) and CH
(content of BC in composition: c-33; d-50; e -60 and f-66 mass %)
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As shown from Fig. 2.b particles of BC are presented as good distinguished black point in optical
microphotography. On the microphotografies of CHs (Fig. 2.c; 2.d; 2.e; 2.f) particles of BC practically
didn’t differed. This fact is about distraction of bundle structure of the montmorillonit on the more small
structures. Also it is shown that obtained CHs are homogeneous and they have the porous structure.
Changes carrying out in structure of montmorillonit in process of CHs obtain have discovered in
difractogrames which are presented in Fig. 3.

RN | , a

L\ cr g L LT .
1\ J"*\L‘ 1 M LU
o ‘-'i\‘i P i
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e)o
Fig. 3. Difractographes of gel samples on the base of PAAc (2), BC (b) and CH (c). Content BC in CH -
33 mass %).

As shown from Fig.3 in difractography of BC (Fig. 3.b) some crystallical reflexes at 20-22°; 8-9° and
12-13° are presented which is corresponded to the crystallic structure of montmorillonit. The
difractographes of the dry gels on the base of acrylic acid (Fig. 3.a) are corresponded to difractographe of
amorphous polymer and in it’s some characteristic peaks, typical to crystallic parts, didn’t presented. Also
the peaks corresponded to crystallic parts of montmorillonit also didn’t presented. This fact can be
explain by distraction of it’s crysllic structure.

Swelling of obtained materials

One of the important parameter of hydrophilic gels is their degree of swelling an by this reason
kinetics of swelling of obtained materials in water solutions was investigated. In the case of CHs it was
shown that the equilibrium at swelling of complexes has been achieved during 6-7 h (Fig. 4). The
increasing of content N,N’-MBAA in gels has carried out to decreasing their swelling degree.

Q,g/g
250

200
150
100

50

0 ———
0 120 240 360 480
t, min
Fig. 4. Kinetics of composition hydrogels swelling (content of BC -13 mass%) in water:
1,2,3,4,5-content of N,N’-MBAA in hydrogels correspondently: 0,33; 0,43; 0,50; 0,60; 0,64 mass % from of
mass AAc; temperature 25 °C.

At investigation of BC content in obtained compositions on the degree of their swelling it was shown
that dependence of the swelling degree of obtained CHs from content of BC in their composition has an
extremely character.
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Fig. 5. Dependence of the degree of equilibrium swelling of CHs from content BC in their composition
(temperature 25 °C)

It is shown (Fig.5.) that at small quantities of BC in CHs the swelling degree sharp decreased and
then with it’s increasing the swelling degree also contently increased. It is know that in BC there are
cations of different metals mainly two valence (Ca2*, Mg?*). By this reason it is obviously that at small
guantities of BC the additional cross-linking of gel through carboxylic groups by above-mentioned ions
was proceeded in result of which it’s the swelling degree decreased. The following increasing of BC
content in CHs has caused the increasing of the swelling degree owing to swelling of BC containing in
gel.

It is known that the swelling degree of gels with carboxylic functional groups dependent on changing
of pH medium and by this reason such gels are named pH-sensible [15,16]. It was investigated the
influence of pH of water solution on the swelling degree of obtained in this work polymeric materials.

Water solutions with different values of pH were prepared by addition in water necessary quantities of
NaOH or HCI.

Q,gle
1000 -
800 - ——1
a2
600 - —3
—o—4
—9—5
400 - —5
a7
200 A
0 T T T T 1
2 4 6 8 10 12

Fig. 6. Influence of pH solution on the swelling degree of PHs and CHs. 1,2,3,4,5,6,7-content of BC in
CHs correspondently equaled 0; 9; 13; 20; 50; 60 and 66 mass %. (temperature 25 °C).

Degree of the equilibrium swelling of hydrogels on the base of PAAc has dependent from pH of
water solution (Fig. 6, curve 1). In acid mediums they collapsided, but in alkali solutions they have
maximal the degree of swelling. In contrast to gels on the base of PAAc the swelling degree of CHs was
less depended on changing of pH of solutions. Also it is necessary to note that with increasing of BC in
polymeric gels their sensibility to pH changing has decreased.
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Sorbtion

One of the important characteristics of PHs is their sorbtion ability in relation to different organic
and inorganic compounds. By this reason absorbtion of MB from water solutions by obtained in this work
gels was investigated. Sorbtion of MB by hydrogels on the base of PAAc and CHs from water solutions
was investigated in statically conditions. Kinetics of MB sorbtion by polymeric material is presented on
Fig. 7.

2_
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‘."O ] 2
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t, h
Fig. 7. Kinetics of MB sorbtion (concentration 2:10* mol/l) from water solutions by polymeric materials:
1- polymer gels on the base of PAAc; 2,3,45 —CHs with BC content 33; 50; 60; 66 mass %
correspondently.

As shown from Fig. 7 sorbtion of MB by PH and CHs has begined through several hours after
placing them in it’s solution. Investigation has shown that sorbtion of MB by gels began only after their
equilibrium swelling in water. Introduction on BC in composition of gels caused to increasing of their
sorbtion ability. In CH containing 66 mass % of BC the sorbtion capacity in two time more in comparison
with the gel obtained on the base AAc. Also in all cases the sorbtion of MB by polymeric materials from
solutions has carried out enough long time and equilibrium has ensued approximately through 40 h.

Investigation of MB sorbtion by gels on the base of PAAc and CHs at different temperatures has
shown that sorbtion of MB from solutions increased with rising of temperature (Table 3).

Table 3. Influence of temperature on the quantity of sorbited MB by polymeric materials

Polymeric material Quantity of sorbited MB, *10* mol/I

30°C 45°C 60°C
Gel on the base of AA 1,35 1,47 2,05
CH (content of BC 66 mass %) 2,43 2,55 2,80

This fact has indicated that sorbtion has an chemical character. Also in all cases MB sorbtion from
solutions by CHs is more in comparison with gels on the base of PAAc.

Conclusion

Thus in this work CHs on the base PAAc and BC were obtained. It was shown that obtained
materials have a homogeneous structure. Investigation of the swelling degree of CHs in water has shown
that this parameter has depended on BC content. With increasing of BC content in gels their swelling
degree firstly decreased and than constantly increased. Investigation of pH influence on the equilibrium
degree of swelling had shown that with increasing of BC content in gels their sensitive to pH changing
decreased. Sorbtion of MB by obtained sorbents was investigated and also it was shown that CHs
possessed more sorbtion capacity in comparasion with gels on the base of PAAc.

It was determined that sorbtion of MB has began after swelling of composition materials. The
increasing of temperature has resulted to an increasing of MB sorbtion which had a chemical character.
Thus the possibility of obtain of effective absorbents on the base of composites PAAc-BC has been
shown.
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IHOJIMMEPHBIE KOMITIO3UTBI HA OCHOBE INTOJIMMEPHBIX KUCJIOT U BEHTOHUTOB
M.A.Maxaros, M.I'.Myxamennes
Omoenenue norumepnol Xumuu, Y30ekucmanckull HayuoHaIbHblll YHUGEpCUumen,
Tawxenm, Y36exucman
PE3IOME

B nanHOii paboTe McclenoBaHbl HEKOTOPHIE clieli(ruieckre CBOMCTBA KOMITO3HIIMOHHBIX THIPOTENEH
(CH) na ocHOBe MEXMOJEKYJISIPHOW IONEPEYHO-CBSI3aHHOW NonuakpwioBod kucinotel (PAA) wu
oenronuToBoi rMHBI (BC). MeToibl onTHYeckol MUKPOCKOIIMH U PEHTreHorpaduu MoKa3aj, 4To B
THUAPOTENAX MPOUCXOAWT  pPa3pylIeHHe KPUCTAJUINYECKOW  CTPYKTYPHl MOHTMOPHIIIOHWTA W3-32
MIPOHUKHOBEHMSI TOJMMEPHBIX MAaKpPOMOJIEKYJ MEXAy closMH, B pesynbrate dero CH wnmeer
HEM3MEHHYI0O TOMOTE€HHYIO CTPYKTypy. M3yuena kuHeTnka HaOyxanusi monmydenHoro CH B Boxme u
MOKa3aHO, YTO OHM MMEEIOT BHICOKYIO COPOIMOHHYIO CIIOCOOHOCTH IO OTHOIIEHHIO K BOJIEC B IIMPOKOM
unrepane pH. Cratuueckum MeTomoMm Oblia M3ydeHa copOumsi MmetwineH cuHero (MB) remsamu w3
BOJIHBIX PAacTBOPOB. YCTaHOBJIEHO, 4YTO copOumoHHas crnocobHocts CH Bblmie, yem ruaporeneid Ha
ocaoBe PAA. Copbmmss MB yBemmummack ¢ pOCTOM TeMIepaTypsl OKpY)Kamomed cpeasl |
cooTBeTcTBeHHO coeanHeHne MB ¢ CH nmpoucxonut m3-3a XeMoCopOIm.
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OBTAINING OF NANODISPERSION SILICA

Kh.l.Akbarov
National University of Uzbekistan, Tashkent
akbarov_Kh@rambler.ru

Influence of different factors on sol-gel process of obtain nanodispersion silica has been discussed. Data
about of activation energies of investigated processes of synthesis, polycondensation, formation and
strengthening of gels are presented. Synthesis of gels possessed by properties of percolyacion structures has
been described.

Key words: sol-gel process, nanodispersion silica, mechanism, pH, temperature, energy of activation,
percolyation.

The base of classical sol-gel process is reactions of hydrolysis, olyasis and oxolyasis of precurses in
solutions with following stages of appearance new phase and formation of gel or seliment. It is necessary
to note that sol-gel processes nanodispersional silica is the leader of world market by production of
nanomaterials and in more complete variant this process is realized in sol-gel technologies [1,2].In last
years beside classical shems different variants of sol-gel processes were elaborated which allowed to
obtain different materials what is achieved of carring out of process in the presence oftamplates [3],
surface-active compounds, ferments [4,5], different additions and also by synthesis in emulsion mediums
and micelles [6].

Because sol-gel process is begined in solution the possibility has appeared to regulate form and
microstructure of materials and to obtain monolit bodies, fibers, covers, membranes and also
spherical,nanospherical, capsules and nanotubular particles [7,8].Rate of polycondensation which is one
of stages of gel process is dependet in grate degree from pH of system.However experimental data by
influence of pH on this process are contradictory. By data of above-ventioned works the rate of process at
pH=1,0 in 10 times higher then at pH=2 thatis polycondensation in acid medium is catalysied by
hydrogen ions; hydroxyl ions are catalysts of polycondensation in rang pH=3,0-7,0: rate of process at
pH=6 in 100 times higher then at pH=4. Data by dependence of rate of process on pH in alkali medium
are contradictory becource at pH>9,0 solubility of amorphous silica has increased and by this reason the
rate of polycondensation was descreased. By data of [2] minimum of rate was observed at pH=2,0 but by
data of work [1] — at pH=1,7 what is coincided with range of the minimal rate of gel-formation.

Increasing of temperature was carried out to decreasing of time of gel-formation at all values of pH
that is to increasing of process of transition sol-gel. According to work [2] the activation energy of
sineresis is equiled 20-30 kDj/mole and the activation energy of polycondensation (pH=7,0) is equiled55
kDj/mole. From these data it is obviously that in beginning period the limitedstage of sineresis isn’t
chemical reaction but formation and reorganization of coagulyasion contacts between primary particles
and aggregates. Increasing of temperature in low degree has influenced on kinetics of gel-formation at
pH>5,5; for gels forming at these values of pH it is characterize incomplete tixotropical reversibility. In
prosess of aging intensification of their elastic-fragila properties has carried out; on the deep stages of
aging — sineresis and crading of structure. In alkali mediums the rate of gel-formation didn't dependned or
even has decreased with increasing of temperature (the activation energy was equaled 14 kDj/mole).

High-concentrated hydrosols of silica containing particles of amorphous-silica of spherical form and
stabilized by additions of alkalies have the largest interest. Calculations carried out on the base of kinetics
investigations of gel-formation have shown that values of the activation energy in weak-acid range on the
stage of gel strengthening was equaled 200 kDj/mole and on stage of their formation - 40 kDj/mole.

Gels forming at addition in sols small quantities of electrolytes have possesed by properties of
perkolyazional structures. In process of long aging in these systems condensation of primary forming
structures, their strange has increased; aging of gels is accompanied by cinerezis. Perkolyazionical
transition is considered as phase transition of second type.

Such inspite of on approached successes of controlled synthesis of nanodispersion silica and obtain
of sorbents modified by silicas, hybrid materials and nanocomposits on their base, many theoretical
quashions of carring out of different stages of sol-gel process are discussed and have demunded of
additional investigations. Determination of mechanism of nanomaterials formation and influence of
different chemical and physical factors on sol-gel process is actyal task of investigators desition of which
can to give an qualitative leap in sol-gel technologies of nanomaterials.
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Sol-gel technologies successfully are developmented in different scientifical establishments
ofRepablik Uzbekistan Such for example investigations have been carried out by follving trends:
synthesis nanocompotitional hybrid functionizated polymer-silica (HFP) sorbents for liquid
chromatography, synthesis of hydrolytically stable HFP, titanium-containing sorbents for liquid
chromatography: synthesis bionanocompositional HFP-films, synthesis of bio-HFP ferment-containing
films, synthesis of monolitnanocompositional hybrid polymer-silica materials; sol-gel technology for
obtain “clever textile”’; development of nanoconteineors of superhigh capacity for medicines; elaboration
of chemical nanosensors; synthesis and using of catalysts on the base of Al,Os . TiO, and others;
investigation of colloid-chemical aspects of sol-gel process;physico-chemistry of sol-gel process;
elaboration of chemical biosensors; sol-gel technology of obtainof building materials with improvement
characteristics (introduction of nanodimensionpaticles of refractory oxides of metals); template synthesis.
Howeven in presence time in Uzbekistan aerosol and other types of dispersion silica don’t produced
though for this there are all preconditions if take info account of presence of development chemical
industry and especially the presence of large enterprises by production of mineral fertilizations [7].
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PE3IOME
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THE FUNDAMENTAL AND TECHNOLOGICAL ASPECTS OF THE PROCESSING
OF FLY ASH OF THERMAL POWER PLANTS
TO PRODUCE NEW VALUABLE PRODUCTS FROM IT

T.V.Shakiyeva, B.T.Dossumova, B.B.Baizhomartov, V.S.Yemelyanova
Research Institute of New Chemical Technologies and Materials, Almaty, Republic of Kazakhstan,
niinhtm@mail.ru

Based on the microspheres excreted from fly ashes from combustion of brown or mineral coal on the thermal
power plant (TPP), elaborated technologies of manufacturing of the modified catalysts of: masout or heavy oil
cracking, hydrocracking, hydroconversion and hydrotreatment of the hydrocarbonic raw, dehydrogenation of
paraffins in a fluid bed, methane oxidative transformation. Elaborate technologies of deriving of the selective
adsorbents for following processes: extraction of oil from water-oil emulsions, mercury sorption, allowing
extracting up to 100-120 mg per 1 g of ashen microspheres.

The most original and perhaps the most valuable components of fly ash from coal combustion TPP —
hollow aluminosilicate microspheres, which is a hollow, nearly perfect form silicate spheres with a
smooth surface, with diameters from 10 to several hundred micrometers, an average of about 100
microns. The wall thickness from 2 to 10 microns, the melting temperature of 1400-1500 °C, the density
580-690 kg/m®.The value of hollow aluminosilicate microspheres is determined by the fact that they are
perfect fillers for a wide variety of materials.

Fractional separation of aluminosilicate cenospheres of fly ash TPP is carried on the developed by us
laboratory installation in the upward vortex flow of the separation medium with superposition of multiple
pulsation and the magnetic field of certain intensity.Using modern methods we studied the composition
and structure of narrow fractions of definite composition, sorption properties of cenospheres optimal for
obtaining a multifunctional porous materials in which the obtained powder and block materials with a
regular porous structure.

Based on the microspheres selected from volatile ashes from the combustion of brown coal or
bituminous coal TPP, we are developing the technology of preparation of modified catalysts: the cracking
of fuel oil or heavy oail, allowing to obtain a fuel oil of up to 64 masses. % of light fractions, including
14.5% of gasoline and up to 85% of light fractions from heavy oil, including 37 % of gasoline fraction;
hydrocracking, hydroconversion and hydrotreating of hydrocarbons, which allows to increase the yield of
gasoline with an octane rating of 83.1 to 54.2 mass %:;the paraffins dehydrogenation in a boiling layer
allowing to obtain at 580 °C to 54-55 the mass % of isobutene from isobutane and 37% of propylene from
propane;polymerization of ethylene with a yield of polyethylene of up to 1000 kg per gram of catalyst;the
Fischer-Tropsch synthesis in reactor with suspended layer with a CO conversion above 80% and the
target hydrocarbon selectivity C,-Cs + Cs 94.4 mass %;the oxidative chlorination of ethylene, allowing to
obtain up to 98.4 mass % dichloroethane in the efficiency of use of C2Hs to 93.8 mass %; the methanol
oxidation to formaldehyde, allowing optimal conditions to increase the yield of formaldehyde is up to
99.9 % with 100 % selectivity in the oxidation of methanol to formaldehyde;oxidative transformation of
methane to increase the selectivity of the formation of C-products to 67.4 % at a methane conversion of
23.8 %, which corresponds to the best known catalysts for the oxidative condensation of
methane;microspherical catalyst for cracking of oil residues to increase the overall yield of distillate
fractions to 58.0 mass % at the boiling point to 350 °C, the yield of gasoline — 18 mass %, the octane
number up to 82.5;sulfur dioxide oxidation by oxygen in the air, allowing the temperature interval 40-60
°C clean flue gases TPP from SO, when the degree of conversion of SO, 89-95 % with simultaneous
production of sulphuric acid.

As part of our research we developed microspherical media with a perforated shell of variable
thickness and porosity, selective sorbents based on them, as well as promising carriers of sorption-active
components of the processes:cleaning of flue gases from SO, NOy, in the sorption process the degree of
absorption of NOy is up to 93 %, SO, up to 95 %;adsorbent for the extraction of oil from oil-water
emulsions, allow a single extraction of oil to the residual oil content in the water layer of no more than 3-
4% of the initial mass of oil, i.e. the water is purified to a state suitable for use for technical purposes.The
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method is characterized by the ease of regeneration of aluminosilicate microspheres;the modified
aluminosilicate microsphere highly selective sorbent of mercury, which allows to extract up to 100-120
mg per 1 g of ash microspheres.

The following is a detailed research of cenospheres in the process of sulfur dioxide oxidation with
oxygen.

Long study of the kinetics of sulfur dioxide oxidation by oxygen in stationary conditions in aqueous
solutions in the presence of modified cenospheres as a catalyst, as a source of SO», we used Na;SOs, since
under the experimental conditions at pH = 10-12 in an aqueous solution of SO; is in the form of SO3™,
and in fact studied the reaction (1):

2Na;S0s3 + 02 — 2NaxS04 1)

The main results of the study microspheric catalysts for the sodium sulfite oxidation by oxygen are
summarized in Table 1.

The table results indicate that the degree of conversion and the reaction rate depends on the
concentrations of the components of the Na;SOs;—Al-O-Si-Fe-H,SO0,~H;0 system. Under optimal
conditions, the degree of Na,SO3 conversion reaches 100 %; the maximum rate of oxygen uptake reaches
6.8 mL/min.In most cases, the dependence of the rate of Na,SOs oxidation from the initial concentration
of components has an extreme character (Figure 1).

Table 1. The sodium sulfite oxidation by oxygen in the presence of a microspherical catalyst

The The Wo.,
oxperment | STEIR | | b | e |67 | NeaSOwomersion | max
of ash, g % mL/min

1 0 0.4 - - 40 100 0.6
2 0.1 0.4 - - 40 100 5.4
3 0.5 0.4 - - 40 100 4.4
4 1.0 0.4 - - 40 100 4.0
5 2.0 0.4 - - 40 100 3.4
6 0.1 0.2 - - 40 100 4.8
7 0.1 0.1 - - 40 100 3.6
8 0.1 0.2 1-10* - 40 100 4.0
9 0.1 0.2 0.5-10° - 40 100 4.6
10 0.1 0.2 1-10° - 40 100 6.8
11 0.1 0.2 102 - 40 79 3.8
12 0.1 0.2 - - 40 100 4.8
13 0.1 0.2 - 1.75-10% 40 100 5.2
14 0.1 0.2 - 5.2:102 40 100 3.8
15 0.1 0.2 - 8.75-10 40 100 3.0
16 *1.0 0.8 2.0 - 30 88 0.2
17 *1.0 0.7 3.0 - 30 80 0.4
18 *1.0 0.8 2.0 - 60 50 0.2

*The experimental results were obtained at the University of Saitama (Japan)

Typical conversion curves in the coordinates Wy, = f(Qo,), Wy, — the rate of oxygen absorption,
mol/L-min; Qq,-the amount of oxygen absorbed, mol/Land potentiometric curves in coordinates ¢ =
f(Qo,),where ¢ is the potential of the platinum electrode relative to calomel, V. It is shown in Figure
1.The initial redox potential of the Na;SOs;—Al-O-Si-Fe-MX-H;SO,~H,O system, where MX —
modifying component is in the range of 0.8-0.45 V, and d¢/Cyq,s0, < 0,d¢/dCp.s0,passes through a
maximum, de/dT > 0.These results suggest that redox-defining pair in this case is the pair Fe3*/Fe**.The
conversion curves in the coordinates Wy, = f(Qo,) (Figure 1-a, c) and potentiometric curves in the
coordinates ¢ = f(Qp,) (Figure 1-b) show that with the introduction of Na,SOs in the system redox
potential sharply goes to the cathode area of 0.5-0.25 V, and immediately begins the absorption of
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oxygen.The potential jump depends on the ratio of components in the system.During the experiment,
thepotential returns in the anode region, under optimal conditions to the original value, which indicates
the fact that the reaction products do not change the structure and composition of the catalyst and under
these conditions is stable.

In prohibitive conditions, the potential remains at a certain value without returning to the original,
for the same conditions (Curve 4 in Figure 1-a) there is a violation of stoichiometry of reaction (1).

Wy, +10%, mol/l - min

< 3
"0 "l
Q y : '
| Wo, - 102 mol/L-min 0,7 H / 4 \ 2 \ Wo, - 102, mol/L - min
| \ [/ 18 X
N/ PEd 3 5.
0,5 -t L j 1\
\‘ ;?2 10 11 i \\
03 {1\ Y A Eel ¢ 10 -
N J11 0
0,1 | Qo, - 10%,mol /1 ’ | ][ 1 Qo, + 10%, mol /1 Caayso, <10, mol/1
: ‘ ) J y . 47,“‘ «“; T T
2 6 10 5 AR 2 4
a b c g

T = 313K, Py, = 0.1 MPa
a,b: Cya,s0, = 0.2 mol/L, Cy,so, - 10°mol/L: 1 — 1.75,2 — 3.5,3 — 5.25,4 — 7.0
¢,d: Cyays0,:1—0.1,2 = 0.2,3 — 0.4 mol/L

Figure 1. The oxidation of sodium sulfite by oxygen in the presence of microspheric aluminosilicate

Figure 1-c shows the conversion curves obtained by varying Cyg,so, in the range from 0.11 to 0.4
mol/L.In the studied concentration range of sodium sulphite, there is a linear dependence between the
amount of absorbed oxygen and the initial concentration of Na.SOs.Throughout the studied interval is
maintained, the ratio of Cyq,50,/Q0, =2 and according to the stoichiometry of reaction (1).The

dependence (Figure 1-d)of the rate of oxygen uptake (Wy,atQ,, = 1/2from}. Q,,) is described by the
equation (2):

_ k1'B1'CNays04

02 — 1+B1°CNayso0;’ )

where B is a constant of Na>SOs sorption on the surface of aluminosilicate microspheres. The Na,SOs;
sorption indicated by the data of table 1:at concentrations of Na,SO3 equal to 0.6-0.8 mol/L, dramatically
increases the content of total sulfur (from of 0.87 to 1.58 mass %).In these conditions, when the whole
surface of the microspheres is closed with sodium sulphite (Figure 1-b) dramatically decreases the rate of
absorption of oxygen (from 6.8 to 0.2 mL/min) in the experiments 16, 18 (Table 1).

Based on long-term tests we have developed have no analogues in the world practice the catalytic
oxidation of sulfur compounds by oxygen in an aqueous solution in a temperature range of 0-80 °C.A
detailed study of the kinetics of the process showed that as a result, the solution formed of water-soluble
sulfonic acids, which are good flotation agents, surface-active substances, repellents, etc.Repeated
circulation of an aqueous solution allows to obtain a 60-70 % solution of sulfonic acid in the form of a
commercial product.As a result of research obtained the kinetic equation, completely describes the
process and allows to optimize the technological conditions depending on the composition of the cleaned
gases.
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YHOCA TEIUVIOBBIX SJIEKTPOCTAHIIMU JJIA TPON3BOJCTBA HOBBIX HEHHBIX
HPOAYKTOB U3 HEE

T.B.IllakueBa, b.T.Jlocymosa, b.b.baitxomapros, B.C.EMenssiHoBa
Hayuno-uccnedosamenbckuti UHCMUmMym HOGbIX XUMUYECKUX MeXHOI02UI U Mamepuanos, 2. Aiva-Ama,
Pecnybnuxa Kasaxcman

PE3IOME

Ha ocnoBe mukpocdep, BBIACTICHHBIX W3 30JbI-yHOCAa CKHIaHUS Oyporo WIM KaMEHHOIO YIJIS Ha
TEIUIOBBIX  DJIEKTPOCTAHIMAX, pPa3pabOTaHbl TEXHOJOIMU  HM3TOTOBJICHUS  MOAU(HUIMPOBAHHBIX
KaTalM3aTOpPOB: KPEKWHra MaszyTa WId TSDKEIOH He(TH, THUAPOKPEKHHTa, THIPOKOHBEPCHU |
THUIPOOOPAaOOTKH  YIJIEBOJOPOJHOIO  ChHIPhS, JETHAPUPOBAaHMS MNapadMHOB B  KHIIIIEM  CIIOE,
OKHCIIUTENBHOTO MpPEBpalleHus MeTaHa. Pa3paboTaHbl TEXHOJNOTHMHM IIOMYYEHHUS! CEJIEKTHBHBIX
aJIcCOpOCHTOB JIJISl CIEAYIOUIMX MPOIECCOB: M3BJICUCHUE HE(TH U3 BOJAOHEPTSHBIX AMYIbCUH, COpOIHs
PTYTH, YTO N03BOJIsET U3BNiekath 10 100-120 Mr Ha 1 T 30JbHBIX MUKpOChEp.
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The system with rhenium electrodeposition from perrhenates over complex-forming conducting polymer has
been evaluated from the theoretical point of view. The correspondent mathematical model was developed and
analyzed my means of linear stability theory and bifurcation analysis. It was possible to conclude that the
electrosynthesis of complexes may be realized in steady-state mode, easy to maintain. The reaction is
diffusion-controlled. The oscillatory and monotonic behavior possibility was also evaluated.

Key words: rhenium, conducting polymers, electrodeposition, complex compounds, stable steady-state

Introduction

Complex compounds are considered one of the most important classes of inorganic and
organometallic compounds [1 — 4]. They have wide specter of use, and one of the most important use of
their use is based on their catalytic activity[5 - 7]. Complex compounds may also use in electroanalytics
as electrode modifiers — alone and with other materials, like conducting polymers and carbon materials [8
—9]. The complex formation may also used in metal cation retention [10].

On the other hand, rhenium is one of the metals, used as the corrosion and thermically resistant
material [11]. It is also used as a catalyst. Nevertheless, it is considered rare element with its unique
natural mine disposed on the island of Iturup (also known as Etorofu, controlled by Russia and claimed
by Japan), its compounds” toxicity hasn’t been studied, so the development of electrochemical method of
the remotion (recuperation) of rhenium is really actual task [12].

As a transition metal, rhenium is widely used in catalyst complex compounds [13 — 15]. One of the
most known rhenium complex compounds is the famous [Re,Cls]>~ion, containing a quadruple bond
between rhenium atoms:

_ i
T
a a
e =pre"
| i\
o o d

Fig. 1. The structure of the [Re.Clg]?> complex compound

The electrosynthesis of the complex compounds, based on conducting polymers may be based either
on complex compounds’ electropolymerization [16 — 17], or on the electropolymerization of its monomer
over a complex-forming metal [18 — 19], or even the metal deposition over complex-forming polymer [20
— 21]. In all of the mentioned cases, the synthesis will be an in situ formation of a catalyzing complex
compound either for synthesis, or for electrochemical analysis.

The main problems that the development of such a synthesis may encounter are:
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¢ Indefinite opinion in the deposition mechanism;
o Electrostatic, surface and(or) electrochemical effects, accompanying the synthesis;
o Electrochemical instabilities, caused by them.

These problems may only be solved by means of a mechanistic theoretical analysis of the system’s
behavior, with the development and analysis of a mathematical model, capable to describe adequately the
processes in the system.

So, the aim of this work is to evaluate by mechanistic way the rhenium electrodeposition from
perrhenates the strongly acid solutions over the complex-forming conducting polymers. For this purpose,
we have to resolve the specific goals like:

e the suggestion of the mechanism of the reaction in the system;
o the development and analysis of a model, that is correspondent to it;
o the comparison of the behavior of this system with that of the similar ones [22 — 28].

System and its modeling
The rhenium electrodeposition from perrhenates is achieved by use of strongly acidic media, by the
reaction:

ReOs + 8H* + 7e- > Re’ + 4H,0 (1)

The metallic rhenium, while deposited on ligand-containing conducting polymer, forms the complex.
The complex formation may be realized by the use of different ligands, like crown ethers, imines,
hydroxyls and pyridinic nitrogen-containing heterocyclic units, or by the use of an overoxidized polymer.

At the same time, the protons may be reduced, due to so called hydrogen evolution:

2H" + 2" > H,° (2

And also attack the conducting polymer, interfering on its conjugated system. Thus, considering that
the complex is stable in acid media, to describe this system, we introduce three variables:

¢ — the perrhenate concentration in the pre-surface layer;

0 — the metallic rhenium coverage degree;

h — the protons” concentration in the pre-surface layer.

To simplify the modeling, we suppose that the reactor is intensively stirred, so we can neglect the
convection flow. Also we assume that the background electrolyte is in excess, so we can neglect the
migration flow. The diffusion layer is supposed to be of a constant thickness, equal to 5, and the
concentration profile in it is supposed to be linear.

It is possible to show that the balance equations for the mentioned variables may be described as:

%_Z(é(c _C)_rj

dt s\ ° '

do 1

EZE(G—B) (3)
dh 2(D

EZE(g(ho—h)—H—Q—Qj

In which A and D are perrhenate and protons diffusion coefficients, co and ho are their bulk
concentrations, G is the rhenium maximal surface concentration over the polymer backbone, and ry, 2, 3
and r, are dissolution, complex formation, hydrogen evolution and polymer protonic attack rates, which
may be calculated as:

r, = k,ch® exp(—oc) exp(— 7RF'|?O j; r, =k,h? exp[— %}

r, =k,0exp(—ab) ; r, =k,h" (4-7)

in which the parameters k are reaction rate constant, the parameter o describes the repulsion between
perrhenate anion and the cathode, a describes the influence of the complex formation on DEL, F is the
Faraday number, ¢q is the potential slope, related to the zero-charge potential, R is the universal gas
constant and T is the absolute temperature.
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Due to the complex formation and electrostatic interaction between the anion and the cathode, the
behavior of this system has to be more interesting, than in a common case of metal electrodeposition,
which will be discussed below.

Results and discussion

To investigate the behavior of the system with rhenium electrodeposition over a complex-forming
polymer, we analyze the equation set (3) by means of linear stability theory. The steady-state functional
Jacobian matrix members for this system may be described as:

all a12 a13
8y dp Ay @),
a3l a32 a33

in which:

_g _é_ 8 _ _7F¢o 8 _ _7F¢o 9
a, = 5( 5 k,h® exp(—ot) exp( T j+ok1ch exp(—oc) exp( = D ©
a, =0 (10)

2 TF¢
a, = g(—8k1ch7 exp(-ot) exp(— RTO D (11)
_i 8 _ _7F¢o _ 8 _ _7F¢0 12
Ay =g (klh exp(—ac) exp( = j ok, ch® exp(—ot) exp( T B (12)
a,, = é(— k, exp(—a8) + ok, 0 exp(-a b)) 13
1 7 B _TF¢, 14
a5 = o [Sklch exp(—ot) exp( = D (14)
2 e _TF¢, 8 porf _TF¢, 15
a, = 5[ k,h® exp(-oc) exp( = J+aklch exp(—at) exp( = D (15)
a;, =0 (16)
a,, = 2(—D—8klch7 exp(—oc) exp[— 7FqﬁOj—ZkzheXp(— 7F¢°j—nk4h”1J (17)
S\ S RT RT

Observing the expressions (9), (13) and (17), we may observe, that the oscillatory behavior is
possible in this system, as the main diagonal members contain positive elements, describing the positive

callback. The element ok ch®exp(—oc) exp(_tT%j describes the oscillatory behavior, caused by the

concurrence between the electrochemical reaction force and electrostatic repulsion between perrhenate-
anions and the cathode. Being untypical for the systems with cathodic deposition of the proper conducting
polymers (like polypyrrole in [22 — 23]) and their codeposition with metals (in [24]), like also for the
systems with the behavior of CoO(OH) [25 — 27], it is observed during the anion electrochemical
reduction, including in the simple system of rhenium electrodeposition [28].

On the other hand, the element: ok,0exp(—a6) describes the oscillatory behavior, provoked by the
influence of the complex formation on double electric layer (DEL) structure, which isn’t a typical factor
for the systems [22 — 28]. The pH growth promotes the oscillations, caused by the first mentioned factor,
but not by the second, as the complex-formation, in this case, is pH-independent (the complex is stable in
acid media).
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To investigate the steady-state stability, we use the Routh-Hurwitz criterion, applying it to the
equation set (3). To avoid the cumbersome expressions, we introduce new variables, so the Jacobian
determinant will be described as:

-x,-2 0 —A
> —P A (18)
-3 0 -A-X-E

Opening the brackets and taking in account the presence of null elements, with the application of Det
J<0, derived from the criterion, we obtain the steady-state stability condition like:

(—x, —Z)(PA+PX+PE)+ZPA <0 (19)

Or even:
-k, (PA+PX+PE)-2Z(PX+PE) <0 (20)

This condition is warranted to be satisfied, if the complex formation parameter P and
electrochemical reaction parameter £ maintain themselves positive. Once they are positive, the left side of
the expression (20) obtains more negative values. Their positivity describes the fragility of the influences
of the electrostatic interaction between perrhenate anione and cathode, like also those in DEL
capacitances during the complex formation.

Within the steady-state stability, the dependence between the electrochemical parameter and
concentration has to be linear, so the system has an electroanalytical prospect of use. From the
electrosynthetical point of view, it is also efficient. The process is driven in the diffusion-controlled
mode.

The monotonic instability in this system is possible, being caused by the equality between the
stabilizing influences and the destabilizing ones of the electrochemical process influences on DEL. It is
correspondent to the detection limit and its condition may be described as:

—x,(PA+PX +PE) - S(PX +PE) < 0 (21)

The pH decrease, in general, promotes the steady-state stability. Nevertheless, it may provoke the
attacks of the polymer backbone and hydrogen evolution and occupy the ligand seats for complex
formation. So, the pH chosen has to be low, but not very low for the reaction to be efficient.

Conclusions

The analysis of the system with rhenium electrodeposition over complex-forming conducting

polymer let us conclude that:

e The steady-state stability is easy to maintain, being conditioned to the fragility of the influences
of the electrostatic interaction between perrhenate anione and cathode, like also those in DEL
capacitances during the complex formation;

e Within the steady-state stability, the dependence between the electrochemical parameter and
concentration has to be linear, so the system has an electroanalytical prospect of use. From the
electrosynthetical point of view, it is also efficient. The process is driven in the diffusion-
controlled mode;

The oscillatory behavior in this system is possible, being caused by the concurrence between the

electrochemical reaction force and electrostatic repulsion between perrhenate-anions and the cathode, and
also by the influence of the complex formation on double electric layer (DEL) structure.
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MATEMATHYECKOE OITMCAHHUE 3JIEKTPOOCAKIEHUA PEHUS HA IIOBEPXHOCTH
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PE3IOME
TeopeTnueckn paccMOTPEHO JIEKTPOOCAKACHHE PEHHS Ha IOBEPXHOCTH KOMIUIEKCOOPA3yrOIIero
NPOBOJSIMIETO MosiuMepa. MaTteMaTnyeckass MOJENIb MOCTPOCHA C HCIOJIb30BAHUEM TEOPHM JIMHEHHOM
YCTOMYMBOCTH M OMQypKaunoHHOro aHanu3a. CreldaH BBIBOA O TOM, YTO PEAKLUHS KOHTPOJIUPYETCS
T dysneit 1 BO3MOKHO OCYIIECTBIICHE CHHTE3a KOMIUIEKCa B CTAIIMOHAPHOM PEXUME, KOTOPBIH JIETKO
MoIepKUBaTh. bbUH Takke OlleHeHbI BOZMOKHOCTH OCLHMJUIATOPHOTO 1 MOHOTOHHOT'O TIOBEJICHUSI.
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OPTIMIZATION OF BIODIESEL PRODUCTION FROM MUSTARD OIL
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Mustard oil is one of the promising future raw material for biodiesel production in India. Biodiesel yields from
mustard oil was comparable with other raw material e.g., canola and soybean oils that has been reported in the
literature. Thus, the transesterification process to produce biodiesel from mustard oil was studied. Biodiesel
yields were analyzed using the FTIR (Mid-IR) spectroscopy method. Biodiesel yields from mustard oil at
different conditions were investigated in order to optimize the process. Response surface methodology (RSM)
was used to optimize the process parameters of the transesterification reaction. The KOH catalyst was found to
be suitable for the transesterification of mustard oil over the NaOH catalyst. Optimum conditions of the
independent variables for the KOH catalyst transesterification of mustard oil were determined as; catalyst
concentration 1.5 % by weight; reaction temperature, 60°C; and methanol-to-oil molar ratio of 6:1. The
maximum yield of 96% for mustard oil was obtained at these conditions. The model showed a good agreement
with the experimental results, demonstrating that this methodology was useful for optimization. The model was
successful in explaining the variation of response with respect to the three process parameters studied.

Key words: Biodiesel, Transesterification, Mustard oil, optimization, RSM, CCD

Introduction

Several studies have showed that biodiesel is a better fuel than fossil-based diesel in terms of engine
performance, emissions reduction, lubricity, and environmental benefits [1, 2]. Biodiesel can be made
from vegetables oils or animal fats though transesterification or alcoholysis. It has similar properties as
mineral diesel in term of viscosity, flash point, cetane number and many more [3]. The most commonly
used method is transesterification of vegetable oils or fats with methanol or ethanol in the presence of a
catalyst [4]. As the reaction is reversible, excess alcohol is used to shift the equilibrium to product side.
Yield of the transesterification reaction depends on multiple parameters including the molar ratio of oil-
to-alcohol, catalysts, reaction temperature, reaction time, and free fatty acids & water content in oils or
fats. The mechanism and kinetics of biodiesel production have been studied by many researchers [5- 7].
The production method for FAME (Fatty acid methyl ester) can be categorized into homogeneous or
heterogeneous depending on the type of catalyst used. Both, homogeneous and heterogeneous methods
can be further divided according to whether basic or acidic catalysts have been used. At the moment,
conventional industrial process favors homogeneous alkaline catalyst such as hydroxides (NaOH, KOH )
[8]. Mustard oil is not currently a common biodiesel feedstock, but it has a potential to be a cheaper
feedstock than the two most common oilseeds used for biodiesel (canola and soybeans). Indian mustard
oil (Brassica juncea) is a major oilseed crop of north India and is grown on more than six million hectares
of land mostly under rainfed conditions during the winter season. All the commercial varieties of B.
juncea grown in India are very high in erucic acid (C 22:1) content (approximately 50%) in their seed-oil
[9]. Gulab et al. evaluated wild mustard (Brassica juncea L.) oil as a feedstock for biodiesel production
[10]. Biodiesel yield of 94 % was obtained by a standard transesterification procedure with methanol and
sodium methoxide catalyst. Wild mustard oil had a high content of erucic acid. Wild mustard oil appears
to be an acceptable feedstock for biodiesel production. The main objective of the present study is to
systematically investigate the influence of different parameters e.g., catalyst concentration, type of
catalyst, temperature, methanol to oil molar ratio and reaction time on the yield of biodiesel produced
from Indian mustard oil and provide viable data about the suitability of Indian mustard oil as raw
material for biodiesel production. The optimal condition of the process was also calculated using response
surface methodology.

Experimental

Materials

Commercial mustard oil was used in the present study. Potassium hydroxide flakes, sodium
hydroxide flakes, methanol, and phosphoric acid were procured from Fisher Scientific, india. Methyl
ester, triolien were obtained from Sigma— Aldrich, USA. All chemicals used were analytical reagents.

Experimental setup
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The transesterification reaction was carried out in a batch reactor. A 500 mL three necked round
bottom glass flask was used. It had provisions for a water-cooled condenser, thermometer, and
mechanical stirrer. The flask was kept inside a water bath with thermostat which maintained the
temperature at the desired level. The reaction mixture was stirred at 600 rpm for all test runs .

Transesterification

The oils were heated at 378 K for 1 h in N>-purge to evaporate water and other volatile impurities.
Heated oils were allowed to cool to room temperature. Subsequently, a desired amount of freshly
prepared alcoholic solutions of catalysts were added into the oil and mixed. Each experiment was allowed
to continue for a set period of time. Phosphoric acid was added to stop the reaction by neutralization of
catalyst and adjust the pH of biodiesel to neutral. The reaction mixture was allowed to cool down and
equilibrate which resulted in separation of two layers. The upper layer consisted of methyl esters and
unconverted triglycerides. The lower layer contained glycerol, excess methanol, catalyst and any soap
formed during the reaction and possibly some entrained methyl esters. After separation of the two layers
by sedimentation the upper methyl esters layer was washed several times with distilled water and dried at
378 K for 4 h to remove water content from biodiesel layer.

Testing of mustard oil and biodiesel (methyl esters) properties

Fourier-transformed infrared (FTIR) spectroscopy has been reported as a fast and accurate method to
monitor the methanolysis of vegetable oils [11]. Several FTIR absorption bands (1198 cm?, 1363 cm™,
1377 cm?, 1436 cm™ and 4430 cm™) had been chosen to monitor the changes of the functional group in
the canola-methanol transesterification process with base catalyst [12]. Giuliano et al. [13] studied the
ethanolysis of degummed soybean oil (DSO) using Fourier-transformed mid-infrared spectroscopy
(FTIR) and methods of multivariate analysis such as principal component analysis (PCA) and partial least
squares regression (PLS). In the present work also, mustard oil and methyl esters (biodiesel) were
analyzed by FTIR (Thermo-Nicolet 5700 model). The spectra were obtained in the 500-4000 cm™!
region, with a resolution of 4 cm™'. Averages of 32 scans were recorded using a multi bounce ATR. The
method developed by Giuliano et al. [13] was used for quantitative analysis. The height of absorbance
band at wave number 1741 cm™! was used to calculate the concentration of ester in the biodiesel layer. A
calibration curve was obtained by measuring the height of the 1741 cm™! bands for samples of ester and
oil of known compositions (methyl ester and triolien). Fig.1 shows the FTIR spectra of methyl ester and
triolien samples at wave number 1741 cm™! for different concentration.

Fig.1. The FTIR spectra of methyl ester and triolien samples at wave number 1741 cm™! for different
concentration

The peak height at 1741 cm™* will change due to change in concentration of fatty acid methyl ester
(FAME) in mixture. Thus, a calibration curvebetween concentration of FAME and peak height is
developed to determine the yield of biodiesel using eq. (1). The yield of biodiesel was calculated using
the following formula:
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*
: E
Yield = WIOXEC Q)

Where: E, Ec ,W, are the biodiesel layer volume in (mL), ester concentration in (g.mL™?), and weight
of vegetable oil used in (g) respectively.

Statistical analysis

The biodiesel production yield was optimized using response surface methodology (RSM) provided
by STATISTICA 8 software. A standard RSM design tool known as Central Composite Design (CCD)
was applied to study the transesterification reaction parameters. The central composite experimental
design (CCD) is a suitable design for sequential experiments to obtain appropriate information for testing
lack of fit without a large number of design points [14,15]. A two-level, three-factor central composite
experimental design was used to optimize the independent variables to achieve maximum FAME yield. A
total of twenty experiments, including six replications at the centre point, were conducted. The replicates
at the centre point were used to evaluate the pure error. Three identified independent parameters are Xi:
catalyst concentration (1-2 wt.%), X»: methanol to oil molar ratio (3-9) and Xs: reaction temperature
(55-65°C). The response chosen was biodiesel yields. The experiments were run at random in order to
minimize errors from the systematic trends in the variables. The quality of fit for the model was evaluated
by the coefficients of determination (R?) and its regression coefficient significant (analysis of variances
(ANOVA)) were checked with Fisher's test (F-test) [15]. Response surfaces and contour plots were
developed using the quadratic polynomial equation obtained from regression analysis of experimental
data by keeping two of the independent variables at a constant value while changing the other one.

Results and discussion

Among the models that can be fitted to the response (linear, two factor interaction (2FI) and
quadratic polynomial), the quadratic model was selected as it is the best model due to its highest order
polynomial with significance of additional terms. The model equation based on the coded values (X1, X
and Xs as catalyst concentration, methanol/oil molar ratio and reaction temperature, respectively) for the
biodiesel yield was expressed by Eq. (2).

Y = 95.74 — 10.48X?% + 2.64X, — 9.32X2 + 1.85X; — 10.24X2 + 0.81X 1 X, + 2.07X, X5 + 3.2X, X,

)

Positive sign in front of the terms indicates synergistic effect on the FAME vyield, whereas negative
sign indicates antagonistic effect [16]. The result of statistical analysis of variance (ANOVA) was carried
out to determine the significance and fitness of the quadratic model as well as the effect of significant
individual terms and their interaction on the chosen responses. The p-value (probability of error value) is
used as a tool to check the significance of each regression coefficient, which also indicate the interaction
effect of each cross product. The smaller the p-value, the bigger is the significance of the corresponding
coefficient [17]. In the case of model terms, the p-values less than 0.05 indicated that the particular model
term was statistically significant. From the ANOVA results, the main model terms suggested that
variables with significant influence on Biodiesel yield response were methanol/oil molar ratio (X>),
reaction temperature (Xs), and the interaction terms were found to exist between the main factors (X1 Xa,
X1 X3 and X;X3), while the significant quadratic terms were catalyst concentration(X1?), methanol/oil
molar ratio (X2?) and reaction temperature (X3?). The lack of fit test with p-value of 0.054, which is not
significant (p-value>0.05 is not significant) showed that the model satisfactorily fitted to experimental
data. Insignificant lack of fit is most wanted as significant lack of fit indicates that there might be
contribution in the regressor-response relationship that is not accounted for by the model [18].

Contour and response surface plots were drawn to observe the effect of catalyst concentration,
temperature and methanol-to-oil molar ratio on FAME vyield. These plots were generated by holding one
of the variables at its mid-point and varying the other two variables to obtain the response. The elliptical
shape of the curves indicated a strong interaction between the variables. When the reaction temperature is
increased, two opposite effects are possible. First, an increase in the temperature will increase the rate of
reaction due to a higher energy input and a reduced mass transfer resistance. Second, availability of
methanol in the liquid phase may decrease due to a higher amount of methanol in the vapor phase at
higher temperature. Fig. 2, 3 and 4shows that the positive effect was more significant over the negative
effect; hence the conversion to FAME was increased with an increase in temperature of up to 60°C. A
further increase in temperature results in a significant negative effect due to increased evaporation rate of
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methanol. Fig. 2 shows the significant interaction between methanol-to-oil molar ratio and catalyst
amount. The convex profile of the response surface shows a well-defined optimum condition for the
independent variables. Increasing the catalyst amount up to 1.5% increased the FAME vyield, whereas
addition of more catalyst (>1.5%) resulted in poor mixing of the reaction mixture comprising solid
(catalyst), non-polar (mustard oil and FAME) and polar (methanol) phases. Hence, aggregation of
catalysts and poor mass transfer between phases reduced FAME yield. Similarly, excess methanol will
shift the equilibrium to the right and improve FAME vyield, but beyond a certain value the excess
methanol causes dilution. Catalyst concentration with respect to the volume of reaction mixture decreased
with an increase in methanol concentration which then caused a drop in FAME vyield. Optimum
conditions of the independent variables for the KOH catalyst transesterification of mustard oil were
determined as; catalyst concentration 1.5 % by weight; reaction temperature, 60°C; and methanol-to-oil
molar ratio of 6:1. Therefore, it is concluded that the generated model showed reasonable predictability
and sufficient accuracy for the biodiesel yield in the experimental conditions used.
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Fig. 2. Response surface curve plot showing effect catalyst concentration and temperature on FAME

yield
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Fig. 3. Response surface curve plot showing effect of methanol-to-oil molar ratio acatalyst concentration
on FAME yield
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Fig. 4. Response surface curve plot showing effect of reaction temperature and methanol-to-oil molar
ratio on FAME vyield

Conclusion

From the results of the present study it is found that the optimum reaction conditions for
methanolysis of Indian mustard oil i.e., 1.5% KOH as catalyst, methanol/oil molar ratio 6:1, reaction
temperature 60°C, rate of mixing 600 rpm and a reaction time of 90 min, provided 96% of biodiesel yield
which is higher than the yield reported in literature. Response surface methodology (RSM) was used to
study the transesterification reaction of mustard oil for biodiesel production. The model showed a good
agreement with the experimental results, demonstrating that this methodology was useful for

optimization. The model was successful in explaining the variation of response with respect to the three
process parameters studied.
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OIITUMM3BANUA ITPOU3BOJACTBA BUOJIU3EJISAA HA BA3E TOPYNYHOI'O MACJIA
Amm A. JIxas3u
Omoenenue xumuuecko2o mawunocmpoenus, Yuusepcumem anv-Kaoucus, Upax

PE3IOME

B Wuauu ropumyHOe Macio B IMPOM3BOJCTBE OHOMU3ENS CUUTACTCS MHOTOOOCIIAIONIMM ChIPhEM
Oynymero. ['opunmyHOEe Macio B TPOM3BOJACTBE OHOAM3ENS MOXKHO CPaBHHTh C JIDYTUM CHIPbEM,
HarpruMep, MaclliaMH KaHOJIbI U COM, O KOTOPBIX COOOLIAaNOCh B mTeparype. Hamu Obut M3ydeH mporecc
NPOU3BOJICTBA OMOJM3ENS U3 TOPUYUYHOrO Macia. Beixon ouommsens anamusupoBaics FTIR (Mid-IR)
CIIEKTPOCKOIIMYECKHUM MeTOJOM. s onTUMu3ammu mporecca ObLTM HM3y4YeHBI BBIXOAA OHOIM3ENS U3
TOPYMYHOTO Maciia B Pa3HbIX yCIOBHUSAX. [IJisi ONTUMHU3aNKK MTapaMETPOB PEaKIUK TPaHCITepUupUKaIUu
ObLJIa MCIIONB30BaHA METOJOJIOTHS pacyeTa Ha OCHOBe moBepxHOcTH oTkiuka (RSM). Oxkasanock, 4to
kataauzatop KOH Gosnblre mOAXOAWUT K TpPaHCITEPUPHKAMKM TOPYMYHOTO Macia, 4eM KaTalu3aTop
NaOH. beinun OIPEACIICHBI ONITUMAJIBHBIC YCIIOBUSA HE3aBUCHUMBIX II€EpEMEHHBIX KATaJIN3dTOpPa KOH AJIA
TpaHCcATepU(UKALMK TOPYMYHOTO Maciia: BecoBas KOHIGHTpamusi karamuzaropa — 1.5%; temmepatypa
peakimu — 60°C; MOISIpHOE OTHOLIEHUE METaHON/Macio — 6:1. B 9TUX yCIOBHAX MaKCHMMAJbHBINA BBIXO
TOPYMYHOTO  Macima coctaBmi  96%. Mogenp TOKaszajla  XOpPOIIYIH0  COIMOCTaBHMOCTH  C
IKCIIEPUMEHTAIBHBIMH PE3yJIbTaTaMU, IEMOHCTPUPYS TAKMM 00pa3oM, 4TO 3Ta METOAOJIOTHs IPUMEHHMA
JUISL ONTUMHM3ALHH.
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ELABORATION OF BRIQUETTE FUEL COMPOSITIONS
AND TECHNOLOGIES FOR THEIR PRODUCTION

Elza Topuria, Natela Khetsuriani, Esma Usharauli, Ketevan Goderdzishvili, Irine Mchedlishvili
TSU, Petre Melikishvili Institute of Physical and Organic Chemistry, Thilisi, Georgia,
natixeco@yahoo.com

Researches for determination of possibility for manufacturing of briquette fuel on the basis of utilization of
local energy-bearing wastes were carried out in Georgia for the first time. The study of the elaborated
technology and obtained compositions revealed that seven briquette compositions — three of them being
obtained from biomaterial and four — mixed carbonaceous composition briquettes — are the best by their
properties from the point of view of ecology and economy. The carried out investigation makes it clear that
there are perspectives for production of briquette fuel in our country and its implementation will promote both
resolving of the problem of energy and reduction of environmental tension.

Saving of traditional energy resources and decreasing of ecological tension of the environment are
very important tasks of the present-day energetic. A successful way for solving both of these problems is
manufacturing from many accumulated in the environment carbonaceous solid, hon-merchantable wastes
(industrial, oil-refining and mining enterprises, agricultural, biological, household and other) by well-
known from the ancient times, well-proven method of production of alternative composite fuel —
briguettes. This is a highly effective and profitable technology and it is widely used in the world. This
process involves almost all European countries, USA, Japan, Australia and Russia. The world production
of briquettes on the basis of charcoal makes more than 110 million tons per year. In parallel with the
development of bioenergetics the demand for bio-briquettes obtained from timber material is increasing
day by day, by 2020 their production in Europe will increase up to 20 million tons [1-4].

Currently Georgia experiences shortage of thermal energy that is caused both by an energy crisis in
the world, and by limited quantities of natural energy resources in our country. Against this background
the production of combustible briquettes becomes very actual as it provides improvement of ecological
situation by utilization of unused wastes and obtaining of additional thermal energy [1,3].

The purpose of the presented study was preparation of briquette fuel on the basis of wastes of
various carbon-bearing raw materials available on the territory of Georgia. Elaboration of the optimal
technological scheme, assessment of physical and chemical, as well as technical characteristics of the
obtained fuel, determination of ecological effect and indices of saved energy.

Location and stocks of major combustible materials, the resources of their suitable for usage wastes,
in particular of the fine-grained wastes of charcoal, wood residues (sawdust, wood chipboard millings),
grounded corn plant roots are studied in Georgia for the first time. The binding materials and cheap and
available local raw materials needed for modification of combustible briquettes (heavy oil from Mtsare
Khevi location), clays (gumbrin, askanit clay, Gareji valley clay) were studied. Tar, foam plastic,
magnesite, calcium carbonate, manganese dioxide, etc. were used as modifiers [5-7].

After investigation of stocks of local secondary energy-bearing and other necessary raw materials it
became clear that in Georgia there is a possibility for production of combustible briquettes and for
practical solution of a problem relating to thermal energy [3, 7]. About 50 briquette compositions for
different purposes had been produced and investigated and seven of them had been selected as being the
best ones: three bio- and four coal containing compositions: wood chipboard millings, grounded roots of
corn plant, sawdust (pine + spruce), mixed type briquettes (compositions 1-4, which contained fine-
grained coal fractions together with several binders and modifiers in a specified proportion [5-6].

The process of production of the briquettes consisted from the following steps: drying of raw
material and binder, fractionation, preparation of mixture, treatment with activators and modifiers and
pressing of the obtained compositions by appropriate technology. The most rational from modern
technologies for briquette is a method of extrusion (screw conveyor) carried out by the conveyor module.
This method is quite expensive, that is why more available pressing technologies are often used in
practice [1,3].

For this purpose we have used hydraulic press produced in Germany "Dezimalpresse-DP-36" that
was equipped with warming system. Physical, chemical and technical characteristics (density, resistance,
moisture and ash content) were studied for the chosen briquettes and they satisfied the requirements for
briguette fuel standards. The results of investigation are presented in Table 1.
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Table 1. Characteristics of waste raw materials, bio- and mixed composition briquettes
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# Name 25 E SEEES Ss S
Ll P 1835 |g |2 | co | NO. | so. | E=| .8
°C | kg/md T 12 |z ' ' “1 5 | B2

= < Q=
o = w3
Raw material
Tkibuli

1 | charcoal - - | 157 47 | 290| - |0929 | 0018 | 0,007 |20,24 | 5,62

waste
2 | Taroil - - ]o9s] 0 [ 78| - |1,405 | 0,006 | 0,018 |3544 | 9,84
Poly-

3 | canylene - - lo91] o 0 - 1,599 0 0 44,00 | 12,2

Briquettes

Wood

4 | chipboard | 200 | 250 | 1,26 | 65 | 1,6 | 95 | 0,84 | 0,0017 | 0,0038 | 16,56 | 4,60
millings
Grounded

5 | roots of 150 | 250 | 1,41 | 30 | 51 | 60 | 0,821 | 0,0065 | 0,0002 | 16,19 | 4,50
corn plant
Sawdust

6 | (pine+ 250 | 250 | 1,28 | 81 | 1,2 | 85 | 0,837 | 0,0015 | 0,0001 | 16,56 | 4,60

spruce)

7 | Composi- 05 | 250 | 1,30 | 588 | 12,5 | 25 | 0,940 | 0,0084 | 0,0039 | 20,42 | 5,67

tionl L] y L] L] L L] L L

8 gggﬂgos'- 105 | 250 | 1,23 | 5,05 | 10,0 | 30 | 0,998 | 0,0068 | 0,0041 | 23,32 | 6,48

9 | Sompost 1200 | 250 | 1,40 | 2,47 [ 268 | 20 0,977 | 0,0169 | 0,0084 | 22,42 | 6,23

10 tcingfos" 110 | 250 | 1,34 | 2,46 | 27,2 | 20 | 0,969 | 0,0170 | 0,0077 | 22,28 | 6.19

Fuel briquettes were assessed in terms of eecology and economics as well. Relevant data are
presented in the same table. In particular, on the basis of the elemental analysis the thermal capacity of
fuel briquettes in MJ/kg; maximum quantity of harmful gases COx, NOx, SOy exhausted during
combustion of briquettes is calculated in m%kg, and an energy saved by usage of the briquettes in
kWh/kg. It has been found that the obtained briquettes were more effective by all data compares with the
raw material [5-6], and this is the uniqueness of the fuel briquettes in general. The best from the obtained
briguettes by their thermal capacity, stability, amount of exhausted gases were ones prepared on the basis
of ground roots of corn plant and sawdust. They are burning almost 4 times longerr in comparison with
the raw material, are characterized by low smoke, are humidity-resistant. The obtained combustion ash is
the best potassium containing fertilizer and the savings of electricity makes up to 1805,3 KWh/T. As for
the mixed composition briquettes
containing Tkibuli coal wastes, they
are characterized by high thermal
capacity (table 1), so they can be
used in a relatively powerful
industries, energetic, drying
equipment, etc. Stability of this
briquette  depends mainly on
pressure and temperature conditions
of pressing.

Figure 1. Bio and mixed
composition briquettes
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As a result of the performed investigational analysis it can be concluded that on the basis of
utilization of secondary carbonaceous wastes present in Georgia it is possible to develop and obtain high-
calorific alternative briquette fuel. The obtained samples are in line with the standard requirements in
terms of economy and ecology. They can be used to obtain additional thermal energy, which provides
development of an energy efficient technology and reduction environmental tension. The prepared bio-
and mixed composition briquettes are presented on the figure 1.

It should be noted that roots of corn plants and wood chipboard millings, as well as polyethylene as
binding material in mixed composition briquettes have been used for the first time [5-6]. The obtained
fuel can be used: in housing and communal sector (stoves, fireplaces), in small enterprises and energetic,
for heating of different function buildings, in drying installations, in heat and power plants, in agriculture
(greenhouses, farms), in passenger trains, etc. As for the time being there is no large-scale manufacture
of briquette fuel in Georgia, we hope that this work will contribute to development of briquette
technology in our country.
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PA3PABOTKA KOMITO3UIAI U TEXHOJIOT A
JJIs1 MTPOU3BOJACTBA BPUKETHOI'O TOIIJIMBA
O.H.Tonypusa, H.T.Xemnypuanu, 2.A.Ymapanynu, K.I.T'onepm3umsuinu, 1. Ix. Mue nmumBuig
1TV, Uncmumym ¢usuueckou u opeanuyeckou xumuu Illempe Menuxuweunu, Tounucu, I py3us
PE3IOME
Ha ocHOBe yTHIM3alKi OCTATKOB MECTHOTO SHEPreTHYECKOTO CBIPbS HM3TOTOBICHO BEICOKO3(dekTuBHOE
palMoHaNbHOE AallbTePHATHBHOEC OPHKETHOE TOIUIMBO. BriepBble B KadyecTBE OpPUKETHOTO Marepuaia ObLIH
MPUMEHEHbI TIOMOJIBI KYKYpy3HbIX KopewmkoB U JICII, monusTuieH - Kak CBs3yollee BEIIEeCTBO. XapaKTepUCTHKa
MOJYYCHHBIX OO0pAa3lOB IO JKOJOTHYSCKUM M JKOHOMHYECKHM TIOKa3aTeJIIM COOTBETCTBYIOT CTaHIAPTHBIM
TpeOoBaHusM. [IpUMEHEHHE ITAHHOTO TOIUIMBA CMOXET OOCCIECYUTh IOIYYCHUE IOMOJHHUTEIEHOW TEIUIOBOM
SHEPTHU U OOJETYHT HANIPSKEHHOCTh OKPYKAIOLICH CPEIbI.
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POLYCYCLIC AROMATIC HYDROCARBONS FROM NORIO OIL

V.G.Tsitsishvili, E.N.Topuria, N.T.Khetsuriani, K.G.Goderdzishvili, K.G.Ebralidze
TSU, Petre Melikishvili Institute of Physical and Organic Chemistry, Thilisi, Georgia,
natixeco@yahoo.com

As a result of multistage separation of vacuum gas oil fraction of Norio oil (Georgia) with boiling point 340—
590°C over one thousand samples were collected: 876 petroleum eluents, 78 benzene extracts, and 90 crystal
samples. Polycyclic aromatic hydrocarbons and their hetero-analogs from said samples had been studied by
GC-MS method using the automated system of mass deconvolution and identification (AMDIS).

Key words: crude oil, polycyclic aromatic hydrocarbons, extraction, gas-chromatography, CG-MS, mass-
spectra, GC retention indices, AMDIS system

Introduction

Norio oil deposit located to the north-east to Thilisi at a distance of 30-35 km, and in the
north-east plane of Martkopi Norio anticline was put into operation in 1939. The important for
exploitation Norio oil was related to Middle Miocene, lower and middle Sarmatian substages
sediments, with capacity of oil and gas horizons of 700 m. Relatively deep horizons situated at
the depth of 1000-2000 m have not been studied and were considered prospective for oil and gas
exploration objects.

Systematic research of Norio oil began in the 1950-ies at the Petre Melikishvili Institute of
Physical and Organic chemistry under the guidance of academicians Leonide Melikadze and
Christophore Areshidze and continues up to this very day. It has been found that the Norio oil is
of napthen-aromatic type with average density of 0.845 g/cm?; the output of light fractions is
67%, content of asphalthenes is 0.33%, petroleum resins — 2.5%; paraffins — 0.9%; sulfur —
0.32% [1-3].

Investigation of high boiling fractions testify that the Norio oil is rich with aromatic
hydrocarbons and is characterized by intensive luminescence due to the presence of highly
condensed aromatic hydrocarbons. Therefore, identification and separation of polycyclic
aromatic compounds from crude oil by modern methods of investigation is a sphere of interest
for many researchers using various separation and mass spectrometry tools. Traditional GC-MS
still remains one of the most reliable methods for structure elucidation. The use of automated
deconvolution software [4] expands the limits of GC-MS application, and the use of reliable
mass spectral and GC retention index libraries remains highly relevant in oil research.

Experimental
A vacuum gas oil fraction with boiling point 340-590°C is about 28% of Norio (Republic of

Georgia) crude oil. For the extraction of aromatic hydrocarbons from this fraction, the following
separation techniques have been applied:

e atmospheric and vacuum distillation of fractions with b.p. 340°C,

¢ vacuum distillation of fractions with b.p. 340-590°C,

e aniline extraction of aromatic hydrocarbons from the 340-590°C fractions followed by removal
of the solvent (distillation, diluted HCI, water),

e vacuum distillation, yielding eight portions of the gas oil concentrates,

o further separation of these fractions on a 300 cm x 5 cm silica gel chromatography column with
the use of petroleum ether as an eluent under nitrogen gas pressure followed by extraction of
remaining organic compounds with hot benzene, and

o crystallization.

As a result, 876 petroleum ether and 78 benzene eluates were obtained, accounting for 7.08% of the
initial crude oil. GC-MS experiments were performed on a GC-MS magnetic sector mass spectrometer
operated at standard experimental conditions. The GC separation was achieved on a 15 m capillary
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*
column with Dimethyl-polysiloxane with the use of following temperature parameters: 100°C at 2°C/min
to 240°C and from 240°C at 5°C/min to 270°C (14 min). Automated mass deconvolution and
identification system (AMDIS) was used for data analysis. In addition, manual extraction of spectra was
applied to insufficiently separated components.

Results and discussion

Figure 1 depicts a chromatogram of typical petroleum ether eluate. The absence of the raised
baseline hump does indicate that the above described pretreatments led to successful extraction of
aromatic components from the crude oil. This chromatogram corresponds to sample # 56 out of 876
petroleum ether concentrates, and its major components are phenanthrenes, anthracenes, fluorenes,
naphthalenes and biphenyls (Table 1).

AN T 7/ D

. m

y

Intensit
1

Figure 1. GC of a Petroleum ether concentrate # 56

Table 1. Polycyclic aromatic hydrocarbons of a Petroleum ether concentrate # 56

Fraction | Compounds

1-20 Methylindenes, Naphthalene, Biphenyl, Acenaphthene, Methylnapthalenes,
Dimethylnaphthalenes, Dimethylindenes, Diphenylmethane and Methylbiphenyls

21 —-40 | Dimethyl- and Methyl-ethylnaphthalenes, Methylbiphenyls and Fluorene

41-71 | Di- and Trimethylbiphenyls, 1H-Phenalene, Methyl- and Dimethylacenaphthenes,
Dimethylfluorenes, Tetramethyl-, Ethyl-Trimethyl-, Diethyl-, Methylpropyl- and
Butylnaphthalenes, Methylacenaphthenes, Methylfluorenes

72 —-102 | Tetramethyl-, Methyl-Diethyl-, Ethyl-Propyl-, Iso- and n.-Pentyl- and Pentamethyl-
naphthalenes , 1,4-Diphenylbutane, Dimethyldihydrofluorene, Trimethyl-, Methyl-Ethyl
and n-Propyl-biphenyls, Methyl-, Dimethyl- and Ethylfluorenes, Dihydroanthracenes

103 — 142 | Di- and Tetrahydroanthracenes, Dimethyl-, Tetramethyl-, Methyl-Ethyl- and Diethyl-
Fluorenes, Trimethyl- and Methyl ethylacenaphthenes, Ethyl-Propyl-, and Iso-
hexylnaphthalenes, Phenanthrene, Anthracene

143 — 189 | Methyl- and Dimethylanthracenes, Di- and Tetrahydro-ethylanthracenes, Methyl
Ethylphenanthrenes, Dimethyl- and Ethyldihydroanthracenes, Dihydro- and Octahydro-
cyclopentaphenanthrenes, Butylfluorene

190 — 228 | Methyl-, Dimethyl- and Methyl-Ethyl-anthracenes, Dihydrobenzanthracene,
Dihydropyrene, Dimethyl-phenylnaphthalenes, Terphenyls
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The mass spectra of isomeric aromatic hydrocarbons are found to be quite similar, and in
some cases only peak ratios can be used for structure elucidation of regio-isomers as seen in

2016

Figures 2 and 3 for isomeric methylindenes and dimethylnaphthalenes.
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Figure 2. Mass spectra of isomeric 1-, 2- and 3-Methylindenes
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Figure 3. Mass spectra of isomeric 2,7-, 1,7- and 2,3-Dimethylnaphthalenes
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The chromatograms become “cleaner” for the crystals formed from sample 56 maintained at
temperatures 3-5°C (Figure 4a), and for the recrystallization products (Figure 4b).
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Figure 4. GC of “natural precipitation” (a) and recrystallization (b) products obtained from Sample # 56
(Figure 1): Major components: I, I’ - Benz[a]anthracene and Chrysene, their Il - methyl-, 11l - dimethyl-
and IV - trimethyl-(111) derivatives, V — substituted phenanthrenes, anthracenes, pyrenes

The GC peak separations on a 15 m column are sufficient for the preliminary analysis; complete
separation of isobaric structures can be achieved on a longer GC columns. At this point, structures on a
molecular level has been easily determined for homologous phenanthrenes (Figure 5a). Classes of
aromatic compounds for Chrysene (Figure 5b) and Benz[a]anthracene (Figure 5c) have been proposed;
GC retention index values for these compounds are not presently available.
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Figure 5a. Mass spectra of 4-Methyl-, 3,6-Dimethyl-, 2,3,5-Trimethyl- and 3,4,5,6-
Tetramethylphenanthrenes
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Figure 5b. Mass spectra of 1-Methylpyrene and its Dimethyl-, Trimethyl- and Tetramethyl-

analogs
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Figure 5¢. Mass spectra of Benz[a]anthracene and its Methyl-, Dimethyl- and Trimethyl-

analogs
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In addition, identification of overlapping peaks is not always an easy task; this problem has been
ameliorated by making use of AMDIS and by manual data extraction as needed. The results of the present
work show that the complex analysis of gas chromatography retention indexes and mass spectral data was
successfully used for the structure elucidation of the components of this particular complex mixture.

Conclusions

A method for the preliminary extraction of aromatic hydrocarbons from crude oils including
distillation, the use of aniline as a solvent, and pressure column chromatography has been shown to be
sufficient for the successful determination of these hydrocarbons at a molecular level by traditional GC-
MS.

The authors thank USA National Institute of standards & Technology, C.Gonzales and A.Mikaia
personally for support in carrying out GC-MS measurements and help in analysis of results with
AMDIS.
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INVESTIGATION OF NEW WELLS OF SATSKHENISI CRUDE OIL

N.T. Khetsuriani, E.A.Usharauli, Q.G.Goderdzishvili, E.N.Topuria, M.N.Chkhaidze, V.G.Tsitsishvili
TSU, Petre Melikishvili Institute of Physical and Organic Chemistry
Thilisi, Georgia, E-mail:natixeco@yahoo.com

Physical and chemical characteristics, distribution of microelements, and IR spectra of crude oil from new
wells of Satskhenisi oil deposit have been studied. It is established, that inspected oils are of tertiary types,
their physical and chemical properties, chemical nature and high output of light fractions outlines good
prospects for using oils from Satskhenisi oilfield as a raw material to obtain commercial oil products — high-
quality organic solvents, aviation and diesel fuel and a variety of petroleum lubricants.

Regular prospecting works of oilfields and oil production in Georgia started in 30s of the previous
century. Investigations of these crude oils have shown that in Georgia there can be found almost all
known types of crude oil. Particular attention was turned to Satskhenisi oilfield due to the high content in
it of light fractions boiling under 350 °C with a yield more than 80% [1, 2]. Satskhenisi oilfield is located
at the eastern part of Gare-Kakheti oil region in the north wing of Norio-Khashmi anticlinal at a distance
of 30 km to the north-east of Thilisi. Satskhenisi anticlinal is composed of Maikop and Miocene
sediments. Industrial oil and gas-bearing capacity is associated with the upper sandstone strata of the
Maikop suite (Sakarauli geologic stage) [3]. Production of Satskhenisi oil continues up to this day.

In connection with the rehabilitation of Satskhenisi oil production and for the purpose of certification
of Georgian oils five new wells (NeNe 7, 11, 12, 13, 14) of Satskhenisi oil with depth of occurrence 1040-
1400m have been studied. Physical and chemical characteristics and the possibility of obtaining
commercial oil products were investigated. Physical and chemical characteristics of the investigated oils
are shown in Table 1. The results showed that all these crude oils are characterized by low density
(765.0-816.0 kg/m?® at 15 °C), viscosity (0.92 - 2.48 cSt), small amount of paraffins (0.04-1.1%), sulfur
(0.1%), and resins and asphaltenes (0.24-2.27%); acid value — 0.032-0.068 mg KOH/g, a pour point
below -30 °C. Distillation curves of crude oils of all five wells have shown that they are characterized by
high content of light fractions boiling under 320 °C with a yield of 80-92%.

Table 1. Physical and Chemical Characteristics of oils

Parameter Satskhenisi crude oil
Well #7 | Well #11 | Well #12 | Well #13 | Well #14

Density at 20°C, kg/m® 760,5 808,2 787,1 812,2 804,2
Density at 15°C, kg/m® 764,5 812,0 791,0 816,0 808,0
Molecular weight, °API 53,59 42,76 47,38 419 43,62
Kinematic viscosity 20°C, ¢St 0,9232 2,27 1,25 2,41 1,68
Ash content, % 0,0011 0,0021 0,0013 0,0034 0,0020
Asphaltenes, % 0,024 0,08 0,038 0,075 0,007
Resins, % 0,8 1,8 1,2 2,2 1,8
Paraffines, % 0,045 1,05 0,5 1,1 1,03
Sulfur, % 0,1 0,1 0,1 0,1 0,1
Mechanical impurities, % 0,004 0,19 0,071 0,07 0,21
Acidity, mg KOH per 1g of oil 0,65 1,3 0,78 15 1,2
Acid number 0,032 0,059 0,035 0,068 0,05
Pour point, °C >-30 >-30 >-30 >-30 >-30
V/NIi ratio <1 <1 <1 <1 <1
Yield of light fractions, %
Under200°C 61,0 54,0 63,0 54,0 54,0
Under 320°C 90,0 84,0 86,0 84,0 85,0

As a result of the corresponding study it was found that from new wells of Satskhenisi oilfield can be
obtained several petroleum solvents, light kerosene satisfying requirements of the standards for TS-1 fuel

and diesel distillate with low pour point.
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At present, general accepted approach for carrying out comprehensive studies of composition of oils
is a method of infrared spectrometry. The structural and group composition of crude oils and their
components is determined by intensity of characteristic absorption bands in IR spectra using common
baseline with fixed points at 1850 and 650 cm-1. Content of methylene groups (CH>) in average molecule
is assessed by absorption band at 720 cm-1, content of methyl groups (CHs) — by the absorption band at
1380 cm-1, of sulfoxide groups (SO) by the absorption band at 1030 cm-1 and of carbonyl group (CO) in
the region of 1720-1700 cm-1 with respect to C = C aromatic bonds by absorption band at 1600 cm-1.

We have studied the infrared spectrometric analysis of oils from new wells, which was performed on
a Perkin Elmer Spectrum spectrometer (model 10.4.2). The infrared spectra of all studied oils are
presented in Figure 1.
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Figure 1. IR spectra of oils from new wells of Satskhenisi oilfield

IR spectra of all wells (N7, Nel1, Nel12, Ne 13, Ne14) of Satskhenisi oilfield are virtually identical. On
spectra of fractions bands corresponding to alkanes (728 cm™), naphthenes (1030 cm™) and arenes
(1500 cm®) can be clearly distinguished. This result, along with physical and chemical characteristics of
the investigated oils, suggests that oils of new wells of Satskhenisi oilfield have similar chemical
composition. This crude oil is attributed to naphthene-aromatic type.

Temperature-distillation chart of oils from the new wells with initial boiling point under 320°C is
shown in Figure 2.
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Figure 2. Temperature-distillation chart of oils from new wells of Satskhenisi oilfield

Temperature-distillation chart shows that similarly to previously produced crude oils new wells of
Satskhenisi oilfields are characterized by high content of light fractions.

The distribution of trace elements in the new Satskhenisi oil was studied as well by photochemical
method [4]. The obtained results are given in Table 2. The trace elements were isolated by photochemical
method for isolating concentrate of ash elements from petroleum and petroleum products developed in the
laboratory of Petroleum Chemistry.
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Table 2. Results of quantitative spectral analysis of ash residues

— Content of microelements in ash, %
- . V/INi
| Ti \% Cr Mn | Co Ni Cu | 2n Sr Sn | Ba Pb Fe !

7 025 |017 |0028 |021 [0,01 |05 0,3 0,6 0,11 | 0,03 |02 0,06 |64 |034

11 009 (009 |0,027 |0,18 |0,007 |08 0,2 0,27 10,14 [ 0,014 | 0,2 0,15 |38 |011

12 022 022 008 (014 [0,01 |06 0,2 0,6 008 |002 |028 |008 |65 |037

13 007 |007 |004 |010 [004 |06 |03 003 |009 |012 |01 49 |044

14 021 021 008 |0,21 [0,028 |12 0,27 | 0,6 0,12 003 |030 |008 |58 |08

Comparison of physical and chemical characteristics and outputs of light petroleum fractions of crude
oils from new wells with previously obtained corresponding data for oils of the same oilfields shows that
they are almost identical.

Consequently, on the basis of the study it was concluded that this oil has not undergone a change
over the past few decades. Distribution of V, Fe, Ni, Co, Mo, Cu, Pb, Sn, Zn, Sr, Ba, Ti microelements
and the ratio V/Ni <1 indicate that these oils are of tertiary types, which can be explained by conditions of
accumulation of initial organic substance and by relevant geochemical origin. Physical and chemical
properties, chemical nature and high output of light fractions outlines good prospects for using oils from
Satskhenisi oilfield as a raw material to obtain commercial oil products — high-quality organic solvents,
aviation and diesel fuel and a variety of petroleum oil lubricants.
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HUCCIEAOBAHUE HE®TU HOBBIX CKBAKUH CAIIXEHUCHU

H.T Xeuypuanu, 2.A.Ymapaynu, K.I'.I'ogepazumsunm, 3.H. Tonypusa, M.H.Uxaunze, B.I".lluuumsuin

1TV, Uncmumym ¢pusuueckou u opeanuseckou xumuu um. I1.1 Menuxuweunu

PE3IOME

Nzydensr Qu3mko-xuMHUYECKHE TIOKa3aTeNH, pacupeaeneHne MukposnemMenToB, UK crekrper HedTelt u3
HOBBIX CKB&XHWH MecTOpokaeHus CalXxeHHWCH, a TakXKe BO3MOXKHOCTH IMONYYEHHS W3 HUX TOBApPHBIX
HEQTENPOAYKTOB.  YCTaHOBJIEHO, 4TO HCClieayeMas HeQThb MNPUHADIOKUT K  TPETUIHOMY
HaTeHOAPOMATHYECKOMY THIy C BBICOKMM BBIXOZOM Jierkux ¢pakuumii (1o 320°C) (80-90%) u
npezcTaBiIsieT co00i MPEeKpPacHOe CHIPhE JUIS TOJYYEHHS W3 Hee BBICOKOKAYECTBEHHBIX OPraHUYeCKUX
pacTBOpUTENEH, aBUAI[MIOHHOTO U JIM3EIILHOTO TOILIMBA, & TAKXKE Pa3HBIX CMa30YHBIX MaCell.
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STRUCTURAL CHANGES OF POLYPHENYLENEOXIDES IN THE PROCESS OF FRICTION

G.Sh.Papava, M.B.Gurgenishvili, I.A.Chitrekashvili, E.Sh.Gavashelidze, Sh.R.Papava,
Z.N.Chubinishvili. N.Khotenashvili
TSU Petre Melikishvili Institute of Physical and Organic Chemistry
31, A.Politkovskaia str., 0186, Thilisi, Georgia
marina.gurgenishvili@yahoo.com

Structural changes of polyphenylene oxide in the process of thermal treatment and friction were studied by
mass-spectrometric method. It was shown that under the terms of treatment at 300 ° C, destructive-structuring
processes take place in a polymer. Besides, Friss regrouping takes place that leads to branching of
macromolecules and forming gel-fraction. Investigation of tribochemical processes during friction, showed that
character of tribochemical processes in a polymer is conditioned by the formation of complex structure of
pressed specimens containing branching, cross-linked polymer and low molecular fraction as a result of
friction at the border of friction surface.

As a binding antifriction plastic mass the aromatic polyether - polyphenylene oxide (PPO) with a
molecular mass 56000 and specific viscosity 0.47 dl/g. is most interesting among the known hetero-chain
polymers, PPO is synthesized by dehydropolycondensation of 2,6-xylenol. Polymer is well soluble in
chloroform. Treatment of this polymer was performed by compression pressing, at 300°C and specific
pressure 500 kg/cm?. At these conditions thermal destruction of a polymer can be started (2) which can be
accompanied with alteration PPO structure and properties. With this in view it seemed interesting to
study initially thermal properties of polyphenylene oxide

Study of thermal stability of initial and pressed polyphenylene oxide was carried out by mass
spectrometry. Specters were taken at the temperature interval 25-500°C, after every 50°C. Energy of
ionization electrons equaled to 70 e.v. Results which are offered on Fig. 1 show that thermal destruction
of the initial polyphenylene oxide proceeded in two stages, reaching maximums emission of initial
products at temperatures 200°C and 450°C. At 200°C emission of xylen (m/z 106) and toluene (m/z 91)
is observed. Toluene is used as a solvent at the synthesis of polyphenylene oxide and is preserved in trace
guantity in ready product, while xylen is present in toluene in the form of premixes.
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Fig.1. Effect of temperature on products of destruction in initial (A) and pressed at 300°C (B)
olyphenyleneoxide

The main thermal gradation of polyphenylene oxide is observed at 450°C; it is accompanied with
emission of products with ¢ m/z 122, 1,7, 91, 135, 242.

Comparison of the obtained results with thermal destruction of model substances (dimethyl benzol,
2,6- and 3,5- dimethyl phenol, diphenyl methane, diphenyl ether) showed that at such conditions
destruction of the main chain of a polymer takes place by the formation of (3):

CH CH; |+ CHa+ +
m/z 122 m/z 107 m/z 91 m/z 77

Appearance of a product with m/z 135 in the specter is probably conditioned by the Friss regrouping
process at high temperature (450-500 °C) (4) according to a scheme:

M@@@ oL @ @;N

At the same time, at thermal destruction of purified PPO, in mass specter ion m/z 135 is not
observed, which refers to high thermal stability of a polymer.

Thus, results of the study of properties of industrial specimen of PPO polymer showed that at
thermal impact (450°C) polymer destruction takes place in the main chain (bond phenyl-o-phenyl is
destructed)
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Alongside with it, in such conditions Friss regrouping can take
place (emission of m/z 135). Low molecular admixes present in a
polymer, toluene, xylol as well as traces of dimmers, trimmers
reduce thermal stability of PPO to 200°C and can lead to changes of
—O = itsstructure at its treatment.

i Investigation of molecular-mass characteristics of industrial
' PPO after its treatment by pressing at temperature 300°C showed

loi
E |

m/z 106

[

that in this case definite decrease of specific viscosity of a polymer
from 0.47 to 0.45 dl/g and slight increase in its molecular mass from

i m/z 107" 1} 56 000 to 65 000 are observed which might be conditioned by the
e ' - formation of branched structure at a polymer. After pressing,
: m/z 122 s, formation of gel-fraction is observed in a polymer that amounts to

approximately 4% (4).

Formation of crossed structures in PPO in the process of treatment might be conditioned at the
expense of oxidation of a side methyl group, as well as at the expense of recombination of free macro
radicals created at thermal destruction.

Investigation of tribochemical processes of specimens of polyphenylene oxide was performed on a
device, installed in a chamber of mass-spectrometer, in immediate closeness of ionization zone (6), at the
drum rotation velocity V=1m/sec and pressure P=0,1Mpa (Fig.2).

Total lon oasazr (TIC), %
|

Fig. 2. Influence of friction duration on the emission of the main products of tribodestruction from
industrial specimen of polyphenylene oxide( PPO).

Investigation has shown that maximum emission of volatile products is observed in the process of
running-in in the first 5-10 min. At the increase of duration of friction run-in the quantity of emitted
products decreases.

The main products of tribodestruction are benzyl radical — (CeHsCH2, m/z 91), phenyl radical (C¢Hs,
m/z 77), xylol (CsHa(CHs)2, m/z 106), traces of 2,6-xylenol (CesHs(CHs3).OH, m/z 122), as well as the
products with mass number m/z 31 (CH2OH) and m/z 45 (COOH), which probably appear as a result of
oxidation of methyl side groups.

At the comparison of tribo- and thermal destruction of polyphenylene oxide (7), we can see that in
the process of friction, in the principle the products are emitted, which are inherent to low temperature
thermal destruction of initial PPO (m/z 106 and 91), taking place , as it was shown earlier, at 200°C.

We can suppose that initially thermally less stable products of low molecular fractions can undergo
tribodestruction and be emitted as volatile products. At the same time, at the friction of PPO we observe
appearance of definite amount of ions with m/z 122, m/z 107 and m/z 45 and m/z31 in the specter, which
can prove that together with tribodestruction of low molecular fractions, at the friction cleavage of the
side methyl groups (-CHs) takes place together with destruction in the main chain (8).
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While investigating the process of friction of PPO, purified by their repeated precipitation from the
solution, in chloroform by acetone (Fig.3) it was proved that period of run-in in this case increases from
6-7 min to 12-13 min/

-
]
El
MMM MMM

|

Tiotad Loty csmesr (TTC, %
El

Fig. 3. Influence of duration of friction on emission of the main products from specimens of repeatedly
precipitated polyphenylene oxide

In distinct from thermal destruction (Fig.3) the main products of tribodestruction are m/z 15 (CHs-
group), m/z 91 (benzyl radical), m/z 107 (cresol), as well as small quantity of products with m/z 106 and
122. This time phenyl radical is absent in the specter.

The obtained results show that the process of friction of purified polyphenylene oxide is
accompanied mainly by detachment of methyl groups. The main chain at this moment is destructed at a
less degree compared to that of industrial polymer.

Difference in tribodestruction and thermal destruction of purified PPO is that in the process of
friction cresol radical is formed at the expense of detachment of methyl group (m/z 15), definite amount
of benzyl-radical is emitted , while at thermal destruction the main destruction product is xylenol radical
(m/z 122). Apparently this is conditioned by formation of “secondary” thermally stable structure in PPO
in the process of friction on the surface of friction at the expense of recombination of free radicals which
are formed as a result of thermo- and mechanical effect. Absence of low molecular fractions in a polymer,
which actively participates in tribomechanical reactions, slows down a process of tribodestruction of
PPO, which finally leads to decrease of wear.

On the base of the obtained results we can suppose that character of tribomechanical processes in
industrial polyphenylene oxide is conditioned by complex structure of pressed specimens which contain
branched, crossed polymer and low molecular fraction.

This structure of industrial polyphenylene oxide is characterized, compared with other
polyheteroarylenes (9), with lower friction coefficient, up to 120-150°C, which makes expedient its
application as a binding agent in antifriction plastic masses.
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CTPYKTYPHBIE UBMEHEHUS IOJIM®EHUJIEHOKCH/IA B ITPOIECCE TPEHUA

I'.Ill.ITanasa, M.B.I"'yprenumsmm, . A. YutpexamBuiy, E.I.I"aBamenunze, [11.P.I1anaga,
3.H.Yy6ununmsunu, H. XoreHamBsmim
Hnuemumym gpuzuueckoui u opeanuueckou xumuu um. Ilempe Menuxuweunu Tounucckozo
2ocyoapcmeento2o yHusepcumema um. U. Jicasaxuwsunu

PE3IOME

MeTtooM Macc-CIIEKTPOMETPHH HW3yUYeHBI CTPYKTYPHBIE M3MEHEHHS B MOJIH(EHUICHOKCHIE B TPOIIecce
TEPMHUYECKOH nepepaboTku u Tpenun. [lokasano, 4o B ycnosusx nepepaborku mpu 300°C, B monumepe
MPOTEKAIOT  JECTPYKTHBHO-CTPYKTYpUPYIOIIME  Tpolecchl. Bmecre ¢ 3TUM, HMEeT MECTO
neperpynnupoBka ®pucca, NpUBOAIIAS K BETBICHHIO MaKpOMOJIEKYJI U O0pa30BaHUIO Tellb-PpaKiuH.
N3ydenne TpnOOXHMHUYECKHX MPOILIECCOB PU TPEHHUH ITOKA3aJlo, YTO XapakTep YKa3aHHBIX IPOIIECCOB B
nojuMepe oOycloBIeH oOpa3oBaBLICHCS B pe3yibTaTe TPEHUS Ha TPAaHUIE TPYLIUXCS MOBEPXHOCTEH
CJIOKHOM CTPYKTYypOH TIPECCOBAHHBIX OOPA3I[OB, COJACPXKANIUX BETBICHUS, CIIUTHIM TOJUMED H
HU3KOMOJIEKYIISIPHYIO (QpaKIHio.
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PREPARATION OF POLYMERIZED NITROGENOUS FERTILIZERS

G.Sh.Papava, M.B.Gurgenishvili, I.A.Chitrekashvili. N.S.Dokhturishvili,
N.S.Gelashvili, K.R.Papava, R.G.Liparteliani
TSU Petre Melikishvili Institute of Physical and Organic Chemistry
31, A.Politkovskaia str., 0186, Thilisi, Georgia E-mail: marina.gurgenishvili@yahoo.com

Ammonium nitre, most widely spread nitrogenous fertilizers, is well soluble in water and is easily washed-off
to soil. This is why we pursued to synthesize polymer nitre, in the pores of natural sorbents, which is apt to
gradually release nitrogen to soil thanks to degrading effect of soil microorganisms. With this in view we have
used polymer acceptor — polyamine type nitrogen-containing oligomer that possesses reaction centers, which is
implanted in natural sorbent pores where it undergoes structuring, as a results of which we obtain polymer
adduct (polymer nitre).

New generation polymer fertilizer — biodegradable polymer nitre, synthesized by us, is not washed-off to soil,
and at the impact of biodegradation microorganisms present in soil it is gradually transformed into the form
easily assimilated by plants. Plants are guaranteed with dosed nutrition along the whole vegetation period, thus
providing obtaining of ecologically safe product.

Mineral fertilizers are widely used to elevate agricultural crops productivity and to receive high
grade products. The share of nitrogenous fertilizers is rather high in the applied fertilizers, but their
application results in unfavorable ecological problems. In particular, they are well soluble in water and
the greater portion of introduced fertilizers are washed off, fall into drinking water, accumulate in
products and incite heavy diseases (metahematoglobogenia, leukemia, malignant tumors) , while a part
of fertilizers evaporates and reaches upper strata of atmosphere and results in destruction of ozone layer,
which becomes a reason of intense entering of UV rays.

More than 200 million tons of nitrogenous fertilizers are introduced annually into soil in the world,
mostly ammonium nitre and only 40-55 percent of it is assimilated by plants. At about 100 million tons is
lost and results in global pollution and high economic loss.

Resolution of this problem needs development of novel technologies, able to provide significant
reduction of norm/ha of nitrogenous fertilizers and able to transform nitrogenous fertilizers into hardly
soluble in water state, elevation of nitrogen assimilation coefficient, which also is a guarantee to protect
environment from pollution.

Efficient way to resolve this problem is in application of absolutely new type fertilizers, the so-called
ion-exchange ones, which were developed in USA by the Geological Service Department (1). One of its
modifications was commercialized by Zeoponic, Inc ( www. Zeoponic. com) and it was spread all over
the world by this company for special purposes. Principle of application of exchange fertilizers differs
from that of commonly used fertilizers, which are well soluble in ground waters and are washed off to
soil, polluting the environment and are inefficient with the economic point of view too.

Exchange fertilizers consist of hardly soluble ingredients, which are assimilated by plants as
demanded because of buffer chemical reactions going on in soil..

Application of phosphorites is limited in many soils because of their very low solubility (2). . This
system is based on the principle that ion-exchangers such as natural zeolites are capable to add ions, e.g.
Ca?", , which in the given case are released from apatite that leads to gradual dissolution of this mineral
(3-5). Simplified scheme of this reaction is as follows:

P-rock + (NHa, K)-zeolite = Ca-zeolite + (NHs*, K*) + H 2PO4

Fertilizers are highly efficient for better assimilation of nutrients by plants , helping plants to
assimilate nutrients more efficiently, decreasing wash-off nutrients to soil and protecting environment
from pollution. At the same time, productivity is increasing compared to common soluble fertilizers
(www.zeoponic.com). Thus for example, Barbarick and co-workers (6) proved that sorgurum-sudangrass
yield was increased in some systems by 4 factors, Wide-scale positive results were obtained also in the
sphere of flowers, vegetables, lawn grasses (www.zeoponic.com).

Irrespective of positive results exchange fertilizers are not perfect yet to be used widely in
agriculture. The main problem is that it contains nitrogen in small quantity (at about 2.5 mass%) in the
form of ammonium ion participating in ion-exchange process in zeolite ( zeolite NH4 form). Instead of
easily washed off nitrogenous fertilizers they also use polymer compositions , which contain
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microorganisms able to degrade polymer fertilizers and polymer fertilizers made on the base of
carbamide, which are hardly soluble in water and are not washed off to soil (7-10).

Polymer synthesis is realized in a solution. Carbamide and formaldehyde water solution are used as
initial components. Spatial or linear structure polymers are formed depending on molar ratio of starting
components. When carbamide and formaldehyde molar ratio equals to 1:2-3. spatial polymers are formed,
and when carbamide/formaldehyde molar ratio is 1:1, respectively, linear structure polymers are formed..

nHN —CO —-NHz+nCH,0 — — (HN—-CO - NH - CHz)n—

Here peptide groups are preserved. Due to linear structure of polymer molecules and presence of
peptide groups, the process of polymer degradation is simplified due to impact of bacteria; urease
ferments easily penetrate through macromolecules and result in their degradation. Study of dynamics of
changes in nitrogen concentration in soil showed that in case of prolonged effect fertilizers transfer of
nitrogen into soluble form — destruction of fertilizer in soil and biodegradation, proceeds slowly, which
fully responds to the pursued task, and plants are provided with nitrogen for the whole period of
vegetation, nitrogen wash-off and evaporation are brought to minimum, plants use nitrogen at its
maximum, which provides increase of productivity and protection of environment from pollution, which
in the end gives tremendous economic and ecologic effect.

We have developed absolutely different nitrogenous fertilizers and new technology for their
obtaining, which excludes their wash-off and evaporation, environment pollution and simultaneously at
the impact of microorganisms present in soil, transition of these form of fertilizers, gradual, slow, into the
soluble form providing a plant with nitrogen for the whole period of vegetation, as a result of which
coefficient of nitrogen assimilation increases, together with quantitative and qualitative indices of the
yield.

By the use of new technologies, by changes of structuring rate we can regulate fertilizer degradation
velocity. The higher the rate of structuring the longer the polymer degradation process at the influence of
microorganisms.. Products obtained by this method are nitrogenous fertilizers acting with prolonged
mechanism.

To obtain polymer nitre we use polymer acceptor — polyamine type nitrogen-containing component
that has reactive centers, which is well soluble in water as well as in other solvents. This is why its partial
structuring is performed, as a result of which it is not dissolved greater. On the base of the obtained
polymer acceptor, by interaction with acidic component we receive polymer adduct (polymer nitre).

The second way to receive polymer nitre is obtaining of an adduct by interaction of oligomer with
acidic component and then its structuring.

Polymer nitre contains 27.7 — 30% nitrogen, Regulation of nitrogen concentration is possible by
alteration of molar ratio of a starting acceptor and acidic component.

One of the varieties of the structure of polymer iterated elemental ring, with respect to initial amine
component structure can be presented in the following form:

R; R4
| |
—Cc —cCc—
| |
[ Rs Ry dn

R;. R;. R3- R, = H, - NH;NO,

Polymer fertilizer - polymer nitre, is characterized with significantly improved properties compared
with those of monomer nitrate, since it is not dissolved in ground and surface waters and is more
efficient. Besides, hectare norm of nitrogenous fertilizers is decreased by 50%.
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HOJYYEHHUE NOJIMMEPU30BAHHOI'O A3OTHOI'O YAOBPEHUA
I'.lI.MTanaBa, M.b.I'ypreanmBunu, U.A. Yntpexamsumm, H.C.loxtypummsunu, H.C.I'enamBummy,
K.P.ITanaga, P.I".Jlunaprenmuanu
Hucmumym guszuueckou u opearnuueckou xumuu um. Ilempe Menuxuweunu Tounucckozo
eocyoapcmeenno20 ynueepcumema um. M. [oicasaxuweunu
PE3IOME
Ocy1iecTBlIeH CHHTE3 HOJIMMEPU30BAHHOW CEJIMTPHI B IOpax MPUPOAHOrO COpOEHTa, U3 KOTOPOro
BITOCJICZICTBUH IEUCTBUEM AETPATUPYIOLINX MUKPOOPTaHU3MOB MTOUBBI MEAJIECHHO BBIAENsAETCS a30T. s
CHHTE€3a IOJIMMEPU30BAHHOIO YJOOpPEHMs UCIOJIb3YeTCs IOJIMMEpPHBIH akLEeNnTop — a30TCOAEpKaIluil
OJIUTOMEp THUIIA MOJMAMUHA C PEaKUMOHHOCIOCOOHBIMHM AKTUBHBIMH LIEHTPaMH, KOTOPBIA BHEIPSETCS B
MOPBI MIPUPOAHOro copOeHTa. Jlajee OCyIIecTBIIIETCS €r0 YaCTHMYHOE CTPYKTypHpOBaHHE M 00paboTKa
JIPYTHM KHCJIOTHBIM KOMIIOHEHTOM, CJIEJICTBHEM HYero ABISETCS 00pa30BaHHE MOJMMEPHOTO aayKTa —
MOMMEPHOH cenuTpbl. CHHTE3MpOBaHHAs TOJMMEpHAas CETUTPa HE BBIMBIBAECTCS W3 MOYBHI U ICHCTBHEM
JIErpaIupyOIUX MHUKPOOPTaHU3MOB, IIOCTENIEHHO IPEBpAIlacTCsl B JIETKOYCBAa€MYIO il pacTEeHUs
¢opmy. Takum obOpa3om oOecrednBaeTCsi JTO3UPOBAHHOE, KOHTPOJIMPYEMOE NPONUTAHUE PACTEHUS 3a

BECh TEPHO/]] BETETAINH, YTO 00ECTIEYHBAET MOTYyUEHHE IKOIOTHYECKH YUCTON TPOTYKIHH.
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INDIUM PHOSPHIDE QUANTUM DOTs ON GALLIUM PHOSPHIDE
Tinatin Laperashvili, A.Chanishvili, Sch. Lomitashvili*

Georgian Technical University, VladimerChavchanidze Institute of Cybernetics, Thilisi, Georgia
*lvane Javakhishvili Thilisi State University, Thilisi, Georgia

Indium phosphide (InP) quantum dots (QD) are an excellent material for optical communication and solar cells
[1, 2]. Different formation methods of InP quantum dots are described in this work.Thin films of the metals
indium (In), gallium (Ga) and of alloys Inx Gal-x (0<x <1), by the electrochemical method have been
deposited on the 111-V semiconductor (GaP, GaAs ) surface from aqueous of chloride InCI3 and GaClI3. A
platinum wire has been used as the anode, and the sample as the cathode. After deposition of metal,
semiconductor wafers were annealed in hydrogen atmosphere during 3-5 min at the various temperature 100-
500 OC. Photo spectral characteristics of annealed structures were investigated. A new formationmethod of InP
quantum dots on GaPis presented.

Indium Phosphide (InP) is a direct band-gap semiconductor having good thermal, optical, and
electrical properties. With high absorption coefficient, and superior radiation resistance, InP is excellent
material for many application such as photo detector, optical amplifier, solar cells, and etch.InP
nanostructure would further improve the device performances by the quantum effects like carrier and
optical confinements. QDs already are used as an active material in many optical and electronic devices.

Semiconductor nano structure Quantum Dots (QDs), also are known as artificial atoms. The most
significant feature of these new nano structured materials is carrier confinement, when electrons or holes
are trapped within a nanoscale region. This leads to unique fact, that their band gaps are much larger than
the same in bulk material. The effect of modification of the band gaps due to the nanostructure
dimensions leads to the improvements of the optical properties of various devices. QDs semiconductor
nono materials have been intensively investigated during the last decade. Both theoretical and
experimental studies have proven the unique capabilities of the QD based devices.

The InP/GaP systems are very promising for application in wide range of optoelectronic devices due
to possibilities optical emission in visible range, caused by high band gap energy. There are many
research concerning of advanced growth techniques for fabrication of nearly perfect structures: like self-
organized Stransky-Krastanov growth for fabricating of homogeneous structures, droplet epitaxy,
chemical synthesis of the colloidal InP QDs, synthesized for biomedical applications, because compared
to cadmium-based QDs, cadmium-free QDs such as InP, are less toxic.

Despiterapid technological progress, it is still impossible to produce material with QDs of exactly the
same size and composition. Whereas useful properties of devices containing QDs is determined basically
by their homogeneity, development of technology fabrication of QD structures with improved
homogeneity is of essential importance.

For the fabrication of InPQDs various methods were developed:QDs synthesis by colloidal
chemistry, Stranski-Krastanov (S-K) growth method, droplet epitaxy, lithographic pattern induced
method, etc. Presently, the most used technique is the lattice-mismatched technique by the Stranski—
Krastanov. The strain-driven Stranski-Krastanov (SK) growth mode is the most exploited self-organized
nanostructure growth technique [1]. Chemically synthesized InP NCs are drawing a large interest as a less
toxic alternative to CdSe-based nanocrystals [2]. The formation of InPnano crystals by droplet epitaxy
using molecular beam epitaxy was considered [3]

In general, colloidal semiconductor nanocrystals are synthesized from precursor compounds
dissolved in solutions, much like traditional chemical processes. The synthesis of colloidal QDs is based
on a three-component system composed of: precursors, organic surfactants, and solvents which are widely
discussed by many research groups[2.1] The emission wavelength is tuned by changing the nanokrystal
size as the band gap of the material changed. In practice the colloidal nanocrystals are covered by a shell
or one or two monolayer at another higher bandgap semiconductor material in orders to passivity the
unbound electrons on the surface and improves the quantum yield. Such nanocrystals are labeled as core-
shell colloidal QD Typical material types of colloidal nanocrystals are e.gCdSe/ZnS, CdSe/CdS,
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CdTe/ZnS, InP/ZnS, etc. The main advantages of such colloidal QDs are the flexibility of the synthesis
methods and the ability of mean production.

Experimental details of synthesis of colloidal InP quantum dots is described in different works.

The application to biological systems is a also one of the strong point of such quantum dots due to
the ability to combine them with molecular linkers or functionalize the shell with bio functional
molecules such as antibodies, antigens, enzymes, growth factor molecules, etc. Moreover, the advantages
of using colloidal QDs also span to the area of optoelectronic devices such as solar cells, photo detectors
and light-emitting diodes due to the flexibilities of multicolor capability of a variety of available QDs and
many matrix materials[2.3, 2.4]. InP QD samples have a size distribution of about 10% around their mean
diameter; the mean diameters reported here range from about 25 to 60 A. The finite QD size distribution
broadens (inhomogeneous line broadening) and complicated their optical emission and absorption
spectra.

Colloidal InP QDs were produced by the following procedure: first, indium oxalate (1.15 g), tris-
(trimethylsilyl phosphine (0.75 g), and a colloidal stabilizer (10 g of a mixture of trioctylphosphine oxide
(TOPO) and trioctylphosphine (TOP) in a TOPO:TOP ratio of 0.1:1, were mixed together at room
temperature to form a transparent solution of an InP precursor; then, the precursor solution was heated at
250-300 C for 3 days. This procedure produces a colloidal solution of InP QDs that are capped with
TOPO/TOP. The TOPO/TOP cap can be replaced with other stabilizers, such as trials, furan, fatty acids,
sulfonic acids, and amines. The QDs can be isolated as a powder by precipitation with methanol; the
resultant QD powders can be readily redissolved in nonpolar solvents (such as toluene or a hexane-
butanol mixture) to reform transparent colloidal QD dispersions. Fractionation of the QD particles into
different sizes can be obtained by selective precipitation methods.20 X-ray data show that the QD
particles have zincblende crystal structure; TEM and electron diffraction data were also consistent with
the zincblendelnP structure.

Intense band-edge emission from our InP QDs can be achieved after etching the particles with a
dilute butanolic solution of HF or NH4F;18 50 /L of the butanolic solution, which contains 5% HF and
10% H20, is added to 1 mL of a colloidal solution of InP QDs. The InP colloid contains 0.5 mg InP/mL
of toluene solution that also contains polyvinyl butyral (75 mg PVB/mL toluene). After etching is
complete (typically, 20 h), this solution can be deposited on a sapphire substrate and dried to yield a
stable QD film. Alternatively, after etching, the QDs can be treated with octanethiol, and the QDs (now
capped with octanethiol) can be redissolved in tetrahydrofuran to produce a colloidal QD solution that is
stable in air and which shows intense band-edge emission after a month in contact with air. After the
etching process, the PL intensity increases by a factor of ten, and the near infrared emission produced by
deep surface traps is completely removed.18 The near-band-edge quantum yield increase from 30% to
60% as the temperature decreases from 300 to 10 K.18

Growth of quantum dots; SK growth mode in the equilibrium model

Although for a precise theory of quantum-dot growth both equilibrium andnon equilibrium effects
must be taken into consideration,most of the existing theories of quantum-dot growth are based on the
equilibrium condition, in which the material exchange between the islands is negligible.[3.1] The size,
shape, density, and orientation of self-organized SK QDs can be affected by a variety of growth
conditions such asdeposition thickness, deposition rate, growth temperature , 111/V ratio and so on.

In the equilibrium theory of the Stranski-Krastanow growth mode the total energy of an island with
size L can be described via the short range energy of the island facets, the change in the surface energy of
the island, and the elastic relaxation energy, which is proportional to the volume of island All of these
energies are function of island size.

In the Stranski—Krastanov mode, the process is initiated in a layer-by-layer fashion, but islanding
commences after the growth of a certain layer thickness. In certain situations, layer-by-layer growth is
desirable because of the need for multilayered structures with exact layer thickness and flat interfaces.
This requires that the nucleation takes place as a single event on the substrate. In this growth mode, the
lattice mismatch between the grown layer and the substrate material is the most The deformation takes
place by the even layer to match the lattice of the substrate. In this case, elastic energy is generated in the
structure, which deforms mainly the lattice of the grown layer. When this deformation energy overcomes
a critical value, it can be relaxed in two ways. One possible way is to nucleate nanosized islands on the
surface of the even layer, which is called the wetting layer. The absence of the lateral layer allows the
atomic planes to laterally relax, reducing the elastic energy in the structure. According the first mentioned
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way, the so-called strain-induced QD can be grown. The other way is to generate misfit dislocations at the
interface]. The dislocations in the substrate and at the interface can overgrow into the grown layer]. These
defects are called threading dislocations.

The essential driving force for coherent QD formation, after an under layer formed, is the strain
relaxation, whereby the energy gained from the increase in surface area via QD formation more than
compensates the increase in interfacial free energy. It is generally accepted that one of the essential
driving forces, for coherent lattice-mismatched QD formation, is strain relaxation.The field of self-
organized strain-induced QDs is dominated by two material system, InAs/GaAs (001) and Ge/Si (001).
The driving force for the self-organized QD formation is the strain energy induced by the lattice
mismatch of about 7%, in which the condition restricts the material choice.

The relaxation energy is strongly dependent on the island shape, including its facets and its
dimension; if the island becomes larger than Lcrit, its volume enlargement results in a very higher elax
that may diminish by introduction of dislocations , or shape transition [3.2] Although the equilibrium
model is able partly to delineate the nature of island growth, experimental studies of Stranski-Krastanow
islands in several material systems have shown that control of island properties is more difficult[3.3].

The DE technology for QD preparation has superiority over the nowadays widely used strain-
induced method. The greatest advantage is that both lattice matched and mismatched can be used for QD
fabrication. At the same time, the size and density of the QD’s can be controlled independently, and the
distribution is more uniform. However, the shapes of the QDs show a wide spectrum. This spectrum
includes the conventionally shaped QDs, ringlike QDs, and complex multicomponent QD structures. To
avoid intermixing, low temperature can be applied at preparation. A wide variety substrate orientation has
beneficial effect on the application.The basic idea of the DE originated from Koguchi and his coworkers.

In comparison with the technology of the strain-induced Stranski—Krastanov QD production, the DE
is more flexible regarding the choice of the QD material and also regarding the shape and distribution of
the resulted QDs and other unconventionally-shaped QD structures.

The basic idea based on the separation of the Ill-column and V-column materials supply during the
MBE growth. Here, the QD preparation consists of two main parts such as the formation of metallic
nanosized droplet on the surface and its crystallization with the help of the nonmetallic component of the
compound semiconductor. It is very important to mention that this DE technique is entirely compatible
with the MBE technology. This circumstance allows combining the DE method with the other
conventional MBE processes.First, the I1l-column elements such as Ga, In, Al, etc., are deposited. These
metallic components form clusters that are nanosized droplets on the substrate surface. At the droplet
formation, the main driving forces are the diffusion, the minimalization of the surface tension, and the
Ostwald ripening. The dominance of these driving forces depends on the technological circumstances.
The second step of the DE technique is the crystallization of the metallic cluster by the molecular beam
irradiation of the nonmetallic V-column element. It is important to suppress or to control the lateral
diffusion of the group Il elements from the cluster.

The technology formation of InPnano crystals on the GaPsurtace presented for us is differe from
droplet epitaxy method using molecular beam epitaxy. In our experiments thin films of the metals indium
(In), gallium (Ga) and of alloys Inx Gal-x (0<x <1), by the electrochemical method have been
deposited on the 111-V semiconductor (GaP, GaAs ) surface from aqueous of chloride InCI3 and GaCl3.
A platinum wire has been used as the anode, and the sample as the cathode. After deposition of metal,
semiconductor wafers were annealed in hydrogen atmosphere during 3-5 min at the various temperature
100-500 OC. Photo spectral characteristics of annealed structures were investigated. The dependency of
Schottky Barrier electric and photoelectric characteristic on annealed temperature (150-350 °C) of In/GaP
structure was investigated in our works [4]. An exhibited region of the strong photosensitivity is related
with formationnanocrystalsof a new material (InP or InGaP) on the surface of GaP via interaction
between metal (In) and semiconductor (GaP) during heath treatment.

So, by analysis our experimental resultsandresent research works from literature we can conclude,
that new simple technology fabrication of InP NCs is described here for us.
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MODIFICATION OF CHROMIUM STEEL BY NANO-OXIDE COMPOSITE

A.Oakley, D.Macharadze, M.Ratishvili, L.Rukhadze, B.Margiev, L.Chkhartishvili
F. Tavadze Institute of Metallurgy and Materials Science

Briquettes from powdery carbonyl iron and nano-Al,Os(with particles sizes of 30—100 nm)have been used in
studyingof the process ofmodifying middle-carbon chromium steel.Modifying with nano-Al,Oz improved
hardness of rolledand forged steel by 24%. Wear resistance of cast steel improved by 26%. By electron-
microscopic test of sample of rolled steel revealed that the thin layer of Al.O3; nanoparticles located in border
areas of grains, where, probably, intensive diffusive (on two, three and more degrees higher than for traditional
structure) processes take place. It results in the hardening of grains borders.

Medium-carbon chromium steel, which contains C — 0.37-0.45, Mn — 0.30-60, Si — 1.20-1.60, Cr —
1.30-1.60, S — <0.035 and P — <0.035, is applied in mechanical engineering for the production of high-
strength and wear -resistant special-duty parts (shafts, fingers, rack-wheels, etc.).

In the development of nano-technology of modification highly-carbon-manganese austenitic steel by
a nano-reagent, it’s turned out [1] that the effectiveness of the nano-particles impact essentially depends
on the uniformity of their distribution in the metal.

For the purpose of this, the briguettes containing iron and nano-Al,O; were manufactured. Namely, a
well-mixed powder of carbonyl iron (particles size of 160—200 microns) and nano-Al.Os; (nano-particles
size of 30-100 nm) in the ratio of 5:1 briquetted by utilizing a double-acting 100-ton press at theload of
100 kg/mm?. For the binder serves therubber dissolved in gasoline. Then briquettes were annealed at
temperatures of 1000-1100°C.

Melting of the medium-carbon chromium steel was carried out in an induction furnace in magnesite
crucible weighting 6 kg.

Melting was conducted in two embodiments (two melt in each of these). In the first (reference)
embodiment, ferro-silicon and aluminum were used for the steel deoxidation. In the second embodiment,
aluminum not added in the metal. Instead, the metal modified by the adding Si—Ca-Al alloy (Si — 58, Ca
— 9, Al — 8%, and the rest — Fe) and nano-briquettes. Adding steel briquette happened before release. In
2-3 min after the stirring by a tungsten rod metal was poured into a round mold.

According to the visual inspection of ingots of both embodiments, they were of good quality, no
defects observed.

The chemical composition of the steel produced in both cases satisfy the defined composition — see
below in wt.%.

Reference (without modification):

1.C-0.38, Mn - 0.55,Si - 1.32, Cr — 1.41, Al - 0.029, S — 0.025,and P — 0.018.
2.C-0.42,Mn -0.58, Si —1.38, Cr—1.58, Al - 0.024, S - 0.030,and P - 0.017.

Modified by nano-Al,Os:

3.C-0.43, Mn-0.59, Si - 1.55, Cr — 1.54, Al - 0.022, Ca—0.0012,S - 0.021,and P — 0.015.
4.C-0.44, Mn - 0.53, Si - 1.46, Cr — 1.57, Al - 0.025, Ca - 0.0010,S — 0.023,and P — 0.015.

From these data, one can see that chemical compositions of embodiments are almost identical,
except for the sulfur content, the second embodiment it reduces by 20%. This is explained by the
influence of calcium, which was introduced into the metal alloy through the Si—Ca-Al: as is known,
calcium has a positive effect on the metal desulfurization [2].

From bar of melting embodiments #1 (without modification) and #3 (modification by nano-Al,Os),
after hewnand cutting their head and ends it were manufactured specimens for the study of the wear-
stability. And the rest was rolled at temperature 1150°C on an @35 mm rod. From the rolled steel were
manufactured specimens for metallographic examinations. Parts of the ingots of melting embodiments #2
(without modification) and #4 (modified by nanoAl.Os) were forged on the bars with section of 16x16
mm.

Hardness (average of four measurements for each of melting embodiments) of the rolled material
was 29.1 and 38.5 HRC, respectively, for the melting embodiments #1 and #3, and after the forging —
27.8 and 37.9 HRC, respectively, for melting embodiments #2 and #4.
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Hardness data show the advantage of nano-structured steel, which in the hardness exceeds the

reference steel relatively by 24% after rolling, and by 27% after forging.
Study of wear- stability was carried out on a rotary machine in conditions of dry friction. The studies
did not include the impact-dynamic effect on the sample. Nevertheless, they are acceptable for

comparative analyzes. The study results are given in the table 1.

Table 1.Wear-resistance of medium chromium steel.

Melting embodiments Number of rotations and wear factor (Ky)

10000 20000 30000 40000 50000
Modified bynano-Al,O; 1.18 1.22 1.25 1.26 1.26
Without modification 1 1 1 1 1

Kw — Ratio of weight losses in reference (without modification) and modified (nano-
structured) steels.

From the table 1, it follows that the nano-structured steel is characterized by the effect of self-
hardening, and wear-resistance of the reference steel in the process of wear reduces. It is illustrated in the
Figure 1. The maximum increase in wear-stability is achieved at 40000 and 50000 rotations (respectively

at 6280 and 7850 m) and is 26%.
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Figurel.Wear-resistance of medium chromium steel.

The microstructure of the steel after rolling is shown in Figure 2.

Figure 2. Microstructure of medium-carbon chromium steel, x400.
A — without modification, and B — modified by nano-Al,Os.

The structure of both steels is ferrite-fractured. It’s clearly that the steel modified by nano-Al,Osis
fine-grained in more extent.
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Electron microscope ULTRA 55 (ultra-high-resolution FESEM for SE and BSE) studies [3] were
carried out on a rolled specimen. Result are illustrated in Figure 3.

EMT = 300KV Signel A = InLens Date 116 Apr 2014
WO = 32mm Mag= 2154KX Time 120030

Figure 3. Microstructure of medium chromium steel, x20000, modified by nano-Al;Os.

On the Figure 3, one can clearly see that a layer of nano-particles of Al,Oz (shown in white) is
located in the grains boundary areas, where, presumably, the intense diffusion processes (by 3-5 orders of
magnitude more intense than in the correspoding classic structure) take place. As a result, grains
boundariea are hardened.

Conclusion. The study showed the positive effect of the modification by nano-Al,Os; on
precipitation strengthening of medium-carbon chromium steel. It increases the hardness of steel after
rolling or forging in average be 25.5%, and the cast-metal wear resistance increases by 26%. By the
electron microscopic examination of the rolled sample it was found that nano-particles of Al,Ozexisting in
the steel structure are located in the boundary zones of the particles, where, presumably, intense diffusive
processes (in two, three and higher orders of magnitude more intensethan in the similar classic structure)
take place.In result, grain boundaries are strengthened.
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Fe-656m-Al03 (65{ogs3gdol bmdoom 30-100 63) 360393900l g00mygbgdoom obbm®Eogws bodwowm
BobdoMmdo0sbo  JOHMmBosbo  Fmmool  IMEoRoEoMgdOL  3MMEgLOL  33ag3s.  sObEs, ™I
9050300905 656m-Al203-0b 459mygbgdom BMoL Lobowrgl 4eobzol s FgzolL 9dmgy Lsdmswmo
24 %-om, bmwm LbLIMWO GMEWOEOL (339M5TJIAMds 0BOEIds 26%-0m. Yoawobmwo Bodmdol
9@9dGHOMbM-0030mL3M3Mwo 330093000 ©ER0bs  Bmwsol  LGHOWIGHM@do  AlOs3-ob
Bobmboffoszngdol mbgwo 8gbol  sMLYdIMdS, GMIgEoE  FobwsygdMos  FoM33wgdol  LolsbIOM
bmbydd0, Loss, BogIMIMME, J0dEObIMYMBL 06EIBLMOMHO OB DBOMMO 3HMEJLYdO (MO, Lsdo s
3930 ®oaom MROM 0b63HIBLOMMO, 3006 BowmaoME 3oLz H LEAHMIGMGSdo). TIEIRS© IO
0oM(33c900L LoBEZMYdOL FBI0EWOIOS.

MOJIUPULIMPOBAHUE XPOMHUCTOM CTAJIM HAHO-OKCUJIHBIM KOMIIO3UTOM

A.Oxueid, 1. Mauapanze, M.Patusuny, JI.Pyxanze, b.Maprues, JI.UxapTuisuiu
HUnemumym memannypeuu u mamepuanogedenus um. @. Tasaosze

PE3IOME

C ucnonp3zoBannem 6pukeroB Fe—NanoAl;Os (¢ pasmepom gactui] 30—100 HM) MpoBeAEHO HCCIICTIOBAHNE
mporecca MOAU(UIMPOBAHUS  CPEIHEYTJICPOJUCTON  XPOMHCTOW  CTajiW. Y CTAaHOBIEHO, 4YTO
MOAU(MUIIMPOBaHUE C HUCMOJb30BaHHeM HaHO-Al,Oz MOBbIIIAET TBEPAOCTh MPOKATAHHONW M KOBAHHOM
cranei Ha 24%, a H3HOCOCTOMKOCTh JHUTOH cTamu — Ha 26%. OIEKTPOHHO-MHUKPOCKOIINYECKUM
UCCIIe/IOBAHUEM TIPOKATAHHOTO 00pas3iia BBISBICHO, YTO TOHKHH cioit Hanouactuil Al,O3 pacnionoxken B
MPUTPAaHWYHBIX K 3€pHaM 00nacTax, TIe, TMPEenrolOKUTENBHO, HWMEIOT MECTO WHTSHCHBHBIE
nmuddy3uoHHBIE TIpollecCchl (Ha JBa, TPU M 0OJiee BBHICOKUX MOPSAKOB BBINIC, Y€M IS TPaTUIIMOHHON
CTPYKTYpHI). B pe3ynbraTe mpoucxoauT ynpouyHeHHe TPaHuI] 3€PEeH.
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MODELING OF SMELTING OF FERROSILICOALUMINUM
BY USING TKIBULI COAL TAILINGS FOR RAW MATERIAL

J.Mosia, G.Nikolaishvili, A.Julukhidze, M.Chumbadze, L.Sigua
F. Tavadze Institute of Metallurgy and Material Science, Thilisi, Georgia
jemal.mosia@gmail.com

This work aims to study the possibility of melting of ferrosilicoaluminum by using Tkibuli coal tailings for raw
materials. The missing amount of carbon in the raw materials was offset by the use of ordinary Tkibuli coal.
The test crucible melting was conducted in the ore-smelting laboratory furnace. Prepared alloy contains silicon
45 — 52, aluminum 20 — 25 %, and rest is iron.

The mining of the coal deposits is accompanied by the formation of coal waste, coal washing
tailings, formation of ash and slag. Within Georgia stocks, such wastes are of tens of millions tones. Their
use for commercial purposes is limited. Exiting blades constantly raise dust and the mobile forms of
elements of coal tailings are washed by sediment polluting the air, water and soil. Disposal of these
wastes is one of the most pressing problems.

This work aims to study the possibility of melting of ferrosilicoaluminum by using Tkibuli coal
tailings for raw materials. Interest in these alloys is caused by the possibility of a versatile use in a
number of industries, for example, as a reducing agent of the metallothermic reaction in the production of
low-carbon metals and alloys, as a complex deoxidizer in steelmaking for preparing a thermite during a
thermite welding and explosives, producing of foundry eutectic alloy silumin, and aluminum by applying
methods of selective dissolution or through intermediate subcompound.

Tkibuli coal deposit is characterized by the presence of large amounts of mineral impurities that
determine their high ash content [1]. The predominant components are the fly ash and silica-alumina,
respectively, up to 35 and 50 %. The high ash content, high total content of alumina and silica, as well as
the availability of natural reductant carbon characterize deposit as an extremely valuable resource for the
aluminum-silicon ferroalloys electrothermics. At the same time, the residual carbon content in the
carbonaceous rock plays a significant role. Since lumps of carbonaceous are presented in rock
carbonaceous veins, residual carbon reacts with silicon oxide and forms a plurality of capillaries within
the scope of this piece, which ensures a sufficiently fast removal of the product — carbon monoxide (CO),
i.e. it provides the necessary gas permeability of the charge, despite the tendency to caking of the mineral
carbonaceous rocks. In this case, it is only requires the presence of an optimal carbon content in the rock.
Lack or excess of carbon in the rock also leads to disruption of the process stability. Therefore the choice
of carbonaceous for reducing agent is one of the main conditions of the process. For complex alloys such
as ferrosilicoaluminum, excess carbon in the mixture in the process of aluminum smelting leads to the
formation of carbides in the alloy due to the formation of strong reactions leading to suboxides formation.
An indication is the alloy crumbliness or very high losses of silicon and aluminum (it starts an explicit
metal reduction in the yield per loaded charge). In the case of carbides formation, after cooling the alloy
completely that degrades its quality. Entering the carbonaceous reductant, even in the theoretically
required amount, leads to the accumulation of coke in the furnace and the transition to “coking” mode.
This is due to the fact that some of silica and aluminum reacts with carbon to form volatile suboxides that
with a slight violation of the throat condition immediately leaves the reaction zone, and in result it always
makes some of the carbon excessive (unrealized), gradually accumulating in the furnace.

To assess the suitability of raw materials for smelting, ore-smelting experiments were performed by
using Tkibuli coal tailings for the raw materials. The missing amount of carbon in the raw materials was
offset by the use of ordinary Tkibuli coal.

The manner, in which the recovery process and alloy compositions are largely determined by the
ratio of the raw materials and applied electric modes, to determine which it was conducted the
thermodynamic analysis of the system using the Swedish ThermoCalc software package (Fig.1 and
Fig.2). When selecting the structure of the system model to achieve the best approximation of the real
conditions, it was assumed that in the phases of variable composition (metal, slag, etc.) the independent
elements (Fe, Si, Al, C, O, Ti, etc.) and their different complex compounds in the liquid state further form
a real solution.
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THERMO-CALC (2012.10.30:13.18) :
DATABASE:USE
B=100., B(3102)=39.33, B(CAO)=4.62, B(MGO)=8E-1, B(AL203)=20.28, B(FE203)=6.83, B(C)=23.08,P:
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Fig. 1. Changes in the content of phase components (% ) depending on the temperature according to the
computer thermodynamic simulation of electrothermal melting of a ferrosilicoaluminum charge

THERMO-CALC (2012.10.30:13.30) :

B=100., B(SI02)=39.33, B(CAO)=4.62, B(MGO)=8E-1, B(AL203)=20.28, B(FE203)=6.83, B(C)=23.08,P=101325;

27 1 1 1 1
1 1:T-273.15BP(C1SI1_BETA)

244 1 L

214 B

=

[=-]
1
1

15+ L

BP(C1SI1_BETA)
~
1
T

output by

3 I, R
1.1 1 1 \
0 11 11

500 1000 1500 2000 2500 3000
A TEMPERATURE_CELSIUS

Fig. 2. Calcium carbide formation in the charge and a change in its content (%) versus temperature

The test crucible melting was conducted in the ore-smelting laboratory furnace. Electrical
characteristics of the test melings are as follows. For the low side of the transformer U; =30 -40V and I,
= 1500 - 1800 A. The experiments were conducted at the operating voltage U, = 30 V and a current I, =
1600 A. The furnace power was 48 kW. We used part of the bed charge: waste from the Tkibuli coal
enrichment — 54, ordinary Tkibuli-carbon 38, and quartzite — 8 %. Adding of quartzite makes it possible
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to adjust the aluminum content in the melted metal at the request of the customer and to avoid its
disintegration.

The deviation from the stoichiometry observed in the range of 0.9 — 1.0 %. Removing the silicon and
aluminum alloy was 57 — 65 and 70 — 75 wt. %, respectively. Higher aluminum alloy transition if
compared with silicon is explained by the lower evaporation temperature and the condensation of SiO if
compared with aluminum and Al,O.

Prepared alloy contains silicon 45 — 52, aluminum 20 — 25 %, and rest is iron. The conducted
experimental research indicates the fundamental possibility of receiving ferrosilicoaluminum from the
coal enrichment waste with addition of the Tkibuli mine coal. To stabilize the technological mode and
select the rational compositionsof ferrosilicoaluminum and improve technical and economic performance
of the process, it is necessary to continue research with carrying out a series of tests on large- laboratory
and semi-industrial 200 kVA to 1000 kVA furnaces. Thus, we can conclude that the Tkibuli coal tailings
can be promising raw material for the steel industry of the Republic of Georgia.
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Roedrgdmos  bogsogmo  Boggma@o  ©bmdgdo  msdm@sBmeonm  dssbmg@dgm  mgdgmdo s
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MOAEJNPOBAHMUE BBIIIJIABKH ®EPPOCUIMKOAJIIOMUHUSA C
HCIIOJIb30BAHUEM B KAYECTBE CbIPbsI OTXOJ0B
OBOT'AIIEHUA TKUBYJBCKHUX YIVIEU
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PE3IOME
Jannas pabota mpecienoBana Ieidb - W3yYeHHE BO3MOXKHOCTH BBIIUIABKH (DEPPOCHIINKOATIOMUHUS  C
UCIIOJIb30BaHMEM B KayecTBE ChIpbsS OTXOIOB oOoramieHus TKUOynbCcKuX yraeid. Henocraromee
KOJINYECTBO YIJIEpoJia B IIMXTOBBIX MaTepHaiax KOMIICHCHPOBAJIOCH 3a CUET MCIIOIB30BAHUS PSIIOBOTO
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MY M TIOJTYYEeH CILIaB C CoJIepKaHueM KpeMHuUs - 45-52%, amomunus - 20-25%, ocranbHoe xKee30.
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NEW SOURSE OF ALTERNATIVE ENERGY — PLANT “EICHORNIA”

Tamar Shamatava
Center of Biotechnology, Georgian Technical University, Sarajishvili st.1? Thilisi, Georgia
tamarasha_12@yahoo.com

According to the fact that nowadays in Georgia there is not a practice of using of water-plants to produce
biofuel, we studied different methods of yielding and propagation of water-plant “Eichornia” in reservoirs and
laboratory conditions because the above mentioned water-plant is characterized with fast propagation ability.
The volume of its biomass is doubled over 24 hours which is one of the most important conditions to produce
biofuel.

In Georgia was held the first experiment on the propagation methods of water-plant “Eichornia” with in vitro
propagation method in laboratory conditions and in reservoir considering ecological limitations. The research
showed the possibility of using in vitro method for propagation of water-plant “Eichornia Crassipes”. The
wintered in laboratory conditions water-plant “Eichornia Crassipes” satisfied all the conditions for
transportation in reservoir.

Nowadays, utilization of alternative sources of energy and namely, biomass becomes the main
direction for development of the World Energy for containment of accelerated rates of global climate
changes.

The scientists came to the conclusion that in the nearest future the production of the third generation
of biofuel will be formed as a new direction in the field of alternative power engineering. This type of
biofuel is obtained from blue and green algae and unicellular microorganisms. In comparison with other
biological row materials, their utilization has a number of advantages. Algae production does not require
special efforts and much expense. Algae are grown in both, sea water and freshwater. All they need is just
water and light which is necessary for photosynthesis and nitrogen and phosphate for nutrition, which is
quite much in the sea water. Algae are propagated fast, each 48 hours they grow their volume and collect
biomass quickly. According to the estimations, it’s possible to gain 19 thousand litters of fuel from the
area of 1 ha of algae.

During the estimation of technological processes of biofuel
production for conditions of Georgia, it was revealed that from the
environmental and economical point of view, the most effective
method of biofuel production is -cultivation of water plant
“Eichornia” (Eichornia Crassipes) and also, use of its biomass for
production of biogas. “Eichornia” is a representative of a supreme
water plant, floating plant — typical hygrophyte. By its bio
productivity, no other existed plant is able to compete with
“Eichornia”. “Eichornia” is characterized by the highest intensity of
photosynthesis. One plant of “Eichornia” is able to make more that
400 vegetative shoots for 30 days. It’s possible to obtain from 300 to
1500 tones of green mass from 1 ha per season and during
processing, it’s possible to gain 70 000 cubic meters of biogas.
Because of such high productivity, industrial cultivation and
biotechnological conversion is considered as one of the most
perspective directions in the field of biofuel production [1]

At the same time, cultivation of “Eichornia” bears a certain
environmental danger which means its fast reproduction and
overgrowth, resulted with covering of surfaces of basins by solid
layer of the plants. It makes worse the oxygen condition of basins
and destruction of the other habitats. “Eichornia” is represented in
the list of 36 most dangerous invasive species of the plant kingdom.
The list is prepared by the group of experts of the International
Union for Conservation of Nature (IUCN) [2]. Following the recommendations of the Biodiversity
Convention which underlines that biofuel production and utilization must not exert the negative effect on

523



LSISHMBZIRML 3IGE0IGIBSMS IOMBEIN0 535RIFOOL 8dG6J, Jodoob Lyos 2016 . 42 Ne4
e R
biodiversity and socioeconomic conditions of people and also, it is mentioned that introduction of
invasive allogenic species requires following of safety measures and estimation of the risk. On these
issues it was put into practice an experiment. [3]

One of the most perspective directions of processing of “Eichornia” is extracting of bio air from its
green mass which furthermore is used as the source of heat and electric generation. 28 cubic meters of
such natural air contains the same energy as that of 16, 8 cubic meters of natural air, 18, 4 litters of diesel
fuel or 20,8 litter of petroleum.

According to the estimations of the researchers, 1 tone of “Eichornia” can yield about 500 square
meters of biogas. During the burning of 1 cubic meter of gas, it gaines 2 kW of electrical energy and 2
kW of heat, taking into account that from 100 square meters of eichornia “plantation” can be yielded 10
tones of biomass during 24 hours. General quantity of energy that is generated from this area of
“vegetable” power plant, makes up 10 000 kW of electricity and 10 000 kW of heat in a day (417 kWh)

“Eichornia” that is grown in normal climate conditions can be transported to the reservoir in May-
June, when water becomes warm and there are no more night cold weather.

The more organic wastes are in water, the faster is grown “Eichornia”. It has strongly offshoot root
system with multiple attached roots and they occupy a huge underwater area and consequently, they
absorb big quantities of organic substances existed in water. “Eichornia” is poorly grown or it dies in
clear water. Natural sludges, manure and other organic substances can be added to water. By coming of
summer “Eichornia Crassipes” must be placed in a warm place. For this purposes it’s good to use
aquarium or other vessel where should poured water from the reservoir where the water plant was
growing in summer. In wintering period, the air temperature shouldn’t be lower than 20°C and water
temperature shouldn’t be lower than 18-20°C. Sometimes additional lightening is used to create better
conditions for “Eichornia Crassipes”.

The purpose of our experiment was the wintering of “Eichornia Crassipes” in laboratory conditions.
The research materials were transported from Batumi Botanical Garden. The water-plant was placed in
container, using sedimental peat mixed with water (1 kg. per 10 litters of water). Water temperature
varied within 26-28°C. In laboratory conditions we created the necessary photo period, temperature 26-30
OC, phase of light — 14 hours, phase of darkness — 10 hours. The water-plant was periodically added with
water that was enriched with organic substances and phosphoric salts. The water-plant began propagation
in 28 days from the beginning of the experiment and its biomass doubled over one and a half month.

The main target of the experiment was the revelation of resistance of vital capacity of “Eichornia” in
natural and climate conditions of Georgia (in situ) and also abilities of its cultivation in laboratory
conditions (in vitro). Experiment was held in a self-contained basin formed in the foundation pit of an
abandoned sand-pit open-cast mine in March, April and May on the territory of Adjara. All of the 40
plants of “Eichornia” set down on the basin were perished during 12-16 days (the average temperature of
air was 7% in March, 10°%in April and 17% in May).

Conclusion — “Eichornia”can’t naturalize even in subtropics of Georgia with temperature below
20°% and can’t survive in open basins. In conditions of certain safety measures and monitoring, it can be
cultivated in basins of Georgia and also, biomass can be harvested. The experiment in the laboratory
conditions showed that keeping temperature within 26-30% and providing illumination during 12-14
hours, the plants in plastic containers with water (mixed with peaty soil) are begeted well. Creation of
such conditions in greenhouses can make possible to gain the seedlings of “Eichornia” in necessary
quantities.

R0B3IOBI®S - REFERENCES - JIUTEPATYPA
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HOBBIA UCTOYHUK AJIbTEPHATUBHOM DHEPTUU — PACTEHUE DUXOPHUS

T.P.IllamaraBa
Llenmp buomexnonoeuu I pysunckoco Texnuueckoeo Ynusepcumema

PE3IOME

[Ipu omeHKEe TEXHOJOTHYECKMX MPOIECCOB MPOU3BOACTBA OMOTOIIMBA JUIA yciaoBui ['py3un
OBLIIO BBIABIECHO, UTO HambOojee 3PGEKTUBHBIM CIIOCOOOM MPOM3BOACTBA OMOTOIIIMBA CTOYKH
3pEHUsT JKOJIOTO-DKOHOMHYECKON OIEHKH SBJSETCS KYJIbTHBUPOBAHUE BOJHOTO PACTEHUS
“Ditxopuus”(Eichornia crassipes) u ucmnoap30BaHue e€ OHOMACCHI UTS TPOM3BOACTBA OHOTrasa.
OCHOBHOW TIEJIBIO IKCIIEPUMEHTA OBUIO BBISBICHUE KXU3HECTOWKOCTH SUXOPHHUH B TPHUPOHO-
KJIMMaTHYeCKUX yciaoBusx ['pysum (in SitU) a Takke BO3MOKHOCTH €€ KYyJbTHBHPOBAHUS B
JabopatopHbIx ycnoBusx (in vitro). DiixopHus naxke B cyOTponukax ['py3un npu TemiepaTtype
Bo3myxa Hmke 20°C He MOXKET HAaTypaaM30BaThCS M BEDKHTH B OTKPHITHIX BOJOEMAaX M UTO TPH
OTIpE/ICNIEHHBIX MepaX MPEJOCTOPOKHOCTH W MOHHTOPHHIE €€ MOXHO KYyJbTHBHPOBATH B
BojioeMax ['py3un u cobupaTh ypokaili OMomMacchl. DKCIEPUMEHT B JTA0OPAaTOPHBIX YCIOBHUSIX
TIOKa3aj 4TO IpU COXPAaHEHHH TeMIepaTypsl B mpejenax 26-30%c u obecrieueHHn OCBENEeHNs B
TeueHuel2-144acoB  pacTeHWss B IUIACTHKOBBIX KOHTEHHEpax ¢ BojoM(pa3baBieHHOU
TOp(STHUCTOMN MOYBOI) XOPOIIO MPUKUBAIOTCS CO3/IaHUE AHAJIOTUYHBIX YCIOBUI B OpaHXKepesx
MIO3BOJIMT MOJYYCHUE PACCAIbl DXOPHUH B HYKHOM KOJIUYECTRBE.
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EXTRACTION OF GOLD, SILVER AND COPPER FROM ENRICHMENT TAILS OF
REBELLIOUS SULFIDE ORES BY BACTERIAL-CHEMICAL METHOD

N.Lomidze, Z.Arabidze, L.Kartvelishvili, T.Guruli, E.Ukleba, |.Kvatashidze
Caucasian Alexander Tvalchrelidze Institute of Mineral Resources, Mindeli 11, Thilisi, Georgia
tamunaguruli@rambler.ru

In article enrichments of gold-bearing sulfide ores and waste problems are considered. The finely dispersed
gold in sulfide minerals (pyrite, chalcopyrite) complicates processing of this kind of raw materials. Before
cyanidation necessary is destruction of the mineral. Instead oxidative roasting or pressure leaching bacterial
leaching is offered as a cheap and environmentally friendly way. Leaching was carried out as well as heap and
in the tanks by mixing method. Acidophilus bacteria Th. Ferrooxidans and Th. Tiooxidans were used.

A permanent increasing price of gold required the involvement of such exploitation of mineral raw
materials, use which for receipt gold previously considered non profitable. For example gold-bearing
poor, refractory sulfide ores and the production of tailings, in which gold is contained finely dispersed
form (1-0,01 mm) encapsulated in sulfide minerals (pyrite, chalcopyrite, arsenopyrite) and its release by
mechanical method does not work. It focused one-third of the world's gold reserves. This shows the value
of the development and implementation of effective environmentally friendly processing methods that
would enable this kind of raw materials in addition to Au and Ag to obtain other metals contained in
them.

Waste of mining and ore-dressing plants contains the purposes a number of components, valuable to
industrial use,that allows to considering them as technogenic mineral deposits.

One of approaches to the solution of these questions is the widespread introduction of methods of
biotechnology which is component of bacterial leaching of metals is. It is based on ability of the
bacterium to oxidize sulfide minerals, sulfur, iron and converts chemical an element (non-ferrous and rare
metals) their insoluble connections in soluble.

The biometallurgy is the most perspective industry for productions of gold and non-ferrous metals
from sulfide ores and concentrates.

The term bacterial (microbiological) leaching is meant accelerated process of metal leaching from ore
using bacteria activity. In a basis of both chemical and bacterial leaching methods laid reacting ferric
sulfate Fex(SO4)s; with the metals sulfides, that at the first option the main leaching agent - Fex(SO4)3
needs to be entered from outside and at the second it is formed from ferric sulfate when it is oxidize by
the biological path — in result of activity of microorganisms of Tiobacillus ferooxidans. Bacteria quickly
oxidize sulfide minerals significantly accelerate the leaching process.

Sulfide oxidation process in the presence of pyrite can be expressed by the following reaction:

FeS; + H,O + 30,—FeS0O4 + H20 (Chemical and Biological)
2FeS0, + 0.50; + H,SOs—Fez(S04)s + H20 (with bacteria)
Fex(SO4)s + FeS;— 3FeSO4 + 2S (chemical)
CuFeSy+ 2Fey(S04)3—CuSO4s+ 5FeSO4+ 2S
2S5+2H,0 + 30,— 2H,SO4 (with bacteria Th. Ferroxidans and Th. thiooxidans)

The formed FeSO, in acidic environment again oxidized to Fe, (SO4) 3, at the same time if the medium
has a pH> 3.5, reaction proceeds:

Fez(SO4)3 +2H20F€(OH)SO4 + H,SO, (hydronS|s)
For the destruction of the sulfide minerals, instead of oxidizing roasting and leaching under pressure

(in an autoclave) the application of bacterial leaching by the autotrophic thiobacteria Acidobacillus
ferooxidans and Acidobacillus thiooxidans, as a cheap and environmentally method is very perspective.
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Madneuli Mining-plant is the mining and processing enterprise making production and to enrichment
of copper and pyritic ores.

During all activity of combine in the tailings dam accumulated the ~ 40th million tons of flotation tails
which contains 0,22-0,24 % of copper; 4,4-6,0 % of Fe; 6-7 % of S; 0,47-7,0 g/t of gold; 2,16-33,2 g/t of
silver and etc. elements.

Processing of tails from the Madneuli tailings dam with application by a bio-leaching will enable us to
obtain an additional commercial product of copper, gold and silver.

The bacterial leaching is one link of tails processing developed in the principal process scheme, which
includes: from the tails with flotation method receiving the collective sulfide concentrates of copper, gold
and silver with high-extraction from the tails by flotation method, further receiving of adapted biomass of
thiobacteria mixture, after conducting bacterial leaching process to adoption the copper-containing
solution and bio-tails and latter cyanidation for transfer the gold and silver in the solution.

FCS_W

Bacteria l 0,
Oxidize H=1,5-2.5

l

l'VCSO4
Bacteria 0,

Oxidize H=1,5-2.5

Fey(SOy);

Fig.1. Scheme of bacterial oxidation of sulfides by Kuznecov

For conduct research was applied the schemes based on known methods of physical-chemical
enrichment and biometallurgy. The material composition of technological sample was studied. By
mineralogical, chemical and granulometric analysis was found that flotation tails besides the main portion
aluminosilicate contained 0.27% Cu, 6.5% S, 0.65 g /t Au and 2.9 g/ t silver. Popper mainly is presented
with primary and second sulfide and 15-18 % oxidize form (table 1).

Table 1. Granulometric analysis of tails stored in tailing dam

Class ,mm Y % Cu % S % Au, g/t
+1.25 2.95 0.06 0.2 0.15
+1.25-0.500 5.85 0.13 1.62 0.21
+0.500-0.200 36.95 0.22 6.51 0.71
+0.200-0.100 9 0.24 7.6 0.85
+0.100-0.071 12.7 0.26 10.9 0.89
-0.071+0.045 3.6 0.28 12.65 0.97
-0.045+0 28.95 0.27 5.26 0.44
Initial 100 0.26 6.68 0.63

On the mine gold is presented to 80-85 % syngenetic oscillations, basically pure emulsified
impregnated with sulfide (pyrites, chalcopyrite) and 20% of the free gold is presented in the quartz and
sulfide.

527



LSISHMBZIRML 3IGE0IGIBSMS IOMBEIN0 535RIFOOL 8dG6J, Jodoob Lyos 2016 . 42 Ne4

D ———————————  —— — —  — — — ————

Copper-containing concentrate of pyrite by the flotation was obtained. The optimum mode of flotation
by classical tests was defined: optimum thickness of a refinement, pH-value of a pulp, reagent mode.

By the developed reagent mode was accepted copper-pyrite flotation concentrate with the content of
copper -1,56% (outcome 13.05), gold — 4.1 g/t and silver — 10 g/t.

Bacterial oxidation of the concentrate obtained from the tailings was conducted using a autotrophic
mixed culture of bacteria Acidithiobacilus ferrooxidans and Acidithiobacillust hiooxidans isolated from
the career of Kispi water Madneuli field and adapted to the feedstock. After receiving the adapted culture
of a bacterium, of bacterial leaching carried out.

Effectiveness of process of biooxidation of a concentrate at statement of experiments was defined in
the path periodic (1 time a day) measurement of the following parameters; pH, ORP of pulp,
concentration in a liquid phase of Fe 2*; Fe 3*; Cu 2*; titer of bacteria. The results of bacterial leaching
listed in Table 2 as can be seen from the table into the solution passed 92.0% Cu; and the residue left Au
and Ag.

To assess the degree of opening of gold due to bacterial destruction bio-tails and subjected to
cyanidation under the following conditions: S:L= 2:1, concentration of NaCN density - 1.0 g / |
cyanidation duration - 24 hours. Under the same conditions at the beginning of the experiment conducted
cyanidation collective unoxidized sulfide flotation concentrate and it was seen that the concentrate
significantly different strength. The results of cyanidation experiments how tails of bacterial oxidation so
unoxidized concentrate are shown in Table 3.

Table 2. Bacterial leaching results of floto-concentrate

. Content of Au Content Cu Cu
0 i)

Product Yield,% glt ofAg,g/t Content,% | Extraction,%
Bacterial residual 94.00 4.40 10.60 0.13 8.00
Bacterial solution - - - 1.43 92.00

flotation concentration 100.00 4.10 10.00 1.56 100.00

Table 3. The cyanidation results of bacterial tail and initial concentrate

Bacterial Content of .
leaching The yield of ﬁoé‘tgrr‘]t“;’aftéﬁ Extraction of Agin mxtraction of
duration - day | bacterial tail,% é“ It Au-ob, %. cyanidation 9.7

and night gt tail g/t.

0 100.00 3.40 17.00 6.5 35.00

4 96.30 2.10 50.00 4.00 61.00

6 94.50 0.40 90.00 3.18 70.10

8 94.00 0.30 93.00 3.00 72.00

As can be seen from the table as a result bacterial-chemical leaching in solution moved 92.0% of
copper, but — cyanidation 93.0% of gold and 72% of silver Instead of direct cyanidation- 17.0% of gold
and 35.0%, silver.

For study the bacterial leaching by heap-methods was conducted preliminary experiments in the
percolators which is a laboratory model of heap leaching. The material thickness was - 1.25 + 0.3 mm,
solution speed — 1sm®min; Solid — 100 g; 200 ml of liquid percolation per 5 day, 2 day break; The test
duration is 47 days; During this time, in solution transferred copper was equal to 52.0%, and in solution
by dissolve the waste with thiourea in percolation mode 65.0 % of gold and 71.0 % of silver was
transferred. Experiment continues for the determination of optimal parameters of process.
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MN3BJEYEHHME 30JI0TA, CEPEBPA U MEIN
BAKTEPUAJ/IBHO-XUMHWYECKUM METOJIOM
N3 TPYJHOOBOI'ATUTEJIBIX CYJIb®U/IHBIX PY/IHBIX XBOCTOB OBOT'ALLIEHUSA

H.H.JIomunze, 3.10.Apabunze, JI.I'.Kapreenumunu, T.C.I'ypynu, 2.H.Ykie6a, 1.P. KBatammunze
FOJIIT TT'Y Kasxasxuii uncmumym munepanvioo coipbs A.A. Teanupenudse, Munoenu 11, Tounucu,
I'pysus, tamunaguruli@rambler.ru

PE3IOME

B cratee paccmarpuBaroTcsi 00OTalIeHUsI 30JIOTOHOCHBIX CYJIB(UAHBIX PYA W MPOOJIEMbl YTHIH3AINH.
MenkonucrepcHOM BHUJE 3allelVieHHass 305I0Ta B CYJb(UAHBIX MHHEPAJIOB (MUPUT, XaIKOIHPHT)
OCJTIOKHSAET TepepaboTKy Takoro THma Cceipbs. llepen IUaHUpOBaHHMEM HEOOXOAWMO JECTPYKLHS
MUHepana. BmecTto okuciuTenbHOMY OOXKWIY WM BBIIIENaYMBAaHUEM IOJ JIABICHHEM IpeiaraeTcs
6aKTepI/IaHBHOG BBIICIIaYUBAHUEC, KakK nemeBmﬁ A DKOJOTMYECKH YHCTBIH CIT0C00. BBIHIeHaT-II/IBaHI/Ie
NPOBOAMJICS KaK Ky4YHbIM TaKk W B 0akax METOJIOM MepeMelrBaHus. Mcnosip3oBanu anuaopuinHble
oakrepuu Th. Ferrooxidans u Th. Tiooxidans.
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DEVELOPMENT OF TECHNOLOGY OF GOLD EXTRACTION
FROM MADNEULI’S GOLD-BEARING QUARTZITE DEPOSITS

L.Chochia, L.Kartvelishvili, E.Ukleba
Caucasian Alexander Tvalchrelidze Institute of Mineral Resources, Mindeli 11, Thilisi, Georgia
ekau@mail.ru

Was studied of gold extraction from the gold-bearing quartzite by a classical method — cyanation. From
quartzite gold extraction is very high. Non-waste technology gives us the possibility to protect nature from
adverse impacts and at the same time makes the technology economically profitable.

This work is the first attempt in the Caucasian Institute of mineral resources to the development the
technology of gold extraction from gold-bearing Madneuli's deposit (The materials are published for the
first time).

Bolnisi ore district known since ancient times, there were finished iron, copper, to what testifies
remains of ancient ruins and accumulations of slag [1], in the same area were searching for gold from
1875 [2].

Academician lvaneJavakhishvili says: "therefore the Georgian tribes manufactured metal products
not only for their own consumption, but exported them in such distant places, what was the city of Tyre."

Searches continued in the thirtieth and fiftieth years. In 1966 prospects of gold-bearing of the area
were noted [3].

Since 1974, was evaluated industrial scale of gold mineralization and their use in industry
[4].Enhance of gold-bearing in secondary quartzite Madneuli, David Garedzi, KvemoBolnisi, Tsiteltsofeli
deposits was established; [5].

Particular practical interest causes gold-bearing secondary quartzites of the Bolnisi ore area.

Thus, Bolnisi ore district should have been considered the most promising for the development not
only for copper, but also for self-contained gold industry, which was confirmed in the following years.

Secondary quartzites primarily attract attention with an intensive brecciation cemented by late
quartz. They are gold-bearing. Gold practically contains in all varieties of secondary quartzites.Gold in
these rocks, as shown by the study ceiling concentrates and concentrates from the concentration
table,samples of the secondary quartzites with the average content of gold 1,3 g/t which are selected from
an adit in the range of 30-40 m is characterized by the yellow color and a uneven surface.lt is presented in
the form of oblong curved grain up to 0,3 mm in size (fig.1).

Fig.1. Grain of gold from concentrate secondary quartzites

Together with the gold in the concentrate indicated the presence of ore minerals, the making ~50-60
%. The predominant amount of pyrite is present in the form of fragments or rare well-faceted crystals
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large extent in the oxidized and substituted limonite. The second mineral on occurrence is iron
hydroxides. With Infrequent selections of chalcopyrite, on which sometimes develops covellite.

Material composition of the ore and its technological Properties determined through a series of tests:
atomic absorption, complete chemical analysis, spectral, thermal.

Tests are presented by quartzites, besides, in the sample Ne2 contains group of iron oxides minerals.

The chemical compositions of samples are presented in the table 1.

Table 1. Chemical content of ore

2 @ The content of components, %
C Y= =
292 | o| = s | S| O 51 Q1 &1 o] 2|5 Q
2 £ 2 ol 2l % @] 9| | 9 S m| 2
CZEUZ 3 T S pr] < P L = S a 8 g n g X
Smle a1 | - | 016|986 |08 [132| - | - | - 004|037 |102|-| 01 010
S;gg@'gﬁ,oz 05 (376|710 | 0.8 [ 226 | 0.17 | 0.18 | 0.03 | 0.09 | 0.12 | 0.45 | - | 0.1 | 0.22

The first stage of the development of technology to extract gold from secondary quartzite Madnruli
deposits is dedicated to check leaching gold by existing classical technologies - by direct cyanidation.

Modern hydrometallurgy, in some cases, radically altered the introduction of sorption technology.
The gold sorption directly from the ore pulp with the help of ionites will eliminate number of operation
from technological scheme of ore processing (filtration, defecation of solutions, gold deposition by zinc
dust and processing of slimes).

A sorption leaching was carried out for comparing with the usual one.

In the first question in sufficient detail the dissolution of gold and silver in aqueous alkaline cyanide
were covered in the 1843 by russian scientist P.R. Bagrationi, similar work has been conducting by D.
Elsner in 1846 and by Michael Faraday in 1856 [7].

These works was demonstrated the ability to hydrometallurgical extraction of gold by weak solutions
of alkali cyanide.

Gold dissolves according to the following reaction:

4 Au + 8 NaCN + Oz + 2 H,0 <> 4NaAu(CN). + 4 NaOH

From reaction is visible that oxygen is necessary for dissolution of gold.Under laboratory conditions
as the source of oxygen are used peroxides — barium, sodium, hydrogen.

Ba,O; + H,O — Ba(OH)z + 0,

To the decrease decomposition of cyanide salts, in the solutions is added lime, creating the so-called
protective alkali.

thecyanidation of gold ore in industry conditions is carried out by percolation and mixing method
(agitation). Cyanidation method is much perfect by mixing the pulp.

At intensive mixing of a pulp contact of gold with solution is provided better, due to more rapid
upgrade solutions, washing the gold particles, as well as more complete pulp aeration, than is the case
with infiltration. Therefore, cyanidation by method of mixing pulp at the same grinding material proceeds
quicker and gives a higher gold extraction. Proceeding from below, found expedient to carry out
cyanidation of secondary quartzites of the Madneuli field by method of mixing of a pulp [6].

Laboratory researches were conducted in the mixer for the closed bottles — in agitators of fig. 2.

Two samples of gold-bearing secondary quartzites of the Madneuli field for the purpose of
development of gold extraction technology are subjected to research.

Content of gold in samples: sample Nel — 1.3 g/t.; sample No2 — 6.8 g/t.
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Fig. 2. Laboratory researches were conducted in the mixer for the closed bottles — in agitators

For carrying out research crushing to 2 mm quartz ore scattered by class: 1) — 2.0 + 0.5 mm; 2) — 0.5
+ 0.1 mm; 3) — 0.1 + 0 mm.Distribution gold on classes of fineness ore is given in Table 2:

Table 2. Distribution gold on classes

Sieve characteristics Content Au, g/t
of sample, mm Sample Ne | Sample Ne 2
-20+05 0.5 6.2
-05+0.1 1.0 6.4
-0.1+0 2.4 7.8
Average 1.3 6.8

The definitions of the gold content in these samples were carried out by atomic absorption analysis.
The following parameters were studied to establish the optimal mode cyanidation of quartzite ores:

1) Determination of the influence of the concentration of cyanide on extraction degree of gold from
ores. (Ceon- 0.05- 0.1 - 0.5 %%).

2) Determination of the optimal duration cyanide (6;12;24 h.).

The ratio S: L = 1: 2 (permanently), the pulp temperature room (20-25 C°).

Thus, a series of experiments to determine the effect of the concentration of cyanide gold recovery
from ore quartzite was conducted under the following conditions cyanidation:

Shot gold-bearing quartzite - 200 g.

Cyanide concentration - Ceon - 0.05 - 0.1 - 0.5 %%.

Cyanidation time - 24 hours.

TheratioS: L=1:2

BaO; - 0.5 g per 200 g sample.

Concentration CaO- 0.02% for samples Nel and Ne2.

Summarizing the results, we choose the best modes cyanidation:

Sample 1 — content of Au—1.3 g/l.

Sieve characteristic — 0.5 + 0.1 mm.

Concentracion of cyanide — 0.1 %

Ratio S:L=1:2

Cyanadation time -12 h.

The maximum gold recovery — 96 %, when the content in a tail 0.1 g/I.
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Sample 2 — content of Au—6.8 g/l.

Sieve characteristic — 0.5 + 0.1 mm.

Concentracion of cyanide — 0.05 %

Ratio S:L = 1:2

Cyanadation time -24 h.

The maximum gold recovery — 97 %, when the content in a tail 0.12 g/I.

Table 3. Effect of cyanide concentration on gold recovery from samples 1 and 2

= Sample 1 Sample 2

;: g [F s |2 |7 5

o = S = 5
Ne % S — c f’_: [ c - 2

[ E o — o = o - (@] — Y
N | 5= > = > = = > | 6

oo == =S |8 |3 €< | ES |22 | g

$E |27 Bz &g | |E% |2z Ec |t

L = [5) — 3} e}

& £ 85 SY |82 |3 S5 | 8% |82 |3
1 -2.0+0.5 0.5 0.05 0.35 30.0 6.2 0.05 0.4 93.9
2 -2.0+0.5 0.5 0.1 vest. 80.0 6.2 0.1 4.3 30.7
3 -2.0+0.5 0.5 0.5 vest. 80.0 6.2 05 2.3 63.0
4 -0.5+0.1 1.0 0.05 0.36 64.0 6.4 0.05 0.12 97.7
5 -0.5+0.1 1.0 0.1 0.12 88.0 6.4 0.1 1.6 75.0
6 -0.5+0.1 1.0 0.5 vest. 80.0 6.4 0.5 1.72 73.5
7 -0.1+0 2.4 0.05 0.4 83.4 7.8 0.05 1.4 80.1
8 -0.1+0 2.4 0.1 vest. 95.9 7.8 0.1 1.2 84.6
9 -0.1+0 2.4 0.5 vest. 95.9 7.8 0.5 1.3 84.0

Compiled processing scheme of Madneuli secondary quartzite deposit (Fig. 3).

Initial ore

Cyanidation

Au contains tail
{(om analysis) washing and disinfection

| !

tail{on atomic abs. garbage
analysis)

Fig. 3. Processing of secondary quartzite deposits Madneuli

Taking into account the results obtained, to develop the technology of extraction of gold from
Madneulsecondary quartzite deposits recommended direct cyanidation of quartzite.
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PE3IOME
brin HU3YUYCH 30JI0Ta HU3BJICYCHUA U3 30JIOTOCOACPKALICTO KBapouTa KIACCMYCCKMM METOAOM -
UaHnupoOBaHUA. U3 KBapuuTa Z[O6I)I‘-II/I 30JI0Ta OYCHb BBICOKA. 6630TXOI[H3$I TCXHOJIOTHUA Oac€T HaM
BO3MOKHOCTD 3allIUTUTDh MPUPOAY OT HCTAaTHUBHOI'O BOBI[CfICTBPIH U B TO K€ BpEMA ACJIACT TCXHOJIOTHIO
O9KOHOMMYCCKH BbII'OAHBIM.
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THE CLEANING SEWAGE OF MADNEULI BY SORPTION METHOD

L.Chochia, L .Qartvelishvili, J.Kakulia, S.Jalaghania
Ivane Javakhishvili Thilisi State University, Chavchavadze Avenue 3, 0179 Thilisi, Georgia
Caucasian Alexander Tvalchrelidze Institute of Mineral Resources, Mindeli 11, Thilisi, Georgia
Sofo.jalaghania@gmail.com

The study the possibility of cleaning the sewage of Madneuli mining and processing enterprise on sorbents
with nonferrous metals’ ions (Cu?*,Zn?*,Fe common ,PD?*) - natural diatomite, clinoptilolite, Askan-clay , coals
(Georgia) and their modified forms was carried out. The chemical composition of wastewater was studied too.
The sorption properties of natural and modified sorbents with a different mineral composition, and the factors,
influencing on the sorption of Cu?* (S:F, pH, mixing time, concentration of Cu?*) were researched. It was
estimated that the modification of natural diatomite’s and zeolites with calcium oxide significantly extend
their cleaning degree of solutions from these ions. A higher adsorption capacity with respect to the ions
Cu?*,Zn?*,Fe common ,P0%*) are characterized for the modified forms of zeolite and diatomite. The purification
degree of above-mentioned ions reaches 95-99%. The optimal condition of wastewater treatment of Madneuli
mining and processing plant is to use adsorbents — modified diatomite and clinoptilolite. The sorbent is in
contact with the sewage due to intensive blending. The study allowed establishing the optimal conditions for
sorption and offers more effective sorbent for the extraction of copper ions from waste water Madneuli mining
and processing plant.

The development of scientific and technological revolution has led to creation a powerful industrial
and agricultural potential in our country. However, at the same time, sharply degraded our environment.

Pollution of air, water and soil, with solid, liquid and gaseous waste reaches dangerous
concentrations, provokes depletion of non-renewable natural resources. Firstly, minerals and water.
Further degradation of ecosphere state, can lead to far-reaching negative consequences for humanity.
Emissions in the biosphere have an adverse impact on the landscape, flora and fauna and of course
human. Therefore, the protection of nature has become one of the major global problem. Protection of
nature in the industry take serious measures to improve the production and waste management, to create
processes on the basis of low-waste and without waste technologies. This is fully applies Bolnisi ore
district.

The ore from district of Bolnisi is known from antique time for its mineral resources. It’s a center of
ancient metallurgy in Caucasus.

One of the non-ferrous metallurgy, where the complex processing of raw material can be carried out
with the use of non-waste technology is Madneuli mountain processing plant.

The dumping of household sewage is carried out on a relief of land, under the ore of dumps into the
river Kazretula., The river Kazretula were covered by rock formation in process of opened rocks and
Itwas contaminated with water soluble compounds. River Kazretulawith waste water flows into the river
Mashavera and then pollutes the environment.

It is shown, chemical analyses of dump sewage water and river Kazretulain table 1, that ion
composition of non-ferrous metals in the waste water is hundred times higher than the MPC for fishery
water and with that also lost of valuable metals.

In many methods of cleaning, we have stopped on the sorption purification process.

Researched natural and modified sorbents of different mineral composition (diatomite from Kisatibi,
zeolite from Dzegvi, bentonite from TsikhisUbani, dark coal, carbonaceous shale, carbonaceous shale
from Akhaltsikhe), as well as the factor influencing the sorption of Cu?*.

Tests were provided to natural and modified sorbents. Experiments were carried out on model
solutions and real waste waters.

It is known that the use natural form of mineral sorbents aren’t always effectively [1]. During the
modification of natural sorbents, not only changing the composition of ion-exchange complex, but also
occurs more profound changes, changes the microstructure of minerals, sometimes happens to formation
of new crystal phases.

Modifying methods aredivided into acidic and alkaline. There is a method of alkaline activation by
liming for natural sorbents.
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Table 1. Contain mg/I

sampling

place Cu?* Zn? | Fe?* | Pb?* | Ca?* | Mg?* | Ni** | Au®* | Ag* | Te Bi®* | Co** | Cd** | pH
Water out- | o0 258.0 | 146.0 | <0.1 | 218.0 | 260.0 | <0.1 | <0.1 | <0.05 | <0.1 | <05 | 06 |20 |40
flow of a pit

Kazretula

Under 1l hole | 3020 4300 | 343.0 | <0.1 | 255.0 | 700.0 | <0.1 | <0.1 | <0.05 | <0.1 | <05 | 1.0 |40 |30
Kazretula

before 100.0 100.0 | 0.8 | <0.1 | 260.0 | 200.0 | <0.1 | <0.1 | <0.05 | <0.1 | <05 |06 |12 |50

industrialsite

Kazretula at

falling intoa | <0.2 2.0 <0.3 | <0.1 | 182.0 | 60.0 | <0.1 | <0.1 | <0.05 | <0.1 | <0.5 | <0.3 | 0.2 5.0
Mashavera
MPC 0.01 0.1 0.5 01 |- 50.0 | 0.01 | - - - - - 0.005 | -

Absorption ofCa(OH). with siliceous sorbents considering as a reaction to Ca(OH). with OH groups
in silica surface.

2SiOH +Ca(OH)=(=Si-0-).Ca +2H,0

Due to the small solubility of Ca(OH): in water, liming process ends only after repeated treatment
anatural sorbent with fresh solutionsof Ca(OH)s.

In CIMR have proposed [1.2] an effective and easy way to liming sorbents with CaO.

Clay acids modification aims to improve their adsorption and catalyst properties. This is achieved by
increasing of clays surface area and substitution of alkaline and alkaline earth cations in ion exchange
complex with hydrogen and aluminum ions.

To conduct research on the possibility of waste water treatment from non-ferrous metal ions,
selected natural sorbents have been subjected to modification of liming and acid treatment.

Electro microscopically pictures were taken on the microscope TESLA-BS-242. We can say that
diatomite heavily damaged and lost structure (Fig 1, Fig 2).

It has been provided comparative study adsorption properties of natural and modified sorbents. The
experiments were provided on stirring suspension with mechanical titanium stirrer, stirring speed 100-120
r/min. lons of metal were sorbet on given ratio I/s.

Model solutionprepared from sulfates of Cu?*, Zn?", Fe?" and nitrate of Pb?*.

After separation I/s phase, filtrates were analyzed on AAS for the content of metal ions. To establish
optimal condition for solution sorbents purification from mentioned metals has been studiedthe influence
of pH, ratio I/s, duration of sorbents acid treatment.

Influencingweight ration of sorbents to the solution in order to establish adsorbent’s minimum flow
rate were studied on model solution of copper sulfate.

As shown in experimental results, increase of suspensions density for all sorbents increases the
cleaning solutions from Cu?* ions. Changes in ration I/s is especially clearly expressed in cleaning
solutions with natural sorbents. Reduction of I/s to ten times, increases the degree of purification in 3-4
times.

Due to the fact that the I/s=50, achieved the highest level of cleaning solutions (95-96%, despite the
high consumption of adsorbent 200kg/1m?). Optimal ration of sorbent to solution was taken I/S = 50.

It is shown the purification results of multicomponent model solutions with different sorbents in
table 2.
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Table 2. The results of purification of model solutions of natural and modified sorbents.

R=5min, I/s=1:50
Composition of initial solution Adsorbent Residual concentration , Extentofadsorption
mg/l
Cu? | Zn** | Fecm | Pb?* pH Cu? | Zn** | Fecom | Pb* | Cu®** | Zn?* | Fecom | Pb?*
400.0 | 420.0 | 370.0 | 3.5 | 3.0 Natural 120.0 | 130.0 | 7.0 | <0.05| 70.0 | 69.5 | 98.5 | 98.5
diatomite
Modified <2.0 | <4.0 | <4.0 | <0.05| 99.5 | 99.5 | 99.0 | 98,5
diatomite
(Cao)
Natural 160.0 | 190.0 | 27.0 | <0.05 | 60.0 | 54.6 | 92.7 | 98.5
clinoptilolite
Modified 2.0 | 160.0 | <4.0 | <0.05| 99.5 | 62.0 | 99.0 | 98.5
clinoptilolite
(Cao)
Natural 160.0 | 190.0 | 67.0 | <0.05 | 62.5 | 54.6 | 81.9 | 98.5
askan clay

Thus, the optimal conditions for cleaning solutions from Cu?*, Zn%", Fecom , Pb?*, appears in 1/S=50,
pH=3 on modified CaO diatomite. The degree of purification of multicomponent model solution from
non-ferrous metal ions is 98.5-99.5%.

Dump waste water purification experiments were provided on four samples, which were taken from
different places. Purification of dump waste water from non-ferrous metals carried out on using natural
samples of diatomite, clinoptilolite and its modified CaO forms and also on natural Askan clay.

Experimental results shows, that the best adsorption capacity has modified CaO diatomite. Studies
show that extraction of non-ferrous metals in all four samples reaches 95-99%, except river Kazretula, at
the confluence of the river Mashavera. In this case, extraction of Cu?*, Fe.m decreases to 75-83%
respectively.

Similar high rates observed in sewage water cleaning with modified clinoptilolite. Removing of all
non-ferrous metal ions except Zn#*, are high (98-99%).

Natural sorbents, diatomite and clinoptilolite shows high adsorption capacity with respect to the ions
of Fecom, Pb?*, (91-99%, 83-99%), Askan clay — Fecom (83-98%)).

In the future, maybe will be available to use of a cleared dump wastewater in the technological cycle
concentrator of fabric.In this case this will be achieved saving of drinking water and protection of the
river Kazretula from pollution.
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OUUCTKA MAJHEYJBbCKUX CTOYHBIX BOJ COPBIIMOHHBIM METOAOM
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PE3IOME

[MpoBeneHa paboTa MO WCCIEIOBAHWIO BO3MOXXHOCTH OYMCTKH CTOYHBIX BOJ MaJHEyJIbCKOrO TOPHO-
000raTHTENILHOTO KOMOMHATA OT MOHOB LBeTHbIX MeTamioB (Cu2Zn?*Feqsw.Pb?) MIPUPOTHBIMA
cOpOeHTaMU-  JMAaTOMHTOM,  KIMHONTHIOIMTOM  ,acKaHrnuHod, yriasimu  (I'pysmm) w  ux
MOJU(QHUIMPOBAHHBIMU ~ (OpMaMH, HW3yYeH XWMHUYECKHH COCTaB CTOYHBIX BojA. MccremoBaHbl
COpOLIMOHHBIE CBOWCTBAa MPHUPOJHBIX W MOTU(PHIMPOBAHHBIX COPOSHTOB Pa3IMYHOIO MHHEPAIHLHOTO
cocTaBa TaKxke (paKTophl, BIMsroHe Ha copouuro Cu?* (1/%, pH, BpeMs mepeMemmBanus, KOHIEHTPALHS
Cu?"). YCTaHOBIEHO, YTO MOAU(DHUIMPOBAHWE TIPUPOAHBIX JMATOMHUTA M LEOJUTa OKCHUIOM KAJIbIHS
3HAYUTENFHO yBEJIMYMBAET CTENEHb OYHMCTKH PACTBOPOB OT YKa3aHHBIX HMOHOB. Hamboiiee BBICOKOM
aJICOPOLIMOHHON CHOCOOHOCTBI0 OTHOCHTENbHO MOHOB (CU%*, Zn?*, Fe.sm., Pb?* ) xapaxrepusyercs
MOIU(PHUUIUPOBaHHBIE (OPMBI AMATOMHUTA M IeonuTa. CTEeneHb OYUCTKM OT yKa3aHHBIX BBIIIE HOHOB
pocturaer 95-99%. OnTuManbHBIME YCIOBHAMH OYWCTKM CTOYHBIX BOJ MaaHEYJIbCKOTO TOPHO-
000TaTUTENFHOTO KOMOWHATA SBISIOTCS: COPOSHT — MOAUGUIIMPOBAHHBIN, TMATOMHT U KIWHON THIIOJIHT.
CopOEHT KOHTaKTHPYeT CO CTOYHBIMHM BOJAMH IpH HHTEHCHBHOM mepememuBaHuu. IIpoBeneHHOe
WCCIIEIOBAHNE TIO3BOJIMJIO YCTAHOBUTH ONTHMAJIBHBIC YCIOBHS copOnuu W Hamboiee 3((eKTUBHEBIC
cOpOEHTBI JIJIsl W3BIICUYECHUS] MOHOB MEIU M3 CTOYHBIX BOJA MaJHEYIbCKOrO TOPHO-000TaTUTEIHLHOTO
KoMOuHara.
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THE USE OF POLYCARBONATE FOR DRYING AGRICULTURAL PRODUCTS

K.T.Archvadze, T.I.Megrelidze, 1.R.Chachava
12Georgian Technical University, Food Industry Department. 77 Kostava, 0175, Thilisi, Georgia
kiti987a@gmail.com

In agriculture, the widely used chemical materials are: a variety of glass, including polycarbonates, for drying
agricultural products: fruit, vegetables, mushrooms, herbs, etc. By using these materials, the dried products are
of better quality - the composition of biologically active substances and the organoleptic properties are better
than the same product dried with natural drying in the open air.

Many of the properties possessed by polycarbonate, have been used in the agricultural and agrarian
complex: high mechanical strength, frost and heat resistance (Polycarbonate can withstand extremes of
temperature range from -50-60 C to + 100-120 C), strong wind, high degree of fire resistance and
chemical resistance. ,

Fig. 1. Polycarbonate

For the efficiency of the drying
process of agricultural products is
recommended to dry in solar dryer with a
polycarbonate coating

Advantage of solar dryer with a
polycarbonate coating is that after such
processing products do not differ greatly
on organoleptic and physicochemical
parameters.. Digestibility and absorption
remains at the necessary level. Content of polyunsaturated fatty acids and amino acids, vitamins and
minerals remains at a fairly high level. taste and aroma are preserved as well. The main advantage of solar
dryer with a polycarbonate coating is that they are drying in an accelerated mode. advantages of this
mode are:

¢ high you qualitative characteristics of products, their biological value (particularly preservation of
color, size, shape, taste, aroma, vitamin and enzyme content, etc.);

¢ hygroscopic dehydrated products, which ensures fast and most complete recoverability;

e an opportunity of long storage of various products and ready-made dishes also freeze dried meals
in special packaging in all climatic zones;

¢ eliminating the need for cold storage, as dry food can be stored for a long time at positive
temperatures;

o significantly reduces the mass of the products after drying (1/5 - 1/10 of the initial weight) ;,
consequently, reduced costs of handling and transportation;

o simplified system of realization and lengthen deadlines.

The proposed plants can dry different agricultural products as under direct sunlight, and without
them. To this end, several options are available in the design. In solar dryer the air temperature is higher
than in normal environment (in the sun) from about 10 to 35 degrees Celsius.

The drying process in the solar dryer machines ensures the sterility of products. While drying of
agricultural products in solar dryer, materials can be left in the machine for a time from several hours to
several days, depending on the product to be dried without tracking of:

e The process of drying (no need to turn over the product);

e The purity of raw materials to be dried. solar dryer is closed in the process of drying, the product is
not exposed to contamination by dust and rainfall, by dew and it is not damaged by birds or insects;

o Weather conditions. In the rain and windy weather, the open air-dried product is removed to indoors,
while solar dryer proceeds of drying products.
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Fig. 2. Heliodrying apparatus | Fig. 3. The Convective heliodrying apparatus

Conclusions. For the efficiency of the drying process of agricultural products is recommended to dry
products in solar dryer with a polycarbonate coating. Studies have shown that the use of these systems
are reducing the drying time, improves the preservation of flavor, nutrients and palatability, ensures the
sterility of the product and facilitates storage of the dried product (it does not spoils and lasts longer than
usual). Note that during storage the products that have been dried in solar dryer are more resistant to the
mold and lasts longer than products that are dried naturally in the open air.
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PE3IOME

Js a3 dexkTuBHOCTH TpoIiecca CYIIKA CETbCKOXO3SHCTBCHHOW MPOMYKIIMH PEKOMEHIYETCS CYIIUTh MPOIYKTHI B
COJTHEYHOH CYIIMJIKE C IOJMKApOOHATHBIM MOKPBITHEM. VcClie[oBaHus TOKAa3aId, YTO IPUMEHEHUE 3TUX YCTPOHCTB
COKpAIIAalOT BpeMs CYIIKH, COXPAaHSIOT apoOMaTHYeCKHEe W  BKYCOBBIC CBOWCTBA MPOMYKIHH, OOCCIICYHBAIOT
CTEPUIILHOCTB BO BPEMs CYIIKU ¥ O0JIETYar0T XpaHCHHE BBICYIICHHOTO MPOYKTa (OH HEe MOPTHUTCS, OoJiee YCTOHUNB
K IUIECCHH, YeM MPOIYKTHI, BBHICYIICHHBIE €CTCCTBCHHBIM ITyTEM Ha OTKPBITOM BO3IyXe W XPAHUTCS JIOJBIIC
0OBITHOTO).
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THE STUDY OF MINERAL COMPOSITION OF SULPHIDE SILT PELOIDS
SPREAD IN ADJARA REGION BY USING X-RAY PHASE METHOD OF ANALYSIS

T.Masiukovichi*, A.Bakuridze**, T.Murtazashvili*

Thilisi State Medical University:
*Department of Pharmaceutical and Toxicological Chemistry
**Department of Pharmaceutical Technology
33 Vaja-Pshavela avenue, 0177, Thilisi, Georgia.tatia.masiukovich@yahoo.com

The use of the natural healing factors for the treatment and prevention of various diseases presents the one of
the current tasks for the modern medicine. The healing muds, so called peloids, have a special role in
balneology and resort therapy due to their therapeutic action [1]. They belong to useful mineral resources and
contain therapeutically active substances. The aim of our research was to study the mineral composition of
sulphide silt peloids of Adjara region. By using the X-ray phase method of analysisin thestudy objectsthere
have been established the contents of important minerals.

Introduction

Peloids are used for treatment and preventive purposes since the ancient times. As for the history of
the treatment with peloid (mud) in Georgia, it is directly associated with Akhtala healing mud, the first
information of which can be found in 18" century, in the geographical description of Vakhushti
Batonishvili.

Adjara is one of the regions of Georgia, rich in peloids resources, which can be found on the
seacoasts, as well as in the mountains [2,3]. All these resources were known to the local population since
the ancient times and were used for treatment of various diseases.

Despite the fact, that the population of Adjara and the tourists willfully consume peloids, in the
literature there isfound no data regarding their chemical composition, distribution area and the use in
medical practice. The study of the mineral resources of Adjara region will promote the development the
resort and tourist activities of the region.

Obijectives
The aim of our research was to study the qualitative composition of minerals in sulphide silt peloids

of Adjara region by using X-ray phase method of analysis.

Materials and methods

The objects were the samples taken on the various areas of Adjara region, the sulphide silt peloids of
Chakhati, Kvirike, Niphy's lake, Green lake, Gasaliani and Shratiani.

The applied research method was X-ray phase analysis by using X-ray diffractometerDRON-3
M[4].The copper Cu Ka radiation was used as a source of X-rays. ldentification of X-ray spectra was
based on materials from the USA, Canada, Russia, and the catalogues developed by the American Society
of Testing Materials (ASTM).

The X-ray diffraction analysis studies the physical composition of the substances by using X-rays.
X-rays are not able to refract, they have the ability to penetrate inside any substances solid body and
undergo only "diffuse” dispersion, at that time atoms come into the flapping motion (excited). In such
cases, the interferential rays are reflected from the plane, parallel to the crystal, which is recorded on the
diffractometer.

The method allows to determine the crystallographic parameters of the identical periods of the
substance's crystal lattice, in such a wayallowing to determine qualitatively its phasic content.

Results

X-ray diffraction analysis showed that all the samples contain X-ray amorphous phases. In the
Gasalianisample there have been detected the minerals such as: Ca-Na feldspar [5] (the main
characteristic peaks d - 4.03A, 3.20A), Ca-montmorillonite (the main characteristic peaks d - 15.0A,
4.49A), hematite Fe,O; (the main characteristic peaks d -2.695A, 2.520A), quartz SiO, (the main
characteristic peak d - 3.34A) is in trace amounts (Fig. 1).
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Fig. 1. Diffractogram of the Gasaliani sample

In the Chakhati sample there have been revealed the following minerals: Ca-montmorillonite (the main
characteristic peaks d - 4.49A, 2.55A), quartz SiO, (the main characteristic peaks d — 4.255A, 3.34A), Ca-Na
feldspar (the main characteristic peaks d - 4.02A, 3.19A) and chlorite (the main characteristic peaks d —14.14A,
7.08A, 4.73A, 3.54A) (Fig. 2).

Ca montmorillonite ?*c
B rentgenocamorphous phase T
e SiQ, quArtz l
—— Ca-Na feldspar :
--—- Chlorite

Fig. 2. Diffractogram of the Chakhati sample

In the Kvirike sample there have been detected the minerals: Ca-montmorillonite (the main characteristic peaks
d - 15.0A, 4.50A, 2.56A), quartz SiO, (the main characteristic peaks d — 4.25A, 3.34A), K feldspar (the main
characteristic peaks d — 4.23A, 3.21A, 2.16A,), Ca-Na feldsparthe main characteristic peaks d —4.02A, 3.19A),
Magnetite FesO4 (the main characteristic peaks d — 2.95A°, 2.52A°, 2.09A° )(Fig. 3).
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Fig. 3. Diffractogram of the Kvirike sample

By using X-ray phase analysis there have been found the contents of the following minerals in the Shratiani
sample: Ca-Na feldspar(the main characteristic peaks d —4.024A, 3.19A), Ca-montmorillonite(the main characteristic
peaks d — 15.0A, 4.49A), Magnetite Fe3O4 (the main characteristic peaks d — 2.95A, 2.511A, 2.09A), the trace
amounts of quartz (the main characteristic peakd — 3.34A)and K feldspar (the main characteristic peaks d — 4.23A,

3.244) (Fig. 4).

— Fe,0, magnetite
= Ca-Na feldspar

------- Ca montmorillonite
- -~ K feldspar traces
e S0, QUATLZ traces

Bl rcntgenocamorphous phase

3. 194"

40° 35" 300

Fig. 4. Diffractogram of the Shratiani sample
In the sample of Niphy's lake there have been identified the minerals such as: Ca-montmorillonite(the main

characteristic peaks d —4.48A, 2.59A), K feldspar (the main characteristic peaks d — 3.77A, 3.24A, 2.95A), quartz
(the main characteristic peakd — 3.34A), mica in trace amounts (the main characteristic peaks d — 9.96A)(Fig. 5).
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In the samples of Green lake there have been detected the minerals such as: Ca-Na feldspar(the main

characteristic peaks d — 4.03A, 3.19A), Ca-montmorillonite(the main characteristic peaks d — 15.00A,
5.2A, 4.49A), quartz (the main characteristic peakd — 3.34A), amphiboles (the main characteristic peaks d
- 8.38A, 3.11A), mica (the main characteristic peaks d — 9.96A) and chlorite in trace amounts(the main

characteristic peaks d — 7.08A)(Fig. 6).

Conclusion

By using the X-ray phase analysis in our study objects there have been established the contents of

important minerals, which gives us the basis to continue study in order to determine their quantitative
compositions.
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Based on the performed study can be concluded that the observed objects are promising substances
for further research with the purpose to develop therapeutic and preventive agents.
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PE3IOME
Hcnonb3oBaHue NPHUPOJHBIX JICUEOHBIX (HAKTOPOB C IIETBIO JICYCHUS W MPOGUIAKTHKU PA3TUYHBIX
Oome3nel  sABIsleTCS OAHUM M3  HauOojee  aKTyaJbHBIX 3a7ad  COBPEMEHHOW  MEIHMILIWHBI.
JleueOHBIE TpsI3W, WK TAaK Ha3bIBa€MbIC MEIOUJIBI, 3aHUMAOT 0c000€ MECTO B KypOPTHOW Tepanuu U
OanmbHEosOruM Ojarogapss CBOMM IIMPOKMM TepaneBTHYeckuM JeiictBusiM [1]. OHm oTHOcATCS K
MOJIE3HBIM ~MCKONAEMbIM M COZAEp)KaT TepameBTHUECKH aKTHBHbIE BemlecTBa. Llenpio Haiero
UCCIIEIOBaHUSl OBUIO HW3y4YeHHE paclpOCTPAHEHHBIX B AJDKAPCKOM PETMOHEHIIOBBIX CYIb(MHUIHBIX
MENIONJIOB Ha COJIep)KaHWe MUHEpanbHBIX BemlecTB. C HCIONB30BaHHEM PEHTICHO(A30BOTO METoJa

aHaJM3a B UCCIIEyEeMbIX OOBEKTaX ONpPEAEICHO COAePKaHNe BaKHBIX MUHEPAJIOB.
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COMPARATIVE STUDY OF SOME PHYSICO-CHEMICAL PROPERTIES OF FRUIT
BROMELAIN AND STEM BROMELAIN FROM ANANAS COMOSUS FOR DEVELOPMENT
OF THE METHODS OF STANDARDIZATION

N.Gorgaslidze, L.Nadirashvili, G.Erkomaishvili, N.Nizharadze
Thilisi State Medical University, I. Kutateladze Institute of Pharmacochemistry
36 P.Sarajishvili street, Thilisi, 0159, Georgia
lianadira@mail.ru

Comparative study of some physical-chemical properties of the samples of the bromelain of the fruit and stem
of pineapple (Ananas comosus) has been performed. Especically, effect of cysteine and casein concentration
on the hydrolysis rate, dependence of the rate of casein lysis on bromelain concentration, time effect on lysis
rate were studied. The effect of pH and temperature on the activity of the bromelain of fruit and stem was
investigated. Optimal values of pH and temperature were determined.

In spite of definite achievements in modern oncology, in comparison with recent century, the
creation of new medicinal safe and highly efficient preparations for cancer treatment remains to be the
most acute problem for humanity.

Cancer is a main problem for human health, causing a number of genetical and cellular anomalies in
the organism. Struggle against cancer requires the more efforts from the researchers. Inspite of the
progress in the treatment of tumorous diseases, in particular, in surgery, chemoterapy, radiation medicine
the new initiatives are necessary against these diseases.

Treatment by natural medicinal preparations, which restores the own protection systems of the
organism and enhances the fighting ability against cancer, is used to an increasing extent.

Recently the interesting antitumorous chemotherapeutical preparation — bromelain of natural origin
stands out. Bromelain is a complex of enzymes from pineapple (Ananas comosus), characterized by
proteolytic properties. The fruit, as well as other parts of the plant, including the stem, consists of
proteases complex. At present the antitumorous properties of bromelain are intensively studied [1, 2]. It
was found that bromelain is characterized by antiinflammation and antithrombosis properties as well as
by fibrinolytic activity, in addition to antitumorous properties. These data are mainly obtained for animals
and cellular cultures. The data of clinical research is also available [3].

It was established that antineoplastic action of bromelain is more efficient if it is directly introduced
in tumour mass in large concentrations. This was, in a large extent, associated with the problems and
doesn’t allow to exclude other chemotherapeutic preparations. Recently the achievements are attained by
means of nanotechnologies for bromelain supply (by bromelain-containing nanoparticles) to tumour
location. In experimental conditions it allows to increase the bromelain activity by a factor of 2-4 [4, 5].
And this is attained by high ability of nanoparticles for penetration in mucinous barrier of the intestine
[6]. It should be noted that the proteases improve penetration of nanoparticles in mucinous barier by
themselves [7, 8].

Along with the elaboration of the efficient form of the medicament the bromelain standartization is
no less important. Medical properties of these enzyme preparations are associated with their proteolytic
activity. But by unconfirmed data the nonprotease components also effect on its medical effect.

In any case the role of proteolytic avtivity in bromelain medical efficiency is obvious. Nowadays the
methods for determination of bromelain proteolytic activity are available, where 1) gelatin, 2) casein and
3) synthetic low-molecular esters and amides are used as the substrates.

By our opinion, gelatin method is somewhat outdated. As to synthetic substrates, they present the
certain characteristics of separate components of bromelain complex [9]. The use of some substrates is a
difficulty for standartization of bromelain preparations. Casein method is accepted as the adequately
reliable, including USA pharmacopeia [10], in Russia [11, 12] and, correspondingly, we select this
method for bromelain standartization.

As it was above-mentioned, in spite of the fact that all parts of pineapple plant contain proteases,
actually they are obtained from bromelain stem in large quantities. From the viewpoint of biological
properties this product is the main subject of our investigation. The second product, obtained from the
fruit, deserves the less attention since, primarily, the fruit is used as a food. Since we are dealing with the
very actual, antineoplastic properties, we have reasoned that its study is also necessary. In this direction
the researches were performed on the stem bromelain itself as well as on the bromelain, presented in the
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pineapple fruit. It was confirmed that the juice of pineapple fruit is characterized by no less strong anti-
inflammatory action than the stem bromelain.

In presented work the results of initial researches for standartization of fruit and stem bromelain are
given.

Comparative characteristic of some physical-chemical properties of the sample of both bromelains is
presented. In particular, the effect of cysteine and casein concentration on hydrolysis rate, dependence of
casein lysis rate on bromelain concentration and on reaction duration is shown.

Influence of pH on the activity of both bromelains (fruit, stem) was studied. pH optimal value is
established. The dependence on pH is similar in both cases. Optimal values of pH are: 7,5 for stem
bromelain and 8 — for fruit one (Fig. 1,a).
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Fig. 1. The effect of pH (a) and concentration of cysteine (b) on speed of casein lysis

At determination of proteolytic activity of fruit and stem bromelains the optimal concentration of
cystein comprises 0.01-0.02 mole/l (in reaction area with a substrate -0.004-0.008 mol/l). Further increase
of concentration causes the considerable reduction of lysis rate (Fig. 1,b).

The rate of casein lysis is unchanged in the range of concentration from 0,5% to 2 % in the cases of
fruit and stem bromelains (Fig. 2,a).
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Fig. 2. The effect of concentration of casein (a) and the concentration of the bromelain of fruit and stem
(b) on speed of casein lysis

The rate of casein lysis in both cases is proportional to enzyme concentration in the range from 0.05
o/l to 0,25 g/l (Fig. 2,b). The rate of casein lysis is time-proportional in the range from 5 min to 20 min
(Fig. 3,a).

The effect of temperature on the activity of both bromelains (fruit, stem) was studied. It was
established that optimal temperature comprises (55-60°C) in both cases (Fig. 3,b).
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Fig. 3. The effect of time (a) and the temperature (b) on speed of casein lysis

Thus the information, obtained on the basis of laboratory investigations allows, with a great to
continue the work in this direction for preparation of corresponding pharmaceutical product.
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CPABHUTEJILHOE U3YUYEHUE HEKOTOPBIX ®U3UKO-XUMUYECKHUX CBOMCTB
BPOMEJIAUHA, TIOJYYEHHOTI'O U3 IIVIOJA U CTEBJISI AHAHACA (Ananas comosus L.
Merr.) C HEJIbIO UX CTAHJAPTU3ALIUU

H.I'opracnunze, JI. Hagupawmsuinu, I'. Epkomauismim, H.Huxapanse
Hnemumym gpapmaxoxumuu um. U I Kymamenaose
Tounucckozo 20cy0apcmeentozo MeOUYUHCKO20 YHUgepCcumema

PE3IOME
[TpoBenieHO cpaBHUTENBHOE N3YyUEHHE HEKOTOPHIX (PU3NKO-XMMHUYECKUX CBOHCTB 00pa3lOB ILIOJOBOTO H
crebneBoro Opomenamua (Ananas comosus L. Merr.). B dactHOCTH, HCCIEOBaHBI 3aBUCHUMOCTH
KOHIICHTpAIMK I[IMCTEHHA W Ka3eMHa Ha CKOPOCTh THAPOJM3a TOCICAHEro; 3aBHCUMOCTh CKOPOCTH
THIPOJIN3a Ka3eWHa OT KOHIIGHTPAlH OpOMETanHOB, YCTAHOBJICHO BIHMSHAE BPEMEHH HA CKOPOCTb
nusnuca U pH— u TemmeparypHble ONTUMYMBI MPOTEOIUTHISCKOTO NEHCTBUS MCCISIOBAaHHBIX 00pa3IoB
OpomenanHOB.
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THE STUDY OF SOME PROPERTIES OF PAPAIN CONTAINING GELS

N.Gorgaslidze, N.Nizharadze, L.Nadirashvili, G.Erkomaishvili
Thilisi State Medical University, |. Kutateladze Institute of Pharmacochemistry
36 P.Sarajishvili street, Thilisi, 0159, Georgia
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The presented manuscript is dedicated to the creation of prepared medicinal form of papain-containing
gels and to the study of their rheological properties. For this purpose the bases were selected which provide
the optimal resorption and stability of acting compounds. Based on the obtained data it was found that the
proteolitic activity of the gels, prepared on polyethylene glycol, is nearly unchanged over 6 months whereas
the activity of the gels, prepared on methylcellulose is less by 15-20%. As a result of  rheological
researches it was found that papain-containing gels, prepared on the bases of polyethylene glycol, are resistant
and stable against technological intervention.

For treatment of burning and necrosis wounds as well as of septic ones the proteolytic enzymatic
agents of vegetative and microbial origin are widely used: caripazym, lecozym, panaphil and etc [1-3].
Among them the caripazym occupies a special place.

In the laboratory of medicinal enzymology of |. Kutateladze Institute of Pharmacochemistry the
preparation caripazym was created on the basis of papain [1] for treatment of the burns and septic wounds
as well as for treatment of various diseases by iontophoresis, such as the craniocerebral and spinal
injuries, inflammatory and degenerative processes in the spine and in its connecting apparatus
(osteohondrosis, sciatica) as well as for treatment of the pathologies associated with the cicatricial-
healing processes in peripheral nerves of the neuraxis and in the tunics if their roots [5, 6]. In the
mentioned laboratory the papain-containing ointment - caripan of simple composition was created for
treatment of burning and septic wounds [7].

Presented manuscript is dedicated to the creation of prepared medicinal form of papain-containing
gels and to the study of their rheolgical properties.

The main factors, determining the efficiency of any gel or ointment, are the rate and degree of
resorption of biologically active compounds from the ointment base [4]. For the gel such base must be
selected which provides the optimal resorption and penetration of acting compound as well as its stability
at gel storage.

Since the papaya proteases are hydrophylic, albuminous compounds, therefore their corresponding
bases must be hydrophylic too. The enzymes are characterized by law stability, they are easily
inactivated at the storage. The autoproteolysis makes a definite contribution in this process. Therefore
such compounds were selected as the gel bases which cause a significant increase of the stability of
papaya proteases in aqueous solutions.

Glycerol was selected as the component of gel base, which at relatively high concentration
suppresses proteolytic activity, autolysis and simultaneously allows the variation of the gel consistency.
The versions of hydrophylic bases were studied: glycerol-methylcellulose (MC-25), glycerol-
polyethylene glycol (PEG-1500 and PEG-3000).

Research problem involved the determination of optimal ratio of the composition of papain-
containing gels, prepared on the base of macromolecular compounds, of enzyme stability and
rheological indexes.

In the Table 1 the gels stability over 6 months is presented. It is evident that the activity of the gels,
prepared on PEG is nearly unchanged over 6 month whereas the activity of the gels, prepared on
methylcellulose is less by 15-20%.

Therapeutic effect of soft medicinal form is ensured by complex interaction between medicinal and
auxiliary compounds.

Rheological study of the bases of soft medicinal forms give the information about consistency (stress
on shift, viscosity, thixotropy) which has a pronounced effect on ointment production, on fluidity of base-
constituent mass and on the resistance at mixing, on skin cooting and on release of acting compound, on
optimization of the production process [10].
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Table 1.
Proteolitic activity PE/g gel
Gels .. After 45 After 90 After 120 | After 150 | After 180
Initial
day day day day day
PEO-papain gel I 395,8 408,4 398.,5 390,4 396,7 389.,5
PEO-papain gel 11 283,4 278,4 279,5 278,6 282,3 283,6
PEO-papain gel III 282,3 2935 278,1 301,9 295,3 287,7
MC-25-papain gel I 302,3 2954 2929 275,2 263,7 256,4
MC-25- papain gel II 248,1 243.6 238,4 231,3 218,1 201,5

The viscosity of the gels bases, containing PEG- and MC-papain was determined at various
temperatures: 10° and 22°C at various rotory speeds by means of Chinese digital Viscosimeter (Digital
rotory viscosimeter NDY-85) [9]. The viscosity of the gels under study lies in the range from 0.34 to 108
Pa.S, which provides their optimal rheological properties (fig. 1, a; fig. 2, a) [11].
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Fig. 2. Scheme of depending of 1/n:1%2 on n-rotory speeds of MC-25-bases (a) and MC-25-papain gel (b)

Chemical nature of the system components, intermolecular forces, temperature and duration of
mechanical action effects on rheological properties of disperse systems [12].

Introduction of acting compounds in the gel may cause a variation of its structural-mechanical
properties. On this bases the papain effect on the rheological properties of the gel were studied (fig. 1, b;
fig. 2, b).

The final conclusion of performed investigation involves the following: the gels, prepared on the
base of polyethylene glycol (PEG-1500 and PEG-3000) indicate the considerably better indexes from the
viewpoint of rheological properties as well as of retaining of enzyme activity. The gels, prepared on
methylcellulose (MC-25) are inferior in retaining of their enzyme activity.
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N3YYEHUE HEKOTOPBIX CBOVCTB MMAITAUH-COJEPKAIINX T'EJEA
H.I'opraciunze, H.Huxapanse, JI. Hagupamswin, I'.Epkomanmsunm
Hnuemumym gpapmaxoxumuu um. U.I Kymamenaosze
Tounuccko2o 20cy0apcmeeHH020 MEOUYUHCKO20 YHUBEpCUmMema
PE3IOME

Pabora mocesiieHa CO31aHNI0 TOTOBBIX JICKAPCTBEHHBIX (HOPM IMaNanH-COACPIKAILIUX Tejied M U3yUeHHUIO
UX peoslorndeckux cBOHCTB. C 3TOH IeNbr0 ObUIM 1MOJ00paHBl TAKHE OCHOBBI, KOTOPHIE 00ECIIEUUBAIOT
ONTUMAJBHYIO PECOPOINI0 M CTAOUIBLHOCTh JICHCTBYIOMIETO COSAMHEHUs. Ha OCHOBaHMM IMONYYEHHBIX
JIAaHHBIX yCTAHOBJIEHO, YTO MPOTCOJMTHYECKAs] AaKTUBHOCTH TeJIei, M3TOTOBIICHHBIX Ha OCHOBE
MOJIMATUJICHTJIUKOSI, TTOYTH HEU3MEHHA B TE€YCHUH 6 MECAILEB, B TO BpPEMs KaK MPOTEOJIUTHYECKAs
aKTUBHOCTb Te€Jied, HW3TOTOBICHHBIX HAa METWILEIUII0N03e, MeHblie Ha 15-20%. B pesynbrate
PEOJIOTHYECKOTO HCCJICIOBAaHNUS YCTAaHOBIICGHO, UYTO ITallaWH-COJAEPIKAIINe T, MPUTOTOBJICHHBIE Ha
OCHOBE  MOJTAITUJICHIJIMKONS, JIOCTATOYHO CTOMKM H  CTaOMJIbHBI  OTHOCHTEJIBHO  BHEIIHHX
TEXHOJIOTHYECKHUX BO3JACHCTBHH.
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THE QUALITATIVE AND QUANTITATIVE ASSAY OF ORGANIC ACIDS IN ACTIVE
PHARMACEUTICAL INGREDIENT OF ,,CAMELYN M”

T.Murtazashvili, M.Djokhadze*, K. Sivsivadze, N.Nijaradze, M.Murtazashvili, P.Tushurashvili
TSMU, Department of Pharmaceutical and Toxicological Chemistry
*TSMU, Department of Pharmacognosy and Botanics
33 Vazha-Pshavela Ave., 0177, Thilisi, Georgia.
somagi-3@mail.ru

GC-MS and potentiometric titration method were developed for quality and quantitative determination of
total organic acids in Camelyn API . Have been selected the optimal conditions for analysis: mobile phase-
helium, flow rate-Iml/m, injector temperature- 250°C, transfer line temperature-295°C, oven temperature-
40°C, retention was during3mn. Temperature gradient-15°C/mn — 150°C,retention-1mn, 20°C/mn — 250°C,
retention Imn, 35°C/m —310°C retention-2mn. Sample injection volume 1pl, ion registration regime- TIC.
lon detection ranged between 45.00 — 470.00 amu.

Conducted studies gives us opportunity to add in the normative document of Camelin’s active pharmaceutical
ingredient the specification of qualitative and quantitative determination of organic acids.

Introduction

Based on experimental and clinical studies physician Benedict Maglakelidze developed a drug
Camelyn in the 50" of the last century. The author receive drug substance on the basis of carbohydrate
fraction of natural honey. He studied the drug observing healing processes of purulent wounds,
antibacterial activity and tumoral diseases. Clinical studies of the drug were deterred for some period of
time due to the author’s

CAMELYN M3 - ointment, CAMELYN M4 - suppositories, CAMELYNFLU - throat spray have
been registered on Georgian pharmaceutical market since 2006. These dosage forms are used as
immunomodulator and antimicrobial agents for different diseases.[3,5]

“Camelyn lyophilisate” is used as a substance for manufacturing Camelyn drugs which is the
lyophilisate of camelyne 100%, intermediate product received by honey processing (author used
mentioned fraction for manufacturing drugs). This product contains biologically active substances:
phenols, furans, organic acids and etc.[4]

For standardization a substance and finished dosage from pharmacopeia articles include qualitative
and quantitative determination of polyphenols and polyfurans. Due to the wide range of organic acids in
chemical composition of Camelyn was decided to make their qualitative and quantitative determination in
the intermediate product.[2]

Study aimed at identification of organic acids contained in the substance of multicomponent
“Camelyn” by modern GC-MS method and their quantitative determination by potentiometric titration.[6]

Material and Methods

For experiment was used intermediate product of Camelyn.

Method: for identification was used GC-MS method ; for quantitative determination potentiometric
titration.

Experimental part

Based on the experimental study optimal conditions for GC-MS determination have been selected:

Instrument-Agilent Technologies 7000 GC-MS Triple Quad

Column - Elite 5-MS; 30m X 250pum X 0,25um

Oven temperature-40°C

Retention was during 3mn.

Temperature gradient:

15°C/mn — 150°C, retention-1mn

20°C/mn — 250°C, retention 1mn

35°C/m —310°C retention-2mn.

Sample injection volume 1pul, ion registration regime - TIC. lon detection ranged between 45.00 —
470.00amu.

Results and discussion
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At the initial stage of the study were identified the organic acids in Camelyn substance.
Chromatogram is shown on Figure 1.
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Figure 1. GC-MS chromatogram of Camelyn 100%

Compeering received mass specters to mass spectral library there are more than 60 chemical
substances in the composition of the study object, including acid mixtures with acid character, from
which furan carbonic acids are dominated.

Quantitative determination of acid character compounds was done by using by potentiometric
titration method.

Based on the experimental studies were selected optimal conditions for analysis:

1ml object was diluted with 1ml mixture of water and ethanol (50% : 50%), added 8ml Sodium
nitrate, was titrated with 0,1N sodium hydroxide.

Average data about relationship of hydrogen ion concentration and volume of the titrant, spend
during titration are submitted in the table 1.

Table 1. Average data about relationship of hydrogen ion concentration and volume of the titrant, spend
during titration

V 1 2 3 4 5 6 7 8 9 |10 | 11 |12 | 13 | 14 | 15 | 16

ApH/AV |02 102 (01/02)01]01]03]02|03]06]30[12]02]02]01)01

ApH/AV Was determined equivalence end point by
differential diagram of titration, shown on Figure 2.

25 1 Figure 2. Differential diagram of titration

Was used following equitation to determination
total organ acids in study object, calculated on nitric

0s Ny Vg + 23+ 100
C% =
0 , Vyx * 1000
0 5 10 15 20
Nt — Normality of the titrant (sodium hydroxide)
V1 —Volume of the titrant (sodium hydroxide) spent on the titration
3 — Equivalent of nitric acid
Vx —Volume of the study object for analysis
According to the received data total content ranges of organic acids in Camelyn 100% substance was
between 6-8%.
Conclusion
As a result of the study we selected:
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1. Optimal conditions for identification of biologically active substances in Camelyn 100%
substance by GC-MS method.

2. Potentiometric method for quantity determination of total organic acids in Camelyn 100%
substance.

Conducted studies gives us opportunity to add to add developed qualitative and quantitative
determination method of organic acids for standardization of the Camelyn substance and finished product.
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KAYECTBEHHOE U KOJIMYECTBEHHOE OIIPEAEJIEHUE OPTAHUYECKHUX KHCJIOT
B CYBCTAHIIMU KAMEJIMH M
T.Myprazamsunu, M./Ixxoxanze*, K.Cuscusanze, H.Hiwkapanze, M.Myprazamsuiun, [1. TymrypamBuiu
Tounucckuii 20cyoapcmeentbvill MEOUYUHCKUL YHUSepcumem, 0enapmamenm Gapmayesmuieckou u
MOKCUKONO2UYECKOU XUMUU
*Tounucckuil 20cy0apcmeeHHbIl MEOUYUHCKUL YHUBepCUmem, 0enapmamenm GapmakoesHo3uu u 60manuxy
Ipocnexm Baowca-ITwasena Ne33, 0177 Tounucu, I pysus
PE3IOME
[IpoBeneHbl uccienoBaHUSA i1 WACHTU(UKAIIMKA OPTaHMYECKUX KHCIOT, BXOAsmux B cocraB 100%
pactBopa KamennHa, ¢ HCHOJNB30BaHHMEM METOJIa Ta30BOM XpoMaTorpaduu-macc-ClieKTPOMETPHH, U
CyMMapHOI'O0 KOJHMYECTBEHHOTO OIpPENEICHUS OpPraHMYECKUX KHCIOT C HCIOJIb30BaHMEM METOJa
NOTEHIMOMETPUYECKOro TuTpoBanus. [lonoOpaHbl oNTHMalIbHBIE YCIOBHS: MOABIKHAs (asza - renui,
CKOpOCTh mojauu 1 mi/cek, TemmepaTrypa umxkektopa 250°C, Temmeparypa TpaHchepmaiina 295°C,
temneparypa neun 40°C, 3agepkka 3 MuH TemmneparypHblid rpaguent 15°C/mun—150°C 3amepxkka 1
muH, 20°C/MuH—250°C 3anepxka 1 mun, 35°C/Mua—310°C 3anepxka 2 mMuH. O0beM HHKXEKTOPOB
IMKJ, pexxuM peructpanuu noHoB - T1C. JleTekTHpOBaHWE WOHOB MPOBOAMIOCH B nuamazone 45.00 —
470.00 amu. IIpoBeneHHbIC WCCIEAOBAHHS JAIOT BO3MOXKHOCTH JI0OABUTh K HOPMATHBHOMY JIOKYMEHTY
cyocraniu Kamennna MeTos1 Ka4eCTBEHHO-KOJIMUECTBEHHOTO ONPEAENICHUS OPTaHMYECKHX KHCIIOT.
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DEVELOPMENT OF HPLC METHOD FOR DETERMINATION
OF CAFFEINE IN ENERGY DRINKS

T.Murtazashvili, M.Djokhadze*, K.Sivsivadze, B.Nozadze, N.Imnadze
TSMU, Department of Pharmaceutical and Toxicological Chemistry
*TSMU, Department of Pharmacognosy and Botanics
33 Vazha-Pshavela Ave., 0177, Thilisi, Georgia.
somagi-3@mail.ru

Products, containing caffeine, a natural origin alkaloid of purine group, is widely represented on the retail
market. In recent years it has become popular to add caffeine into energy drinks. Thus it is very important
optimization of methods for qualitative and quantitative determination of caffeine. In the current work, it is
represented the developed rapid and sensitive HPLC method for caffeine determination.

Chromatographically optimal condition was achieved by using mobile phase of acetonitrile-water (40%: 60%)
under following conditions: UV detection was conducted at 254 nm; flow rate of mobile phase -0.7mL/min;
column size with solid phase is following: Phenomenex® Luna® 5 um C18(2) 100 A/ LC Column 250 x 4.6
mm; column temperature - 25°C; sample injection volume - 20ul.

In given conditions was studied the possibilities of quantitative determination of Caffeine; the procedure
revealed linear and correlation coefficient R? is 0.998.

Based on the received data we can conclude that the developed method can be used for qualitative and
quantitative determination of caffeine in different type Energy Drinks.

Introduction

Caffeine is a Purine alkaloid of natural origin, which was isolated as pure from coffee extract in the
twenties of the last century. It has an appearance of white crystalline powder or white crystals. It is highly
soluble in hot water, slightly soluble in ethanol. It’s chemical structure
is CsHi1oN4O2, systematic name 1.3,5-trimethylxanthine, molecular

ematic name 1.35-trimethylanth O CH,
mass 194.19g, melting point 236°C, boiling point 178°C, pH 6.9 (1% /
solution) and its structural formula is as shown in Figure 1. [1,2] H3C \N N
Figure 1. Structural formula of Caffeine % | />
07 N N

The primary source of caffeine are leaves, seeds or fruits of over
60 plant species - coffee, tea, cocoa seeds, cola fruit and etc. among
them coffee is one of the most commonly used products worldwide. CHB
For example, the annual turnover of coffee in USA is 22 billion
dollars. Other caffeine containing products such as tea, cocoa, different types of drinks are as well
consumable and important. It is noteworthy that over the last years consumption of energy drinks became
especially popular, most of which contain caffeine and due to it pituitary gland starts excretion of
hormone which stimulates adrenaline production. Adrenaline accelerates heart rate, increases release of
glucose by the liver and therefore boosts energy. Caffeine concentration in energy drinks ranges between
10mg/100ml - 40mg/100ml. Recommended daily dose of caffeine is 400-450mg for adults, 300mg for
pregnant women, 45mg for adolescents. Caffeine content is about 80-120mg in a cup of coffee. Caffeine
is quickly and completely absorbed when taken orally. Peak plasma concentration is achieved in 15-45
minutes. Caffeine improves absorption of other components of the drug. It easily penetrates all the tissues
of the body, it is metabolized in the liver, elimination half-life (T1/2) is about 3 hours. Frequent use of
caffeine containing products may result caffeine addiction which sometimes negatively affects on the
body especially on the cardiovascular system. [3,4]

Appears from the importance of object of the study, qualitative and quantitative determination
methods of alkaloid caffeine are actual, based on which it will be possible to develop caffeine
identification and quantitative determination in caffeine containing products.

According to the applied references there are different methods for qualitative and quantitative
determination of caffeine. Method of titration is being offered in State Pharmacopoeia edition XII, for
quantitative determination of caffeine. Acetic acid anhydride and chloroform are used for titration
solvent, 0.1m Hypochlorous acid is used for titration, indicator is crystal violet. [5]

US Pharmacopoeia considers High-Performance Liquid Chromatography for determining caffeine
using a mixture of sodium acetate, water, acetonitrile and glacial acetic acid as a mobile phase.
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Theophylline is used for controlling system compliance. Chromatographic system - HPLC with detector
275nm, column 4.6mm X 15cm, flow rate 1ml/m. [1]

European Pharmacopoeia considers caffeine determination by potentiometric titration method.
Anhydrous acetic acid and toluene are used for titration solvent, 0.1m Hypochlorous acid is used for
titration, the equivalence end-point being determined potentiometrically. [6]

Despite the fact that alkaloid caffeine sometimes has adverse effects on the body, generally this
substance does not belong to the group of hazardous substances, US Food and Drug Administration
regards it as nonhazardous for all age groups as there is no evidence of proving damage caused by
caffeine containing products. However it should be considered that caffeine consumption is regulated
according to the directives 2000/13/EC and 2002/67/EC which set certain requirements for using caffeine
in food products. [7]

For establishing quality of natural and energy drinks it is important to determine caffeine content in
these products. This issue is significant enough as the realization of caffeine containing products on retail
market of this group of products reaches 25-30% of gross sales.

Based on the above mentioned data it is reasonable to develop method for caffeine determination,
which would be basis to elaborate simple, rapid, sensitive and cost effective method for the quality and
quantity determination of the caffeine in energy drinks.

Material and Methods

Reference standard was purchased according to electronic catalogue of Sigma-Aldrich. For
experiment was used Acetonitrile (MERCK) and water with purity necessary for HPLC system.

Caffeine determination was performed in the two different following Energy Drinks: WILDER,
TRANQUINI.

Method: High-Performance Liquid Chromatography. Mobile phase, solvent, chromatography
conditions were selected based on literature data and experiments.

Experimental part

Analyses were conducted on High-Performance Liquid Chromatography. Based on the conducted
analyses optimal conditions were selected for the quality and quantitative determination of caffeine by
using HPLC.

Experimental conditions

Standard solution:

Stock solution was prepared with the content of 1mg/ml caffeine in order to establish the linearity.
From the stock solution were prepared standard solutions with 5 different concentrations :1pg/ml; 2.5 ug
/ml; 4 ug /ml; 5 pg /ml; 8 pg /ml. Mobile phase was used as a solvent.

Instrumentation:

High-Performance Liquid Chromatograph: STAYER Gradient chromatography system. The injector
was a model Rheodyne 77251 , with injector loop 20pl.

Analitical column: Phenomenex® Luna® 5 pm C18(2) 100 A/ LC Column 250 x 4.6 mm; column
temperature - 25°C;

Mobile phase: acetonitrile-water (40%: 60%)

Conditions for chromatography:

Detection: UV detection at 254 nm

Eluente Flow rate: 0.7ml/m

Column temperature: 25°C

Injection volume: 20ul

Results and discussion

According to chromatogram, caffeine retention time under above mentioned conditions was 4.5
minutes.

Linearty

Concentration - Peak area relationship was summarized in Table 1. According the table was done
calibration curve, which is shown in Figure 2.

557



LSISHMBZIRML 3IGE0IGIBSMS IOMBEIN0 535RIFOOL 8dG6J, Jodoob Lyos 2016 . 42 Ne4

D ———————————  —— — —  — — — ————

Table 1. Caffeine Concentration - Peak area relationship data

Standard Solution No. Concentration pg/ml peak area uV+*sec
1 1 817
2 2 1704
3 4 2550
4 5 3500
5 8 4500
5000

4500 /0
4000

L]
-F]
2 3500 /
2. 3000
3 2500 = =
:: 2000 y=916.2x -134.4
R2= 0998
E 1500 -
[T
1000 -
500
0 . , | . . .

Concentration pg/ml
Figure 2. Calibration curve

The results on the calibration curve display linear relationship. The correlation coefficient R? is
0.998.

Determination of caffeine contents in energy drinks

Developed method was used for determination of caffeine in two different energy drinks, have been
applied the same experimental conditions.

Concentration of the working solution was 100ug/ml energy drinks. Mobile phase was used as a
solvent.

800
700
600
500 3
400
300

200

12

0 1 2 3 4 5 6 7 min
Figure 3. Chromatogram of Wilder
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Figure 3 and Figure 4 present chromatogram, obtained from analysis of two different energy drinks.

nV
800
700
600
500
400
300
200

100

Figure 4. Chromatogram of TRANQUINI

According to the received chromatograms, caffeine determination HPLC method, which was
developed experimentally, is valid for determining caffeine content in energy drinks.

Conclusion

The results are shown that the simple, rapid, sensitive and cost effective method was developed for
caffeine identification and quantitative determination. It takes only five minutes and one type of organic
solvent for caffeine determination by developed method.

Based on the received data we can conclude that the developed method can be used for qualitative
and guantitative determination of caffeine in different type Energy Drinks.
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PA3BPABOTKA METO/IOB BBICOKOR®®EKTUBHOM KUJIKOCTHOMN
XPOMATOI'PA®UU ONPEJAEJEHUSI KOPEMHA B SHEPTETUYECKUX HAIIUTKAX

T.Myprazamsunu, M. [Ixxoxanze*, K.Cuscusanse, b.Ho3anze, H.Mimuanze
Tounucckutl 20cyoapcmeenHvlil MeOUYUHCKUL yrugsepcumem, denapmamenm apmayeemuieckou u
MOKCUKOIOSUYECKOU XUMUU
*Tounucckuil 20cy0apcmeeHHbIl MEOUYUHCKUL YHUSepcUumem, 0enapmamenm GapmakoesHosuu u OOmaHuKu
Ipocnexm Baowca-ITwasena Ne33, 0177 Tounucu, Ipysus

PE3IOME

B mocnennue rofpl cTano momylsipHbIM Jlo0aBiieHHe KOQEerHa B SHEpreTHUecKue HamuTKH. Mcxons w3
BBIIIEOTMEYEHHOTO, BAYKHOE 3HAYCHHE NMEET ONTUMU3AIINS METOJIOB OTpeIeIeHUsI KOEHHA C LENbI0 ero
Ka4eCTBEHHOIO0 M KOJIMUECTBEHHOI'O ompelesieHus. B mpenenax HacTOAMIMX HCCIENOBaHUM pa3zpaboTaH
OBICTPBIH W YYBCTBHUTENBHBIM METOJ BbBICOKOI((EKTUBHON KMIKOCTHOM XpomaTorpapuu JUis
ompeJiesieHus KoperHa.

[lpu onpenencHun KoperHa B KavyeCcTBE MOABMKHOM (ha3bl momoOpan aneronutpui 40% - Boga 60%.
Ycnosus xpomarorpadupoBanus: UV nerextuposanue - 254 HM, kosoHka Phenomenex® Luna® 5 pm
C18 (250 x 4.6 mm). Ha ocHOBaHHMHM TOJIy4EHHBIX pPE3yJbTATOB MOXKHO CJEIaTh 3aKIIOYCHHE, YTO
pa3paboOTaHHBIH METOJ] MOXET OBITh HCIONB30BaH C IEJbI0 KOJIWYECTBEHHOTO W KaueCTBEHHOTO
omnpeesieHNs KoperHa B pa3InUHbIX SHEPreTUIECKUX HAIUTKaX.
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THE USE OF MODERN PHYSICAL-CHEMICAL METHODS OF SUBSTANCE ANALYSIS IN
THE ANALYSIS OF GEORGIAN RED WINE

M.Labartkava
University “Geomedi”. Tbilisi, Georgia,
mikheillabartkava@gmail.com

Georgia is rightly considered as one of the motherlands of grape vine (vitisvinifera), that is confirmed by the
fact that: at present time Georgia produces 465 varieties of vine. In the present work we aimed to study the full
chemical composition of the grapes varieties — “Aleksandrouli” and “Mujuretuli” used for making one of the
most famous wine “Khvanchkara” with application of modern methods to find out and state the composition
and structure of substances with LC/MS, LC/NMR and LC/NMR/MS system.

In the field of analytical chemistry, there are many well-established techniques for identifying
unknown compounds. Many of these are single techniques such as nuclear magnetic resonance (NMR)
and infrared (IR) spectroscopy, in which the sample is analyzed directly. However, for mixtures, initial
separation of the components before analysis greatly facilitates detection and identification by separating
overlapping components. This can be achieved with simple systems such as gas chromatography (GC)
combined with flame ionization, (FID), flame photometric (FPD) and nitrogen/phosphorus (NPD)
detectors, as well as the so-called hyphenated systems, in which spectroscopic detectors are used. These
include high-performance liquid chromatography (HPLC) combined with ultraviolet (UV), fluorescence,
NMR and mass spectrometry (MS) detectors.

Combined liquid chromatography/mass spectrometry (LC/MS) has advanced rapidly from its early
development in the 1970s and is now a standard technique . There are many commercial systems
available and thedetection sensitivity can reach very low levels. For drug detection and metabolism and
environmental studies, the commonly required detection limits in the ng-m g range are readily attainable.
Combined liquid chromatography/nuclear magnetic resonance spectroscopy (LC/NMR) was proposed
over 20 years ago, but did not capture the imagination of researchers/developers due to its inherently poor
sensitivity. Relatively recent design improvements have improved sensitivity and the technique is now
established . In practice, use of either LC/MS or LC/NMR alone can often solve analytical problems but
there are occasions when they fail and extra techniques are required to solve the problem. In these cases,
using both LC/MS and LC/NMR can provide extra information and structural identity. It seems a natural
progression to combine the two systems into one integrated LC/NMR/MS system.

LC/NMR was first proposed in the late 1970s but took off only when instrumental developments
such as high magnetic field, better coil design and solvent suppression techniques permitted detection
limits to be lowered to useful levels. Typical layout of a LC-NMR system. The eluent from the HPLC
column generally passes through a flow cell for UV detection, in order to determine when the analyte
peaks are eluting. The flow passes to a probe that sits within the NMR magnet. There are several types of
probe design but the key in all cases is to wind the coil directly around the cell itself, to reduce the gap
between the coil and the cell. This maximises the ratio between the volume of the cell and the volume of
the coil (known as the filling factor) and increases the signal-to-noise ratio. There are three main modes
of operation in the LC-NMR system: continuous-flow, stopped-flow and loop collection. In continuous-
flow mode, all the column eluent flows to the cell continuously during the HPLC run, and NMR spectra
are recorded over the whole time. One advantage of this approach is that all components are sampled,
including those that do not give UV signals. However, relatively high concentrations of analyte are
required (1-5 m g on column) depending on field strength. In stopped-flow mode, the HPLC flow is
stopped while NMR spectra are recorded for a particular HPLC peak, then is turned on again. A series of
peaks may be measured this way during the run. The UV detector, or prior knowledge of HPLC retention
times, is generally used to signal when to stop the flow. In this way, longer NMR acquisition times,
traditional NMR techniques (such as two-dimensional NMR) and smaller component concentrations can
be accommodated. Stopping the flow does not usually affect chromatographic resolution. For loop
collection, the HPLC fractions are collected in their own capillary loops during the HPLC run. After the
run is completed, the individual loops are eluted for NMR analysis. This is useful when long analysis
times are required, for example with small amounts of sample (less than 500 ng) or in 2-dimensional
experiments. The loops can also be removed and stored for later or repeated analysis. Alternatively, the
fractions can be collected from a different HPLC instrument and brought to the LC-NMR instrument for
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analysis. The advantages of LC/NMR include the ability to distinguish between isomers, whether
structural, conformational or optical. Also, the method is non-destructive, so fractions can be recovered
after analysis and stored, if required, for later experiments. The volatility of the buffers is not an issue.
Unlike in LC/MS, both volatile and non-volatile buffer systems are suitable.

There are effectively two ways of linking HPLC to two detector systems: in series and in parallel.
With the former combination, the effluent from the column goes to each detector in turn. This has the
disadvantage that is it much more difficult to correlate the results from each system for a particular
component in a mixture, because it is analyzed at different times in each detector. Additionally, series
connection can induce leaks from the NMR flow probe caused by pressure differences between the NMR
and MS systems. With a parallel system, the flow from the HPLC is split between both detectors. This
makes it easy to adjust the split flows, depending on the type of experiment required. For example, an
analyte can be detected simultaneously in both systems. Alternatively, the MS data, which can be
acquired rapidly, may be used to direct the NMR experiments, for example to concentrate on one
particular eluting peak.

In LC/NMR, one of the main concerns is how to suppress the NMR signals from the solvent, which
would otherwise mask the analyte signals. This can be achieved using solvents that minimise
contributions to the 1H NMR spectrum, such as acetonitrile in D20 that is pH-adjusted with sodium
phosphate. This is fine for LC/NMR alone but causes problems in MS due to deposition of the phosphate
salts in the source. Alternative modifiers for the solvent include agueous trifluoroacetic acid, but this
again creates problems in the mass spectrometer by suppressing ionization of acidic analytes. Formic acid
(pH-adjusted with ammonium formate) is used in many experiments because it gives a single proton
resonance in NMR away from most analytes (around 9 ppm) and does not suppress ionization of acids in
the mass spectrometer. To eliminate the proton NMR signals altogether, deuterated solvents, such as
D20, acetonitrile-d3 and methanold4 are generally used. However, they cause problems by initiating H/D
exchange with the analyte, so giving a false measurement of molecular mass by MS. On the other hand,
H/D exchange can be exploited in MS to determine the number of exchangeable H atoms in the analyte. If
the occurrence of H/D exchange is considered undesirable in a particular experiment, it can be reversed
by the post-column addition of protic solvents (H20, MeOH) to the flow to initiate back exchange. In
order to remove any interferences from solvent signals during NMR analysis, solvent suppression
techniques are employed, the main ones being presaturation and WET (Water suppression Enhanced
through T1 effects). The former is a long-standing method that uses shaped pulses to saturate the solvent
resonance(s). The WET method uses selective pulses to excite the solvent resonances then dephasing
gradient pulses to destroy them. The two techniques take 0.5-2 s and 50-100 ms, respectively, so the WET
method is preferred for continuous-flow NMR.

One major disadvantage with NMR is its insensitivity: relatively large amounts of analyte are
required to give good signals, compared with MS. For proton NMR, 1-5 micro-g on-column in flow mode
will produce a good signal, whereas only ng amounts or less are needed for MS. This difference is
overcome by splitting the column flow after the UV detector, with 2-5% being directed to the mass
spectrometer and the remainder to the NMR spectrometer. For optimum sensitivity in NMR, good HPLC
separation with sharp eluting peaks is essential. This will also help to avoid co-interference between the
eluting components, although signals from simple mixtures of a few components can be resolved. The
level of separation employed is also good enough for mass spectrometry. In many experiments, the mass
spectrometer is used to determine molecular masses only, in order to confirm the structure determined by
NMR spectroscopy. In these cases, ion trap or quadrupole mass spectrometers can be employed. These
are also the most common instruments on the market that many labs have, so the main components for a
combined system may be already in place. Since NMR or MS alone solves about 80-90% of the analytical
problems, the combined LC-NMR-MS system need only be connected up for those 10-20% of insoluble
problems.

Our purpose is to analyze the Georgian red wine “Khvanchkara” for the first time. The experiment
results of the study *H and *3C Chemical Shifts, Proton Multiplicity and Jun for assigned Compounds in
Georgian Wine Khvanchkara are given below :

acetic acid/acetates 2.06 (s, ACH3)/23.42 alanine 1.47 (d, 7.2, &CH3)/17.17; 3.80 (RCH)/54.79 v-
aminobutyric acid (GABA) 1.94 (aCH2); 2.48 (RCH2); 3.03 (yCH2) arginine 1.68 (m, yCH2); 1.90 (m,
aCH2); 3.22 (t, 3CH2) caffeic/ trans-caftaric acid 6.42 (d, 16.0, RCH); 6.91 (d, C5H); 7.12 (d, C6H); 7.67
(d, 16.0, ACH) citric acid 2.75 (d, 16.4, R,yCH)/46.54; 2.95 (d, 16.4, R’,y'CH) p-coumaric/CCCC trans-
coutaric acid 6.42 (d, 16.0, RCH); 6.91 (d, C3H/C5H); 7.56 (d, C2H/C6H); 7.67 (d,16.0, aCH)
disaccharide 5.16 (d, 3.9, C1H)/97.02 ethanal 2.23 (d, 3.0, CH3); 9.67 (q, CH) ethanol 1.17 (t, 7.2,

562



LSISHMBZIRML 3IGE0IGIBSMS IOMBEIN0 535RIFOOL 8dG6J, Jodoob Lyos 2016 . 42 Ne4
e R
CH3)/19.56; 3.64 (q, 7.2, CH2)/60.19 ethyl acetateb 1.26 (t, 0.2, CH3); 4.12 (q, 7.2, CH2) formic acid
8.32(s, HCOOH)/169.8 R-fructose 4.09 (C3H)/84.68 a-fructose 4.09 (C3H, C4H)/77.56 gallic acid 7.12
(s, C2H, C6H, ring)/112.37 R-glucose 5.20 (d, 3.7, C1H)/95.15 a-glucose 4.61 (d, 8.0, C1H)/99.10; 3.25
(dd, C2H) p-hydroxybenzoic acidb 6.67 (d, 3.3, C3H, C5H, ring)/113.7; 7.54 (d, 3.3, C2H, C6H,
ring)/129.9 isobutanol (2-methyl-1-propanol) 0.87 (d, 6.7, CH3); 1.73 (m, CH); 3.36 (d, CH20H)
isopentanol (3-methyl-1-butanol) 0.88 (d, 6.7, CH3); 1.43 (q, CH); 1.64 (CH2); 3.61 (t, 6.7, CH20H)
lactic acid 1.38 (d, 7.0, aCH3)/22.41; 4.31 (q, RCH) leucine 0.95 (t, 5,6’ CH3); 1.72 (4&CH2, yCH) malic
acid 2.71 (dd, 6.0; 12.8, 4aCH)/39.48; 2.82 (dd, 4'CH); 4.45 (RCH)/69.81 methanol 3.35 (s, CH3)/46.15 2-
methyl-1-butanolb 0.87 (d, CH3); 0.88 (t, CH3); 1.10 (m, 1/2CH2); 1.38 (m, 1/2CH2); 1.53 (m, CH);
3.38 (dd, CH20H); 3.47 (dd, CH20OH) niacin 8.0 (dd, C5H); 8.82 (dd, C4H, C6H); 9.11 (C2H) 2-
phenylethanol 2.76 (CH2); 3.74 (CH20H); 7.28 (m, ring); 7.34 (m, ring) proline 1.99 (m, yCH2)/26.40;
2.06 (a'CH)/31.57; 2.33 (m, aCH)/31.57; 3.32 (8'CH)/49.07; 3.42 (6CH)/49.07; 4.11 (RCH)/63.76 1-
propanol 0.88 (t, 7.5, CH3); 1.53 (m, CH2); 3.55 (t, 6.8, CH20H) pyruvic acidb 2.35 (s, &CH3) succinic
acid 2.62 (s, R, aCH2)/31.74 tartaric acidb 4.41 (s, RCH) threonineb 1.42 (yCH3); 4.42 (aCH)
tyrosine/tyrosol 6.83 (d, C3H, C5H, ring)/118.13; 7.15 (d, C2H, C6H, ring)/133.30; 6.87 (d, C3H, C5H,
ring)/118.46; 7.17 (d, C2H, C6H, ring)/133.80 uridine 4.17 (C4'H); 4.29 (C3'H); 5.87 (C5H ring, C1'H);
7.88 (C6H ring) a s ) singlet; d ) doublet; t) triplet; q ) quartet; dd ) doublet of doublets; m ) multiplet.
Currently, there are works in progress for full Aroma Compound analysis of the following grape
varieties:“Alexandrouli” and “Mujuretuli”, which will be used in order to develop an “Electronic Nose”.
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Lodommz9m  LodsMmEosbs© 0mM3wgds  JMWGHMOWwo 35Bol (Vitis vinifera) Loddmderm, ol
OLOEILEHMOJPWOE FM3gozm oL BoJBHO , HMI Lodo@mzggwmdo gbmdowos 465-%By dgBHo xodol 3sbo.
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HCITIOJBb30OBAHUE COBPEMEHHBIX ®PU3NKO-XUMHNYECKUX METO/I0OB
YCTAHOBJIEHUS COCTABA U CTPYKTYPBI XUMHWYECKHAX COEJJUHEHUM IS
AHAJIN3A TPY3UHCKUX KPACHBIX BUH
M.O.JIabapTkaBa
Yuueepcumem «l'eomeou», Tounucu, I pysus
mikheillabartkava@gmail.com
PE3IOME
I'py3ust mo mpaBy cuuTaeTcs POIMHON BUHOTpaaa KyiabTypHoro (Vitis vinifera), onupasce Ha TOT (axT,
yTo B ['py3um pacter okono 465 coproB BuHOTpaaa. Llensio HacTosme paboThI SBISETCS ONpeaeIeHne
MOJIHOTO XMUMHYECKOTO COCTaBa COPTOB BWHOTpama ‘“‘Anekcanmpoymu” u  “Mymkyperynu”,
UCIONB3YEMBIX JUISI TPUTOTOBIEHUS BHHA ‘“XBaHuKkapa’. AHaJINW3 NPOBOAWIN C HCIOIb30BAHUEM
KOMOMHHPOBaHHBIX METOAOB aHaJIM3a:XpoM-Macc, XxpoM-macc-SIMP, sxuakoctHas xpomarorpadus-sIMP-
XpoMm-Macc-crieKTpomeTpus. [IpoBeserre moaTHOrO XMMUYECKOTO aHAIM3a MO3BOJIUT COCTABUTH MACTIOPT
BUHA M TEM CaMbIM HCKIIOUHTH €ro (albCU(PUKALNIO, a TAKKE CAENaTh IIar B CTOPOHY H3TOTOBJICHUS

T.H.”3JIEKTPOHHOT' 0 HOCa” .
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INFLUENCE OF ULTRASOUND ON SUPERCRITICAL FLUID EXTRACTION OF OILS
FROM BOTANIC MATRIX

Ketevan Ebralidze, Miranda Khachidze, Giorgi Kandelaki, Vladimer Tsitsishvili
TSU PetreMelikishvili Institute of Physical and Organic Chemistry, 31 A.Politkovskaia, Thilisi, Georgia
ketiebralidze@yahoo.com

In the process of extraction of oils from vegetable matrices by supercritical fluids it is very important to choose
the correct process parameters — increase in temperature leads to a decrease in yield, while at high pressure the
yield is growing, though in this case the density of the fluid and the solubility of the substances increases, so
the extracted mixture is more complex. With a view to enhancing the applied yield the ultrasonic extractor
combined with supercritical have been used, allowing lower pressure and temperature. Ultrasound provides a
high yield, but with several decrease of selectivity. In general, the choice of method depends on the properties
of the target product.

In recent years, there has been an increasing interest in essential oils extracted from various herbs
and agro-industrial waste materials. Over a long period of time essential oils were used as a food
additives or fragrances. Newly discovered properties of essential oils include antibacterial, antifungal,
antioxidant and anti-inflammatory activities. They are now widely used as natural insecticides,
cosmeceuticals, and aroma therapeutic agents. Essential oils have a complex composition, containing
from a few dozen to several hundred constituents, especially hydrocarbons and oxygenated compounds.
Different methods are used to separate these oils from the various plant materials. The composition of oil
may vary to a large extent depending on the extraction method used. The steam distillation is a traditional
technique for essential oils. Disadvantage of this method is thermal degradation, hydrolysis and solubility
in water of some compounds that alter the flavor and fragrance profile of many essential oils extracted by
this technique.

Supercritical fluid CO, extracts, are extremely pure plant extracts produced from a relatively new
and highly efficient extraction process. In practice, SFE is performed generally using carbon dioxide
(COy) for several practical reasons: CO2 has moderately low critical pressure (74 bar) and temperature
(32 °C), is non-toxic, non-flammable, available in high purity at relatively low cost, and is easily removed
from the extract. Supercritical CO;, has a polarity similar to liquid pentane and thus is suitable for
extraction of lipophilic compounds. Thus, taking into account the lipophilic characteristic of plant
essential oils, it is obvious that SFE using CO; emerged as a suitable environmentally benign alternative
to the manufacture of essential oil products.

The commercial production of supercritical plant extracts has received increasing interest in recent
decades and has brought a wide variety of products that are actually in the market. CO, extraction
produces superior herbal extracts that find wide use in the flavoring and herbal medicine industries. CO>
extracts are oils similar to distilled essential oils that can be used in aromatherapy and natural perfumery
to great benefit.

One of the main aspects that should be considered in SFE is the extraction optimization.

The use of the optimum values for the different variables influencing the SFE extractions could
significantly enhance the recovery of extraction yield of a target compound. On the one hand, the
increasing of temperature results in the decrease of solvent density thus decreases the solubility and yield
of oil. Increase of pressure increases density of CO, which induce complex extraction and makes
difficult analysis of mixture. For example, volatile oils can be extracted from a plant with low pressures
(100 bar), whereas liquid extraction would also remove lipids. Lipids can be removed using pure CO; at
higher pressures, and then phospholipids can be removed by adding ethanol to the solvent [1]. The same
principle can be used to extract polyphenols and unsaturated fatty acids separately from wine wastes [2].
Generally, higher pressure increases solubility. The effect of temperature is less certain, as close to the
critical point, increasing the temperature causes decreases in density, and hence dissolving power. At
pressures well above the critical pressure, solubility is likely to increase with temperature [3]. Addition of
low levels of modifiers (sometimes called entrainers), such as methanol and ethanol, can also
significantly increase solubility, particularly of more polar compounds.

Optimizing flow rate, operator takes into account, that the flow rate of supercritical carbon dioxide
should be measured in terms of mass flow rather than by volume because the density of the CO, changes
according to the temperature both before entering the pump heads and during compression. Coriolis flow
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meters are best used to achieve such flow confirmation. To maximize the rate of extraction, the flow rate
should be high enough for the extraction to be completely diffusion limited (but this will be very wasteful
of solvent). However, to minimize the amount of solvent used, the extraction should be completely
solubility limited (which will take a very long time). Flow rate must therefore be determined depending
on the competing factors of time and solvent costs, and also capital costs of pumps, heaters and heat
exchangers. The optimum flow rate will probably be somewhere in the region where both solubility and
diffusion are significant factors.

Laboratory Supercritical Fluid Extractor (left) and ultrasound extraction (right)

The disintegration of cell structures (lysis) by means of ultrasound is used for the extraction of intra-
cellular compounds [4]. The ultrasound technique is based on the formation of ultrasonic waves of high
frequency, which are capable of causing cavitations due to expansion and contraction cycles undergone
by the material. Such cycles disrupt the cell walls of the vegetable matrix, favoring the penetration of the
solvent and mass transfer, thus increasing the extract yield.

In particular the extraction of enzymes and proteins stored in cells and subcellular particles is a
unique and effective application of high-intensity ultrasound [5], as the extraction of organic compounds
contained within the body of plants and seeds by a solvent can be significantly improved. Therefore
ultrasound has a potential benefit in the extraction and isolation of novel potentially bioactive
components, e.g. from non-utilized by-product streams formed in current processes. Ultrasound can also
help to intensify the effects of enzyme treatment, and by this reduce the amount of enzyme needed or
increase the yield of extractable relevant compounds.

Ultrasonication is often used to improve the extraction of lipids and proteins from plant seeds, such
as soybeans (e.g. flour or defatted soybeans) or other oil seeds. In this case, the destruction of the cell
walls facilitates the pressing (cold or hot) and thereby reduces the residual oil or fat in the pressing
cake.The influence of continuous ultrasonic extraction to the yield of dispersed protein was demonstrated
by Moulton et al. [6]. The sonication increased the recovery of dispersed protein progressively as the
flake/solvent ratio changed from 1:10 to 1:30. It showed that ultrasound is capable to peptize soy protein
at almost any commercial throughput and that the sonication energy required was the lowest, when
thicker slurries were used. It is mentioned [7], that the method is applicable to citrus oil from fruits, oil
extraction from ground mustard, peanut, rape, herb oil (echinacea), canola, soy, corn, etc.

Influence of ultrasound on supercritical fluid extractions of tea seed, grape seed, and orange and
tangerine peel oil has been studied.

Based on the yield of extraction, the favorable conditions for supercritical fluid extraction grape and
tea seed oils are: T at 60 °C, P at 250 atm., time at 4 hours. While ultrasound was applied as in USFE, the
following parameters were preferred: T at 40 °C, P at 200 atm., time at 3.5 hours. The results show that
supercritical fluid extraction with the assistance of ultrasound could reduce the temperature, pressure, as
well as time used in the process. Compared with SFE, USFE could give a 5% increase in the yield in case
of grape seed and 7% for tea seeds.

Ultrasound assisted supercritical fluid extraction method were applied as a first step in complex
processing of tangerine and orange peel to recover essential oils. The yield of the oil increases up to 10%,
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but color becomes more intensive and composition more complex, which means that selectivity
decreases.
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BJIUSAHUE YJIbTPA3BYKA HA SKCTPAKIUIO PACTUTEJIBHBIX MACEJI
CYNEPKPUTUYECKOM JIBYOKHUCHIO YIJIEPOJIA
K.96pamunze, M. Xaunnze, . Kannenaxu, B.[{uumsrumm
Hucmumym guzuvecxoi u opeanudeckoti xumuu um. I1.1 Menuxuweunu Tounucckoeo 2ocyoapcmeenno2o
yrusepcumema um. Y. Jicasaxuweunu, 0186, yu. A.Illonumxoscxoii 31, Tounucu, I pysus

PE3IOME
B mponecce 3KCTpakuu Maceyll U3 PACTHUTCIbHBIX MaTpull CYHNCPKPUTHUYCCKHUMHU KUAKOCTAMU BECbMa
BAXXHO IMPaBHUIIBHO 1'[0}_'[06paTB napaMeTpbl mponecca — TIOBBIIMICHUEC TEMICpPATypbl HNPHUBOAUT K

IIOHM)KEHUIO BBIXOJIA, B TO BpPEMsS KakK IPHU BBICOKOM JIaBJIEHWU BBIXOJ PACTET, XOTS B 3TOM CIyyae
YBEIUYMBACTCS IUIOTHOCTb >KMJIKOCTH W PAaCTBOPUMOCTh H3BJIEKAEMBIX BEIIECTB, B PE3yJIbTaTE 4Ero
nojy4aercst Ooyiee MHOTOKOMIIOHEHTHBIM JKcTpakT. C 1eNbl0 TOBBIIICHUs] BBIXOAA NPUMEHEH
00BeIMHEHHBIA C CYNEPKPUTHYECKHM YIIBTPa3BYKOBOM OSKCTpakTOp, Ojaromapsi 4emMy BO3MOKHO
MOHU3WTH JaBJiCHWE W TEMIEeparypy. YIbTpa3ByK OOECHedrnBaeT BBICOKHI BBIXOJ, HO TpPH 3TOM
HECKOJIBKO YMEHBLIAETCsl CEeNeKTHBHOCTh. B 1emoM BBIOOp MeTola 3aBHCUT OT CBOMCTB ILIEJIEBOTO
IIPOJYKTA.
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INNOVATIVE FORMULATIONS OF MEANS OF PLANTS PROTECTION
BY USE OF LOCAL RAW MATERIALS

O.Lomtadze, A.Dolidze, N.Shalvashvili
Petre Melikishvili Institute of Physical and Organic Chemistry of Thilisi State University

Were developed new compositions preparation against pests and diseases of plant: Insekto-acaricide
"Antipest”, Fungicide "Antifungal”, a drug against of hibernating pests "Proinsekt" and nutritious preparation
«Si-humat”. These compositional formulations have been developed for integrated protect plants from pests.
Compositions of preparations contain approved, tested and efficient components as formulations that are
adapted to the local conditions. In this case, by using of local raw materials in preparation of compositions the
peculiarities of various countries can be considered. Such compositions together with the maintenance and
improvement of efficiency are significantly cheaper (20%) and are customized to the local market
requirements. Preparations had been tested during 3 years in field conditions with the positive results for
protection of vine, peach and other plant cultures.

The turpentine oil obtained from the pine pitch as an additive to the main active substance synthetic
pyrethroid is used in the formulation of insecto-acaricidal preparation “Antisept”. On its basis in a new
composition of the formulation together with acquired repellent properties the insecto-acaricidal activity
had been increased. That was revealed in prolonged impact on the pests from 15-18 days up to 22-25
days. Prolonged activity of preparation is covering the duration of pests’ development cycle and the low
concentration of active substance is sufficient for pests’ destruction. On the results of field trials (Table.
1) the efficiency "Antipest" when the content of 30-40% less of the active substance (cypermethrin) is at a
level "Arivo" - expensive imported drug.

Table 1. The relative efficiency “Anapaest” and “Arrivo” against to pests

. Content of . — Dissemination of . N
Consumption rethroid in a Dissemination California Dissemination
Preparation of preparation Py of the codling - of the circle
N name per hectare 1L . moth on fruit Quadra_sp|d|otus moth on
’ preparation, perniciosus on
L % . leaves, %
L fruits, %

1 | Antipest 0,3 0,25 4,1 3,6 2,6
2 | Arrivo 0,3 0,17 3,7 3,2 2,1

Consequently, the preparation “Antisept” with a small content of parathyroid and a low ecological
load has the same effectiveness as the expensive imported insecto-acaricidal preparations. The efficiency
of “Antisept” application against the various pests of vine and fruit (Lobenzia botrana, Grapholita
molesta, mites, greenflies) has been confirmed by the conducted field tests within the frame of grant
projects of the SRNSF.

Fungicide preparation “Antifungal” was prepared based on hydro and zinc dihydrogen phosphate. It
was developed due to strict ecological requirements to the food products for replacement the fungicides
containing heavy metal - copper. Water soluble hydro- and dihydrogen phosphates are obtained by
interaction of orthophosphoric acid (40-50 % Mass. on P,Os) with zink oxide (10-15% mas.) at 25°C.
That hydro- and dihydrogen phosphates have no any acute and chronic toxicity, local irritant activities
and cumulative properties. Prolonged action of preparation on the skin and mucous do not cause local
and general allergic reaction has not any mutagenic activity. Preparation does not cause corrosion of
metals. The fungicidal activity of the environmentally safe “Antifungal” according to the conducted field
tests (Table 2,3) is almost the same as effectiveness of the Bordeaux mixture with the average level of the
toxicity.

Thus, replacement of the copper-containing preparations by the new preparation "Antifungal” has
extreme importance for environment and human health protection, and for expanding of export
opportunities of local wines.
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Table 2. The relative efficiency “Antifungal” and “Bordeaux mixture” against powdery mildew of vines

Content of active dissemination of
Group of grapes Preparation ingredient in the powdery mildew,
working solution, % %
experienced Antifungal 2,0 2,5
reference Bordeaux mixture 3,0 2.2
Control: not sprayed vines | — 195

Table 3. The relative efficiency “Antifungal” and “Bordeaux mixture” against Peach leaf curliness

Group of Used preparations Used fungicide | dissemination | Biological
peach trees fungicide spray phase concentration | of disease Effectiveness
Experienced before bud | 2.0 4.2 94.4
Antifungal swelling
After the | 1.0
flowering
Reference Bordeaux before bud | 3.0 2.1 97.2
mixture swelling
After the | 1.0
flowering
Control: not _ 75.3
sprayed trees

“Proinsect”, the preparation against winterers of pests is the concentrated water-oil emulsion with
high content of oil phase (up to 80 %). Paraffinic oil is used as an oil phase. Obtaining of a stable
suspension with water is guaranteed by the content of two Surface active agents - hydrophilic and
organophilic. Preparation is dissolved in water (1:50 ratio) and obtained working fluid contains high
content of oil that determines the reliable prolonged fixation of the preparation on the plants, even in case
of rain. On the results of field trials (Table. 4) by the effectiveness of "Proinsect” has a best indicator of
than its foreign analogue " Sipkamol E ".

Table 4. The relative efficiency “Anapaest” and “Arrivo” against to pests

Dissemination of
Used California
Group of peach trees Preparation | preparations | Quadraspidiotus
concentration perniciosus on

Dissemination of
the circle moth on

fruits, % leaves, %
Experienced Proinsect 15 2,6 3,0
Reference Sipkamol E 1,5 3,5 3,7
Control not sprayed trees 28,6 12,0

For the originality of recipe preparation "Proinsect" we received a patent for an invention - P 5346.

Silicon-containing humic preparation “Si-humat” is prepared on the base of humic acids isolated
from local brown coal (Akhaltsikhe) that were treated with potassium hydroxide. In the condition of
mechanic and chemical interaction of humics and finely dispersed diatomites humic compound enriched
by the active silicon is obtained. The preparation increases the strength and sustainability of plant leaves
and young shoots against various diseases and pests. High content of silicon in preparation determines
important increase of plant stability towards the biotic stress (pests, fungal and viral diseases) as well as
increases sustainability towards the abiotic stress (drought, high and low temperatures).

Table 5. The relative efficiency “Si-humat” and “Grogrin mikro” on growth and develop apple seedlings

. . Used preparations | Average height of
Group of apple saplings Preparations concentration seedlings
Experienced Si-humat 1,0 176,3
Reference Grogrin mikro 1,0 171,6
Control: not sprayed apple saplings 158,.4
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On the basis of conducted field tests, (Table 5) by the effectiveness of "Si-humat” has a best
indicator of than its foreign analogue "Grogrin mikro".
The operational mixture of "Si-humate" diluted solution (ratio 1:100) is applied to plants via leaf
feeding, during the sprinkling the mixture spilled on the soil is absorbed by the plant roots system.
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WHHOBAIIMOHHBIE ®OPMY.JISIIIUA CPEJACTB 3AIIIUTHI PACTEHUM C
HUCIHOJBb30OBAHUEM MECTHOI'O CbIPbS
O.I'.Jlomranze, A.B. lomunze, H.W.1IanBamBuim
Tounucckuii I'ocyoapcmeennvtii ynusepcumem um. U. [ocasaxuweunu, Hncmumym gusuueckou u
opeanuyeckou xumuu um. I1. Meruxuweunu
PE3IOME
Jist 3amMTHl pacTeHWid OT BpeauTeneld u Oolie3Hel pa3paOoTaHbl HOBHIE KOMIIO3WIUM —  HHCEKTO-
akapuua «AHTHTIeCT», QYHTUIUI «AHTHQYHTamy, Mpernapar MPOTHB 3uMyromlel (a3bl BpeauTenei
«IIpouHcexkT» 1 nuTareabHbIA npenapat "Si-rymat". [llupoxomMacmTaOHBIMKU TIOJIEBBIMU MCIIBITAHUAMU
YCTaHOBJICHO, YTO pa3paboTaHHBIE Tpenapatsl Mo 3pGEKTUBHOCTHA HE YCTYMAIOT 3apyOeKHBIM aHAIOTaM.
CnexyeT OTMETHTh, YTO TaKWe€ KOMIO3WIMA TIPW COXPAaHEHHWH W YIydIIeHUH ITOKazaTenen
s dextuBHOCTH 3HAUMTENbHO (HA 20%) pdemieBle W OTBEYAIOT TPEOOBAHHWSAM MECTHBIX PBIHKOB.
[Ipenapatsl mpouulM HE MEHEe 4YeM TPEXTOAUYHBIC IOJIEBBIC MCIBITAHMS MO 3aIIUTE BUHOTPAJIHUKOB,
(PYKTOBBIX H JPYTUX KYIBTYP C BEChMa IMOJOKHUTEIHHBIMU PE3yJIbTaTaMHU.
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ION EXCHANGE PROPERTIES OF GEORGIAN SCOLECITE

Spartak Urotadze, Nana Osipova, Tamar Kvernadze, Vladimer Tsitsishvili
TSU PetreMelikishvili Institute of Physical and Organic Chemistry, 31 A.Politkovskaia, Thilisi, Georgia

Somel physical and chemical properties of Georgian scolecite from Kursebi, especially the ion exchange in
dynamic conditions have been studied. Dynamic exchange capacity depends on conditions of the process, it is
is highest for 1N solutions, it increases with the rise of temperature and decreases with flow rate. Selectivity
series are as follows: Rb* > Cs* > K* > NH,* > Na* > Li*; Sr*2 > Ba*2 > Ca*? > Mg*?; Cd*2 > Cu*? > Mn*? >
Zn*2 > Co*? > Ni*2,

Scolecite is a tectosilicate mineral belonging to the zeolite group; it is isostructural with the sodium-
calcium zeolite mesolite and the sodium zeolite natrolite, that belong to the NAT type zeolites (IUPAC
formula |Nais(H20)16| [Al16Si2aO80]-NAT [1]), but usually general formula of the scolecite is expressed
like for a hydrated calcium silicate, CaAl;SizO10-3H20. Chemical composition of Georgian scolecite from
Kursebi given in Table 1 is compared with data for two scolecite samples from India [1].

Table 1. Chemical composition of scolecites, %

Component - Location
Kursebi Syhadree Mts. Poonah

SiO; 46.24 45.16 46.10
Al,O; 26.41 25.90 26.32
Na20O 1.20 0.16 0.12
K20 0.46 0.06

CaO 12.21 14.86 14.22
Fe.O3 0.04

H.O 13.42 13.66 13.60

Scolecite is a common zeolite, but it is a mineral of secondary origin, and occurs with other zeolites
in the amygdaloidal cavities of weathered basalts, also in gneisses and amphibolites, and in laccoliths and
dikes derived from syenitic and gabbroic magmas, and in contact metamorphic zones. It is a hydrothermal
mineral derived from low temperature alteration of basalts and related rocks, associated with other
zeolites, calcite, quartz and prehnite.

Scolecite has long ordered chains, rotated 24° round the axis of the chain. One Ca cation and three
H>0O molecules are in four ion sites in the channels parallel to the ¢ crystal axis. Channels <100> 8 2.6 x
3.9%* < [001] 9 2.5 x 4.1* are variable due to considerable flexibility of framework (see figure 1).

L1 Fig. 1. Scolecite framework viewed normal to [001].

Application of scolecite is not so wide, as of cliniptilolite
and other common zeolites, but natural scolecite from India
has been found as an effective catalyst for the one-pot
synthesis of 2,45-triarylimidazole derivatives via a three
component reaction using benzyl or benzoin, aldehydes and
ammonium acetate [2]. In Sudan scolecite was successfully
used for removal of heavy metal ions from industrial
wastewater [3] using its comparatively high ion exchange
capacity.

The aim of our study was to determine the ion exchanging
properties of Georgian scolecite.

X-ray powder diffraction pattern (figure 2) is in a good agreement with calculated pattern from the
“Database of Zeolite Structures” of the International Zeolite Association (http://www.iza-structure.org/).
Calcination of scolecite samples up to 1000°C results in nearly total amorphization, but after 1040°C
restoration of the crystal structure takes place.
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Fig. 2. X-ray powder diffraction patterns of scolecite

Such high-temperature transition was described by C.J.Peng on the basis of the DTA curves of
natrolite and mesolite showing a high-temperature exothermic peak just above 1000°C. Investigator
concluded, that “it results from recrystallization”, but the exothermic reaction on the natrolite curve had a
very small intensity and was shown only by the minus 80 mesh fractions, so “the raction may be a simple
and easy one so that not much heat is involved”. The exothermic peak on the mesolite curve is a sharp
and strong one, the scolecite curve recorded by C.J.Peng was in a range from room temperature to
approx. 900°C, but strong exothermic peak > 1000°C has been fixed for the Georgian scolecite (see figure
3).
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Fig. 3. Thermal analysis data of Georgian scolecite

The DTA curve of scolecite also shows sharp endothermic peaks. According to TG and DTG curves,
first reaction starts at about 170°C, and produces a broad V-shaped peak at approx. 350°C. The same large
breadth or the peak and its “strange” change in slope on the high-temperature side, as mentioned by
C.J.Peng, suggest that it is a doublet with a small and poorly defined subsidiary peak die to the
transformation of the mineral to metascolecite [4] CaAl.SizO10-2H,0, which has long been recognized as
a high-temperature form resulting from the removal of one water molecule from the zeolite.
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It is clear, that since these two reactions, partial dehydration and phase transition, are so closely
related, their thermal effects may overlap and hence cannot be well separated on the DTA curve.

The second endothermic effect starts at about 440-450°C, and forms a doublet with a small auxiliary
peak at about 470-480°C, and a sharp major peak at 500-520°C, correlating with the final shoulder on the
dehydration curve due to the lebaration of the other two water molecules. The powder X-ray diffraction of
the Kursebi scolecite heated up to 600°C shows only a few diffuse lines, thus indicating the reaction as a
result of structural disintegration.

The same effect of microstructure collapse takes place after acid treatment of the scolecite by HCI
solutions with concentrations over 1 N; water adsorption capacity (table 2) and content of compensating
cations (table 3) also significantly decreases for treated samples.

Table 2. Water adsorption of scolecite and its acid treated forms

HCI concentration, N a, mmol/g V, cm¥/g.

0 2.9 0.052

0.05 2.05 0.036

0.1 2.42 0.041

0.25 2.51 0.046

1.0 1.25 0.028

3.0 0.87 0.01

Table 3. Chemical composition of acid treated scolecite, %

Components Raw scolecite 0.1N 1N 3N
Si 21,60 23,00 25,00 25,10
Al + Fe 14,00 12,60 11,00 10,90
Ca 8,70 6,50 2,90 1,00
Na 0,90 0,60 0,30 0,02
K 0,40 0,30 0,20 0,01
H20 20,80 19,20 17,20 16,80

lon exchange properties of scolecite graines (diameter 0.50-0.65 mm) have been studied in dynamic
conditions (glass column with diameter 20 mm, length — 200 mm, total zeolite amount — 55 g) using
solution of metal chlorides with different concentration (0.1; 0.3; 0.5; 1.0; 1.5 and 3 N) and pH ~ 5,
passing through the column in an amount of 500 ml with different rates (5, 10 and 15 ml/min), output
concentration of metals was controlled by the ion chromatography (Tsvet-300, USSR).

Sorption of cations on raw scolecite at a flow rate of 5 ml/min and room temperature, and dynamic
ion exchange capacity (DIEC) are given in tables 4 (alkali metals) and 5 (alkaline-earth and transition
metals).

Table 4. Sorption and dynamic ion exchange capacity of monovalent cations

lon Rb* Cs* K* NH4* Na* Li*
Sorption, w.% 60.2 55.2 50.5 50.1 455 38.2
DIEC, mg-eqv/g 2.7 2.5 23 22 2.1 19
Table 5. Sorption and dynamic ion exchange capacity of divalent cations
lon Sr2 | Ba*? | Ca*? | Mg* | Cd*? | Cu*? | Mn*2 | Zn*?> | Co*? | Ni*?
Sorption, w.% 712 | 665 |57.2 [ 452 (371 |358 |305 |295 |28.0 |26.2
DIEC, mg-eqv/g | 3.2 3.0 2.6 2.0 1.7 1.6 1.4 1.3 1.3 1.2

Dynamic capacity depends on conditions of the ion exchange process — concentration (figure 4),
temperature (figure 5), and flow rate (figure 6) of exchanging metal chloride solution.
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Fig. 4. Dynamic ion exchange capacity of Georgian scolecite for monovalent cations at different
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Fig. 5. Dynamic ion exchange capacity of Georgian scolecite for monovalent (left) and divalent (right)
cations at different temperatures of solution
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Dynamic capacity of Georgian scolecite is highest for 1N solutions, it increases with the rise of
temperature and decreases with flow rate. Selectivity series are as follows:
Rb* > Cs* > K*> NH;" > Na* > Li*

Sr+2 > Ba+2 > Ca+2 > Mg+2
Cd*?> Cu*?> Mn*2 > Zn*? > Co*2 > Ni*2.

The obtained results showed that Georgian scolecite can be used effectively as ion exchanger, for
example — for the removal of heavy metals from industrial and other wastewater. This naturally occurring
material provides a substitute for the use of other materials as adsorbent due to its availability and its
comparatively low cost.
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Spectrum B

Result Type Weight %

Spectrum Label = Spectrum 6 Spectrum 1 Spectrum 2 Spectrum 3 Spectrum 4 Spectrum 5
B 55.68 56.18 62.36 51.89 53.67 58.01
Cc 39.00 35.65 31.97 43.22 37.45 33.59
0 4.70 6.31 5.04 4.23 7.70 6.04
Mg 0.62 0.85 0.64 0.66 0.68 0.99
S 0.31
Ca 0.33 0.19

Ti 0.68 0.32 1.06
Total 100.00 100.00 100.00 100.00 100.00 100.00
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Label 14 15 16 17 18 19 20 21

B 53.01 54.50 51.92 37.23 56.97 50.88 50.14 51.53
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0 5.76 5.37 4.34 4.74 4.60 4.46 4.79 6.79
Mg 0.82 0.56 0.63 0.60 0.53 0.42 0.44 0.53
S 0.14 0.19
Ca 0.18
Ti 0.45 0.23 0.55 0.29 0.26 0.21
Fe 0.49
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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Spectrum 11
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Sum
Result Type Weight %
Spectrum Label = Spectrum 7 Spectrum 8 Spectrum 9 Spectrum 10 Spectrum 11 Spectrum 12
B 32.51 56.77 33.35 39.63 56.24 64.19
C 0.80
N 50.53 33.93 46.84 40.67 36.44 29.37
] 11.01 4.63 9.48 7.37 5.04 3.39
Mg 2.22 0.77 2.93 8.55 0.76 0.72
Al 0.09 0.23 0.06
Si 0.08 0.13 0.06
S 0.41 0.20 0.34 0.15 0.18 0.12
Cl 0.00 0.02 0.01
Ca 1.10 0.49 1.16 0.55 0.53 0.33
Ti 0.45 0.19 0.35 0.22 0.19 0.11
Cr 0.23 0.12 0.21 0.17 0.14 0.07
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Fe 0.75 0.38 0.57 0.40 0.40 0.23
Cu 1.64 2.86 1.42 0.87
Zn 0.73 1.55 0.86 0.52
Total 100.00 100.00 100.00 100.00 100.00 100.00
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Result Type Weight %
Spectrum Label Spectrum 9 Spectrum 10 Spectrum 11 Spectrum 12

B 60.46 61.61 58.06 60.00
C 9.82 8.27 9.97 9.15
N 27.33 29.74 28.70 28.18
0 1.66 2.06 1.88
Mg 0.09 0.06 0.10 0.06
Cl 0.03 0.02 0.02 0.03
Ca 0.12 0.06 0.07 0.13
Ti 0.09 0.71

Fe 0.12 0.06 0.11
Cu 0.27 0.16 0.17 0.28
Zn 0.09 0.10 0.17
Total 100.00 100.00 100.00 100.00
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ELABORATION THE TECHNOLOGY FOR PRODUCTION FINE-GRAINED STRUCTURE
POWDER COMPOSITES BN, B4C AND BxCyN; IN B-C-N SYSTEM BY SHS METHOD

Z.Aslamazashvili, G.Zakharov, G.Mikaberidze, M.Chikhradze, G.Tavadze, G.Oniashvili
Ferdinand Tavadze Institute of Metallurgy and Materials Science, Mindeli 10, Thilisi, Georgia
Zura.aslamazashvili@yahoo.com

SUMMARY

Modern scientific research main objective is to orientate industry onto development and realization of
resource-saving, environmentally friendly technologies. For energy consumption and reduction of
technological duration, Self-propagating High-temperature Synthesis (SHS) technology is one of the
perspective one. The idea of SHS technology is realizing the process based on the exothermic reaction of
components in combustion regime. The technology is characterized with high productivity, low power
input, high quality of the obtained produce and ecological efficiency.

The main idea of the work is to study the possibility to fabricate radiation resistant and radiation
protective ceramic materials from 1°B and B containing row material (B.Os). At the first stage this leads
to Elaboration the technology for production fine-grained structure powder composites BN, B4C, and
BxCyN; in B-C-N system by using effective SHS technologies. At the second stage on the base of fine-
grained BN, B4C, da BxCyN, composites, will be elaborated ceramic materials in Ti-B-C-N system, that
will have high values of physical and mechanical properties such as hardness, compression stress, wear-
resistance, resistant to scale formation in aggressive areas. These materials will work under high intensity
dynamic loading.
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PA3PABOTKA TEXHOJIOI'MA TOJIYYEHUSA MEJKOCTPYKTYPHBIX IOPOLHIKOBBIX
KOMIIO3UTOB BN, B4sC U BxCyN, METOJJOM CBC B CUCTEME B-C-N

3.AcmamazamBmm, I'.3axapos, I.Mukabepumze, M. Uuxpamze, . TaBamze, I.Onnamsmmm
Uncmumym memannypeuu u mamepuanosedenus um. @epounanoa Tasaosze, yn. Munoenu 10, Tounucu,
I py3us
Zura.aslamazashvili@yahoo.com

PE3IOME

3agada COBpEMEHHBIX UCCIICIOBAHUI SBISETCS OPUEHTANs IPOM3BOACTBA Ha Pa3pabd0TKy U Peann3aliio
SHEProcOeperaroeil AIKOIOTHICCKH YHCTON TeXHOJMOoTHH. OIHON M3 MEepCIeKTHBHBIX HAIIPaBICHUM 10
YMEHBIIEHUIO MPOAOKUTENBHOCTH TEXHOJOTMYECKOIO IUKIa M 3KOHOMHUHU 3JIEKTPOIHEPTHM SIBIISIETCA
TEXHOJIOTHSI caMopactpocTpanstomierocs BeicokoremneparypHoro (CBC). Cymmuocts mnporecca CBC
OCHOBBIBA€TCSl Ha MPOBEICHHUE MPOIEcca CHUHTE3a O] BIUSHHEM 3K30TEPMHUYECKOTO B3aUMOICHCTBUS
KOMITOHEHTOB M C TOCIIEAYIOIIUM CaMOMPOHU3BOJIBHBIM pacrnpocTpaHenneM (poHTa ropenus. [lpomecc
XapaKTCpHU3yeCTCA BBICOKOIH MMPOU3BOAUTCIIBHOCTBIO, J3KOHOMHWYHOCTBIO U BBICOKMM KadY€CTBOM
MOJY4YEHHBIX IPOTYKTOB.

CyumHoCTh W OCHOBHAsl LEJbI0 pabOTHl SBISIETCS.  HCCIEAOBAaHME BO3MOXKHOCTH  IOJYYEHUS
AHTUPAJUALMOHHBIX W PaJUAllMOHHOCTOWKUX KEPAMHUYECKHUX MAaTepHaOB M3 JCMIEBOrO OOPHOTO
anruapuga. B mepByro ouepens mpemycmarpuBaercss dddektuBHo CBC TexHONOTHEW MOMydeHHe
nmopomkoBeix kommo3utoB BN, BsC u  ByCyN, ¢ menkomucmepcHO# CTPYKTypoill M pa3padoOTKy
TEXHOJIOTHH X TonyueHus. ClenyromeM HallpaBJIeHUEM HCCIe0BaTeIbCKOW PabOThI - 3TO MOTyYeHHUE
Kepamuyeckux matepuanoB B cucreme Ti- B—C — N., Ot marepuainbl OyayT UMeTh BBICOKHE (pHU3HKO-
MEXaHWYeCKHe XapaKTepUCTUKH, TaKHe KakK: TBEpJOCTh, MPOYHOCTh MPHU CXKATUH, U3HOCTOMKOCTH,
OKaJIMHOCTOMKOCTh, CTOWKOCTh B arpecCHBHBIX Cpelax, KpoMe TOoro OyAayT paboTaTh B YCIOBHAX
JUHAMHYECKUX HAarpy30K BBICOKOW MHTEHCHBHOCTH.
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Lo35gMHm  bogmEgdo FoMdmoddbgds "mbdm", b "08300" gobdb@gzs, MMIgLsg 9J3L  Fobadsol
993m@ol  s@GMIPPs©  obmEoMgdol bsmo, MHmIgwbog 9MeEOLMEOMmYdWE  IMEH3YIdMNSE
9d0gH»qd0LSL Foedmddbosd mbmbL.

99dGHMMEBOL MO, HMIWIIOF FOYMBOEI0S OJIJGHM0I0m, 5MobL 2-3 33-0560 PoMdO, HMIol
239303 “OIM3L 35960 9B Hobadso. gEgdBHMHMEIdL Jogfimgds Fomswro dsd30L (33ee©o gbo (10 -
20 30@mzme@0). obgmo  MHBMBIGHMMIOOL  FoMToMBS  TIMZ0EIOMos 3936 FodBHmODY: dsd3,
Lobdo®g, 359600 b 5563050l dofimgdol Lobds®g, gargd@MHMmEIdOL 25303905, MBMBsGHMOOL wydsmdols
23960LsBEZM BSJBHMOL HoMBMoqbl 3mb3MgEWwo 9bgMA0s, 9699 A563MbEZ0L sdEHowEmo dsgrols
895350905 359MH0L 96 7963050l BsboMKR 6. 89-3 BobobBg b65B3969005 ,d5M0gHME 6 ,, MbIm®
296399HE30Lsl MBMboL Jowgdol bidqdo.

1

*|

Bob. 3. ,056M090v0“ 96 ,, b3 2563bEHZ0L MBMboGmMo
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mbBmbol Homdmgdol 3OHmEqlo bemMEogwads 8909Yabs0Ms®. 5GHIMLEBIOHo 359MH0 LalidM¥yEom
d900m39%s, 35960l gowEGHG®OL 09839Mmd0m b3gds MBMbsGMMol dermzol dodwgd 35d9Gmsdo, 9999y
2390l 9459962530 BMEo@ol s dobol  (ogwgdBH®ozol) 9wgdBHmHMmEIdL Mol As3wom, Loos
999 GO0 2560bGH30L Bgdmgdggdoom FoMdmodzgds mbmbo.

Jodom®o  Ggdbmmmyool  Lygmmdo  QoBsOMMIPRdMwo  33¢g30L  JoBbom,  bydmowbodbero
mBMBsGHMM0 ©odMbGH 7S 6. 530dol 5MMmMYBMEo Jodools s gergdEmmgodool 0blEGo@EwETdo (Bob.

Bob. 4. mBmbob agbg@o@m®o

360Hm3980L EOML MHBMboMmYOMo ggdgbEB ool oaMowgds bmM0gwEgds godsgswo fywoom.
796205000L MBMbs@EHmMol BogdlodserMo Fo@domds dgoyqbl 100 a6. O3 /lod.

936™35L5 s 593-do dgBHLHows ofoMmdmgdgb dowszmgsbo GHodol  4gbgMsEmMmgdl, GMmIwgdos
2390339 fos@ §osge396 1200 -1500 33 Lodsol MdMY5I390L, HMIgeroa dggds 200-300 oo 45
90 ©0539EH®0oL dJmbg Jogdobsysb.

1 33 ™bBmbol xgm®IoMgdobmzol  ggbgMo@mmgdol mdg@gbmdsdo obstxgds 16 -18 3338 / Lo
96205000056 5 32 -36 33¢) / Lo 359006 MBMBOL Jomgdolisl.

mbmbolb Fgdbmermyogdobsdo gsBgbowo oo 0bEGaMalio Asdmfzgos mbmbol »bozswrw®mo
30909000, 3065006 0 dE0gMo MJLoIBEHO s sBEHOBIJEIMOMWO 5396105, oS 5T0ls, MBMbOL
39J5mMma0g00 93ME™A0Ms© LYRMss, o3 BOHEOL MBMBOL godmygbgdolisdo 0bEHgmall, Lo
153396d™ 9enqd96E 00 MmBMbOL 4gbg@s@EHmmo.

mbBmbol  g9bgGoEool, d3M0gH o gobdMbEH3oL  BHGMooEoE FgmMEYdMD  ghmo, dgBEe©
3960b39JBH0ME0s  HMBIMOIOHMO MDMBOL  AgbgBoBMmGgdo [6]. ®mbBmbol Lobmgbo bmGEogwgds
"39L350M0" 2obdbEz0L IbTsMIOOm, HMIgEoE HoMImoddbgds sMSgMMY39MHMZD gergdGHrme ggerdo
©5 OHMIGoE 395030 oRMHBYOHo Bomgdom od8moMbgzs. gegdGH®™m©gdol LolEgdsdo "FgmEow-
LOBdMEYMZ960" 2563bEZS LESVOW MM, d5bdowo gargd@EMHMmEgdl FmGmol, dglsdsdola, 150 - 300 3d-0s
(89008030 dsd30L 100 - 300 3mEHoL 306HMdJdT0), 535LD MBMBOL Fsdmbsgswro 359Gdo Ggoygbl 0,1 -
0,59/ bownlgy /3 - 55680500L 306HMd50T0.

9936090 gdds 9903 3og9L MBMBOL 2969MGMMmYPIO dM0IMHY0 gobdMbEHZoL 4oM9dg LobGHgdom ©s
339%0-00399bosbo  Joowo Loddwsgzmol  33900m. ©OYEXIIGHOMWO  BMOIMOL  5MIMLIdMOOL  5TM,
mbBmbol 2969Ms@MEM0  bBoLosMPYds Fsewo bs0gEMMdOm, MMIgEoE FsdmMoEbsgl d9dmbgggzomo
Bo39Of 350  gegd@GmmEo  LobGHIIol  EsH0sDGILL.  SHIMLBIOH  (ogddscro) 35960l
2458myg9bgdom, MmBMmbol Jogdol s®sdsM0IMHWo FgdbmeEmyool, "35U35MM0" 3368mbEzol sGLYdMEo
530U90MMGdss  LGHMVOWWOO  FNTomds.  d1g3g  MDBMboL  A969MEHMMIOL  Qoohbose MmO
LAHONIGHOS, B3 MYBOHMBIgYMBRL INALsbMgMdOL LodsMEGHO39L, 1939 0dWI3s BoOMM EOs35HBMBI0
§96350MmdOL 350060930 bodoEgdsl, 4 - 50 6. O3 /Lo, 9bgMYYGH03NWOo A5TMbz50s 20 - 40 g / 333). L.

056MH0gMo 2obdMbEHZ0L MBMboL 3gb9MoEHMMOL, 5M0dMOgMHME  3qbgMsEMMmdME  dgsmgdoom
593 99900930 M30M5GHJLMdIdO:
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¢ 5RO 596D 3v9dsmdol Loodgommds.

e 35960L 9ndbsgdolm30L boMxgdol sMHSOLYdMDS.

o 350o0 9x89IGIOMBIOL, Joowro dsdz0l 33900, 98 dob0dMa 90% -ob FgsmmUL asdmygbads.

e 256399bGH30L  FMogdo oW BHOMo BMOYMHOL s 3esHIMM-Jodome  M95dEHmEdo,
6539605300356 258mbEHMA5BY FMAMBOSOHMIOL sGIMLGOMDS.

. H95dBHMMOL JMBLEGHMMJ300 o6 LoFoMmmadl 3Mg30boE Lsdwdsmadl o3 ETobILOsMYdJ0s
AM5O309W0 dM0JOHY0 MBMBIGHMOHFIOLMZOL.

Bob 5. bsBggbgdos ,39b390M0“ gobdMbB30l,  ©OIWBHOWO BMOIMOL F3MHgIg MBMBIGMMOL
Ldgds.

; 2
T, _c_/. fi ’/!L

/

//’ /
£=r A AL A A
ISVARVARVaRvARvAY
4

:
|

300356005 "35000MMx 96 G9bmEmy0"-b s 6. 53Wsdol, sGMMEmYBEO Jodools s gegdB®mdodool
0bLAHOEGHMEGHOL 056533OMIMGdOL IH35¢er0sbo 056598GMMIMdOL Fggas© dg0gddbs doMogMwmEo ©o
MBsMH0YMHM MBMbsEHMMHGOOL H58Ybodg 3oM06E0.

006065305, OMT  "35000OMXID  BH9Jbmwmxo -l 1b3gzoswobEgdol doge  Fgddboeros o
569M2005  Lods®mzgermli  Loboewbm  dgm@mbgmdols  Lbgoaslbgs bgd@dm®do ©®s0gbody  smgweo
Lb3goolbgs FoMdomdoL ©s ©sb0dbmgdol MmBMboL dgbgMo@m®o, MaHgwsg dmodmggds Jglodsdolo
593900. MxuO™ dg@os, 2015 Ferol 939009630, 0. X935b0830ol Lobgurmdols Mmdowoliol Labgardfogm
Mb039MLoEIGHOL Logdudmbogom ©sMdsHI0 45dMm0B0bs OMAMOE WsdMEMSGHMM0MOo, olg LofoMmdmm
5608699 gd0b, MM 0smdOL MBMbOL 4gbgMsEMmMmgdo, GMmIgEwms JoMmBomds bodwyswm 3 - @6 50 g
O 3/ bo -y 99OHYgmdEs. 9Judm-EsMdsBTo bsB396900 oym 3MBLEHMMJs0Mws© gsbLlbgsggdmmo 12
mBmbol g9bgMo@mmo, HMIWgdol IMdomdobol bolosmEId0sh Ls0dgEMMdOm, 3MI3sd@IOMBOM
5050 969MM-0mbdsmgdom. mbmbol ggbgMs@m®gdol LogdudmbBogom Bzgbgds 2s630MHMdIdMEO 0ym
00 30Bbom, HMI M35bsmnwog EsLdMMIdogm J399sbsdo 3m835dGH1IM0, B0 VOMmYIMGOOL
mbD™bob 4969 oEHMmMgd0L HoMdmgdol 5930w gdEMds s HoMdmbgbowoygm sdols Gglsdagdarmdgdo.

36Md0oE0s, HMI MBMbo 0580 3MMEMIE0s, Bob FoMmBmgdsby obotrxgds bozwmgdo HglvOLO, 30MY
olgm 393039 gOME 0596839 gdBY,  OMYMOHOESS  Jwm®o,  igoedsol  Bgssbao.  mbmbol
©O0MJOMgds 2 - 3 IO MBOM B0, 30000 bbgs 35569391 qdobs. HmEgLsg bgds MmBmbol ©o
Jmeolb  dsgbobgogo®gdgwo  98gdBHOL  89aMgds,  godmo3zgmgds  MmBmbol  360336gcmgzsbo
306053 gbmdJ00. MBMbO BJBHIM0JOBY SMHRIO S SBXIME BOM LEMIRI© FmJdggdl, 30006 Jewm®o
[7].

oMM Hergdol gobdogarmdsdo, 3m83sbos "350MMX 90 BHadbmermxo" s M. 53esdol SMOMMASBMEOo
dJodoobs @s gargdBdmdodool obbEoGWEOL JogM 99083000 S FMBEYYOMIos  sbao
@OB¥MMIGMOHO0NO MBMbsGHMM0, dqgoddbs FomEH030 s Lsodgom 3JMIZWgJBHOEG0d IdIWO GbgMYM-
dmbdsmgdoo.

93Mbm3oMMs  Fomow-9839JBH0sh  dmfgmdomdsdo  hsdmbEoggdmos  35GeMs  3mI3MLMmGO,
fomdomdom 4-5 @ / fo. mBmbs@m®ol 33905 bmOEogwwogds Jugwosh 33wso ©gboo 50 Hz
Lobdomols s 220 V dsd30l 306:09000. godsm0o@goo : 150 x 200 x 100 (1), dsbs - 1.2 3a.

mbBmbol domqdol fyom FgoMbs @Ol gsbsmgdol bsmMs. ol Fows ©gbol ool batx by,
B Mol Bge3omBy, MsbgEsi 39900l H9bds0 3MEIIds, LoBsMEOL  Gow®s bmdobser®
6950080 Jdbol MmBmbL.

Bob. 5. mBmbob 39bg@o@mdo.
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mBMbsGMM0 339 3993005 0bLEHOGHMEHOL WsdMMIGMM0sdo 359M0L I306Mg dmbdstgdolsl -
9605000L Bog30 4 - 5 @ / for. mBmbol 49bgMsGH™m®o MHOHMB3gEYmRlL MBMbol FgsMgdom dowow
3mb396@®s30sL - 0,6%.

dg- 6 BobsBbY IMEH60E0S WSdMMIGMOHOMEO MBMBOL 3gbgMoEmMo.

Bob. 6. @sdMBIGHMOHOEo MmDMBOL yabgMeBHmemo. Q =™ 3 a®. O3 /Lo

6.530059dob LabgEMdOL sMoMEMY6wo Jodoobs s gargd@Hmgodool 0bLEOEGHWGHT0 ©s3To39dw90s
05629630l Bobgdol s  @odgdol  299EOEMYBOL  sDBMmETFo3MH0  BHgbmemyos. gl Igomo
390mfidgdeo 0dbs GHMLbmogol U/y « sbm@ »-8o, bBobggdo Lofo®dmm 30MmMmdgddo.  dgoddbs Moo
0300500 BHgdbmwmyon®o bdqdgdo d90gao boghmgdol dolowgds : Mn(OH)2, Mn203, KMnOs,
NaMnOs, , MnCOs3, MnSOs4, Mn(NOs)2 s MnO:2. 3o0gdeos 99990 990960mdol dsbasbwdols

30b396¢Hs@q00 :
Mn — 65-68 %, CaO + MgO -1,5-3%; R20s - 335¢m0, SiO2 - 33sewo, P —0, 005 —0,009% [8-10].

Joobbmen  30Mmdgddo  3gMdobysbs@ol  Jaolbogw®o  dgmmom  Jolowgdo  dobyebomdol
3Mb396GM9G B0 3sdmo3o@s J. Bmbzm3zol 350330l Lobgwmdol Jodowe JoMbobsdo s J. bszol ome-
0MHMAoL Lofo®mIMBo, MMO3z9990 F0WYPIMWOs III0O FYRI0O.

50b0bmwo 2s8m300900L 8gdamad 3gHomdo Ggdbmwmmaool LOMwYmaol dobboom bgzgbl dogem
d9Boboo  33eowgdgdo dmbobxmwo odbs 0bLGHoGMEHOL LabEGgbm dowm@Mem BBy (ob.
Bobo®o 7). bobobbg dm@obowos 200 ¢» dmEmEmdol Mgod@m®o, LogMmm s IM30EMBOM, 450OMBO,
LoM9g39rom, bLbbsMOLs s Fobgsbmdol dofimgdol LolEgdom. MYod@™mMmol Tobsero dgoMbs Msbysgz0
gmmoo EU - 943, ®mIgwos 00yMoos MHmamME amao®©dgegs, o193 sBm@Egs3s goMgdmdo,
©5650Y9M0  50FNMZ0w05 BIBIMS IE0WJOOL Lodegdom, Bo0xgMMOL bmpgowEH®om, (Loghmm
3o 0, 1 3%) s 3dMHMBs30 MO0 oW GHMOm, o GM300L BsGmos 0,1 3%.

993960096 d98mfagdmwos FosmEmol Fsbysbmdol Gobgdol s Wsdgdol d5esdvdsgzgdols
sBm@IFo3MMH0  3OmEglbo, GmIgwdog B3zgbl dogh  FgBobowds (33w0wgdgdds 33083965  5356M5EHOL
§9608500md0L BMIS s FobsbmBol Ibs3oMyqdol 8993060905 b Mgdom 15%-00.

dobgsgzo 0dobs, MH@I Lobsewbm  dgm@bgmdol  Lbgoobbgs bgd@m®mdo ®mbmbol  LsFoMmgds
360036900 m35605, dolo odmyghgds x96 3093 dogrosh dgbemmEos. gl s0blbgds 3oMzgwm Hogdo
odom, MHMI 56 9modgdbgds Loodgm, gbgMamgngddwOo ®mbmbol ggbgMs@dmMgdo. Lsdggboghm -
3393000 b53wdomgdol 3o63000Mmgds MmBmbol Lobmgbol Fodo®mNgdom d56939m369ds ghHm-gm
939519 989IGNO ©d 390L39HoYwo GIFEMEMYONG 3HMEILYDL.

Bg0mm 50606 8g-7 bobsHBg dImEsbowo Ladowm@g sbsys® -dmfiymdomds 4530Bbyeos
3BM@035358 IgmmEom Fobgdol s Fobysbmdols dersdgdol sdmdsgzgdolsmagob.
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Bob. 7. sDm 055358 3gom©om dobgdol s Fobyobmdol Fersdgdol @slsdds39d9wo bodowmég
b5 YM0

330605 bobgsbidom gdm3zgmon Msdgbobyg dmbsbmgds.

I 3oc0ndol 39M0obgobo@ol Fomdmgds 989dbgds 30¢0dol Fobgobo@ol  FoMdmgdsl, bmem
056296530l o796335  39eomdol  3gMTobyobo@o BMMmE0ggds mbmboll d983gmdom, MMIYEO3
300390 063IBLOGOISEO0L bsdreEgdsl 0dergzs, d0wgdwEo 396M3s6ysbsEHOL 85% IMmOLEIWMGmOs [11-
13].

2Mn20s3 + 8KOH + 302 = 4Ko2MnO+4 + 4H20
2KoMnO:s + O3 + H20 = 2KMnOs4 + 2KOH + O2
!

II. MnO:2 - y 9m©03035300L 300gds 993dbgds dsbgobsydol 3mbigb@®ma@qdol, sDm@ol b gmaotmols
059300 250m@H¥AH3oL. 800gdmwo 3sbasbmAol Bo@B®moBo b LEgsEO 05563905 MBMmbom s Boowgds
§36M0@ol3gMHLYIo, 9530 BgMHoL Bsbsbmdol omdboo. gotgisbzol s 300K FH9a3gcmoEMMeBy IBMdOL
890099, J0MH0mM0 bogmogMgds 99500890l 88-90% MnO 1.9 - 1.97.

963296mR5MH0 sBseoBom 33agzs 0dwgzs Y - 3mEOx035300LM30L TebolosMYdgE 30390l
[14].

Mn(NOs)2 + Os + H20 = MnOz |+ HNOs + Oz
MnSOs4 + Oz + H20 - MnO:z |+ H2SO4 + O2

IOI. @o@m3mbol §o@mdmgdsdo, Mmool  30EOHMLMEEBIGHOL  gsbsfdgbosw, obggg  G3obol,
35696m30L s Lbgs 90bsMg39d0L  dmBOE30mgdws©, boG®omdolb 96 35w Eowdol  3odmgammool
Bo33eo 390mygbgds mbmbo 899ga0 bdgdol msbsbdago [15] :

2FeSO4 + 2Ca(OH):2 + H20 + O3 —* 2Fe(OH):2 + 2CaSOs + Oz
MnSOs4 + H20 + O3 = MnO2 |+ H2SO4 + O2

IV. 30¢089@s0m6Ho LwwaoyOo 350bgdol garm@szoolsl, NaCN-ob 95303050 498moygqbgds
mbBmbo, OHMamO3 LBIWIOOGHOL s 30M0GHOL I3MJLMEMO. Jogdmwo  dmbsggdgdo Ebswymal, ™A
BmEH300L MM MmBMboL 450mygbgdol dgdmbggzsdo Mmool s3megdol dsBz9bgdgwo 3-5%-om
Q5d300, BYz00Ls 30 1-2% -00 93¢0, 30O 30560 3OMEgLA0, MBMObOL 3MHM3MM 0o dmbdsmgds
56 509953905 20-30 9 O3/ & Foobby [ 16,17].
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LALEH GBI 39090m30  LMWwRoEOHO  Baghmgdol mBMbMB  MHMogMmddgwgdol  3HmEqLol
Jodo%bdo dqdcgyos :

MeS + Na:COs + H20 + 403 — Me(OH)2 + NazSO4 + CO2 + 402
2FeS: + 4Na2COs + 3H20 + 1503 — 2Fe(OH)s |+ 4Na2SO04 + 4COz + 1502

V. @bBmbo 250m094g6gdmmo  odbs  @odmGo@m@mosdo  Bo@®momdol  396Mm3sbyobo@ol  dobawgds.
509mBbs, HMB 59630l 3Brca39L0L FoMmBoHMNZoLsM30L, 3gHdm® 30

Mn(VI)-b gooboygsboo Mn(VII)-s00, @5053(939@0 8603369mmds 543l Gn@ob 3mbisgb@®magost
Lofgolb BLBbsMTo, M9053 9LEHNMMS, MMI 3MmbiEbGMsE00L 30MMmdgddo 150 g/er-bg Bgdmm, ofygds
BMbol 9o s J0d0bsMMdL v3mGgsdios [18].

2NaMnOs + 2NaOH & 2NaxMnO+ + H20 + 0,5 O2

99dBHOMWobMHo  Fobgebmdol  omdbool (98 - 2) dobomgds, Bggbo  obLEGoGHWEHOL
Lobgwmlbmgddo sdBoEs BH0EGbol Jergd@H™MYd0, HMBEGdOE MMboL 3gddgMod sty bofiymdowo
0965 9569969990L bryengzs@ol blbs®do (110 - 120 /), 9MH0EOHMMES© bEgdm®s mBmb - 35960L botggzol
dofimgds 7 Loomol 256053wmds80. mbBMbsGHmMol FoMdsmds 8goagbos 12 g O3/ Lo. GHo@obol
99dBHOMOIB0 053565 Tobgsbmdol omduiool ggbom. GHabGo bmMEogwgds GHodsbm - omdbo -
056256m30L 5bMmEgdBY. IBOL A9BMLEZgeds §d-To LydwoEmE dgoy0bs 97%. Jowgdmwo 3GMmEIGo
03054530090l 9gd©-2 -0l LBsbs®EL [19].
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OZONE IN CHEMICAL TECHNOLOGY

Boris Purtseladze, Grigol Tatishvili, Jano Burdjanadze*, Giorgi Tsivtsivadze*, Giorgi Burdjanadze*
Javakhishvili Thilisi state University
Rafiel Agladze Institute of Inorganic Chemistry and Electrochemistry,
*Company «Hydrogen Technology»

SUMMARY
The methods of ozone production from oxigen-containing gas at passing of electric discharge
between high-woltage and grounded electrodes through discharge interval are presented. The fields
of the ozone use in chemical technology for laboratory as well as for semi-industrial purpose are
considered.

030H B XUMHYECKON TEXHOJIOT U

b.X.Ilypuenanze, I'.J. Tarumsuny, . A.Bypmxananze*, I.H.Ilusiusanze*, I'.JI.bypmxananze™
Hncmumym Heopeanuueckoul xumuu u snekmpoxumuu um. P. Aenaosze
Tounuccroeo I'ocyoapcmesennoeo Ynusepcumema um. M. Jocasaxuweunu,
* Komnanus «Xatiopoooicen Teknonodxcuy

PE3IOME
B pabote mokazaHpl METOMBI TOJIYYSHHS O30HA IO/ BO3JCHCTBHEM AIIEKTPHUYECKOTO paspsia MExAy
BBICOKOBOJIFTHBIMU U 3a3€MJICHHBIMHU 3JIEKTPOAAMU U3 KHUCIOPOA-COAEPKALIEro rasa, MpoIyCKaemMoro
yepe3 paspsAHBIN MPOMEKYTOK. PacCMOTpeHBI 001acTi MPUMEHEHHUS 030HA B XUMUYECKON TEXHOJIOTHH
Kak B 1a00PaTOPHBIX, TAK U B MOIY-TIPOMBIIIEHHBIX [IEIIX.
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RESEARCH OF THE POSSIBILITY OF RECEIVING ACID- AND HEAT-RESISTANT
CONTINUOUS FIBER GLASS WITH USE MANGANIFEROUS WASTE PRODUCTS
L.Gabunia, I.Kamushadze, |.Gejadze
Caucasian Alexander Tvalchrelidze Institute of Mineral Resources
SUMMARY
The possibility of receiving compositions of glasses for continuous fiber in the SiO2-Al,03-MnO-RO-R20
system characterized by an acid- and heat- stability, for the purpose of their application as the filtering
materials working in acidic and hot environments is studied. Application as raw materials of manganese
waste of complex structure with quartz sand, has defined existence in glasses along with the increased
maintenance of MnO, a combination of different types of bivalent oxides and the modifying additives

which betray to glasses high technological and physical and chemical properties.

UCCJIEJJOBAHUE BO3MOKHOCTH MOJYUYEHUA KUCJIOTOYCTOMYUBOI'O U
TEPMOYCTOMYUBOI'O HENNPEPBIBHOI'O CTEKJIOBOJIOKHA C UCITOJIb30OBAHUEM
MAPIAHEHCOJEPXKAILINX OTXOJ0B
J.I'abynana, U.Kamymanze, U.I'emxanze
TT'Y, Kasxasxuii uncmumym munepanvho2o coipbs um. A.A. Teanupenuoze
PE3IOME
M3y4eHa BO3MOKHOCTb MOJTYYSHHUSI COCTABOB CTEKOJI ISl HEMPEPHIBHOTO BOJIOKHA B cucteme SiO2-Al0s-
MnO-RO-R;0 xapakTepusylomuxcs KUCIOTOYCTOMYMBOCTBIO M TEPMOYCTOWYHMBOCTBIO, C LENBIO HMX
NPUMEHEHHUs] B KayecTBe (DMIBTPOBAIBHBIX MAaTEpUANIOB, pabOTaIOMIMX B KHUCIBIX U TOPSYUX Cpenax.
[IpuMeHeHnEe B KauecTBE CHIPhSi MapraHelcoIep,aiiX OTX0J0B KOMIUIEKCHOTO COCTaBa C KBapIEBBHIM
MIECKOM, OMNpEAETHIO HAIMYME B CTEKIaxX Hapsay C MOBBILICHHBIM cojaepxkanueM MnO, coueranue
Pa3INYHBIX BUJIOB JBYXBAJEHTHBIX OKCHJIOB U MOJU(PULIMPYIOMUX J00aBOK, KOTOPHIE MPHIAIOT CTEKIIAM

BBICOKHE TEXHOJOTHYECKHE U (PU3NKO-XHMHUIECKHE CBOICTBA.
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53300900 gd3gMed Moy o bbbsMmTo Fysdsombgdol 3mb3gb@EMmo3osbg,Mo3yobs306MHmdIdL
39&90DBsGHMMo© 3E0gMo JobgMo Mo 055300 godmygbgdol.33w930L BoMawrgddo bgws@focmdmd]dbge
929¢9© 99MBymwo ogm bgwdolsfzomdo 83gbsdgmamo Bs®Bgbo- Lodobwol bsdmbo.33wg30L doBsbos
30OMEo0BsEGHd0 990535000 365350 RMbI30MmbsHo bogmmgdol 899339wrmdol 2sblaBams, 0o
bowo@ o 3093gdfhacdmdadbols 5g@&ozmdol Gguslgds, bodmemm 30 3969360030 0sBIdOL Fystrm
LodobOl  bogmpol  godmyabgdol  Fglsdergdmdol  oEyYbs. Lodobol  bsdmbol  3oOMmEOBo
Bo@oMgdmo oym 96MH35¢0doMms 30mdsdo, gwol sdsHabsbg, 99JobozmMo LoMgzgwsl gsdmygbgdoo,
3oMmImnmwo 1:4 (bLodobob bogmbo : 1IN HaS04), $§93396Hs@ s 95-97°C, 30OHm@oBol Bs@sMgdol
bsbyMdomds 2bm. 30EOMEOBIGHO AS0BOWEGMs blboo Bsffoeol (woybobol) dmbsowgdws,
296903 Moy CaCOs-ompH= 4,0 — 4,5 3y, bgewdgm®mgo 30530 EHMs 30mbbyMols dsdmbg, dgdmfds SO«
00b90%9,053mb336GHO0M©S  353mwdol  3JoMmmdgddo (70°C),89w93°o© FoLgdMEo 0gm dmyzomswrm -
2490330035¢0g  LoMMm30.  30OMEOBsGTo  FMbMTodMgdol  F99339wMmdoL  ABLEBEZMOLLMZOL
2490myg9gbgdemo  MomgbmdMmogo  Bswobol  Fgomo  (0MmEMIgEHMOs)  gdysMgds  dsmgdol  Bog®
™mO35¢9bEH0560 130ErabdoLombgdol s©EYIbsl Bgarobaol bLbsMol gsdmygbgdom, GMIgEoE 0sz30L
dbM03 9909905 LB3owgbdol bEgsGOLs s 30608 Tgs30L 3oeErondol s BoGEMOMdol FoMmoEOLOYI,
399m0ymxzs ghmzeegb@osbo bL3owrgbdol mJuool - Cu20 dmfomsm bogrgdo,HMmIwol Mom©gbmdosb
299m80bsMg dgodegds 4oboboBEZMH™ML Togd@gdol 899;339wrmds  30MHMEoBsGoL bozzwgy bodwmddo
(09OHEGH®60L Fg0™0).5939 MBS 500b0dBML, HMI Cu20  359HbBg LEGORs® 0596290, M3 Tgodwgds
890929090 (300Mm30gds 459m0f30mU,500L 053006 SLsE0EIdEs© Jorgdwyer Cu20 —ob bogrgdl ogdsads
350doll  0MmEoEol  bLbsMo @y  5©0EYYPOO  Mo30LYIBIO  0MPO  JYOGHOGMS  BoGMomdol
0ombygs@ol  blbstoo. 2900G3M5Bg  bIOXMwo oML RsGHOL  FMEWEMmd0©Ib
2490000b656M79960L5BMzMs (GqLsdsdolo bMowols dobgzom) 3oEMMEObs@BHTo sOLYdMo TodMgdols
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omEYbmds  s0fghow  306Hmdgddo  dorgdMw  30MMmEobsGdo  35396-ImmeMegdol dgomom  [4]
245bLsBPZOHTs JodMgdol 8993390 ™ds3 G95000bs 8,5-10%.

BodBol 30OHMEoBIE0 IM535¢0560056 MM BoMgzl Fomdmoygbl, sdo@mad dobozzwgas
(3m03¢9dufomImIabgaro BsBol 0IbEHO0BOE0MIDs) OE LOMMYYJOME 50l 353806 gdMo. 5939
Mbs  500603bmb,mM™m3  d3gbsgmmo  bgwmwol doMoms 899sagbger  3m3MBI6EHL  yrrm3mBs
§o6800oagbL. LogsMsrMs, GMA bsMgzdo T9dsgoco JobmTsgmgdol s FMEYESE 50Jdw)Eo Bmbmdsg®ol
D-aa3mBol  90;350m356 0990380 Bo@o®gdmwmo gsba30m 009bGMMo Jodonmo LEHOMIGMMIdO
9000905 (e3mBol Fgdmbggzsdo gl BogMomgdos dmbm s @O  JoMdMBOL 553900, 3mBobmgsbo
BogMgd0, MmOPebmEo 9753900 s o. ). 30OMWODBIGHOL  ©756a30LOMZOL  FoTMYgbgdMwo  oym
3BmGHTg935 (d = 1,37), oobogademds 1:1, $Hgddgms@menmmo Mggodo 92 — 95°C, Ggodzos Lofgob g@e3byg
3BmGHOL MmgbogdoL 30379M0 A5FMYMB00 B309E0bIMGOWS s ITMI3MEs 30 90 do. dmeromdlodsgsgzgdol
390mf3omgs  LoaMgodaom  sMgEsb  2obbmMME0gm©s  LB3oME- gmghol bsMgzom  (4:1),250M94mB0w0
@d0LdWOHO boewgdo FoMdo sBMBHTo30L5400 gobEow3g3s odymmo dsdMOL  Lsdowrgdom, F5TMS
9duogo@dm®mdo.  JogdMo  dgoMmo  RsHBoL  3MIZgdulomdmgdbol  Mboo  FgdmfHds  Jowoswrol
JOMI5GHMAMR300L  (500535¢0) FgnMEOL  4o8mygbgdom. s0bodbo dgmmEo Lsdwowgdsl 0dwergls
23960LoBE3IOML  OHmamOE  0bogzoewmMmo,  sbgzg Mo BsMgzdo  Tgdogowo  bogHmgdol
303 9duHomdmaddbgwo  odBHogmdodomo 6509306  godmymaol  4s0gdn.ogbao  3GmEwyd@o
2390539600 04m Jow s HY,JOMF5GMYMIB0MGOS BoBIM©s 253blbgwgdol LolEgdsdo - b - dmsbmero -
goobmwo - FosbFggdgegzs - figowo  (4:1:1:5),dHmBoGmaMedsby  dglbmmadmwo  oym M30bols
L5935 96G 0560  Jarm®ool, 899gy 30 39ondol GGl blbsgdo (Mgogsos bs3zwg3 blbs®To
8905350 BogMmgdLs S omMMbBOL 0MbYIL Mol J0dEObIMIMIL JomoeBY, B@g 90980). d5MgEbzoLs
5 353MMdoL 9900092 JOMBo@MyMsds dw)dsgzs M3060L 0mbgdol Mgod@oz300 - bLolbrol ggzomgwo
JoMool  blbsMom. bsghmgdo, MmIwgdoz dgosh D-  aw3mBol  #7obagol  3MmndEdo  ©o
§060800J36056 3m33egdlgdl, Jowow by odloMmd0sb MAgEILfow s MBIM™ wsdqdol Lsbom oLy
xmbby.

D

1,3 1

0,7 3
0,4 2

” A

Jemadob Bmieeemds
0,9 1,7 2,1

6sb.1. 3vy3mBoL 7963308 3MM©IEHIOOL 0MboTM33¢0m0 oygmeBs AB-17“Cl7sbombo@by.
1 - 0,01NHCl-00 9006 gdwe0o 30003¢gdhocdmdddbgaro d3meomdlodssggdo, 2 s3 - (0,1-1) N HCL- om
IQYOOIOYLO 3FIOROMO 3OMRIIOIO0

53GH0M0 3mI3egdufomdmdgdbgwo 3sbol sMLgdMds 4e3mBol Fbazol 3MMm©IGTdo s 5J9wsb
39930656 Lodobol Bodmpol 30EOMEWOBsGHTo EILEGHWIOEIDS F9630L 3OMEMIEHIOOL ©IYMBO®
JO@AsGHMmadogzomw  Uggdbg,  9woghgmdosbo  Imbmgnmbizombowymo  sbombo@ol-  AB-17-ob
2458myg9bgdom. 0,2 9 5962300 3Brm©JEoL 9993390 5 3 LHsbsEPoBM blbsto, Asbgo@Mmacgdwyero NaOH-
o pH = 7,5-8009, ¢»oMHgdmos B3g@do (10 - 500 83), AB- 17 ,,Cl"Bsfowsgol bmds 0,5 83. 85539960
06gd0oL BogMHmgdoL 9EoMgds bmME0gEwIdMEs FoM0Edss30m, MMIoL 3:mbi396EHME0s Mebomsb
Jo0gdm©s 0,01- @6 1,0 N- 9g. GmEgbsg mOasbmwo 85539006 PK-l 5350dgd@s 856055350
3mb39b@®s30sL, 0fygdms Fomo  gEoMgds. gEI0MYds 9000bsMgmds 12 de/bLod  LoBdsMoon.
363090MmEs 3 I INEME™IOL BMJ30900. 3OM3gL0 3MbBHOMEWEIdMEs 1B39JBHOMBMEHMIYGHOMWS,
Bsb. 1). 53bsb  MOMOMGMo  3ozol Tgbsdsdolbo G305 BmfdgdMmEs  3MmI3egduHomIMJabsBY
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130656056,  BrgmOE  bob.1-ob  BsbL,  3083wgdufedmaddbgro  dmEomdlodhogzgdol  gamoMmgds
9000bs0gdl 0,01 N doMowdgogol blbstom. 89-2 9Bs3BY guomEgdosd gw3mbol  796y30L
339600m0  3OMOMIHI00, OMIWIdo3 InEgIME  306HMdIRT0  MBOM  JFOEOMO  3538060©Jd0H
0bombo@l s 2odmoMgEbgd0sh 1i3gE0wsb 0,1- 1,0 N ds60dgsgol blbsGoo .

0000390  Jo0owEOol  JOMToGHMAMmox00L ©s 0mbodMEzwomo  JMmdsGmamazgool  990mdoL
299myggbgdol  Lsdwswgdom ©syobws, MmI Lodobwol bodmhol dg53M0 3oEOHMEWOBsGO dgoEogl
B0MEMROM5© 9JBHoMO 3m33wgduhomdmdgdbgen BB, MMIEs 90bodbMo gsBol Fgdoagbgero
303mbgb3gd0l 0wbEGH0GBOE0MIds 3330l IM3gIMe 9B3BY 396 BmbgMbs. 3393900 Lodobwol
Bogdhol 30MMEoBOL BHgdbmewmaom®o Mgg0d0l abggfols s Jowgdmwo 3MmEwyd@ol dglfozerols
d0Bboom gMdgargds.

153995 FglBvyemgdMEos bsgsGmggEml Fmms Hvlicrsggemols
963690 Ladggboghm gmbeol doge ©sx0bsblgdmemo
20360l FR/436/6-480/14 gs6emgddo
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HYDROLYSIS OF THE PLANT WASTES TO OBTAIN NATURAL LIGANDS

Leila Japaridze, Tsiala Gabelia, Eter Salugvadze, Nana Osipova, Tamar Kvernadze, Spartak Urotadze
Ivane Javakhishvili Thilisi State University
Petre Melikishvili Institute of Physical and Organic Chemistry

SUMMARY
Acid hydrolysis of corn wastes containing bioactive ligands have been carried out. Quantitative content of
sugars in the product of hydrolysis has been established. Possibility of separation of the complex forming
components and by-products has been shown.

I'maprPOJIn3 PACTUTEJIBHBIX OTXOA0B VIS ITIOJYYEHUSA BUOJOTNMYECKHN
AKTUBHBIX ITPUPOJHBIX JIMT'TAH/10B

JI. Ixanapunze, L[.I'abenuna, O.Canykanze, H.Ocunosa, T.Ksepuazaze, C.Yporanse
Uncmumym ¢huzuuecxou u opeanuuecxou xumuu 1.1 Menuxuweuiu
Tounucckozo 2ocydapcmeentozo yuusepcumema um. M. /oicasaxuwieunu

PE3IOME
[IpoBeeH KHUCIOTHBINM THIPOIN3 OTXOJOB KYKYpPY3bl, COJAEp)KAIINX OMOJOTHYECKH aKTHBHBIC JIATaHIIBI.
[IpucyrcTBUEe MOHOCAaXapuJOB B TMAPOJIM3ATE J0Ka3aHO METOJOM OOBEMHOIO aHajiu3a. Y CTaHOBIIEHO,
YTO TMIPOJIN3AT COACPIKUT CEKBECTPHUPYIOIIME BEILIECTBA. Y CTaHOBJIEHA BO3MOXKHOCTb H30JIMPOBAHUS
KOMITJIEKCOOOPA3YIOIMX KOMIIOHEHTOB OT MOOOYHBIX MPOILYKTOB OKHCIICHHS.

599



LSISHMBZIRML 3IGE0IGIBSMS IOMBEIN0 535RIFOOL 8dG6J, Jodoob Lyos 2016 . 42 Ne4
e

HOJIYYEHHUE JIMTATYP U3 MEJIKOAUCITEPCHBIX HACTHIL] MAPI'AHIEBBIX
OTXO040B TEXHOJIOT'HEN CBC - METAJIJIYPI'MU

I'.B.3axapos, I'.®.TaBanze, 3.I". AcramazamBm, I.111.Oaramsuny, I'.B.Mukabepuase,
A.A Ynpakamze*
Hnemumym memannypeuu u mamepuanogeoenusi um. @.Tasaosze, Tounucu, I pysus.
*I py3unckuti mexnuueckutl ynusepcumem, Tounucu, I py3us.
algarl2@mail.ru

B pesynbpraTe MHTEHCHBHOW MAEATEIHOCTH YEJOBEKa B CBS3H pa3pabdOTKaMH, B YacTHOCTH,
MECTOPOKACHUI MapraHLUEBBIX pyI B pPAa3JIMYHBIX CTpaHaXx M HUX MepepadoTKka B CHELHAIBHBIX
deppocmiaBHBIX I€Yax IPUBOAUT K HENPEPHIBHOMY 3arpsS3HEHUI0 COCAMHCHHMSAMH MapraHia
OKpy>Kaloleil cpenpl. Bomblnoe KoMM4ecTBO 3arpsi3HEHWH CO3A4aBaeMbIX MPOMBIIUICHHOCTHIO B BUAY
MaJIOTO KOJIMYECTBAa B HUX LEHHBIX 3JIEMEHTOB, CJIOKHOCTH M HEPEHTA0ETIBHOCTH HX MepepadOTKU JIeHb
OTO JHsI MOTIONHSIOTCS M CO3AI0T IOBOJIBHO CJIOJKHYIO 3KOJIOTMYECKYIO IPOOIeMy.

Jnis  BBLAETICHUS METAJUIOB M3 TaKMX TBEPJBIX OTXOJOB MPUMEHSIOT METOABI HPOMETAJUTypIuy,
MHUKPOOHOJIOTHYECKOTO BBIIIECIAUNBAHHSA, THIPOMETALTYPIHH, SJIEKTPOXUMHUECKOTO BBINIEIAYABAHUS
[1], okctparupoBanus [2], UMITYJIbCHBIA  3yekTponu3  [3]. Bce »Tm Merompl CTaHOBATCA
Manod(pGEeKTUBHBIMH, KOT/Ia HEOOXOANMO TepepadboTaTh MEIKO3EPHUCTHIE OTXOMBI C pa3MepaMH YaCTHI]
meHee 100 MkM. DTO CBA3aHO C TeM, YTO TepepadOTKa TaKMX OTXOIIOB CTAHOBUTCS JOPOTOH, TpeOyeT
OOJNBIINX PacXOIOB PHEPIHHU, MPOU3BOACTBEHHBIX IUIOMIAACH, CIOXKHOTO 000PYIOBaHMUS, 3HAYUTEIHHOM
YHCICHHOCTH OOCTY)KHMBAaIOIIET0 MepcoHalla M YTO Camoe TIJIaBHOE BCE JTH TEXHOJIOTUU TaKKe
3arpsA3HAIOT OKPYXKAIOLIYIO CPeay.

[TosTOMY yTHMIM3alUsl OTXOAOB, a MO BO3MOXKHOCTH IONYYCHHS U3 OTXOAOB IICHHBIX MPOJYKTOB
ABISIETCS aKTyainbHOU 3amadeidl. Takwe 3amaum ycmemHo permraer CBC Ttexnomorus [4]. B pabote [5]
MoKa3aHo, 4Tto ¢ nomoiibio CBC — MeTauryprun, BO3MOXKHO, MOJTYy4aTh (EppoCIUIaBbl U JIMTATYPHl C
TaKUMH TapaMeTpaMHl KaK HOBH3HA, KayeCTBO, BBIXOJ M U3BJICUCHUE MPOAYKTA, YIIydllIeHHUE
9KOJIOTHYECKOH CUTYaIMH, KOTOPBIE HEBO3MOXKHO MOJYYHUTh TPaIULMOHHBIMU CIIOCOOaMU.

Lenbio HacTOsIEeH pabOTHL SBISAETCS MOTYUYCHUE JIUTATyp U3 MENKOAUCIIEPCHBIX YacTUI] OTXOJOB
MPOM3BOJICTBA U MPOJIYKTOB MepepaboTKu criimkomapraniia texnonorueii CBC — metaiutyprum, aHamm3
NOJYYEHHBIX PE3YyJlbTaTOB, OOOCHOBaHHME M BHIOOD SKOHOMHUYECKH Hanboiee peHTa0eIbHOro
TEXHOJIOTHYECKOT0 HAIIPABJICHUS B 3aBUCUMOCTH OT THIIA HCIIOJIB3yEMOTO OTXO0/a.

UccnenoBanust mpoBoamwnuck Ha CBC — meHTpoOexHOW MamuHe. MeTonnuka 3KCIEPUMEHTa
CTaHJapTHas, KOTOpas omucaHa B pabote [6]. Jlusd mojaydeHHs MaTepUAOB HCIOIB30BAIU OTXOIBI
MPOM3BOJICTBA CWJIMKOMApraHia B BHJE «IIbUIM» M TNepepaObOTaHHYIO «IBUIbY» IOJYYSHHYIO XJIOp -
aMMOHHMIHOW TexHosoruedr ¢ npumenennem CBY narpesa [7,8], a Takxke Meraul - BOCCTaHOBHTEIb
amoMUHNN (zucnepcHocThIo OoT 8 10 100 MKM), U pa3IMyYHbIE 3HEPTeTHUECKUE T00aBKU. DKCIIEPUMEHTHI
TIPOBOIVJIM Ha JTabopaTOpHOW MEHTPOOESIKHON MaIluHe, MpHU Teperpyskax He 6omee 1700 a/g. Cuntes
KOHEYHBIX MPOAYKTOB MPOBOAM B Irpa)UTOBBIX PEaKIMOHHBIX CTaKaHAX, C BHYTPEHHUM AuaMeTpoM @
40mM 1 BeicOTOM 120 MM.

B skcnepuMeHTax OmNpeAessuid BBIXOA M pa3dpoc KOHEYHOTO mpoiykra. [lomydeHHBIE TPOTYKTHI
UCCIIEIOBATI XUMHUYECKHM, PEHTICHOCTIEKTPaIbHBIM, aTOMHO-OMUCCHOHHBIM CHEKTPAILHBIM H MHKPO -
CHEKTPAILHBIM METOAAMHU.

O0ocHOBaHKE U BHIOOP SKOHOMHUYECKH HanOojIee PEHTA0CIbHOTO0 TEXHOJOTHYECKOTO HallpaBICHHUs
COIIOCTABJICHUE DKCIIEPHUMEHTAJBHBIX JIAHHBIX W OICHKY TEXHUKO-DKOHOMHUYECKHX IOKa3arenei
MOJYYEeHHBIX Ppe3yJbTaTOB NpoBoAWIM Ha mnpumepe nomydeHus CBC - merammyprueil JuToro
TEXHUYECKOr0 MapraHia.

DKCIIEpUMEHTHI TTPOBOIMITH, U3MEHSISI COCTABBI H TEXHOIOTUYECKUE TapaMeTPhbl CHHTE3a MATEPUAIIOB
(uenTpoOexxkHas cuia, JUCTIEPCHOCTH U JIp.). CONOCTaBIeHHE OCYILECTBISUIM C YYETOM IIEH Ha CBIPBE,
SHEPrOHOCHUTEJIN U T.II. HA MOMEHT HAaIlMCaHUs JAHHOH CTaTbhu.

Coneprxkanne MapraHiia B «IbUTH» KoJieonercs B npeaenax 10 - 14 %, a B mepepabOTaHHOMN «ITBLITH
62-70%. I1pu 3TOM Mapranel; B 000MxX KOMIOHEHTaX MpUcyTcTByet B Bujae MnO,.

B tabnmuue Ne 1 mpuBeneHbI SKCIIEpUMEHTANIBHBIE JAaHHBIE MOMYYECHHUS LEJIEBOr0 NPOAYKTa TIOA
JeHCTBUEM LIEHTPOOEKHOM CHIIBI M3 PA3HBIX THIIOB, COAEPKAIIUNX MapraHel] KOMIOHEHTOB, XUMHYECKUN
COCTaB TOJIYYEHHBIX MPOJIYKTOB M TEXHOJIOTHYECKHE MapaMeTpbl CHHTE3a MaTepuayioB. /i mpocTOThI
OTXOABl TPOM3BOJACTBA CHJIMKOMAapraHia B BHJE «IbUIM» Ha3BaJd KaK KOMIIOHEHT «A», a
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nepepaboTaHHYIO «IBUIb» XJOpP - aMMOHHHOHN TexHojorueil ¢ mnpumeneHnemM CBUY nHarpeBa kak
KOMITOHEHT B.

Taoauma Ne 1

Tumn orxona Mertami-
TexXHOTOTHYECKHE TMapaMeTPhI
BOCCTaHOBHTEND, Al
YactuaHas Bixo, M XiM. COCTaR HzBneuen
3aMeHa Pazop KOHEUHOTO e,
Hucriep | amomuHHe oc Pacuer DKCIIEPUMEHT DOIVKTA Maprasia,
CHOCTB, BOIt Tp. p pony % Mmacc
MKM | cTpyxkoii | (%) ' .
B KOJI-Be, p. %
%
1 2 3 4 5 6 7 8 9
KommoneHnT Mn Si Al
«Ay 50-100 0 14,0 17,88 17,4 97,3 | Cmmas: 57,513,28 9,3 78,9
Ilnak: 1,75 0,41 43,47
Cruas: 57,5 12,94 5,75 78,9
50-100 20 13,5 17,88 17,7 99, Wlnak: 1.75 0.45 4448
Cmnas: 55,0 25,04 7,6 75,4
50-100 40 15,0 17,88 17,2 96,2 lnak: 2,05 1.5 342
Cruas: 57,5 134 5,58 80,2
8-10 0 14,0 17,88 16,4 91,7 Ilnax: 1,65 044 4516
KommoneHnt 50-100 0 15 433 397 91.7 CHJIaB’.I 90,4 1,9 1,1 76,63
«B» Inak: 14,5 - ocr
8-10 0 10 | 433 | 432 | g9 | Cimas: 889 2724 85,3
! ! ! ! [Inax: 9,7 - ocr
8-10 20 20 | 433 | 425 | 9g2 | Chmam 830 27 17 | 9343
' ! ! ! ILnak: 48 - ocr

Ilo pacdery, ans CHHTE3a MaTepUaioB, JOJI ATIOMHHHEBOIO MOPOIIKA A KOMIOHEHTa «A»
cocrasisieT ~ 41%, a nns komnoHenta «B» ~ 54%. B Bugy toro, uto B KoMnoHeHTe «B» conepikaHue
MapraHija BBIIIE TO NPOBEJCHHBIC SKCIIEPUMEHTHI ITOKA3ajHd, YTO JOJS TMOJy4aeMoro CIulaBa Kak
MUHUMYM Ha 40% BbIIIE KOJMYECTBA IOJY4aeMOro CIUIaBa M3 KOMIOHEeHTa Tuma «A». Ilpu atom
W3BIIEYCHNE MapraHIia TaKke Ha 6 % BHIIIE.

B tabmune Ne 2 mpencraBieHbl TOKa3aTelld HACHITHOMN MJIOTHOCTA KOMIIOHEHTOB «A» u «B». C
TOYKH 3PEHUS TOBBIIMICHUS MPOW3BOJAUTEILHOCTH BAXKHBIM SBISETCS TO, YTO HACHITHAS ITUIOTHOCTH
KOMITOHEHTa «B» BBIIIe HACTOIBKO, YTO TMO3BOJIsIET HA 25% OO0bIIe 3arpy3uTh PEAKIIMOHHYI0 €MKOCTh
X TOM.

Taoauma Ne 2
KomnoneHnt «A» Komnonent «By
[Ipoba HUcxonnoe Hacemras Koneunsrnii npoaykr, B | Haceimaas
IUIOTHOCTD, 3
KOJIMYECTBO, KT 3 KT IJIOTHOCTB, B KI/M
KI/M
Nel 39,2 1,5 5,6 2,2
Ne2 45,0 1,7 6,1 2,3

B cBogHoli Tabmune Ne3  mpuBeJeHBI TEXHUKO-JKOHOMHUYECKHE TIOKAa3aTeIH pPacXooB IS
MOJIYYEeHHSI LIEIEBOT0 MPOAYKTa U3 PA3HBIX TUIIOB MAapraHUEBBIX KOMIIOHEHTOB MpPH MOJy4YeHHH | Kr
MIPOTYKITUH.

W3 Tabnuipl claeayer, 4YTO MaKCHMallbHbIe pAacXojbl, KOTOPbIE B OCHOBHOM BIIMSIOT Ha
ce0eCTONMMOCTH IIEJICBOr0 MPOIYKTA 3TO aAFOMUHHUEBBIN MOPOIIOK (KATACKOTO MPOU3BOICTBA).

Ilpu »TOM pacxompl ATIOMHHHUEBOTO IIOPOIIKA, OCTAJIBHBIX KOMIIOHEHTOB U IIOKa3aTelleh
(GbuKCHpOBaIM HCXOJS W3 IICH, 3a KOTOpbIe OHW ObLIM MpHOOpeTeHbl. B pesynprare pacxoisl IO
MOJYYCHUIO0 METAJUIMYECKOTO MapraHiia M3 KOMIOHEHTOB «A» u «B» cocraBmstor 11,158 u  4,94%
COOTBETCTBEHHO.
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Taoauna Ne3
HammeHnoBaHne  pacxojioB, TpU MONYYCHUH TexHHUYecKoro | KoMmmoneHTt
Mapranna CBC — TtexHonorueit «Ay «By»
Pacxonm Bombel Ha 1 KT 0TXOIOB, 1 30 30
CTouMOCTE BOIEL, B $ 0,0034 0,0034
O6paborka MnO u ero | Pacxon am. sHeprun 1,5 1,5
nepeson B MnO; Ha CYNIIKY 4, B KBT/4
CymmapHBIi 0,10 0,10
Pacxon 371. sHeprum mpu nonydeHud. | KBT/4 Her 0,4
MnO 1nox BosgeiicteBueMm CBY, |BS$ Her 0,03
TpebyeMoro Jjisi M3rOTOBICHHS 1 Kr
HIMXTHI
Takum 00pa3oM, sl moJyueHust 1 Kr IUXThI
CyMMa pacxofioB JUIsl MOJTY4YEeHUs OCHOBHOTO KomroHeHTa, | 0,1034 0,13
BS
HeoOxomumoe Kou-Bo Al, xr 0,281 0,315
npu croumoctd Al 6 $/kr, pacxox cocrasiser | 1,69 1,89
HE00X0IMMOE KOJI-BO 3HEPreTUYCCKON J00aBKH, KT 0,243 s momyuenus
MnO -0,3
IIpu croumoctu 1 Kr. sHepreTmueckux 1o0aBok, paBHoMm | 0,18 0,19
NaNO3-0,74$ u (NHACI 0,63$) pacxon cocTasisier
O61m1ast cyMMa pacxojioB, B $ 1,9734 2,21
LleneBoit Koin-Bo, B kr 0,177 0,425
MPOJYKT PhIHOYHAS CTOMMOCTH METATHYECKOTO
MOJy4aeMbIi U3 | TexHudeckoro Mn, wmapku MH95 | ~ 1,6/kr$
1 KT IMUXTBI COCTaBJISIET
CTOUMOCTB MeT. Maprasna | 11,15 52
M0JIy4aeMOr0 M3 OTXOJIOB, B $
Tabauua Ne 4
HanmenoBanue pacxomoB, IpH nonyyeHnn | KommoneHt
Mapranma, CBC — meramryprueit «A» «By
Oxwupmaercs, 4To TNPH COOCTBEHHOM mpou3Bonactee | 0,42 0,47

nopomika Al croumocts 1 Kr MoskeT coctaButh ~1,5$,
B 3TOM Cjy4ae CTOMMOCTH IMOPOIIKAa Ha 1 KI IIHUXTHI
COCTaBHUT, B $

OO0mass cymMMa pacxoloB C yderoMm mompaBku Ha | 1,9734-1,69+0,4=0,703 | 2,21-1,89+0,47=0,6
croumocth noporika Al, B $

OpHEeHTUPOBOYHAS CTOMMOCTh 1Kr. MeT. mapraxua, | 0,703-1000/177=3,97 0,6:1000/425=1,41
KOTOPBIA BO3MOXHO TMOJy4aTh U3 OTXOZOB C YYETOM
npumeHenust Al coGCTBEHHOTO POU3BOACTBA, $

OpnHaxo, 3TH Pacxosl MOKHO 3HAYNTEIHFHO COKPATUTh, 33 CUET:
1. mowmcka Gosiee JEMIEBOrO aJIOMHHUEBOTO MOPOLIKA, C YIETOM CTOUMOCTH, HalIpUMep:
e npousBoautens Poceus r.Camapa nocrasmuk AsuaMertamn, Mapka All-4 ocHOBHas Macca
yactuil 140 mxm (o 'OCT 6058-73), croumocts 3,81 $/kr;
e mpousBoauTens Kurait mocrasmuk Hunan Jinhao Aluminum Industrial Co., Ltd., crommocts
2,7- 5,93 /kr ( B 3aBUCHMOCTH OT KOJIMUECTBA [TOCTABKH ).
2. nauOonee 3pPEKTUBHBIM SBISETCS OpPraHU3alUU COOCTBEHHOTO IMPOU3BOJCTBA ATIOMHUHHEBOTO
MOPOIIKa 10 MeECTy mepepabOoTKH OTXOAOB (BKJIIOYACT 3aKyNKY JCLIEBOr0 AJIOMUHHS, HaIpuMep,
npousBoautens Poccust r. YemsOunck, ¢pupma Anmer) mapku AK 9n B Buzme uymek coctasiser 90
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py6./xr wu 1,37$ (1al7.11.20151). 3TO MO3BOSLET MPEATIONOKUTH, YTO YK€ CTOUMOCTD aTFOMHHUEBOTO
Mopolika He Oyaet npesbimath 1,5 $/kr.

KpomMe TOro, TEeXHONOrHs TakXKe IO3BOJACT COKPAaTHTh pPACXOAbl NPH  YAaCTUYHOM 3aMeHe
AITIOMUHHMEBOTO MOPOIIKA Ha AJIOMUHHUEBYIO CTPYXKKY, B KoiuuecTBe 20-40% Bec. (CTOMMOCTb, KOTOpOH
ne npesbimaer 0.9$/kr).

IlonBons mpenBapUTENIbHbIE MUTOTM MOXHO CKa3aTh, YTO IPHU PBIHOYHOH CTOMMOCTH MapraHua,
Mapku MH9S5, paBHOH ~1,68 pacxobl 1Mo MOTYYEHHIO METAUTMYECKOTO MapraHiia U3 KOMIIOHEHTOB «A)
u «B» moryr cocraButhk 3,97$ u 1,418 (310 Ge3 yuera 3aMEHBI YaCTH AJFOMHHHEBOTO MOPOIIKA HA €ro
CTPYXKY) COOTBETCTBEHHO, CM. TaOmwmiry No4.

Koneuno, 4to ce6ecTOMMOCTh KOHEYHOT'O MPOAYKTA C YUETOM BCEW CyMMBI MOKa3aTesei pacxoI0B
Oyzer Boime. PeanbHple pacxofbl U ce0ECTOMMOCTh MPOAYKIUH MOXHO OydeT yCTAaHOBUTH TOJBKO C
YYETOM pean3alli BbIIICTIEPEUUCICHHBIX CIIOCOO0B COKPAILIEHWH pacxoloB, KOTOpble OyayT
YIEIIEBIIATh KOHEYHBIH NPOIYKT. MOKHO IPEANIOI0XKHUTh, YTO CTOMMOCTh METAJIMYECKOI0 MapraHua B
CaMoM XYJIIEM CITydae MOXKET He3HAUNTENIbHO MPEBHILATh MPOMBIIIIICHHBIH 00paser.

OpHako IEeNbI0 HACTOSIIUX UCCIIEAOBaHUIN HE SIBIIAETCS MOJIyY€HUE METAIIMUECKOr0 TEXHUYECKOTO
Maprasia, a nojy4eHue CleluaibHbIX JUraTyp Ha OCHOBE MapraHia. OTO MO3BOJMUT yXKe OPraHU30BaTh
peHTabenbHOe TPOU3BOACTBO TPOAYKIMH, HA OCHOBE TPOBEJCHHOTO aHalM3a M B CHIIY CIEIYIOUIMX
JTIOBOJIOB.

Ha ocHOBe npoBeneHHOr0 aHaIM3a U B CHIIY JOBOJOB IIPUBOIUMBIX HID)KE, BO3MOXKHO OPraHU30BaTh
peHTabenbHOE MPOU3BOACTBO MIPOAYKIIHH.

CBC-nipouiecc MO3BOJIIET B TEUYEHHE OYEHb KOPOTKOTO TPOMEXYTKAa BpPEMEHM  I0JIyYaTh
COBEPILEHHO HOBBIE 110 COCTaBY JIMTATyphl U (PePPOCILIABHI C IIUPOKUM CIEKTPOM 3JIEMEHTHOT'O COCTaBa,
T.K. TEXHOJIOTHUS [T03BOJISIET BBOAUTH OJHOBPEMEHHO TYT'OIUIABKUE U JIETKOIUIABKHUE MCXOIHBIE MPOAYKTHI
B IIMPOKOM HMHTEpBaJie COCTaBOB. B To BpeMs Kak M3-3a JUIMTENBHOTO IpOollecca BIMJIABKA M BHICOKOTO
yrapa JIErKOIOaBKUX 3JIEMEHTOB BBHJY pa3IHUHBIX TeMIIepaTyp IJIaBJIE€HUS HE BO3MOXKHO MOIYy4YEeHHE
JUraTyp OOBIYHBIM IPOMBIIUICHHBIM comocoOoM. OTHOBpeMEHHOE y4yacTHE TYrOIUIaBKHX U
JIETKOIUIABKUX OKCHIHBIX MCXOJHBIX KOMIIOHETOB IIO3BOJIIET CHHTE3UPOBATh LIEJEBBIE MPOIYKTHI C
HIMPOKAM M PpETyaHpyeMbIM HabopoM siieMeHTOB. CTOMMOCTh TaKHUX JUTaTyp 3HAYMTENHHO BHIIIE
METaJUIMYECKOr0 MapraHia, MpH 3TOM Pacxolbl METaUI-BOCCTAHOBUTENS AJISI BCEX THIIOB JIUTATyp
NPUKTUYECKH OJUHAKOBBIE. CTOMMOCTDH OCTAJBHBIX IOMOJHHUTENBHBIX KOMIIOHETOB BXOASIIME B BHJIE
OKHCJIOB B COCTaB JIMTaTyp HE BIUSIIOT Ha PAcXoJibl, TAK KaK OHU HM)KE MX MOPOIIKOBBIX METATUYECKUX
aHasoroB. J[J1s1 HOATBEPKAECHUS 3TUX JOBOAOB BO3bMEM B KaueCcTBE MPHUMeEPa MPOMBILUICHHYIO JUraTypy
Menp-mapranery Mmapku JIMMHESO. Tlpu ee monyuyenun texnosnorueid CBC BXonfllyi0 B COCTaB MENb
BOCCTaHaBIHMBAIOT U3 okcuia Meau (CuO), koTopast IMeeT CIIeAYIONIYI0 PHIHOYHYIO CTOMMOCTB!

- Poccwuiickuii nmocraBmuk ¢upmer QOO "IlpomCuaoKomnaekt" npomaer wmenp (1) oxuchb
mapku "YJIA" mopomikoBblit 385 p/Kr , 4To cocTaBnuseT 5,68 $/kr.

- Kuraiickuit mocrapuuk Taian Health Chemical Co., Ltd. npomaer mopomrok okcuaa meaun (CuO)
3a 600-1000 $/1 (mmm 0,6-1,0$/xr)

Bunxo, uto crommocts Kwuraiickoro mpousBomutens (CuO)  3HAUMTENHHO HHKE CTOMMOCTH
QIIOMUHHEBOTO MOPOIIIKA.

B cBoro ouepens, pupma OOO Jluraryper 1 CrutaBel Poccust, r. ExatepunOypr, npomaer (3a 02
nexabps 2015) nurarypy meab-mapraner; Mapku JIMMHSO co crommocteio 605 000 py6./r wim
8887,27%/T. B To Bpems, Kak MO caMbIM TpyObIM mozacueram cromMoctb CBC mmratypsl, anamora
TIPOMBIIIIIEHHOTO, He Oyaer mpesbimarh 5000 $/1. Takum 0Opa3om, Mpu OpraHU3aIliK IPOU3BOICTBA IO
BBIITYCKY, JINTATyphl THUNAa Meab-MapraneneBoi JIMMHS0, maxe /g ciydasi MPIMEHEHHS KOMIIOHEHTA
«A» 10X0d HAIHUIIO.

Hano Taxke 0co00 OTMETHTB, YTO MOTy4aeMblil TOOOUHBIN MPOIYKT HE TOKCHUEH, OCHOBA KOTOPOTO
KOPYH/I, U3 KOTOPOTO BO3MOYKHO M3TOTOBJIEHUE, HAITPUMEP, a0pa3uBHBIX MaTEPHANIOB.

Jiis monmydeHusi BbIIIEYKa3aHHBIX JIUTATYp BO3MOXKHO TaKXKe HCIIOIb30BAHME, KaK MapraHLEeBBIX
KOHIIGHTPATOB, TaK W MEJKOJIUCIEPCHBIX MPOAYKTOB MEpepadOTKH PYIHBIX OTXOJOB COJCPIKALIMX
OKCH/IbI MapraHIa.

B 3akmioueHnn 0co00 HaJO OTMETUTH BaXXHOCTh TOTO, YTO, MPEAJIaraeéMoe pEelIeHHe TO3BOJHT
ri100aIbHOM MaciTade BEpHYTh B IPOMBIIIICHHBIH 000POT AECATKH MHJUIMOHOB TOHH OTXOJOB PYJHOTO
1 (eppocCIuTaBHOTO MPOM3BOACTBA M TaKUM 00pa3oM OCBOOOIUTH i peabuiIuTaluyd MHJUTHOHBI
TeKTapOB 3€MJIH, 3aBaJICHHBIX 3TUMHU OTXOJaMH.
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OBTAINING LIGATURES FROM FINE GRAINED PARTICLES OF MANGANESE
WASTE BY TECHNOLOGY-SHS METALLURGY
G.Zakharov, G.Tavadze, Z.Aslamazishvili, G.Oniashvili, G.Mikaberidze, A.Chirakadze
Ferdinand Tavadze Institute of Metallurgy and Materials Science
SUMMARY

Is established the technical and technological parametres of synthesis for reception of ligatures from fine
grained particles of manganese waste by SHS-Metallurgy. The analyses of obtained results are carried out.
Economically the most profitable technological direction depending on type of used wastes is proved.
Optimum ways for decreasing the price of final product are determined. The application of proposed
technological solution allows to obtain products which is not threat for the ecology. It allows to return, in
global scale, in an industrial cycle of ten billions tons of extracted and enriched wastes, manganese ores
and to free million hectares of the land for rehabilitation which have been filled up with the waste.
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TEPMOI'PABUMETPUYECKOE HCCIENOBAHUE CMECH XAJIbBKOINIUPUTHBIX U
OKCHUJHBIX MAPI'AHHEBBIX KOHHEHTPATOB IIOCJIE COBMECTHOU
MEXAHOAKTHUBAIINA

JI.B.bararypus, b.X.Ilypuenansze
Tounucckuii I ocyoapcmeennulii ynugepcumen
Hncmumym neopeanudeckou xumuu u snekmpoxumuu um. P. Aenaose

B pabore mnpuBOAsATCS pE3yabTaThl TEPMOIPaBHUMETPHYECKOTO HCCIEAOBAHUS CMECed XaJbKOIMUPUTHBIX M
OKCHJHBIX MAapraHIEBbIX KOHIIGHTpPAaTOB - 0e3 IoMoja, MOcie IOoMojia M HHAUBHIyaldbHOTO momoia. B
TEMIIEpaTypHOM HHTEpBaJie, COOTBETCTBYIOIIEM BHOPOIOMONy B 3THX 00Opa3max HE NPOUCXOANT (Pa3oBBIX
MIPEBPALLEHUM.

MexaHOaKTHBUPOBAaHHE CMECH XaTbKOMMUPUTHBIX M OKCHIHBIX MapraHIEeBbIX KOHIIEHTPATOB SIBISIETCS
3¢ (EKTUBHBIM CpPEICTBOM H3BICUEHHMS MEIU W Mapraniia U3 TPYJHOBCKPHIBAEMBIX KOHIIEHTPAaToB. B
OCHOBE JIEHCTBHUS 3TOTO CIIOCO0a JISKUT 3HAUNTEIFHOE U3MENbYEHHE YAaCTHLl BELIECTB, a TAK)KE BBEACHHUE
B HHUX OOJIBILIOrO KOJIMYECTBA KPUCTAIMUECKUX NedeKToB. B pesynpTare MEXaHOAKTHBALIMM JAOCTUTACTCS
MPaKTUYECKH TOJHOE BCKPHITHUE XATBKOMUPUTA M TUOKCHAA MapraHiia B pa30aBICHHOW CEPHOW KHCIIOTE
npu Temneparype 95-100°C [1,2].

[IpoBeneHHbIE TEPMOTrPAaBUMETPHUECKUE HCCIEAOBAaHUSA (IOMUMO APYTHX METOJOB) CTaBUIM CBOEH
HENBI0  IMONYYHTh HEKOTOpBbIE TMPEACTABICHUS O MeXaHU3Me MEXaHOAKTUBUPOBAHUSI CMecel
XaJBKOMUPUTHOTO U MapTraHIeBOTO KOHIIEHTPATOB .

Huddepennmansretii Tepmudeckuit (J{TA) u Tepmorpasumerpudeckuii (T17) aHanmm3pl BRITONHSINCH
Ha nepuBatorpade O -1000 Ha Bozayxe npu atMocdepHoM naBieHnd. Ckopocth Harpesa 10 rpag/MuH.

TepMmorpaBUMeTpUYECKU aHANN3 BHITIOTHEH AJIS CICTYIOUINX 00pa3IoB:

I.  cMech XanbKONMPHUTHBIX U MapraHUEeBbIX KOHLIEHTPATOB - 0€3 IoMOIIa;
Il.  cMech XaJbKONMPUTHBIX U MapraHLIEBbIX KOHLEHTPATOB - [TOCTE INTyOOKOTo oMoJIa,;
Ill.  cMech HHAWBHUTYyAIEHO MOJIOTHIX KOHIICHTPATOB.

Ha nepuBaTOorpamMMe COBMECTHO MOJIOTOM cMecu (puc.l) duxcupyrorces suno - (npu 290, 470°C) u

5k30 - (pu 330°C) 3¢ peKThI, KOTOPBIE COOTBETCTBYIOT NMPEBPAIIEHUSM XaIbKOIUPHUTA (PHC.2).

- & -
FeMooahamybe, L

Puc.1. JlepuBaTorpamMma COBMECTHO MOJIOTOM CMECH XaJIbKOITMPHUTHBIX M OKCHUIHBIX MapraHIIEBBIX
KOHILICHTPATOB

605



LOdS@®MBINML 3IG60IBIBSMS IBMBEIRO S35RIFOOL 85B6J, Jodoolk ByBos 2016 &. 42 \o 4

..l.fr,-j.-r_'g_'r_)[-' HOCC Y, W

- — -
T C
Tl

Puc. 2. JlepuBarorpaMmma XaJIbKOIMTUPUTHOTO KOHIICHTPATA
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Puc. 3. lepuBarorpamma cmecei:
a — 0e3 moMoJIa,
0 — MHIUBUIYaTEHOTO TIOMOJIA,
B — COBMECTHOT'O IOMOJIa

Brimre 600°C nabmonaercs peskoe ysenudenue Beca (TI') 6e3 3ameTHbIx nsmenennii Ha JITA u DTG.
Ha nudpakrorpamme o6pasia, oboxokenHoro npu 700°C, nabmomarotcst pedekchbl, COOTBETCTBYIONINE 0

u y-Fe;0s. Boime 840°C  sx309d ekt nepexomut B sHpoTepmuueckuii sdpdexr (970°C) , uro MoxHO
OO0BSACHUTH NMPEBPALICHUEM:

30-Mn,0z3—20-M n304+1/202
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Ecnu conocrasuthk JITA-kpuBsie (puc.3) cMmeceili 6e3 momona (ob6paser 1), ”HAMBUYaTIHLHOTO TOMOJIA
(obpazen;r 3) u coBmecTHOro momona (oOpaser 2), MOXHO CyIUTb O CABHUTE€ B MEHBIIYIO CTOPOHY
TEeMIIEpaTyphl Hadyasia IMPEeBPAIECHHH.

OnHako, HeOOXOUMO OTMETHUTB, YTO B HAOJIIOaeMOM TeMIepaTtypHoM urTepBaine (ot 80 mo 200°C —
mpennojiaragMasl  TeMIeparypa BHOpPOIIOMOJa) BO BCEX 3THUX TpeX o0pasiax HHUKaKuxX (a30BBIX
MpeBpalnieHuid He nmpoucxoAut. CiaeoBaTeNIbHO, TPH MEXaHOAKTUBUPOBAHUY HE UMEET MECTO MOSIBIICHUS
HOBBIX (ha3, YTO W MOATBEPIKIAIOTCS PEHTTeHOrpadUIeCKIMH HCCIeIOBAaHISIMHA CMECeH XallbKOMTUPUTHBIX
Y OKCHUJHBIX MapraHleBbIX KOHLIEHTPAaTOB [4].

OCHOBHBIE  PE3yJbTaThl  CEPHOKUCIOTHOTO  BBIIICIAYMBArUS  JOCTUTASTCS  3HAYUTEIHHBIM
M3MEJIbUYEeHNEM YaCTHI] 3TUX BEIIECTB, 4 TAK)KE BBEJIEHUEM B HUX OOJIBIIIOTO KOTHYECTBA KPUCTATHNIECKAX
nedexkrtoB. Bo BpeMsi MeXaHWYEeCKOW aKTHUBAIlMU MPOWCXOIUT MOCTOSHHOE OOHOBJICHHE pearrupyroIinx
MOBEPXHOCTEH U TeHepanus AS(PEKTOB B KPUCTAJUTMUCCKON PEIIETKE.
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THERMOGRAVIMETRIC STUDY OF THE MIXTURE CHALCOPYRITE AND MANGANESE
OXIDE CONCENTRATE AFTER THE JOINT MECHANICAL ACTIVATION
Lamzira Bagaturia, Boris Purtseladze
Rafiel Agladze Institute of Inorganic Chemistry and Electrochemistry
I. Javakhishvili Thilisi State University

SUMMARY
The paper presents the results of thermogravimetric studies of mixtures chalcopyrite and manganese oxide
concentrates - without grinding, after grinding and grinding individual. In the temperature interval
corresponding to vibropomiar in these samples does not occur phase transformations.
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SJIEKTPOXUMHUYECKHUI METOJ NOJYYEHUSI JUOKCUJA MAPTAHLA JJISI
HCTOYHHUKOB TOKA

I'.A.Ilarapenu, H.I'.Maiicypanze, JI..bananaaze, 11I.M.MaxaTtaaze, M.B.Cocenus
Tounucckuii cocyoapcmeennviil ynugepcumem um. Meawne Jocasaxusunu
Hucmumym Heopeanuueckou xumuu u snekmpoxumuu um. P.U. Aenaoze

B ycnoBusix BBICOKMX KOHIICHTpAIWiA CyJb(ara MapraHiia U CEpHOIN KHCIOTHI, HU3KOW TeMIIEpaTyphl pacTBOpa
3JIEKTPOJIMTA U BBICOKOW TIOTHOCTH aHOJHOTO TOKa, TUOKch Maprania (JJM) momydaroT B oObeMe pacTBopa B
BHUJIC MEJIKOMCIICPCTHOTO OPOIIKA. DTOT CIOCO0 MMEET CYIIECTBCHHBIC MPEUMYIIECTBA MO0 CPABHECHUIO C HBIHE
CYIIECTBYIOIIUM criocoboM monyueHust JIM B BHIe KOMIIAKTHOTO Oocajka Ha aHoje. OmHako, mopomok JIM He
o0namaeT aKTHBHOCTHIO, HEOOXOAWMOW [UIS MCTOYHMKOB Toka. C IENpI0 TONydeHHs B 0OBEMe pacTBOpa
aKTHBHOTO nopoinka JIM Assi HCTOYHUKOB TOKa HaMH ObIJIO UCCIICAOBAHO BIMSHUE LEIOr0 Pajs OPraHHYeCKUX
J00aBOK B PaCTBOPE DJICKTPOJIUTA HA €ro 3JIEKTPOXUMUYECKUE CBOMCTBA. AKTHBHOCTH TMOJYYCHHBIX MOPOIIKOB
W3y4yaad B MOJETH MICNOYHOrO 3JeMeHTa. BbIIo MoKa3aHo, 4TO psif J00ABOK CYIIECTBEHHO YBEIHYHBACT
ANEKTPUUECKYIO EMKOCTh JIEMEHTA.

[TpoMBIIIIIEHHBIM CIIOCOOOM THOKCHJ MapraHiia BO BCEM MHpE TIOJy4aroT, TJaBHBEIM 00pa3oM,
JNIEKTPOXUMHUYECKMM MeTodoM. Ero ocaxumaroT Ha aHOAE M3 PAacBOPOB, COACPIKAIIMX CPABHUTEIBHO
HU3KYI0 KOHIIEHTpamuio cepHoil kuciaoTel (20-40 1/m) mpu Temmeparype 90° W HH3KOW IUIOTHOCTH
anogHoro Toka (60-100 A/M?). B 3TMX yCIOBHMAX JMOKCHJ Maprafia oOpasyercs B BHUJE IUIOTHOTO
KpPYMHOKPHUCTANINYECKOT0 ocajika. B kauecTBe aHOJOB, Yallle BCETO, MCIONb3YIOT TUTAH WX MaTepUalbl
Ha ero ocHoBe. OCaJloK CHUMAIOT C IOBEPXHOCTH , Pa3MajbIBAIOT B MEJIBHUIE M YK€ B BHIEC MOPOLIKA
UCIIOJIB3YIOT B MCTOYHHUKAX Toka [1,2].

ONEeKTPOXUMHUYECKOE MOTyUYeHHEe MapraHiia — 3TO CIOXHBIA, MHOTOCTYIIEHYATHIM MPOLECC, KOTOPHIH
JI0 CHX TOp SBISETCS mpeaMeroM wu3ydeHus [3,4]. Beutn mpemutoxeHsl pasiMYHbIE MEXaHH3MBL
BonpmMHCTBO HMCclenoBaresiel CUMTAOT, YTO HAa MEPBOM CTagUM 3JIEKTPOXMMHYECKUM IYTEM
reHepupyercsi NpoMexyTouHas uactuna Mn®*  u  3aTeM NPOMCXOAMT — XMMHMYECKas  CTajus
(IMCTIPOTIOPIIMOHUPOBAHUE M THAPOIHN3) 00pa30BaHUs M OCAKICHUS TUOKCHIa MapraHiia Ha MOBEPXHOCTH
aHoza

Mn?*- e = Mn®* (@))
2Mn3* + 2H,0 = MnO; + Mn? + 4H* 2

W3BecteH u Ipyroi ANMEKTPOXUMHYECCKUN CIOCO0 MOMyUYeHHs TUOKCHIA MapraHiia B BUJIE MTOPOIIKa B
0o0béme pactBopa [5]. Ilpu BBICOKOI TeMIieparype paTBOpa, HH3KON KOHIEHTPAIMH CEPHOH KHMCJIOTHI H
HU3KOW TUIOTHOCTH aHOJHOTO TOKa peakuus (2) mpoTekaeT ObICTPO BOJIM3M MOBEPXHOCTH aHOAA M HAa HEM
oOpa3yercss KPYMHOKPHUCTAIUTMUECKUN KOMIIAKTHBIM OCagoK JuoKcHuiaa wmapradna. [Ilpum komHaTHO#
TEMIIEpaType pacTBOpa M, YTO CaMOE€ IJIaBHOE, BHICOKOH KOHIICHTpAIMM CEPHOW KHUCIIOTHI PaBHOBECUE
peakuuu  (2) CABUHYTO B JIEBYKO CTOPOHY, IIPOMEXyTouHas vacthia Mn®* craHoBuTCS CTaGMIIBHOM,
ycreBaeT npoauyHAMpPOBaTH B TIOyOb pacTBOpa W YK€ B O00BEME OIIEKTPOIUTA IMPOUCXOAUT
JTUCTIPOTIOPIIMOHUPOBAHKE, THIPOIN3 W KPHUCTAUU3AIUS MEJIKOJUCIIEPCHOTO TMOPOINKA JTUOKCHIIA
Maprafia. DTUM ClocoOOM B HEOONBIIOM MacliTabe MPOM3BOIMIN IMOPOIIOK JHOKCHAa MapraHia B
osBmeM CosetrckoM Coroze u UexocmoBakuu. [lomy4eHHBIH TPOYKT UCIOIB30BANIA B KAYECTBE COPOCHTA,
KaTajau3aTopa, OKHCIUTENs B OPraHUYeCKOM CHHTE3e, B TPO3BOJCTBE CTekia M T.J. OgHako OH ObLI
HEMPUTOACH JJI1 HCTOYHHUKOB TOKA M3-3a HU3KOU 3HeKTpOXHMH‘IeCKOfI AKTHUBHOCTH.

JII/IOKCI/UIa Mapradia ABJIACTCA HECTCXHMOMETPHUYCCKHUM COCIUHCHUCM. DTO Ha3BaHHE O6TJCJII/IH$ICT
MHOKECTBO €TI0 Pa3HOBHUIHOCTEH, KOTOpPhIe 00YCIIOBIICHBI CYIIECBOBAHUEM PA3IMYHBIX KPUCTAITUYECKUX
dbopM miH aMOPPHOTO COCTOSIHUS, HATHMYMEM NpUMecell pa3IMYHBIX METaJIoB, aJICOPOMPOBAHHON WIIH
CTPYKTYPHOM BOJBI, BAKAHCH, MIOPUCTOCTBIO M T.I. [6]. TToaToMy, BEIOMpast CIIOCOO M yCIIOBHMS CHHTE3a
JIMOKCHJIA MapraHIia, MOXHO TOJIy4aTh MPOAYKT C HYKHBIMU CBOHCTBaMH.

B mHameit pabore C 1enpl0 TONYYSHHs TMOPOIIKA JUOKCHIAa MapraHia, MPHUTOJHOTO JUIs
MCIOJIb30BaHMsI B MCTOYHMKAX TOKa, ObUT Momo0paH cienyromuid pexum sjektponnsa: 200 r/m MnSOq
+300 r/n H,SO4 (pabounii pacTBOp), MIOTHOCTL ToKa — 800 A/M?, TemnepaTypa — 35°. DIEKTPOJIN3 BeIn
Ha CBHHIIOBBIX aHOJaX M TPadUTOBBIX KaTojaX. BbII0 M3y4eHO BIUSHHUE IENOTO Psijia MOIUPHUIHPYIOIINX
J00aBOK, B OCHOBHOM OPTraHHUYECKOTO XapakTepa, Ha 3JICKTPOXMMHUYECKYI) aKTHBHOCThH IOJy4aeMOro
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ImopouiKa JUOKCHUAa Maprasia. YacTte U3 HUX ImpuBEaAcCHA B Ta6JII/IHe 1, KOTOpas IMOKa3bIBaCT PE3yJIbTAaThbl
QJICKTPOJIM3a U AKTUBHOCTD IMOJIY4YE€HHOTI'O IIPOJAYKTA.

Tao0auma 1. 3aBUCHMMOCTE BBIX0OJIA IO TOKY JUOKCHJA MapraHia U BpeMs pa3psaga mICJIOYHOIro 3JICMCHTA OT
COCTaBa JJICKTPOJINTA

Jl06aBKa K SIIEKTPOIIHTY KomuenTpartus, r/i Mifr’zﬁfaﬂliozgﬁf% BpeM; 1123.313512[3,
- - 57,5 90
(NH4)2CrOq4 5,0 42,3 100
TIBC 1,0 57,1 120
(NH.).CrO4 + TIBC 5+1 58,0 110
FeSO, 0,7 57,0 90
AHnnna 1 mur/n 43,8 120
Kematna 0,5 24,2 150
Kpaxman 0,5 54,0 160
I'munepun 0,5 55,2 150
DTUIEHIIIUKOJIb 1vur/n 51,4 80
Caxaposa 0,75 70,4 160
I'mroxo3a 0,5 71,0 170

AKTUBHOCTh TOpOIIKA JHOKCHIA MapraHila M3ydald B MOJENIHW IIEJIOYHOro syieMeHta. KaTomom
CITY?KHWJT BJIEKTPOJI, IPUTOTOBIICHHBIA HA OCHOBE MOPOIIKA JUOKCHA MapraHIla, a aHOJAOM IMOPOIIOK ITUHKA.
Pa3psin sjeMeHTa MPOUCXOAWI B TalbBAHOCTATHYECKOM pexkume TokoM 50 MA mo 0,9 B[7]. O6
DIIEKTPOXUMHUYECKOH aKTUBHOCTH CyIWIM TI0 BpPEMCHH 3aTpayMBacMOM Ha pas3psj DICMCEHTA.
KonnenTparmu 100aBOK B pacTBOPE dIICKTPOIUTA, IPUBEICHHBIC B TAOIHUIE, COOTBETCTBYIOT HAMOObINEH
E€MKOCTHM dJIeMEHTa JUIsl JaHHOW Jj00aBku. Kak BHIHO M3 TaOJUIBI Psi OPraHUYECKHX BEIIECTB, B
OCHOBHOM COJIEpKaIlluX THAPOKCHIBHYIO TPYIITY (KpaxMal, TIHUIIEPHH, caxapo3a, TII0K03a), CYIIeCTBEHHO
yIy4IIaeT 3JCKTPOXMMHUYCCKYI0 aKTHBHOCTh TIOPONIKA JHOKCHIa MapraHia. [lopomok auokcuaa
Maprasiia, moJyueHHbIH 0e3 100aBok, paspsbkaics B TeueHue 90 MUH., TOT/Ia KaK BpeMs pa3psaa Jydiiux
00pasIioB, MOJy4eHHBIX HaMU cocTaBisuio 150-170 mun. B paGote [8] Gbuin npuBeaEHBI BOJBTAMIIEPHBIE
KpHBBIE OKHMCIeHHs Mn?' Ha NIAaTMHOBOM MMKPOZJIEKTPOJAE B pabodeM pacTBope 0e3 J00aBKH U C
JI00ABKOW caxapo3bl, U3 KOTOPBIX CIICAOBAIIO YTO B MPUCYTCTBUE CaXapo3bl KPUBas CABHHYTA B KATOJHYIO
CTOPOHY. ITo Bcei BUAMMOCTH MOBEPXHOCTH IUIATUHBI COJACPpIKAJIa MHUKPOCKOIMUMYECKUE CJICIbl AMOKCHIA
Mapranna, KOTOpbIi obnerdaer okucieHue uoHa Mn?*. Ha TiaTenbHO OYMINEHHON ITOBEPXHOCTH
TUTATHHOBOT'O aHOJIa BOJIbTAMIIEPHBIC KPUBBIC CHATHIC B paboueM pacTBOpPE B MPUCYTCTBHE Caxapo3bl,
TJIIOKO3Bl M KpaxMmalia, a Takke 0e3 J100aBOK MpaKkTHYECKH COBMANAOT. TakuM 00pa3oM, MPHUCYTCTBHE B
pacTBOpe yKa3aHHBIX BEIIECTB HE OKAa3bIBAaeT BIMSIHUS Ha DIIEKTpOXUMHYECKylo peakiuio (1). MoxHo
OPENOJIOKUTh, YTO WX BIUSHHE PACIPOCTPAHACTCS HA XUMHUECKYI0 CTaauio mpouecca (2) wu
KPHCTAIUIM3aLMIO IUOKCHA Maprania B 00b€Me pacTBopa.

B 3akmtoueHue cneayer nepeyuciIuTh psii IPEUMYLIECTB MOTYUYEHHUS MOPOIIKA AUOKCUAA MapraHia B
00BEME pacTBOpa: HE 3aTPauMBaETCs SHEPTUS HAa HarpeBaHUE PacTBOpa, OH MHTCHCUBHO HE WCIapseTcs U
HE 3arps3HICT OKPYXKAIONIYI0 CPedy, OTCYTCTBYET TPYAOEMKas Omepanus CHITHS OcaaKa C MOBEPXHOCTH
aHOJIOB, YTO YAaCTO TMOBPEXKIAaeT WX MEXaHWYEeCKHM W, HAKOHEI, HeT HEOOXOIUMOCTH pa3MajibIBaTh
MOJTydYeHHbIE KyCKU JMOKCHIa MapraHma. K HemocTaTkaM MOXKHO OTHECTH HEOOXOAMMOCTH pa3jelieHUs
aHOJTHOTO M KaTOJHOTO MPOCTPAHCTB M CPABHUTEIBHO HU3KHIA BBIXOJ] MIPOJAYKTA IO TOKY. DTHT TPOOIEMBI
OyIyT M3y4deHBI B CIEAYIOMUX paboTax.
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AN ELECTROCHEMICAL METHOD OF OBTAINING OF THE ACTIVE MANGANESE
DIOXIDE POWDER FOR CURRENT SOURCES

G.Tsagareli, N.Maisuradze, L.Batsanadze, Sh.Makhatadze, M.Soselia
TSU, R.Agladze Institute of Inorganic Chemistry and Electrochemistry

SUMMARY

Under conditions of high concentrations of manganese sulfate and sulfuric acid, at the low temperature of
electrolyte solution and high anodic current density, the manganese dioxide (MD) is obtained in the
solution in the form of fine powders. This method has significant advantages over currently existing
process for preparing MD as a compact sediment at the anode. However, such MD powder has no activity
required for the power sources. In order to obtain the active MD powder for current sources in the solution,
we studied the influence of number of organic additives in the electrolyte solution on MD’s
electrochemical properties. The activity of the obtained powders was studied in the alkaline battery model.
It has been shown that a number of additives significantly increase the electrical capacity of the cell.
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PACIHIM®POBKA ITPUPO/IbI U YCJIOBUI P®OPMHUPOBAHMSI OHA.JIOBI/II[HOIZI
OTOPOYKH ATAT-XAJINENOHOBBIX OBOCOBJIEHUU U BBISIBJIEHUE B HEU
I'nJPOTEPMAJIBHO-METACOMATHUYECKOU NEOJIMTU3ALIUN

I'.A Maranamsuiu
I'pysunckuti Texnuueckuii Ynusepcumem, I pysus, Tounucu, Kocmasa 77
maggeo31@gmail.com

BriepBrie B arar-xajieJOHOBBIX 000COOJICHNSIX Ha TPaHHMIE C BMEIAoNnIel MOpoIoH yCTaHOBJIEHA OMAaJOBUIHAS OTO-
pouka, KoTopas oOpas3yercs HpU B3aUMOAEHCTBUM T'MAPOTEPMAIBHOIO KPEMHE3EMHCTOIO pacTBOpa C ILIEI0YaMHU
BMelIlaroiei nopoipl. B aBrokiaBe BOCIIpon3BeIeHO MOEIMPOBAHUE JAHHOIO Mpoliecca U MOIy4eHbl aHAJIOTHYHbIE
MIPUPOJHBIM pe3yJbTaThl. TakuM 00pa3oM, MpHU 3alOJHEHUHM THAPOTEPMAIBHBIM KPEMHE3EMHCTHIM PacTBOPOM MHa-
POJIOBBIX ITyCTOT, BO BMELIAIOIIUX NIOPOJAX BO3HHUKAIOT yCIOBHA "IPUPOAHOro aBToKIaBa". Ilomumo omana, o-KpHc-
To0ammTa, 00pa3ylomuXcs IPYU B3aUMOJEHCTBUU TUIPOTEPMAIBHOIO KPEMHE3EMHUCTOIO pacTBOPA ¢ MUHEpaIaMH BMe-
[IAOIIEH TOpPOIBI, B OTOPOYKE araT-XaleJOHOBBIX 000COOJEHHI BIIEpBBIE YCTAHOBIIEHA THAPOTEPMajbHO-MeTa-
coMaTuyeckas LEOIUTH3auus (KIMHONTHIONUT, MOpAeHMT). Omain, 3aHuMas 3HAYUTEIBHO OONbIIMHA 00BEM,
IIPOBOLIUPYET BO3HHMKHOBCHHE LIEHTPOCTPEMHUTEIBHBIX CHJ B KPEMHE3EMHCTOM Trelie, aBas TeM CaMbIM TOJIYOK K
00pa30BaHUI0 PUTMUYECKHX PEAaKLUi (COOTBETCTBEHHO AaBTOBOJIHOBOH Teopuu pacmajga reis), 4TO NPUBOJUT K
pacmany rens W (HOPMHUPOBAHHIO CBOEOOPA3HBIX, HETOBTOPHUMBIX II0 PHCYHKY 30HAJbHO-KOHLIEHTPUYECKHX
«araToBBIX» CTPYKTYp. TakuM 00pa3oM, HalileH KII0Y K pasraake GeHOMEHa araToB M OHUKCOB.

Bormpocsr 00pa3oBaHus KOHIEHTPUIECKUX (MM TUIOCKOTIapaJUIENbHBIX) CIIOEB B araToBBIX 000co0ITe-
HUSX SBISUTHCH TIPEIMETOM HCCIIeIOBAaHUI Ha IpoTsbkeHun Oonee cra et [11, 12, 10,7, 8,9, 4, 6, 3].

Bwmecte ¢ Tem CJICOAYyCeT OTMCTUTL, YTO HUKTO H3 HCCJ’IC}IOBaTCJ’ICﬁ HE O6paTI/IJI BHHUMAaHUA Ha BHEUI-
HIOIO 0eJIoro, MHOTJ]a MOPKOBHO-KPAacHOTO U IPYTHX [BETOB OTOPOYKY (KaiimMy), KOTOpast HEpEeAKO HabIo-
JTaeTCsl Ha TPAHMIIEe araTOBOM JKEOIbI C BMeIaromiei e€ mopozoi (puc. 1). Mbl, oueBUIHO, Takxke He o0pa-
TWIN OBl BHUMaHUsI Ha 3TY OTOPOUKY, €CIIM HE WHTEPEeCHBIH (pakT, UMEBIINIT MECTO B CTPOUTEIHHOH Mpa-
KTHKE.

IIo oxoHuanuu BTopoil MUpOBOI BOITHEI BO MHOTHX pa3pyLIEHHBIX ropoaax Yexocnoakuu, [lonpuiu,
VYxpaunsl, benopyccun pa3BepHyIuCh MMPOKOMACIITAOHBIE BOCCTaHOBUTENBHBIE PadoThl. OmHAKO, Tpo-
nuto 10-20 et u oTAenbHbIe CTPOUTENbHBIE KOHCTPYKIIMU CTalId pa3pymaThes. bpuin n3ydeHsl cBoiCcTBa U
MapKyu OETOHOB M MCIOJB30BAHHOIO B HEM LIEMEHTA, OJHAKO NMPHUYMHA pa3pyLIeHUs: OETOHA OKa3auach B
WHOM.

HccnenoBanusiMu MexITyHapoIHOW KOMUCCHH, B TOM uncie paboramu A.M.Bukroposa u B.M.Mexn-
BezeBa [1,2] ObUIO yCTaHOBJIEHO, YTO pa3pyLIEHUIO TMOABEprajics OETOH, B KOTOPOM B KauecTBe
HAIOJIHUTENIS] HCIIOIB30BAJICA PEaKIIMOHHOCIIOCOOHBIN KpeMHe3eM (KpeMeHb, KHCIIOe BYJIKAHUYECKOE CTEK-
710). UTO K€ IPOUCXOUIIO B TAKOM OCTOHE?

I/I3BeCTHO, 4YTO B IEMCHTE B TOM WJIM MHOM KOJIMYECTBEC NPUCYTCTBYIOT HJ;éJ'IO‘-II/I, KOTOPEBIC B YCJIOBHAX
KOHTPAaCTHOH Cpelbl Ha KOHTAKTE€ KPEMHE3EMHUCTOTO HAMOJHUTEIS U MIEI0UCOAepKAIero [eMeHTa B3a-

UMOJIEHCTBYIOT 1 o0pasyetcs omnan (SiO2:NH0). DkcnepuMeHTaIbHO YCTAaHOBJICHO, YTO 00pa3yOIIUics

omaj 3aHUMaeT B IIeCTh pa3 OoNbINUH 00BEM, HEXKETH KPEMHHUCTHIN HAMOJHUTEIb, YTO MPHBOJUT K
00pa3oBaHMIO B IIEMEHTE TPEITuH (puc. 2).

Puc. 1. benas ¢apdopoBuaHas 0TOpoUKa araToBOM *KeoAbl Ha TPaHUIIE C BMELIAIOLICH TOPOAOi.
ITommp. cpe3. Ve 2%
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- RPEMHUCTOIL WONGIHUTEA, [T tyemensm,
(23 - aron, - MpOLLLUHE!

Puc. 2. beToH ¢ KPEMHUCTHIM HAIOJIHUTEIIEM

Takue TpenrHbl 00pa3yITCs BOKPYT COCEAHETO0 KPEMHUCTOTO HAMTOIHUTENS, TPEIIHMHEI COSIMHSFOTCS
MeX co0OH, 9TO B KOHEYHOM HTOTE MPHUBOAHUT K Pa3pyIICHUI0O OETOHHOW KOHCTPYKIHMH. B cuiry 3Toro B
60-¢ - 70-¢ roxpl mponuioro crojetus ['0CcynapcTBEeHHBIM CTAHAAPTOM OBLIO 3alpelleHO MCIIOJIb30BaHUE
PEaKIIMOHHOCTIOCOOHOTO KPEMHHICTOTO HAMONHUTENS U CTPOTO JIMMUTHPOBAIOCH COACpKaHHE IIeNoueii B
MOPOJIaX, UCTIOIB3yEMbIX MIPH U3TOTOBIICHUH IIEMEHTA.

3HAaKOMCTBO C ONHMCAHHBIM (PAaKTOM M3 CTPOUTEIBHOM MPAKTUKU (TEXHOTEHHAsE MOJAEIH) HATOIKHYJIIO
HAac Ha MBICIb O BO3MO>KHOM CYIIECTBOBAHHUU M MPHUPOTHON MOJIENH aHAJIOTHYHOI'O MPOIIecca U MBI MBIC-
JICHHO TIPEJICTABWIIN araT-XaJlleJ0HOBYIO KeOo/y, 3aKIIOUEHHY0 BO BMematomieit mopoze. [locienuss, xak
M3BECTHO, TIOYTH BCETJa COAEPKUT B TOM WJIM WHOM KOJMuYecTBe mienoun. M medcTBUTENBHO,
HCCIIEIOBAHNE TMIEPBOrO JK€ MOJMPOBAHHOIO cpe3a oOpas3la arata IOKa3alo Halu4yhe aHaJOTHYHOM
OTIaJIOBON OTOPOYKH, KaK MPOIYKTa PEAKIH THIPOTEPMAaIbHOTO KPEMH3EMHCTOTO PAcTBOpa C MIeI0UYaMHu
BMeIIaroIel noposl (puc. 1).

CoriacHo MUKPOCKOIIMYECKUM M PEHTTCHOMETPUIECKAM HccieoBaHusIM (Tab. 1), JaHHas oTopovKa
TnpeacTaBiseT coboii cMech onana, o-kpuctodamuTa (4,07 A) u xnmunonTunonura (9,0 A).

OHa HEMOCPENCTBEHHO MOJACTHIIAETCS W3MEHEHHOW IEOMTH3UPOBAHHON (KIMHONTHIIONNT) BMeEIIa-
I0IIIEH %KEO Ty TIOPO/I0i (CMOJISTHO-YEPHBIE aHAE3UThI AXAIIIIMXCKOTO MECTOPOJKICHHS arara).

Ha nepBsiii B3rIs1A, OTOpOUYKA MPEACTaBIAETCA "MEPBHIM" WM HAYalIbHBIM CIIOEM, C KOTOPOIO Mpo-
WCXOJIUIIO HapallMBaHKUE JKEOJbl U JPYroro OOBSICHEHUS IPUPOJIBI ATOTO CIIOSI UCCIIEOBATEISIMUA HE TIPH-
BoJMIIOCH [7, 8].

DKCriepuUMeHTaIbHbIE MCCIIEIOBAHUS, TPOBEIEHHBIE B JIA0OPATOPHUH THAPOTEPMAIBLHBIX MPOIECCOB H
CHHTe3a MUHepasioB KaBKka3zckoro MHCTHTYTa MUHEPAJIBHOTO ChIPbs [6], HOATBepIMIIN 00pa3oBaHHe Omaja
MO0 KyCKaM XaJllle/IoHa B YCIIOBHUSX aBTOKJIaBa. CepHsi SKCIEPUMEHTOB OCYIIECTBJICHA TMPH CIEIyIOIINX
yenoBusix. Kycku xanienoHa BelAepKUBaIUCh B aBTOKJIaBax B pactBope NaOH B Teuenue 10 cyTok mpu
JIBYX TEMIIEpaTypHBIX pPEXKHWMax W TPH Pa3IUIHBIX KOHIIGHTpAITUSAX pacTBopa. B  pesynbraTte
OCYIIIECTBIICHHBIX JKCIEPUMEHTOB BHEIIHsSI YacTh 00pa3loB Oblia 3aMelieHa OelbIM ONalOBHUIHBIM
BEIIECTBOM Pa3IMYHOM TONIIHMHEI (puc. 3, Tadm. 2).
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Taoauna 1. Pe3ynbTartsl peHTT€HOMETPHUUECKOT0 aHann3a 6e10ro papPopoBUAHOIO MaTepraia OTOPOUKH
araToBbIX 000CcO0NeHHH (AXaIIUXCKOe MECTOpOXKAeHUe, yuacTok [lamau) (PenTrenoBckuil qudpaxtomerp

YPC-50UM. Ananutuxu: H.I1.Bsxupes, JL.I'.I'ymkabumaze)

D J OnpenenexHue
9,000 A 30 1eoHT (KIMHONTHIIONUT)
4240 A 72 Kpapi (xanuenoH)
4,070 A 100 Ol-KpPHCTOGATUT
3,697 A 44 Kgapi
3,340 A 91 Kgapig
2,488 A 23 OL-KpPUCTOOATUT
1,810 A 10 Kgapig
1,530 A 7 Kgapig

Puc. 3. O6paszoBanue onana (0enoe) Mo KycKy XajieJoHa B aBTOKJIaBe M0CJIe BBIICPKKH B

IIEJIOYHOM pacTBope B TedeHue 10 cyToxk.

Ta6auna 2. YcnoBus U pe3yibTaThl SKCIIEPUMEHTa

Cepust
KonuenTpanus 3arojHeHue o TommuHa ci10st HOBO-
JKCIIe- NaOH Y T°C 6
PHMEHTOB pactBopa Na aBTOKJIaBa, %o 00pa3oBaHMs, MM
1 1IN 50 130 12
2 05N 50 130 3
3 0,IN 50 130 1
4 1IN 50 180 8
5 0,IN 50 180 2
6 2N 50 180 MIOJIHOE 3aMEllECHUE

Ipumeuanue: HeckonbKo OoJbILIas TOIIMHA HOBooOpazoBanus npu 130° (3kcn. 1), yem npu 180°
(3kct. 4) oOBICHSETCS HAIMYMEM MHKPOTPEIIMH B 00pasiie W OOJIbIICH YIriIOBaTOCTHIO

KyCKa Xale/J0Ha.
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Uccnenopanus HOBOOOpa3oBaHMS IMOKA3alM, YTO OHO COCTOUT M3 ONalia, He3HAYUTEIHHOI'O KOJIU-
YeCcTBa KBaplla U METaCUIMKaTa HaTpUs (GKUIAKOE CTEKJIO), KOTOPBIN mepexomuT B pacTBop. KBapil B BuJe
3éper pasmepom 0,03 - 0,06 MM oTMedaeTcs KaK O] MHKPOCKOTIOM , TaK M peHTreHoMmerpudecku (1,530
A; 1,810 A; 3,340 A; 3,697 A; 4,240 A).

B npyrom o0pasiie peHTT€HOMETPUYCCKH M T0J] MUKPOCKOIIOM, B MOPKOBHO-KPaCHOTO I[BETa OTO-
pouke arara 3a()UKCUPOBAaH U MOPJACHUT - 3,215 A; 3,460 A; 4,12 A; 9,07 A; 13,60 A (tabn. 3; ananuTukn
E.A.Xyuaya, P.A.AxBnennann).

®dakT HaTUYUS B OTOPOYKAX araTOBBIX KEOJ| IIEOJIUTOB (KIWHOITUIONUT, MOPJICHUT) yKa3biBaeT Ha
TUAPOTEPMAIILHO-METACOMATHYECKOE UX MPOUCXOKIACHAE B YCIOBHUSAX 3aKPBITOH CUCTEMBI ("TIPUPOHOTO
aBTOKJIaBa", KOT/Ia MHApOJIOBAas IOJOCTh BO BMEMIAOIINX ITOPOAAX 3aroiHIETCS THIPOTEPMAaIbHBIM
KPEMHE3EMHUCTHIM araToOpa3yroIuM PacTBOPOM H 3aKYIIOPUBAETCS).

Tadauua 3. Pe3ynbTatsl peHTTEHOMETPUUYECKOTO aHAIM3a MOPKOBHO-KPACHOTO MaTepraia OTOPOUKH
araToBOM JKEObI

D J Omnpenenenne

2,331 A 38 MopaeHuT

2,42 A 37 Mopaenur
3215A 28 Mopaenur
3,340 A 27 KBapig
3,460 A 26 MopaeHur
3,980 A 23 MopaeHur
4,120 A 19 Mopaenur
9,070 A 10 MopaeHuT
13,600 A 7 MopaeHuT

BeiBoabI:

=

BriepBrie 0OpaliieHO BHIMaHKE Ha OMAJIOBUIHYIO OTOPOUKY araT-XajleJOHOBBIX 000COOICHUH U ycTa-
HOBIICHO, YTO OHA SIBIIIETCS MTPOYKTOM B3aMMOJAEUCTBUS TUAPOTEPMAIEHOTO KPEMHE3EMHICTOTO PacT-
BOpA, 3aIOJHSIOIIETO MyCTOTHBIE TIOJIOCTH BO BMEMIAOIINX TOPOaxX, U MIEI09aMH 3TUX mopoA. B ciy-
yae 3aKyMOpKH TOJOCTH MPOIECC MPOTEKAeT B YCIOBUAX 3aKpBITOM cucTeMbl ('MPUPOAHBIN aBTO-
KiaB").

B peaknnoHHBIX 0TOpOYKax BIIEPBBIE YCTAaHOBIEHO 00pa3oBaHUE THIPOTEPMATbHO-METACOMATUIECKUX
[EOIUTOB (KIMHONTUIIONNTA, MOp/IeHUTA). [IpH 3amoIHeHHH MyCTOTHBIX MOJIOCTEH BMEUIAONNX TM0-
PO THAPOTEPMAIBEHBIM KPEMHE3EMHUCTBIM PACTBOPOM MPOUCXOANUT THAPOTEPMATbHO-METACOMATHYIEC-
KO€ 3aMellleHue MUHEPAJIOB BMEMIAIINX MOPOJl C 00pa30BaHUEM IEOJIUTOB). AHAIIOTUYHO TOITYYald
CHUHTETHYeCKHe 1eoNuThl B YepHoronoBke (MockoBckas 06nacte), B IHCTUTYTE THAPOTEPMATHEHOTO
CHHTE3a MHHEPAIOB C TOW JIMIIb Pa3HMIEH, YTO MPU UCKYCCTBEHHOM IOJyYCHUH IICOJIUTOB aBTOKIIAB
3aMONHAIOT PAacTBOPOM MIENOYM NpH TBEPAOH (asze, NPEACTABICHHOH KHUCIBIM BYJIKAaHUYECKUM
CTeKJIOM - oOcuavaHoMm, a B "IPUPOJHOM aBTOKJIaBe" HA0OOpOT, xuukas (asza MpeacTaBieHa
THJIPOTEPMATIbHBIM KPEMHE3EMHUCTBIM PAaCTBOPOM, BO3ACHCTBYIONIMM Ha MHHEpPAIbl BMENIAFOIIIX
MOPOI.

BrisiBneHne peakimoHHOW TPUPOABI U paciugpoBKa YCIOBUNH 00pa30BaHUsI OTOPOUYKHU (KaiiMbl) arat-
XaJIIEIOHOBBIX 000CO0IEHN MOKET IaTh TOTYOK K TIO3HAHUIO U TIporiecca (GOpMHUPOBAHUS TPUUY/JIH-
BOH (hOpMBI KOHIIEHTPHUYECKHX, a TAKXKE IUIOCKO-TapauiensbHeIX ("'ypyrBaiickoro" THia) CjIoeB ararto-
BBIX )K€0/. MBI CKIOHHBI pacCMaTpuBaTh MX B Ka4eCTBE MPOAYKTa paclaja KPeMHE3EMHCTOrO rels,
MPOTEKAIOMIEeTo Ha ()OHE PUTMHUYECKHUX PEakInii (aBTOBOJHOBAS TEOpHs pacmazga reis). TomadkoMm Ta-
KOH peakiiu, OYEeBUIHO, CIYXKHUT B3aUMOJICHCTBHE THIPOTEPMAIBHOTO KPEMHE3EMICTOTO PAacTBOPa C
IeJI04aMU BMELAIOIIEeH KEeoay OpO/.
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w
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4. Ecnau B TeXHOTCHHOW MoJenH, B OeToHe oOpa3zoBaBLIasics MO MPUYMHE PEaKIHOHHON CIOCOOHOCTH
JKeNBaka KpeMHs (HamoimHWTenss OeTOHA) OMaloBHIHAS OTOPOYKa, paclupssich B 0O0beMe IpH
MIOTJIONICHUN BOJBI IEMEHTa, CO37[aeT LEHTPOOCIKHBIC CHIIBI, YTO BBI3bIBACT 00Opa3oBaHHE TPEIIUH B
OKpY’KafoIeM ero IeMeHte (n0Oo I[eMEeHT- IO KpemocTu ciabee, 4eM KpeMeHB), TO B TPHUPOIHOI
MO/JIEIU K€ BMelarias nmopoja (6a3aibT, CMOJISTHO-UEPHBIH MOPPHUPHUT, TEXIUTEHH U IP.) C MyCTOTOH,
3allOJTHEHHOW araToOpa3ylouiM KpPEeMHE3eMHCTBIM TelneoOpa3HbIM PacTBOPOM, 3HAYMTENBHO Oosee
Kpenkasi, 4eM renb. OOpasyromiascs OMaJOBHIHAS OTOPOYKA, PACHIMPASCH B O0bEMe, BBI3BIBAET
LHEHTPOCTPEMHUTENILHBIE CUIIBI, HAlpaBJICHHbIE BHYTPb Telisl, YTO AaeT TOMYOK Uil BO3HUKHOBEHUS
PUTMHUYECKUX PeaKLuii (aBTOBOIHOBAsI TEOPHS pacraia reis).

DTOT Tporecc W MPUBOIUT K (HOPMHUPOBAHUIO CBOCOOPA3HBIX HETIOBTOPHUMBIX MO PHCYHKY
«araToBBIX CTPYKTYp» 30HATBHO-KOHIICHTPUYECKOTO CTpOeHHs. Takum o0pa3oM, HaWIeH K4 K
pasrazke (h)eHOMEeHa araToB M OHUKCOB.

BaaropapHocTn

ABTOp BBIpaXaeT TIyOOKyl0 OnarogapHoCcTh BUAHBIM yuyeHbIM: akagemuky PAH JI.B.Pynaxsucry,
akanemukaM HanuonanbHoit akagemun Hayk Ykpaunsl E.A Kymumy u E.B.IIHIOKOBY, 4j€H.-KOpp.
HarmonaneHol akamemun Hayk AsepOaiimpkana mpodeccopy. B.baba-3anme, akamemuky HarumonanbHOMR
akagemun Hayk Apmenuu P.T.[xpOamssny m uieH.-kopp. P.JL.Menkonsny, mpodeccopy Mucruryra
skcniepuMeHTanbHo MuHepanornn PAH B.C.bammmkomy, mpodeccopy  YHuBepcurtera r.KiepmoH-
®eppan XK.bopxe, akageMuKy-ceKkpeTapio (GU3NKO-MaTeMaTHIECKUX HayK HanmnoHamsHOM akaqeMiu HayK
I'py3un [Ix.C.JloMrHaa3e U akageMHUKy OTJENEHUs XUMUU U Xxumuueckoil Texnonorun K.xanapuaze, a
TaKkKe JOKTOPY reoil.-MHHepanor. Hayk B.3.SIpomeBndy 3a moOpoe OTHOIIEHHE M BBICOKYIO OIICHKY
PE3yNbTATOB UCCIEAOBAHUM.
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INTERPRETATION OF CONDITIONS OF OPAL-LIKE MARGIN FORMATION
IN AGATE-CHALCEDONY GEODES AND REVEALITION
OF HYDROTHERMAL METASOMATIC ZEOLITIZATION WITHIN IT

G.A Magalashvili

Georgian Technical University, 77 Kostava Str., Thilisi, Georgia
maggeo31@gmail.com

SUMMARY

For the first time, around agate-chalcedony geodes, the opal-like margin has been found out; it has been
formed by the interaction between hydrothermal silicic acid solution and alkalines of the enclosing rock.
Modeling of this process has been carried out under autoclave conditions, and similar results have been
obtained. Thus, when amygdaloidal cavities (or other forms) being in enclosing rocks, are filled with
hydrothermal silicic acid solution, "natural autoclave” conditions come into existence. Besides opal and o-
christobalite, formed in the result of the interaction between hydrothermal silicic acid and minerals of the
enclosing rocks, hydrothermal-metasomatic zeolites have been also found out for the first time
(clinoptilolite, mordenite). Formation of opal margin (brigade) requires more volume(capacity), in the
result of which it creates centrifugal forces. Influence of these forces forms rhythmic reactions (according
to the auto waved theory on breakdown of gel), which in Heir Wang, cause breakdown (failure) of gel; and
zonal — concentrating structures, are characterized for “agate peculiar”, various pauerns (pictures) are
formed. Thus, we can conclude, that it has become quite possible to interpreted the mechanism of “agate”
formation phenomenon.
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PEAKIIUSA MUKPOLUPKYJALINUNA U TEMOPEOJIOT YU KPOBHU
B ODKCIIEPUMEHTE HA BEMUIIAPUH

M.Manukasa
Obwecmeo peonoeos, I pysus , Tounucu, rheology@gmail.com
Llenmp sxcnepumenmanvhvix ucciedosanuii buomeouyunvt um. U.bepumaweunu,
mantskava@Ilifescience.org.ge

Koarymnamust 1 reMopeonorust HirparoT 3HAaYNTEIbHYIO PONIb B NUPKYIAIMN KpoBH. Bo Bcex Gpu3noIornaeckux u
NaT(U3NOIIOTHUECKHUX MTPOIIECCax 3aIeHCTBOBAHbI KOArySIIMOHHAS U TEMOPEOTIOTUIECKHSI CHCTEMbI OPTaHU3Ma.
B nanHO#l paboTe MBI HCCIEROBaNHM BIMSHHE OeMHUIIapMHA Ha SKCIIEPUMEHTANbHBIH cTa3. Oka3anoch, 4TO
OGeMHUMaprH OKa3bIBaeT ITOJIOKHUTEIBHOE BIMSHUE HE TOJBKO HAa KOATYJIHIO, HO TAKXKE HAa PEOJIOTHUECKUE
CBOMCTBA KPOBH U MUKPOLIMPKYJISTOPHOE PYCIIO BLIETOM.

KaloueBble ciioBa: OeMumapuH, arperupyeMoctb, AehOpMHPYEMOCTb, TE€MAaTOKPHUT, OPUTPOLIUT,
MUKPOLUPKYJISLHS

Beenenue
OtnaxkeHHast paboTa KOAryIsAIMOHHON/aHTUKOATYIISIIIHOHHON U PEOJIOTMYECKOW CHCTEM OpTraHH3Ma

o0ecreynBaloT IBW)KEHUE W LUPKYIALHUIO KPOBH, oOecrieunBas Tpodpuueckyio ¢yHkuuio kposu [1,2].
KpoBb, sBhsisich cyclieH3Wel CO B3BEHICHHHIMHM B HEW KPOBSHBIMH KIIETKaMH, HMEET 0coboe
CTPYKTypUpoBaHHe. M3MEHEHHsS B KOAryJSIIMOHHOW W PEOJOTHMYECKOM CHCTeMaX BBI3BA€T W3MEHEHHE
CTPYKTYpUPOBaHUS, 3aMeJUIeHHE MOTOKa, CTa3MpOBaHHE W TPOMOHPOBAHWE COCYAOB, M KaK CIEACTBHE,
reHepaJIn3UpOBaHHOE HapyIIeHUs KpoBoToka. HopMmaibHOE CTpYKTypHpOBaHHE KpPOBOTOKA CBSI3aHO C
aZICKaTHOCTBIO PEOJIOTUYECKMX CBOMCTB KPOBH H C pPaBHOBECHEM TIPOIECCOB KOATYISALIUK U
aHTHKOArynsun. Kakue Obl MaToMOTHYecKre MPOIeCChl He BOSHUKAIIN B OPraHU3MeE, BCET A 3aJeiCTBOBAH
MEXaHM3M  HW3MEHEHHSI  CKOPOCTH  KpPOBOTOKAa.  OD(QEKTUBHOCTh  KPOBOTOKA  3aBUCUT  OT
BHYTPUCOCOCYAMCTHIX (PAKTOPOB W COCYIUCTBHIX peakmnuii. COCyIUCTBIE PEAKIUH, PEONIOTHYECKHE M
KOAryJISIIOHHBIE CBOHCTBA KPOBU OMPEIENAI0OT HMHTEHCHBHOCTh MUKPOLIUPKYJIISINK, YTO B CBOIO OUYEpEh
oOecrieunBaeT aJeKBaTHbIC MOTPEOHOCTH KpoBocHaOkeHus TkaHed [3]. C omHOW CTOPOHBI HW3MEHEHUS
HUPKYJSIIUM  KPOBH  IMOAJEPKUBAET pa3BUTHE TMOTOJOTHHM, a C JPYroil CTOPOHBI, HapacTaHWEM
MATOJIOTYECKUX M3MEHEHUH CTUMYIHPYETCs Tpollece 3aMeNieHus] KpoBoToka. OTCI0/]a BUTHO, KaK BaXKHO
HOPMAaJIM30BBIBATh BCE ACIMEKTHI (KOAryISIIMOHHO-aHTHUKOATYJISIIHOHHBIE, PEOJOTHUECKCKHUE, COCYIHCTHIE),
obecrieurBarolyie HOpMaJlbHBI KPOBOTOK Ha YPOBHE Makpo- U MUKpO KpoBooOpaieHsn. OmHako, ocodoe
BHUMAaHHE 3aCIyXHBAET KOATYyJSIOHHAS CHUCTEMa, THUIEPIOTpPeOJieHHEe M HWCTOIICHHE KOTOPOH MOXKET
HAOIOAThCS Taxe TpU (PU3HOIIOTUYECKUX YCIOBHUAX, KOTOpas B AIBHEUIIIEM CIIOCOOHA CIIPOBOITUPOBATH
cOoil B pEOJIOTUYECKOW CHCTEME OpraHu3Ma WM MHUKpOUMPKYJsinuu. Llempio Hameid paboTel OBLIO
WCCIIeITBAaHIE HOBOTO aHTHUKOATYIAIIMOHHOTO Tperapara OeMHITApHH Ha TeMOPEOJIOTHUECKYIO CHCTEMY
KPOBH M MUKPOLUPKYJISINIO. beMunapua HaTpust ObLI MOYYeH MyTeM IIeTOYHOH nernonumepusannu HOT
(remapuHa HaTpUS U3 CIU3UCTON OOOJOYKK KHUIIEYHWKA CBHUHBH). lIpemapar wumeer cpeaHIioo
Monekyisipayto Maccy 3600 a. Kaxaeiii HMIT ommudaercss oT Ipyrux cpeaHeil MOJNEKYIspHON Maccow,
pacmpeeneHreM Iereil ¥ COOTHOIIEHHEM aHTH-Xa/aHTH-|la-akTHBHOCTH, 9TO OOYCIIOBICHO pazIUYUsIMU
MeTOI0B TIpou3BoACcTBa. CooTHOIIEHHE aHTH-Xa/aHTh-|la-akTuBHOCTH y OemumapuHa coctaBisieT 8:1 [4],
YTO BBILIE, YEM Yy JaJbTEIAapUHA, SJHOKCAllApUHA U HAJpolapuHa. MakcuMalbHbIi IUIA3MEHHBIM aHTH-Xa-
s dext npopmnakrudeckux 103 — 2500 u 3500 ME nactynaer uepe3 2—3 4 mociie MoJKoXHOTO BBEIACHHS,
JOCTUTasl MUKa akKTUBHOCTH NpHu KoHueHTpauuu 0,34 n 0,45 ME/mn mna3mbl cooTBeTcTBeHHO. AHTH-la-
aKTUBHOCTh IIPH OSTHUX J03ax HE oOHapyxwuBaercs. CuuTaeTcs, 4T0 aHTUTpOMOOTHUECKHH IPPeKT
OeMuITaprHa MPEUMYIIIECTBEHHO 3aBUCUT OT aHTH-Xa-aKTUBHOCTH, HO MOXET MOIYIHPOBATHCS U APYTUMHU
spdexramu, Hampumep, OCBOOOXKICHHEM HMHrHOMTOpa myTH TkaHeBoro akropa (UIITO) wu3
SHAOTENNANTBHBIX KIETOK [5]. Tarxke ecTb maHHBIE, YTO OEMHUIIAPUH B MEHBIIECH CTETIEHN CBA3BIBAETCS C
MakpodaramMu W OelKaMH ONYXOJEeBBIX KIeTOK, demM napyrme HMI wmmu H®I, dro, BeposTHO,
NPEAOTBpAIACT CHIDKCHHE AHTHUKOATYSIHTHOTO TOTEHIMala M obecreunBaeT Ooliee MpeacKa3yeMbli
J10303aBUCHMBIH 3 dekT. B uccienoBanuu in Vitro OpU10 MPOJEMOHCTPUPOBAHHO TTOJABICHUE OITyXOJIEBOTO
aHTHOTEHe3a TMoxa JeicTBreM OemumapwHa [6]. B mcciiemoBaHmMsIX BBIABICHO 3—5-KpaTHOE YBEITUUCHHE
conepxanusi B kpoBu cBobonHoro UIIT® [7,8]. OnHako HEmocpenCcTBEHHOE BIMSHUE OeMHIIaprHA Ha
MUKPOLUPKYJIALNIO U TEMOPEOJIOrMUECKHE CBOMCTBA KPOBU HE M3YYEHBI.
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MaTtepHuaJjbl H METOABI

Hccneoosanue muxpouupkynayuu

OmnsiTel mpoBouHCch Ha 30 kpbicax obenx mosoB (1:1) co cpexanm Becom - 200 + 23r. Uccrnenyemoe
BEIIECTBO — OeMuIapuH Mbl Hcmonb3oBamd B koHneHtpauusx 0,01; 1 m 0,1 ME / M, KoTtopble
OXBAaTHIBAIOT TEPANeBTUYECKUNA anWanazoH 1o03. Jims cpaBHeHHUS NeiicTBHS OeMHIIaprHa MBI BBIOpAIH
MaKpOMOJICKYJISIDHBIM ~ TelmapuH  (CJemoe HCCIeOBaHME: OpEHIbI, TOPrOBbIE MapKH U TOYHBIH
MOJICKYJIIPHBIA BeC HE yKa3biBaercs). [l Hapko3a Mbl mcmonib3oBaiu xjopanruapar (1 ma 4%-Horo
pactBopa Ha 100 r maccer Tena). AHecre3us aenanack npu nmomomtu 0,02 mi 2% pactBopa mpomesona Ha
100 r maccel Tena. XUpypruieckiuM MyTeMU Mbl H30JHPOBAIN OPBIKEHKY U pa3Mellaid Ha CICIUATBHOM
cronuke ¢ temneparypoit 37°C moa mukpockorom "Ortoplan, 170 / - Plapo (x 6,3) "co crernuanbHOi
kamepoit Vario-Ortomat”Leitz", T'epmanus. Kanumisippl OpbDKEHKH CTa3HPOBAIKCH IyTEM aIUTHKAIIN
mukpokprcTauia NaCl Ha 310poBbIi Karmuiisip.

HUccnedosanue zemopeonozuu

I'eMmopeonorniyeckue mapaMeTpbl KpOBH — 3TO arperupyeMocTb 3PUTPOLUTOB, IehOPMHPYEMOCTb
OPUTPOLIUTOB,  BA3KOCTh  IUIa3Mbl,  I'EMAaTOKPUT  (MecTHas  KOHICHTpals  JPHUTPOLUTOB).
ArperupyeMocTb pUTPOIMTOB MBI PACUMTHIBAIM MPU MOMOIIHM anmapara TeKcTypHoro ananu3a (Tas-plus,
Leitz), kak OTHOIICHUE arperupyeMbIX SPHUTPOIMTOB K HMX OOIIEMy uHcay mpo momomu “Georgian
technique™[3]. M3 XxBoCTOBO#1 BeHbI Opaiii KPOBb U MOMEIIATH B CTAHIAPTHBIN Menamkep 10 otMetku 0.5.
C wenpio OTAENEHHUS IUIa3Mbl KPOBHM M ()OPMEHHBIX 3JIE€MEHTOB APYr OT Apyra OCTaBLIYIOCS KPOBb
neHTpudyruposamu B tedeHue 10 muayt (3000 06/MuH). B cootHOmennn 200:1 1umasmoit pazbaBisuin
3apaHee MOMEUICHHYI0 B Menamkep 1o 0.5-0if oTMeTkn KpoBb. [ Xopolero nepeMemmBanusl KpoBU U
IUTa3Mbl MEJIAHXKEP B30aJITHIBANIM B CIIELUAIbHBIM YCTPOWCTBOM B TEUeHHE Tpex MHUHYT. Mccrmemyemyro
KaIUTFO KPOBH BBOJIMIIM B TUIOCKYIO YETHIPEXyTonbHYIO Kamepy (15Mm X 15 MM X (.2 MM), H3rOTOBICHHYIO
U3 BBICOKOKQUECTBEHHOTO MOKPOBHOTO CTEKJA, HAKPHIBAJM TIOKPOBHBIM CTEKIIOM H 3aJleNIbIBaJIH
napaduHoM. Bce mokpoBHbIe cTekIa 00pabaTbBail 5% JIMMOHHO-KUCIIBIM HaTPHEM WU CUIMKOHOM. Jliist
WCCIICIOBAHUSl arperaniy SPUTPOLUTOB B MpoOax KPOBH MbI IOJB30BANKCH CHCTEMOM TEKCTYpHOIO
anammza ¢Gupmbl “Leitz” koropas Bxmroyama B cebe mukpockon “Ortoplan” %630 u TeneBH3HO
TEJIEBU3MOHHYI0 Kamepy. KommbloTepHass 00pa0OTKa JaHHBIX TPOM3BOAWIACH TPH  [TOMOIIH
CYIIECTBYIOIIMX B MallMHE CTAaHAAPTHBIX HOANpOrpaMM o0paboTku m3o0pakeHus. JledopmupyemocTb
SPUTPOIMTOB MBI PACUUTHIBAIM 3amareHToBaHHOW Meromukoi (1462201, G 01 N 33/49, 1989). Uepes
JaBcaHOBBIE QUIIBTPBI ¢ pazmMepoM nop 4,9-5,1 MKM IpoIycKaliu CrelUalbHYIO CyCIIEH3UIO D)PUTPOLIUTOB.
Crioco6 wmsrotoBnenus cycnensun: u3 0,02 M1 3pUTPOLUTOB M3TOTOBMIN 5% CYCHEH3HMIO dPUTPOIMTOB B
coseBoM Oydepe ¢ KOHIEHTpaLUeH HOHOB, OJM3KOM K TAKOBOM B IIa3Me KPOBH, (GUIBTPOBAIN CYCIICH3HIO
SPUTPOIMTOB Yepe3 MHUKPOIMOPHCTYI0 MeMOpaHy Oe3 BO3JEHCTBUSI BHEIIHEH CHJIBI B TeUeHHE | MHH,
CHEKTPO(HOTOMETPUIECKH OIPEETISUIN KOTMYECTBO TeMOIIOONHA B MPOQUIBLTPOBABILIEHCS CYCIICH3HN U B
CyCHEeH3MU A0 (GWIBTpalMH, PacCUMTHIBAs MOKa3arenb AegopMupyeMoctd 3purpouutoB [11]. Bsaskocts
IUIa3Mbl KPOBM MBI HCCJIENOBaJIM B KaOWUIAPHOM BHcKozuMmerpe npu 37 °© C (mumamerp - 1,8 mwm).
JIBi>KeHUe TUIa3Mbl B KaNWUIAPEe WHIYIMPOBAHO JCHCTBHEM CHIIbI TSHKECTH, KOTOPOE CBSI3aHO ¢ Niveaux
PasHOCTBIO HCCIelyeMor miasMbl. {1 OLIEHKH BSI3KOCTH IUIa3Mbl B CaHTHITya3ax (Cp) Mbl ONpPEACTHIIH
ko3 unment kanubposku (F). BsaskocTs mnazmel KpoBH Obljla paccYUTaHa IMyTEM YMHOXEHHUSI BPEMEHH
CMEIleHHs TIIa3Mbl 4Yepe3 Kanmwuisip a Kod(hQGUIMeHT KanuOpoBku npuOopa. CHCTEMHOW TreMaToKpHTa
OIIEHUBAIIM C TIOMOIIBIO IIEHTPUYTHpOBaHUS TPoOBI KpOBH, B craHmapTHOW ueHtpudyre npu 8000
oboporax B MwuHyTy, B TedeHue 10 wmuH. Craructudeckas o0pabOTKa JaHHBIX TMPOWU3BOIMIIACH
craructrdeckoir mporpammoii Origin 4.1 (CIIA). DkcnepuMeHThI TPOXOIWIN B COOTBETCTBHH C
CrtpacOyprckoii Aeknapanueii. beiio mojyueHo pasperienre ITHYeCKOro KOMUTETa Ha SKCHEPUMEHT.

PesyabTarsl
Brusinue OemumaprHa Ha MHUKPOIMPKYJISIMIO CXEMAaTHUECKH IMMOKa3aHo Ha pucyHke 1. Okazaiocs,

YTO B OKCIEPUMEHTAJIbHO CTAa3MPOBAHOM KAMMJUIAPE IIOCIE OpPOIICHUS pacTBOPOM OeMHIlaphHA
MUHUMAIILHOW KOHIIGHTPAIlMU, KPOBOTOK BOCCTAHABJIMBAJCS. Pe3ynbTaThl HCCIIEIOBAaHHN BO3JEHCTBHS
pacTBOpOB OEMUINApHHA PAJNIMYHBIX KOHIIGHTPAIMi Ha pPEOJIOTHYECKHE CBOMCTBA KPOBH TPUBENICHBI B
Tabaune 1.
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Pucynoxk 1. Cxema BnusiHre OeMHUNIaprHa HA MUKPOLUPKYJISALIUH

Tadauua 1. Bousaue pac TBOpoB OeMHUIIaprHa Ha TeMOPEOJIOTHYECKHE CBOMCTBA: arperupyeMocTb
IPUTPOILHTOB, 1eHOPMHUPYEMOCTh SPUTPOIIMTOB, TEMATOKPHT, BI3KOCTh M1a3mbl, M+m, * p<0,01

Konuentpanus pactsopa | Arperauus | [edopmanus ['ematokpur, % | BaskocTs n p
Oemurnapuaa, ME / M1 | 3pUTpPOIIMTOB, = SPUTPOIUTOB ma3Mmel, cll
%

0,01 18+2,2 2,1+ 0,05 31+£2,4 1,4+0,05 5 *

0,1 22+19 2,1+0,05 29+2,6 1,1+0,05 ) *

1 15+2,2 2,2+0,05 29+3,0 1,2+0,05 5 *

KOHTPOJIb 25+25 2,2+0,05 32+1,0 1,5+0,05 5
uckyccus

Ecnu yuecTh, 4TO yXyAllleHHE WHTEHCUBHOCTH KPOBOTOKA B PABHOHN CTEIIEHW MOXKET OBITh BBI3BAHO
M3MEHEHHUSIMH B KOAryJSIIMOHHOW W TE€MOPEOJIOTMYECKOW CHCTeMax, M CTaTb OCHOBOM ISl MHOTHX
3a0oseBanuii [12,13], mMomenupoBanue TpomOO3a M CTa3a OYECHb BaKHA C TOYKH 3PCHHUSA OLEHKH
OemumapuHa, Kak (apMmakolpernapara, yiaydimiaromiero paboTy MHKpPOIMPKYJIANMOHHOTO —pycia.
Pe3ynbrarhl Hamiero sKkcrepuMEHTa MOKa3alu, YTO OEMHUIIApUH OKAa3bIBACT ITOJIOKUTEIBHOE BIUSHUE HA
MUKPOLIUPKYJISAIUIO U PEOJOTHYECKHE CBOMCTBA KPOBH. OTH JIaHHBIC IOMOTYT ONPEICIUTh POJb
OeMmuIapiHa B KadeCTBE NPEBEHTUBHBIX MEpP IMPH MHOTHX XPOHWYECKHX MATOJOTHSX, TPU OCTPHIX
HApYIICHUSAX B CUCTEMAax OPTaHM3Ma, B MPEJ- U MOCTONEPAIMOHHOM NieproiaX. M3yueHrne peoaoruaeckux
0cOOeHHOCTEH B DOKCIEpUMEHTaxX iN VIVO mox Bo3meiicTBHeM OeMuIlapuHa JacT BO3MOYKHOCTE
NpOCIMPOBaHHUS M OOOOIICHUST HAIIUX pe3yJbTaTOB C CYIIECTBYIOIIEH iurepatypoit [13,14,15], uro B
CBOIO OYEpellb IMOCITYKUT OCHOBOW MOHHTOPHUPOBAHWS W ONTHMHU3AIMHA HWHTEHCHUBHOCTH KPOBOTOKA B
KIIMHUYECKOH mpakTuke. Hapyienne KpoBOTOKa 4acTo SBISETCS IEHTPAIBHBIM 3B€HOM B (DOPMUPOBaHUU
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psiaa Oone3Hed u ux ociiokHeHudl [14]. Baxknas posib oTBoamTCs cocymuctomy dakropy [13,15], HO
TPOMOOLUTHI, SPUTPOLMTHI W IIa3Ma KPOBH SIBJISIIOTCS BENYIIMMH B Pa3BUTHH MATO(U3UOIOTMYECKHX
MPOIIECCOB M CTAaHOBIEHHH HO30i0THI. CepedHO-COCYANCThIe 3a00JIeBaHuUsI, OHKOJIOTHIECKHEe OO0JIe3HH,
nuaber — oTa Tpuaga OoJe3Hel, KoTopas MPUBOAMUT OOJBIIOMY MPOIEHTY JIETATBHOCH W WHBAIHAN3ALNN
uped BCEeX MOMYJSIMOHHBIX Tpymnn. JluarHocTwka, JedeHHne H NpOQUIAKTHKA JTUX Oole3HeH
noJpazyMeBaeT YyiydlleHue TPO(QUKA KPOBU MYyTEM TMOBBIIICHUS WHTEHHUBHOCTH MHUKPOLMPKYJISINH.
WubapkTel, WHCYNBTH, AWa0ETHYECKHE AaHTHUOMATHH, aTEPOCKICPOTUUYECKUE SBICHHS, HapyIIeHHE
TUMQOIMPKYISAIMK Ha (OHE XUMHOTEPAIIMN M OOJy4YeHUs], MPOsBICHUSI CHHApoMa PeiiHo W psa mpyrux
Oone3Helt TpeOyIOT K30T€HHOE BMEIIATEIbCTBO, HAMPABICHHOE HA yiIydlleHHe KpoBoToka [13,16,17,18].
Peonornyueckne cBolicTBa KpOBH OOCCICUYMBAIOT aJCKBATHOCTH KpOBoOOpamieHus. Hopmammzamms
COCTOSTHHISI CBEPTHIBAHUS KPOBH SIBIIIETCS. OCHOBHBIM M HanOoJiee BaYKHBIM (PAKTOPOM CTHMYJIMPOBAHUS U
o0orameHuss MUKPOLMPKYJISIIIMOHHOM CeTH M KpoBooOpalleHue B neiaoM. [Ipr u3MEeHeHHH PeoIornIecKom
CHUCTeMBl KPOBH WHOW pa3 He HeOIoAaeTcs TeHepaln30BaHHYH KPHU3WUC KOaryisHOOHOW CHCTEMBI.
MMeHHO B TakWxX Cilydasx BO3pacTaeT KIMHUYECKas 3HAYMMOCTh BIHMAHUSA Oemmmapuna. [Ipomomkxenue
UCCIIEIOBAHUH B 3TOM HAMpaBiICHUM INPOJILET CBET Ha HE J0 KOHIA HCCIEIyeMYyI0 CBS3b MEXIy
FEMOPEOJIOTUEN U KoaryJsuueil opranusMa. lIpoBeaeHue ucclieIoBaHUM, ONMUCAHHBIX B JaHHOM CTaThe
SBIISIETCS OYCHb BAXKHBIM W 3HAYMMBIM JJISI TOTO, YTOOBI BBISIBUTH paHee HEM3BECTHBIE OCOOEHHOCTH
OoemumapuHa. Ha ocHOBaHWU HAIIMX MCCIICOBAHUMN, IPOBEACHHBIX B MPEABLAYIIHNE TOJbI, OBLIH TOTYYCHBI
Y TIpE/ICTAaBIICHBI JJIs1 00CYKICHUS HAllleH UCCIIEI0BATENbCKOM IPYIIIOH MHOTHE TIOJI0KEHHUS U MOCTYJIaTHI,
YTO B JAJbHEHIIEM TMOJNIOKWJIO Hadajgo TMepexofa Hamux (yHIaMEHTATBHBIX NPEIIOKEHUN B
MpaKkTUYECKyl0 MeauuuHy. B Hacrosimiee Bpemss MHorue KiauHuUkA ['py3un u BocTouHOM EBpombl
PYKOBOJCTBYIOTCS ~ HallUMH  peKoOMeHAauusMu. Hazgeemcsi, duro wm3ydeHHss OeMUIapuHa Kak
AHTUATPETallMOHHOIO Mpenapara MOBBICUT HMHTEPEC K AHTUKOATYJISIHTaM HE TOJBKO CIEHUATNCTOB
KOaryJoroB, HO ¥ TEPAIeBTOB M XUPYProB OOIIeH MPaKTHKHU Y HAC B CTPaHE U 3apy0emoM.
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THE REACTION OF THE MICROCIRCULATION AND HEMORHEOLOGY IN THE
BEMIPARIN DURING EXPERIMENTS
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SUMMARY
The coagulation and hemorheology play a significant role in the circulation of the blood. Coagulation and
hemorheological systems of the body are involved in all physiological and pathphysiological processes. In
this study, we investigated the effect of bemiparin to an experimental stasis. It appeared that bemiparin has
a positive effect not only on the coagulation, but also on the blood rheological properties and
microcirculation vessels.
Keywords: bemiparin, aggregability, deformability, hematocrit, RBC, microcirculation.
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YJIBbTPA3BYK B ME/MIIMHE, BUOJIOI'MHU, BUOTEXHOJIOT'MH

B.b.Axomsr, M.b.Mupuxynasa*, XKopxx Haccap**, A JI.Llubanze*
AO «l'ocHUUcunmeszbenoxy, Mockea
*Hayuonanvuwiil yeHmp no KOHmMponio 3abonesanuil ¢ Tounucu
**|EMN - DoAE Université de Valenciennes, France

VY IbTpa3ByKOBBIE METOABI JABHO HAIIM CBOE MECTO B MEIUIMHE, U IIMPOKO MPUMEHSIOTCA B AMArHOCTHKE,
Tepanuy, Xupypruu. B nocnegnee Bpemsi, METUIIMHCKAs yJIbTPa3BYKOBasl TEXHUKA CTaja TaKoW e PyTHUHHOH U
B BETEPHHAPHH, TIC €ro B PANC CIydacB yIbTPa3BYK HMPUMEHSIOT Jake IMMpe, 4eM B Meaunuue. OgHAaKo
BO3MOYKHOCTH YNBTpa3ByKa NaleKO He HCUepNaHbl. Pa3BUTHE DIIEKTPOHMKHM M aKYCTHKH, a TaKKe MOHUMaHHE
MEXaHN3MOB OHMOJIOTMYECKOT0 M (PMU3MKO-XUMHIECKOTO JEHCTBHUS yIbTPa3ByKa CTUMYJIHPYIOT Pa3BUTHE HOBBIX
WHBA3MBHBIX WM HEWHBAa3WBHBIX MeTOJOB. (DOKyCHpOBAaHHE YIbTPa3ByKa C HNPUMEHEHHEM (Hha3sMpOBaHHBIX
pELIETOK MO3BOJSIET pa3pyllaTh HOBOOOPAa3OBaHMSA B OpraHW3Me, 0e3 HapyIIeHHs IOKPOBHBIX TKaHEH, u
KOJIMYECTBCHHO OIICHMBATh YYBCTBUTEIHFHOCTh HEPBHBIX OKOHYAaHMH Ha KOXK€ M B TJIyOWHE OpraHu3Ma.
CrnocoOHOCTh yNIBTPa3ByK YBEIUYUBATH IMPOHHUIAEMOCTh KJIETOYHBIX MEMOpaH Jierja B OCHOBY MeToza
aJpecHOM JOCTaBKM JICKApPCTBCHHBIX BEIIECTB, B YAaCTHOCTH IUTOCTATUKOB B OIyXOJIeBble TKaHH. B
OMOTEXHOJIOTUSIX MHKPOOHOJIOTMYECKOTO CHHTE3a AHTUOMOTUKOB U JIPYTUX OMOJIOTMYECKU aKTHBHBIX BEILECTB
YIBTPa3BYK HHU3KMX HHTEHCHBHOCTEH HCHIONB3YIOT MM CTUMYJSLUH pocTa U Pa3BUTUS  KYJIBTYp
MHUKPOOPTaHU3MOB. Mcnomnp3ys yiabTpa3ByK, IMOITYyHalOT CYCIIEH3UM HEpacTBOPUMBIX B BOJE CMOJ U APYTUX
BEILECTB, OOTAAIONIMX MOIIHBIM JIe4eOHO-IPO(MIAKTHYECKUM JICHCTBHEM M HPUMEHUMBIX JUIA JAETEH.
VYnbTpa3sByKOBbIE METOMBI BHEAPSIOTCS B TEXHOJNOTHMHU IMOJyYEHHs CHELMANbHBIX mpernaparos g 3D neuatu
KOCTHBIX HMIUIAHTAaTOB. [lonydeHHBIE C NOMOILIBIO YIBTPa3ByKa JaKM M3 SHTaps, HE TMOABEPILIErocs
Ouonerpamany 3a ACCATKH MIIIMOHOB JIET, HAITM NPUMEHEHHE M 3aIUTHl OT WH(EKIHMOHHO-OMAaCHBIX
61ooOpacTaHuil CheMHBIX 3yOHBIX NPOTE30B M YPOJIOTHYECKHX KaTeTepoB. K cokaneHWio, Jaleko HE Bce
JOCTHKEHUST MEIUIMHCKON aKyCTHKM HAIIM CBOE NpUMEHEeHHe. lI3BecTHBI pa3pabOTKH yIbTPa3BYKOBBIX
MPOTE30B AJIS CJENbIX, YIbTPa3BYKOBbIE IMPOTE3bl 3BYKONPOBOIAIIMX IMyTeH ANl HEKOTOPHIX 3aboieBaHUil,
MPUBOJAIIMX K TIIyXOTe.

KiroueBble c1oBa: yIpTpa3ByK, Tepamnus, THarHOCTUKA, XUPYPTHUs, a3PO30JIH, 3aIIUTHBIC TTOKPBITHS

CerozHs yNbTPa3BYKOBbIE METOABl B MEAWLUHCKON NPAaKTUKE HACTOJIBKO MOMYJSPHBI, YTO
NPaKTUYEeCKM HM OJHA MOJMKIMHHMKAa He obOxoaurtcsi Oe3 ynpTpa3BykoBoro ckanepa (Y3U), B mobom
(GU3NOTEPANIeBTUYECKOM OTJICICHUM €CTh ammapaTrhl Ui yIbTPa3BYKOBOW Teparuu, XHPYpPrd He
COMHEBAIOTCA B IMPEMMYILECTBAX YJIbTPa3BYKOBOTO XHPYPTHYECKOIO0 WHCTPYMEHTA, a YJIbTPa3ByKOBHIE
HeOynai3epsl — reHepaTopsl a’dpo30JIel MPOYHO 3aHSIM CBOE MECTO Ha aNnTeuHBIX MoJIKax. B mocnennee
BpeMsl yIbTPa3ByKOBbIE TEXHOJOTHU CTalM TaKUMH JK€ PyTUHHBIMH B BETEpUHAPHH U OHOTEXHOJIOTHH,
TZie B psAe COy4yaeB yIbTPa3ByK MPUMEHSIOT JlaXe IINpe, YeM B MEeIUIIUHE.

VHTEHCUBHOMY DAa3BUTHIO YJIBTPAa3BYKOBOM TEXHMKH CIIOCOOCTBOBAJIM YCIEXH YYCHBIX B
MCCIICIOBAHUM MEXAaHU3MOB OHOJIOIMYECKOr0 M (PM3MKO-XMMHYECKOro ACHCTBHS YIbTpa3ByKa. bonbrioi
BKJIaJ| B 3TH HCCJIENOBaHMS BHECIIM COTPYAHUKM 3KcrnepuMmeHTanmbHoro otaena HUU kypoprosnoruum u
¢usnorepanuu ['pysun, rae mox pykoBoictBoM 3.B. KoGaxumsze mpsiMbpIMH omnbITamMH OBUIO ITOKa3aHO
YBEJIMUEHHE MPOHUIAEMOCTH KJIETOUHBIX MEMOpaH IoJ ACHCTBUEM YJbTPa3ByKa M BBIIBICHO OCHOBHOE
pasiauuuMe MeXIy BBEICHHEM JIEKAPCTBEHHBIX BEIIECTB CKBO3b HEMOBPEXKICHHYIO KOXY TIpH
anekTpodopese u (onodopese [1].I1ozxke, CMOCOOHOCTH yIbTpPa3ByKa YBEIHWYMBATH IPOHUIIAEMOCTH
KJIETOUYHBIX MEMOpaH JIeTJia B OCHOBY pa3padaTblBa€MOro B HACTOSILEE BpPEMsl, METOAA aAPECHOMN JOCTaBKH
JIEKapCTBEHHBIX BEIIECTB, B YAaCTHOCTH LIMTOCTATHKOB B OIYXOJEBBbIE TKaHW.MeETOJ Ype3KOKHOTO
¢doHOdoOpE3a MPOTHBOOYXOJIEBBIX MpPENapaToB, OYEBHUIHO, HEIIPUTOACH JIIsl JIEYSHUs] HOBOOOpA30BaHUIA,
Jealux B TIyOuHe TKaHed. B 3ToM ciydae 1i1st JOCTaBKH MpemnapaTta K OMyXOJIM MOXKHO HCIOJIb30BaTh
JIMTIOCOMBI, KOTOpBIE, OyAy4r JOCTaBIIEHHBIE TOKOM KPOBH K IIPOrPETOil YIBTPa3BYKOM OITyXOJIH, UIMEHHO
31eCh BBICBOOOIAT MPOTHBOOITYXOJIEBBIM IMpemapar, ¥ 3TOT IMpemapar, O0jJarogapsi MOBBIIIEHHONW 3a CYET
YIBTPa3ByKOBOT'O BO3AEHCTBHUS MPOHUIIAEMOCTH KJIETOYHBIX MeMOpaH, OyIeT AeNOHUPOBATHCS, OCHOBHOM,
B ONyXOJIeBOW TKaHH[2].Pe3ynbTaTel 3TMX M APYrHX HCCIEIOBAaHUI MO3BOMWIM cO31aTh 3()(EKTUBHBIE
YIBTPa3ByKOBbIE (PU3HOTEPATIEBTUIECKHAE METO/Ib I COBPEMEHHBIE MPUOOPHI TSl UX Pean3alliy.
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JlnarHocTryeckue anmapaThl MPUIILIH B MEIUIIUHY U3 BETEPUHAPHH, TJI€ B CEPEIUHE MPOILIOTO BeKa
OBLT CO3MaH YJIBTPa3BYKOBOW MpHOOp I M3MEPCHHs TOJIIIMHBI calla y CBHHEH. Bckope mosiBUIMCH U
MEIUIMHCKHAE YIIbTPa3BYKOBBIC CKaHEphl. YCIEXH B aKyCTHKE, B JJCKTPOHHUKE, B crocobax o0paboTke
4 | pHQOpMAaNMM  TO3BOJWIM  yMEHBIIMTH  Pa3Mephl  yJIbTPa3ByKOBBIX

| IMarHOCTHYECKUX CKaHEPOB JIO MEPEHOCHOTO W Jake KapMaHHOro (opmara

(Puc.1), ®m mpu O3TOM TOBBICHTh HWH(OPMATHBHOCTh  IOJYyYaCMbBIX
n300paKeHNH, HAONOJATh JBIXKCHHE CTPYKTYp B OpPraHU3ME, HaIpumep,

\ COKpAI[CHUE CEPACYHOM MBIIIIBI, CKOPOCTh M HAlpaBiICHHE I[OTOKOB B
h“hﬁ KPOBEHOCHBIX COCY/IaX U JIAXKe «YJBIOKY» IUIOJIa B yTPOoOE MaTepu B PEIKUME
g
- W

-

| online (Puc.2).

Puc. 1. KapmaHHBIA yIbTPa3BYKOBOM THArHOCTHYECKUI CKaHep.

Puc. 2. YapTpazBykoBoe n3o0pakeHHe II0/1a B yTPoOe MaTepu B PeKUME
online.

B numarHocTHke, MOMHUMO BH3yaJH3alMHd BHYTPEHHHX OpPraHOB,
M3MEpEeHHs CKOPOCTEHl MOTOKOB KPOBHM M XapakTepa ABMKEHHUS T'PaHHIL
OTJCNBHBIX OpPraHoOB, YJNbTPa3BYyK MOXET OBbITh HWCIONB30BaH s
U3MEpPEHHsT BS3KOYNPYTHMX CBOWCTB IOKPOBHBIX M TJIYOOKO JIEXKAIIUX
TKaHeH, XapaKTepHU3YIOUIMX H3MEHEHHE HUX CTPYKTYphl.AKyCcTHYECKHe
M3MEpEeHMs al0T BO3MOXKHOCTH TIOMEPUTH paclpesiesieHHe TeMIIepaTyp B
rIyOuHe TKaHeld M OpraHoB U MOHMTOPHUTH BOJHBIN OajaHC OpPraHW3MOBa,
CIIEZIOBAaTENbHO, CYOUTh O KPOBOCHAOXEHWM TOW WIM HMHOW obnactu B
opranu3me, 00 UHTCHCUBHOCTU MeTa0O0JIM3Ma B 3TUX 00yacTsx [3,4].

Ilouck METONOB CHWXXEHHS TPaBMaTHMYHOCTH, KpOBOIOTEpU M OOJEBBIX OLIYLIEHUH IpH
XUPYPrUYECKUX ONEpanusixX, IO3BOJIIOMUX YCKOPUTh 3a)KHMBJICHHE MOCICONEPALMOHHBIX paH H
paccacbiBaHHe pyOIIOB, a TaKkKe METOJOB, OOJIEryaroluX TPy XUpypra-orneparopa NpUBEN K Pa3BUTHIO
WHCTPYMEHTAILHOW YJIBTPa3BYKOBOM XHUPYPrHH Halleauield MUpoKoe MPUMEHEHHE BO MHOTHUX OOJIACTSIX,
OT MUKPYXUPYPIUU IJ1a3a [5] 10 KOCMETOJIOrMYECKUX ONEPALMM M0 yIAaICHUIO )KUPOBBIX OTIOXKEHUM [6].

Bropoe HampaBiieHHE B yJIBTPa3ByKOBOH XMPYpPIUH - JIOKaJbHBIE pa3pyLICHHUs B IIyOHWHE TKaHEH C
MOMOIIBI0 MOIIHOTO (POKYCHPOBAaHHOTO yibTpa3Byka.DoOKycHpOBaHHE YIbTpa3Byka C IMPUMEHEHUEM
(ha3supoBaHHBIX PELIETOK IIO3BOJISIET pa3pyllaTh HOBOOOpPA30BaHMS B OpraHu3Me, 0€3 HapyLIeHHs
MOKPOBHBIX TKaHEH, M KOJMYECTBEHHO OLIEHMBATH UYBCTBHUTEIBLHOCTh HEPBHBIX OKOHYAHHWH Ha KOXE W B
riyOuHe  opraHuzMa.  VHTEHCHMBHOE  HM3y4YeHHE  OCOOCHHOCTEH  pacmlpoCTpaHEHHS  MOIIHBIX
¢dokycupoBaHHbIX yIbTpa3BykoBeix (HIFU) moneit B Ouonormdeckux cpenax, IMO3BOJIWIM CO3/aTh
anmaparypy, cnocoOHyI0 (oKycupoBaTh YIbTPa3BYK B 3aJlaHHOM oObeMe TKaHEH, B TOM YHCIEe M 4Yepe3
pebpa TpyAHOH KIETKH, HEWHBA3WMBHO pa3pyllaTh pak MpPOCTaThl, MOJOWUTH K JICYCHUIO APYrux (opm
3J1I0Ka4e€CTBEHHBIX HOBOOOpa30BaHMil 6e3 HapylIeHus IeTIOCTHOCTH TTOKPOBHBIX TKaHeH [7].

Eme oHO HampaBieHHE UCIOIb30BAHMS YIbTPa3BYKa B MEAULIMHE — FTEHEPUPOBAHKE JICKAPCTBEHHBIX
aspozoniedt [8,9]. 3aech MCHONB3YIOTCS HE TOJNBKO CHHTETMYECKHE Npenaparbl, HO W HaTypaJbHbIE
OaKkTepHIIMIHBIE BEIIECTBA, BECbMa IIOJIE3HBIE IS PEUIeHHs 3a1a4 JCKOHTAMHUHALIMH, METULIMHCKUX,
nabopaTopHbIX, O(UCHBIX M Ap. TOMelleHWd. HarypanpHble NpUpOOHBIE BELIECTBA  OKa3bIBAIOTCSA B
OOJNBIIMHCTBE CIIy4aeB AOCTATOYHO 3(PQEKTUBHBIMU, W HE OKa3bIBAIOT IIPU 3TOM HETaTHMBHOTO BIIMSHHS Ha
OpraHu3M YeNOBeKa M KUBOTHBIX, HE TPeOYIOT YBEIMYEHHUS JIO3MPOBKH CO BPEMEHEM, T.K. HE NPUBOMAT K
TIOBBIIIIEHUIO PE3UCTEHTHOCTH MHKPOOPTaHM3MOB K OSTHM TNpernapataM.B dacTHOCTH, W3BecTHas CBOeH
NPOTHBOMHUKPOOHOIH aKTHMBHOCTBIO CMOJIA COCHBI, OTJIMYAETCS MOBBIILICHHON OHOJIOrMYecKOl aKTUBHOCTBIO.
[IpsiMoe mpuMeHeHHe CMOJIBI COCHBI, KaK, BIIPOYEM, W JPYTHUX CMOJIOMOJOOHBIX MPHPOIHBIX COCTUHEHUI,
3aTpyJHATEIHHO, TIOCKOJIBKY OHH, KaK TPaBUIIO, OTIIMYAIOTCS HIU3KOH paCTBOPHMOCTHIO B BOJIE, & X PACTBOPHI
B OPraHMYECKHX PACTBOPUTEISIX B PsI€ CiIydaeB NPOTHBOMNOKAa3aHbl AJIs NPUMEHEHHA B MEAWLMHE. OTH
TPYOHOCTH MOXKHO OOOWTH YIIBTPa3BYKOBBIM TPaHC()OPMHUPOBAHMEM CMOJBI COCHBI, a TaKXke APYTUX
MPUPOTHBIX CMOJIONTOJOOHBIX BEIECTB, TAKMX KaK, HAIpPUMEp, MUENMHBIM BOCK WM TPOIOINC, B BOJHBIC
cyciem3mu  [10], BechMa  TIEPCHEKTMBHBIE  JJI1  WCIOJB30BaHUS  BHJIE  JICUeOHBIX  BaHH,
TpaHC(OPMHUPOBAHUEMCYCIIEH3UH B  a’p030JH, OO0Jafalollfe BBICOKOH aHTUMHKPOOHOH aKTHBHOCTHIO.
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[IpumeneHnue a’po30Jeii CMOJBI COCHBI JaeT BO3MOXXHOCTH MOJCIHPOBATH MHKPOKIMMAT HamlpHMep
COCHOBOTO Jieca B YCIOBHSAX OOJBHUYHOM MalaThl.

[NoydeHHBIE C NCTIONIB30BAaHUEM YIIBTPa3ByKa JIAKH U3 SHTAps, HE TOABEPIIIETOCs OHOMETpaIalliy 3a
JECATKH MWUIMOHOB JIET, HAIUTM TPHMEHEHHE [UIS 3aIUTHl OT HMH(EKIHOHHO-ONACHBIX OOpacTaHMi
OMOIUICEHKaMH, HAIPUMEP YPOJOTUUECKHX KaTEeTEPOB U CheMHBIX 3yOHBIX TpoTe30B[11,12].

B OHOTEeXHOJOTHAX MHUKPOOHMOJIOTHYECKOTO CHHTE3a aHTUOMOTHKOB, KOHCEPBAHTOB I KOPMOB
CEJIbCKOXO3SIMCTBEHHBIX JKMBOTHBIX[13],1pyrux OHMONOrHMYecCKH AKTHUBHBIX BEIICCTB M JIGKAPCTBEHHBIX
BemectB [14]ynpTpa3Byk HHM3KMX HMHTCHCHBHOCTEW HCIONB3YIOT JUIS CTHUMYJSIIMU POCTa M Pa3BHTHS
KYJIBTYP MUKPOOPTaHU3MOB.

BHenpsroTcst yapTpa3ByKOBBIC METO/IBI M B TEXHOJIOTUH MOIyYeHHUS CHENUATbHBIX Ipenaparos aist 3D
neyaTé KOCTHBIX HMIUIAHTOB.

K coxanenuto, ganeko He BCE IOCTIDKCHHS MEAWIMHCKON aKyCTHKH HAlId CBOE MPHMEHEHHE.
W3BecTHBle  pa3pabOTKH  yIBTPa3BYKOBBIX MPOTE30B U  CIENBIX, YJIbTPAa3BYKOBBIC MPOTE3BI
3BYKONPOBOSIINX MyTeH I HEKOTOPBIX 3a00JIEBaHUH, MPUBOIIIMX K TIyXOTe, JTa0OPaTOPHBIA METO.
OILICHKM MEXaHUYECKOW PE3UCTEHTHOCTHU KIIETOK B CYCIICH3MHM M HEKOTOpBIE JPYTUE MOKa TaK M OCTAIIUChH
HEBOCTPEOOBAaHHBIMHU.
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o930 (Lbgoalibgs M @GH®MmedagM0mo 3OHMAEIHO) X9M godmygbgdwyano s6 sGob.
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ULTRASOUND IN MEDICINE, BIOLOGY, BIOTECHNOLOGY
V.B.Akopyan, M.B.Mirtskhulava*, George Nassar**, A.D.Tsibadze*
Institute of protein biosynthesis, Moscow
*The National Center for Disease Control, Thilisi
**|EMN - DoAEUniversite de Valenciennes, Valenciennes, France
SUMMARY

Ultrasound techniques have long found their place in medicine, and are widely used in the diagnosis, treatment,
surgery. In recent years, medical ultrasound technology has become a routine in veterinary medicine, where it is
in some cases even the used ultrasound wider than in medicine. However, abilities of ultrasound is far from
exhausted. The development of electronics and acoustics, as well as the understanding of the mechanisms of
biological and physico-chemical effects of ultrasound stimulates the development of new invasive and non-
invasive methods. Focusing the ultrasound using phased arrays allow to destroy tumors in the body, without
disturbing the covering tissues, and allow too quantify the sensitivity of nerve endings in the skin and in the
depths of the body. The ability of ultrasound to increase the permeability of cell membranes forms the basis for a
method for targeted delivery of drugs, in particular for cytotoxic drugs in tumor tissues. In biotechnology of
microbial synthesis of antibiotics and other biologically active substances the low intensity ultrasound is used to
stimulate the growth and development of microbial cultures. Using ultrasound is possible to receive a
suspension of water-insoluble resins and other substances having potent therapeutic and prophylactic effect and
applicable for children. Ultrasonic methods are introduced in the technology of producing special products for
3D printing bone grafts. Obtained by ultrasonic technics varnish from amber, which was not subjected to the
biodegradation of the tens of millions of years, have been used to protect dentures and urological catheters
against infectious and dangerous biofouling. Unfortunately, not all the advances in medical acoustics have been
applied. It is well known ultrasonic prostheses for blinds, ultrasound prostheses of sound-conducting pathways
for some diseases that cause deafness.

Key words: ultrasound, diagnostics, therapy, surgery, aerosols, protective covering.
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HUCCIIEAOBAHUE BJIIUAHUSA MOJUOULUPYIOLHAX OKCUAOB BaO U SO; HA
CBOUCTBA HEMEHTHOI'O KJIMHKEPA

E.B.Illanakuaze, B.H.Maiicypanze, M.O.Hagupamsunu
Tounucckuii I'ocyoapcmeennwiii Yuusepcumem um. Means /picasaxuweunu
Kasxazckuu Uncmumym Munepanvrozo Ceipbs um. Anexcanopa Teanupenuose

W3zydyeno BnusiHue manbix nobaBok BaO m SOz Ha cnekaeMoCTb, MHUHEpajbHBIA COCTaB M MEXaHUYECKYIO
MPOYHOCTh IEMEHTHOro KiuHKepa. BaOu SOz BBOAWINCH B CBHIPbEBYIO CMECH IPUIIOMOIIM BYJIKaHWYECKOU
moponsl - KBapu-axyisipoBeix MeracomatutoB (KAM). Ilokazano, gto mpucyrctBue BaO B kimmHKepe B
konmuectBe oT 0.3 1o 0.7 u SOz ot 0.4 go 0.6 macc. %, cIocOOCTBYIOT CHIDKEHUIO TEMIIEPATyphl CIICKaHUS Ha
50 - 70 °C, MoauuuUpyIOT MMHEpalbHBIM COCTAB KIMHKEPA U MOBHILAKT KAaK PAHHION, TaK U MAPOYHYIO
HPOYHOCTh LIEMEHTA.

KiaoueBble cioBa: Oapuiicopepkamnii KIMHKEp, MHUHEpaIH3aTop, MOAM(UKATOp, JETHpyIomas I00aBKa,
ByJIKaHHYECKas IIopoja

Brenenmne
[IpumeHeHne B IEMEHTHOW CHIPHEBON CMECH MHHEPATU3YIOIMINX, MOTUGUITUPYIOMINX U JIETHPYOIUX

n06aBok, T.K. P20s, Cr,0s, SOz NaO, K;O, BaO,MnO, TiO,,FeO, MgO u ap. OKCHIOB, SBIACTCS
3¢ dEKTUBHBIM METOJIOM CHMXKEHUS DHEPro3arpar MpH O0KuTe KIIMHKepa. BrienepeyncieHHble JoOaBKH
B MaJIBIK KOJIMYECTBaX BXOMAAT B COCTAaB KJIMHKEPAa U MEXaHW3M MX BIMSHHUS HAa CBOWCTBA LIEMEHTA 4acTo
ocraeTcs HeycTaHOBIEHHbIM. K ToMy ke, OTHOBPEMEHHOE MPHUCYTCTBUE HECKOIBKUX OKCHIOB OCJIOKHSET
W3y4YeHHE BIUSHUSA MUKPOJI00aBOK HA CBOHCTBAa KOHEYHOTO MPOIYKTA.

PazupiMu aBTopamu [1] 3adukcupoBaHO NOJOKHUTENbHOE BiusHHEe BaO Ha akTHBHOCTH KIIMHKEpA.
NzBectHo, uToBaO sBnsieTcs nerupyromuM 1 MOTUGUIPYIOIIAM OKCHIOM B Iporecce (GopMUPOBAHUS
KIIMHKEPHBIX MMHEPAIOB BO BpEMs BBICOKOTeMIepaTrypHoro obxwura. Momsl Ba'?, Oymyunm Gonee
aKTUBHBIMH, 4YeM HOHbI Ca‘Z BBITECHAIOT MOCIHENHUE W3 KPUCTAUIMYECKMX PEIIETOK KIMHKEPHBIX
MUHEpasIoB. B cBOIO 0uepens 0cBOGOKIEHHbIE MOHBI Ca*2, HACKHINIAIOT ABYXKAIBIMEBBIA CHIMKAT - OEIUT
n0 o0pa3oBaHMS TPEXKaJbLHMEBOTO CHIIMKATa - ajUTa, KOTOPBIH M SBISETCS OCHOBHBIM HOCHTEJIEM
NPOYHOCTHBIX TMOKazareneld kimuHkepa. Otcioga u (Qukcupyercs B OapuiicopepikalinX KIMHKEpax
NOBBIIICHHOE (DAKTUUECKOE COAEPIKAHUE AJINTA [0 CPABHEHHUIO C PACUETHBIM.

B paborax wu3BecTHBIX y4eHBIX [2] B Tmpolecce H3ydeHHs MHUHepanm3yromux cpoicts BaO
NPUMEHSIIN, B OCHOBHOM, JeUIIUTHEIN MaTepuan - Buteput (BaCOz),unu sxe GapueByio pyay ¢ BEICOKUM
coJlep)KaHueEM OapHs, 4YTO SIKOHOMHUYECKH HE 11e1eC000pasHo.

W3BecTHBI, Takxke paboTsl [3], Koraa i mosydyeHus OapuiicopepsKalluX KIMHKEPOB MPUMEHSIIHCH
orxonbl Kyrancckoro nuromnoHHoroszasofa ¢ cogepxxanneM BaSOsno 60 %. [To MmHeHHIO 3THXaBTOPOB, 0.3
- 0.6 % BaO 310 TO KOJIMYECTBO, KOTJa TOCTHraeTCsd MaKCHMajlbHOS CHM)KCHUE TeMIIepaTypbl 00XHra u
MIOBBIILICHUE aKTUBHOCTH KIIMHKEPa.

B HacTosiee Bpemst yIIOMSIHYTBIH 3aBOJI IEpECTal CYLIECTBOBATh M €CTECTBEHHO HE CYIIECTBYIOT U Te€
CaMBbI€ OTXO/IBI.

OcHoBHAsl 4aCcTh

Jns momydenust OGapuiicomepKamux KIMHKEPOB HAIl HWHTEPEC MPUBICKIN KBapIl-aayIspOBEIE
meracomatuthl (KAM)- BCKpBIIIHBIE TOpOabl OapuToBOW pyabl JlaBua-I'apemKCKOro MeCTOpOXKICHHS,
KOTOpPBIA HaxoIuTCs B 10ro-BocTouHor I'py3um. Panee sTa mopona msywanack KaBkazckum WHcTUTyTOM
MumnepansHoro ChIpbsi B Ka4eCTBE CHIPHEBOI'O KOMITOHEHTa CTEKOJBHOW IMUXTHI U OBLIM TMONyYEHBI
TIOJIOKUTENBHBIE PE3YIIbTATHI [4].

ITo maHHBIM TE€OJOTHMYECKUX HCCIICOBAHUN, BCKPBIIIHBIC MOPOABI OAPUTOBOW PYIbI MPEICTABICHBI
00JIOMOYHBIME Ty(haMH BYJTKaHUYECKOTO MTPOUCXOXKICHMsI. MeTacoOMaTH4YeCKH U3MEHEHHBIC Ty(PBI COCTOST
u3 3(QQy3uBoB, OOJIOMKOB IE€M3bl, KaJIMEBOTO IIMaTa W IUIarHoKia3oB. @DparMeHTsl 3(PQy3uBOB
MIPEICTABICHB PHOJIUTAMH Pa3HBIX COCTABOB, OCHOBHAs Macca KOTOPBIX 3aMEIeHa MEIKOArTperaThiM
KBaplEeM.

BckprimmHabie TOpoabl TOKPBIBAIOT OAPUTOBYIO PYIY, OT YE€TO IPOIECC OapUTHU3AINH PACIIPOCTPAHEH
MOBCYAy B Oosiee nin MeHee uHTeHCHBHOM (opme. Coznepxanne BaSOs8 KAM koiebiiercs B npeaenax S -
20 %, uto cootBercTBYeT OT 3 1m0 12 % BaO u ot 1.6 1o 7 % SOs, KOTOpPHIA, B CBOIO OYepe/ib, TAKKE
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ABJISIETCS. MUHEpANU3UPYIOMmuM okcuaoM. Ilo conepxanuio octanbHbIXOKcH0B (Tabnuua 1) 3Tu mopoas
ONU3KU K COCTaBYy TJIMHBI, IPUMEHSAEMON B IIEMEHTHOW MPOMBIIUICHHOCTH, 03TOMY NpuMeHenne KAM B
9TOM HaNpaBIICHUHU SIBJISCTCS BIIOJHE 3aKOHOMEpHBIM [5]. Ciemyer y4uThiBaTh, 4To comepxanue SiOzB
KAM BrIlIe,yeM B TUIMHE, 9TO 00OECMeYrBaeT MOBBIIICHHE CIIIMKATHOTO MOIYJS M, COOTBETCTBEHHO,
yiyulieHne (U3NKO-MeXaHHYECKHX MOKa3aTeIel [eMeHTa.

Tadoauna 1. Xumuaeckne coctaBel KAM pas3HBIX JTOKAIHi

Ne CoctaB okcuaoB, % 1o macce

KAM | ILILIL SiO; Al;03 Fe.03 Ca0 MgO SOs BaO R0
1 0.21 79.00 7.93 0.56 0.13 1.32 1.92 3.28 5.36
2 0.48 76.80 6.80 0.43 0.22 1.02 3.42 5.69 5.11
3 0.15 72.80 8.32 0.56 0.15 0.54 4.05 7.75 5.41
4 0.11 71.52 7.22 0.49 0.17 1.21 5.11 9.79 4.33
5 0 68.06 7.12 0.46 0.22 0.31 6.31 12.09 5.42

B Tabnume 2 mpuBeAeHBI BEIIECTBEHHBIE COCTAaBBI CHIphEBBIX cMecedl. CMech Nel KoHTposbHAS -
kjaccuueckas, a cmecu NeNe2, 3, 4, 5, 6 cocramieHbl ¢ no0aBjicHHEeM B HHX Oapuiiconepxkarmx KAM
pas3HbIX cocTaBoB (1o Tabnuue 1).

Tabauua 2. BeniecTBEHHbIE COCTaBbl CHIPhEBBIX CMECEH

Ne eMecH CoOTHOIIEHUS CHIPhEBBIX KOMIIOHEHTOB, % MO Macce

) N3BecTHSK I'nuna Kenesnsle orapku KAM
1 68.70 28.84 2.45 _
2 70.97 2241 2.29 4.34
3 70.73 22.78 2.26 4.23
4 70.88 21.79 2.31 5.02
5 70.64 22.29 2.28 4.79
6 70.51 22.10 2.28 5.11

OOXHUT KIMHKEPOB MPOBOAMJICA B J1A0OPaTOPHOH BBICOKOTEMIIEPATypHOH MeUn ¢ KapOOpyHIOBBIMH
HarpesaTenssMu. O0 OKOHYaHUU TPOIiecca CIICKaHUs Cy UM 10 KojnuecTBy cBoboanoro Ca0 (Puc. 1).
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TEMIMEPATYPA OBXHIA, °C
Puc. 1. Kuneruka cBs3piBanus CaO B 3aBUCMMOCTH OT TeMITEpaTyphbl 00kura u coaeprxanus BaO B
KJIMHKEpE
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XHWMHUYECKHE COCTABEI CBIPBCBBIX cMmece u KJIMHKCPOB J1aHbI B Ta6J11/1ue 3.

Tabauna 3. XuMHUYIeCKHe COCTaBhI CHIPHEBBIX CMECEH / KIIMHKEPOB

CopeprkaHre OKCHIIOB, % IO Macce

N T [ Si0; [ AlOs | FesOs | CaO | MgO | SOs | BaO | RO | KH | N | p
3335 | 13.63 | 447 | 345 | 4285 | 1.37 | 013 | - | 0.76

. — 2045 | 6.70 | 518 | 6430 | 205 | 019 | — | 113 | o | 17 | 1%

, 333 [1414 390 [ 301 [4305[ 134 [ 021 [014 086 | ;o [ 505 | 159

21.22 | 584 | 451 | 6460 | 202 | 031 | 0.21 | 1.28

3332 | 1412 | 389 | 3.00 | 4298 | 1.33 | 0.27 | 0.24 | 0.85
3 - 2118 | 583 | 451 | 6446 | 2.00 | 040 | 0.36 | 1.27 0.9 | 205 1.29

33.22 | 14.10 | 3.88 | 3.00 | 42.90 | 1.30 | 0.33 | 0.39 | 0.8
4 | 2111 581 | 449 | 64.25 | 1.5 | 049 | 058 | 1.32 | 00 | 205 | 129

33.19 | 14.08 | 3.88 | 3.00 | 42.86 | 1.34 | 0.37 | 0.47 | 0.83
> — [ 21.07 | 580 | 448 | 6415 | 2.00 | 0.55 | 070 | 1.24 | 09 | 205 | 129

3310 | 14.05 | 3.87 | 2.99 | 42.75 | 129 | 044 | 0.62 | 089
® [T = 12099 578 | 447 | 6390 193 | 066 | 0.92 | 1.33 | 07 | %% | 1¥

Ilpu  nabopaTOpHBIX  HCCIECAOBAaHMAX, TeMIeparypa OOXura  KOHTpojibHOWcMecnm — Nel
coctaBunal400°C, Torna kak npucyrcrsue BaO B cMmecsx, cHusuna temneparypy ooxura ot 50 go 70 °C,
B 3aBUCHMOCTH OT KonudectBa BaO.

Kak BumHO n3 Tabmuiiel 3, CHIMKATHBIA MOAYJIh KIMHKEPOB ¢ comepkanueM KAM 2.05u oH BhiIe,
€M Y KOHTPOJIBHOI'O Nel - 17, 4YTO MPUBOAUT K YBCIWYCHUIO KOJMYCCTBA CHUJIMKATOB KaJIblIUA B
OapuiicomepKamux KIMKepax U, COOCTBETCTBEHHO, TOJDKHO MOBBICHTH IIPOYHOCTH IeMEeHTOB. Kpome Toro,
BaO u SOz sBnssich MUHEpaTU3aTOPaMH U MOAM(PHUKATOPaMH, BHEIPSIOTCS B KPUCTAJUIMIECKYIO PEIIETKY
anuTta ¥ o0pa3yloT TBEpIbIE PACTBOPHI, O YEMCBUACTENLCTBYET NUGY3HBIA XapakTep AHarHOCTUYECKUX
peduexcoB amuta (Puc. 2); mpu 3ToM crabummsupyercss BBICOKOTEMIIEpaTypHasi, OoJjiee aKTHBHAs

MOIU(pHUKaLUAAINTA - TPUKIMHHAS QopMma.

i S
Lo

TEMAEPATYPA DSMH-I'-W, LY

Foa

Puc. 2. [luarnoctuueckue pediekcol anra B kinHkepax NeNe 1, 3 u 4 B 3aBUCHMOCTH OT
TEeMIEpaTyphl 00KUTa

V3 BBIIIEU3II0)KEHHOT'O CJIEJIYeT, YTO HECKOIBKO TEOPETHYECKHX (haKTOPOB MPEJONPEEISET BHICOKYIO
MEXaHUYECKYI0 aKTHBHOCTB IIEMEHTOB, cojepxanmx BaO n SOs, monyueHHbIX ¢ ucnoiabp3oBanueM KAM,
YTOM OBLIO MOATBEPHKICHO IKCIIEPUMEHTAIIBHO.

KnvHKepsl MOJIONUCH B JIAOOPATOPHOM MIapOBOM MENbHHUIIE /10 yIelbHOH moBepxHocTr 2700 — 3000
cM’T W W3 Tecta HOPMAJIbHOM T'YCTOThI T'OTOBHJIUCH OMNBITHBIE 00Opasipl. B Tabnuie 4 mnpuBeaeHs
Pe3yJIbTaThl PU3NKO-MEXaHHYECKHUX UCIIBITAHUI OIBITHBIX [IEMEHTOB.
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Ta6auna 4. Pe3ynbratsl QU3NKO-MEXHUUECKUX UCTIBITAHUIA IEMEHTOB

Ne HopmanbHas Cpok# cXBaThIBaHHsl, YaC.MHH I[Mpenen npounocTu npu cxaruu, MIla
rycrora tecra, % Hauauno Komnen 3 cyT. 7 CyT. 28 cyT.

1 28 2-20 3-45 56 61 95

2 28 2-20 3-30 55 69 98

3 28 2-30 3-55 62 78 110

4 27.5 2-15 4 - 05 68 83 112

5 27.5 2-25 3-55 65 80 109

6 28 2-20 3-50 57 67 99

Kak BHIHO W3 pe3ynbTaToOB MPOBENCHHBIX WCCIIENOBaHWH, ChipheBble cMecH NeNe3, 4 u 5 mmeror
HAWIyYIIie Pe3yNbTaThl KaK MO CHIKEHHIO TeMIIepaTypbl OOKuTra, Tak M MO (PU3HKO-MEXaHUYECKUM
MIOKA3aTeJIsAM.

3axioyenue

B 3akimoduenuy, 1Mo JaHHBIM J1a0OPaTOPHBIX UCCIIEIOBAHUI MOKHO KOHCTATHPOBATh, YTO MPHUCYTCTBHE
BaO B knmmakepe B konmmuectBe oT 0.3 mo 0.7 m SOs ot 0.4 mo 0.6 macc. %cmocoOCTBYeT CHHKECHHUIO
Temmneparypsl ooxkura Ha 50 — 70 °C, moBBINIEHUIO TIPOYHOCTH LIEMEHTA KaK Ha PAHHEH CTAJUU TBEPACHHS
(3 cyrt.), Takxke 1 Mapo4HOii (28 CyT.) MPOYHOCTH.

[Tpu sTOM, 1151 TONTyYeHUs1 OapHuiicoiepKalix KIMHKEPOB MPUMEHSUTUCHh HeAeUIIUTHBIC TPUPOIHBIC
MartepHuabl - KBapi-aaysspoBsieMeracoMaTuThl (KAM) - BCKPBIIIHBIE TOPOBI OAPUTOBOU PYIIbI.
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RESEARCH OF INFLUENCE OF THE MODIFYING BaO AND SOz OXIDES ON PROPERTIES OF
CEMENT CLINKER
E.Shapakidze, V.Maisuradze, M.Nadirashvili
lvane Javakhishvili Thilisi State University, Caucasian Alexander Tvalchrelidzelnstitite of Mineral Resources
SUMMARY

The influence of small additives of BaO and SO3 on agglomeration, mineral composition and mechanical strength of
cement clinker is studied. BaO and SOs; were added into raw mix by means of volcanic rock - the quartz-
adularmetasomatites (QAM). It is shown that presence of BaO at clinker in amount from 0.3 to 0.7 and SO3 from 0.4
— up to 0.6 masses. %, promote decrease the temperature of agglomeration on 50 - 70 °C, modify mineral composition
of clinker and increase both the early, and branded durability of cement.
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NH®OPMALIUAA N1 ABTOPOB

Kypnan "U3Bectust HannonanbHoi Axanemuu Hayk I'py3uun. Cepusi xummudeckasi" myOIMKyeT CTaTbu
U KpaTkue COOOINCHHSI B 00JACTH XMMHYECKUX HAyK Ha TPY3MHCKOM, aHTJIMHCKOM U PYCCKOM SI3bIKaX;
0030pHBIE CTaThH W MaTepHaibl MHPOPMAIMOHHOTO XapakTepa MyOIMKYIOTCS IO MPEABAPHTEIHLHOMY
COIJIACOBAHMIO C PEIAKIMOHHOM Koulerneil. O0beM, popMaTr U yCJIOBUS MPEACTABICHUS MaTepuana Juis
yOJIMKAIMK CIIEIyeT COTJIACOBAaTh C OTBETCTBEHHBIM CEKPETApEeM; aBTOPHI JIOJDKHBI MPECTAaBUTh TEKCTHI B
Buzie dainos Microsoft Word (***.doc mwim ***.rtf), a pucynku, dyeprexxu 1 GOTOCHUMKH — B BUJIE YEPHO-
oenbix rpaduueckux (*.bmp, *.dib, *.jpg, *.gif u ap.) daitnos. {1 oka3zaHUsS TOMOIIM aBTOpaM Hay4YHBIX
cTaTei, pellakiys MpeaycMaTpUBaeT CTAHAAPTHBIC JIEKTPOHHBIC (OPMBI HA BCEX TPEX s3bIKAX, a TAKIKe
JPYTYIO TEXHUYECKYI0 mojuiepxKy. st pepepupoBanus cratbu B Chemical Abstracts (na anrimiickom
s3bIKe) U [ py3MHCKOM pedepaTUBHOM XKypHasie (Ha aHTJIMHCKOM M TPY3HHCKOM SI3bIKaX) aBTOpaM CJIEIyeT
IPEYCMOTPETh COJIePXKATEIbHBIE PE3IOME Ha 000MX sI3bIKAX.

OrmutaTta pacxo/10B N0 IyOJIMKAMU TIPOM3BOJUTCS EPEUYNCICHHEM COTJIACOBAHHOM ¢ KOJUIErnel CyMMBbI Ha
cuét HammonansHolt Akagemuu Hayk ['pysum B KasnaueiictBe I'pysum (kom Oanka TRESGEZ22, kox
nosyyaress 708777499).
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