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OPTIMIZATION OF PIGMENT AND FILLER DISAGGREGATION PROCESSES USING
PROBABILISTIC-DETERMINISTIC MODELING TECHNIQUES

Abstract. Based on the use of the principles of probability-deterministic modeling, a multifactorial model of the
process of dispersing inorganic pigment in pentaphtal paint compositions has been created. The main factors influencing
the disaggregation rates of solid phase particles were the quantitative content in solvent suspensions, surface-active
substance, relative content of titanium dioxide. After the approximation of private dependencies, one-parametric
equations characterize the effect on the function of the response of each factor separately. The total number of solid phase
(N) particles per fixed area (S-0.38 mm?) was accepted for the response function. To build a generalized model used a
multifactorial equation of nonlinear multiple correlation. The adequacy of the resulting model (for the 95th level of
significance) was assessed on the basis of correlation (R) and significance (tr). The calculations showed a comprehension
convergence of experimental and calculated values of the R=0.94, tr>2 response function. Based on the solution of the
generalized equation, the optimal costs of surface-active substance, solvent and pigment in suspension were determined.
Based on the results of the balance sheet experiments performed with the above composition, a satisfactory convergence
of the promoted and practical values of N has been established; the average quadratic deviation doesn’t exceed 1.2%.

Keywords: dispersion, pigment, surfactants, disaggregation, suspension, average diameter, fraction, modification.

1. Introduction.

An important technological characteristic of paintwork materials, which determine the coverage and
protective properties of their coatings, is the degree of disaggregation of pigments and fillers. In freshly
prepared suspensions of paintwork materials the development of aggregation and disaggregation processes
depends both on the surface properties of the solid-phase components themselves and on the qualitative and
guantitative composition of cover-formers, solvents and surfactants. To optimize the composition of coatings,
it is necessary to know how the set of all these components will affect the dispersion processes.

The purpose of our research was to create a multifactorial mathematical model of the disaggregation
process of solid phase particles, to optimize the content of paint composition. The objects of study were:
titanium dioxide (R-02), calcite filler (M-20) in the coating system on the basis of the varnish pentaphthalic
film-forming, white spirit, surface-active substance (surfactant) AS (an amine derivative with the number of
carbon atoms in the chain 6-8, TU 655-RK 056006434-002-2000).

An essential factor affecting the effectiveness of protective and decorative properties of paint-and-
lacquer coating is the degree of dispersion of the pigments and fillers entering into their compositions. Modern
possibilities of dispersing equipment provide the required characteristics, however, at the stage of preparation
and storage, due to the thermodynamic instability of highly disperse paint-and-lacquer coating, the processes
of aggregation (flocculation) are developed, which degrades the quality of the coatings. Modification of paint
and varnish compositions due to use of surface acting agents with inhibitory activity in their formulations, as
well as the ability to form permanent (cohesive, adhesive), decorative, insulating films based on their selective
adsorption, seems to be a promising improvement of the coating performance characteristics. The mechanism
of their physicochemical effects on the interface and the dispersed medium as a whole depends on the nature
of the surface acting agents and the contacting phases, as well as their quantitative relationships.

The solid ingredient combining process, which includes a pigment with a liquid polymer medium, is
very important in the paint coating manufacture since the product technological and paint properties depend
on it, as well as many coating performance properties. The main thing in this process is the pigment interaction
with the polymer at the interface between the solid and liquid phases, since its intensity determines the solid
particle dispersion in the given medium and the nature of the resulting combined “solid phase-polymer”
structures that form the subsequent properties specific for real materials. This was established in Academician
P.A.Rebinder’s publications addressing the structure formation and physicochemical mechanics of dispersed
systems [1-2] and was further developed by his school staff, A.B.Taubman and S.N.Tolstaya, who studied
pigments interacting with polymers at the phase interface for a wide range of model and real objects. An
important technological characteristic exhibited by paint coating materials, which determine the coating
structural and mechanical properties (coverage, hardness, strength), is the disaggregation degree specific for
pigments and fillers [3].
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The SAS effect is based on forming the surface pigment and filler of the adsorption layer, whose
properties, in turn, are determined due to the forming its inner and outer parts. The inner adsorption layer part
is formed resulting from the polar SAS group interaction with active surface centers, which promotes peptizing
the aggregated pigment and filler particles and the formation of coagulation structure elements. The adsorption
layer outer part is formed when hydrocarbon SAS molecule radicals are oriented to the polymer medium,
increasing the liquophilicity of the pigment particle surface that is combined with it [2].

Polar hydrophilic pigments introduction into non-polar hydrocarbon media, provides for using modifiers
with long hydrocarbon chains (hydrophobisators), for example saturated carboxylic acids, amines or their salts,
as well as quaternary ammonium salts and other compounds. When it comes to polar dispersion media, SAS
whose molecules contain polar groups in the hydrocarbon radical that are lyophilic with respect to the polymer
dispersion medium (i.e., various bifunctional compounds) are used as pigment surface modifiers [4-5]. This is
applicable to all paint coating material types containing polymer solutions as a binder in organic solvents (or
in water for water-soluble polymers), water-dispersed binders. Developed and used in recent years polymeric
SAS can be even more effective than their low molecular weight analogues due to their high affinity for the
polymer medium.

However, the SAS action in paint coating systems is subject to certain physicochemical laws that must
be observed for their effective application. An important role in this is played by the polar SAS group nature
and the hydrocarbon radical structure specific for their molecules, as well as the polymer chemical nature and
the presence of polar functional groups in its molecules. In the paint coating material suspensions, the
development of aggregation and disaggregation processes depends both on the surface properties shown by
the solid-phase particles and on the quantitative-qualitative composition of the film-forming agents, solvents
and surface-active additives.

An urgent task is to improve the quality of paint and varnish compositions based on aqueous film-
forming dispersions in order to obtain coatings with a wider range of properties for various fields of use. One
of the most effective and technically simple ways to improve the properties of paint and varnish compositions
is the use of surface-active substances (surfactants), fine regulators of boundary interactions and the properties
of finished materials.

In recent years, polymer surfactants have been developed and are used, which, due to their high affinity
for the polymer medium, can be even more effective than their low molecular weight analogues.

Thus, the dispersibility of pigments is a total indicator characterizing the completeness, speed and energy
consumption for the disaggregation of particles in a dispersion medium with their subsequent stabilization
(aggregative stability). For a separate paint composition, the contribution of these processes to the resulting
dispersion effect depends on the composition and structure of the film-forming agents, pigments, and
modifying additives. The introduction of surface-active additives into paint and varnish compositions opens
up additional possibilities for targeted changes in the physicochemical properties of the structural layers
formed at the “pigment-surfactant”, “pigment-dispersion medium” boundaries and, as a result, the
prerequisites for controlling the process of disaggregation and stabilization of dispersions in paintwork
materials. In accordance with the classification of P. A. Rebinder, dispersing surface additives include
substances that are adsorbed at the interface of two immiscible liquids or on solid interfaces, but do not form
structures either in the solution volume or in the surface layers. The mechanism of the disaggregating action
of surfactants in an organic dispersion medium is based on the processes of their adsorption on the hydrophilic
surface of pigments.

The regularities of the development of processes for the disaggregation of titanium dioxide pigment I(R-
02) and calcite filler (M-20) based on non-polar solvent (white spirit) and surfactant AS (amine derivative with
the number of carbon atoms in the chain 6-8, TU 655-RK 056006434-002-2000).

Surface-active effect of surfactants was established with usage of a computer-optical analyzer [6-7],
which allows in automatic mode to determine the fractional composition of suspensions, as well as the
geometric dimensions and configuration characteristics of individual dispersions. To quantify the degree of
disaggregation, a calculated index d was used that characterizes the average particle diameter of pigments in
suspensions.

For an adequate transfer of the image observed in the eyepiece of the microscope, an electronic
converter-attachment with a magnification of x 35, equipped with a standard USB port and a software package,
was used. The principle of the electronic video eyepiece is analogous to the principle of the photocell function
and consists in converting light energy into electrical energy. The system unit of the attachment with small-
format CCD cameras transforms the images fixed in the eyepiece of the microscope into signals acceptable for
perception by the Windows XP system in personal computers.
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Electronic configuration attachments are compatible with traditional microscopes. In the system
developed by us, the CARLZEISS 451422 microscope was used [7].

2. Results.

During the experiments, a modified plan-matrix of the four-factor experiment was used at three levels,
which was achieved by taking the factor Crio2 (pigment concentration) beyond its limits (Table 1). As the main
factors affecting the indicators of pigment and filler disaggregation, the quantitative content of the added
solvent in suspensions (Csotvent,%, 10+50 volume relative to PF-060,%), surfactant (Csurfactant, in terms of the
total mass of solid-phase components, — 0+16%), the relative content of titanium dioxide with a constant
mass content of pigment and filler in suspensions — 16% (Crio2, 0+100% RH) was determined.).

Table 1. The experimental values of the number of solid phase particles

Csurfactant, Csolvent, % CTiOZ’ %

% 0 25 50 75 100

0 50 820 473 1273 2640 2291
0 30 523 705 694 2390 1377
0 10 805 835 1589 1250 3683
2 50 467 504 592 1213 2482
2 30 551 757 781 750 4670
2 10 917 1245 763 1329 4186
4 50 1202 934 610 1669 1402
4 30 1141 1174 1776 882 2848
4 10 1253 563 1332 1181 4749
16 50 634 673 864 2712 3947
16 30 536 804 567 2593 4494
16 10 642 601 599 932 4571

The method of preparation of suspensions of paintwork materials with different content of cover-
forming substance was the preliminary dilution of white spirit varnish PF-060 in the following volume ratios:
1:9, 3:7, 1:1. The resulting solutions (hereinafter-A) were directed to the preparation of suspensions, which
was carried out at 20 °C in a hermetic reactor (volume 0.2 dm?®), equipped with a mixing device (impeller
agitator, frequency — 700 rpm). The duration of the operation, in which the stabilization of the equilibrium
characteristics of suspensions and the fractional composition of the pigment and filler was fixed, was 1 hour.
The relative pigment contents varied due to changes in its mass concentration in the solid phase. To estimate
the disaggregating effect of surfactants, the calculated index — its concentration (in mass, %) by mass of
pigment. For this purpose, a series of solutions with different surfactant content (from 0 to 16%) was pre-
prepared by dissolving the surfactant in a fixed volume of solution A. The resulting solution (hereinafter —
B) was sent to the preparation of suspensions. The method of preparation of modified suspensions using
solution B is similar to the above.

The studied samples of paint suspensions were placed on a slide, fixed with a cover glass and maintained
for a certain time under load with the help of a microdispenser (the volume of the drop was 0.02 ml). As it is
known, as the solvent evaporates (in time), due to the tightening effect (in height and in plane), the development
of deformation processes that affect the characteristics (geometric, structural) of the films themselves, as well
as the width of the gap between the object and cover glasses, increases. The results of preliminary tests carried
out on samples of different compositions showed that the load regime should be p>10 g/cm?. At the same time,
the period of holding the samples under load was optimized, which was set according to the time required to
stabilize the deformation processes in the films. For the system under study, the static load period was 5
minutes.

The response function was the total number of solid phase particles (N) falling on a fixed area of the
substrate:

S N = Nreativer S
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The values of N in the samples were determined at a given magnification ratio (X350) using a computer-
optical control system [8-9], which calculates the number of particles at S = 0.38 mm?.
Typical micrographs of suspensions of dispersed systems are presented in Fig. 1:

S0 XAy

Crio2 = 100%; Csurfactant = 0%; Csolvent, %0: @ — 50, b — 30, ¢ — 10
Fig. 1. Typical micrographs of suspensions of dispersed systems

After the implementation of the active experiment the experimental array was sampled for each level of
each factor within the two-dimensional matrix Y,:

yxll’ yxlz’ b yxlz
Y = yx11’ yx12’ yx1z
'LEl CLEl “ew )
,
yxm1 yxvz ym1z

m — number of levels; z - number of functional expressions for each level.
Particular dependences N = f (C;) for each individual factor are shown in Fig. 2.

N N N
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0 0 1000

0 25 50 75 100 0 10 20 30 40 50 0 10 20
a Cro, % b Csolvent, % ¢ Csurfactant, %

a - TiOy; b - added solvent, ¢ - AS surfactant
Fig. 2. Effect on pigment disaggregation rates of concentration

From the analysis of particular dependences follows a natural increase in the number of particles as the
total concentration of solid-phase components in the paintwork system increases (Fig. 2, a); at the same time,
the positive contribution of the as surfactant concentration to the change in N is consistent with its
disaggregating effect previously established for other pigments [10-12]. Reducing the degree of disaggregation
of the pigment and filler as dilution of the cover-former by solvent indicates a positive (surface-active) role of
functional groups (hydroxy-, carboxy-) in the pentaphthalic resin [13,14].

After approximation of partial dependences using standard programs "Advanced Grapher” and
"Microsoft Excel”, one-parameter equations characterizing the effect on the response function of each factor
separately (equations 1-3) are obtained.
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N = —79 " Csolvent + 17557 (1)
N =0.48 - C?1ioz— 23 - Crioz+ 880 (2)
N = 1495 " Csurfactant+ 14366 (3)

To build a generalized model, we used a multivariate equation of nonlinear multiple correlation, which
in an implicit form has the form [15]:

£(x1)-f(%2)-... f(xn)

n-1
8average

Y

general —

(4)

X1, X2,..., Xo— factors; n — number of factors; Qaerage — general average. Values oOf Qaverage Were
calculated by the formula:

2?21 Yexp.
Baverage = M (5)

Yexp. - the set of experimental data in the matrix; M - the number of rows in the matrix. After substituting

the approximated expressions (1-3) into equation (4), we obtain a generalized equation that takes into account
the joint contribution of all factors:

N = ((-7.9 - Corvent + 1756)(0.48 - C?rioy — 23 - Crios + 880)(14.95 - Courtactant + 1436.6))/15072. (6)

The adequacy of the obtained model (for the 95th significance level) was estimated on the basis of the
correlation coefficients (R) and significance (tr), which were calculated by the equations:

R= \/1 _ (n—-2) 'Z(Yexperimental_ Yaverage)z

(n—1) ‘X (Vexperimental = Yaverage)z

R\/(n—2)
‘RT TRz

The calculations showed a satisfactory convergence of the experimental and calculated (according to
equation 6) values of the response function: R = 0.94, tz>2.

Based on the solution of the generalized equation, the optimal expenditure of the surfactant, solvent and
pigment in the suspension of paintwork materials were determined, providing the required degree of
disaggregation of titanium dioxide. The joint contribution of the two factors to N is represented by nomograms
(Fig. 3) obtained by equation 6.

The analysis of the obtained dependences shows that in order to stabilize the indices of pigment
disaggregation at a fixed level, providing, for example, N = 1800, required to increase the surfactant
consumption or reduce the relative pigment content as the paintwork composition is diluted with a solvent.

1 2 .9 ‘g -8 Y
24
20
R R 16
5 P12
QO 6 8
4
+ - - - - 0 + - a
0 10 20 30 40 50 60 40 50 60 70 80 90 100
Cilll'vclll. % CT|02' %
N: 1— 1900, 2— 1800, 3 — 1700, 4 — 1600, b N: 1 — 1000, 2 — 1400, 3 — 1800, 4 — 2200,
5— 1500, 6 — 1400 5 — 2600, 6 — 3000

a-N= f(csurfactant, Csolvent,Crio2 = 678%)1
b-N= f(csurfactant, Crio2, Csolvent= 30%)
Fig. 3. Two factor nomograms
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Calculations according to equation (6) showed that if Cp = 10%, then the given N = 1800 in paintwork
materials is achieved at Csurfactant = 6.95% and Crioz = 70% (relatively); a similar indicator of the degree of
dispersion can be achieved by reducing the relative pigment content to 68.2%, but this will require an increase
in surfactant expenditure to 12%. According to the results of balance experiments performed with paintwork
compositions of these two compositions, a satisfactory convergence in the predicted and practical values of N
was established; the mean-square deviation for the two examples considered does not exceed 1.2%.

3. Discussion.

1. The use of probabilistic-deterministic modeling methods with an extended plan-matrix ensured that
an adequate multi-factor mathematical model of disaggregation of pigments and fillers and, as a result, the
solution of applied tasks in terms of optimizing the composition of paint materi-als.

2. To stabilize the disaggregation of pigment at a fixed level (N=1800) requires a solvent content of
10%, surface-active substance - 6.95 % and titanium dioxide 70% rel.

3. A similar rate of dispersing is achieved by reducing the relative pigment content to 68.2%, while
increasing to 12% the consumption of surfactants.
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Mropsaruna A.H., JIynenko A.A., Trokansko B.1O.

IIpuMeHenne KOMNBLIOTEPHO-MHKPOONTHYECKOr0 MeTOAa /UISl aHAJIN3a IHCHEPrHPYIONIero aeificTBUsA
MOJIHMEPHBIX MOAN(PHUKATOPOB

Pe3tome. PasBurme  mpomeccoB  aesarperanyu  (arperanyy) — KOHTPOJIMPOBAIM 110 HM3MEHEHHIO
CPEIHECTaTUCTHIECKOTO pasmepa TBepmodasueix aucmepcnit (d, mMxm) u  ¢dpakumonsoro cocraBa (P, %) Ha
¢ukcupoBanHO# TwTomanyu (S oOpabaTsiBaeMoro m3o0paxenus). Jucneprupyromuii 3¢ (eKT MOBEepXHOCTHO-aKTHBHBIX
MOJIMMEPOB YCTAHABIMBAIM B BOJHBIX CycHEeH3UsAX ¢ 1%-M comepkanueM TBepAoil ¢as3sl. B cycneH3usax BappHpoBaIn
KOJINYECTBEHHBIE CO/ICPKAHMUS BOAHOMN AucTiepcuy akpuinooro noiaumMepa ot 0 1o 30 % u nomumepusix ITAB ot 0 o 4
r/nm3 Uccneopanust npoBoAwid B OuHAapHbIX («Boga-TIAB») u TpoiHbIX («Boja-mieHkooOpasyromee-ITAB»)
cucTeMax. AHamu3 IMOJTYYEHHBIX IAaHHBIX ITOKa3aj, YTO, NUCHEPTUPOBAHHE NHUIMEHTA ONPECISETCS COICp)KaHHEM
IUIEHKOOOPa3yIoIIero B CUCTEME W MOJKET ILIeJICHANpaBIeHHO peryiupoBarthkes conepkanuem [1AB. B cucreme «Boxa-
[TAB» makcumyM pne3arperupyroniero 3¢ Qekra ucciaeIyeMbIX MOIU(PUKATOPOB MO OTHOUIEHHIO K JHOKCHIY THUTaHa
(uxcupoBanu npu ux copepxanuu 1,0 r/mame. [Tpu 5ToM HaMGONBIIMM AUCTIEPTUPYIOMINM 3 PEKTOM XapaKTepH30BaCs
Dispers 715w. BsiBemeHbl ypaBHEHHWs, ONHUCHIBAIONINE BIMSHUE KOHICHTPAUMU aAJUTHBA, COJICPIKAHUS
IUICHKOOOPa3yIoLIero Ha JUaMeTp YacTHIl IMTMEHTa, U Ha UX OCHOBE IOCTPOEHBI HOMOTPaMMBI.

KnroueBble  cjoBa:  TOKpPBITHSA,  AKpPWIOBas  KOMIIO3MIHUS,  IIOBEPXHOCTHO-aKTHBHBIC  BEIECTBA,
IUIEHKOOOPa30BaHKe, TUCIICPCH, BOAHO-aKPHUIOBAs AUCTIEPCHUS, TUOKCH TUTAHA, CYCTICH3HA.

Hropsruna A.H., Jlyuenko A.A., Trokanpko B.1O.

Honumep Moau(PUKATOPJIAPBIHBIH AUCIEPCTi dcepiH TajAay YIIiH KOMIBIOTEPJiK-MHUKPOONTHKAJIBIK
dicTi Ko gaHy

Tyiiingeme. Jlezarperauust ()KMHaKTay) IPOLIECTEPiHIH JaMmybl KaTThl (azanel AMCHEpCHsUIApIbIH OpTalia
CTaTUCTUKAIBIK KoneMiH (d, MkM) xoHe Gemmek Kypambi (P,%) Genrienren aymakka (S eHAENreH KECKiH) ©3repTy
apkpuIbl OakbutaHAbl. berki Oencennl monuMepnepiiH aucnepcusuiblk dddekrici 1% KarThl Kypambl Oap cCyiibl
cycrieH3usuiapaa aubIkTanapl. CycreH3usa akpuil MOJUMEPIHIH CYJIbl TUCICPCHICHIHBIH CaHIbIK KypaMbl 0-nen 30% -
Fa JIciiH KoHe momMepIIi 0eTTik-0enceni 3aTtap 0-meH 4 r / mm3-re Aeiin e3rep/i.

3eprreynep eximk («cy-0eTTik-OenceHi 3aT») *oHe YIITIK («Cy KabaTblH KypalThiH OeTTiK-OelceHai 3aT»)
KyHenepinae xyprizinai. Jlepexrepai Tangay KepceTkeHAe!, MMTMEHTTIH TUCTICPCHSICHI XKYHeIe INICHKaHbIH TY31TyiMeH
aHBIKTANAIbl KOHE OCTTIK-OCNCeHMI 3aTTapAblH KYpaMBIMEH MaKCaTTBl Typae OacKapbsulybl MyMKiH. «Cy OeriHzmeri
OeJiceHnl 3aT» JKyHeciHAe 3epTTeNeTiH MOIU(PHUKATOPIAPABIH THTAH TUOKCHAIHE KATHICTHI 06y THIMALIITI OJapablH
1,0 r / nam3 nenreiiinme Tipkenmdi. byn skarmaiina Dispers 715w eH yIKeH IUCIEPCHSUIBIK OCEPIMEH CHUITATTAJIBI.
KocmaHbIH KOHICHTPAIMACHIHBIH 9CEPiH CHMATTAHTHIH TCHICYJICp albIHFaH, IMTMEHTTIH OeJIIeK AuaMeTpiHe IUIeHKa
TY3€TiH Ma3MyH XoHE OJIapZbIH HETi31H/Ie HOMOTpaMMaiap CalbIHFaH.

Tyiiin ce3mep: xaOblHIAp, aKpuJl Kypambl, OeTTiK-OenceH i 3aTTap, IUIeHKa KaJlbINTACThIPY, AUCIEPCHs, Cy-
AKpWI AUCIIEPCHUSICHI, TUTAH AMOKCUJI, CYCIICH3USL.
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G. Makulbekoval, Ye. Kocherov!, A. Pivovarov?, G. Kenzhalieval, A. Mamitova®.
(*M.Auezov South-Kazakhstan State university, Shymkent, Kazakhstan.
2Ukrainian State University of Chemical Technology, Dnipro, Ukraine.

E-mail: erkebulan083@mail.ru)

INVESTIGATION OF THE PROCESS OF JOINT HEAT TREATMENT OF BENTONITE CLAYS
OF THE KYNGYRAK-KELES DEPOSIT AND TPP ASH IN ORDER TO OBTAIN HEAT-
INSULATING AND FIREPROOF CERAMIC GRANULES

Abstract. The article analyzes the quality indicators of heat-insulating and fireproof porcelain stoneware. The
results of a study of the process of joint heat treatment of bentonite clays and ash TPP in laboratory conditions are
presented. As a result of research work, samples of porcelain granules from raw clay and ash TPP in certain proportions
of the mixture. Changes in the coefficient of expansion and bulk density of samples of granular granules depending on
the firing temperature are estimated. It was revealed that the ash of the Shymkent TPP can be suitable as an intensifier for
the expansion of bentonite clays of the Kyngrak-Kelessky deposit.

Key words: heat insulation, fireproof, porcelain stoneware, deposit, expansion coefficient, clay, TPP ash, bulk
mass, research.
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KBIUITYOKHIAYJIAYBILI )KOHE OPT KAVYIIICI3 KEPAMOI'PAHYJISAATTAP AJ1Y
MAKCATBIHJA KbIHF BIPAK-KEJIEC KEHOPHbBI BEHTOHUTTI CA3JAPBI MEH K2C
KYJIAEPIHIH BIPIKKEH TEPMUSAJIBIK OHAEY YPAICIH 3EPTTEY

Tyitingeme. Makanana >XpUTy OKIIAyJMaybIll XOHE OPT KAyilCi3 KepaMOTpaHyIATTapIblH HETi3Ti CamalblK
KOPCETKIIITEePi TajayFa aJbIHFaH. 3epTXaHAIBIK MIapTTapaa OCHTOHUTTI ca3abl mukizat rmeH JKOC kynaepin OipikkeH
TEPMUSIIBIK OHJIEY YPAICIH 3epTTey HATHKeNepl YChIHBIIFaH. 3epTTEY KYMBICTAPBIHBIH HOTIKECIH/IE Ca3/ibl IIUKI3aT IIeH
JKOC kyniHeH OenrineHreH apa-KaTbIHACTa YJTIIl KepaMOTpaHYNIATTap ajblHFaH. YJITUIl KepaMorpaHyJIsTTap/blH
KeyeKTeHy Kod(pQHIMeHTiHe koHe KejeMaik MmaccackiHa JKOC KyniHIH TeMmmeparypara Toyendl oacepi OarajaHraH.
evkent KOC kynaepi Keiarbipak-Kesnec keHOpHBI OGHTOHUTTI ca3fapbl KeyeKTeHYiHIH WHTEHCU(HUKATOPBI PETiHIe
KOJITAHBUTY MYMKIH/IIT1H aHBIKTAJI]IBL.

KiniTTi ce3nep: xbutyoKiaymnay, epT Kayincis, KepaMorpanyJisiT, KEHOPHBI, KeyeKTeHy KoahduiueHTi, cas, JKOC
KYJTi, KOJIeMJIiK Macca, 3epTTey.

Kipicne. Kepamorpanymsitrap eHaipici yiIiH xxapaMpl cazaapaa mwanasl OemmextepAin mentepi 20%
acmaybl KaeT, AoHAepiHiH enmemi 0,2 MM acaTelH KapOoHaTTap O0JMaybl KEPEK:KOHE A€ OPKAHMKAIIBIK
KOocHayapablH Ma3MyHbI 1-2% apanbiFbiiaa Oosranel THiMai [1,2].

Bipak, MyHnai mMMKi3aTTIH MIEKTEYIIIIT )KOHE OHIIPICTIH AIKOHOMHUKAIBIK THIMAUIITIH KaMTaMachi3
€Ty, KOCIMOpPBIH aJIblHA OHMIPICTIK KaJABIKTapAbl KOJJIAHYy MACENeciH KOsSAbl. ATaiafFaH eHIIpiCTiK
KaJIIBIKTap IbIH XUMUSITBIK KYPaMbl OpKalllaH KepaM3UTTi MIMKi3aTTapFa KOHbUIATHIH TalanTapra TONBIFRIMEH
coiikec keme 6epmeiini [1,2].

Kepamorpanynsatrap eHaipicHAE KOJIIAHBIIATHIH KEYEKTEHOCHTIH JKOHE 9JICi3 KEYEKTEHETIH ca3lap/Ibl
KOJIJaHYIbIH TYpJi Oenrii oxictepi 6ap. HerizineH onap ca3gaplblH XUMUSUIBIK KYpaMbIH ©3TepTy, KYHIipy
Ke3iHJe TyHipmekTep OeTTirinaeri cyibiK (azaHbl OKIIayaay, KYHAIpyAiH crielupUKaIbIK apTTapbIH Kacay
KOJIBIMEH KE€YEKTCHYAIH TeMIIepaTypalbIK apajblfblH YJIFAUTyFa OarbITTajIFaH.

TepMmusanblk KyHAipy Ke3iHIE MaTepHaliblH J>KaOBICHIT KaliMayblH OONIpIpMay VIIiH, IIIHKi
TYHIpIIEKTepAl TYpJi OTKa Te3imMji KocnaiapMeH OYpKY YCHIHBUIAABI. BYpKyIiH ocepi »oOFapbl JTUCTEpCTi
KHBIH OQJTKUTHIH OOIIeKTepAiH epyi Ke3iH e Ty HipIeKTepAiH OeTTiKk KaObaThIHBIH TYTKBIPIIBIFBIH KOFAphLUIATY
eceOiHeH KEYeKTEeHY apallbIFbIH YIIFalTyFa Herizfenred. KublH OanKuThIH OYpKY KOCHachl peTiHAe KBapIl
KYMBIH, alIOMOCHJIMKATTBl Tay KBIHBICTAPBIH, MYHAWXWMHUSUIBIK JKOHE THIPOJM3Jl OHIIpiCTepaiH
KaJJILIKTapbIH KOOJIaHyFa O0JIajbl.

[ukizaT KypamblHa OPraHUKAJBIK, CUITUIIK JXKOHE TeMip Ma3MyHAAWTBIH KOCHajapAbl, COHIaW-aK
KEUICH/[1 — OPraHOCUITiII, OPraHOTEMIpIIi XKOHE TEMIPCUITLII MaTepuanaap Kocy Ke3iHe canalibl HOTHKelepre
KOJI JKeTKizyre 0ojaapl. OpraHuKablK KocHalap/ sl dcepi KQKETTI TOTHIKCHI3IAHIBIPY MApTTaphIH kKacayra
HETI3IeJITeH JKoHE oJIapbl KypaMbIHaa TeMip TOTbFb 10% acnaiThiH MKKi3aTTapFa eHri3reH MakcaTThl.

3epTTey KyMbicTapsl Oaprickinaa TypkicTan o0usbickl Caphlarall ayiaHbIHAA OpHajIacKaH KpIHFBIpaK-
Kenec keHOPHBIHBIH Ca3/Ibl MIMKI3aTTaphbl KojmaHbuia. ToxipuOeHi xkyprizy Oapeicbinna Keiareipak-Kenec
KEHOPHBIHBIH Ca3/[bl MIKMKi3aTTapsl TaHgansi, MJI-1p mapis! auipmenae | MM eimemai TYNTIKTI €l1eKTeH
eTeTiHeH eTin yHTaKkTanasl, coHad coH 30°C TemmepaTypaja KenTiprim mkadra TypakThl calMakka JeHiH
KeNTipiI.

Toxipubenik >KyMbICTap VIIIH ajJiblH-ajla JalblHJaliFaH JKOHE OJIIICHTeH casJbpl  MaTepual
kocragapmen Oipre AJIC-5 TunTi apanacThIpFblliTa KYpraK KyHiHIAE MYKUAT apanacTeipbuiabl. Kyrak
KOCITaHBl CYMEH KOWUMAaJDKbIH KOHCHCTEHIMS TY3UITCHIIe CYMEH bUFaanasipablk. Ochbuiaiima
BUTFAJIAHIIBIPBUIFAH  Kocria 4 cararT OOMBIHJA YCTalbIl TYPJAbL, COHAH COH KalTa apaiacThIPbUIIHI.
JaitpiaganyaHn MaccaliaH HbI3bIIAy oficiMeH mpecc-tabierka ynritepi [I'M-100MI'4A rugpaBiuKaibk
npeccTiH KemeriMeH naibiHganabl. Hemeimanran yiarinep 100-140°C temmnepaTypa Ke3iHAE TYpakThl
calMaKKa JIeHiH KenTipiii.

Cazpl UKI3aTTHIH MAaHBI3Ibl KACHETTIPiHIH Oipi OTTHIK JK9HE ayasbIK IIeryi 0okl Ta0bansl. SrHu,
KEITl py YpAici Ke3iHAe ca3libl YATiHIH CBHI3BIKTHIK eJIIeMIepi MEeH KeJIeMiHiH Kilipeiyi. 3epTrenyeri ca3
YIIiH Oasty TaOWUFU KENTipy MIapTTapblHa ayalblK ChI3BIKTHIK Inery mamMachl 10,8%, an kenTipyiiH skacaH bl
KataH Toptin ke3inge — 7,8%. 950°C temmeparypa Ke3iHae YAruiepai KyHaipy ypAiciHIEeri OTTHIK IIery
mamachl 5,5% [3,4].
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Toxipubeaix 0eqim. Ynrinepai TepMUSUIBIK NaiibiHnay MyQemnai Memre jKy3ere achbIpbUibl, OHIA
yiarinep 2 wmuHytta 280-300°C  neifin  KbI3ABIpHUIABL.  TepMUSUIBIK  JalbIHAayAaH KeiiH —yarijgep
TeMIiepatypansl skorapeutary MuHyThIHA 10-15°C xemmamasikma 1085-1180°C  kesinme KyHmipiimi.
3epTXaHajblK HIapTTapAarbl KepaMOIpaHyJIATTapAbl TEPMUSIIBIK JaibIHAAYABIH TeMIlepaTypa-yaKbITTBIK
TopTiOi 1 KecTene KenTipiireH.

Kecre 1. Kepam3uTTi rpanyIsiTTapabl TEPMUSJIBIK AabIHAAYABIH TEMIIEPATYPA-YAKBITTHIK TIPTIOi

CuHTe3zey caTbLIaphbl T, °C Ky#inipy yakpITbl, MUH
KapamnaibiM KeJeIIeTIIreH
TOPTIN TOPTIN
Kenrriprim mkadrta KpI3I51py 130 5 5
TepMusITBIK KabIHIAY 300 2 2
[emreri TemMmepaTypaHsl KOTEpY 1080-1180 23 13
Kyiinipy TemmepaTtypacsl Ke3iHIe yCTar TYpy 1080-1180 7 5
CankpIHAaTyIBIH | -110i caThICH 900-950 0,5-1 0,5-1
CankpIHAaTyIBIH | -110i caThICH 30 7 5
45 31

Opranukansik (xaarein) Kocma petiaae XKOC kym xommarpuiasl. Lemvkent XKOC kymi kemecigei
MUHEpaaap KOCacklHaH Typansl: o-kBapr (4,23; 3,333; 2,453; 2,285; 2,231; 2,125; 1,981; 1,812; 1,674;
2,534; 1,450A), oproxmas (4,033; 3,769; 3,242; 2,921; 2,859; 2,479; 2,388; 1,981; 1,911; 1,862A), kansiuit
kapbonatsl (3,89; 3,023; 2,479; 2,231; 2,084; 1,911; 1,761; 1,674; 1,646; 1,609; 1,516; 1,473; 1,432A).
Temipni munepanmap remarut (2,683; 2,205; 2,027; 1,832; 1,691; 1,601; 1,488; 1,450A) »oHe MarHeTHT
(4,704; 2,973; 2,515; 2,421; 2,084; 1,704; 1,614; 1,488A) perinne kxeneni. CoHbIMEH Kartap, allOMHHHUI
(Al,03-H0: d/n = 6,141; 3,181; 2,34; 1,832; 1,744; 1,646A) xone xanbimii (Al:SiOs: d/n = 5,539; 3,412;
2,901; 2,205; 1,587; 1,516; 1,432A) THJIPOTOTHIKTAPBIHBIH TU(DPAKIUSIIBIK CHI3BIKTAphI OaiKaTabl.

Cyper 1. llleivkent JKOC KyJiHiH peHTreHOIpaMMachl

evrenT XKOC kyni IoHIEpiHIH eJIIeMi jKaFblHaH | MM acmaiThiH Olp KeNKi YHTaKTaH TYpajbl,
OPTraHUKAJIBIK, OeiriHiH Ma3MyHbI 14-32%.

Bacrankeina XKOC kymin pipinai crenn (enek Nel) apkpuibl enern anbiHbl, coHaH keiin AJIC-5 tunTi
ABTOMATTHI 3ePTXAHAJIBIK apaacThIPFBINITA Ca3 YHTAFBIMEH MYKHUST apajacThIPBUIBII, bIIFAIIAH BIPBUIIL.
ApancTeIpplIFaH  MaccalaH IUIACTUKAIBIK OIICIIEHEH KaObIpFalapblHbIH Y3bIHABEFEI 20 MM  KyOTap
KaJbplnTanabl. JalblHaanFad yariiep KenTipiyiai xoHe MyQenbai nemTe Ky Haipiaii.

Haruxenep. Kypambina 3% xone 5% JXKOC kxymi kocwburran 3eprrenygeri caznsl 1100-1160°C
TeMmIeparypara JediH KyWaipy KesiHjeri keyekreHy kodd¢uimenTi 1,6-man 2,6 neiiin e3repii. ATanraH
maptrapga JKOC kyniHiH KaThICHIHCBI3 KYHIIpiireH yurinepaid keyekreny koadduuuenri 1,4-ten 1,5 geitin
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e3repai. KOC kyImiHiH Kocmackl 0ap ca3/iaH allblHFaH TYWipHICKTepAiH keyeMaik maccacekr 0,987-nen 0,520
r/cM® neitin e3repreH. AJl, KyJIJIi KOCIAchl JKOK ca3liaH ajblHFaH TyHipmekTep — 1,665-ten 1,053 r/cM® feiinTi
KeJeM/IIKk Maccara e (kecte 2, cyper 2 xoHe 3).

2,5 /'
2
15 —I?/

0,5

e 3% il 5%

KeyekteHy koadpPpuuymeHTi

1080 1100 1120 1140 1160

Temnepatypa, °C

Cyper 2. Keiarbipak-Kenec keHopHBI 0eHTOHUTTI ca3fapbl MeH JKOC KyJiii KOCTachl HET131H/1e aJIbIHFaH
KepaMOTpaHyIATTapbIH KYWIIpYy TeMIlepaTypachiHa Toyenli KeyekTeHy K03 pumueHTiHig e3repyi

Kecte 2. Kpinrbipak-Kenec keHopHbl 0eHTOHUTTI ca3zgapbl MeH KIC kyaai Kocnachl Herizinge
AJIBIHFAH KepPaMOrpaHyJIATTAPAbIH PU3NKA-MeXaHUKAJIBIK KOPCeTKilTepi
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KOC kyni 3%
1080 1,4 1,139 7,2 55,3 8,5 46,8
1100 1,6 0,987 4,9 61,3 4,9 56,4
1120 1,8 0,819 51 67,9 4,1 63,8
1140 2,2 0,718 5,7 71,9 4,8 67,1
1160 2,5 0,629 6,4 75,3 4,0 71,3
KIC xyni 5%
1080 1,4 1,092 8,1 57,2 8,9 49,3
1100 1,7 0,913 7,4 64,2 6,8 57,4
1120 1,9 0,740 7,1 67,9 58 62,1
1140 2,3 0,664 7,0 74,0 4,6 69,4
1160 2,6 0,590 7,6 76,9 4,5 72,4

Keyekreny ko3 pHULMEHTI MEH THIFBI3IBIFBIHBIH ©3r€py CUIAThI TY3Y CBHI3BIKTBI ©3repicKe XakbH. 5%
KyJnai Kocy KesiHzeri kepcetkimTep 3% Kocy wapThlHa KaparaHnaa Oipmama oHraitnel. 1160°C xyiigipy
TeMIIepaTypachiHia TYHipIIEKTep/IiH KOJIEMJIIK CaIMarbiHa KOJ XKETKi3yre 0oabl.
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Cypert 3. Keiarsipak-Kenec keHopHbI 0eHTOHUTTI ca3aapbl MeH JKOC Kyl KoCmachl HeTi31H/e ajabIHFaH
KepaMOorpaHyJIATTapAbIH KYHIipy TeMIIepaTypachiHa TOYEIi KOJIEM IIK MACCAChIHbIH ©3repyi

TykbIppIM. 2 KecTene, 2 koHE 3 cyperTepe KEeNTipuireH 3epTTey >KYMBICTAPBIHBIH HOTHXKENepi
kepcetkenaeit, lemvkent XKOC xynaepi Keiarpipak-Kenec xkeHOpHBI OEHTOHUTTI cas3mapbl KeyeKTEHYiHIH
WHTEHCH(PHUKATOPHI PETiH/AE KONJAHBUTY MYMKIHIITIH alKbIHTaiIbI.

DHEPrusibIK THIMI, OPTKAYIICi3, KbUTYOKIIAYJIAybII )KOHE 3KOJOTHSUIIBIK Ta3a KepamMorpaHysTTap
alyra JkapaMmJIbl JKOHE KYWHIIpy KesiHme KkeyekteHyre Oeiiim JlapOa3a sxone Keinrbipak-Kenec ken
OPBIHAPBIHBIH KEHIT OATKUTHIH MOHTMOPPWIIJIOHUTTI, OHAl OANKHUTBIH JKOHE KOJUTOMITHI Ca31aphbl KOCBIMIIA
3epTTenreH [5].
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Maxkyn6exosa I'.O., Kouepos E.H., [TuBoBapoB A.A., Kemxanuesa I'./l., MamurtoBa A.Jl.

HccienoBanne mpounecca COBMECTHOH TepMHYecKoil 00pa0oTKH OeHTOHHTOBBIX IIMH KbIHrbIpak-
Kenecckoro mecropoxnenusi u 30161 TIOC ¢ menbo Nmoay4eHHs TEMJIOH30ISIHOHHBIX M I0KAP00e30MaCHBIX
KepaMoOrpaHyJIfiTOB

Pe3iome. B crathe npoaHanm3MpoBaH KAaueCTBEHHbIE IOKa3aTeNIM TEILIOM30JIILIMOHHBIX M I0KapoOe30IacHbIX
KepaMorpaHyyaToB. IIpuBeneHBl pe3ynbTaThl MCCIEIOBAHUS IpOIlecca COBMECTHON TepMHUECKOW 00paboTKu
OEHTOHUTOBBIX IMHUH H 30561 TOC B mabopaTOpHBIX YCIOBHAX. B pesymbraTe McCiIenoBaTelbCKUX pabOT MOIYUEHBI
00pa3Ipl KepaMOTPaHyIATOB W3 CHIPbEBOW TIHHBI U 301161 TOC B ONpeAeleHHBIX COOTHOMICHUSIX IMUXTHL. OIEHEHBI
M3MEHEHUs1 Kod(pQuIMeHnTa BCIydyuBaHUS W OOBEMHAash Macca OOpasloB KEPaMOTPaHYJSTOB B 3aBHCUMOCTH OT
TemnepaTypsl o0xwura. BersisieHo, uto 30mbl LIsmMkenTckoit TOC MOTYT OBITH IPUTOAHBI B Ka4€CTBE HHTEHCHU(HUKATOPA
BCITyYMBaHMS OCHTOHMUTOBBIX TIIMH KbIHrpak-Kenecckoro MecTopoxaeHus.

KnaioueBble ciioBa: TEIUIOM30IISIIMSA, MOXKAapOOE30MacHbIH, KepaMOTrpaHyJIsT, MECTOPOXKICHUE, KOIPPHUIUESHT
BCIIy4HBaHus, IIIHHA, 305161 TOC, 00beMHas Macca, HCCileI0BaHHE.
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