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Thermokinetic parameters of the primary coal tars destruction
in the presence of catalysts and polymeric materials

The hydrogen-donor abilities of polymers and the activity of catalysts in the process of thermal destruction of
the organic mass of primary coal tar (PCT) are studied by non-isothermal kinetics methods. PCT, magnetic
microspheres, nickel-deposited chrysotilechrysotile and FesO4 nanocatalysts were used as initial raw materials.
Polymers such as polyethylene (PE), polystyrene (PS) and polyethylene glycol (PEG) were selected as a hy-
drogen donor. The phases Mgs[OH]4{Si20s} and NiO were determined by X-ray phase analysis (XRD) in the
obtained catalyst (nickel-deposited chrysotile), and the presence of highly dispersed nickel oxide particles on
the surface and inside the nanotubes was shown by the transmission electron microscope (TEM). Nickel oxide
particles of 8-11 nm and 30-37 nm were evenly distributed on the surface and inside the chrysotile nanotubes.
The kinetic parameters of the thermal destruction of a mixture of PCT, catalyst and polymer material were
determined on the basis of thermogravimetric analysis using the integral method and the method for determin-
ing the thermokinetic parameters by the inflection point on the thermogravimetric curve (TG). The change in
the activation energy, rate constant and pre-exponential factor with an increase in the degree of destruction of
the organic mass of the PCT is established. It was shown that the nature of polymers and catalysts significantly
affects the value of the rate constant and the activation energy. The calculated activation energies of the thermal
destruction of a mixture of coal tar with PS and PE in the presence of a catalyst (nickel-deposited chrysotile)
by the first method are 47.6 kJ/mol and 40.4 kJ/mol, and by the second method are 47.3 kJ/mol and 86.5 kJ/mol
respectively.

Keywords: primary coal tar, nanocatalyst, chrysotile, magnetic microsphere, polymer, thermal destruction, ther-
mokinetic parameters.

Introduction

At present, due to the high growth of oil and oil products consumption coal, PCT and high-temperature
coal tar are considered as an alternative sources of raw materials for secondary processes of the motor fuels
production and for petrochemistry industry. Therefore much attention is paid to thermocatalytic and hydro-
genation processing of heavy hydrocarbon raw materials (HHR) into light oil products. The method of ther-
mogravimetric analysis allows to determine the weight loss of HHR sample as a function of temperature at a
constant heating rate, and thereby establish the parameters of thermal destruction in the presence of various
catalysts and hydrogen donors. It is known that polymeric materials are used as a hydrogen donor for thermal
destruction of HHR [1]. Various nanosized catalysts and porous materials, such as microspheres isolated from
coal ash and mountain mineral chrysotile, can be used as a catalyst for the thermal destruction of HHR.

Recently the natural mineral chrysotile has been of great interest, since this matrix can be of macroscopic
size. It consists of nanotubes, the inner diameter of which is about 5 nm and the outer diameter is about 30 nm.
These nanotubes can be about 1 cm long, and they are arranged in a close tohexagonal packing [2].

Earlier it was shown that chrysotile mineral is widely used in various fields of science and technology: in
electronics, electricity, the production of dielectrics, nanowires, and in the production of nanocatalysts, as well
as a carrier for catalysts of destructive hydrogenation of HHR [3-6].

The aim of this work is to study the hydrogen-donor abilities of polymers and the activity of catalysts in
the process of thermal destruction of organic mass of PCT using non-isothermal kinetics methods.
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Experimental

Primary coal tar of Shubarkol Komir JSC [7] was used as the study object and magnetic microspheres
obtained from ash residues of coal [8] (catalyst 1), chrysotile with applied nickel (catalyst 2) and Fes04 nano-
catalyst [9] (catalyst 3) were taken as a catalysts.

Reagent grade polymers such as PE, PS and PEG were chosen as the hydrogen donor. The amount of
added catalyst and polymer to the PCT was 1 % on the feedstock.

The chemical formula of chrysotile is MgsSi2Os(OH)a4. Chrysotile fibers are formed from twisted planes
of MgO and SiO; [6]. Chrysotile was preliminarily leached with 20 % hydrochloric acid solution to remove
magnesium, potassium and other alkaline earth metals. The process of filling the channels with chrysotile was
carried out using the wet method. Leached chrysotile was dried at 105 °C for an hour. The chrysotile channels
were filled with an aqueous solution of nickel salt (NiNOs). For this, a 5 % solution of nickel nitrate salt was
added to the leached chrysotile and heated for 2 hours with periodic stirring. Then the resulting mass was dried
at 105 °C and cooled to room temperature, after which the sample was kept in a muffle oven at 500 °C for
2 hours.

The structural characteristics of the synthesized catalyst 2 were established by XRD. X-ray diffraction
patterns were taken on a Dron-4-07 X-ray diffractometer, and the size of nickel particles was estimated by
TEM using a JoelJem-1400Plus. The presence of nickel metal on the surface of chrysotile was confirmed using
the method of X-ray fluorescence analysis, obtained on a FOCUS-2M spectrometer.

The kinetic regularities of the thermal destruction of PCT and a mixture of resin with catalyst and polymer
were investigated in the temperature range of 33—600 °C using a LabsysEvoSetaram device (France) at a heat-
ing rate () of 20 K/min under non-isothermal conditions, while recording the weight change. Thermal analysis
was performed in a nitrogen atmosphere to exclude oxidation reactions [10]. In all experiments 10 mg of the
initial samples were used.

To calculate the thermokinetic parameters of the resin decomposition and a mixture of resin with catalyst
and polymer, two methods have been used: the first was the integral method proposed in [11], the second was
the method for determining the thermokinetic parameters from the inflection point on the TG curve [12].

Results and discussion

Physicochemical properties of catalysts. Using the wet method of incipient wetness impregnation, a so-
lution of nickel nitrate salt was applied to the surface and inside the chrysotile tubes. XRD of the obtained
catalyst 2 showed the presence of an intense reflex 7.38; 4.48; 3.66; 2.58; 2.09; 1.53; 1.30; 1.20 A — Chrysotile
Mgs[OH]4{Si20s} (ASTM 25-645), and reflex: 2.41; 2.09; 1.47; 1.26; 1.20 A — NiO (ASTM 78-423).

In the synthesized catalyst 2 TEM showed the presence of highly dispersed particles of nickel oxide on
the surface and inside the nanotubes. On the basis of statistical processing, a curve of the size distribution of
nickel particles was obtained (Fig. 1). The Figure 1 shows that nickel particles 8-11 nm and 30-37 nm are
evenly distributed on the surface of chrysotile nanotubes, and the distribution maximum is at 15 nm.
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Figure 1. Micrograph of chrysotile, obtained on TEM (a)
and the curve of the distribution of nickel particles by size (b)
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The results of X-ray fluorescence analysis of catalyst 2 showed the presence of nickel Ni (63.68 %),
silicon Si (23.1 %), iron Fe (11.57 %), chromium Cr (0.409 %) and manganese Mn (0.03 %).
The kinetics of thermal destruction processes can be studied on the basis of thermogravimetric analysis
data [13, 14]. For one-stage process the reaction rate obeys the Arrhenius equation:
dm
dr
where m is the mass of the non-volatile substance of the sample at the moment of time t; E is the activation
energy; ko is the preexponential factor; R is the universal gas constant; T is the absolute temperature; n is the
reaction order.
In the first approach the entire section of the TG curve, which related to one stage, is used to establish the
Kinetic parameters [11].
The values of the rate in the mass changing of the sample are determined experimentally as the inclination
of the tangent to the curve at given points. The parameters a, and b, were selected by linearizing the velocity

equation:
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The last expression (1) represents the equation of a straight line in coordinates
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where a, — is the cut off segment of the ordinate; b, — is the slope tangent.

From the slope tangent (2) of the coordinate lines, the activation energy E of the thermal destruction
process of the samples were calculated, which depend on the degree of their mass loss.
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Figure 2. Thermogravimetric curves of weight loss () and rate of weight loss (b) of the initial PCT
and a mixture of PCT with various catalysts

TG curves of weight loss versus temperature are depicted in Figure 2a. TG curve of thermolysis of the
initial resin showed that the main weight loss at a sample heating rate of 20 K/min occurs in the temperature
range of 430-650 K. The addition of chrysotile containing nickel to PCT leads to some displacement of weight
loss curve towards low temperatures 450-580 K, and the addition of a magnetic microspheres shifts to 450
610 K, nanocatalyst FesO, — to 450-610 K. Figure 2b shows that the peak characterizing the maximum of
decomposition rate of the PCT organic mass mixture in the low-temperature region, corresponds to the peak
of organic mass mixture decomposition of the resin with chrysotile containing nickel.
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Figure 3. Thermogravimetric curves of weight loss (a) and rate of weight loss (b)
of a mixture of PCT with catalyst 1 and various polymers

As shown in Figure 3a, when catalyst 1 and polymer additives such as PE, PS, and PEG are added to the
PCS, the main weight loss is observed in the temperature range of 440-570 K, 480-580 K, and 470-620 K,
respectively. Figure 3b illustrates that the addition of catalyst 1, polystyrene, and polyethylene to the initial tar
increases the rate of weight loss. When PS is added to the mixture of coal tar and catalyst 1, a high weight loss
and rate of weight loss are observed. In addition, a shift of the peak characterizing the maximum decomposition
rate (Fig. 3b) of a tar mixture and catalyst 1, and PS is observed in the low-temperature region. Based on the
TG curve, it was found that the weight loss of the resin increases from 69 (thermal degradation of the initial
resin sample) to 93 wt% upon simultaneous destruction of the resin with polystyrene and catalyst 1, and with
polyethylene and catalyst 1 to 89 wt%, respectively. These results confirm that polyolefin polymers play the
role of a hydrogen donor and promote tar decomposition [1, 15-17]. The use of PEG as a hydrogen donor
showed that during the destruction of a mixture of resin and catalyst 1, the polymer reduces the weight loss
and the rate of weight loss (Fig. 3a, b).

100 2 . -0.02 b
— 2 -0.04
-3
B0 3 ~0.06 .
£ —008
- E
£ 60 3;—0.10
b 012
s 3
40 °
-0.14
4 -1
016 { =+ 2
20 -+ 3
" “018 { = 4
450 500 550 500 550 460 480 500 520 540 560 580 €00 620
TEemperature, K Temperature, K

1 — mixture of PCT with catalyst 2; 2 — mixture of PCT with catalyst 2 and PE;
3 — mixture of PCT with catalyst 2 and PS; 4 — mixture of PCT with catalyst 2 and PEG

Figure 4. Thermogravimetric curves of weight loss (a) and rate of weight loss (b)
of a mixture of PCT with catalyst 2 and various polymers:

Figure 4a, b illustrates the effect of catalyst 2 and added polymers such as PE, PS and PEG to the resin
on the change in weight loss and the rate of weight loss. From the presented TG curve (Fig. 4a) it can be seen
that the main weight loss of the tar with catalyst 2 and polyethylene occurs in the temperature range
480-570 K, with polystyrene and PEG at 480-580 K. Based on the TG curve, it was found that the weight loss
of the tar increases from 69 (thermal destruction of the initial resin sample) to 83 wt% upon simultaneous
destruction of the tar with polystyrene and catalyst 1, and with polyethylene and catalyst 1 to 84 wt%,
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respectively. When PS is added to a mixture consisting of tar and catalyst 2, a high rate of weight loss and a
shift of the peak characterizing the maximum of decomposition rate of the resin mixture to the high-tempera-
ture region are observed (Fig. 4b). Figure 4b illustrates that polyethylene and polystyrene promote the coal tar
decomposition of the resin, since the rate of weight loss increases, and PEG inhibits of the tar degradation.

From equation (1) the activation energy E and the preexponential factor ko of thermal destruction of the
tar mixture with catalyst 2 were determined (Fig. 5).
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Figure 5. Linearization of the temperature dependence
of the rate of PCT thermal destruction in the presence of catalyst 2

As can be seen from Table 1, for the tar mixture and catalyst 2 the activation energy is 38 kJ/mol, which
corresponds to a high rate of weight loss (Fig. 2), and the activation energy of the mixture of resin and catalyst 1
is 34.2 kd/mol, with catalyst 3, the activation energy is 24 kJ/mol, which corresponds to low rate of weight
loss. The values of the pre-exponential factor increase with the growth of the activation energy.

Table 1

Calculated thermokinetic parameters of thermal destruction of PCT
in the presence of catalysts and polymers [11]

Investigated composition E, kJ /mol ko
PCT 39.4 1.86-10°
PCT + Catalystl 34.2 5.1-10?
PCT + Catalyst 2 38 1.4-103
PCT + Catalyst 3 24 42.3
PCT + Catalyst 3 + PE 35 7.23-10?
PCT + Catalyst 1 + PE 32 2.9-10?
PCT + Catalyst 1 + PS 35 1.26-103
PCT + Catalyst 1 + PEG 38 7.9:10?
PCT + Catalyst 2 + PE 40.4 1.61-103
PCT + Catalyst 2 + PS 47.6 7.94-10°
PCT + Catalyst 2 + PEG 38.7 9.22-102
PCT + PE 30.3 1.69-10?
PCT + PS 23 18
PCT + PEG 29.6 80

The obtained thermokinetic parameters E and ko of the tar thermal destruction (Table 1) in the presence
of catalysts and polymers showed that a high activation energy is characteristic of the thermal destruction of
the coal tar with PS and catalyst 2, which is 47.6 kJ/mol, and the low value is 32 kJ/mol, which is typical for
resins in the presence of PE and catalyst 1. The calculated values of E and ko suggest that one of the reasons
for the increase in the rate of weight loss under the conditions of thermal destruction of resins with catalyst 2
in the presence of PS and PE is the high donor capacity of these polymers. Another reason is associated with
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the developed specific surface area (40 m#g) of chrysotile with applied nickel and oriented packing of tubes
(Fig. 1) with high adsorption properties.

The second approach is to use three equations for the inflection point on the TG curve to determine the
thermokinetic parameters [12]. Using the second method, we determined the thermokinetic parameters of the
coal tar thermal destruction in the presence of catalysts and polymers.

The thermogravimetric curve of the thermal destruction of the resin with the catalyst 2 is depicted in
Figure 6.
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Figure 6. Thermogravimetric curve of the thermal decomposition of PCT with catalyst 2

Based on the TG curve, T,,,.B, Cy. and (3—(:) have been obtained. Based on the initial data ob-
T =Tuink

tained, the process exponent n, the activation energy E, the preexponential factor ko and the rate constant k,
presented in Table 2, were calculated.

Table 2
Calculated thermokinetic parameters of thermal destruction of PCT
in the presence of catalysts and polymers [12]
Investigated composition E, kJ/ mol n Ko k
PCT 28.5 1 1.03 3.2-10°8
PCT + Catalystl 66 1 5.8-10° 7.59-10°°
PCT + Catalyst 2 46.4 1 1.05-102 5.7-103
PCT + Catalyst 3 43.4 1 345 4.95-10°
PCT + Catalyst 3 + PE 30 1 3.96 43-10°%
PCT + Catalyst 1 + PE 43.04 1 2.56-10" 47110
PCT + Catalyst 1 + PS 48.25 1 5.95-102 7.28-10°8
PCT + Catalyst 1 + PEG 17 1 1.36-10* 2.55-10°3
PCT + Catalyst 2 + PE 86.5 3.2 3.25-10° 1.1-102
PCT + Catalyst 2 + PS 47.3 1 1.28:102 5.8-10°%
PCT + Catalyst 2 + PEG 27.4 1 1.19 3.43:10°°
PCT + PE 105 9.12 2.16-10° 1.12-1072
PCT + PS 168 71.05 5.3-10Y 8.4-103
PCT + PEG 72.4 45.65 7.9-108 3.8-10°%

Table 2 shows that the coal tar mixture with the polymer is characterized by the highest index of thermal
decomposition (n). This is probably due to the fact that there is more thermally unstable C-O, C—N bonds than
C—C bonds in coal tar. It is possible that the free radicals formed during the process of thermal decomposition
initiate the depolymerization of polymer macromolecules, and thus a synergetic effect is observed. From the
literature data it is known that the conversion degree of PE, PS PEG during pyrolysis with coal in the presence
of cracking catalysts is less than the corresponding indicators of thermal conversion of individual polymers.
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The resulting polymer cleavage products inhibit the activity of catalysts during the thermal decomposition of
coal with polymers [15]. This explains the low values of the index of thermal decomposition (n) in the presence
of a catalyst in the mixture.

Table 2 shows that the activation energy (E) of the thermal destruction of the resin increases from 17 to
168 kJ/mol. With the addition of polymers without a catalyst high activation energies are observed
(72.4 kJ/mol, 105 kJ/mol, 168 kJ/mol), which are explained by the acceleration of the depolymerization reac-
tion of macromolecules, and, possibly, the high-temperature transformations of the resin-polymer mixture with
a decrease of volatile products yield.

The different values of the thermal destruction thermokinetic parameters of resin and polymers mixture
with and without a catalyst obtained in the first and second methods show the simultaneous occurrence of
many parallel reactions with different values of activation energies and rate constants. This is due to the
difference in the strength of the dissociating bonds in resin-polymer mixture. It was reported [18] that the high
value of the activation energy makes a large contribution to the rate of tar mass loss in the process of pyrolysis.
It should be taken into account that the increase and decrease in the activation energy (Table 1, 2) is associated
with the complex composition of the primary coal tar.

On the basis of two methods the thermokinetic parameters of the resin thermal destruction in the presence
of a polymer and a catalyst were obtained, which allowed to choose a catalytic system consisting of catalyst 2
and PE.

Conclusion

The rate constant, the pre-exponential factor and the activation energy were calculated using two methods
of non-isothermal kinetics. The values of the activation energy and the rate of destruction calculated by the
first method depend on the nature of the polymer and the activity of the catalyst. The calculated activation
energies of 47.6 kJ/mol and 40.4 kJ/mol are characteristic of the thermal destruction of the coal tar with PS
and PE in the presence of catalyst 2. The high rate of mass loss under conditions of thermal destruction of the
mixture of coal tar, catalyst 2 and polymers (PS and PE) is associated with the high donor abilities of these
polymers and the developed specific surface area of nickel-deposited chrysotile.

It was found that the activation energy of the thermal destruction of the tar increases from 17 to
168 kJ/mol when the second method was used to determine the thermokinetic parameters. High activation
energies (72.4 kJ/mol, 105 kJ/mol, 168 kJ/mol) were observed when polymers were added without a catalyst.
It is explained by the acceleration of the depolymerization reaction of polymer macromolecules, and, possibly,
by the high-temperature transformations of the tar-polymer mixture are accelerated with a decrease in the yield
of volatile products. PE as the active hydrogen donor and the catalyst 2 were selected for the process of HHR
hydrogenation based on the obtained results of determining the thermokinetic parameters of the mixture
destruction.

The kinetics of thermal destruction of PCT with various polymer additives and catalysts is necessary for
mathematical modeling of the HHR catalytic hydrogenation process.
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Karaan3zatopsap MeH nmojuMepJiik MaTepualap KaTbIChIHAAFbI OIpiHIILTiK
TACKOMIP IIAHBIPHI JeCTPYKUMACHIHBIH TEPMOKHHETHKAJBIK IIapaMeTpJiepi

belin3oTepMHsUIBIK  KMHETHKA ojicTepiMeH OipiHmiimik TackeMip maibipeiHel (BTIL) opraHukanbik
MAaCCaChIHBIH TEPMUSUIBIK BIOBIPAY TIPOIECIHACTT IMOJIMMEPIEPAiH CYTETi-IOHOPINBIK KadileTTepi KoHE
KaTanu3aTtopiapasly Oencenmimiri 3eprrenmi. bacranker mmkisar perigge BTLL, maraurTi Mukpocdepa,
HHUKeIbMeH OalbIThuFaH Xpu30THi xkoHe FesOs HaHOKaTanm3aTops! maitnananeiasl. CyTeri JOHOPHI peTiHae
nommyTrieH (I19), momuctupon (I1C) xone nmommdTHeHT KON (I1O1) momMepnepi ansiaapl. CHHTE3IeTeH
KaTanu3aropaa (HUKeIbMeH OalbIThUIFAaH XPU30THI) PEHTTeH K (a3anbik Tannay (PDT) omiciHiH kemeriMeH
Mgs[OH]s{Si20s} sxone NiO azamapbl aHBIKTAIIBI, TPAHCMHUCCHSIBIK 3JIEKTPOHABI MHKpockor (TOM)
HAHOTYTIKIIENEP/IiH iIIKi GeiriHae ®oHe 0eTKi KabaThIH/a )KOFaphl TUCTIEPCTI HUKEIh OKCUII OOJIIEKTePiHIH
6ap exeHiH kepcerTi. Hukens okcuainiyg 8—11 M xaHe 30—37 HM OenmekTepi XpU30THII HAHOTYTIKIIENEePiHIH
imki Gemirinae jxoHe OeTki KabaTelHAa OipkelKi TapaiFaH. TepMOTpaBUMETPUSUIBIK Tayufay HeriziHmae
MHTETPAIIBIK dIiC )KOHE TEPMOKHHETHKAJBIK ITapaMeTpiepai TepMOrpaBUMeTpHsUIbIK KuChIKTarsl (TI) wmimy
HYKTeci OoibIHINA aHBIKTAy ofici apkeuiel BTIL, xaramm3zaTop >KOHE MONMUMEPII MaTepHal KOCHACHIHBIH
TEePMOAECTPYKIMACHIHBIH KHHETHKANBIK Mapamerpiepi aHbIKTangsl. BTII opraHWKamblk MaccachbIHBIH
JIECTPYKINS JTOPEKECIHIH >KOFaphUIaybIMEH AaKTHBTCHIIPY OSHEPTHACH], JKBUIJaMABIK KOHCTaHTACHl JKOHE
SKCIOHCHITHAIIBI (akTOp MOHIEPiHiH e3repici TabbUIABI. [lomuMepiiep MeH KaTalu3aTopiap TaOUFaThIHBIH
XKBUIIAMIBIK KOHCTAHTAChl MEH aKTHBTEHAIPY SHEPTUsIChl MOH/IEPIHIH ©3repiciHe BIKIMaIIbl ocepi KOPCeTii.
Karanmzarop (HUKENbMEH KanTajFaH XpU30THII) KaThIChIHIAFb! maibpaeiH [1C-MeH sxone [19-MeH Kocnachl
TEPMOACCTPYKIMSICHIHBIH aKTHBTCHAIPY 3HEPTHUsCHI, coiikeciHIue, OipiHui amic OoiipiHma 47,6 xIx/Moib
xkoHe 40,4 x/Ix/Monb, exiHmi oic OoitpraIIa 47,3 KJ{/MOIE )KoHE 86,5 K/[K/MONb Kypajbl.

Kinm ce30ep: anramksl KeMip MAHBIPBI, HAHOKATAIN3aTOP, XPU3OTHI, MAarHUTTIK MHUKpocdepa, HMOoIIMep,
TEPMHUSIIBIK AECTPYKINS, TEPMOKHHETHKAIBIK ITapaMeTpIIep.
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TepMoKuHeTHYECKHE TAPAMETPHI 1€CTPYKUNH NEPBUYHONH KaAMEHHOYT0JIbHOI CMOJIbI
B IPUCYTCTBMHU KATAJIN3ATOPOB U MOJMMEPHBIX MATEPHAJIOB

M3yuyens! BOJOPOHO-IOHOPHBIE CIIOCOOHOCTH MOJIMMEPOB U AKTUBHOCTH KaTaIW3aTOPOB B MPOLECCE TEPMH-
YeCKO! IECTPYKIMH OpraHMIeCKOH MacChl — IepBUYHOI kamMeHHOyroiabHOH cMoibl (ITIKC) — metonamu He-
N30TEePMUYECKO KMHETHKU. B KadecTBe MCXOIHOTO CHIPhs ObUTH Hcmonb3oBaHbl [IKC, MarHuTHass MUKpO-
cdepa, XpU30THI ¢ HAHECEHHBIM HHKeNeM W HaHoKatamm3atop FesOs. B xauectBe moHopa Bomopona ObUTH
BBIOpaHBI MOJMMEpEH], Takue Kak noindtuieH (I19), momuctupon (IIC) n moamaTuieHTIMKONb. B momyderHOM
KaTanu3aTrope (XpU30THI ¢ HAaHECEHHBIM HHMKEIEM) € IMOMOIIBIO0 PEHTIeHO(a30BOro aHainm3a ObUTH YCTAHOB-
aensl cnexyronme daspl: Mgs[OH]s{Si20s} u NiO; TpaHCMHCCHOHBIN SIEKTPOHHBIH MHKPOCKOI MOKa3al
HaJIM41e BBICOKOAUCIIEPCHBIX YaCTHUIl OKCHIA HUKEN HAa MOBEPXHOCTU U BHYTPH HaHOTPYOOK. YacTHIBI OK-
cuna Hukenst 8—11 uM 1 30-37 HM paBHOMEPHO ObLIH pachpeiesieHbl Ha TIOBEPXHOCTH U BHYTPU HaHOTPYOOK
xpusoTuia. Ha ocHOBE TepMOrpaBUMETPUUECKOTO aHANN3a ONPEAEIeHbl KHHETUIECKHE TTapaMeTphl TEpMO/Ie-
crpykimu cMecu I1KC, katann3aTtopa ¥ HOIMMEPHOTO MaTepHalia ¢ OMOIIBIO HHTETPaJbHOTO METO/Ia U Me-
TOJa ONpeNeNIeHUs TePMOKHHETHYECKIX MTapaMeTPOB 0 TOUKe Mepernda Ha TepMOTrpaBUMETPHYECKON KpH-
BOU. YCTaHOBJICHBI H3MEHEHHE YHEPIHi aKTHBALUH, KOHCTAaHTHI CKOPOCTH U MPEIIKCIOHEHIIAIBHOTO MHO-
JKUTEIISI C yBENMUCHNUEM CTEIICHH JecTpyKiuu opranudeckoi Maccsl [IKC. [Toka3aHo, 4To Ipupo/ia MoJIuMepoB
Y KaTalIn3aTOPOB CYIIECTBEHHO BIMSAET HA BEIMYNHY KOHCTAHTHI CKOPOCTH M SHEPTHH akTHBanuu. Paccunran-
HBbIE 3HAYEHMS SHEPT Uil aKTUBAIUH TepMoaecTpyKimu cMecu cmoinsl ¢ [1C u [13 B npucyTcTBHM KaTann3aropa
(XpH30THII ¢ HAHECEHHBIM HUKEJIEM) COCTABIIAIOT 1O nepBoMy Metony 47,6 xJlx/mons u 40,4 x/[x/Momb, a o
Bropomy — 47,3 xJlx/mMoinb u 86,5 k/[)k/MOJIB, COOTBETCTBEHHO.

Kniouesvie cnoea: nepBudHas KaMEHHOYTOJbHAs CMOJIA, HAHOKATaIU3aTOP, XPU3OTWI, MarHUTHas MUKPO-
chepa, MOIUMEP, TEPMOJICCTPYKIHS, TEPMOKHHETHYCCKUE MTaPaAMETPBI.
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