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Effect of Nickel Nanopowder on the Thermal Degradation of Coal Tar Distillate

Regularities of influence of nickel nanopowder on the thermal degradation of coal tar distillaté*were deter-
mined using model-free Kissinger, Flynn-Wall-Ozawa and model-fitting Coats-Redférn methods¢ Coal tar
distillate with a boiling point of <350 °C was obtained by simple distillation of primany coal tar from the
Shubarkol deposit. Nickel nanopowder was used as a catalyst and was added to coaltandistillate in a quantity
of 1 % of the mass of the distillate and then the process of thermal degradation of coal tar distillate was con-
ducted at heating rates 5, 10 and 20 °C/min in an inert gas medium. Nick€l powder was obtained by high-
voltage discharge impact on the dc electrolysis. X-ray diffraction (XRD) analysis‘showed that the obtained
nickel powder has face-centered cubic structure and the average’cryStallite Size calculated by the Scherrer
equation was ~ 34 nm. Calculations of activation energy were performed via praeessing of thermogravimetric
data. The Kissinger method showed that the activation energymvalugydecreases from 145.19 kJ/mol to
43.65 kd/mol, by the Flynn-Wall-Ozawa (FWO) method, the value decreases from 152.82 kJ/mol to
51.65 kd/mol, and by the Coats-Redfern method the value, decreases from 143.38 kJ/mol to 52.64 kJ/mol. Ap-
plicability of these methods is ensured by the high values aficorrelation coefficients.

Keywords: thermal degradation, nickel, nanopowder, coal tar, distillate, crystallite, thermogravimetric analy-
sis, activation energy.

Introduction

The increasing demands placedfon the, quality of technological processing of organic raw materials [1]
are primarily related to more stringent environmental requirements [2], point to the need for in-depth re-
search on the development of methods¥or obtaining effective catalytic systems [3]. Studies on the develop-
ment and application of varieuSinanehéterogeneous catalytic systems for the processing of organic raw mate-
rials have risen in recent decades {4]. Nickel and its compounds are widely used in the production of various
catalytic systems.€Lhe processess0f aquathermolysis in the presence of iron, cobalt, and nickel at 300 °C im-
prove the quality of*heawyoil increasing the amount of low-molecular alkanes and reducing content of res-
ins, asphaltenes, pelyaromatic compounds, sulfur and nitrogen [5]. For instance, it was found that the pump-
ing hydrogengnickelrmolybdenum nanoparticles in the form of a suspension in a vacuum oil residue at
360 °@fin garbonate reservoirs was leading to destruction of almost 50 % of asphaltenes thus causing heavy
oil liguefactiomand increasing oil recovery [6].

Palladium-nickel phosphide deposited on a silicone-aluminum phosphate molecular sieve contributes to
a more orderly mechanism of hydroisomerization of n-hexadecane, which leads to a high yield of isomeriza-
tion products [7].

Coal tar can serve as a raw material for producing gasoline, diesel fuel, etc. For example, the simultane-
ous use of NiW/y-Al,O; and NiW/SAPO-11 catalysts in the process of hydrotreating low-temperature resin
in a two-stage reactor makes it possible to obtain jet fuel with a freezing point of —-51 °C and a high heat val-
ue [8]. The catalytic hydrogenation of coal tar in a reactor with two fixed layers in the presence of two cata-
lysts MoNi/y-Al,0; and of WNiP/y-Al,O3-USY leads to formation of diesel and gasoline fractions with a
reduced sulfur and nitrogen content [9]. The Ni/ZSM-5 catalyst obtained by decomposition of nickel tetra-
carbonyl promotes to deeper hydrogenation of low-temperature and high-temperature resins, and also con-
tributes to the removal of sulfur and nitrogen [10].
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Hydrogenation of a mixture of resin and oil distillation residue with the addition of nickel nitrate and
elemental sulfur leads to formation of products which are suitable for coke producing with a more ordered
structure and yield greater than with the use of industrial catalysts [11].

Mesoporous spherical NiO-containing catalyst promotes the complete decomposition of anthracene in
the hydrogenation process at 300 °C [12]. High conversion of anthracene was observed when hydrogenation
process of anthracene in the presence of NiCo supported on chrysotile [13].

NiO supported on chrysotile leads to a significant reduction of activation energy in the process of ther-
mal destruction of primary coal tar/polymeric materials mixture [14].

In this work, the kinetics of thermal degradation of primary coal tar distillate from the Shubarkol depos-
it without a catalyst and with the addition of nickel nanopowder in a quantity of 1 % of the mass of the or-
ganic compound was studied. Nickel nanopowder obtained by the action of a high-voltage discharge on the
electrolysis process was used as a catalyst [15].

Experimental

The composition of coal tar distillate obtained by simple distillation of primary coal'tar 03850 °C was
determined using an Agilent 7890A gas chromatograph having an Agilent 5975C mass-sel€etive detector.
Column parameters Rxi-5ms: length — 30 m, diameter — 0.25 mm, column adsorbent thickness — 0.25
microns, column heating rate 8 °C/min, carrier gas — helium; gas pressure in tHe colunangl.38x10° Pa; sam-
ple volume 2x107* cm?; input mode — split, library — NIST08. The compesition, of fractions was deter-
mined by a semi-quantitative method relative to the peak area. Data procesSinggwas carried out using the GS-
MSD Data Analysis program.

The surface morphology of the nickel powder was studied, using the,\MIRA 3 TESCAN scanning elec-
tron microscope (SEM). Phase composition and crystallite size ofynickel,powder were determined using X-
ray diffraction (XRD) analysis and energy dispersion spectrescopya(EDS). X-ray diffraction analysis was
performed on Shimadzu XRD-6000 diffractometer with CuKo-radiation with a wavelength A = 0.15418 nm.
Phase identification was carried out using PDF 4+ databases;ias well as the POWDER CELL 2.4 full-profile
analysis program.

The average crystallite size of nickel powderwas calculated for the largest diffraction peak (111), using
the Scherrer equation for spherical particles of cubic Symmetry:

_ E(;).94 A ’ 1)
-Ccos 0
where D — the average crystallite size (nm); A — the X-ray diffractometer wavelength (nm); B — the line
broadening at half the maximumgintensity (radians); 6 — the Bragg angle. In this equation K — the numeri-
cal factor dependent on crystallite’shapeand in our case K = 0.94.

Thermogravimetric apalysis was performed on the Labsys Evo TG-DTA/DSC 1600 °C derivatograph
(Setaram, France) at heatingsates)of 5, 10 and 20 °C/min, in nitrogen atmosphere.

Since the distillate is aligétd organic mass, it was mixed with Al.Os to avoid boiling and splashing.
Al,Os3 was pre-calcined at600 °C for 4 hours. Distillate with the mass of 5 g was mixed with Al>Oz in the
ratio of 1:4.

Sample €entaining nickel powder was prepared as follows: 5 g of the distillate was mixed with the
0.05 g'(1 % of distillate weight) nickel powder and this mixture was thoroughly stirred. Then Al,O3 was add-
ed foebtained mixture with the same ratio as in the case of sample without nickel powder. 10-10-3 g of ob-
tained mixtureiwas taken for thermal analysis.

The Kinetic parameters were determined based on the assumptions that the rate of transformation of a
substance is a linear function depending on the temperature T and conversion o [16]:

do
E=k(F)f(o>), )
where @ — the conversion which can be found from the relation [17, 18]:
o= mi _mt ’ (3)
m, —m,

where m; — the initial mass sample; m; — the mass at time; me — the final mass.
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The basic equation for non-isothermal conditions has the form:
do Z
2 Lo . @
where Z — the pre-exponential or frequency factor (sec™); R = 8.314 kJ/(mol-K) — the universal gas con-
stant; T — the temperature (K); E — the activation energy (kJ/mol); B — the heating rate.
The Kissinger and Flynn-Wall-Ozawa model-free methods and the Coats-Redfern model method were
used to evaluate the effect of nanosized nickel powder on changing the activation energy.
The calculation of kinetic parameters by the Kissinger iso-conversion method is based on the equation

[19]:
|n{'”ﬁ}_| {ZR} £ (5)
T2 E | RT

The slope of the straight line plotted in coordinates In{l_l_B } versus (H_)I_ﬂj allows the-activation\ener-

gy E to be computed.
For the calculation kinetic parameters according to the Flynn-Wall-Ozawa model-freeimethod was used
the following equation, taking into account the Doyle’s approximation [20]:

ZE E
InB = |n{R'g(®)}5.331—1.oszﬁ. (6)

("1000"/"T") along the slope of the straight line, the activation energy Ewasffound.

A plot of In[ g_lfzo)} Versus (N?l_ﬂ) gives a straight line with the'slope which allows the determination

of the activation energy E.
A Coats-Redfern method, which refers to model=fitting.methods, was also applied to determine the ac-
tivation energy E [21]. The equation used in this method i)of the,form:

o2 LB

All calculations are made under the condition that the reaction order is n = 1.

Reésults and Discussion

According to the result of the [€hromatography-mass spectrometric analysis, it was found that the ob-
tained coal tar distillate comprised alkanes (Ci—C2o), alkenes (C13—Cis), cycloalkanes (C;—Cu1), alkylben-
zenes (C;—Cu), bicyclic alkanes, ‘phenyl-cycloalkanes, naphthalenes (alkylnaphthalenes), biphenyls (alkyl
biphenyls), phenols and O4 N-and S-Containing compounds. Table 1 shows the composition of distillate.

Table 1
The'tomposition of the obtained coal tar distillate (< 350 °C)

Ne Compound Ag/‘z 1 N Compound Ag/i 2
1 2 3 4 5 6
1 [3=Methylpyridine 0.15 | 12 |5-Decanone 0.20
2 |1,3-Bimeéthylbenzene 0.11 | 13 |2-Ethylphenol 5.4
3 |3,5-Dimethylpyridine 0.21 | 14 |1,3-Cyclopentanedione, 2-chloro- 0.19
4 |Phenol 3.78 | 15 |3,5-Dimethylphenol 3.32
5 |3-Methylbenzyl mercaptan 0.21 | 16 [Triquinacene 0.53
6 |1-Methylpropyl benzene 0.14 | 17 |2,6-Dimethylanisole 0.27
7 |2-Cyclopenten-1-one, 2,3-dimethyl 0.27 | 18 [3-Ethylphenol 1.90
8 |1-Propynyl benzene 0.13 | 19 |(3-Methyl-2-butenyl) benzene 0.22
9 |2-Methylphenol 3.21 | 20 |1,2-Benzenediol 0.52
10 |4-Methylphenol 7.50 | 21 |4,7-Dimethylbenzofuran 0.28
11 |2,6-Dimethylpyridine 0.18 | 22 |2-Propylphenol 0.43
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Continuation of Table 1

1 2 3 4 5 6
23 |2-Ethyl-6-methylphenol 1.03 | 55 |1-Naphthalenol 1.15
24 |2,3-Dimethylanisole 0.14 | 56 |2(1H)-Quinolinone, 4,8-dimethyl 1.76
25 |1-Ethyl-4-methoxy benzene 1.05 | 57 |1,6,7-Trimethyl naphthalene 2.5
26 |2,4-Dimethylanisole 1.84 | 58 |1,4,6-Trimethyl naphthalene 0.84
27 |1,2-Benzenediol, 3-methyl- 1.35 | 59 |4,6,8-Trimethylazulene 1.47
28 |3,4-Dimethylanisole 0.48 | 60 |1-Heptadecene 1.35
29 |Cyclohexane, 1,2,3-trimethyl-, (1 alpha., 0.38 | 61 |Heptadecane 5.11
2.beta., 3.alpha.)
30 |1H-Indene, 2,3-dihydro-4,7-dimethyl 0.27 | 62 |1-methyl-7-(1-methylethyl) naphthalene 0.70
31 |3,5-dimethyl octane 0.76 | 63 |1-Naphthalenol, 2-methyl- 2
32 |1,2-Benzenediol, 4-methyl 1.45 | 64 |Ethanol, 2-(5-amino-6-chloropyri 4- 1.32
ylamino)-

33 |2-Methyl naphthalene 3.08 | 65 |1-Methyl-7-(1-methylethyl) nal .

34 |1-(2-Hydroxy-5-methylphenyl) ethanone 0.40 | 66 |Methyl diisopropylphosphorami 51
35 |2-Methyl-5-(1-methylethyl) phenol 0.51 | 67 |1,6-Dimethyl-4-(1-methyl lene | 141
36 |6,7-Dimethyl-1,2,3,4-tetrahydronaphthalene | 0.54 | 68 |9-Methoxyfluorene 0.53
37 |1H-Inden-5-0l, 2,3-dihydro 0.86 | 69 |1,4-Dihydro-2,5,8-tri 1.04
38 |1,3-Benzenediol, 4-ethyl 0.71 | 70 |1-Naphthol, 6,7-dime 1.19
39 |6-Methyl-4-indanol 0.41
40 [2-Ethyl-3-methoxypyrazine liomethoxy-2-carbeth ox- | 0.33
41 |1-(2,4-Dimethylphenyl) ethanone 0.64
42 |1,2,3-Trimethylindene 3
43 |1,3-Cyclohexanedione, 5-isopropyl 0.35
44 |1-(2,4-Dimethyl-furan-3-yl) ethanone 0.32
45 |1,2,3,4-Tetrahydro-1,1,6-trimethyl imethyl(1H)pyrrole, 2-[(3,4-d imethyl- | 0.24

naphthalene HJ-pyrrol-2-ylidene

46 |2,7-Dimethyl naphthalene 1. rifluoroacetoxy hexadecane 0.19
47 |2-Allyl-4-methylphenol . Eicosane 2.45
48 |2,3-Dimethyl naphthalene 3.19 | 80 |7-Hydroxycadalene 0.20
49 |1-(2,5-Dimethylphenyl) ethanone 2.06 | 81 |1-Hexadecene 0.24
50 |1-Pentadecene .70 | 82 |Heneicosane 1.58
51 |Pentadecane 1.57 | 83 |Octadecyl trifluoroacetate 0.26
52 |Acenaphthene 0.58 | 84 |1-Methyl-7-(1-methylethyl) phenanthrene 0.41
53 |3-Ethyl-1,2,4,5-tetramethyl 0.90 | 85 |11-Tricosene 0.16
54 |2,3,6-Trimethyl naphth 0.64 | 86 |Hentriacontane 2.3

»
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Figure 1. SEM image and EDS of nickel powder
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On the XRD pattern (Fig. 2) basic peaks with the Miller indices (111), (200) and (220) were observed at
the appropriate values of interplanar distances 2.034 A, 1.762 A and 1.246 A. These parameters were in ac-
cordance with face-centered cubic structure. Calculation using the Equation (1) showed that medium crystal-
lite size was approximately 34 nm.
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Figure 2. Diffraction pattern of the nﬂ r
0

Figure 3 presents the effect of heating rate 5, 10 and C/ weight loss (%).

The values of activation energies calculated by th er method showed that high correlation coef-
ficients R? = 0.966-0.9915 were received for th w"in the range of 20-60 % for thermal decom-
position of primary coal tar distillate without a catalyst (Table 1).

is

a) b)
1 Heating rate °C/min:
_ 100 100 -l — 5
X ) i \
%;:" 80 - % 80 \ a——
k=) 60 - ) 60 4 20
e 0 -
= 40 = 40
20 - 20 -
0 0 — . - —
50 0 50 100 150 200 250 300 350 400
perature (°C) Temperature (°C)

a — without a catalyst; b — in the presence of nickel powder
Figure 3. The effect of heating rate 5, 10 and 20 °C/min on weight loss (%)

At a heating rate of 5 °C/min, a temperature shift of the start of degradation is observed from ~140 °C
without a catalyst versus ~90 °C in the presence of nickel powder. The shift was from ~150 °C to ~125 °C
for the heating rate 10 °C/min. Also, for the heating rate 20 °C/min the temperature of the start of degrada-
tion was ~125 °C without the catalyst and ~160 °C in the presence of nickel powder.

Figure 4 designates the plots obtained by the Kissinger method.
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a — without a catalyst; b — in the presence of nickel powder
Figure 4. Kissinger approximation plots of thermal degradation of primary coal tar distillate

The average value of the activation energy Ea = 145.19 kJ/mol was calculated from#the activation ener-
gy values for conversion () in the range 0.2-0.6 with correlation coefficients R%>0.96,

Table 2
Calculation of activation energy at various conversions byghe Kissinger method
Without a catalyst
Conversion (w) 0.1 0.2 0.3 0.4 0.5 06 0.7 0.8 0.9
8‘;{5;&2‘;’” Coeffi- | 841 | 0.9847 | 0.9915 | 0.9857 | /0.9882 [%0.963 | 0.9352 | 0.9177 | 0.8913
Activation energy | 99 g5 | 220,04 | 15842 | 131.0%| 19497 | 10062 | 96.77 | 87.07 | 76.62
(Ea, kJ/mol)
In the presence of catalyst
Conversion () 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
Cci‘;:]rtezgtz';’” coeffi- | 09403 | 0.9177 | 0.9388 | 0.9404 | 0.9514 | 0.9606 | 0.9682 | 0.9667 | 0.9762
Activationenergy | 4q1 | 4553 |_a4¥an| 4457 | 4354 | 4452 | 4375 | 4269 | 43.76
(E., kd/mol)

When calculating by the Kissingegmethod for the thermal decomposition of coal distillate with the ad-
dition of nanoscale nickel powder imyaguantity of 1 % of distillate weight, the activation energies with corre-
lation coefficients R?<0.98 wer€ obtained for all the range of » = 0.1-0.9 (Table 2). The average activation
energy Ea=43.65,kJ/mbl was calculated from the activation energies obtained in the range of  =0.5-0.9
with R? = 0.9514-0.9762.

Figure 5 illustratesithe Tinear relationships obtained by the Flynn-Wall-Ozawa method.

a) b)

¥ 01 ¥ ©0.1
3 | =2 0.2 5 = 0.2
203 403
o 25 1 \ % 0.4 - 2,5 = 0.4
£ =05 £ = 0.5

2 2 4
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1,5 A 0.7 1,5 0.7
0.8 0.8
: ; : : : ; 0.9 1 S o W= Ko e i K 0.9

1,8 2, 2. 222 23 24. 25 18 19 2 2L 22 23 28 25 26 27

1000/T

1000/T

a — without a catalyst; b — in the presence of nickel powder

Figure 5. Linear relationships obtained by the Flynn-Wall-Ozawa method
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The calculation of activation energies at various conversions by the FWO method (Table 3) showed that
the highest correlation coefficients R? were in the range of conversions o = 0.2-0.6 for thermal decomposi-
tion of primary coal tar distillate without a catalyst. The average value of activation energy were calculated
for e in the range 0.2-0.6 and accounted for E, = 152.82 kJ/mol.

Table 3
Calculation of activation energy at various conversions by the FWO method
Without a catalyst
Conversion () 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Correlation coeffi- |, g0y | (9856 | 0.9922 | 0.9872 | 0.9852 | 0.9679 | 0.9441 | 0.9302 |40.9098

cient (R?)
Activationenergy | y5 | 59735 | 16589 | 12277 | 14027 | 10858 | 104.88 | A95.30%. 85.15
(Ea, kJ/mol)
In the presence of catalyst
Conversion () 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Correlation coeffi-
cient (R?)
Activation energy
(Ea, kJ/mol)

0.9527 | 0.9364 | 0.9511 | 0.9549 | 0.9636 | 0.9705 | 0.97644) 0:9756 | 0.9826

55.85 52.57 51.97 52 51.15 51.31 51.74 50.88 51.2

Calculation by the FWO method for thermal decomposition of @istillate with the addition of nickel
powder (in a quantity of 1 % of distillate weight) showed that the values of activation energies were received
at correlation coefficients R?< 0.99 for all the range of conversiomyo =0:20.9. The average activation ener-
gy Ea=51.65 kJ/mol was calculated from the activation energies @btained in the range ® = 0.5-0.9 with
R? = 0.9636-0.9826.

Figure 6 demonstrates curves of thermal degradation of,primary coal tar distillate in the presence of
nickel powder constructed by the Coats-Redfern method.

-8
e 5 C/min
-10 +
y =-6,438x+1,9917
R2=0,9676
e
8
S 2 T e 10 C/min
3 y =-6,8827x +1,9025
[
- 18 R2=0,9226
-18 »
20 C/min
20 4+ y =-5,6745x-1,2695
R2=0,9464
22 : : :
1,5 2 2,5 3 3,5

17T
Figure 6. Curves of thermal degradation of primary coal tar distillate in the presence of nickel powder

The calculation of activation energies at different heating rates by the Coats-Redfern method is present-
ed in Table 4.
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Calculation of activation energies at different heating rates by the Coats-Redfern method

Table 4

Kinetic parameters Without a catalyst In the presence of nickel powder
Heating rate (°C/min) 5 10 20 5 10 20
Activation energy (Ea, kJ/mol) 178.753 119.185 132.203 52.525 57.22 47.18
Correlation coefficient (R?) 0.9926 0.9909 0.9935 0.9676 0.9226 0.9446
The average value of E,, kJ/mol 143.38 52.64

According to the calculation received by the Coats-Redfern method for thermal degradation of primary
coal tar distillate without a catalyst, the average activation energy was E,= 143.38 kJ/mol without a catalyst
and was close to activation energy value obtained by the Kissinger method.

In the presence of nickel powder the activation energy was E.=52.64 kJ/mol, whichiwas“eleseto acti-
vation energy value obtained by the FWO method.

Conclusions

The results of this study revealed that in the process of thermal degradation of primary coal tar distillate
(<350 °C) the values of activation energy calculated by the model-free Kissinger and Elynn-Wall-Ozawa
methods are consistent with the model-fitting Coats-Redfern method. The differential between obtained val-
ues is insignificant. The calculation of the activation energy with high corrélation coefficients is provided by
the Kissinger and FWO methods for the process of thermal degradatiom” of jprimary coal tar distillate
(<350 °C) without a catalyst.

The Coats-Redfern method is also suitable for calculating the,activation energy in the presence of nickel
nanopowder, because obtained dependences are close to linear,andihave the high correlation coefficients. It
was found that the addition of nanoscale nickel powder in a quantity o1 % of distillate weight the activation
energy reduces by approximately 3 times.
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C.B. Kvvip M. baiikenos, K.C. 1ouiies,
Ml Meiipamos, ®en FOn Ma, T.O. XamutoBa

Tackemip WANBIPHL AMCTH/VIATBIHBIH TEPMHSJIBIK bIAbIPAYbIHA
HHKeJb HAHOYHTAFBIHBIH dcepi

Tackemip IMAKBIPBL TVCTHIUIATHIHBIH TEPMISUIBIK BIIBIpAy MpOIECiHE HUKEIb HAHOYHTAFBIHBIH dCEp €Ty
3aHIBUTBIKTApEl, Kuccnamkep, ®mamaH-Yomn-O3aBaHblH IHHAMHKAIBIK MOJENBCI3 omicTepiH xoHe Koyte-
PendepHHIH)MOIEHAI OMICIH KOJIaHa OTHIPHIN aHbIKTanabl. KaitHay temmeparypacsl <350 °C GonatslH
TacKOMip MAaMBIPBIHEIH TUCTHLATH [lyOapkes keH OpHBIHBIH OipiHIIITIK TACKOMIp IIAWBIPBIH KapamaibiM
aiinay apKpuibl anblHABL KaTanuszaTop peTiHae KONIAHBUIFAH HAHOOJIIeMJI HUKEIb YHTarbl TacKeMip
AABIPHIHEIH  TUCTWIIATEL MaccackiHa | % Memiepie KOCBULABL, COJAH KeHiH TacKeMip INabIphI
JMUCTHJUIATHIHBIH TEPMUSUIIBIK BIABIpAy MpoIeci MHepTTi ra3 opraceiHaa 5, 10 sxone 20 °C/MHH KBI3IBIPY
IKBIIAMIBIKTApBIMEH JKYPrizingi. Hukenb YHTaFbI 9JIEKTPOJIH3 MPOIIECiHEe TYPAKThl TOKTA )KOFAphl BOJIBTTHI
paspsiieH ocep eTKeH Kesje anblHABL. PeHTtrenmik ¢asamsik aHamm3 (PDA) anblHFaH HHUKENb YHTArbl
LEHTPIIKBIPIIBI TEKIIE KYPBUIBIMIBI €KeHiH KopceTTi, an llleppep TeHaeyiMeH ecenTenreH KpUCTaUTUTTEePIiH
oprama enmeMmi maMaMeH 34 HM Kypaabl. AKTHBTENY SHEPIHSCBHIH €CENTEy TepMOTPaBUMETPHSIIBIK,
MaTIMETTEep/li OHJeY apKbUIbl XKyprizinai. Kuccunmkep aici OoMbIHIIA ecenTey aKTUBTENTY SHEPrHsCHIHBIH
MoHi 145,19 kJx/Monb-1eH 43,65 kJ[)x/Momb-Te Aeiiin ToMeHAeHTiHIH KopceTTi, PnunH-Yot-O3aa (FWO)
ozici OOWBIHINA aKTHBTENY SHEPrHschIHBIH MoHI 152,82 kJbx/Momb-neH 51,65 xJ[k/Monb-re neifin
TOMEH/ICHTIHI aHBIKTAIIEI koHe KoyTc-Pendepn Monmenpaik omiciHe colfkec aKTHBTEITy YHEPTHSCHIHBIH MOHI
143,38 x/[x/mMomb-nen 52,64 xJx/Monb-Te NeiiH ToMeHIeH 1. AIBIHFaH KOppensus Ko3hOUIHeHTTepiHiH
JKOFapbl MOHJIEP1 OYIT oMTiCTepIiH KOJIAHBITY MYMKIHIIUTITiH aHBIKTaHIbL.

Kinm ce30ep: TepMHUSANBIK IECTPYyKIHWs, HUKENb, HAHOYHTAK, TaCKeMip MIABIPHI, IUCTIILIAT, KPUCTAJUIHT,
TEpMOTPAaBIMETPHSUIBIK aHAIN3, aKTUBTEILY SHEPTUSICHL
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Effect of nickel nanopowder on the thermal degradation ...

C.B. Kum, M.U. Baiikenos, K.C. Ouies,
M.T". MeiipamoB, ®en FOn Ma, T.O. XamuToBa

Bausinue HAHOMMOPOMIKA HUKEJISI HA TEPMHUYIECCKOEC Pa3JI0KEHUE
AUCTHIIJIATA KaMeHHO)’FOHBHOf/i CMOJIBI

3aKOHOMEPHOCTH BIMSHHS HAHOMOPOIIKA HUKENS Ha MPOIECC TEPMUUECKOTO Pa3IOKEHUs IUCTUILIATA Ka-
MEHHOYTOJIBHOW CMOJIBI OBUTH OIIPEAENCHEI ¢ HCII0JIb30BaHNEM TMHAMHYECKHX 0e3MOJIeNbHBIX MeTo0B Kuc-
cunmkepa, dmuaHa-Yomna—O3aBel U MojenbHOro Metona Koyrca—PendepHa. [AHCTHIUIAT KaMEHHO-
YTOJBHON CMOJBI ¢ TeMmmepaTtypoit kumeHus: < 350 °C ObIT TMOSydeH IPOCTOH NMEeperoHKOl IMepBUYHOI Ka-
MEHHOYTOJIHOH cMOIIBI ¢ MecTopokaeHus «lllyGapkomb». B kadecTBe karanmsaTropa HCIONB30BaINd HAHO-
pa3MepHbIH MOPOIIOK HHUKENs, KOTOPhIA JOOABISUIM B AUCTHIUIAT KAMEHHOYTONBHOH CMOJBI B KOJHUYECTBE
1 % ot maccel TUCTHIUIATA M 3aTEM MPOBOJAMIM MPOIECC TEPMHUYECKON AECTPYKLUUH JUCTUIIIATA KAMEHHO-
YTOJIBHON CMOJIBI TIpH CKOpocTsiX Harpesa 5, 10 u 20 °C/mMuH B cpesie HHEPTHOTO rasa. [Iopomok HEKeAs ObuE
MOTy4YeH MU BO3AEHCTBUN BBICOKOBOJIBTHOTO pa3psiia Ha MPOIECC MEKTPOIN3a Ha MOCTOSIHHOM Takey IIpo-
BEJICHHBII peHTreHo(a30BbIi aHAN3 IOKa3al, YTO MONYy4YEHHBIH MOPOLIOK HUKENS MMEET TPaHCHEHTPHPO:
BaHHYIO KyOHUYECKYyIO0 CTPYKTYpY, a CpPEJHUI pa3Mep KpHUCTAJUTUTOB, PACCUMTAHHEBIA 110 ypaBHeHuO Mleppe-
pa, cocTaBmI IprMepHO 34 HM. PacdeTs! SHEprHH aKTHBAIUH NIPOBOAMINCE C TOMOIIBI0 QOpadoFKky TepMO-
TpaBUMETPHUYECKHX HTaHHBIX. Pacuer mo metomy Kuccummkepa mokasan, 9To 3HAUCHHQE@HEPIM aKTHBAIINI
ymenbmaercst ¢ 145,19 xJ[x/mone 1o 43,65 x[[x/Monb, o Merony ®nmuaa—Y omnas O3aBbl EI@HOBIICHO,
YTO 3HAYCHHE SHEPTUU aKTUBAIMU yMeHbmaercs ¢ 152,82 k/x/momp go 51,65 xJDK/MOJL, # COTIACHO MO-
nensHOMY MeTony Koyrca—Pendepna 3HaueHne 3Heprum akTHBAIMU yMeHbIIAETCs co» 143,38 x/Ix/Mons 1o
52,64 xJlx/Monb. [IpuMEeHIMOCTh JaHHBIX METOAOB 0OECIIEUNBACTCS MONTYICHHBIMI BHICOKHIMH 3HAYCHUAMH
K02() QUIIHEHTOB KOPPEIAIIIH.

Krniouegvie cnosa: TepMHUYCCKasd ACCTPYKLYsS, HUKE/Ib, HAHOIIOPOTHOK, KaMEHHOYT'0JIbHas CMOJIa, JUCTUIIIAT,
KpUCTAJIJINT, TepMOI‘paBI/IMeTpI/IquKI/Iﬁ aHaJIn3, SHEPI'vsd aKTUBallUU.
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