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TOMBIPAFBIHBIH, KOPFAChIH, MBIPHIII, BaHaguiiMeH 1500 M KambIKTeIkTa, Mapradernet -3000 M KaIrbIKTHIKTa
JacTaHybl TipKeJi.

3.Cy 1y0iHZe MBIC, MBIPBILI, KOPFACHIH OOMBIHIIIA MUKPORJIEMEHTTEPAIH KUHAKTAYy JEHIeHi KOFaphl.
Bipak, aHaIMTHKAIbIK MOJIIMETTEPre KaparaHia, >KbUIapaliblK acIeKTiZie OapiibIK KOMIIOHEHTTEp OOHBIHIIIA
KOHIIEHTPAIMSIHBIH ToMeHAeyl Oaiikamansl. CanpICTRIpMalbl Tajiayra coiikec, bankam KexiHIH Cysl MeH
Bankam KO0 areiHp cy canachlHbIH KepceTkimTepi Oipaeit xone [LIPK coalikec.
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By the article were calculated entropy, enthalpy and'Gibbs energy fraction of coal tar, depending nanocatalysts of
hydrogenation process.
Key words: Gibbs energy, capacity, enthalpy, entropy, primary coal tar

Chemical reactions are associated with a wvariety of physical processes: heat transfer, absorption or
release of heat absorption or emission of light, electrical phenomena, changes in volume, and others. In
chemical reactions are closely related to physical and chemical phenomena, the study of this relationship -
the main task of physical chemistry.

Doubtless that the focus“in this area of science is given, the identification and study of the laws of
chemical processes, the identification of chemical equilibrium, the study of the structure and properties of
molecules [1]. This obviously makes it possible to solve the main problem - Prediction of the chemical
process and the end tesult and allows you to control a chemical process. l.e. provide the most rapid and
complete his conduct at the highest selectivity.

The search for answers to the question of methods of calculation of kinetic and thermodynamic
parameters allowed us to make sure that the main task in the study of chemical processes is to determine the
values of the thermodynamic and kinetic parameters: the equilibrium constant, the rate constants, the
activation energy of the reaction Gibbs energy, and others.

Currently, to achieve more accurate and rapid determination to solve chemical processes, work is
underway to create a relatively simple physical and chemical methods based on theoretical and semi-
empirical calculations [2].

In the hydrogenation process of heavy hydrocarbon primary goal - this increase in yield of liquid
products by transferring hydrogen compounds which are partially cast their hydrogen atoms to the reaction
mixture [3]. Such compounds are called hydrogen donor. As a hydrogen donor solvents can be different
fractions of coal tar, oil, heavy oil and its fractions. Thermodynamic calculations allow us to establish the
optimal degree of saturation with hydrogen donor molecules [4].

The authors in [5] it is shown that the hydrogen content in the composition of the donor strongly
influences the values of its thermodynamic functions and they concluded that the effectiveness of H-donor is
not determined by the amount of hydrogen in its composition, and the values of thermodynamic functions.
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For thermodynamic studies of coal processes, in particular, the hydrogenation of coal processing,
primary coal tar and its fractions over a wide temperature range, it is necessary to have data on the value of
the thermodynamic functions such as heat capacity, enthalpy, entropy, Gibbs free energy. At present, the
corresponding experimental data on the thermodynamic functions of the hydrocarbon composition of
primary coal tar and its fractions is missing, so in the literature, researchers pay more attention to the
development of theoretical and practical methods for calculating them [6,7].

It should be noted that in the basis of the calculation of the thermodynamic functions of the hydrocarbon
composition is additive scheme for the study of the reactivity of model compounds. Additive method for
calculating the thermodynamic functions of model compounds belonging to the fragmented structure-of the
organic mass of coal or primary coal tar and its fractions, which was developed by Professor
A.M.Gyulmaliev [8]. The proposed method is based on the additive system where the calculation of the
temperature dependence of the thermodynamic function in the temperature range from 298 to 1000 K of
hydrocarbons arbitrary structure defines a set of parameters from the hybrid states of ¢arbon atoms_and
hydrogen atoms bound to a chemical bond with them.

According to the additive scheme thermodynamic function is:

F,=2.1, (
“ D

f . Where the value of the properties of F attributable to p type of structure group

The list of atomic groups applied for the calculation of the thermodynamic functions of hydrocarbons
and other organic molecules, is given in [9]. For each group of atoms values.of Cb (T), AH298 and AS298,
determined from the corresponding data for the known models. The calculation of the temperature
dependence of Cb fragments was performed by a quadratic function:

C,(C/Y=a+bT +cT’ )

where a, b, c- coefficients.
Changes in enthalpy and entropy of the molecule'as a function of temperature is calculated as follows:

T
AH,\(T) = AH g5+ IAC}).M (T)dT (3)
298
T
AS (T) = ASp + ATy, + [AC, ,, (T)d(InT) )

298
In view of (2) follows from (4) we have: In view of (2) follows from (4) we have:

AH(T) = AH i (T - 298) +§[T2 —2982]+%[T3 ~298°}

&)
_ T _ 7[> _pog?
AS(T)=AS,os +ln 208 + (T —298) + 5 T°—-298 (6)
Wherea=2aﬂ; ,B=Zbﬂ; 7220/1'
u u u
Gibbs free energy was calculated by the formula:
AG(T) = AH(T) - TAS(T) )

To calculate the thermodynamic functions of hydrocarbon fractions with initial coal tar were used
quantitative elemental composition and fraction primary coal tar results quantify hydroxyl and carboxyl
groups (COOH, OH) installed in a fraction of primary coal tar using acetate and neutralization with alkali
method [10]. The values of the thermodynamic functions of the hydrocarbon composition of the initial
fraction of primary coal tar shown in Table 1.
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Table 1 - The thermodynamic functions of the hydrocarbon composition of the original organic mass
fraction of primary coal tar

T,K C,,J /mole" - K™ AH,kJ/ mole- K S,J/mole - K™ AG,J /mole™ - K™ AF",J | mole™ - K~
298 386,390 437,579 453,635 421,181 453,635
300 388,709 437,279 456,228 421,074 453,644
400 496,698 419,793 583,214 418,202 470,276
500 589,116 397,916 704,266 420,127 505,075
600 665,962 -372,369 818,703 426,674 547,905
700 727,237 343,878 926,163 437,619 594,350
800 772,940 313,163 1026,429 452,707 642,169
900 803,072 280,950 1119,361 471,667 690,096
1000 817,633 247,961 1204,863 494218 737,360

C(b) =-3,55139E+01*(T-298) + 7,28480E-01*(T"2-298"2)/2 — 3,6 1606 E-04*(T"3-29873)/3

To calculate thermodynamic characteristics 270°C broad fraction derived from hydrogenation of
fraction primary coal tar in the presence of boiling point 175°Cnanocatalysts have been used quantitative
elemental composition with boiling point 175°Cprimary coal far fractions and the results of quantitative
determination of the hydroxyl and carboxyl groups.

The values of thermodynamic functions (heat capacity of the process, enthalpy, entropy, Gibbs energy)
of the hydrocarbon fraction of primary coal tar to 270°Cobtained from hydrogenation primary coal tar
fraction 175°Cin the presence nanocatalysts f-FeOOH, Fé;O; and Fe;0, in the temperature range from 298K
to 1000K, are shown in Tables 2-4.

Table 2 - Thermodynamic functions of the hydrocarbon composition of the organic mass primary coal
tar fraction to 270°C when adding nanocatalystsp-FeOOH

T,K C,.J /mole" - K™ AH, kJImole-K S,J /mole™ - K™ AG,J /mole™ - K™ AF",J I mole™ - K~
298 351,083 -1049,861 761,207 -1125,120 761,207

300 352,735 -1049,633 763,561 -1125,628 761,215

400 429,355 -1037,344 875,812 -1152,792 776,045

500 494,186 =1023,612 978,803 -1183,092 806,439

600 547,227 -1008,780 1073,771 -1216,126 843,186

700 588,481 -993,195 1161,376 -1251,585 882,469

800 617,945 -977,200 1242,011 -1289,209 922,443

900 635,620 -961,140 1315,930 -1328,770 962,119

1000 641,507 -945,362 1383,308 -1370,063 1000,923

Table 3 - Thermodynamic functions of the hydrocarbon composition of the organic mass primary coal
tar fraction to 270°Cwhene adding nanocatalysts Fe,O;

T,K C,.J /mole" - K™ AH, kJ | mole- K S,J /mole™ - K™ AG,J /mole™ - K™ AF",J/mole™ - K™
298 348,229 -1142,471 797,127 -1228,434 797,127
300 349,868 -1142,248 799,462 -1229,014 797,135
400 425,754 -1130,283 910,790 -1259,721 811,844
500 489,750 -1116,951 1012,890 -1293,474 841,984
600 541,857 -1102,609 1106,968 -1329,873 878,415
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700 582,074 -1087,611 1193,668 -1368,606 917,343
800 610,402 -1072,313 1273,375 -1409,413 956,937
900 626,840 -1057,069 1346,336 -1452,064 996,211
1000 631,389 -1042,234 1412,720 -1496,348 1034,597

Table 4 - Thermodynamic functions of the hydrocarbon composition of the organic mass primary coal
tar fraction to 270°Cwhen adding nanocatalysts Fe;O,

T,K C,,J /mole" - K™ AH,kJ/ mole- K S,J/mole - K™ AG,J /mole™ - K™ AF",J | mole ™ - K~
298 362,176 -784,806 648,989 -826,624 648,989
300 364,041 -784,555 651,418 -826,908 648,997
400 450,746 -770,624 768,326 -843,077 664,396
500 524,691 -754,289 877,087 -862,910 696,187
600 585,876 -735,991 978,352 -886,085 734,877
700 634,300 -716,174 1072,465 -912,327 776,465
800 669,963 -695,279 1159,634 -941,387 818,985
900 692,866 -673,749 1239,992 -973,034 861,361
1000 703,008 -652,024 1313,629 -1007,047 902,962

Analysis of the results of the calculation of the thermodynamic functions shown in Table 2-4 shows that
when added to the process of hydrogenation fraction of ‘primary coal tar with boiling point
175°Cnanocatalysts p-FeOOH an increase in the magnitude of the heat capacity of 351 to 641,5 J/mole™ K.
If you are using nanocatalysts Fe,Os, the value of the specific heat rising from 348,2 to 631,3 J/mole™ K™, in
the process with the participation of Fe;0, situation is similar. The value of the heat capacity range from 362
to 703 J/mole™ K™, and the values of entropy and reduced chemical potential increase and negative values of
Gibbs energy increases. In the temperature range from 298 to 1000 K, the heat capacity, entropy and Gibbs
energy increases in magnitude, and the enthalpy of the selected temperature range is increased in a positive
way. The increase in entropy and enthalpy increase in the negative to positive values in the studied
temperature range allows us to draw a conelusion about the positive impact on the hydrocarbon composition
nanocatalysts broad fraction 270°C toward increased yield of low molecular weight substances.

Thus, the calculated thermodynamic functions of model organic compounds belonging to the fraction of
primary coal tar with boiling point 270°C obtained from hydrogenation fraction of primary coal tar with
boiling point 175°C in the presence of nanocatalysts p-FeOOH, Fe,O; and Fe;0,. According to the reported
results of thermodynamic calculations, wide fraction obtained from the hydrogenation fraction of primary
coal tar with boiling point 175°C is an effective donor and a hydrogen carrier, i.e., capable of inhibiting
polymerization processes, stabilizing the radicals formed as a result of hydrogenation processes.
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HOJIMHOMIAP HET'IBIHAE METEOPOJIOI'MAJIBIK SJIEMEHTTEP/L
JIOKAJIbI YUJIECTIPY

Xabmonna b., maructpant; Kaxsikenosa C.111., ¢-m.F.1., mpodeccop
Axanemuk E.A.bexeToB ateinaarsl KaparaHnbl MEMIEKETTIK YHUBEPCUTETI
Kaparaunsr k., Kazakcran PecyOnmukachr

I'eonoro-u3nKask 3eMeHTTep Il OIpKaJIBIITH TOP/a MHTEPHOISIISIIAY 6Te MaHBI3AbI OOJIBIT TaObLIa b, O1paK
0J1 0OOBEKTHBTI TaJIIAy IbIH XKaJFBI3 FaHa Kypamac 0eiri 60mManpl.

OOBekTUBTI TanmayabH Oacka Oip 0eJiri reosioro-reo(pM3NKaIbIK NEMEHTTEPIIH «YHIecy» OOJBIN CaHaIaIbL.
SrHn, OIpKaJNBINTBI TOPAA JOJAINT aHBIKTAJFAH TEO0JIOrO-reOQU3MKANBIK 3JEMEHTTED MOHIEPIHIH | TeK OacTaIKbl
OepinreHnepin FaHa emec, COHBIMEH KaTap, €rep MYMKIHIIK OoJjca, 3JIeMEHTTepAiH KacHeTTepi MEH OJapJblH
apachbIHIIaFbl MaTeMaTHKAJIBIK OailaHbICTap/Abl ecKepy Kepek. YHlecyaiH Herisri €cebiHiH MaHbI3bl OchiHna. bipHermre
OJIILICHI'eH IIaMaJIap/iblH YillleCylH MaTeMaTHKa TUTiH/e ObuIaiiia TyCiHIipyre O0Najbl.

AMNTanbIK, €cenTi IIeIy YIIiH 7 HaManapbl ©JIICHCIH, OJapiblH aKUKaT MOHIepiH U, ,U,,...,U,

apKBLIBI, a1 OChHl IIaMalap/bl eJIeyAiH HOTWkKenepin V,,V55...,V  apkeuibl Oenrineiik. Iapt Goiibiima

eJIILIEHTeH [1aManap Oip-OipiMeH Keleci TeHIIKTepMeH o3apa OaiiiaHbICTa O0JICHIH

o (u,u,,..u )=0, (i=1k). (1)

Onmeynep/iiH ~ HOTWXKENEpIH alfaH COH, ©H aimjabiMeH omap (1) [mapTThl KaHIIAJIBIKTHI
KaHaFaTTaHJBIPATBIHBIH TEKcepy Kepek. SIFHH, emmieyiepiaiH HoTmkenepid (1) TeHIiKKe KOWBIN TEHIIriH
aJyaMebI3,

@, (v, V5,V ) =6, (i=1k). (2)

Onmeynep/iiH KypaMmblHAa KaTelep Oap OOJFaHIBIKTaH, oHAA (2) - TEHMIKTIH OH JKaK OediriHse

HOJIBJICH ©3TeIlle IaMaiap IIbIFa/Ibl, SEHH 9‘8 J ,é Sres .,§ . - QYBITKYJIapbl MILIFAIbL.
Erep emmeynepzid KypaMbIHIa @pecken Kareiep Oonca, (2) - TEHIIKTepAiH OH OeliKTepiHaeri é . -2

MOHI YJIKEH ImamManap Ooyybl<MYMKIH. Yiecy eceOiHiH Herizi - OapiibIK é 1,§ 2,...,5 , HapameTpiepin
MYMKIHJITIHIIE a3aiTy.
Erep aypeictaran enmeysiep HOTHXeIepiH

Z =v +¢ (i=Ln) (3)
apKBLIbL OCJITIIECEeK, OHIA KeJIeCl TEHACY Il ajJaMbl3;

0(Z,..Z)=0 i=1k.

Mynpa &, - i3nemin OThIpFaH TY3ETyJEp, ail VA { ,...,Zn OIIIIICHTeH IaMaJIapIbIH YHJIECUITeH MOHIED

JTeI aTajajbl.

YHneciireH BIeMEHTTepAiH [oNJIri OacTamkbl JJIEMEHTTEPMAIH YWIeCTipyre MeWiHri MoHJepiHe
KaparaH/a >Korapbl Oonazpl. YiaecTipy ecentepi Oip-OipiHEH ecenTiH KOWbLIY diCi MEH oJiapbl OPhIHIAY
omicTepi apKbUIBI epekiencHemi. Erep Tek KaHa KaKeTTI IIaMajapabl emece (MBICATbI, YIIOYPHIITHIH
ayJaHblH Taly YIIiH KaOBIpFachl jKOHE €Ki OYpPBIMIBI eJIICHCE), OHJAA OIICyIepAiH KaTelepiH aHbIKTay
My™MKkiH emec. COHABIKTaH MNpaKTHKaga, KKETTI MIaMaiapaaH 0acka, KaKEeTTI MaTeMaTHKAIIbIK
KaThIHACTAP/Ibl OaHIaHBICTRIPATHIH, apPTHIK IIaMajiap eJmeHel (MBICABI, YITOYPBIIITEHIH YIII OYPHITIHI JKOHE
KaOBIpFaiapbl ~ OJIIIICHEi). APTBIK OJIICyIep AHBIKTANATHIH [IaMaTapAblH JJAICIH apTThIPyFa KOHE
OJIIIICHICH IIaMaJiap apachlHAAaFbl MaTEMAaTHKAIBIK OalTlaHBICTap HETI3IHJC ONapibIH JSJJIITIH JlicKaiina
JKaKCHI Oaraiayra MyMKiH/IIK Oepei.





