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Bac pepaxrop:
KYPBIHOB Mypar ’KypbIHYJIbI, XUMHUS FBUIBIMIAPBIHEIH JOKTOPSL, ipodeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukace!l ¥ITTBIK FBUTBIM aKaieMusichiHbIH npe3ueHTi, AK «J1.B. CokobCkuii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE IEKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopbl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankacel:

OJJEKEHOB Cepra3bl MbiHxkacapyJibl (0ac peaakTOpIbIH OpbIHOACAPHI), XMMUS FHIIBIMAAPBIHBIH
JoKTOpsI, podeccop, KP ¥FA akagemuri, «Dutoxumushy XaablKapaiblK FHUTBIMH-OHIPICTIK XOIIUHTTHIH
mupekropsl (Kaparannsr, Kazakcran) H =11

ATI'ABEKOB Buaamumup EnokxoBuu (6ac pemaxTopiblH OpbIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
JokTopsl, npodeccop, berapycs ¥YFA akanemuri, Kana marepuaniap XuMUsICbl HHCTUTY TBIHBIH KYPMETTI
nupekropsl (Munck, berapycs) H =13

CTPHAJ MupocaaB, npodeccop, Uexust FhUIBIM aKaJEMHUSICHIHBIH OJKCHEPHIMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoy, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUs FbUTBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA akanemuri,
on-®apadu areigarsl Kaz¥Y Y-npiy Oipiamm npopexropsl (Anmarsl, Kazakcran) H =11

XOXMAHH J[Ixymut, Ceren ynusepcureriniy ®Papmauesruxa daxysapreTinin PapMakornosus
KadeapachHBIH MeHrepymrici, JKapaTbuiblcTaHy FBUIBIMIAPBIHBIH TTOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
(Ceren, Bernrpust) H =38

POCC Camup, PhD noxropbl, Muccucunu yHUBEpCHTETiHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirel, Papmanust Mmektebinin npodeccopst (Oxcdopa, AKII) H =35

XYTOPSIHCKUM Burannii, punocodus gokropst (PhD, (apmarerr), Pequnr yHHBepCHTETiHIH
npodeccopsr (Peaunr, Aurus) H = 40

TEJTAEB Bargar Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
KoppecnionaeHT-mymreci, Kaszakcran PecnyOmukacer WHgycTpust koHe HWH(PPAKYpBUIBIMIABIK —JaMy
munucTpiiri (Anmarsl, Kasakcran) H = 13

DAPYK Acana Jlap, Xamnap ans-Mamxuaa [IsFsic MeuiHa KoJUIepKiHIH Tpodeccopsl, Xamaap
yauBepcuteTiHig Lsrpic Mmequiuna akynsreti (Kapaun, [Tokxicran) H =21

®A3bIJIOB Cepik /IpaxmMeTy.ibl, XUMHS FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
OpraHuKajiblK CHHTE3 XKOHE KOMIp XHUMUSCHl HHCTUTYTHI TUPEKTOPBIHBIH FBUIBIMH JKYMBICTAp JKOHIHIET1
opsiabOacaps! (Kaparausl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHs FHUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xumust koHe XUMMSUIBIK TexXHOJOTHsS HMHCTHTYTHI (Bimikek,
Kpiprezcran) H = 4

XAJIMKOB [:xypadaii XaJuKkoBHY, XUMUsI FBUIBIMIAPBIHBIH JTOKTOPBI, podeccop, Taxikeran FA
axanemuri, B.M. Huxutun ateranarsr Xumust mHCTUTYTHI ([lymante, Toxikeran) H =6

DAP3AJIUEB Barug Mekuaoribl, XuMys FBUTBIMAAPBIHBIH TOKTOPEL, podeccop, ¥FA akanemuri
(Baky, O3ipoaiixan) H=13

TFAPEJIMK Xempa, ¢unocodus noxropsr (PhD, xmmus), Xanplkapallblk Taza jKOHE KOJIaHOAIBI
XMW OJIaFbIHBIH XMHUS KOHE KOpIIaraH opTa OemnimiHiH mpe3uaeHTi (Jlonmon, Aurmms) H = 15
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I'naBHbII perakTop:
KYPUHOB Mypar KypuHoBHY, JOKTOp XMMHUYECKHX HayK, mpodeccop, akagemuk HAH PK,
npe3uaeHT HaronansHol akagemun Hayk Pecry6mmkn Kazaxcran, renepansusiii fupexrop AO «HcTHTYT
TOIUIMBA, KaTanu3a u anekrpoxumun uM. /1.B. Cokonbckoro» (Anmarsel, Kazaxcran) H =4

Penaxkuuonnas xosuierus:

AJIEKEHOB Cepra3spl MbIH:kacapoBH4 (3aMECTHUTEINb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUCCKUX
Hayk, podeccop, akagemuk HAH PK, mupexkrop MexayHapoHOro Hay4HO-IIPOU3BOCTBEHHOTO XOJIANHT A
«Dutoxumust» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMeCTHTENb TJIABHOTO PENAKTOpa), IOKTOP XUMHUYCCKHX
Hayk, npodeccop, akanemuk HAH Benapycu, nouerHslit aupexrop MHCTUTyTa XMMHH HOBBIX MaTepHaoB
(Munck, benapycs) H= 13

CTPHA/I Mupocias, npodeccop, 3aBemyromuii 1abopaTtopueli HHCTUTYyTa DKCIIEPUMEHTAIBHON
6otanuku Yemnickoii akagemun Hayk (Onomoyi, Yexust) H = 66

BYPKUTBAEB Myxam0eTKkaan, JTOKTOp XMMHYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopextop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyromnii kapenpoit @apmaxornozun dapmareBrHiyeckoro (akyisrera
VYansepcurera Cerena, upexTop MexXIUCIUIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, noxrop PhD, mpodeccop HIkomsr dapmanuyi HAIMOHAIBLHOTO IEHTPa HAYYHBIX
WCCIICJOBAaHUH PACTUTEIBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop durocodun (Ph.D, dapmanesr), mpodeccop Yuusepcurera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraar Bypxan6aiiyJibl, JOKTOp TEXHHYECKHUX HayK, Ipodeccop, WieH-KOPPECIIOHACHT
HAH PK, MunucrepctBo Munycrpuu u unpactpykrypHoro pa3sutus Pecriyonuku Kasaxcran (AnamMarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop kommtemka Bocrounod memmmmubel Xampaapia ans-Mapkunaa,
¢axynsreT BocTouHoil MenuuuHbl yHuBepeuteta Xamaapaa (Kapaun, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHO# paboTe VHCTHTYTA Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=06

7KOPOBEKOBA Illapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemnk HAH
Keipreserana, MactutyT Xumun u xumudeckoit texnonorud HAH KP (bumukek, Keipreseran) H = 4

XAJIMKOB [Ixxypa6aii XaJauKoBH4Y, JOKTOp XHMHYECKHX HayK, mpodeccop, axazemuk AH
Tamxukucrana, Vuctutyt xumun nmenu B.W. Hukntuna AH PT (dyman6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKHX Hayk, mpodeccop, akanemunk HAHA
(baky, Aszepo6aitmxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npesunent Otnena XUMUH U OKpYsKaromieit
cpensl MexxIyHapogIHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15
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G.N. Musina', A.A. Zhorabek", 1.V. Kulakov?, M.Zh. Kaiyrbayeva',
Karilkhan A', Akimbekoiva B.B.!

'Saginov Technical University, Kazakhstan, Karaganda;
*Tyumen State University, Russia, Tyumen.
E-mail: aia86(@mail.ru

DETERMINATION METHOD OF THERMODYNAMIC FUNCTIONS
OF HEAVY HYDROCARBON RAW MATERIALS (COAL TAR)
AND HYDROGENATES OF INAMIC FUNCTIONS OF HEAVY

HYDROCARBON RAW MATERIALS (COAL TAR) AND
HYDROGENATES

Abstract. To determine the thermodynamic functions (ACp, AH, AS, AG,
AF**) of the initial organic mass of coal, a fragment of organic mass of coal after
hydrogenation treatment, the initial primary coal tar and hydrogenates obtained
during the hydrogenation of PCT in the presence of pseudo — homogeneous
iron-containing catalysts - FeSO,-7H, O and NiSO,-6H,0O, the additive method
of Professor A.M. Gulmaliev was used. For thermodynamic studies of coal-
chemical processes, in particular, hydrogenation processing of coal, primary
coal tar in a wide temperature range, it is necessary to have data on the value of
thermodynamic functions, such as heat capacity, enthalpy, entropy, Gibbs free
energy, and reduced thermodynamic potential.

The aim of the work is to determine the thermodynamic functions: heat
capacity (ACp), enthalpy (AH), entropy (AS), Gibbs energy (AG) and reduced
thermodynamic potentials (AF**) of the organic mass of coal and the organic
mass of primary coal tar obtained during hydrogenation.

The proposed method is based on an additive scheme, where to calculate the
temperature dependence of thermodynamic functions in the temperature range
from 298 to 1000 K of hydrocarbons of an arbitrary structure, a set of parameters
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is determined from the hybrid states of carbon atoms and the number of hydrogen
atoms bound to them by a chemical bond.

The temperature dependences of the heat capacity, enthalpy, entropy, Gibbs
energy and thereduced thermodynamicpotential for six compounds (ethylbenzene,
3 - methylbenzene, 2-methylnaphthalene, acenaphthene, methylnaphthalene,
naphthalene) that form the basis of hydrogenates obtained during cavitation of a
desphenolated primary coal tar in the presence of homogeneous iron-containing
catalysts (FeSO, x 7H,0, NiSO, x 6H,0).

The influence of heterogeneous catalytic additives on the qualitative and
quantitative composition of hydrogenation products of three - and four-
component mixtures in the presence of homogeneous iron-containing catalysts
is shown. The results of hydrogenation of three-and four-component mixtures
of model polyaromatic compounds indicate a significant change in the ratio
of hydrogenation and hydrogenolysis products, as well as the conversion rate,
depending on the selected catalyst. When hydrogenating a three-component
mixture, almost identical results are observed in terms of the degree of conversion
and yield of hydrogenation and hydroisomerization products.

Key words: coal, hydrogenation, peat, cavitation, petrochemicals, fuels,
resin, phenol.

I.H. Mycuna', A.A. ’Kopabek'’, U.B. Kynakos?, M.7K. Kaiibip6aeBa',
A. Kapuaxan!, b.b. AkuméexoBa'

©O. CarpIHOB aTbIHAAFbl KaparaH/1bl TEXHUKAJIBIK YHUBEPCHUETI,
Kazakcran, Kaparanbr;
TioMeHb MeMIIEKETTIK YHUBepcuTeTi, Peceil, TiomeHb.
E-mail: aia86(@mail.ru

AYBIP KOMIPCYTEK IIUKI3ATBI (TACKOMIP IIAWBIPEI)
MEH I'IIPOTEHM3ATTAPILIH TEPMOJANHAMUMKAJIBIK
®YHKIMAIAPBIH AHBIKTAYIAFBI QJIC

Annoramusi. Tepmommnamukaneik ¢Qyskmusiapas (ACp, AH, AS, AG,
AD**) anpIKTay YIIH 0acTankel OpPraHUKAJIBIK Macca, THAPOTCHHU3AIUSIIBIK
OHJICY/ICH KeHIHT1 OpraHMKaIbIK Macca (pparMeHTi, 0acTanmKbl TACKOMIP MAWbIPHI
KOHE THAPOTEHU3aIMsl TPOIECIHAE alblHFaH TCEBAOTOMOTEH/II KypaMbIHAA
Temip Oap Karanmsaropinap KareicybiMeH — FeSO,-7H,O »xome NiSO,-6H,O
mpodeccop A.M. [ronbManWeBTIH aJAWTHBTI OfIiCi KoMAaHbULIBL. Kemip-
XUMISUTBIK TIPOIIECTEePIl TEPMOJMHAMUKAIIBIK 3€PTTEY YIIH, aranm aWTKaH/a,
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KOMIp/l THIPOreHU3AIUIBIK OHJIEY, KEH TeMIepaTypaiblK uara3oHaarsl
OacTankpl TACKOMIp IANBIPHI YIIIH TEPMOJUHAMUKAIIBIK (PYHKIIUSIIAPIBIH MOHI,
MBICAJIbI, )KBITY CHIMBIMIIBLIBIFBI, SHTAIBINS, SHTpONHsA, | HOOC 60C SHEPTHUSACHL,
KENTIPUIreH TePMOAMHAMHUKAIIBIK TIOTEHIIUAI TYPaJIbl MOIIMETTEP OOTYBI KEPEK.

JKyMBICTBIH MaKcaThl TEPMOANHAMUKAIBIK (PyHKUIUSTIAPbl aHBIKTAY OOJIBII
TaOBLIa/IbI: THAPOTEHU3AIINS TPOLIECIH/IE AJTBIHFAH KbUTY CBIMBIMABLIBIFBI (ACD),
suTanbmus (AH), sutponus (AS), Tu66c sueprusicel (AG) oHE KeNnTipiireH
TEPMOIMHAMUKAIBIK MOTeHIHanaap (AD**).

¥ CBIHBITFaH 9/1iC aIUTUBTI CXeMaFa HET13/1€reH, MYH/1a TEPMOMHAMHUKAJIBIK
GyHKUIMSUTApIBIH TEMITEpaTypablK Toyenaumiria 298-nen 1000-ra neitin epkin
KYpBUIBIMIAFbl KOMIPCYTEKTepre €cenTey YIIiH KOeMIpPTeK aToMJIapbIHBIH
rUOpUATI KyilliepiHeH mnapaMeTpiiep MKUBIHTBIFbI JKOHE OJapMEH XUMUSIIBIK
OaiiaHbpIC apKbpUIbI OalIaHBICKAH CYTEri aTOMIApbIHBIH CaHbl AHBIKTATAJlbI.
Annurustioaicnen 298-1000 K remneparypanap apaiblibIH/1a FOMOT€HAITEMIPITi
KaTalu3aToyiap KaTbICybIMEH (DEHOJNICHI3AAHIBIPBIIFAH OacTanKkbl TacKeMip
IIaWbIphl KaBUTAIMSI TPOLECIHAE aJbIHFAH TUAPOTCHHU3ATTApAbIH HETi3iH
KYPaWTBhIH aJIThl KOCBUTBIC (3THIIOEH30:, 3 - MeTUI0eH30, 2-MeTuHa(TaIvH,
aneHadren, MerunHadTalIuH, Ha(TAIWH) YIIH >XBUTY CHIMBIMJIBUIBIFBIHBIH,
SHTANBIUSHBIH, SHTPONMUAHBIH, [HMOOC HSHEPTUACHIHBIH KOHE KeNTIpUIreH
TEPMOIMHAMUKAIIBIK TEMIIEPATY paIIbIK Toyeainikrepi ecenrenrer (FeSO,- 7H,0
xone NiSO,-6H,0).

TomoreHi KaTamUTHKANBIK KOCTANApAblH KaTBICYbIMEH YII JKOHE TOpT
KOMIIOHEHTTI KOCIIaJap IbIH THIPOTEHU3AIU OHIMIEPIHIH CaIlaJIbIK XKOHE CAHBIK
KypaMbIHa ocepi kepceTuireH. Moenb/ 11K MoIMapoMaTHKAIbIK KOCHUIBICTAP IbIH
YII KOHE TOpPT KOMIIOHEHTTI KOCHAJIapblH THAPOTeHH3alMsiIay HOTHXKEIepl
THAPOTCHU3AIUSl  KOHE TUAPOTEHONU3  OHIMJAEPIHIH  apakaTbIHACBIHIA,
COHJAl-aK TaHJaJFaH KaTalu3aTopra OalIaHBICTBHI KOHBEPCHUS JOPEKECIHIH
WHJUKATOPbIHA alTapibIKTal ©3repicTi kopceTel. Y I KOMITOHEHTTI KOCIIaHbl
THIPOTEHU3AIMSIIAY KE3iHJe KOHBEPCHsSl JOpekeci MEH THAPOTCHU3ANHUS
JKOHE THUAPOM30MEpHU3alKsl OHIMACPIHIH MIBIFYybl OOMBIHINA 1C KY3iHAE Oipaen
HOTIOKeTIep OaiiKanabl.

Tyiiin ce3nep: kemip, I'MIporeHU3alMs, MIBIMTE3EK, KaBUTALUs, MyHal
XMMHUSCBI, OTBIH, IANBIP, (PEHOI.
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METO/ ONPEAEJEHUA TEPMOANHAMHNYECKHUX
®YHKIUA TAXKEJIOT'O YITIEBOIOPOJIHOI'O ChIPhS
(KAMEHHOYT'OJIbBHOU CMO!JIbI) U THJIPOI'EHU3ATOB

AnHoTauus. /{1 onpenenenus tepmoaunHamuueckux GyHkimii (ACp, AH,
AS, AG, AD**) ncxoaHo# OpraHMYeCKON MacChl yIiis, parMeHTa OpraHuIeCKOi
MacChl yTiisd, MOCe THAPOTCHU3AIMOHHOW 00pabOTKH, MCXOAHOW MEPBHUYHON
KaMEHHOYTOJIbHOM CMOJIBI M THUIPOTeHU3AaTOB, TIOJYYEHHBIX B TMpoliecce
TUAPOTEHU3AIMU TEPBUYHON KaMEHHOYTOJIbHOW CMOJIBI B MPUCYTCTBHH
TICEBJIOTOMOTEHHBIX  Kelle30coiepKainx — Karanmuzaropos — FeSO,-7H,0
u NiSO,-6H,0, 6bu1 ncnosnb3oBaH aJIMTHBHBIA MeToA mpodeccopa A.M.
[onbmanuesa. Jlyis TepMOAMHAMUYECKUX HCCIEJOBAHUN YIIIEXUMHUYECKUX
MPOLIECCOB, B  YacCTHOCTH, THAPOTEHU3ALMOHHOM MepepaboTKU  yIvid,
MEPBUYHON KaMEHHOYTOJIBHONH CMOJIBI B HIMPOKOM TEMIIEpaTypHOM JHana3zoHe
HE0OXOUMO HMMETh JaHHbIE [0 3HAYCHHIO TEPMOIMHAMUYECKUX (DYHKIHU,
TaKUX KaK TEIJIOEMKOCTb, SHTAJbIINSA, SHTPONUs, CBOOOAHAsA Heprus ['ubbca,
MIPUBEAEHHBIN TEPMOINHAMUYECKUN ITOTCHIUAIL.

Lenbto paboThI SABISETCS ONpENeIeHHuEe TEePMOIMHAMUYECKUX (YHKIIMNA:
teroeMkocTH (ACp), sntansnuu (AH), sutpornuu (AS), sneprun ['m66ca (AG)
Y TIPUBEJICHHBIX TEPMOAMHAMUYCCKHX MOTEHIHAIOB (AD**) opraHnuueckoin
Macchl yINisi U OPraHUYEeCKOM Macchl MEPBUYHON KaMEHHOYTOJHHOW CMOJIBI
MOJTyYEHHBIX B MPOIECCE TUAPOTCHU3AIIHH.

[IpemioxkenHslit MeTo 6a3upyercs Ha aJIUTUBHON cXeMe, TJe UId pacuéra
TEMIIepaTypHOH 3aBHCUMOCTH TEPMOAWHAMHUYECKUX (YHKUIUN B HHTEpBale
temneparyp ot 298 ngo 1000 K ymieBonoponoB HpOU3BOIBHON CTPYKTYPHI
onpezensieTcs HabOp MHapaMeTpoB OT TUOPHUIHBIX COCTOSHUHN YIIIEPOAHBIX
aTOMOB U YHCJIa aTOMOB BOJIOPO/Ia, CBSI3aHHBIX C HUMU XUMHUYECKOM CBSI3BIO.

ANIUTUBHBIM METOJIOM B uHTepBasie Temieparyp 298 - 1000 K paccuuransi
TEMIIEPATYPHBIE 3aBUCUMOCTH TEIUIOEMKOCTH, SHTAJBIIMM, SHTPOIMH, HEp-
run ['mb0ca u nmpuBEAEHHOTO TEPMOAMHAMUYECKOTO MOTEHIMANA Ui HIECTH
coenquHeHUN (ATWOeH301, 3-MeTwiOeH3on, 2-MeTwiHadranuH, aneHad-
TeH, MeTuiaHa(TanuH, HaPTaTMH), COCTABISIONIMX OCHOBY THJAPOTe-
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HHU3aTOB, MOJIYYCHHBIX B TpOIECCe KaBUTAMU 00eC(EHOICHHON MEpBHYHON
KaMEHHOYTOJIbHOW CMOJIbI B MPUCYTCTBUM TICEBAOTOMOT€HHBIX KEJIe30COIep-
kamux karanmusaropos (FeSO, - 7H 0, NiSO,-6H,0).

[lTokazano BAMSHUE TETEPOTCHHBIX KATAIUTUYECKUX J00aBOK Ha
KAaUEeCTBEHHbI M KOJIMYECTBEHHBI COCTaB MPOAYKTOB THUIPOTCHU3ALNU
TpEX- U YETHIPEXKOMIIOHEHTHON CMeCeil B MPUCYTCTBUM IICEBIOTOMOTECHHBIX
KEJe30Co/IepKallUX KaTajau3aropoB. Pe3ynbTaThl TMAPOreHU3aLUUU TpeX- U
YETBIPEXKOMIIOHEHTHOM CMECE MOJIEIIBHBIX MOJUAPOMATUYECKUX COCIUHEHUI
CBUJICTEJILCTBYIOT O 3HAYUTEILHOM HM3MEHEHHUU B COOTHOIIEHUU MPOTYKTOB
TUAPUPOBAHUS U THAPOTEHOJIN3a, 4 TAK)KE IMMOKAa3aTessl CTEIEHU KOHBEPCUU B
3aBUCMMOCTH OT BBIOPAHHOTO KaTanu3atopa. [Ipu ruaporeHu3anuu TpexKoM-
MMOHEHTHOM CMeCH HaOJIOMAIOTCS MPAKTUYCCKH OJMHAKOBBIC PE3YyJIbTaThl IO
CTENEHU KOHBEPCHUHU U BBIXOLY MPOTyKTOB THAPUPOBAHUS U THIPOU3OMEPHU3ALIUU.

KuroueBsble ciioBa: yroib, ruiporeHu3anus, Topd, KaBuranus, Heprexumus,
TOILITUBA, CMOJIa, ()EHOII.

Introduction. In the Republic of Kazakhstan and abroad, chemical products
from coal are obtained mainly using the processes of thermal destruction - coking
and semi-coking. Coal (coke-chemical) tar, consisting mainly of condensed
aromatic hydrocarbons and other high-molecular compounds, is the most difficult
to process high-boiling hydrocarbon feedstock (Akbaev T.A. et.al., 2010).

In industry, the resin is subjected to dehydration and distillation into separate
fractions, from which phenols, pyridine bases, benzene, naphthalene and other
chemical products are obtained by the methods of alkaline and acid extraction,
crystallization, hydrotreating. Currently, resin processing is carried out in order
to obtain marketable products, the quality of which meets the requirements of the
standards. The light fraction of the resin is usually processed with heavy benzene,
the middle fraction is used as a source of raw materials for the production of
phenols, nitrogenous bases, the naphthalene fraction is considered as a source of
valuable phenolic raw materials. (Baykenov M.I. et.al., 2006).

According to the additive scheme, the thermodynamic function is:

O, =Xy, (1)

f —the value of the property F, which falls on the p - th type of the structural
group.

For each group of atoms, the values of CP(T), AH and AS were determined from
the corresponding data for known models. The calculation of the temperature
dependence of Cp fragments was carried out using a quadratic function:
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Cp (C) =a+bTcT2, (2)

a,b,c— coefficients.
The changes in the enthalpy and entropy of the molecule as a function of
temperature were calculated using the following formulas:

AHp (T)=AHp9g+ le;g AC, M(T)dT, (3)

T

ASp(T)=AS 98+ AT 98+ J o4

ACpM(T)A(InT), “)
Taking into account (3) from the formula (4), we have:
AH(T)zAH298+a(T-298)+§ (T°-298°)+1(T°-298),  (5)
AS(T)=AS pog-+aln -—+B(T-298)+1 (T2-2982), (6)
where o=Y,a,; p=X,b; =2, c,.
The Gibbs free energy AG was calculated by the formula:
AG(T)=AH(T)-TAS(T). (7)

Materials and methods. Experimental part. To calculate the
thermodynamic functions of the initial organic mass of coal (OMC), quantitative
data of the elemental composition of coal from the Shubarkol deposit were
used, the number of fragments of functional groups for brown coals were taken
from (Gagarin S. G., et.al., 2002). The calculated values of the thermodynamic

functions of the initial OMC are given in Table 1.

Table 1 - Thermodynamic functions of the initial OMC

T, K Cp, J/mol*K | AH, kJ/mol S, J/mol*K AG, kJ/mol O™(T), kJ/mol ‘K
298 1964,6 -2391,5 1118,7 462,4 1118,7
300 1976,9 -2393,7 1131,9 480,9 1118,8
400 2550,8 -2488.2 1781,2 1428,4 1203,7
500 3043,2 -2559,5 2404.,8 2417,7 1382,0
600 34543 -2611,3 29972 34337 1602,3
700 3784,0 -2647,8 3555,5 4462.,0 1841,9
800 4032,3 -2672,7 4077,9 5488,5 2089,1
900 4199,2 -2690,2 4563,2 6499,1 23374
1000 | 4284,7 -2704,1 5010,8 7479,8 2582,7
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An increase in temperature leads to a decrease in enthalpy, and in the case of
entropy, the temperature dependence is of the opposite nature, which indicates a
complication of the structure of the obtained products.

At the same time, an increase in temperature leads to the destruction of
the supramolecular ordering of the macromolecules that make up the OMC.
(Imanbayev S.Sh. et. al., 2010).

To calculate the thermodynamic functions of the OMC after hydrogenation
treatment, the fragment of the OMC given in (Appendix 1) was used. The
calculated values of the thermodynamic functions of the OMC fragment after
hydrogenation treatment are presented in Table 2.

Table 2 - Thermodynamic functions of the OMC fragment after hydrogenation treatment

T, K Cp, J/mol*K | AH, kJ/mol | S, J/mol*K AG, kJ/mol ®™(T), kJ/mol -K
298 188,5 -193.3 469,6 35,2 469,6
300 189,5 -193,7 470,9 36,6 469,6
400 234.9 -216,5 531,7 114,5 4717,6
500 274.9 -240,9 588.5 200,3 4942
600 3094 -266,7 641,8 2923 514,4
700 3384 -293,5 691,7 389,2 536,2
800 361,9 -321,1 738,5 489,3 558,6
900 379,9 -349,1 782,2 591,2 581,0
1000 3924 -377,3 8229 693,3 603,2

It is known (Krichko A.A. et.al., 2007) that the general characteristics of
the organic mass of primary coal tar (PCT) can be represented as the sum of
the characteristics of its components (fragments). Therefore, the study of the
thermodynamics of the process of hydrogenation of PCT was carried out using
model compounds.

To calculate the thermodynamic functions of the organic mass of the PCT
before and after hydrogenation treatment in the presence of homogeneous
iron-containing catalysts (HICC), quantitative data of the individual chemical
composition of the initial PCT and the products obtained after its hydrogenation
in the presence of HICC were used.

The individual chemical composition of the initial PCT, as well as
the composition of the hydrogenation products, is given in [4] and is
represented by the following compounds (the concentration of compounds
is greater than 1%): 1,3-dimethylcyclohexane, ethylbenzene, octahydro-
1H-indene, 1,2,3-trimethylbenzene, isoquinoline, 1,2-dimethylnaphthalene,
4-methyldiphenyl, isopropylnaphthalene, fluorene, anthracene, phenanthrene.

With each catalyst, a number of compounds are formed according to the

141



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

reaction activity. The chemical composition of the hydrogenate obtained
after hydrogenation treatment of PCT in the presence of MPC — FeSO,-7H,0
in an amount of 3% per the initial mass of the resin is represented by the
following compounds: 1,3-dimethylcyclohexane, ethylbenzene, octahydro-
1H-indene, 1,2,3-trimethylbenzene, isoquinoline, 1,2-dimethylnaphthalene,
4-methyldiphenyl, isopropylnaphthalene, fluorine (Musina G.N. et.al., 2007).

Results and discussion. Chemical composition of hydrogenizate obtained
after hydrogenation treatment of PCT in the presence of HICC - NiSO,-6H,0 in
an amount of 3% per the initial mass of the resin, is represented by the following
compounds: naphthalene, 1-methylnaphthalene, diphenyl, 2-ethylnaphthalene,
2,6-dimethylnaphthalene, acenaphthene, dibenzofuran, fluorene (Ma Feng
Yun et.al., 2009). The calculated values of the thermodynamic functions of the
organic mass of the initial PCT are given in Table 3, and the hydrogenates of
PCT in the presence of MPC are given in Table 4.

Table 3 - Thermodynamic functions of the organic mass of the initial PCT

T,K | Cp, J/mol*K | AH, kJ/mol | S, J/mol*K AG, kJ/mol @®™(T), kJ/mol -K
298 1148.,4 116,1 2659,9 2097,2 26599
300 1155,5 1124 2667,6 2109,9 2659,9
400 1488.4 -71,6 3046,6 2782,6 2709,5
500 1782,5 -260,1 3411,0 3519,2 2813.,6
600 2037,7 -451,9 3759,1 4305,7 2942 .4
700 2254,0 -645,8 4090,0 51283 3082,9
800 2431,4 -840,5 4403,0 5973,3 3228,6
900 2569,8 -1034.,9 4697,7 6826,9 3375,6
1000 2669,4 -1227,7 4974,0 7675,5 3521,8

In the temperature range from 298 to 1000 K, ACp, AS, AG, AF* * increase
in absolute value, and AH decreases in the selected temperature range.

Table 4 - Thermodynamic functions of PKS hydrogenates with the addition of PGK

LK | C.]J /mol*K | AH, kJ/mol | S, J/mol*K |AG, kJ/mol| @®™(T), J/mol*K
hydrogenate obtained by hydrogenation treatment
of PCT in the presence of FeSO,-7H,0
298 963,0 -103,0 22482 1563,1 22482
300 968,8 -105,9 22547 1573,7 22482
400 1243,7 -253,5 2571,8 2137,8 2289,7
500 1487,0 -402,9 2876,0 2753,9 2376,8
600 1698,7 -553,3 3166,4 3410,3 2484 .4
700 1878,7 -703,9 3442,1 4095,2 2601,7
800 2027,2 -854,0 3703,0 4797,0 27232
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900 2144,0 -1002,9 3948,9 5503,9 28459
1000 2229,1 -1149,8 41794 6204,4 2967,8
hydrogenate obtained by hydrogenation treatment of PCT in the presence of NiSO,-6H O
298 7773 326,6 1901,3 1511,7 1901,3
300 782,2 324,2 1906,5 1519,3 1901,3
400 1011,9 199,1 2163,7 1924,4 1934,9
500 1214,2 68,1 2411,7 2371,7 2005,7
600 1389,2 -67,7 2649,0 2852,6 2093,3
700 1536,8 -206,9 2874,5 3358,6 21889
800 1657,0 -348,4 3087,9 3881,5 2288,1
900 1750,0 -490,9 3288,7 4413,1 2388,2
1000 1815,5 -633,3 3476,7 4945,0 2487,8

The increase in the entropy value allows us to draw a conclusion about
the positive effect of MPC during hydrogenation treatment in the direction of
increasing the yield of light and medium fractions.

Table 5 shows the equations of the temperature dependence of the heat
capacities of the initial OMC, the OMC fragment after hydrogenation treatment,
the initial PCT and the hydrogenates obtained after hydrogenation of the PCT in
the presence of MPC (Maloletnev A.S. et.al., 2007).

Table 5 - Equations of the temperature dependence of the heat capacities of the feedstock and
hydrogenation products

Connections Coefficients of the equation AT, K
C,=a +8T+ cT? J/(mol*K)
A 102 107
OMC -232,9 858,7 -406,9 | 298-1000
OMC fragment after hydrogenation treatment -20,2 64,7 -27,4 298-1000
initial PCT -76,8 469,1 -194,5 |298-1000
hydrogenate obtained by adding FeSO,-7H,0 -45,7 385,6 -158,1 |{298-1000
hydrogenate obtained by adding NiSO,-6H,0 -70,8 3254 -136,7 |298-1000

Conclusions. In this article, optimal conditions for the extraction of common
phenols from primary coal tar are proposed. The thermodynamic functions of the
main components of hydrogenates of desphenolated primary CS (naphthalene,
acenanthene, etc.) are calculated. Kinetic parameters of the processing of
desphenolated primary CS have been experimentally established.

The main directions of rational processing of this type of hydrocarbon raw
materials are determined (Ma Feng-Yun et.al., 2011).

Thus, using the additive method, the values of the heat capacity, enthalpy,
entropy, Gibbs energy, and the reduced thermodynamic potential of the initial
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OMC, the OMC fragment after hydrogenation treatment, the initial PCT, and the
hydrogenates obtained during the hydrogenation of the PCT in the presence of
HICC were calculated in the temperature range 298 — 1000 K. The equations of
the temperature dependence of the heat capacities are calculated.
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