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Method of definition thermodynamic functions of heavy oil organic mass
processed by underwater spark discharge

The methods of preparing oils for pipeline transport associated with the mechanical effect on high-viscosity
and highly paraffinic oil is today a topical problem for refineries. As is known, the most promising method
today is the method of electrohydropulse discharges, which allows to regulate the oil dispersed system
properties by changing the sizes and forms of complex structural units. Creation environmentally friendly
synthetic liquid fuels production supposes the improvement technology of upgrading high-viscosity oil
process. To solve this problem, along with experimental studies, thermodynamic analysis of various
upgrading ways of high-viscosity oil is necessary. Such calculations must be carried out by giving different
compounds’ classes contained in highly viscous hydrocarbon compounds. A deep study of the
transformations mechanism of high-viscosity oil’s organic mass from the Karazhanbas field is a prerequisite
for developing new highly effective hydrogenation processes. Therefore, this article is devoted to study
kinetics and thermodynamics of the high-viscosity oil processing from the Karazhanbas field.

Keywords: electrohydraulic effect, oil clarification, dielectric permeability, temperature, frequence, hydrogen
sulfide, polarizability, thermodynamic coefficient, oil products, heterogeneous environment.

The analysis of references shows that there are no quantitative interrelations between alkanes and aro-
matic hydrocarbons and their thermodynamic parameters' structure which define intermolecular interaction
extent that is phase transition warmth. Researches of heavy hydrocarbonic raw materials transformation's
thermodynamic into low-molecular connections are generally presented by determination aromatic structures
which [1] model structure in ratios of organic mass fragments of coal, heavy oil and oil residues.

For definition thermodynamic functions of heavy oil's organic mass we used the additive method devel-
oped by professor A.M. Gyulmaliyev [2]. The choice of parameters depending on hybrid conditions of car-
bon atoms and hydrogen atoms related by a chemical bond is defined for calculation temperature dependence
of thermodynamic functions of an arbitrary structured heavy oil's organic part. Hydrocarbons' arbitrary struc-
ture having various parametrs set of carbon atoms and various hydrogen atoms' hybrid conditions which are
connected by a chemical bond is offered.

Heteroatoms are considered at the same time as a part of functional groups. According to an additive
method [2] the thermodynamic Fm function of a molecule M it is possible to present the sums in the form:

D, => f ()

where f| — the property @ size having on W th type of structural group.

List of atomic groups used to calculate the thermodynamic functions of hydrocarbons and other organic
molecules is given in work [2]. For each atom group, the values of the quantities C,(T)AH,, and AS,,,
were determined from the corresponding data for model molecules.

The calculation scheme for determining the parameters is as follows. The thermodynamic function of a
molecule M at a given temperature @,(7) is represented as a corresponding values' sum of the structure
group f; (T)

@, (T) =2 %:1:(T) )

The values of entropy A4S, enthalpy 4H and Gibbs energy for atomic groups at temperatures 298—

1000 K of highly viscous oil (HVO) are given in Tables 1-3, before the post-treatment by electrohydropulse
action with the help of an apparatus that allows obtaining an underwater spark discharge (USD) [3].
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Table

Thermodynamic function (enthalpy) of heavy oil's organic mass from the Karazhanbas field

(initial oil and hydrogenates obtained after treatment with HVO by electrohydraulic effect (EHE)

TK AH, J/mole*K
’ Source oil Test 1 Test 2 Test 3 Test 4 Test 5

298 -7850179 -11533826 -7853022 -6831828 -7219747 14361641
300 -7839360 -11523200 -7841876 -6820142 -7208384 -14348988
400 -7221749 -10919066 -7205282 -6150686 -6558945 -13630106
500 -6464595 -10182729 -6424703 -5326514 -5761929 -12755597
600 -5583990 -9329899 -5517018 -4366091 -4834745 -11745075
700 -4596039 -8376275 -4499106 -3287877 -3794823 -10618169
800 -3516828 -7337560 -3387846 -2110331 -2659577 -9394505
900 -2362465 -6229460 -2200113 -851913 -1446422 -8093704
1000 -1149038 -5067682 -952786 468913,2 -172781 -6735393

Note. Test 1 — fraction with boiling point up to 3000 C, amount of added hydrogen donor 0.1 ml to HVO,
interelectrode distance L = 4 mm;

— test 14 — fraction with boiling point up to 3000 C, amount of added hydrogen donor 0.2 ml to HVO and
interelectrode distance L = 8§ mm;

—test 10 — fraction with a boiling point up to 3000 C, quantity of donor added to the hydrogen of 0.4 ml to HVO
and interelectrode distance L = 6 mm;

— test 12 — fraction with a boiling point up to 3000 C, the amount of added hydrogen donor 0.5 ml to HVO and
the interelectrode distance L = 12 mm;

— test 24 — fraction with boiling point up to 3000 C, amount of added hydrogen donor 0.2 ml to HVO and
interelectrode distance L = 12 mm.

Table 2

Thermodynamic function (entropy) of heavy oil's organic mass from the Karazhanbas field
(initial oil and hydrogenates obtained after HVO treatment with the help of EHE)

T, K AS, J/mole*K
Source oil Test 1 Test 2 Test 3 Test 4 Test 5

298 13945,28 16615,45 13354,84 13582,55 13081,09 19131,71
300 13988,19 16657,8 13398,83 13628,38 13125,71 19211936
400 16078,3 18712,68 15542,13 15867,65 15302,82 21595041
500 18063,41 20652,83 17577,79 18002,24 17374,99 23844492
600 19946,49 224857 19508,41 20030,72 19342,56 25967233
700 21729,12 24215,24 21335,37 21952,36 21205,7 27966970
800 2341224 25843,83 23059,49 23766,7 22964,51 29845922
900 24996,48 27372,99 24681,31 25473,45 24619,06 31605508
1000 26482,24 28803,77 26201,18 27072,41 261694 33246709

Note. Test 1 — fraction with boiling point up to 3000 C, amount of added hydrogen donor 0.1 ml to HVO,
interelectrode distance L = 4 mm;
— test 14 — fraction with boiling point up to 3000 C, amount of added hydrogen donor 0.2 ml to HVO and
interelectrode distance L = 8 mm;
— test 10 — fraction with boiling point up to 3000 C, amount of added hydrogen donor 0.4 ml to HVO and
interelectrode distance L = 6 mm;
— test 12 — fraction with a boiling point up to 3000 C, the amount of added hydrogen donor 0.5 ml to HVO
and the interelectrode distance L = 12 mm,;
— test 24 — fraction with boiling point up to 3000 C, amount of added hydrogen donor 0.2 ml to HVO and
interelectrode distance L = 12 mm.
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Table 3

Thermodynamic function (Gibbs energy) of heavy oil's organic mass from the Karazhanbas field
(initial oil and hydrogenates obtained after treatment with HVO by EHE)

AG, J/(mole*K)

LK Source oil Testl Test 2 Test 3 Test 4 Test 5

298 -11302292 -15704490 -11160991 -113927 -10488294 -19358423
300 -11325528 -15732563 -11183265 -136029 -10510283 -19392031
400 -12577624 -17224399 -12389934 -1338893 -11704815 -21177743
500 -14000990 -18882912 -13773153 -2727864 -13080179 -23162378
600 -15587703 -20699736 -1524831 -4294937 -14628043 -25335390
700 -17330057 -22667059 -17037077 -6032002 -16340088 -27686752
800 -19220468 -24777382 -18902104 -7930900 -18208025 -30206711
900 -21251431 -27023387 -20912183 -9983421 -20223554 -32885698
1000 -23415483 -29397888 -23059638 -2181344 -22378400 -35714266

Note. Test 1 — fraction with boiling point up to 3000C, amount of added hydrogen donor 0.1 ml to HVO,
interelectrode distance L = 4 mm;

— test 14 — fraction with boiling point up to 3000C, amount of added hydrogen donor 0.2 ml to HVO and
interelectrode distance L = 8 mm;

— test 10 — fraction with boiling point up to 3000C, amount of added hydrogen donor 0.4 ml to HVO and
interelectrode distance L = 6 mm;

— test 12 — fraction with a boiling point up to 3000C, the amount of added hydrogen donor 0.5 ml to HVO and
the interelectrode distance L = 12 mm;

— test 24 — fraction with boiling point up to 3000C, amount of added hydrogen donor 0.2 ml to HVO and

interelectrode distance L = 12 mm.

Calculation of the temperature dependence C, fragments were carried out by a quadratic function:
C)=o+B*cT, 3)
where o, B, ¢ — coefficients.
Further, according to equation (1), for a molecule at a given temperature, AC,,(T) and AS,(T):

AC,, (T)=C,, (T)_ZA:C;LA(T)? 4)
5, (1) =5, (1) 35,(7) B

In this case, C, and S, the heat capacity and entropy of the atoms forming the molecule M, respectively,
were calculated from the formula 3, and the values of the coefficients o, B, ¢ forAC,, and S, atoms
H, C,N, O, S The following Table 4 shows the calculated data for the elemental composition of the initial
and processed heavy oil samples.

The enthalpy AH,, and entropy AS,, changes in the molecule as a function of temperature were calcu-
lated using the following equations:

AH (TT) = AH , + j AC,,, (T)dT; (6)

208
AS,, (T) = AS,s = ATy + } AC,,, (T)d(InT). (7)

Taking into account 3 from equation (6 and 7), we have: a
AH (T) = AH, +oc(T—298)+%[T2 —2982]+%[T3 ~298’ ], (8)
AS(T)ASM+(x1n2L98+B(T—298)+%[T2 -298], ©)

where a=» o,; =Y b, and y=> c,.
n n n
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Table 4
Calculated data of the temperature dependence of the initial
and processed heat capacities test (EHE) of heavy oil
The coefficient of equation
Number of test Cy =a+ B*cT? J/(mole*K) AT, K
o B =10 B *10

Source heavy oil 2,99469E+0,1 5,72565E+00* T 2,31870E-0,3 * T” 298 -1000
Test 1 7,49978E+0,1 5,9140E+00 * T 2,26054E-0,3 * T” 298 -1000
Test 4 2,60998E+0,1 5,89966E+00* T 2,4064E-0,3 * T” 298 -1000
Test 10 -1,42336E+0,1 6,306+6E+00 * T 2,59632E-0,3 * T” 298 -1000
Test 12 3,33336E+0,6 6,06994E+00 * T 2,48894E-0,3 * T” 298 -1000
Test 24 6,99800E+0,1 6,44988E+00 * T 2,74071E-0,3 * T* 298 -1000

Note. Test 1 — fraction with boiling point up to 3000 C, amount of added hydrogen donor 0.1 ml to heavy oil,
interelectrode distance /p = 4 mm;

— test 4 — fraction with boiling point up to 3000 C, amount of added hydrogen donor 0.2 ml to heavy oil and
interelectrode distance /p = 8§ mm;

— test 10 — fraction with a boiling point up to 3000 C, the amount of added donor in an odor of 0.4 ml to heavy
oil and the interelectrode distance Ip = 6 mm;

— test 12 — fraction with boiling point up to 3000 C, amount of added hydrogen donor 0.5 ml to heavy oil and
interelectrode distance /p = 12 mm,;

— test 24 — fraction with boiling point up to 3000 C, amount of added hydrogen donor 0.2 ml to heavy oil and
interelectrode distance p = 12 mm.

The free energy of Gibbs was calculated from equation:
AG(T)=AH(T)-TAS(T). (10)
The following graphs (1-3) show the heat capacity, enthalpy and Gibbs energy at various temperatures

before and after treatment with an underwater spark discharge.
Figure 1 shows the heat capacity versus temperature.
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Figure 1. Heat capacity change of different samples heavy oil from temperature

Figure 2 shows the changes in enthalpy from temperature.
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Figure 2. Change in the enthalpy of heavy oil from temperature

Figure 3 shows the dependence of Gibbs energy on temperature.
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Figure 3. Temperature dependence of heavy oil's Gibbs energy

The thermodynamic function value of heavy oil's organic mass before and after treatment with an un-
derwater spark discharge showed that with an increase in the the electrohydropulse (EHI) treatment duration
from 2 to 10 minutes, an increase in the heat capacity Cp from 6396.579 J / mol * K to 7309.395 J / mole * K.
To study high-viscosity oil and hydrogenate with an underwater spark discharge help, the heat capacity, en-
tropy AH, Gibbs energy AG, are extreme, and the thermodynamic potential A@ ** increases in the tempera-
ture range 298—1000 K. The value of entropy in a given temperature range allows us to draw a conclusion
about the significant EHI effect of treatment in the increasing the yield direction of the light and middle
fraction.

The thermodynamic functions calculated by the additive method allow us to conclude that the duration
of the EHI effect should not exceed 6 to 8 minutes. Increasing the treatment temperature with the EHI heavy-
oil effects help leads to the intermolecular interaction weakening. When the enthalpy of heavy oil changes
and when the viscosity of the oil decreases, the yield fractions increases to 3000 °C. The value of the enthal-
py is composed the phase transitions heat of the heat capacity. The calculated values of the temperature de-
pendence of the Gibbs free energy AG for the activation heavy oil by electrohydropulse discharge are given
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in Tables 1 to 3. It follows from the data that in all considered cases thermodynamic stability is observed in
the value of AG at a temperature 300 T1000 K.

It is known from literature sources that it is possible to remove heteroatoms without hydrogenation of
aromatic rings [4]. The values of AG in this case do not depend on the number of functional groups character
and the reaction of heteroatoms proceeds removal at a temperature 7' < 500 K, and an increase in temperature
leads to a series OH > NH, > SH.

Thus, on the basis of the additive method proposed by Professor Gyulmaliev, we calculated the thermo-
dynamic functions of the organic mass of heavy oil and hydrogenates depending on the temperature and the
duration of the exposure time with the help of EHE.
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A XK. Carwibangun, A.K. MypatoBa, . A. Keipreizanuna,
3.K. Anitnaesa, b.P. Hycyn6ekos, M.U. baiikeHoB

Cy acTbl pa3psj YIIKBIHBIHBIH KOMeETriMeH OH/IeJITeH aybIP MYHAMIbIH OPraHUKAIBIK
MAacCAChIHbIH TEPMOIMHAMHUKAJBIK (PYHKIMAJIAPBIH aHBIKTAY dici

JKorapel TYTKBIpABI JKOHE >KOFaphl mapaduHAI MyHalnapra MEXaHHMKAJBIK ocepiMeH OalIaHBICTHI
MyHaimapael KyObIp OKeliiepiMeH TachIMajayFa JaiiblHIay oficTepi Kasipri TaHma MyHail aiimay
3ayBITTapbIHBIH ~ ©3€KTi  Maceneci Oonbim  Tabbutagsl.  OficTepAid — imnHAeri ©H  JIaMbIFaHbIHA
NEKTPTUIPOUMITYIBCTIK Pa3psATap OMICIH JKaTKbI3yFa OONATBIHABIFEI OENTiNi, O KypAeNdi KYpbUIBIM
OeJmeKTepiHiH oMmeMaepi MeH (pOpMackiH ©3TrepTy apKbUIBI MyHail TUCIEPCTi XKYHEeHIH KaCHeTTepiH peTTen
OTBIpyFa MYMKIHJIIK Oeperi. DKOJOTHSUIBIK Ta3a CHHTCTUKAJBIK CYHBIK OTBIHIBI OHAIPYl jkacay >KOFapbl
TYTKBIPIB MYHAHIbl ©HACYAIH TEXHOJIOTHSUIBIK YPIICTEpiH XeTUiaipyni »xobamainsl. MyHnait MiHIeTTI
IISIy YIIiH TOXKipHOesi 3epTTeyiepiMeH Gipre >KoFapbl TYTKBIPJIbI MYHAH bl OHACYIIH SPTYPIIi KON AAPHIHBIH
TEPMOJMHAMUKAIBIK TaNAay >KYMbICTaphl jJa KaxerT. MyHnail ecenrepii >KOFapbl TYTKbIPIbI KeMipcy
KOCBUIBICTAPBIHAAFbl OPTYPJI KJIAcTarbl KOCBUIBICTAp YIIIH JKYprizy kepek. KapaxanHOac KeH OpHBIHBIH
JKOFapbl TYTKBIPJIbl MYHaWbIHBIH OPraHUKAJIBIK MAacCachIHbIH ©3repic MEXaHU3MAEPiH TEpeHIHEH 3epTTey
JKaHa JKOFapbl THIMII THAPOTEHM3AlUs YPIICTEpiH eHJey[e Heri3ri Tajanm OoJbIT TaObUIambl. ATaIMBIII
Makana KapakanOac KeH OpHBIHBIH >KOFapbl TYTKBIPIIEI MYHAHBIH OHAEYIEr! YPAICTepAiH KHHETUKACHl MEH
TEpMOANHAMUKACKHIH 3epPTTEYre apHaJFaH.

Kinm co30ep: >neKTpOrnApOMMITYIIBCTIK pa3psiaTap OHici, AUCHEpCTi XKyile, TEeXHOJOTHMSUIBIK YpAicTep,
TYTKbIPJIbI MYHaH/IBIH OpPraHUKAJIbIK MacCachl.

A XK. Carwibangun, A.K. MypatoBa, . A. Keipreizanuna,
3.K. Anitnaesa, b.P. Hycyn6exos, M.U. baiikenoB

Metoa onpeaeseHuss TEPMOAMHAMHUYECKUX (PYHKIUHA OPraHUYeCKOM MACChl THAXKEJI0U
He(TH, 00PA0OTAHHOI ¢ MOMOUIHIO MOABOIHOT0 HCKPOBOI'0 pa3psaa

Crioco0bl TOATOTOBKH HeTeil K TpyOONpOBOIHOMY TPAHCIIOPTY, CBS3aHHBIE C MEXaHHYECKHM BO3/IEHCTBUEM
Ha BBICOKOBSI3KHE U BBICOKOIIAPa()MHUCTIC HE(TH, HAa CErOJHs SABIIOTCS aKTyalbHOH Ipobiemoil HedTerne-
pEroHHsIX 3aBo0B. Kak M3BecTHO, K Hanboee NepCHeKTHBHBIM U3 METOJIOB Ha CETOAHAIIHMIT IEHb MOXKHO
OTHECTH METOJ| 3JIEKTPOIHAPOUMITYJILCHBIX Pa3psAa0B, KOTOPBI MO3BOJIAET PErYJIMPOBATh CBOMCTBA HEdTs-
HOU JWCIIEPCHOM CHCTEMBI ITyTeM H3MEHEHHUS pa3MepoB M (OPM CIOXKHBIX CTPYKTYpHBIX eauHun. Co3mgaHue
9KOJIOTHYECKH YHCTOTO NPOM3BOJCTBA CHUHTETHUECKOTO KHAKOTO TOIUIMBA IIPEIIOJIaraeT COBEpPIICHCTBOBA-
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HHME TEXHOJIOTHH Ipoliecca 001aropakuBaHus BBICOKOBA3KOW Hedru. g peuieHus 3TOH 3ajaud Hapsay
C 9KCTIEpUMEHTAIbHBIMU HCCIEA0BAHUAME HEOOXOJUM TEPMOAMHAMMYECKHH aHAIIM3 Pa3IW4HBIX MyTeil ee
obnaropakuBanus. Takne pacueTbl HEOOXOANMO MPOBECTH JUIS PA3IMYHBIX KJIACCOB COCAMHEHHH, Comepxa-
IIUXCSl B BBICOKOBSI3KUX YTJICBOJOPOAHBIX COEAMHEHMX. [ ITy0oKoe n3ydeHne MexaHu3Ma IpeBparieHnii op-
TaHMYECKOH MacChl BEICOKOBSI3KOM HedTH MecTopoxaenus KapaxanOac sBisieTcss HEOOXOIUMBIM YCIOBHEM
UL pa3paboTKU HOBBIX BBICOKOA((EKTHBHBIX MPOIecCOB TUAporeHn3anuy. CTaThs IOCBAIICHA U3YICHUIO
KMHETHKH ¥ TEPMOJHHAMUKH IPOIECCOB IepepabOTKH BHICOKOBI3KOH HeTH MecTopokaeHus: Kapaxanobac.

Kniouesvie crosa: snexrporuipaBiudeckuil 3¢dexr, audnexTpuyueckas NPOHMIAEMOCTb, TEMIIEpaTypa,
4YacToTa, CEPOBOJOPON, MOJAPU3YEMOCTb, TEPMOAMHAMHYECKHII KO3 duumeHt, HeTepOayKTHI,
reTeporeHHas cpesia.
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