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A. A. Hosukoe, A. A. Kyuuepckan, /1. I'. Kapnoe, B. C. Ceznok

PI'Y nedtn u raza (HUY) umenu U. M. ['yOkuna

novikov.a@gubkin.ru

da3oBbie PABHOBECHSI KUTKOCTh — KHIKOCTH

B CHCTeMe BOJa — ITAHOJ — IUKJIOTeKCAH

B pabome onpedeneno nonosicenue epanuybl paccioenus, usmepervl Mexdcgasnoe HamsaxiceHue u nI0MmHoCmu
PABHOBECHBIX (ha3 8 MPOUHOU cucmeme 800d — IMAHO — Yukiozekcan npu memnepamype 277,15 u 293,15 K.
IIposedeno modenupoganue ¢hazovix pagrnogecuil 05l IMUX YCA0BULL MEMOOOM MOTEKYISPHOU OUHAMUKU.
Ycemanoeaneno, umo monexkynapras OuHamMuKa Xopouio 80CHPOU3B00UM HAYALbHOE NAJEHUE MeHCPa3H020
Hamsadxpcenus, 00HAKO NJLOX0 CO2NACYEMCS C IKCHEPUMEHMANbHLIMU OAHHbIMU NO NAOMHOCIU U COCMABAM
600HOU (hasvi. Habmooaemasn kpucmaniuzayus opeanuyeckoul gazvl npu memnepamype 277,15 K mooicem
ObImMb NONEe3HA 015 ObICMPO20 PazoeeHuss has nPu IKCMPAKYUU IUnUO08.

KiroueBble cjioBa: PaBHOBECHUC X KUAKOCTb — KUIAKOCTb, az[cop6u1/1;1, MC)K(l)aSHOﬁ HATAXKCHUEC, paCTBOPUMOCTD.

A. A. Novikov, A. A. Kuchierskaya, D. G. Karpov, V. S. Seglyuk.

Gubkin University

Liquid-Liquid Phase Equilibria in the Water — Ethanol — Cyclohexane System

The studies determined the position of the separation boundary, measured the interfacial tension and densities of
equilibrium phases in the ternary system water — ethanol — cyclohexane at temperatures of 277.15 K and 293.15 K.
The phase equilibria for these conditions were simulated by the molecular dynamics method. It has been established
that molecular dynamics reproduces well the initial decrease in interfacial tension, but does not agree well with
experimental data on the density and composition of the aqueous phase. The observed crystallization of the organic
phase at 277.15 K may be useful for rapid phase separation in lipid extraction.

Key words: liquid-liquid equilibrium, adsorption, interfacial tension, solubility.

M. b. Apaxmeoos'?, /. B. Cepzeesa®

1CKONKOBCKUI MHCTUTYT HAYKU U TEXHOJIOTHUH,

2PT'Y medru v raza (HUY) umenu U. M. I'yOkuna,

d.sergeeva@skoltech.ru

BimnsiHMe a/1IM10BOT0 ¥ IPONIAPTHJIOBOIO CIIMPTOB HA PABHOBECHbBIE YCI0BUS 00pa30BaHUsI

rUpaTa MeTaHa

B pabome uzyuena cmabunonocme cudpama memana 6 20%-1bix 0OHBIX PACMBEOPAX ANIUNIOB020 U NPONAPSULOBO20
CRUPMO8, ONpedeseHo NON0AHCEHUE MPEXPa3Ho20 PAGHOBECUs PACMEOP CNUPMA — SUOpam — 2a3 6 OUANa3oHe
oasnenusi om 3,68 00 9,53 MIla. CpasHerue nonyueHHbIX OAHHbIX NOKA3AL0, YMO 8 HUJICHEl YaACMU U3YYeHHO20
0Uana3oHa 0asieHull pasHoBecHble YCl08Us 2UOPAmMooopaz08anus 0 000UX CHUPMOE UOSHMUYHBL, M020d KAK 8
6epxHell uacmu Kpueas 0 AIIUI06020 CRUPA OMKIOHAemcs 6 0oaacmy nuskux memnepamyp ua 0,6°C.
Yemanoeneno, umo dannvie cnupmuol A61510MCA MEPMOOUHAMULECKUMY UH2UOUMOpamu cudpamooodpasosanus. C
NPUKIAOHOU MOUKU 3PEHUS PACCMAMPUBAEMble CUCEMbL MOZYM UCNONb308ANBCS 8 2030601 NPOMBIUULEHHOCHU 05

npeoomepawetsl 2uOpamoodpa308anUs U MUKSUOAYUU CHOPMUPOBANHBIX 2UOPAMHBIX OCTOHCHEHUIL.



KiueBble ci1oBa: ruipat MeTaHa, CIUPTHI, ()a30BbIE PaBHOBECHS, TEPMOJINHAMUYECKUH HHTHOUTOP

THAPATOOOpa30BaAHUS

M. B. Yarakhmedov'?, D. V. Sergeeva®.

Skolkovo Institute of Science and Technology,

2Gubkin University

Influence of Allyl and Propargyl Alcohols on Equilibrium Conditions for Methane Hydrate Formation

This study examined the stability of methane hydrate at a concentration of 20 mass% in aqueous solutions of allyl and
propargyl alcohols. The research determined the position of the three-phase equilibrium "alcohol solution - hydrate -
gas" in the pressure range of 3.68 to 9.53 MPa. A comparison of the data revealed that the equilibrium conditions for
hydrate formation for both alcohols are the same at lower pressures. However, at higher pressures, the curve for allyl
alcohol deviates towards lower temperatures by 0.6°C. The study found that these alcohols act as thermodynamic
inhibitors of hydrate formation. From a practical standpoint, these systems can be used in the gas industry to prevent
hydrate formation and address issues related to formed hydrates.

Key words: methane hydrate, alcohols, phase equilibria, thermodynamic hydrate inhibitor.

JI. H. Kopnesa', A. A. Kuokano', A. O. /lpauyx’, K. A. Ilnemnesa,

IT. A. Kunzenw', I'. Ilanoei*?, H. C. Monokumuna*

MnucruryT xprocdeps! 3emmn TroMeHckuit Hayunblii nenTp Cudupckoro ornenenus PAH,

2V HuBepcuTeT HE(PTAHBIX U DHEPTEeTHIECKUX HccenoBanmii, Jlexpanyn, Muaus
gaurav.pandey@ddn.upes.ac.in, molokitina.nadya@yandex.ru

HccnenoBanne rupaToB YIJEKHCJIOT0 ra3a B JUCIEPCHON CHCTEMe «CyXasi BOIaY

B pabome uccnedosanvl kunemuxa u pagHogecHvie yciogus 00pazo8aHus 2UOPAmMa yeieKuciozo 2asa 6 OUCHepCHoll
cucmeme «cyxas 600a» ¢ UCNOIb30BAHUEM PAZHBIX MUNOE SUOPOPOOHBIX HAHOUACUY OUOKCUOA KDEMHUS 6
U30xX0pHuIX ycnosusx npu memnepamype 273,15 K u navanonom oasnenuu oxkono 3 Mlla. Hccnedosano enusanue
«CYXotl 600bl» HA KUHEMUKY PA3L0ACEHUSL 2UOPAMOB YeNeKUCT020 2A3d NPU OAGNEHUN HUICE PABHOBECHO20 U
memnepamype 268,15 K.

KiroueBsble c10Ba: ra30BbIe THAPATHL, Ta30THIPATHBIE TEXHOJIOTHH, YTIIEKUCIIBIH ra3,

yTuiaun3anus YrjiCeKuUcCJIoro ra3a, «Cyxas Boaa».

L.N. Korneva?, A.A. Kibkalo', A.O. Drachuk?, K.A. Pletneva?, P.A. Zhingel!, G. Pandey*?, N.S. Molokitina!

! Earth Cryosphere Institute, Tyumen Scientifc Centre, Siberian Branch of the Russian Academy of Science,

2 University of Petroleum & Energy Studies (UPES), Dehradun, India

Study of Carbon Dioxide Hydrates in the “Dry Water” Dispersed System

In this paper, the kinetics and equilibrium conditions of the formation of carbon dioxide hydrate in a dispersed "dry
water" system using different types of hydrophobic silicon dioxide nanoparticles under isochoric conditions at a
temperature of 273.15 K and an initial pressure of about 3 MPa are studied. The effect of "dry water™ on the kinetics
of decomposition of carbon dioxide hydrates at a pressure below equilibrium and a temperature of 268.15 K has been
studied.



Key words: gas hydrates, gas hydrate technologies, carbon dioxide, carbon dioxide utilization, dry water.

K. A. IInemnesa, I1. A. JKunzenv, K. A. Hniownuxos*, A. O. Ipauyx’, I. [lanoei*?, H. C. Monokumuna*
NucturyT xprocdepst 3emn TroMeHckuii Hay4HbIi nentp Cubupckoro otaenenus PAH,

2V HuBepcHTET HE()TAHBIX U SHEPreTUIECKUX UcCiIeoBanuii, Jlexpaxyn, nmus

pletnevaklavdia@yandex.ru

BausiHue x10pua HATPUS HA KHHETHKY THAPATOO0Opa30BaHUs METaHA

B 00beMHBIX PACTBOPAX COEBOI0 JeIUTHHA

B pabome npedcmasnenvi pesynomamsi uccied08anuil mepmooapuiecKux ycio8uti U KUHemuKku oopazosanus
euopama mMmemana 8 06vLeMHbIX pacmeopax ¢ KOHyeHmpayuetl coeeozo aeyumuna 0,5% mac., nonyuenHsix 6
OUCMUITUPOBAHHO U MUHEPAIU308aHHOU 800e (codepacanue NaCl 1 u 3% mac.) npu memnepamype 273,2 K u
osudcywpeti cune 4 Mlla 6e3 nepemewusanus. OnpeodeneHo, 4mo 000a6Ka cOe8020 AeYUMUHA He RPUBOOUN K
cmewenuio Kpueol (hazoeo20 pasnosecus eoda—2uopam—-meman. Ycemanoeneno, umo npucymemeue NaCl npusooum x
VMEHbULEHUIO NO2TIOWEeHUSL MEMAHA 8 2UOPAM 8 08d PA3d 6 CPABHEHUL ¢ pacmeopom coegozo teyumuna desz NaCl,
umo Mooicem Oblmb C1e0CMBUEM 8bINAOEHUSA COeB020 JeYUMUHA 8 OCAOOK 8 COEbIX PACMBOPAX.

KiroueBble c10Ba: MPUPOIHBINA T'a3, TPAHCIIOPT M XpaHEHHUE IIPUPOIHOTO ra3a, ra30TUAPATHBIE TEXHOJIOTHH,

00pa3oBaHKe Ta30BOTO THAPATa, COEBLIH jeruTrH, pactBopsl NaCl.

K.A. Pletneval, P.A. Zhingel*, K.A. llyushnikov?, A. O. Drachuk?, G. Pandey!?, N. S. Molokitina!

! Earth Cryosphere Institute, Tyumen Scientifc Centre, Siberian Branch of the Russian Academy of Science,

2 University of Petroleum & Energy Studies (UPES), Dehradun, India

Influence of Sodium Chloride on the Kinetics of Methane Hydrate Formation

in Bulk Soy Lecithin Solutions

This article presents the results of experimental studies of thermobaric conditions and the kinetics of methane hydrate
formation in bulk soy lecithin solutions (concentration 0.5 mass%), obtained in distilled and mineralized water at a
temperature of 273.2 K and driving force 4 MPa without stirring. It was observed that the addition of soy lecithin does
not lead to a shift in the water-methane hydrate-methane equilibrium curve. It was established that the presence of
NaCl leads to a 2-fold decrease in the absorption of methane into the hydrate in comparison with a soy lecithin
solution without NaCl, which may be a consequence of the precipitation of soy lecithin in mineralized solutions.

Key words: natural gas, gas transport, gas hydrate technology, methane hydrate formation, soy lecithin, NaCl

solution.

A. A. Kuokano', JI. H. Kopuneea', K. A. IInemnesa’, I. A. Kunzenv',

A. O. [Ipauyx’, I'. Ilanoeii*?, H. C. Monokumuna*

MnucruryT xprocdeps! 3emn, TroMeHcKkuii HaydHbIi eHTp CHOHpCKoro oTaeneHus PAH,
2V HuBepcuTeT HE(PTAHBIX U DHEPTEeTHIECKUX HccenoBanmii, Jlexpanyn, Muaus
alexkibkal@gmail.com

Biansinue MOBEPXHOCTHO-AKTUBHBIX BEIECTB HA KHHETHKY I'MIPATO00pPa30BaHHA

B MOPOMIKOBBIX 'MAPOre€I€BbIX CUCTEMAaX



B pabome ucciedosana kunemuxa 2uopamoodpaz08anus 8 NOPOUIKOBbIX 2UOPO2eNe8blX CUCMEMAX, HACLIUJeHHbIX
B0OHBIMU PACMBOPAMU NOBEPXHOCIHO-AKMUBHBIX GEUeCmE U CMAOUIUSUPOBAHHBIX 2UOPOPOOHBIMU HAHOUACMUYAMU.
Taxoice ObLI0 NPOBEOEHO UCCIE008aHUe CUCTEM HA CMADUTLHOCTbG 8 MHO2OKDAMHBIX YUKIAX 00pA308aHUs

u ouccoyuayuu uopama, mo eCmv Ha Ux cnocoOHOCMb COXPAHAMb UHAYAbHbBIE CKOPOCHIb U CHeneHb KOHBEPCUU
8000l 8 2UOPAM 80 BMOPOM U NOCACOVIOUUX YUKTLAX.

KioueBble cj10Ba: TPAHCTIOPTUPOBKA M XpaHEHHUE ra3a, Ta30BbIe TUAPATHL, THAPATOOOPA30BAHNE METaHa, KHHETHKA

FI/I)IpaTOO6p330BaHI/ISI, MHOT'OKPATHOC FI/I,leaTOO6paSOBaHI/I€, MOBCPXHOCTHO-aKTUBHLBIC BCIICCTBA, TUAPOTCIIb.

A. A. Kibkalo, L. N. Korneva, K. A. Pletneva, P. A. Zhingel, 4. 0. Drachuk, G. Pandey, N. S. Molokitina.

! Earth Cryosphere Institute, Tyumen Scientifc Centre, Siberian Branch of the Russian Academy of Science,

2 University of Petroleum & Energy Studies (UPES), Dehradun, India

Influence of Surfactants on Kinetics of Hydrate Formation

in Powder Hydrogel Systems

In this work, the kinetics of hydrate formation in powder hydrogel systems saturated with aqueous solutions of
surfactants and stabilized with hydrophobic nanoparticles was studied. The systems were also studied for stability in
multiple cycles of hydrate formation and dissociation, that is, for their ability to maintain the initial rate and degree of
conversion of water to hydrate in the second and subsequent cycles.

Key words: gas transportation and storage, gas hydrates, methane hydrate formation, hydrate formation kinetics,

multiple hydrate formation, surfactants, hydrogel.

M. E. Cemenoé', A. I0. Manakoe'?, A. C. Cmonopes*?3, ¥. JK. Mupzaxumos', M. A. Bapgponomeee*
'Kazanckuii (heqepanbHblii yHUBEPCHUTET,

“MucTuTyT Heopraumdeckoit xumun uM. A. B. Huxonaesa Cubupckoro oraenenus PAH, r. HoBocuoupck,
SPI'Y nedru v raza (HUY) umenu U. M. I'yOkuna,

xotoy_82@mail.ru

JlaGopaTopHasi yCTAaHOBKA M0 MOJY4eHHIO U MIPECCOBAHMIO Ia30BbIX IHIPATOB

B oannou pabome npedcmasnena rabopamophas ycmaHo8Kka no ROLYYEHUIO 24308020 2U0paAma 8 Cmamuideckux
VCA0BUAX U NPECCOBAHUIO SUOPAMHBIX NeJllle HeNnoCPeOCMBeHHO 8 CAMOM peakmope. [lannas ycmanosKa
npeOHasHaueHa O pa3padbomku 3QHeKmuHvIX MemoOUK NOJYYeHUs, HOPMOBAHUS U NOCAEOVIOUWe20 XPAHEHUS
NOJIYYeHHbIX 2a4308bIX 2UOpamos. B pabome onucambi KOHCMPYKYUOHHbIE 0CODEHHOCMU YCIMAHOBKU,
nOCAe008amenbHOCHb ONepayuti no NOAY4YeHU0 2UOpama MemaHa U SpaHyi U3z He2o, a MmaKdxice NPuseoeHbl npuMepsl
IKCNEPUMEHMATLHBIX OAHHBIX NO YCKOPEHHOM) NOJYYEeHUI0 U NPECCOBANUIO 2UOPAma MemaHa u3 pacmeopa
KUHEeMUYecKko2o npoMomopa.

KoioueBble ciioBa: Ta30BbId rupar, 1abopaTopHasi yCTaHOBKA, TUAPATHBIC TIEJUIETHI, TPOMOTOP.

M.E. Semenov!, A.Yu. Manakov!? A.S. Stoporevt?3 U.J. Mirzakimov!, M.A. Varfolomeev!
!Department of Petroleum Engineering, Kazan Federal University,

“Nikolaev Institute of Inorganic Chemistry SB RAS,

3Gubkin University,



Laboratory Unit for Producing and Pelletizing Gas Hydrates

This paper introduces a laboratory setup designed to produce gas hydrate under static conditions and to compress
hydrate pellets directly within the reactor. The installation is intended to facilitate the development of effective
methods for obtaining and storing gas hydrates. The paper discusses the design specifics of the installation, outlines
the sequence of operations for producing methane hydrate and granules from it, and provides examples of
experimental data related to the accelerated production and compression

of methane hydrate from a kinetic promoter solution.

Key words: gas hydrate, laboratory installation, pellets, promoter.
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HoBble mpoMoTOpPHI HA OCHOBE AMHHOKHUCJIOT ¥ TUMOHHOI KHCJIOTHI

17151 3¢ PpeKTUBHOTO XPaHEHHS METAaHA B BU/I€ Fa30BbIX THAPATOB

B pabome paszpabomansl Hosbie npoU3800HbIE HEKOMOPBIX AMUHOKUCIOM HA OCHOBE TUMOHHOU KUCTIOMbL, KOOPbLE
VAYUUAOmM KUHEMUKY 00pa308aHus 2uopama Memana npu HU3KuX KOHYeHmpayusx. Imu coeOuHeHuss MO2ym cmamb
NOMEHYUATbHBIMU IPOEKMUBHBIMU NPOMOMOPAMU 2UOPAMO0OPAZ06AHUSL, He 00PA3VIOUUMU NEHbl NPU U3GTEYEHUU
easa uz eudpamos. Iloxazarno, umo moougpuxayuss AMUHOKUCIOM TUMOHHOU KUCTOTOU NOGLIULAEN UX
IPPexmusHoCmy 8 Kayecmee KUHeMU4eCcKux npoMomopos 00paz08anus 2UOPAma MemaHa nNo CPAGHEHUIO € YUCMbIMU
AMUHOKUCIOMAMU. DMO NPOABTAEMCSL 8 CHUNCEHUU BpeMEeHU UHOVKYUU, BDEMEHU O0CUNCEHUS MAKCUMATbHOU
KOHBepcuu 600bl 8 2u0pam u yeeaudeHuy no2nowenus memana. Moouguxayus nopreiyuna c 06paszosanuem amuod
HOPeYUHA U TUMOHHOL KUCIOMbL CNOCOOCMBYem Y8elUuieHUu0 KOH8epCUU 00bl 8 2uopam. [l pacmeopos

¢ kouyenmpayueti 0,05% mac. konsepcus yseauuunaco Ha 5% 0o 89%, umo coomeemcmeayem noznoujenuio

0,148 mono memana na 1 monv 600vl. Taxoice npu Moouguxkayuu Hopreuyuna crudxicaemcs epems uHOykyuu 6 1,6 pas,
a 8pems 00CMUANCEHUS MAKCUMATbHOU KOHEepcuu 8 2,8 pas no cpasHenuto ¢ HemMoOUuPUYUPOBAHHLIM HOPACUYUHOM.
KiroueBnble ci1oBa: ra30BbIe THAPATHL, THAPAT METaHa, XpaHEHHE TIPUPOIHOTO Tasa, IPOMOTHPOBAHHE
THIPaTO00pa30BaHUs, AMUHOKHCIIOTHI, IMMOHHAS KHCJIOTa, KHHETHIECKUE TPOMOTOPBI, TPOMOTOPBI 00pa3oBaHMsI

TUAPATOB METaHa.
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New Promoters Based on Amino Acids and Citric Acid

for Efficient Storage of Methane as Gas Hydrates



In this study, new derivatives of some amino acids based on citric acid were developed that improve the kinetics of
methane hydrate formation at low concentrations. These compounds could be potential effective hydrate formation
promoters that do not form foam during gas extraction from hydrates. Modification of amino acids with citric acid has
been shown to increase their effectiveness as kinetic promoters of methane hydrate formation compared to pure amino
acids. This is manifested by decreased induction time, time to reach maximum water to hydrate conversion, and
increased methane uptake. For example, modification of norleucine to form the amide of norleucine and citric acid
(promotes an increase in the conversion of water to hydrate. Thus for solutions with 0.05 mass% concentration, the
conversion increased by 5% to reach a level of 89%, which corresponds to an uptake of 0.148 mol of methane per 1
mol of water. Also, for CTR+Nle, the induction time decreased 1.6-fold to 27 min and the time to reach the maximum
conversion 2.8-fold to 120 min compared to unmodified norleucine.

Key words: gas hydrates, methane hydrates, natural gas storage, promotion of hydrate formation, amino acids,

citric acid, kinetic promoters, methane hydrate promoters.
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Oco0eHHOCTH TePMOAUHAMUYECKHUX YCJI0BUH 00pa30BaHuUs M COCTAB ra3a B riipatax NpUpPOJAHOro rasa,
MOJy4eHHBIX B 32COJICHHOM XJIOPHIOM KaJbIUA TUCIIEPCHOI cpee

B pabome npusedennvi pesyivmamsl uzyyeHus mepmoOUHAMULECKUX YCA08ULL 00paA308aHUS 2UOPATNOE NPUPOOHO20
2a3a 6 OUCNEepCHoll cpede, HACLIYEHHOU B000U, pACmBopamu nOauMepos u ux cmecsamu ¢ pacmeopom CaClz,

a makaice CoCmasa 2a3a 8 NOAyYaemMvlx 8 2uopamax. Y cmanosneno, umo npupooHwlil 2az 60 8cex UCCIe008aHHbIX
cucmemax oopazyem cmecsb cuOpamos memana (2udpam Kyouueckou cmpykmypul 1; nepeas cmynens) u npupooHo2o
easa (eudpam xKyouuecxou cmpykmypwl 1l; emopas cmynens). Pagnosecnvle ycnosus oopasosanus eudpamos 6mopotu
CmyneHu cMewensl N0 mepMuyeckoll wkaie ¢ oonacmo evicokux memnepamyp na 0,5—1°C omnocumenvho
PAcuemHoll pagHOBECHOU KPUBOLU 01 UCXOOHO20 NPUPOOHO20 2A3d, BePOSIMHO IMO BbI36AHO KOHYESHMPUPOSAHUEM

6 cocmase 2uopama comono2os memana C2—Cas. Hanuuue conu CaClz npusooum k cmeweHuro pagHoeecHbix YCiosuil
00pa3oeanus 2uopamos 6mopoil CMyneHu no CPAGHEHUIO ¢ PACHeMHBIMU KPUBLIMU 6 00IACTD GbICOKUX MEMNEPamyp
U HU3KUX 0agnenut, ¢ ygeauuenuem 0oau komnonenmog C2—Ca 6 euopamax. Ocobennocmeti enusnust conu CaClz na
mepMoOuHamuyecKue Yciosus 06pazosanus 2uopamos npupooHo2o 2asd 8 OUCHEPCHOU cpede 8 CMeCU ¢ pACMBOpaMu
NOUMEPOB He 8bIAGIEHO, MAK KAK NOJYYeHHble OaHHble PABHOBECHBIX YCI08UL 00PA308aHUL 2UOPANOE NPUPOOHOZO
2a3a coenaoaiom ¢ OAHHbIMU, NOJYYEeHHbIMU Npu 0bpazosanuu euopamos 8 pacmeopax CaClz u 600bi.

KiroueBble coBa: ra30BbI€ THAPATHI, IPUPOIHBIH a3, JUCIEPCHAs Cpea, PpaCTBOPHI IOJUMEPOB, XJIOPU KAJIBLIUS.
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Features of Thermodynamic Conditions of Formation and Gas Composition in Natural Gas Hydrates Obtained
in a Dispersed Medium Salted with Calcium Chloride

Results are given for a study of the thermodynamic conditions of the natural gas hydrates formation in a dispersed
medium saturated with water, polymer solutions and their mixtures with a CaCl: solution, as well as the composition
of the gas in the obtained hydrates. It has been established that natural gas in all studied systems forms a mixture of
methane hydrates (first-stage hydrate) and natural gas (second-stage hydrate). The equilibrium conditions of the
second-stage hydrates formation are shifted along the thermal scale to the region of high temperatures by 0.5-1°C
relative to the calculated equilibrium curve for the initial natural gas, this is probably caused by the concentration of
C2>—C4+ methane homologues in the hydrate. The presence of salt CaCl: leads to a shift in the equilibrium conditions
of the second-stage hydrates formation compared to the calculated curves to the region of high temperatures and low
pressures, with an increase of the content of C2—C4 components in the hydrates. No specific influence of the CaCl:
salt on the thermodynamic conditions of the natural gas hydrates formation in a dispersed medium with a mixture with
polymer solutions was revealed, since the obtained data on the equilibrium conditions of the natural gas hydrates
formation coincide with the data obtained for the formation of hydrates in solutions of CaCl. and wate.

Key words: gas hydrates, natural gas, gas composition in the hydrate, dispersed medium, polymer solutions, calcium

chloride.
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JKcnepuMeHTAIbHOE n3ydeHue BiaussHust noHoB HCOsz™ u CI”

Ha ruapaToo0pa3oBaHue MPHUPOIHOIO raza B IOPHUCTOM cpese

B pabome uzyuenvt npoyeccvl 00pazosanus u paznodxicenus cudpamos 8 Cucmemax npupoorvlil 2as — necoxk — 5% mac.
pacmeop NaHCO3 u npupoounsiii 2az — necox — 5% mac. pacmsop NaCl memoodom ougpgpepenyuanvrozo
MepMU4ecKo20 aHanu3a npu Havarbuslx oasnenusx 2asa om 3 0o 9 Mlla. Onpedenenvl pagrnosecHble YCio8us,
IHMATLNUU OUCCOYUAYUY U KUHEMUYeCKUe NApamempbl Rpoyecca 00pasoeanus cuopamos.

Ipoyecc cudpamoobpazosanusi 6 cucmeme, cooepicawyeti pacmeop 2UOPOKApOOHAMA HAMPUsL, XAPAKMEPUIYEMCSL
bosee 8bICOKUMU MEMREPAMYPAMU U HUSKUMU OABNIeHUAMU, a makdxice bojiee 8blCOKUMU KUHEMUYeCKUMU
XapakmepucmuKamy no CPAGHeHUio ¢ CUCIMEMOLL C XI0PUOOM HAMPUA NPU 0OUHAKOBOU KOHYEHMPAYUU PACHEOPO8.
Tokaszano, umo 0OHUM U3 PaKmopos, BIUAIWUX HA 00PA308aHUe 2UOPATNO8 8 UCCLEO08AHHBIX CUCTNEMAX, ABIAEHIC
cocmae pacmeopos. Ycmarnoseneno bonee cuivhoe cmpykmypooopazyiowee deticmsue uorna HCO3™

no cpasnenuio ¢ uonom Cl°, umo u vizvieaem paznuyy 6 mepmoOUHAMUYECKUX YCLOBUSX U KUHEMUYECKUX
napamempax 2uopamoodpas0e8anusi NPUPOOHO20 2a3d 6 HOPUCHOTU cpede.

KiioueBble ¢j10Ba: TUIPATHI TPUPOJTHOTO Ta3a, KBAPIEBbINA MECOK, THIPOKAPOOHAT U XJIOPHUI HATPHUS, KHHETUYCCKHUC

napaMeTpsl 00pa3oBaHUs TUAPATOB, CTPYKTYpa BOJBI, CTPYKTYPOOOpa3oBaTeib, CTPYKTYpOPA3PYIIUTEb.
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Experimental Study of the Influence of HCOs~ and CI~ lons

on Natural Gas Hydrate Formation in a Porous Medium

The processes of hydrate formation and decomposition in natural gas — sand — 5% wt. NaHCO3 solution and natural
gas — sand — 5% wt. NaCl solution systems were studied by differential thermal analysis at initial gas pressures
ranging from 3 to 9 MPa. Equilibrium conditions, the enthalpy of dissociation and the kinetic parameters of the
hydrate formation were determined. It was found that the process of hydrate formation in a system containing sodium
bicarbonate solution is characterized by lower pressures, higher temperatures and kinetic characteristics compared to
systems with sodium chloride solutions at the same solution concentrations. This suggests that the composition of the
solution has a significant effect on hydrate formation within the studied systems. A stronger structure-making effect of
the HCOs~ion has been established compared to the CI- ion, which causes a difference in thermodynamic conditions
and kinetic parameters of the natural gas hydrate formation in a porous medium.

Key words: natural gas hydrate, quartz sand, bicarbonate and sodium chloride, kinetic parameters of hydrate
formation,

water structure, structure maker, structure breaker.
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H3yueHue BIUSIHUS POMOTOPOB HA MPOIeCC 00pa30BaHNs THAPATA MOMYTHOTO HEQTIHOTO raza

B CTATHYECKHUX YCJIOBHIX

B smou pabome sxcnepumenmanvho ucciedosan npoyecc oopazosanus cuopama nonymHozo Hegpmanoeo eaza (I1HI')
U3 3aMOPOAHCEHHBIX PACMEOPO8 8 NPUCYMCIEUU NPOMOMOPOS (000eYULcyibpam Hampusl U mpu-cyrb@uposanHoe
KACmoposoe Macio) 6 CMamudeckux ycnosusx. Mzyuenue nposoounocs ¢ nOMoubio memooa ougghepenyuanivhou
cKkanupyiowetl Kaiopumempuu. Ananuz pazoevix usmeHenull (KPUCMAIIU3ayust 160a u/uiu 2UOpamd, COBMeCmHoe
niasienue 1b0a u 00paz0eanue 2UOpPama) u SU3YAIU3AYUsL NPOYeCca POPMUPOSAnUsL 2UOPAma cnocobcmeosanu
onpedenenuio Gakmopos, 6IUAIOWUX HA uHmencugHocms pocma cuopama ITHI 6 uzyyaemvix ycrosusx. Ilokazano,
umo 6 cayyae eudpama ITHI nanuyue u mun npomomopa oxazvleaiom pewaioujee eIusHue Ha CKopocms pocma
2UOpamos, mo20a Kax nPomoKoJ ux HOIYYeHuUss Goablue 6IuUsem Ha B0CHPOU3800UMOCHTb NPOYeCCd.

KiioueBble cj10Ba: Tra30BbIe THAPATEHI, IJIABJICHUE JIbJA, OMYTHBIN He(TIHOI ra3,

MIPOMOTODEI, MU epeHITnanbHas CKAaHUPYIOIIast KaTIOPUMETPHSI.
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Effect of Promoters on the Formation of Associated Petroleum Gas Hydrate

under Static Conditions



This study investigated the formation of associated petroleum gas (APG) hydrate from frozen solutions of promoters
(sodium dodecyl sulfate and trisulfonated castor oil) under static conditions. The experiment utilized differential
scanning calorimetry to analyze phase changes, such as ice crystallization, hydrate formation, and joint ice melting
and hydrate formation. The visualization of the hydrate formation process helped identify factors that influence APG
hydrates' growth under the given conditions. The study concluded that the type and presence of promoters
significantly affect the growth rate of hydrates, while the preparation protocol has a greater impact on the
reproducibility of the process.

Key words: gas hydrates, ice melting, associated petroleum gas, promoters, differential scanning calorimetry.
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