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M. C. Kyopsasueea?, A. H. llemyxo6?*, /I. H. Illabnvikun?, E. A. Cmenanosa®>,

A. B. Bopomvinuyes®, B. M. Bopomuvinyee®

'Huxeroposckuii rocyjapcTBeHHbINH TexHU4IecKHit yHuBepcuteT uMm. P. E. Anekceesa,

2HuskeropoIcKuii rocy1apcTBeHHbli yausepeureT um. H. U. Jlo6auesckoro,

3Poccuiickuit XuMuKO-TeXHOTOrHueckuii yuusepcuteT um. J1. V. Menneneesa,

kudryavtseva.m.s@yandex.ru

Pa3jenenne npupoaHOro raza TexHoJ0ruei ra3oruipaTHOM KPUCTANIM3AUMU: pacyeT Ko3¢GpuuueHTon
ra3orupaTHOrO pacnpeaeaeHust

B pabome paccmompena 603modcnocms pazoenenus npupoono2o 2aza Opendypeckoco MecmopoicoeHuss no
MEXHONIO2UU 2A302UOPAMHOU KPUCIAIUZAYUL C Yelblo OYUCMKU MemaHa om npumeceli. Mamemamuuecku
CMOOEIUPOBAHO IUAHUE COCTNABA CMECU, MeMNepamypbl U 0delIeHUs Npoyecca Ha dPdexmusHocms pasdeneHus
emecu CHa— CoHs — CsHs — i-CaH10— #-CaHi0— CsHi2— N2— H2S — CO2. Dghpexmusnocmo onpedensinacy na
OCHOBAHUU KOIDPuyuenmos 2azocudpamuozo pacnpedenenus. Iloxazano, ymo co epemenem IKCNayamayuu

Mecmopodxcoenus Kodgh@uyuenm 2a302udpamuo2o pacnpeoeneruss 0isi Memana U3MeHUICs He3HAYUMENbHO U
cocmasuin menee 1. Yemanoeneno npeumywecmeaennoe xonyenmpupoganue CHa, n-CaHio, #-CsHiz, N2, CO2

6 easzosoui gpasze u C3Hs, 1-CaHwou H2S — 6 cazocudpammoii. B uccneooeannom unmepeane 3HaueHutl memnepamypul u
dasneHus yCmanosien MaKCuManibHolll Kodguyuenm 2azo2udpamuo2o pacnpeoeietus npu memnepamype
268,15 K u dasnenuu 8 MIla ons C3Hs, i-CaHuo, H2S, pasnviii 32,32, 44,66, 31,61 coomeemcmeenno.

KiroueBble cj10Ba: ra3oBEIC TUApPATHI, KOB(I)(I)I/ILII/ICHT ra3oruipaTHoOro pacupeaciicHus, HpHpO,I[HI:IfI ra3, ME€TaH.
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M. S. Kudryavtseval?*, A. N. Petukhov?3, D. N. Shablykin?, E. A. Stepanova??,

A. V. Vorotyntsev?, V. M. Vorotyntsev?

INizhny Novgorod State Technical University n.a. R.E. Alekseev,

2|_obachevsky State University, Nizhny Novgorod,

*Mendeleev University of Chemical Technology of Russia, Moscow

Natural Gas Separation by Gas Hydrate Crystallization Technology:

Calculation of Gas Hydrate Distribution Coefficients

This work considers the possibility of separating the natural gas from the Orenburg field using gas hydrate
crystallization technology to purify methane from impurities. The effect of the mixture composition, process
temperature, and pressure on the separation efficiency of the gas mixture CHs— C2He— CsHs— i-CsH10— #-CaH10—
CsHi12— N2—H2S — CO2was mathematically modeled. Efficiency was determined based on gas hydrate distribution
coefficients. It was shown that the CH4 gas hydrate distribution coefficient varied insignificantly with the field
operation time and amounted to less than 1. The predominant concentration of CHas, n-CsH1o, n-CsH12, N2, COzin the
gas phase and CsHs, i-CaH10, H2S in the gas hydrate phase was established. In the studied temperature (268.15-
283.15 K) and pressure (2.00-8.00 MPa) ranges, the maximum gas hydrate distribution coefficient of CsHs, i-C4Huo,
and HzS was foundto be 32.32, 44.66, and 31.61, respectively, at 268.15 K and 8 MPa.

Key words: gas hydrates, gas hydrate distribution coefficient, natural gas, methane.
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A. II. Cemenos’, T. b. Tynezenos', P. H. Menozasues', A. C. Cmonopes*?, B. A. Hcmomun*®, B. A. Bunoxypog*
PT'Y nedru u raza (HY) umenu U. M. I'y6kuna,

?KasaHckuii GeepanbHblil yHUBEPCHUTET,

3CKONKOBCKMII MHCTUTYT HAYKH M TEXHOIOTHIA

semenov.a@gubkin.ru

Biausinue MeTaHoJIa HA KHHETUKY HYKJI€AIMU U POCTA rHpPaTa MeTaHa

B pabome sxcnepumenmanvro ucciedosana KUHEMuKa HyKieayuu U pocma euopama Memana 6 NPucymcmeuu
B00HBIX pacmeopos memanona konyewmpayueti 0; 1; 2,5; 5; 10 u 20% mac. Ycmarnosneno, umo 0obasieHue
MEMAHOAA CMAMUCIMUYECKU SHAYUMO YMEHbULAEM NepeoXadcoeHue Havana 2uopamooobpazosanus memana ATo

oaoice npu HU3KUX KoHyenmpayusx. Beauuuna ATo ymenvuwiaemes 6 nams pas npu nepexooe om 600bl

K 20% mac. memarnona. OOHAPYIHCEHO, YMO C POCTOM COOEPAHCAHUSL CNUPMA HADTI00AeM s KOPPensiyus, CEA3AHHAS C
VeenuyeHueM KOIuuecmea uopama 6 KoHye cmaouu oxaadxcoenus. Jlobasnenue Memanoia K 800e maxaice nogviuaem
ckopocms pocma eudpama memana. Ilonyuennvie IKcnepumMeHmalbHvle OaHHble YKA3bI8AIOM HA POTb MEMAHONA KAK
NpOMOMOpA HYKIeayuu u pocma 2uopama Memand, a maxice CeudemebCmayiom 0 080LUCMBEEHHOU NPuUpooe
MemaHoaa, KOMopwiti 0OHOBPEMEHHO A6 MEPMOOUHAMUYECKUM UHSUOUMOPOM 2A308bIX 2UOPAMOE.

KiueBble ci1oBa: THapaT METaH, METAHOJI, KHHETHUYECKHI TIPOMOTOP

rUIPaToo0pa3oBaHusl, HyKJIealus, IePEeOXIKICHAES, KPUCTAILTU3AIHS.

DOI: 10.32935/0023-1169-2023-638-4-8-13

A. P. Semenov®’, T. B. Tulegenov?, R. I. Mendgaziev?, A. S. Stoporev*?, V. A. Istomin!?, V. A. Vinokurov!

! Gubkin University,

2 Kazan Federal University,

% Skolkovo Institute of Science and Technology (Skoltech)

Effect of Methanol on Methane Hydrate Nucleation and Growth Kinetics

In the present work, we experimentally investigated the nucleation and growth kinetics of methane hydrate in the
presence of agueous methanol solutions at alcohol concentrations of 0, 1, 2.5, 5, 10, and 20 mass %. It was found that
the addition of methanol statistically significantly reduces the supercooling of the methane hydrate onset ATo even at
low concentrations. The value of AT, decreases by a factor of 5 when transitioning from water to 20 mass% methanol.
We have observed that as the alcohol content increases, there is a correlation with an increase in the amount of
hydrate at the end of the cooling stage. Adding methanol to water also increases the rate of methane hydrate growth.
Thus, our experimental data indicate the role of methanol as a kinetic promoter of methane hydrate nucleation and
growth, and the dual nature of methanol which is also a thermodynamic hydrate inhibitor.

Key words: methane hydrate, methanol, kinetic hydrate promoter, nucleation, supercooling; crystallization.

. O. I'nezounoe, P. C. Ilagenves, K. I'. Caouxkos, M. E. Cemenos, M. A. Bapghonomees
Kazanckwuii (henepanbHbI yHUBEPCUTET,

rpavelyev@gmail.com

CuHTe3 HHru0UTOpPa rUAPATOOOPA30BAHUS HA OCHOBE BOJOPACTBOPUMOIO IOJHMYPeTaHA

B PEaKTOPaX HeNPEPHIBHOIO U MEPHOIMYECKOTO JeficCTBHS


mailto:semenov.a@gubkin.ru
mailto:rpavelyev@gmail.com

Jannas paboma nocesauena cunmesy u ONMUMUZAYUY MEXHOIOSUY NOTYYEeHUs UHSUOUMOpa 2udpamoodpazo8aHus.
HU3KOU 003UPOBKU HA OCHOBE KIACCA 8000PACMBOPUMbBIX NOIUYPEMAHO8. [{1a onmumMuzayuu cunme3a uHaubumopa
HEeKomopble MOHOMEPbL 3aMeuierbl Ha UMNOPMOoHe3asucumbie u bonee deulesvie peazenmul. Anpoouposarnvl 08a
Cnocoba noaumMepu3ayun. 8 peakmopax HenpepvleHO20 U NepuooUYecKo2o oeticmeust. [lia MoOeruposanus yCcioeuu
Henpepvi8HO20 CUHME3a CKOHCMPYUPOBAHA 1aO0PAMOPHAS NPOMOYHAS YCINAHOBK.

KaroueBsble c10Ba: r1a30BbIe IUIPAThl, KKHETUYECKHE HHTUOUTOPHI THAPATOO0Opa30BaHMUS,

BOJIOPACTBOPUMBIE MOJUYPETAHbI, PEAKTOPHI HEMPEPHIBHOTO U TIEPHOINIECKOTO AEHCTBUSI.

DOI: 10.32935/0023-1169-2023-638-4-14-18

D. O. Gnezdilov, R. S. Pavelyev, K. G. Sadikov, M. E. Semenov, M. A. Varfolomeev

Kazan Federal University

Synthesis of Hydrate Inhibitor Based on Waterborne Polyurethane

in Batch and Flow Reactors

This work is focused on the synthesis and optimizing technology for obtaining a low-dosage hydrate formation
inhibitor based on a class of waterborne polyurethanes. In order to optimize the synthesis of the inhibitor, some
monomers were replaced by import-independent and lower priced ones. Two methods of polymerization were tested,
namely in batch and flow reactors. A laboratory flow unit was designed to simulate the conditions of continuous
synthesis.

Key words: gas hydrate, kinetic hydrate inhibitors, waterborne polyurethanes, batch and flow reactors.

U. K. Heanoesa, JI. I1. Kanauesa, A. C. I[lopmnusazun, B. K. Heanos, A. P. Byonosa, K. K. Apzynoea

HNucTuTyT npobnem HedTH U raza Cudbupckoro otaenenus PAH —

ob6ocobmennoe moapazaeneane OUILL SAHIL CO PAH, r. SIkyTck

iva-izabella@yandex.ru

JKCNepUMeHTATbHbIE HCCIETOBAHNA TMPATO00PA30BAHMS PHUPOIHOIO ra3a

B MOPHUCTOH cpelie B MPHCYTCTBHU PACTBOPOB XJIOPH/IA H THAPOKAPOOHATA HATPHUS

B pabome npusedenvi pezyivmamol uzyueHus 00paz08aHusl U pazionHceHus cuopamos npupooHo2o 2aza 6 K8apyeaom
necke 8 nPUCYmcmeuu npecHoll 600bl, pacmeopos euopokapoonama (0,25 u 2% mac.) u xropuoa nampus (5% mac).
Buibpanuvie pacmeopwt sa61s10mcst Modeasmu nIaACmMo8ulx 600 HOOMEP3TOMHBIX 6000HOCHBIX 20pU30HMOo8 Buntotickoii
cunekausvl. Mccredosanue nusHUus NOPUCMotl cpedsl U 3ACOIeHHOCMU HA 06pa308anue euopamos npo8oouLoCh
MeMoOoM OupGepeHyuUarbHo20 MepMUecko20 aHAIU3A NPU HauyarbHom oastenuu 2asa om 4 0o 7 MIla. Onpedenenbi
PABHOBECHbLE YCI0BUSA U KUHemuidecKue napamvempsl 0opazosanus 2udpamos. Kunemuyeckue napamempuol
2u0pamoodpa308anUs 8 NOPUCIMBIX CPEOAX 8 3ABUCUMOCTIU OM 3ACONEHHOCTNU U NPU KAHCOOM 3HAUEHUU HAYATbHO20
OasieHust yMeHbuaomces 8 ciedyiowetl nociedosamenvrhocmu: 0,25% mac. NaHCO3 n H20 >

2% mac. NaHCOs3> 5% mac. NaCl. Hccnedosarna cmabunbHoCmy 2u0pamos, Noiy4eHHbIX 8 NOPUCTHBIX CPedax

C PA3TUYHOU 3ACONEHHOCMbIO. Y CIMAHOBIeHO, YMO C Y8eruyeHUueM KOHYEHMpPayuu coau 8 pacmeopax

CMAbUILHOCMb 2UOPAMO8 8 NHOPUCHBIX CPEOAX YMEHbUIAEMCA.

KiroueBnble ci10Ba: ra30BbIC THAPATHI, KBAPIICBBIN MIECOK, THAPOKAPOOHAT U XJIOPH] HATPHS,

TU( G epeHITHaIbHbI TEPMUYCCKUI aHAIN3, KHHETUYECKHUE TTapaMeTPhl 00pa30BaHusl U Pa3JI0KEHUS THIPATOB.

DOI: 10.32935/0023-1169-2023-638-4-19-23
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I. K. Ivanova®, L. P. Kalacheva, A. S. Portnyagin, V. K. Ivanov, A. R. Bubnova, K. K. Argunova

Institute of Oil and Gas Problems of the Siberian Branch of the Russian Academy of Sciences,

Federal Research Center Yakut Scientific Centre SB RAS, Yakutsk

Experimental Investigations of Natural Gas Hydrate Formation

in a Porous Medium in The Presence of Sodium Chloride and Bicarbonate Solutions

The paper presents the results of investigation of the natural gas hydrates formation and decomposition in quartz sand
in the presence of fresh water, sodium bicarbonate (0,25 and 2 mass%) and chloride (5 mass%) solutions. The selected
solutions are models of stratum water of subpermafrost aquifers of the Vilyui syneclise. The study of the porous
medium and salinity influence on the hydrate formation was carried out by differential thermal analysis at initial gas
pressures from 4 to 7 MPa. Equilibrium conditions and kinetic parameters of the hydrate formation were determined.
The kinetic parameters of the hydrate formation in porous media, depending on salinity and at each value of the initial
pressure decrease in the following sequence: 0,25 mass% NaHCOs n H20 > 2 mass% NaHCOs > 5 mass% NaCl. The
stability of hydrates obtained in porous media with different salinity has been studied. It has been established that the
hydrates stability in porous media decreases with an increase of the solution concentration.

Key words: gas hydrate, quartz sand, sodium bicarbonate and chloride, differential thermal analysis,

kinetic parameters of hydrate formation and decomposition.

A. C. Ilopmuszun®, H. K. Heanoea®, JI. Il. Kanaueea', B. B. [lopmnazuna®

Mucturyr npobnem vedry u raza Cudupckoro oraenenns PAH —

obocobnenHoe noapasnenenue GUI AHI[ CO PAH, r. Skytck,

2 CeBepo-Bocrounblii (penepanbublii ynusepcureT um. M. K. AMMocoBa, T. SIKyTck,

al220282@mail.ru

H3y4yenue npoueccoB 00pa3oBaHus rHApPaTa NPUPOIHOIO ra3a B MOPHUCTOM cpee

U3 CMeCH PacTBOPOB MOJUMEPOB ¢ HePTHIO

B cmamve npedocmasnenvt pesynvmamul uccie008anHuUll pasHOBECHLIX YCI08UU U KUHEMUYECKUX XAPAKMEPUCTIUK
npoyeccos 0o6paz06anus cuopama NPUPOOHO20 2a3a 6 CUCMeMax HopuUcmas cpeoa — 600a — NOAUMEP — XJI10pUo
Kanbyusi — He@pmov 8 CIMAMuYeckux yCiogusax. YCmanosneno, umo npu 6bl0paHHbIX NApaAmMempax IKCnepumMenma 8
U3YUAeMbIX CUCHEMAax 00pa3yemcs cmech 2u0pamos Memana u npupooHozo 2asa. Ilpucymcemesue neghpmu

8 PeaKYUOHHOU cucmeme 8 npedenax nocpeuHoCmuy He NPUBOOUM K CMeWeHU0 PABHOBECHbIX YCI08UL 00pA308aHUs
2a308bIX 2UOPAMO8, HO NPU IMOM CHUNCAEm CKOPOCHb 2UOPAMO00PA308aHUA U OOCIUNCUMYIO KOHBEPCUIO 800l 8
euopam. Ipucymemeue conu CaClz 6 cucmeme npugooum x cmeujenuio pagHO8eCHbIX YCA08ULl 2UOpaAmooopa3o8anus
6 obnacms HU3KUX Mmemnepamyp. Bauanue Xiopuda Kaivyus Ha KUHEMUKY 8 cucmeme 6e3 noiumepos umeem
IKCIMPEMATbHYIO 3A8UCUMOCTNb U NO3BOIAEH] YBEIUUUNMb CKOPOCHb HO2TOWEHUS 2434 8080€ NPU KOHYEHMPAayuu

50 2/n. [lobasnenue 6 cucmemy noaumepos (ROIUAKPULAMUO, HAMPUEBAsL CONlb KaAPOOKCUMEMUNYEILII0L03bL UL
NOIUIMUTIEHSTIUKOIIb) NPUBOOUM K HUBeAUposanuio d¢pghexma conu. Ilonyuennvle oannvle Mocym Oblmb noae3Hbl NPU
paspabomke peazeHmog 0Jisi NOTUMEPHO20 3A800HEHUS HeMAHO20 Naacma npu 000bive Hepmu 8 YCa08UAX

CMAbUTLHOCIU 2A308bIX 2UOPATNOE.
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KarwueBble cioBa: ra3oBble THAPATHI, TUPPEpeHINATBHBIN TEPMUYECKUI aHAIN3,
pacTBOPHI MOIUMEPOB, HEPTh, IOPUCTAS CPEAA, XIOPUA KaTbLIUI
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Studying the Formation of Natural Gas Hydrates in a Porous Medium

from a Polymer — Solution — Oil Mixture

The article presents the results of studies of equilibrium conditions and kinetic characteristics of the processes of
formation of natural gas hydrate in systems of porous medium — water — polymer — calcium chloride — oil under static
conditions. It has been established that, formation of methane and natural gas hydrates mixture occurs in the systems
under study. The presence of oil in the reaction system does not affect the equilibrium conditions of the gas hydrates
formation within the error but reduces the hydrate formation rate and water-to hydrate convertion. The presence of
the CaClzsalt in the system shifts the equilibrium conditions of hydrate formation to the region of low temperatures.
The effect of calcium chloride on the kinetics in a system without polymers has an extreme dependence and makes it
possible to double the gas uptake rate at 50 g/L. The addition of polymers (polyacrylamide, sodium carboxymethyl
cellulose, or polyethylene glycol) to the system suppresses the salt effect. The data obtained can be useful in the
development of reagents for polymer flooding of an oil reservoir during oil production under conditions of gas
hydrate stability.

Key words: gas hydrates, methane, differential thermal analysis, polymer solutions, oil, porous medium, calcium

chloride.

K. A. IInemnesa’, A. A. Kuoxano', IT. Kunzenv', A. O. [pauyx?, I. llanoeii*?, H. C. Monokumuna®

! ncturyT xpuocdepst 3emu TromeHcKkuit Hay4HbIii enTp Cubupckoro otaenenus PAH,
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O0pa3oBaHue ruipaTa MeTaHA B 3aMOPOKEHHBIX MOJIOTBIX PACTBOPAX COEBOI0 JeLUTHHA

B pabome npeocmaenenvl pezyromamuol uccie008aHull KUHEMuUKYU 00paz08anus 2uopama Memana

U3 3AMOPOACEHHBIX MOJIOMBIX PACMBOPO8 COe8020 aeyumuna (pazmep yacmuy 80—140 mxm) ¢ Konyenmpayusimu om
0,1 0o 1% mac. npu memnepamype 273,2 K u nauanvrnom oasnenuu oxono 5 MIla 6e3 nepemewueanus. B xooe
pabomwl ObLIO YCMAHOBIEHO, YMO Haauyue 000aBKU COe8020 NeYUMUHA 8 3AMOPONCEHHBIX MOJIOMbIX PACMEOPAX
NPUBOOUM K Y8ENUYEHUI0 CIENeHU KOHBEPCUU 800bl 8 2UOPAm NPUMEPHO 8 08a pa3a NO CPABHEHUIO C MOIONbIM
avoom. Onucansl npednonazaemvie MEXAHUZMbL NPOMOMUPOBAHU 00PA308AHUS 2UOPAA MEMAHA 8 3AMOPONCEHHBIX
MONIOMBIX PACMBOPAX COEB020 eYUMUHA C UCNOIb30BAHUEM MEMOO008 A0EPHO20-MASHUMHO20 PEe30HAHCA,
BUCKO3UMEMPUU U ONTNUYECKOU MUKDPOCKONUU.

KaroueBsble ci1oBa: ra3oBble THAPATHL, TPAHCIIOPT U XPaHEHUE Ta3a, METaH, OnopasiiaraeMsblii TPOMOTOP,

COEBBIH JICIIUTHH, TOBEPXHOCTHO-aKTUBHOE BEIIECTBO, MOJIOTHIH JIEI.
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Methane Hydrate Formation in Particles of Frozen Soy Lecithin Solutions

This study presents the experimental investigations on the kinetics of methane hydrate formation from frozen ground
solutions (particle size 80-140 microns) of soy lecithin additive with varying concentrations from 0.1 to 1 mass% at 5
MPa and 273.2 K in an unstirred condition. It has been observed that the presence of soy lecithin additive enhances
the degree of water-to-hydrate conversion by about twice compared to ground ice. The proposed mechanism of
methane hydrate promotion in frozen ground soy lecithin solutions using nuclear magnetic resonance, viscometry and
optical microscopy have been discussed in detail.

Key words: gas hydrates, gas transportation and storage, methane, biodegradable promoter,

soy lecithin, surfactant, ice powder, NMR.
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IMepcneKTUBBI UCTOJIL30BAHMS OPOIIKOBBIX THAPOTeIeBbIX CHCTEM

JJISl TPAHCIIOPTHPOBKH ra3a B THIPATHOM COCTOSIHHH

B pabome uzyuena xunemuxa 2uopamoodpaz08aniist 8 NOPOUKOBLIX 2UOPOELeEblX CUCMEMAX, CMADUTUIUPOBAHHBIX
2uopodobuvimu Hanouacmuyamu npu memnepamype 273,2 K u navanvorom dasnenuu okono 5 Mlla. Hccredosano
GIUSHUE COCMABA 80OHOU (a3bl, UCNOIB308ABULENCS OJIsL HACIUEHUS 2UOPO2eNs, HA KUHEMUK) 2UOpamoodpasoeanusl.
Hccnedosana cmabunvnocmy cucmem 6 Yukiax oo6pasosanus u OUCCoyuayuu 2uopamos, m.e. ux ChocoOHoOCmb
COXPaHAMb CKOPOCMb U CMeNnelb KOHBEPCUU HA BbICOKOM YPOBGHE NPU MHOZOKPANHOM NOSMOPHOM UCHOb308AHUU.
KiroueBrble ci10Ba: TpaHCIOPTUPOBKA ra3a, XpaHEHUE ra3a, ra30BbIe THAPATHI, METaH,

KUHETHKA THAPATOO00pa30BAHNS, THIPOTEIb
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Prospects of Using Powder Hydrogel Systems for Gas Transportation in Hydrate State

This paper studies the hydrate formation kinetics at 273.2 K and an initial pressure of about 5 MPa in powder
hydrogel systems stabilized by hydrophobic nanoparticles. The influence of composition of the aqueous phase used to
saturate the hydrogel on hydrate formation kinetics was investigated. The stability of the systems in hydrate
formation — dissociation cycles, i.e., their ability to maintain the hydrate growth rate and water-to-hydrate

conversion at a high level in multiple reuses, was also assessed.
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Key words: gas transportation, gas storage, gas hydrates, methane, hydrate formation kinetics, hydrogel.

M. II. Maowvicynoe
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marat747@gmail.com

Biausinue moJIMBUHWINMPPOIUIOHA HA 3P PeKT CAaMOKOHCEPBALIMU I'MIPaTa NIPoNaHa

IIpedcmasnenvl dxCnepuMeHmaibHble OaHHbIE N0 OUCCOYUAYUU 0OPA3Y08 2UOPAMA NPONAHA, NOTYYEHHBIX U3
00beMHbIX 00pA3Y08 N1bOA U 3AMOPONCEHHBIX BOOHBIX PACMBOPO8 NONUSUHUTRUPPOAUOOHA. OOHapydICceHo, Ymo 8
NPUCYmMCcmeuy NOTUSUHUINUPPOIUOOHA, NPU pe3KoM copoce dasnenus, 6 ooracmu memnepamyp Hudxce 271 K,
Hab00aemcest AHOMAIbHO HUSKASL CKOPOCHb OUCCOYUAYUY 2UOpama nponana (3gpgpexm camokouncepsayuu).
Pezynvmamul sxcnepumenmos no3eoaunu ycmanosums Ouana3on KOHYeHmpayuu nOIUSUHUINUPPOIUOOHA 8
3AMOPOANCEHHBIX BOOHBIX PACMEOPAX, A MAKICE OYEHUMb MOIUUHY KOPKU 160d, CHOPMUPOBAHHYIO HA NOBEPXHOCMU
2a308020 2udpama 8 npoyecce OUCCOYUAYUY, nPU KOMOPsIX pearuzyemcs dghgexm camoxoucepsayuu suopama
nponana. DKCNepuMeHmaibHO YCMAaHo8IeHo, Yo IKpaHupyroujee oeticmaue KopKku 1b0d 3aKOHCEPEUPOBAHHO20
2uopama nponana coxpamsemcs 0o memnepamypul 272 K u nonnocmoio ucuezaem npu 273 K.

KiroueBble ci10Ba: ra30BbIi MUIPaT, MPOMaH, MOJMBUHHINKUPPOIUIOH, 3)(HEKT caMOKOHCEepBaLHH.
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Influence of Polyvinylpyrrolidone on the Self-Preservation Effect

of Propane Hydrate

Experimental data on the dissociation of propane hydrate samples obtained from the bulk samples of ice and

frozen aqueous solutions of polyvinylpyrrolidone are presented. It was revealed that propane hydrate exhibits a
self-preservation effect, with a meager dissociation rate when subjected to a sudden drop in pressure in the presence
of polyvinylpyrrolidone . This phenomenon occurs at temperatures below 271 K. The results of the experiments made
it possible to establish the range of polyvinylpyrrolidone concentration in frozen aqueous solutions, as well as
estimate the thickness of the ice crust formed on the gas hydrate surface during dissociation, at which the self-
preservation effect of propane hydrate is realized. It has been experimentally established that the shielding effect of
the ice crust of preserved propane hydrate is retained up to a temperature of 272 K and completely disappears near
273 K.

Key words: gas hydrate, propane, polyvinylpyrrolidone, self-preservation effect.
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Ioay4yeHnue u UCc/ieIOBAHUE CBOICTB CYJIb(OCYKIIMHATOB UKJINYECKUX CITHPTOB

AJist IPUMECHEHUA B TCXHOJIOI'MM XPAaHCHUA U TPAHCIIOPTUPOBKHU ra3a B FI/IIlpaTHOi/i (bopMe
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IIposeden cunmes psaoa cyib@oCyKYuHamos YUKIUUecKux CRUpmo8 u npeocmasieHvl pe3yibmamsl UCCAe008aHUs

UX GIUAHUS HA KUHEMUKY 00pA308aHUs 2UOPAmMa MemaHa 8 démoKiaeax 8blcoKo2o 0agienus. Paccmompeno enusnue
CMPYKMYPbl UCHBIIMYEMbIX COeOUHEHUL Ha NeHO0Opa308anue, pems UHOYKYUU U KOHBEPCUIO 800bL

6 euopam @ cpasHenuu ¢ dodeyuicyroamom Hampus. [100pobHO npedcmasien npoyecc noIy4eHUs UCHONb3YEeMbIX
seujecms. Buisigneno, umo pocm pazmepa yuknoankuinvrozo gpazmenma c¢ Cs 0o Crnpusooum K Hekomopomy
VCKOpeHuio HyKieayuu u pocma 2uopama Memana, mo20a Kak nepexoo K Yyukiy, cooepacawemy 8 amomos y2nepood,
NPUBOOUM K CHUIICEHUIO npomomupyrowe2o d¢gexma. Iloxkazano, umo 3gghexm cunme3uposanHvlx cOeOUHeHUll Ha
YcKopeHue 0bpazosanue 2a308bix 2u0pamos CONoCMaguM ¢ Mako8biM 0Jis 000eyunIcy1b@ama Hampus npu 1y 4uiux
IKCNIYAMAYUOHHBIX XAPAKMEPUCTNUKAX NPEOTIONHCEHHBIX PeazeHmos (He cnocobcmeyom neHooopaz08anuio).
KroueBble cjioBa: ra3oBble THAPATHI, METaH, XpPAaHCHHE ra3a, IPOMOTHPOBAHUE THAPATOOOPAa30BAHUS,
CYJb(GOCYKIMHATBI )KUPHBIX CIIUPTOB.
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Synthesis and Investigation of the Properties of Cyclic Alcohol Sulphosuccinates

for Hydrate-Based Gas Storageand Transportation Technology

The article presents the synthesis of several cyclic alcohol sulfosuccinates and the study results of their influence on
the kinetics of methane hydrate formation in high-pressure autoclaves. The effect of the structure of the tested
compounds on foaming, induction time, and water-to-hydrate conversion is considered in comparison with sodium
dodecyl sulfate. The process of obtaining the substances used is presented in detail. It was found that an increase in
the size of the cycloalkyl fragment from C5 to C7 leads to some acceleration of the nucleation and growth of methane
hydrate. In contrast, the transition to a cycle containing eight carbon atoms decreases the promoting effect. It is
shown that the impact of the synthesized compounds on accelerating the formation of gas hydrates is comparable to
that for sodium dodecyl sulfate. At the same time, the proposed reagents possess better performance characteristics
(do not contribute to foaming).

Key words: gas hydrates, methane, gas storage, hydrate promotion, fatty alcohol sulphosuccinates.

A. K. Cazuoynnun'?, A. 0. Manaxoe*?

MncruryT Heopranuueckoit xumun uM. A. B. Hukonaesa Cubupckoro otaenerus PAH, Hopocubupck

?Kazanckuii eaepanbHblil yHUBEPCUTET

sagidullin@niic.nsc.ru

Oco0eHHOCTH POCTa MJIEHOK Ia30BOT0 THAPATa HA IPaHUILE 5KH/IKOT0 YIJIEKHCJI0I0 ra3a ¢ BoAo

U PacTBOPOM AoJenuicyibdara HATPpUs B Te(JIOHOBOM U CTAJIbHOM KIOBETaX

B pabome uzyuenvt ocobennocmu pocma euOpamuou nAeHKU HA epanuye pazoend HHCUoOK020 YeleKuciozo 2asa ¢
yucmotl 000U U pacmeopom dodeyuicyivgama nampus. OOHAPYIHCEHO, MO 8 MedLOHOBOU KI0GEme 80 8CeX CYUAsX
npoucxooum obpazosanue cuOPAmHoOU NIeHKU HA NOBEPXHOCIU KOHMAKMA JICUOKUX (a3, nocie ue2o 8UOUMbIX
uMeHeHUll He Hab0aemcs HeonpeoeieHHo 00a20e epeMs. B axcnepumenmax ¢ yucmou 80001 8 CMANbHOU Klogeme

nocie 3apacmanus nogepxrocmu 6ooa — COz eudpamom npoucxooum meonenHas oepopmayus 2uOpAmHoOU NieHKU,
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8bI3bIBACMASL €€ PA3PACTNAHUEM B00b JUHUU KOHMAKMA 2UOpam — CmeHKa Kroeemul. B sxcnepumenmax ¢ pacmeopom
dodeyuncynvghama Hampus depopmayus 2UOPAMHOU NIECHKU GbIPANCEHA SHAYUMETbHO CUNbHEe, NPU MOM
SHAYUMENbHO YEeTUIUBACTNCS CENeHb NPeBPAUeHUsl B00bl 8 2UOPAM.

KurodeBble ciioBa: ra30BbIe THAPATHL, YTIIEKUCIBIN Ta3, JOASIHICYIb(GaT HATPHS, POCT IJICHOK
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Peculiarities of Gas Hydrate Films Growth at the Boundary

of Liquid Carbon Dioxide with Water and Sodium Dodecyl Sulphate Solution

in Teflon and Steel Cuvettes

This work studied the features of a hydrate film growth at the interface between liquid CO2and pure water or 0.1
mass% sodium dodecyl sulfate solution. In Teflon cell, a hydrate film in all cases is formed on the contact surface of
the liquid phases, after which no visible changes occur for an indefinitely long time. In the case of pure water in a
steel cell, the hydrate layer formed at the water—-CO: interface slowly deforms due to its growth along the contact line
between the hydrate and the cell wall. In experiments with a solution of sodium dodecyl sulfate, the deformation of the
hydrate film is much more pronounced, and the degree of water-to-hydrate conversion increases significantly. In our
opinion, a previously undiscussed mechanism of hydrate capillary growth has been revealed, in which a capillary
system is formed at the contact of a previously grown hydrate film with the reactor wall.

Key words: gas hydrates, carbon dioxide, sodium dodecyl sulfate, film growth.
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