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B pabome npeocmagnenst pe3yibmamol uccie008anus memMnepamypsl 3amep3anus pac-
meopoe noaueununosozo cnupma (IIBC) 6 oumemuncynsgpoxcuode (IMCO) u 6 60de. Onpedeneno
61lUAHUE NPUPOOLI PACMEOPUMENA U 000ABOK 2TUUEPUHA HA MEMNEPAMYPY 3aMeP3AHUA DACIE0DPA
IIBC. Hccneoosanwl ynpyzue u meniogusuueckue ceolicmea Kpuozeneil Ha ochoge pacmeopos INBC.
Yemanoeneno, umo kpuozenu INBC, chopmuposannvie ¢ cpeoe JIMCO, obnaoarom meHbuiuMU 3HA-
YeHUAMU MOOYNA YRPYZOCHU U MEeMnePAmypbl NideAeHUs, YeM 00pa3ybl Kpuozenei, chopmuposan-
Hble u3 00nvix pacmeopos IIBC. Ilockonvky /IMCO aenaemca mepmoouHamuiecku ayuuium pac-
meopumenem onsn IIBC, uem 600a, mo ecms cpoocmeo nonumepa k JIMCO eviuie, 3mo crudicaem
Ihhexkmuenocmo zeneobpazoeanusn u3-3a KOHKYpeHUUU 83aUMOO0CiCMEUIl NOJIUMED-PACME0pUmelb
u nonumep-nonumep. Ilpu oxnasrxcoenuu pacmeopos IBC ¢ 60de u /IMCO 0o nauana nomepu mekxy-
yecmu o0 3aguxkcuposano nepeoxnaxycoenue. /Ina eoonozo pacmeopa INBC 10% memnepamypa
nepeoxnayxcoenusn cucmemsl cocmaguna munyc 5 °C, 0o nauana 3amep3anusa, Komopoe npomexaem
npu memnepamype munyc 1,5 °C. Temnepamypa nepeoxaascoenus pacmeopa IIBC ¢ /[IMCO cocmas-
aaem munyc 20 °C, a memnepamypa 3amepzanusn munyc 0,8 °C. Beedenue 2nuyepuna ¢ 600Hblil pac-
meop IIBC npueooum K 3HAUUMENbHOMY ROHUMICEHUIO MEMNEPAmypsl 3aMeP3anusa mpexKomno-
neummnozo pacmeopa (II1BC, cnuyepun u 600a). Ommeueno, umo c ysenuvenuem KOHYEHmpayuu -
yepuna ¢ 600nom pacmeope IIBC mooyns ynpyzocmu yeenuuugaemcs, a memnepamypa niae1enus
HOHUDICAEMCA NO CPABGHEHUIO C KDUOENAMU HA OCHOB8E 08YXKOMNnonenmuoz2o kpuozensa (IIBC u ¢ooa).
Pe3ynomamout uccinedosanuii pacuwupaiom ooaacme ucnonvizosanus xpuozeneii IIBC ¢ xauecmee
KOMRO3UUUOHHBIX MAMEPUAI08, NPEOHAZHAUEHHBIX 011 NPUMEHEHUS 8 CEBEPHBIX PEZUOHAX, 6 MOM
yucie 6 mexHo02uAX 000bIUU U MPAHCRHOpMA Hegdhmu.

KiroueBble cjioBa: KpHOTEIb, TOJUBHHWIOBBIN CIIUPT, TIIMLEPUH, IUMETUICYIBGOKCHUI, MOAYIIb YIIPY-
TOCTH, TEMIIEPATYpa 3aMep3aHusl
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The paper presents the results of a study of the freezing point of polyvinyl alcohol (PVA)
solutions dissolved in dimethyl sulfoxide (DMSQ) and water. The influence of the nature of the
solvent and glycerin additives on the freezing temperature of the PVA solution was determined.
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Elastic and thermophysical properties of cryogels based on PVA solutions were studied. It was
found that PVA cryogels formed in DMSO have a lower elastic modulus and melting point than
cryogels formed from aqueous PVA solutions. Since DMSO is a thermodynamically better solvent
for PVA than water, i.e. the affinity of the polymer for DMSO is higher, this reduces the efficiency
of gelation due to competition between polymer-solvent and polymer-polymer interactions. When
cooling PVA solutions, the supercooling temperature of the system in water and DMSO was ob-
served. For a 10% aqueous solution of PVA, the supercooling temperature of the system is minus
5 °C, before freezing begins, which occurs at a temperature of minus 1.5 °C. The supercooling
temperature of a PVA solution in DMSQO is minus 20 °C, and the freezing temperature is minus
0.8 °C. The introduction of glycerol into an aqueous PVA solution leads to a significant decrease
in the freezing temperature of the three-component solution (PVA, glycerol and water). It is
noted that with an increase in the concentration of glycerol in an aqueous PVA solution, the
elastic modulus increases, and the melting temperature decreases, compared to cryogels based
on a two-component cryogel. The results of the studies can expand the scope of use of PVA
cryogels as composite materials intended for use in northern regions, including in oil production
and transportation technologies.
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BBEJEHHUE

3aMopaXxrBaHHE BOJHOIO PacTBOpa IOJIUBU-
HutoBoro crimpta (I1BC), BeIaepxuBaHue €ro Mmpu OT-
pHLATENbHON TEMIIEpaType U IOCIEAyIollee pa3Mopa-
JKUBaHHE TBEPIOro 0o0pasiia MpH MOJIOKUTEIBHON TeM-
nepaType NpUBOAMT K (YOPMHUPOBAHHUIO 3IACTHYHOTO
kpuorena. O0g3aTeTbHBIM YCIOBHEM KPHOCTPYKTYpH-
pOBaHMS SIBIISETCS KPUCTAJUIN3ALNS YHCTOTO PAaCcTBO-
purens [1-3].

Martepunansl Ha ocHoBe kpuoreneit [IBC wu3-
BECTHBI IaBHO, U OJIarojiapst MPOCTOTE X MIPUTOTOBIIE-
HUSI OHU MPEICTABIISIIOT 3HAYUTEIBbHBIM HAay4dHBIH U
NPaKTUYECKUI HHTEPEC B Pa3HbIX 00IaCTAX MPAKTHUE-
ckoil nmesrenbHocTH [4]. Kpuoremm moryt mnpume-
HATBCS JUIS PEKYJIbTUBALMK U TIOBBIIIEHUS HECYIIeH
CHOCOOHOCTH TPYHTOB, OCHOBAaHHHM COOpYXEHHH, a
TaKXe ISl CO3JaHMs THIPOHM30JISIIUOHHBIX 3KPAaHOB
[5-7]. IpakTHueckoe MPUMEHEHHUE KPUOTEIEH B TeX-
HOJIOTHAX TOOBIYM U TpaHCIIOPTa HETH HA OOBEKTAX,
pacnonoxeHHbIX Ha CeBepe U B ApKTHUYECKON 30HE,
BBI3BIBAET CIIOKHOCTH, HaIpUMeEp, MPH TPAHCIIOPTH-
poBKe U XxpaHeHHH BogHoro pactBopa IIBC. [{ns cra-
Oounuszauuu rpyHra pactsop IIBC pacnbuisitoT Ha ero
IIOBEPXHOCTb, a Ul CO3JaHus OapbepHOro 3KpaHa
pacTBOp 3aKaYMBAIOT B CKBaXHHY [8, 9]. PaboTsI mpo-
BOJSIT B BECEHHE-OCEHHUH NepHO, Koraa Hadmoaa-
I0TCSl KoJie0aHMsl CyTOYHOM Temmeparypsl. llosTomy
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aKTyalbHOW 3aJayeil sBisieTcsl pa3pabdoTKa cocTaBa
Kpuorensa Ha ocHoBe pacTBopa [IBC ¢ perynupyemoit
TeMIepaTypoi 3aMep3aHus HCXOJHOTO PacTBOpA.

Llenb pabOTHI — UCCIIEOBATh BIUSHHUE JTUME-
TWICYIb(OKCHAA U TIMLEPUHA Ha TEMIeparypy 3a-
MEp3aHusl pacTBOpa IMOJMBHHMWIOBOIO CIMPTa M HA
CBOICTBa KpHUOTENeH.

METOANKA 3KCIIEPUMEHTA

B pabore ucnonszoBanu obpaszen IIBC, co-
Jep Kaluid B CBOeH CTpyKType He Oosee 1% ocraTou-
HBIX alleTaTHBIX TPYIII, TOCJIE MPOBEAESHHOTO THIIPO-
JIM3a MOJIMBUHMJIALIETATA.

Jns npurorosnenus pactsopa [IBC 8 IMCO
WJTU BOJIE OTpeielieHHy0 HaBecKy nopomka [IBC pac-
TBOPSAJIH NIPH HarPEBaHUU B BOJI€ WIIM B TUMETHIICYIIb-
¢doxcune. sl NpUTOTOBIEHHUST TPEXKOMIIOHEHTHOTO
pactBopa (IIBC, rnuuepuH, Bosia) B BOAHBIM pacTBOp
[IBC no6aBinsiiy rynepyuH U BCe TIATENBHO MepeMe-
LIMBAJIH.

st onpenenenust TeMnepaTypsl KpHUCTaJIH-
3aruu pactBopa [IBC mpobupky ¢ uccienyeMbIM pac-
TBOPOM, B KOTOPOM HaxXOJATCSI TEPMOIIAPHI, OITyCKaITH
B TEPMOCTAT, 3alI0JTHEHHBIH OXJIAUTEIBHON CMECHIO C
Temneparypoii Ha 3-5 °C HUKe 0XKHUIaeMON TeMIepa-
TypBl KpHcTaiu3anuu. MccnenoBanue mpoBoaniIn B
JIuanasoHe Temmneparyp ot +25 go -10 °C.
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Ha ocHoBaHMY NOJTyY€HHBIX NaHHBIX CTPOUIH
rpaduKu U3MEHEHHS TEMIIEpaTyphl pacTBOpa B Teye-
HUE ONpPENEIEHHOTO MpoMexXyTKka BpeMeHu. [lpu
oxnaxaeHnn pacTBopoB [IBC oTMeuanu mposiBicHHE
3 dexTa mepeoxakIaCHUS 32 CUET BBIICICHUS CKPBI-
TOM TEeIUIOTHI KpucTaiu3auuu Boasl [10, 11]. Benen-
CTBHE 3TOI'0 HAOJIOAAETCS «IIATO KPUCTAITH3AINNY,
KOTOpOE OIpelesisieT TEMIIEPAaTypy 3aMep3aHus pac-
tBOopa [IBC [1, 12, 13].

Hnst popmupoBanust kpuorenst pactsop [1BC
3aJMBAM B LWIMHAPUYECKHE SUCHKH M 3aMOPaKu-
Banu nipu temneparype -20 °C B Teuenne 20 4 u paz-
MopakuBanu npu temmnepatype +20 °C.

Monyms ynpyrocti o0pasiioB Kproresen omnpe-
JEJSUIN C TIOMOUIBIO JJa0OpaTOpHON yCTaHOBKH, IIPUH-
UM JIEHCTBUS KOTOPOM OCHOBAaH Ha PEOJOTHMUYECKOM
Monenn MakcBemna [14-17]. 3amaBanu nedopmariuro
cxatud (y) ¥ U3MEpsUTH yIIpyroe HarpsbkeHue (G), Bo3-
HuKatomee B marepuane. Jlamee mo dopmyne ['yka
E= G/y PacCUYUTHIBATIM MTHOBEHHBIA MOZIYJIb YIIPYTO-
ctu (E, x[1a).

Temnepatypy mnasneHust (Tn.., °C) rens u
kpuoreneid uzmepsuin Ha npudope STUART Metling
Point Apparatus SMP 30 (Cole-Parmer Ltd, Bexuko-
OpuTaHus).

PE3VIJIbTATBI U X OBCYXJEHUE

Temmnepatypa nporiecca 3amep3anus U 3¢ dhek-
TUBHOCTH TEIUIOOOMEHA OMPEENsIOT 3aKOHOMEPHO-
CTH TEPEOXJNAXKICHUS W CKOPOCTh KPUCTALTU3AIHNU
kpuorens [18]. Ilpu oxmaxnenuu pactsopos [IBC ot
+25 1o -10 °C Habmo1a)11 IEPEOXITAKIACHUE CUCTEMBI
B Bojie u B JIMCO. [Jlns BogHoro pactBopa [IBC 10%
TeMIleparypa nepeoxXaaxAeHUs CUCTEMbl COCTABHIIA
-5 °C mo Havana 3amMep3aHusl, KOTOPOe MPOTEKAET MPU
temmepatype -1,5 °C (puc. 1a). Temneparypa 3amep-
3anus IMCO +18 °C [19], Torga kak Temmneparypa
nepeoxnaxaeHus pactsopa [IBC 8 IMCO cocras-
nset -20 °C, a remneparypa 3amep3anus -0,8 °C.

HccnenoBanne mokaszano, 4TO Ha TeMIiepa-
Typy 3amep3anus BogHoro pactsopa [IBC Biusiet koH-
teHTpaius noymmepa (puc. 16). C SKOHOMHUYESCKOU U
TEXHOJIOTHUYECKOW TOYKH 3PEHUS VIS MPAKTHIESCKOTO
MIPUMEHEHUS 11eJIeCO00pa3HO KPUOTENH TOTOBUTH U3
pactBopa IIBC ¢ kounentpamueit 5%. TemmepaTypa
3amep3anus BoHoro pacreopa I[1BC 5% -0,12 °C, no-
9TOMY JUIS TIOHFMDKEHHSI TEMIIepPaTyphbl KpUCTaILIH3a-
UM PacTBOpa J0OABISUIN TIIULEPUH.

HccnenoBanu BnusiHUE KOHIEHTPALIUH TIIHLIE-
pHHA Ha TeMIIEpaTypy 3aMep3aHusi BOJHOTO pacTBOpa
[IBC (puc. 2). Habmoganu, yTo npu yBeIU4eHUH KOH-
LEHTpalUK MMIepruHa B BogHoM pactBope I1BC tem-
nepaTypa 3aMep3aHus PaCTBOPA MOHMKAETCS.
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Puc. 1. U3menenue temneparypsl pactBopos I[IBC: a — nunamuxa
n3MeHeHus TemiepaTypsl pactBopos IIBC 10% B pactBopure-
nmsax: 1 —Bona; 2 — JIMCO; 6 — 3aBUCHMOCTh TOYKH 3aMEp3aHuUs
BoaHoro pactBopa [IBC ot xonuentpauu [1BC
Fig. 1. Change in temperature of PVA solutions: a — dynamics of
temperature change of 10% PV A solutions in solvents: 1 — water;
2 — DMSO; 6 — dependence of freezing point of aqueous PVA so-
lution on PVA concentration
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Puc. 2. 3aBUCHMOCTb TOUKH 3aMep3aHusl BOAHBIX pacTBopoB [IBC
5% OT KOHLIEHTPALMU TIIHLEPHHA
Fig. 2. Dependence of the freezing point of aqueous solutions of
PV A 5% on the concentration of glycerin

Temnieparypa 1iaBnenus riauiepuna +17,9 °C.
Boasblie pacTBOPHI INKLIEpUHA SIBISIFOTCS HU3KO3aCThI-
BAIOIIMMH, UX TEMIIepaTypa 3aMep3aHusl CHUXKACTCS
1o -46,5 °C npu yBenmWdeHUN KOHIIEHTPAITMH TIIUIIe-
puHa 1o 66,7%, cooTBeTcTByOUIEH 3BTeKTUKE. [Ipn
KOHIIEHTpauuu riuiepuHa B Boje oT 10 1o 30% tem-
nepaTypa 3aMep3aHus MoHmxkaeTes oT -1 1o -9 °C [20].

[Ipupona pactBopuTEenss U BBEACHUE B BOI-
Hb1#it pacTtBop [IBC raounepuna oka3pBaloT BIUSHHE
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HE TOJIBKO Ha MPOIIECCHI 3aMep3aHusi HCXOIHBIX pac-
TBOPOB, HO M Ha CBOWCTBa Kpuoreneit (puc. 3).
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Puc. 3. Bnusuue konuentpanuu IIBC Ha Mogyns ynpyrocta
kpuoreneii: 1 —I1BC B Boze, 2 — [IBC B IMCO
Fig. 3. Effect of PVA concentration on the elastic modulus of cry-
ogels: 1 —PVA in water, 2 — PVA in DMSO

Kpuoremn TIBC, chopmupoBaHHble B cpere
JAMCO, 06mafaroT MEHBIIM 3HAYEHHEM MOJYIIS YIIPY-
TOCTH IO CPAaBHCHUIO C KPUOTCJISIMU, ITIOJTYUYCHHBIMHA U3
BogHoro pactBopa I[IBC. CpoactBo momumepa K
JAMCO Beprmre, moatomy 3hpeKTHBHOCTH Teneo0paso-
BaHMUs CHMKACTCS M3-32 KOHKYPEHLIUH B3aUMOJEi-
CTBUH IIOJIMMEP-PACTBOPUTENL U IOJIUMEP-TIOJIUMED
[21, 22]. U3 pactBopa IIBC B IMCO ynanocs momy-
YUTh KPUOTENH TOJBKO C KOHLEHTpauueil moimmepa
He Huxe 7%.

E, xlla
20 4 ([ J
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0 r
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C, MOB/1

Puc. 4. 3aBUCUMOCTbH MOAYJISL YIPYTOCTH KPHOTEJIeH HAa OCHOBE
BosiHOrO pactBopa [IBC 5% oT koHIeHTpaly IiauLepuHa
Fig. 4. Dependence of the elastic modulus of cryogels based on an
aqueous solution of PVA 5% on the glycerol concentration

[Ipu BBenenuu B pactBop [IBC rnunepuna y
KPHOTes, COAEPIKAIIEro TIMLEPUH 5 MOJIb/1, MOLYJTb
YIPYTrOCTH yBeTWUYMBAETCs IOUTH B 4 pa3za [23].
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TemnepaTypa MUIaBJI€HUS KpHUOTENEH, TOJy-
4yeHHbIX Ha ocHOBe /IMCO u B mpHCYTCTBHH TJIHIIC-
pUHa MEHbIIIE, YEM Y KPUOTEIICH, MOIYYCHHBIX HA OC-
HOBe BogHoro pactBopa [I1BC (tabmura).

BBIBO/I

YcranosieHo, uto JIMCO sBseTCst XOpOIIIM
pactBoputenem 11 [IBC. Kpuorenu, nonyueHnnsie u3
3TOr0 pacTBOpa, MMEIOT MEHbIIEE 3HAYCHHE MOIYJIS
YIPYTOCTH 110 CPABHEHHUIO C KPHOTEIIAMH, IOy 4€HHBIMU
n3 BogHoro pactBopa [IBC. YcranosneHo, 4To BBeae-
HUe TIuiepruHa B BoaHbIN pactBop [IBC cHmkaer ero
TemIeparypy 3amepsanus. OTMEUEHO, YTO C yBEIHYe-
HUEM KOHLEHTpAalUM TIHUILEpUHA YIpyTue CBONCTBA
kpuorenei Bo3pacratot ot 5 klla no 20 kIla, a Temmne-
paTypa IJIaBJIeHHUs IOHMKACTCA.

Pe3ynpTaThl Hccae0BAHUI MOTYT paCIIUPUTD
chepy ucnonbpzoBanus kpuoreneid [IBC Bo MHOrmx
00nacTsIX, B TOM YUCJIE B TEXHOJOIHSX NOOBIYM U
TpaHCIopTa HEPTH.

Tabnuua
Temneparypa miasiaenusi Kpuoreieii (Tua)
Table. Melting temperature of cryogels (Tm)

CocraB kpuorens, % mac. Thy, °C
TIBC 10
Bona 70
TIBC 10
JIMCO 45
TIBC 10 55
I'munepus 10

OMHAHCHUPOBAHUE

Paboma evinonuena 6 pamxax 2ocyoapcmeen-
Hoeo 3a0anusi UXH CO PAH, ¢unancupyemozo Mu-
HUcmepcmeom HAayKu u evlcuieco o6pa306aﬂuﬂ Poc-
cutickoti @edepayuu (HUOKTP Ne 121031500048-1).

A6m0pbl 3aseénsaom 00 omcymcmeuu KOH-
@ruxma unmepecos, mpeoyrue2o pacKkpvimus 8 0aH-
Hol cmambe.

The work was carried out within the State As-
signment for IPC SB RAS, financed by the Ministry of
Science and Higher Education of the Russian Federa-
tion (NIOKTR 121031500048-1).

The authors declare the absence of a conflict
of interest warranting disclosure in this article.

REFERENCES

1. Lozinsky V.. Cryotropic gelation of poly(vinyl alcohol). Chem.

Rev.. 1998. V. 67. N 7. P. 573-586. DOI: 10.1070/RC1998v067
n07ABEH000399.

2. Michurov D.A., Makhina T.K., Siracusa V., Bonartsev

A.P., Lozinsky V.1., lordanskii A.L. Poly(vinyl alcohol)-



M.C. ®ydaesa, B.H. Manxaii

10.

11.

12.

13.

14.

15.

16.

10

based cryogels loaded with the poly(3-hydroxybutyrate) mi-
crobeads and the evaluation of such composites as the deliv-
ery vehicles for simvastatin. Polymers. 2022. V. 14. N 11.
P. 2196. DOI: 10.3390/polym14112196

Peppas N.A., Stauffer S.R. Reinforced uncrosslinked poly
(vinyl alcohol) gels produced by cyclic freezing-thawing
processes A short review. J. Control. Release. 1991. V. 16.
P. 305-310. DOI: 10.1016/0168-3659(91)90007-Z.

Hassan C.M., Peppas N.A. Structure and applications of
poly(vinyl alcohol) hydrogels produced by conventional
crosslinking or by freezing/thawing methods. Adv. Polym.
Sci. 2000. V. 153. P. 37-65. DOI: 10.1007/3-540-46414-X_2.
Antynuna JLK., Kysmunos B.A., loarnx C.H. Kpuoremu
JUIL TaMITOHaXXHBIX pa60T B paﬁOHax pacnpocTpaHCHUS MHOT'O-
JeTHeMep3IbIX opo. [ uopomexnuxa. 2010. Ne 3. C. 56-60.
Antynuna JLK., Caposckas JL.U., ®uinatos JI.A., ®yda-
eBa M.C., )Kyk E.A., Bennep O.I'., Curaues H.IL., KonoBa-
Jgosa H.A. IloneBbie 3KCIEPUMEHTBI 110 IPUMEHEHUIO KpPUOTe-
JIEW C LENbI0 3alUThl OYB OT BOAHOM U BETPOBOW 3PO3MHM.
Ipo6n. azpoxumuu u sxonoeuu. 2013. Ne 2. C. 47-52.
Auarynuna JLK., Bypkos B.IlL., Bypkos II.B., /lyninukos
B.10., Ocaguas I'.I'., OBcsinankoBa B.C., ®ydaesa M.C.
HpI/IMeHeHI/Ie KpPIOFeJ'IefI Ul peIICHU 3aJa4 palruoOHallb-
HOT'O NPUPOJOIIOJIB30BaAHUS U SKCILTyaTalluu 00BEKTOB Ma-
THCTPaJIbHBIX TPYOOIIPOBOIOB B yCIOBUSX ApKTuku. Hayka
U MexHoA. mpybonposoo. mpaucn. Hegpmu u Heghpmenpoo.
2020. T. 10. Ne 2. C. 173-185. DOI: 10.28999/2541-9595-
2020-10-2-173-185.

®ydaesa M.C., Anrynuna JL.LK. Kpuoremn msa yBennue-
HUSL CPOKa 3KCIUTyaTalluu 3UMHUKA. /36. 6y306. Xumus u
xum. mexnonoaus. 2024. T. 67. Bem. 8. C. 29-35. DOI:
10.6060/ivkkt.20246708.13t.

OscsannukoBa B.C., ®ypaesa M.C., Kum E., AntyHuna
JI.K. buopasnoxeHue B 1ouBe MaTepHaIoB Ha OCHOBE KPUO-
reJsieit OJIMBUHUIIOBOTO CIIMPTA U Kpaxmara. M36. 8y306. Xu-
mus u xum. mexrnonoeusi. 2023. T. 66. Beimn. 11. C. 126-134.
DOI: 10.6060/ivkkt.20236611.6t.

Gupta D., Jassal M., Agrawal A.K. The electrospinning be-
havior of poly(vinyl alcohol) in DMSO-water binary solvent
mixtures. RSC Adv. 2016. V. 6. N 105. P.102947-102955.
DOI: 10.1039/c6ral5017a.

Young T.H., Chuang W.Y. Thermodynamic analysis on the
cononsolvency of poly (vinyl alcohol) in water-DMSO mix-
tures through the ternary interaction parameter. J. Memb. Sci.
2002. V. 210. N 2. P. 349-359. DOI: 10.1016/S0376-
7388(02)00413-1.

Lozinsky V.l. Cryogels on the basis of natural and syn-
thetic polymers: preparation, properties and applications.
Russ. Chem. Rev. 2002. V. 71. N 6. P. 489-511. DOI:
10.1070/RC2002v071n06 ABEH000720.

Lozinsky V.l. Cryostructuring of polymeric systems. 55.
Retrospective view on the more than 40 years of studies
performed in the A.N. Nesmeyanov Institute of Organoele-
ment Compounds with respect of the cryostructuring pro-
cesses in polymeric systems. Gels. 2020. V. 6. N 3. P. 29.
DOI: 10.3390/gels6030029.

Mankun A.Sl. OcuoBsl peosoruu. CII6.: «IIpodeccusy.
2018. 336 c.

Malkin A.Ya., Isayev A.l. Rheology: concepts, methods and
applications. Toronto: ChemTec Publ. 2006. 474 p.

Ravve A. Principles of Polymer Chemistry. New York.
Springer. 2016 p.

10.

11.

12.

13.

14.

15.

16.

17.

J4 32}

based cryogels loaded with the poly(3-hydroxybutyrate) mi-
crobeads and the evaluation of such composites as the delivery
vehicles for simvastatin. Polymers. 2022. V. 14. N 11. P. 2196.
DOI: 10.3390/polym14112196

Peppas N.A., Stauffer S.R. Reinforced uncrosslinked poly (vi-
nyl alcohol) gels produced by cyclic freezing-thawing processes
A short review. J. Control. Release. 1991. V. 16. P. 305-310.
DOI: 10.1016/0168-3659(91)90007-Z.

Hassan C.M., Peppas N.A. Structure and applications of
poly(vinyl alcohol) hydrogels produced by conventional
crosslinking or by freezing/thawing methods. Adv. Polym.
Sci. 2000. V. 153. P. 37-65. DOI: 10.1007/3-540-46414-X_2.
Altunina L.K., Kuvshinov V.A., Dolgikh S.N. Cryogels for
plugging in cold and permafrost regions. Gidrotekhnika.
2010. N 3. P. 52-57 (in Russian).

Altunina L.K., Svarovskaya L.l., Filatov D.A., Fufayeva
M.S., Zhuk E.A., Bender O.G., Sigachev N.P., Konovalova
NL.A. Field experiments on the use of cryogels to protect soils
from water and wind erosion. Probl. Agrokhim. Ekol. 2013. N 2.
P. 47-52 (in Russian).

Altunina L.K., Burkov V.P., Burkov P.V., Dudnikov
V.Y., Osadchaya G.G., Ovsyannikova V.S., Fufaeva M.S.
Cryogels as a solution to the issues of environmental man-
agement and trunk pipeline operation in Arctic. Nauka
Tekhnol. Truboprovod. Transp. Nefti Nefteprod. 2020. V. 10.
N 2. P. 173-185 (in Russian). DOI: 10.28999/2541-9595-
2020-10-2-173-185.

Fufaeva M.S., Altunina L.K. Cryogels to increase the service
life of winter roads. ChemChemTech. [lzv. Vyssh. Uchebn.
Zaved. Khim. Khim. Tekhnol.]. 2024. V. 67. N 8. P. 29-35 (in
Russian). DOI: 10.6060/ivkkt.20246708.13t.
Ovsyannikova V.S., Fufaeva M.S., Kim Y., Altunina L.K. Bi-
odegradation in soil of polymeric materials based on polyvinyl
alcohol and starch cryogels. ChemChemTech. [lzv. Vyssh.
Uchebn. Zaved. Khim. Khim. Tekhnol.]. 2023. V. 66. N 11.
P. 126-134 (in Russian). DOI: 10.6060/ivkkt.20236611.6t.
GuptaD., Jassal M., Agrawal A.K. The electrospinning be-
havior of poly(vinyl alcohol) in DMSO-water binary solvent
mixtures. RSC Adv. 2016. V. 6. N 105. P.102947-102955.
DOI: 10.1039/c6ral5017a.

Young T.H., Chuang W.Y. Thermodynamic analysis on
the cononsolvency of poly (vinyl alcohol) in water-DMSO
mixtures through the ternary interaction parameter. J.
Memb. Sci. 2002. V. 210. N 2. P. 349-359. DOI:
10.1016/S0376-7388(02)00413-1.

Lozinsky V.l. Cryogels on the basis of natural and syn-
thetic polymers: preparation, properties and applications.
Russ. Chem. Rev. 2002. V. 71. N 6. P. 489-511. DOI:
10.1070/RC2002v071n06 ABEH000720.

Lozinsky V.l. Cryostructuring of polymeric systems. 55.
Retrospective view on the more than 40 years of studies per-
formed in the A.N. Nesmeyanov Institute of Organoelement
Compounds with respect of the cryostructuring processes in
polymeric systems. Gels. 2020. V. 6. N 3. P. 29. DOI:
10.3390/gels6030029.

Malkin A.J. Fundamentals of rheology. SPb.: «Professiyay.
2018. 336 p. (in Russian).

Malkin A.Ya., Isayev A.l. Rheology: concepts, methods and
applications. Toronto: ChemTec Publ. 2006. 474 p.

Ravve A. Principles of Polymer Chemistry. New York.
Springer. 2016 p.

Manzhai V.N., Fufaeva M.S., Kashlach E.S. Relaxation of
Mechanical Stress in Poly(vinyl alcohol) Cryogels of Different
Compositions. Chin. J. Polym. Sci. 2023. V. 41. P. 442-447.
DOI: 10.1007/s10118-022-2889-8.

. By30B. XuMus 1 XxuM. TexHojyorus. 2025. T. 68. Be. 8



17.

18.

19.

20.

21.

22.

23.

Manzhai V.N., Fufaeva M.S., Kashlach E.S. Relaxation of
Mechanical Stress in Poly(vinyl alcohol) Cryogels of Differ-
ent Compositions. Chin. J. Polym. Sci. 2023. V. 41. P. 442-447.
DOI: 10.1007/s10118-022-2889-8.

Kacarkun A.I'. OcHOBHBIE IPOLIECCH] U anapaThl XUMUYe-
ckoit TexHostoruu. M.: Xumus. 1971. 784 c.

Wu S, Alsaid Y., Yao B., Yan Y., Zhao Y., Hua M., Wu D.,
Zhu X., He X. Rapid and scalable fabrication of ultra-stretcha-
ble, anti-freezing conductive gels by cononsol-vency effect.
EcoMat. 2021. V. 3. P. €12085. DOI: 10.1002/eom2.12085.
Ushakov S.N. Polyvinyl alcohol and its derivatives. M.: AN
SSSR. 1960. V. 2. 868 p. (in Russian).

JiaE.,SuL., LiuP., Jiang M., Ye G., Xu J. Hydrogen bond
and crystalline structure of the junction network in polyvinyl
alcohol/dimethysulfoxide gels. J. Polym. Res. 2014. V. 21. N 9.
P. 548. DOI:10.1007/s10965-014-0548-7.

Kolosova O.Yu., Kurochkin I.N., Kurochkin I.I. Lo-
zinsky V.1. Cryostructuring of polymeric systems. 48. In-
fluence of organic chaotropes and kosmotropes on the
cryotropic gel-formation of aqueous poly (vinyl alcohol)
solutions. Europ. Polym. J. 2018. V. 102. P. 169. DOI:
10.1016/j.eurpolym;j.2018.03.010.

Mamnxaii B.H., ®ydaeBa M.C. CoiicTBa Kpuorenei u ux
NPUMECHCHUE B TEXHOJIOIUAX Z[06LI'{I/I " TpaHCIiopTa He(l)TI/I.
U36. 6y306. Hegpmo u eaz. 2011. N 6. C.104-109.

ChemChemTech. 2025. V. 68. N 8

19.

20.

21.

22.

23.

M.S. Fufaeva, V.N. Manzhai

Kasatkin A.G. Basic processes and apparatuses of chemical
technology. M.: Khimiya. 1971. 784 p. (in Russian).

Wu S, Alsaid Y., Yao B., Yan Y., Zhao Y., Hua M., Wu D.,
Zhu X., He X. Rapid and scalable fabrication of ultra-stretcha-
ble, anti-freezing conductive gels by cononsol-vency effect.
EcoMat. 2021. V. 3. P. €12085. DOI: 10.1002/eom2.12085.
Ushakov S.N. Polyvinyl alcohol and its derivatives. M.: AN
SSSR. 1960. V. 2. 868 p. (in Russian).

JiaE.,SuL., LiuP., Jiang M., Ye G., Xu J. Hydrogen bond
and crystalline structure of the junction network in polyvinyl
alcohol/dimethysulfoxide gels. J. Polym. Res. 2014. V. 21. N 9.
P. 548. DOI:10.1007/s10965-014-0548-7.

Kolosova O.Yu., Kurochkin I.N., Kurochkin I.I. Lo-
zinsky V.1. Cryostructuring of polymeric systems. 48. Influ-
ence of organic chaotropes and kosmotropes on the cryo-
tropic gel-formation of aqueous poly (vinyl alcohol) solu-
tions. Europ. Polym. J. 2018. V. 102. P. 169. DOI:
10.1016/j.eurpolym;j.2018.03.010.

Manzhai V.N., Fufaeva M.S. Properties of cryogels and
their application in oil production and transportation tech-
nologies. Izv. Vyssh. Uchebn. Zaved. Neft Gaz. 2011. N 6.
P. 104-109 (in Russian).

Hocmynuna 6 pedakyuio 02.12.2024
Tpunsima x onybnuxosanuro 24.03.2025

Received 02.12.2024
Accepted 24.03.2025

11



