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А пе1v class of· 1vate1· di spe 1·s ioп s l1 as Ьссп obta i п ecl t l1t"OL1gl1 e11capsL1!a t i oп \)у sili ca пa11opa 1·t i c l cs 111itJ1 
po lyviп y l alcohol. Tl1is l'опл is lll O гe staЬl e t l1 a п tl1e pгe11 i oL1 s оп сs aga iп st fгeeze-t l1 a11• cyc les. T l1e пе1v systc п1 s 
а ге adva ntageo L1 s О\fе г d гу 1\fateг iп sta Ьi l i ty апd coпteп ts ol' 1ic1L1i d1vateJ", being si milaг to Ll1 c l atte г i п t l1 c cl egгee 
of. liqL1i cl pl1ase di spe1·s io11. 

Hyd rop l10bic silica пanopaгtic l es сап sta Ьilize 
dispeгse systems coпs isting of f'ine wateг dгops (so
call ed pOv\ld e гed ог dгу v\latc г) [ Sc/1utte and Schmitz, 
1968] . Dгу v\lateг beha,res as pov\ld eг, is fгee-flo,v iпg, 
апd coпta iп s Lip to 98 \\1t.% liqн i d phase. As it Ь аs 
been sl10wn гесеп tl у, gas Ьуdгаtе foгmation v\l it l1 d1·y 
\~i ate r is faster thaп v\li th bu lk \vateг ог cп1 s h ed ice 
[ Wang et а!. , 2008; Carter et al., 2010]. The acce l eгa
t io п of gas l1 yd гate foгmatioп \·\l ith t l1e Ltse of dгу \\1а
tе г sta Ьili zed Ьу hydroph oЬic папора гt i с ] сs is 1·e le
\lant to the tec]1110Jogies of п аtuга] gas traп spo гtat i oп 
and stoгage iп t he hydгate foпn [ Gudmundson et а!. , 
2000; Капе/а et al" 2005; Watanabe et а!. , 2008]. 

Di speгs i oп of v\latcг а п d aqueous so lL1tio11 s iп t ]1e 
ргеsел се of l1ycl гoph0Ьic sil ica пaпoparti cl es тау lead 
to \vater e пcapsL1latio11 [Foiпy et а!. , 2009] . SL1 cl1 sys
tems of encapsL1 lated '"ater а ге of broad ti se i п petro
leu m c l1 e п1i st гy, m e d i c iп e, а пd Ьio tec l111 o l og i es 
[Soloclovnill, 1980]. ТЬе l o\\1 -temperatuгe applications 
1·eqt1ire systc ms staЫ e aga iп st fгeeziпg-th a \v iпg cy
cles. 

Ea гli e 1 · v\le sl10v\1ed [Podenko et а!., 2010] that d1·y 
\vateг sнbj ccted to fгeezing апd t liavving becomcs lay
eгed as \vate1· dгops coalesce v\l ith опе anothcr. Сагtе1 · 
et а!. [20 10] obtaiп ed а "dгу gel" mod i fi cat i o п of' dгу 
vvate г, \\1l1i cl1 is staЬ! e aga iл st wateг pl1ase cl1 a11ge, Ьу 
addiпg gel l a п gш11 (ал aqucous so lL1 tio11 of polysac
cliaгid e) iп stead of v\late г . Note t l1 at t l1i s tec l111iqu e 
гeqL1 iгes l a гge a1110L111 ts of t l1e ро l уте г (20 v\lt.%) and 
пшсЬ е п е гgу fо г pov\id e riпg t l1e l1igЬl y \iiscous gc l. 

We ha"c iп \lest igated t l1e feasiЬil i ty of u siпg 
poly,1i11y] alcohol (PVA) fo1· iп c гeasiпg tJ1e sta Ьility of 
d i speгse systcms cпcaps ll lated Ьу silica налорагt i с l es. 
Tl1 e PVA ро l ут е г \\1as c110sen fо г tЬ е capaЬi li ty of its 
аqнеонs so l llt i oпs to fогл1 h ete гoge11eo L1 s gels as а гe 
sL1l t of fгeez iп g-tlы \\1 i 11g cyc les (uyogels) [Lozinslly, 
1998]. The st гLJ ctшe of tJ1 e obta i п еd d i speгsc systcms 
\Vas ana lyzcd Ьу 111 ea11s of optical шi с гоsсору анd 
р гоtон magпet i c геsовапсе s pectгoscopy оп а NiL1mag 
Mic1'0MR NMR pLi lsed ге lахот еtег, ope гatcd at t l1 e 
геsопансе fгeqlleпcy 20 MHz, f'o llo \viпg t l1 e proce
duгe гeported in [Podenko et al" 2010] . 

Tl1e st lldy iп clud cd cxpeгimeпts ол cli s peгs iлg 
tЬе PVA solL1tion iл t l1.c p1·ese11ce of Ьуd rорЬоЬiс sili 
ca п a п oparti cles (ae гos il R 202). Fог th is ршроsе, а 
mi xt Ltгe of 95 v\lt.% PVA aqLJ eO LJ S so lLJt i o п (State 
Staп cl a гd 10779-78) апd 5 \\lt. % nan ometeг pO\vde г 
aeгos i 1 R 202 was stiпed fo 1· 60 s at а Ы епdег speed of 
18,750 гe"olнtions ре 1· minLJ te; the conceпtгa tioп of 
t Ь е ро l утег v\las 5 \Vt.%. Gel foпnatioп v\las cata lyzed 
\\1it l1 1 \\1t.% Ьогiс acid. T l1 e \l iscosi ty of tЬ е starting 
\vate г gels did лоt excecd 40 mm2 / s. 

ТЬе гes L1l tiлg v\lateг dispeгsioп of PVA (PVA dis
peгs i o n) Ь аd а coп s i ste п cy of paste (ш1 li ke t l1e povv
d eгy dry \vateг v\IC obta iлed at th e sa111 e dispeгsioл 
co ndi t i o п s ). Tl1c PVA d i s peгs i oл l1 ad its deпsity al
most 1.5 t im es l1i g l1 e г t lыл t l1e appa1·ent d e п s i ty of 
dгу \\1аtе г (0.86 agaiп st 0.53 kg/ 1) app гoac l1 iпg tl1e 
deп s i ty of 5 % PVA (0.98 g/ I). ТЬегеfо1·е, tЬ е dispe г
s i o п coл ta iл ecl -84 \101.% PVA solнtion . Accoгding to 
optical micгoscopy (Fig. 1), the di speгse pl1ase of the 
ob tai п ed systeш co 11sistecl of' 111i c roл - s i ze dгops апd 
t l1 e iг aggгegates . 

The gгeate r d e п s i ty of the Р\!А d i s pe 1·s i o п is C\l i
dcл cc of а тоге co111 pact апапgе 111 е п t of dгops iп it 
гe l at i\1 e to dt·y v\late г . Th e геаsо п of t l1 e diffe гeпce 

Fig. 1. Polyvinyl alcolюl (PVA) dispersion. 
а - i11cli viclt.1al pa гt i c l es, Ь - agg1·egates of pa гti c l es . 
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Fig. 2. Distribution (А ) of spin-spin relaxation ( Т2 ) 
of PVA dispersion at 32 ° С. 

шау Ье as follovvs. The disperse dгops iп dгу wateг аге 
stabilized Ьу se l f-asseшЬ! iпg l1 ydrophobic silica 
(aerosil) пanopaгt i c l es wЬicl1 pгovide its flo1ЛтaЬility, 
i. e., low apparent deпs ity [Fomy et al. , 2007]. Polyvi-
11yl alcolюl is а high-nюlec LLla г S LLrfacta п t [Lozinsl~y, 
1998] and Ьесошеs adsoгbed оп the Sllrfaces of ae гo
sol paгti c l es thlls pгeveпtiпg theш fгош asseшЬl iпg 
and foпnation of а l aгge spatial пet\>vo гk . As а гes lllt , 
t he polyшer drops Ьесоше sta Ьili zed Ьу particles of 
mu cl1 sшalleг sizes, 1Л1 i1i ch pгovides vегу l1igh conceп
t гat i o п s of· dгops iп t l1 e dispeгse system. 

The obtaiпed PVA dispeгsioп s v\т еге investigated 
iп terms of t h eiг st rL1ctшe апd staЫlity agaiпst fгeez
iпg-tlia\>viпg cycles iп the 1·espective experimeп ts iп а 
liqL1id c гyostat. The tетрегаtше schedLLle \\таs as fol 
lovvs: fiгst the liqL1id was cooled at 0.5 °C/miп fгom 
Т\\, /" = 25 ° С to r,vf" = - 15 ° С ( r,v/" is \·VO гki пg flllid tem
pe гatшe ), апd t h eл heated at t l1 e same гаtе back to 
Т11, 1 = 25 ° С. ТЬе sa 111ples vveгe placed iл test tubes 
10 llllll iп diameter; the sampl e temperatL1гe (Т,т) vvas 
moлitored \\rith а t h eгmocoL1p!e pl aced iп t l1e sаше 
tubes. 

Tl1e data 1Л' е 1·е plotted iп а r ,vf' VS. r Slll t he1·mo
gralll . ТЬе saшples showed а cгysta lli zatio11 peak at 
T

11
,f"- - 12 ° С wlli le coo ling анd а melting peak at 

T,vr > - 0.5 °С while l1eating. Unlike dгу wateг [Porlen
lю et а!., 2010] , the f'гeezi пg-tha\>ving cycles caL1sed 110 
stratification iл PVA dispersio11, i.e., the so lution гe
mai11ed dispeгse а~ег fгeeziпg and th avviл g. 

The stпi ctшe of PVA dispeгs i ons \>vas analyzed 
fi·om tЬеiг patteшs of· spi11-spi11 гelaxati o п tiшes (Т2 ) 
(Fig. 2). The Т2 раttегп, like i11 the case of dгу wateг, 
co nsisted of t hree гe l axation сошропепts (Fig. 2) , 
vvhi cl1 indicates polydi speгse size di stгibutio п of 
dгops . We estiшated t l1 e dгор sizes fгom the рагаше
tегs of Т2 distributioп accoгdi11g to t he tech11iqu e гe
ported i11 [Podenl~o et а/ . , 20 10] . We fщшd ollt tЬat 
-10 µт dгops and/oг their aggloшeгates constitL1ted 
15 % of t he PVA so lu tion, апd t he ot l1 er dгops vve 1·e 
-2 ~tlll. Note t hat t he регсепtаgе of -10 µш dгops 
апd/ог tl1eiг agg l omeгates decгeased about fi,1e-fo ld 
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afteг а fгeezi11g-thawi11g cycle, wl1il e the otheг d1·ops 
grew to 011 ] у -3 µш, i. e., по relat ively large vvater 
dгops have fопл еd. 

Тhегеfоге, the presence of PVA iп а dispeгse sys
teш incгeases its fгeeziп g-t h avving staЬili ty. The 
mechanisш of t hi s stabilizat ioп тау co11sist i п iп 
cгeasi пg шес Ь апiс staЫli ty of iпdi v idL1al dгops as 
t l1 ey develop а ро] ут ег cгyoge l stгLLctшe. 

Tlшs, а п е \>v class of \>vate г d is peгsioпs has been 
obtained thгough encapslllatioп Ьу hydrophoЬi c sili
ca naпopaгt i c l es vvit l1 poly\т in y l alcoЬol. The 11e\>v sys
tems аге adva11tageoL1S оvег dry vvateг being easy to 
obtaiп , hig l1 in liquid \\r ateг pi1ase (84 vo l.%), апd 
staЫe agai11st fгeeziпg апсl tЬaw i11g. Tl1e latteI ргор
егtу allovvs L1si11g PVA dispeгs i ons at sLLbzeгo tempeг
atшes . 

This vvo rk vvas sL1ppoгtecl Ьу gгапt 07-05-00102 
froш tЬе Ru ss ian FoL111dation fог Basic RеsеагсЬ апd 
was caпi ed он t as part of bas ic геsеа гс l1 ргоg гаm 
13.7.4 of' t l1 e RAS Pгesidiшn а п сl as а рагt of iпter
di scipliпaгy pгoj ect 62 oi· t l1 e RAS Siberian ВгапсЬ. 
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