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А NOVEL HEAT-INSULAТING MATERIAL FOR THERMAL STABILIZATION OF SOILS 
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Tl1e stt1dy lias ргоvе п thc f'casibility of obtai пiпg а по11с l l1eat- i пsL1laLiпg1пateг i a l 11•itJ1 ап аррагспr deп s i ty 
of 290- 580 kg/ 1113, а co111p1·cssive st гe11gL l1 of1.7 -7.8 М Ра , а пd а 111аtс г abso1·ptio11 of 4 %. Heat L1·cal п1 cnt of а 
mixl t11·c of d iatomi lc апd alkal i al 95 ° С i пc 1·cascs tl1e leachi пg гаtе of an101·pl1oas Si02 111 l1ile tl1e гcs LJ I Laпt sol LJЬ!c 
sod i LI 111 silicales рго1поtе foami пg ol' the c l1 a гge dшiпg si пtе г i пg at 775 ° С а п d decгcase ils арра геп t cl e п s i ty. Tl1 c 
пс1v l1eat iп s LJ l alo г is sin1ila1· lo Ll1e t гadi l i o п a l foa 111 glass iп its s tгact t1гc а пd p гope гt i es апd t lшs са п Ьс t1sed to 
pгotcct tl1e fot111 dat io11s of eпgiпce гi11g Stl'LJ cLш·es . 

The damaging f'l·ost action on t l1e follnd at i oпs of 
e пgineer iпg st гll ctшes bt1iJt and opeгated iп регша
fгоst zoпes, Sllcl1 as t l1 c г111okaгst, t liav'' sett l emeпt алd 
fгost l1 eaviпg of soi ls, гeqL1iгe speciaJ p1·e,1 cпti,1e mea
SLI геs vvl1ile co п stгнcti пg . ТЬ е meas L1 геs т i t igat ing 
t l1is fl'ost act ion iвclнd e, pгimaгil y, t h eпna l staЬi liza 
t ion of foL1ndat io11s " ' l1i cl1 allo\\'S coп stгL1ct i o п Ltpoп 
апу soil , "' it \1 only regaгd to its load-beaгing capacity 
[Tsitovic/1, 1973] . I11 add i tioв to makiпg vcлt il atecl 
се] laгs, \Vi tl1d га\\1а l of l1 eat гel eased Ьу tЬе bt1 i l diпg , 
aod tЬ е L1se of special cooliвg (о г l1 eatiлg) de,1ices, 
etc., tl1 eгm a l staЬi li zat ioo of soil s is acl1i eved \vitl1 
Ьeat- i пst1 l at iпg mateг i a l s. Fог in sta п ce, cгeat i п g а sod 
layer гedL1ces t he fгeez i п g depth Ьу а factoг of 1.5 гe l 
at i,1e to ореп gгol!пd I Кiselev, 19851. Tliat is \vhy апу 
l1eat iп slllatoг laid оп t he gгol!пd SLI гfасе \\iill pгccllld e 
l1 cat fJнx апd pюvi d e t l1 eгma l staЬi lizat i oп of foш1 cl a
t i o п s . 

Uп til 1·ece пtl y thc appli caЬili ty of пюst h eat- iп
st1lati11g mate гials to soil pгotect i o п \-\1as li111i tcd Ьу 
t heiг aЬil ity of ассшш1latiлg111oist L1 гс ( \vett i пg). This 
is kпovv п , specifica]J y, {ог expaнded clay (kcraшzi t ) 

L1 scd as foot iпg pads beпeath pavi п g, '''Ъi сЬ looses its 
i n s L1l atiп g capacity о п satuгatioп [Kiselev, 1985]. 
ТЬегеfо гс, а mateгia] w i t\1tl1e111iпi1щ1m tl1eг111a l con
dt1ctivity апd \vateг L1ptake ,.vill Ье t hc best cl1 oice fог 
l1 eat i11s ttl atio п . 

Iв the сшгевt p1·actice, fгost l1 eaviпg effccts авd 
t l1e tl1av\' d ep tЬ io pcгm afгost а 1·с 1·cduced t1si11g ex
tгLts ioп {оа111 polysty гeпe plates. Т l1еге is е п со l1 гagiвg 
cx peгience of e111p l oy iпg t11is шatc гia l as footiпg fог 
bll ildi п gs , l1ighv\1ays, а п сl гailvvays [Alekseev апс/ Bek
Bulatov, 2007]. l-IO\\IC \1 e г, foa m po lystyreoc сап loose 
i ts 11eat-p1·oof pгopert i es апd fai 1 Ьу вat L1 га \ destгuc
t i oл of t11 e ро l ушег, thi s пiakiпg its енdшапсе debat
aЫe. 

Copyright © 2011 К.S. Ivanov, All rights reserved. 

104 

Foa111 glass is а п cffi1;ie11t iп s ti l atoг fгсс fгош tl1e 
above dгa \\1 backs. This is liaгd e п cd glass foam ' '' ith 
closed po1·es ( its poгos i ty 1·еасЬ сs 97 %) , ,~1 \1i c l1 1·esists 
"'аtег нptak c апd loss of t l1 e г111 op l1 ys i ca l p гope гti es . 
WitЬ its 140 kg/ 1113 d e п s i ty, foam glass has а t l1 eп11al 
co11dt1cti,1ity of 0.045 W /(ш·К) апd ап Ltlti111 atc load 
of 50 t / m2 (0.5 МРа) [ Go1~yainmJ and Go1~yainova, 
1982]. l ts i пcoюb ttstiЬi 1 i ty, '1igl1 cl1emi cal гes i staпce, 
а п d Lin li111 i tcd lifeti 111 с make f'oam glass ан excc pt i o п
al 111aterial , bt1t it is too expeвs i vc Ьесанsе of cx pcn
sive staгting п1 ate гi a l s апd а coшplicated en e гgy-con
st1111i11g 1лodL1 ct io11 tec l111ology. 

Тl1 еге f'о ге, it is нгgспt to obtaiп l1 cat -iп sнl atiпg 
111ateгi a l s s i п1ilaг to fоап1 glass in t l1 e iг pгope1·t i es bL1t 
based оп cl1cap 111i11e гa l s . ТЬ е aLt t \1 01· of this stt1dy lias 
iпvestigatecl tl1e feasiЬi l i ty of obta i п iп g foam silicate, 
а п aпalog of foam glass, L1si пg 'N i cl espгead silicic гoc ks 
апсl alkal i add i t i o п s, \\1it l1i11 t hc li mits of t hc project 
" Siпte гed Hcat- In s ll l at iпg Mateгia l on t l1 e basis of 
Мiпега l Reso L1 гсеs of t l1c Ту t1111 е п Region" Sll ppo гtecl 
Ьу tЬе Tyll п1 е п Reg i oп Gо \1сгпо г . 

Т11 е id ca of obta i п i пg foam si 1 icate coпs ists iп al
kal ic leac l1i 11g of aш o гpl1 0L1s sili ca fгот sil iceous 
гoc k s . This " 'ell k110\\1J1 111ct l10d of makiпg 1 iqll id glass 
l1as Ьееп of modeгate Ltsc so l'а г becat1se of а гсf'гасtогу 
i п sol ll Ые sl Ll clge wl1ich, i п 0L1 г case, is а l1 sefL1J со 111ро
п спt of tЬе 111ixtшe \v it h а s i gпi ficaпt a moнnt of clay. 
So lttЬl e a lka l iлe sili cates f'oг111 lo\v-111elt i11g elltectics 
апd tlшs fac ili tatc t l1 e t гaп s i t i o п of t l1e batc \1 i пto а 
111 clt ing state at te111p c гat L1гes bc lo'~' 700 ° С [Ileг, 
1979] \vl1il e c 1·ys ta lli zat i o п \vatc г гe l eascd fгom clay 
miп eгals i п t hc i11 so l t1Ьl e pгecipitatc acts as а f'oa111 i пg 
agent iп t l1 e c liaгge. 

Tl1e stt1d y \\ias рс гfогшеd нs i п g diato111itc fгот 
t he Kamysl1l ov deposit i п t J1 e Sve1·dlovsk геgi ол , \\1it l1 
42 .5 aшo 1· p l10 Lt s Si02, 8.9 А \ 203 , а пd 3.3 Fe20 3 
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(in 'Nt.%) . ТЬе сЬагgе \V i tЬ di atomite/ 40 % NaOH at 
а so lutioп rati o 2.3: 1.0 vvas т ixed and fil1ed \Vi t Ь 'Na
teг L111til it Ьесаше Ь o111ogeпeo L1 s, апd t hen pl aced iп 
а tЬeгmostat at 20 апd 95 ° С . The sollltioп гatio was 
choseп pгoceediлg fгom t l1e fact t h at cliato111i te 
co11tai11s 40 % amorpl1 0L1 s sili ca \VЬic J1 yie1ds а sо lн
Ь1 е sili ca te solut io11 (SS S) \\ri t h t J1e mole l'at io 
Si0 2/ Na20 т = 3 . ТЬ е Si02 yield (i11 pe гce nt of 
diatomite dгу \Veight ) анd t he т гatio i11 t l1e с lы гgе 
afteг leacЬiпg wеге estimated fo llo vviпg tЬ е tec lшiqll e 

гершtеd i n [ Solюlovich, 1963]. 
Afteг t he leacЬi11g vYas oYe r, cy liлdгical pellets, 

3 .4 cm i11 diameteг a11d 1.6 ст tЬick , wеге fabгicated 
fгom t he chaгge Ьу pгessing at 2 МРа, as wel 1 as 
gra1шJ es 5- 8 тш iп diamete1· made Ьу гolli11g 011 а 
plate gга1ш latoг. T l1e pellets анd gгanules dгied at 
100 ° С to co пstaп t vve ig l1 t vveгe then s i 11teгed анd 
foamed i11 staiпless steel 1110L1 lds in а i г, "'rit l1 tЬ е tгeat 
men t schedule of heat i пg at 25 ° C/miл , 20 min ехро
sше t o 775 ° С , and slo"'' cooli11g togetЬ eг v,rit h t l1e 
fшнасе at - 1 °C/ mi11 ) to гооm tempeгatuгe . Duгing 
l1eating, t J1 e gгanlll es Ьесаше foaшed a11d \Velded to 
getheг in to solid massive poгous silicate, fгom whicJ1 
sampl es wеге cu t i11 t l1e fшm of 30 х 30 х 30 mш 
cubes. 

Iпasmu c ]1 as foamin g of t he d iatomite-alk ali 
charge laгge ly depe l1ds 011 t he Si0 2 yield (YS) , t l1e 
first step coнsisted i11 i 11Yestigat iпg t he kiп et i cs of 
Si 0 2 extraction at d iffeгe11t tempeгatшes ( F ig. 1 ). As 
а гesнl t, heat in g to 95 ° С was fo ш1d OL1 t to n otaЬly 
acce l eгate th e process: a lгeady iп 30 min of ехроsше 
at 95 ° С , YS was 3.3 t i111 es tl1at at 20 ° С, fо г t he same 
ехроsше t ime (42 .5 % agaiл st 12.9 %), a11d a lшost 
did not gгovv fшtl1er. 

The YS cl epeлd en ce of the foami11g pгocess in the 
batch afteг its l eacЬiпg fo r diffeгe п t t ime spans was 
explored 011 cyliпdгical pe ll ets ( see F ig. 2 fо г tl1e i г 
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Fig. 1. Кinetics of Si02 yield (YS) at different tem
peratures: 
1 - 20 ° С; 2 - 95 ° С. 

plюtogгaphs after J1eatiлg). T l1 e images shovY tl1e vоJ 
шне апd tЬе арра ге п t density of t he foam silicate pe l
lets to Ье pгoportioпaJ to YS. Gгo\vt l1 of т aloпg wit l1 
YS likely ca L1 ses an iп crease i11 t l1e amoll nt of Jiquid i11 
t he c l1 arge whi1e s i11te гi пg aлcl/or its eaгJie r арреаг
ал се , wЬich pгomotes bette г foamiпg . Tlшs, it is SSS 
ratl1eг t lыn aJkali tlыt is Iespo п siЬl e fо г t l1e tempe
ratшe of liq uid foгm at i o п. This i 11fегепсе is SL!ppor
ted Ьу t he fact t hat pell ets шolcled iшшedi ate l y af
teг mixiлg с гас k апd do not fоаш оп heati11g, bu t 
foami11g геsшнеs as d ry cгystalJiп e sodi L1111 sili cate 
(Na20· Si02·9H20 ) is used iнsteacl of alka li , vvit h а11 
eqнiYalent ашоuп t of \vate г adcled. 
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Fig. 2. Si02 yield ( V5;o, ) plotted versus apparent density (р) of diatomite-alkali charge after heating (Т) 
for different time spans ( t): 

а - V5;o, = 13.3 %, р = 550 kg/ m3 , Т = 20 ° С , t = 60 тiп ; Ь - Vs;o, = 32.5 %, р = 35 0 kg/ m3, Т = 95 ° С, t = 10 тiп ; 
с - Vs;o, = 42.5 %, p = 280kg/m3, T = 95 °C , t = 30m i п. 
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Ri sing the heat-treatment tempeгatшe to 800 ° С 
causes an about 10- 15 % density incгease of the pel
lets, poss iЬly, as t he liquid plыse beco mes pгogгes 
Si\1ely less viscoL1s whi le the release of crystallization 
•vateг ceases afteг 7 40 °С [ Lazutlгina et al" 2006]. Tl1e 
samples de,,e[op s i zeaЫe open pores, up to 1 cm in 
diameteг, Ьу coalescence of smaller рогеs . 

Furtheг expeгimen ts \ve re гun •vit l1 grains made 
from ch a гges \\1it l1 diffe гent a moun ts of ext гacted 
Si02. As YS in cгeased fгom 13.3 to 42.5 %, _t l1e appaг
ent density анd tЬе compгessive stгe ngt l1 of t l1 e gгашs 
c hanged from 580 to 290 kg/ m3 апd fгom 7.8 to 
1.7 МРа, гespect ive l y. Wate1· Ltptake iп а !! samples 
'Nas wit l1i11 2 vo l.%. ТЬе t l1eпna l co11dL1 ctivit ies of t he 
samples with t he d eнs i t i es 290 апd 580 kg/ m3 •vе ге 
0.08 and 0.1 4 W/(m-К) . Tl1 e sa mples !1 ad а uпiform 
stru ctoгe coн s i sting of closed cells wit l1 an aveгage 
diamete1· of 1.5 mm. The се!! S L1гfaces had g lassy los
te1· and varied iп со lог fгош stoпe to gгее п -gгау. 

Th e soggested method са п Ье used to obtaiп 
foam silicate \vhich \vi!l allo•'' minimiz iпg destгo ct i ve 
сгуоgепi с effects being both а heat апd \vater insul a-
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tо г as it сап preve11t moisture f"гom mi gration i n to 
vt1 lneraЫe zones of fooпdat i oпs. 
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