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INFLUENCE OF FREEZING - UNFREEZING CYCLES ON THE THERMAL 

BEHAVIOUR OF A MARINE CLAY 

E. T. STgPKOWSKA 

Inatltute of Hydroenglneerlng, PAS, Gdariek /Polend/ 

ABSTRACT 

After ten f reerlng - unfreerang c’yclea a marine clay lndlca- 

ted an Important change of water aorptlon /particle thlckneaa/ 

and of weight loaa In etatlc heating up to BOO ‘C. Thla la due 

to changer In mlcroatructure during freezing. 

INTRODUCTION 

Varlablllty in water aorption. H6, la attributed here to 

ohange in l peclflc eurface, S, and in particle thicknema, g. It 

waa obaerved In aeveral prooeaeea. e.g. mechanical treatment. 

drying, l torage at a high water content etc., l ae [7]. 

Thea8 proceaaea aay Influence aa well weight looa in atatlc hea- 

ting, A 0. All theaa Influence6 depend not only on pretreatment 

but aleo on form and elze of aenple under l tudy. In powdered 

aample theae affect8 may dieappear, though aome change in beha- 

vlour of Berkbent bentonlte powder, depending on eaaple pretre- 

atment, waa oboerved. Al80 lta l lcroatructure wee different 

whether it wee l tored at decreaalng or at lncreaeing relative 

humidity (81. 

Hare a l tudy will be preaented of the influence of cyclic 

freezing on W3 and on TG behavlour of a l arlne cley [6). A et- 

aalar influence, i.e. a decrrmaee in ills and inereaae in particle 

thiekneaa waa obaerved In a l llty loar by Skartyhaka [3]. SEM 

study of thle eel1 indicated some alorootruotural changee [IO] 

which day ocour aleo in this aarlne clay. Bomo phaae tranafor- 

mtlona l r9 ~oa~lble aa woll,durlng f mezing and/or drying 

and/or heating which are daaouoaed in the adjoining paper 191. 
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Thres r~smples of a marine cley mere taken from the Seltirr 

sea bottom at depths of /I/ 3.6 II, /2/ 5.4 m, end /3/ 5.5 R. 

Miners1 composition of clays from rhie region wee studied 

previouely. They contain montmorillonite, pertly interstratifiad 

with illAts,md keolfnfte in varfabla proportiona, aa well es 

quartz end fsldsper in coercer freotions. Clay frectlon mey give 

XRD patterns of en almoet amorphous mstter. showing better cry- 

stellinity sf ter homoionizetion 

Fig. 

Seotechnlasl propertfes ere fndiorted in Table 1. The nstu- 

to Mg or K /Fig. l/v 

f. X-ray diffraction iXRD 1 af two 

oriented sampies of o marine clay 

form Baltic sea hot torn: 

a] clay fraction, 

b) homoionized to K, 
c) homoionized to Mg . 

rel weter content wee h%gh. Wn I 42 ., 66 516. Content of crystal 

pheee weter wns estfmeted at Wh I 13 - $5 %, diffuee leyer we- 

ter at W6 - ifj - 19 % and mcropare /%ntereggregete/ weter 

W = 33 - 

lEt wyL 

32 %. Plestfe liwft wew Wp I 21 - 28 % and &Liquid 

w 6% - 69 X. undreinad ahaer etrength wes low, 8,/U/ a 

5 - ii kPe and it decrsessd after remolding to S&U/ - 2 - 6 kPa. 

Thus sensittvity S,/U/:Su/R/ va+&ad bstween 1.8 end 2.5. 
Remolded okys /R/ ware pieced in Wasil%ew apparat(lar mm 

wrapped in pleetic foil and f reezad tm time8 for 6-7 h et 

- 20 ‘C laeving for ce. 18 h to unfrsara to room teIQWW8tUree 

Change8 in mwple hegght were recordads after l hrtnklng in the 

first to third freezdwg cycle. sowe ewellfng wee obeerved 

which wee depsndent on sampling depth, fear decreeeed from 



315 

TABLE 1 

Geoteohnioal propertie of the aarine cley 

wr ompth 
l + 3 3 #, kp trw:; 3 iswPa? 

1 3.6 66 28 69 5 2 2.5 15 19 32 43 

2 5.4 50 22 51 9 3 3.0 13 16 21 36 

3 5.5 42 21 52 11 6 I.6 13 16 13 37 

/I/ 21 % to ,421 13 X and /3/ 6 %. tbntrorillonita content /@lo/ 

decreesed in a similar sequence froa 43 % to 37 X. 

Grain eire dietribution wes measured before and after cyclic 

freezing and aeinly eoae increase in content of coareer fractions, 

wao obeerved /Table 2/, errpecially in l eraple /3/ token from the 

highset depth. Thie indicatea aggregation proceeesa. 

TABLE 2 

Final increase in volume ah/h, and change in grain eire distri- 

bution after freezing 

Nr Depth 
w 

Ah/ho % Content of fraction 
% 

eond milt clay 

0305-2 ww 0,062~0,05 aln “2PD 

1 3,6+3,7 3C after f reettng 29 : 41 2: 

2 5.4e5.5 iii 31 50 
at ter f teezing 13 26 54 

3 5,4#3,6 54 
l f ter f reering 6 :26 ;: 50 

To seeeure WS three unground specimen of ea. 300 ag of each 

l slple were placed in alulainiua oontainere, were dried at llO°C 

end were stored for 10 dayo in a desiccator over’ the eaturated 

Mg/NO3/2 bolutgon /P/P, I 0,5/, efter which they were tmneferred 

to P/Q, = 0.95 /over the 10 % HeSO solution/ for 16 deya. They 

were dried again at 110 ‘C and heated euocweively at 220 ‘C, 

400 ‘C and 800 ‘C. Weibh* change6 were recorded and A O/O0 wae 

callulated awuaing am Go the initial weight of the oven dried 

apeciwan /Table 3/. 
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TASLE 3 

Water sorption end relght loee in etatic heeting in percent 
/meen of three eanplee/ 

Nr Saaple 
Depth 

3.6 - 
1 - 3.7 

m 

2 r*:,; 
a 

y>;6/ 

% % 

U 2.9 0.2 2 15.2 
2 

0.5 -10.8 0.2 
F” 2.5 0.2 16.6 1.3 -11.6 + 0.7 is: 

1.6 0.3 10.0 1.6 -15.4 0.8 25 

: 
1.7 + 0.1 12.8 0.8 
1.8-0.2 2 

-14.3 
2 

0.4 
ii,8 1.0 -14.5 0.5 223 

F 1.4 0.2 10.6 0.3 -15.1 1.5 26 

U l-8 0.2 13.0 1.5 -15.0 0.04 28 

3 ?i.-, R 

2 

2.0 0.3 

& 2 

13.2 0.5 -15.0 0.3 a F 1.9 0.2 11.3 1.9 -11.6 0.9 I! 

U - undieturbsd, R - remolded, F - frozen cyclicelly 

DISCUSSION 

All the data /XRD, s, TO/ indfcete thet marine cleye fron 

the given region have e very unatrble perticle thickneee, eepe- 

eielly at lower aempling depth f~erple i/. WS et high p/pa- 0.95 

ie much bigger then thet et p/p, = 0.5. Their retio hee an exce- 
ptionally important velue of 5.2 to 7.5, whereee in ceee of a 

conetant particle thickneee it ie ce. 1.5. 

Prolonged etorege in dry atate 

perticle collapse/ by ca. 50 % 171 
effect, also dependent on l empling 

varied f roW 36-40 % /l/ to 26-11 % 

I 0.5 end 0.95 respectively. 

oaueed a decreer8 in WS /thus 

Here freezing hoe a l imllar 

irpth. Reletive change In WS 

/2/ and 4-14 % /3/ for p/p,- 

It w88 found thet l round ice lenaee there ie formed a par@& , 

101 pertiolo l rrengement both in ronomineral cleye 123 and in 

8011s f lo]. This increeee in domain thickneee ie due ta /S/ cryo- 

8uotion Cl] rnd /2/ preeeure exerted by the iue eryetrl being 

formed. Such a aicroetructure soy have en influence on WS, on 

temperoturs of dehydmtlon end on thet of dehydroxyletion ee 
Nell l a on phere tnneforaetion during hooting, l ee c91* If un- 

reatrietad, the perollel etructure my eorb weter end ewe11 fre- 

ely, Ihuo high perticle deleminetion aey occur [4]. If trepped 

within the cluster l truoture /Fig. 2/ it8 weter l orption and 

m~wlli~g ie reatrieted. weter emcepe during heating end dehy- 



draxylatlon 1s hlnd8rsd and pkme tnn8fom8tlon ie woet prob+b 

fe. Xndaed dsoremmd mater @OfptiMI 8nrf iopoft8Rt diffetenc8e ih 

A 0 wysrl Gb8erV8d durSng heating /Table 3/, 
Aftar WS ae86Ur8went the weight of th8 Oven drted apsc&ren 

daormrrred by 0.1 to 0.4 % mAc;/ilO ‘C/. After he8ting et 220 ‘c 

it decre88ed only by 0.8 to 3 %, whareae 8aapl8 pretrmtrsnt tn- 

flwmcad A G/400 ‘C/. which war&ad betw88n 1.6 8nd 2,f $4 sum 

smr* the A 0/6QC oC/ ~88 fnfluenced &li to $5 $&/, which ChanQ8 

war jU8t O$?poeite to th8t of W ,#,g6f. To chow this t8nd8Wy the 

mm of W/CL95[ 8nd - d Gfsor, ‘C, le pre+snted in tha 2e8t Ce2Usn 

cf Table 3, This total change la weight v8rfss 1~ undL8turbed 

e8plSo 8#d in the r8wvld3d one3 b8tWe8n 26 8nd 28 $& Wh8Fe88 in 

freered sarrplrs thts verl8biliity r8nge8 betw8en 23 end 225.6 %. 

Thue the sqelle8t totol change Jn weight 188 lndic8ted by freetad 

8rmpSeo,, where ruch p8rallel particle aFr8ngement Le to be e%pb- 

Med. tn thts ca88 not only More880 in t8mpereture of 68hydrae 

tion my oooura but eleo phree tr8nrforwatlen 18 pors$ble. gerk- 

bent bentonite of p8r8llel etruoture did not dshydratr cowpl8tely 

rt 4CC oC /and po88lbQ ev8n rt 800 ‘C/. mhloh ~88 lndtcatad by 

8 brordansd pe8k 8t 9-f 8 c ?-hi8 W88 po88iblr due ti3 eurf8o8 Weg- 

t-ing’of the p8Fetlex 8truGtUre et 8oQ oC, 

Heeting of bentsnits resulted in ph88e tr8?38foFw8tiiSw, whioh 

web tndto8ted by nrw XRD pa8ks. thet w8re ww8t ebund8nt in p8nl- 

lel etructure, with owietobollite prevailing, whbmme Sn olueter 

structure fsldapclr could be found. oependlng on there trmrform8- 
tionm weight 208r in h88tlng may be Olth8r lnor88aed or d8crea- 

8ed m 

Xt uy be eoneluded thrt ~&table rtw@ of w8ter savptiorr 

and weEght 2@88 in 8?8tl,c heWing ef th3 p+strtrrted epeCio8n way 

g%v8 80#1) 1nftPrrrtlm nn ehrnQI8 lfi iiC+OltfUGtUFb dUt%ng thr 

gtvm #WOF;888, OF&?dinfJ SW #Wbf8ri~t~~~ Sf -the 8pe@tw8#4 w8y WW- 

n%hilete the lnv88tiQate#d bffact, 

Xn marine ~18~8 w8tef *orptLon and weight loam 01 *t:*tie hr- 

atin$ chang8 8fteP'cryc2lo frWf3mg. rh8 l e8t prob8bla crxpl8no- 

t&on I* the dr$slopment in freezing of p8ratlal 8truatur8 /fro* 
-to-f8ci3 CWt?84?te/B At hW8r WbpklnQ d8pth thi8 SOUIW WJU8tly B 

dWW8WB in WS 8@d.iBSrM8* in ti+P*tW+ of drhdrrW?i%, At 

kfghrr rq&&,ng depth the oddit%onr% l ffrpet UT b8 the ph8@ 




