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1. INTRODUCTION

Wh en conce n tra ted clay sus pens ions are subjec ted to su fficiently small shear, they
ca n exhibi t viscoelasti c behavi our, characterised by the simu lta neous presen ce of viscous
an d elastic s tra ins . Sus pe ns ion viscoelastic behaviour is usuall y determ ined by d yn am ic
oscilla tory tes ts. These tests yield storage modulu s, G', wh ich describes the elastic
component of the materia l's behaviour and loss mod ulus, G", which qua ntifies the
visco us component. The p u rpose of thi s work was to study the viscoelastic behav iou r of
d ifferent concentrated suspensions, ob tained by modifying sol ids volu me fraction, cp, and
deflocculant content, Xs.

2. EXPERIMENTAL

More than 30 suspens ions of a kaolin itic clay in d istilled wa ter were p repared,
varying the so lids volume fraction, cp, from 0.18 to 0.47, and the dcfloccu lant-to-clay m ass
rati o, Xs, from 0.18 to 0.53 g defloccu lant / IOO g clay. G' and G" were determined at
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d ifferent oscilla tion freq ue ncies, w. The dyn amic osc illa tory tests were preced ed by
vigorous stirring for 60 s, followed by a 300 s res t period. Th is protoco l enables havin g
sus pe ns ions with con trolled, reprod ucible inne r structure.

3. RESULTS AND D ISCUSSION

Yield stress, a ", which limits the linear viscoelastic ran ge, wa s found to rise with
increasing soli ds content, </>, and d ecreasin g defloccul ant con tent, Xs. Thi s is because
sus pens ion structure is more resistant w ith a grea ter number of interparti cle bonds and
high er bond streng th.
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Figure 1. Variation oj C ' and G " wit" oscillafi(Jll jreqllCllcy, us. (a) [xpcrimt>Ilfs at f/)=-0.46. (b) Exper iments at X5=0.25. (G '
solid symbols, G" ('1/11'1.11 symbo/s),

Figu re 1.a plots the va lues of G' and C" versus freque ncy, tu, on a log-log scale for
the sus pens ions prepared with </>=0.46. It can be observe d th at both G' and C" are
practically indep endent of frequen cy. Furthermore, for eac h sus pe ns ion, the va lue of G' is
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always mu ch higher than that of C". This behaviour, whi ch ap pro aches the theoretical
idealisation of a Kelvin viscoe lastic solid, is typical of flocculated or gelled sys tems . It can
similarly be observe d that both G' and C" inc rease as deflocculant con tent decreases.

Figure l. b plots the values of C' and C" versus frequency, to, on a log-log sca le for
the sus pe ns ions prepared at a fixed de flocculant conten t, Xs=0.25. It can be obse rve d that
at va lues of <1> ,,0.42, bo th C' and C" are practically independent of frequency, to, and that
G' >C" . This beh aviour clearly sho ws that these sus pens ions behave as a viscoelastic solid.
At sma ller solids con tents, <1>",0.37, the effect o f frequency, to, on G' and C" is conside rable
and C" is larger tha n C' at low frequ encies. Both observation s indi cate that this
suspens ion, and othe r more diluted ones, behave as a viscoelastic liqui d .

Figure 2 plots the va lues of the ratio G' /C" versus solids volume fraction, <1>, at
different deflocculant conten ts, Xs. The val ues of G' and C" we re found at a frequ ency of
(1)=] Hz. 11 can be obse rved that this rat io increases as solids volume fraction, <1>, increases,
whi ch indicates that the beh aviour of the suspe nsion approaches that of a viscoe lastic
so lid ever more closely. The effect of deflocculant content, Xs, on this ra tio rises as so lids
conte nt increases and defloccula nt con tent decreases.
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Figure 2. Effect of solids iotu mc[m ction, cp, and dejloCCI/ /mlt COl/teflt , X~} 011 the ratio G'/G ".
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Figure 3. Relation bctwct.'11 G' Gild ¢. Verification of the pn)po~t'd model.
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To relate the value of storage modulus, G, to solids volume cont ent, the relative
increase in the storage modulus, dG I G', with solids conten t d<\>. was assumed to depend
inversely on the ratio: excess suspension water in respec t of minimum volume I
suspens ion vol ume, l-<\> / 4>m.,' which gave the sta rting relat ion, expressed in different ial
form :

( )

- 1

"G' , <\>
- = 1<. . 1- - ·d<\>
G' <Pmw

The mathem atical model found on integrat ing the differential equa tion sa tisfactor ily
describes the effect of <\> on G' at di fferen t values of Xs (Figure 3). K is found to decrease
expo nentially with the rise in deflocculant content. However <\>m., can be conside red
constan t.
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