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A BSTRACT

III this work the oariation of the viscosity of a suspension of ceramic powders as afunction
of solids concentration and shear rate was stlldied. Considering viscosity as beillg a macroscopic
collseqllellce of internal attrition of the particles ill suspension, Wllicll COllie from mcchanicat alld
clectronutgnetic intemctions, a model of viscosity as [unction of solids concentration. throllgh
easily nieasurnblc parameters, was developed. takillg ill accOllllt that ill slfstems with particle
dunncter« higher than 1 ,1 1111 the ra riation il l viscosity is affected mainli; by the attrit ion origillatillg
[rom mechanicalforces. A ll approach for the problem is a bidimensional balance oiforccs acting 0 11

particles ill sllspt'llsioll p1'<'sellted by HO/Ig. ASSlll11illg thn! the particles arc big ellollgh (bigger
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than colloidal size), so that the particle-particle interactions call be neglected; the fo rc es of
hydrostatic mitt hydrodYllamic thrust alld the graoitaiional force call be cancelled out, the linear
Felocity equals the angular celocitv 0 11 the surface of the particles; mId the particles do not adsorb
water. After those considerations ollly the rotational restrictiue M, and translational FJforces are
considered and it is possible to establish a relation bctioecn them. To correlate those assumptions
with viscosity, a mathematical model proposed by Rodrigues Neto was used, which includes
Fiscosity as ajunction of meall free path )_by Fullman. A modified modelfor the l'iscosity could be
toriiten as ajunction of solids rolumefraction [co. L], which is correlated untlt internal restrictite
forces leq. 2/.

11,= I+ b(~Jn
1 - 4> ~

11,=I+ b(~J"
F;, .t.

Where: b and n are adjus table param eters; <Pp is the solids volume fraction;

[Eq. 1]

[Eq. 2]

To tes t the proposed model, sus pe nsions were prepared of alumina (Alcoa, calcined,
98.45% a -alumina, average size 1.20 urn, 3.65 g /cm') and kaolin (Brasil Min as, industrial
mineral, 97.78% kao lini te, average size 3.73 urn, 2.48 g / cm' ). The sol ids volume
concen tra tion wa s va ried from 2 to 24%. The experimental measurements were
accomplished in a CSL rotational rheometer of T. A. Instrumen ts with geometry of double
concentric cylinders at 25°C. 1 0 additives we re used for dispersing the powders in wa ter.

The mod el fitted the exper imental results sa tisfactorily in the tes ted interva ls, as
shown in Figure 1. The coefficients band n were calculated by least squa res regression.
When compared with other mod els the proposed model presented a very good
correlation for alumina (R = 0.9989) and kao lin (R = 0.9926). From the regression fit of the
curves, the constant n for alumina and kao lin was 2.8, very close to 3. Acco rd ing to
Rod rigues Ne to'", such a value can be associated with the cubic aspect of the particles. The
values for the constant b were characteris tic for each material, being possibly associa ted
with the form of particles or particle agglomera te; shear rate; electromagne tic interactions
between the phases; and temperature of the sys tem.

When the relati ve viscos ity is plotted for d ifferent shear rates, viscos ity is found to
increase with higher solids volume concentrations, Figu re 2, as observed also by Liu and
Chou!". Moreover, in the range of concentrat ions analysed, the tenden cy of the flow
curves is to reach a limit value of relati ve apparent viscosity at higher shear rates.

1'<h· 23&



b in R

• Kaolin 2584 1 2.8 0.9926

• Alumina 1631 1 2.8 0.9989
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Figllre 1. Fi~co:- i ty expem nentai dataf or uhnninaand kaoiin ::;1I5PClI.:.ioIl5 compared "((' itlr the proposed IIwdt'!fit.
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Figure 2. Retntire ('iSC(l5it~1 of alununa 511 SPCI/sioll 17::; a junction of shenr rate for d~tJcrt'llt solids z-otumc concentratunis CPp
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