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INTRODUCTION 

Most investigations on the rheology of concentrated suspensions have 
focuscd on monodispcrsc suspcnsions of cithcr sphcrical or rodlikc 
particles. In practice, suspensions contain panicles rhar are polydisperse 
both ii sizc a id  ii shapc. Only a hutcd iiuiibcr of studics liavc bccii 
devoted to the problem of size polydispersity and even less is known 
about the behavior of mspcnsions composed of particles of different 
shapcs. In this papa wc providc cxpcrimcntal data for thc low shcar ratc 
viscosity of concentrated suspensions of neuually buoyant, rod-sphere 
n a u r c s  and dcvclop a siiiplc phcnoiiiciiolo~cal iiiodcl for tlic 
viscosity of such systems. 

Fanis [ l ]  dcvclopcd a modcl for thc viscosity of multimodal 
suspensions of spheres. In his model, for each fraction of a given 
paticlc sizc. UIC siilallcr pdc lcs  ii tlic mspcilSioii do not hitcract with 
the larger particles and are 'sensed' by the large particles as part of o 
continuous Newtonian suspending fluid. In what follows. we use 
Fanis's conccpts to dcvclop an cquation for thc viscosity of a 
suspension of a mixme of rodlike and spherical particles. If the rods 
arc largc ciiougli rclativc to tlic splicrcs. UT may considcr tlic splicrica! 
particles as part of the homogeneous suspendmg continuum. Let us 
define an apparent sphere volume fraction +*$ = V, /(V,+V,) = +5/(1-$J 
wlicrc V is voluic. 9 is thc voluiic fi-actioiL aid thc subscripts 0. r. s. T 
stand for the fluid, rods, spheres, and total solids respectively. I f  we 
assume the viscosity of a suspension composed of spheres and rods is 
thc samc as thc viscosity of a suspcnsion of rods suspcndcd in a 
Newtonian homogeneous fluid of viscosity identical to the viscosity of 
mi eqiiivalntl. siqieri*iori of qilimes witti x viiliime frcliort 4-s %fie mxy 
write: 

d 4 r ) ;  k ~ r p h r r c s ( 0 - s )  h d r o e A 0 r )  (3) 

IIcrc wc adopt thc Thomas relations for sphcrcs 121 and h4iWcn's for 
randomly oriented rods with aspect rario of 20 [3]. The relarive viscosity 
of a iilircd susperlsion may iiow bc caldatcd for a iy  conibhidoii of 
rods (ofaspect m!io 20) and spheres. 

EXPERIMENTAL 

Thc cxpcriiiciital apparatus. iiiatcrials. and iiictliods havc bccii dcscribcd 
in great detail elsewhere 13-51, Suspensions composed of mixiures of 
poly(methy1 methacrylate) spheres with diameter of 3.175 mm and rods 
with lcngth of 31.65 mm and diamctcr of 1.557 mm ~vcrc uscd. Thc rod- 
sphere mi*ures were suspended in a three-main-componem Newtonian 
fluid witli 50%wt alkyhyl polyctltcr alcoliol35%wt pulyalkyleim glycol 
and 15%wt tetrabromoethane. Yhe quantity of tetrabromoetipne in the 
mixkre w ~ q  ;uljiwicii s(i t1td. the tlert~-il.y mid I ~ I K  Trfrxlive index of {lie 
fluid would match those of the PMMA p0rticle.s. The falling b d s  with 

diameters between 6.35 mm and 15.88 mm were either chrome-plated 
stccl ball bcaritigs. iiioiiel or tu~gstcri carbidc. Thc trajcctorics of tlic 
f h g  balls were recorded on a high-speed digitiiing video system. An 
average velocity was determined by measuring the elapsed time for the 
ball to sctflc a known distancc on thc scrccn. Up to 40 individual drops 
were required for each dam point. 

RESULTS AND DISCUSSION 

Thc rclativc viscosity is obtaincd from thc dimcnsionlcss d o  of thc 
measured Stokes viscosity of the suspension, incorporating the F a e n  
bouidary corrcctioii [3-5]. to tlic viscosity of tllc suspciidhg fluid. Thc 
average relative viscosity for each suspension is obtained by averaging 
up to 120 separate ball drops for any given suspension. In Fig. 1 the 
mcaurcd avcragc Viscosities (spbols) arc comparcd to thc thcory 
described in the first section [lines). The agreement between the limited 
iiuiibcr of availablc cxpcrinciital poiits a id  tlic calculated li~ics is vcq  
good. This agreement seems to validate the assumption that, in a 
suspension in which two population_c of solid pmicles with large size 
diffcrcncc cocxist. thc largcr particlcs 'scnsc' thc smallcr particlcs only as 
pm of an effective suspending continuum. 
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Fig 1. l'he relative viscosity of the muted suspension as function of the 
1.01~1 soliiLs vdiirne frxhri .  The lines le~irrsrril llir ~-nlciil;rrrrl t.lic~ircliu;tf 
values and the points represent the average experimental values for any 
given composition. 
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