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• The measured viscosity increased with an increase in solid phase fraction.
• The findings indicate d that the measured viscosity was higher than predicted by the KD equation.
• It is hypothesized that these cohesive forces lead to agglomeration , which contribute to the increased viscosity.
• The potential influence of interfacial properties between solid and liquid phases on the viscosity of suspensions has been su gge sted. 

Further research is required to consider maximum packing fraction( Φm)  to get better  es timation of  the s us pens ion vis c os ity.

S ample Z rO 2 beads  dis pers ed in molten 
F e- C r- N i alloy

S olid phas e (Z rO 2 beads ) 5  vol% to 6 0  vol% 
S hear  R ates 6 7  s ⁻¹  to 2 0 2  s ⁻¹
Temperature 1 7 7 3  K

G as  F low A r- 5 %H 2 (2  L / min)

V is c os ity inc reas ed with an inc reas e in s olid phas e f rac tion
M eas ured vis c os ity > E s timated vis c os ity by KD equation

The flow behavior of high - temperature suspensions is industrially crucial, such as in the steelmaking process 1)

↓
H owever,  due to the exper imental c hallenges ,  there is  limited unders tanding of  high- temperature s us pens ions .

↓
To addres s  this ,  s amples  with a minimal dens ity dif f erenc e between the s olid and liquid phas es  were s elec ted,  

aiming to s tudy the detail of  the f low behavior  of  high- temperature s us pens ions .
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Measuring conditions

Viscosity dependence on the solid phase in 
ZrO 2 dispersed molten Fe -Cr-Ni alloy

The contact angle between molten alloy 
and Z rO 2 was 108.8 ° (Poor wetting)
at 1 7 7 3  K  in an A r atmos phere.

T he K D equation neglects  inter actions  between s olid phas es

E s timated vis c os ity f rom 
Krieger -Dougherty Equation 2)

ηsus： V is c os ity of  s us pens ion
ηliq： V is c os ity of  liquid phas e(= 6 .3  mP a• s 3 ))
Φm： M aximum pac king f rac tion(= 0 .6 4  4 ))
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Dependence of suspension viscosity on solid - liquid 
interfacial property 5,6)

The volume of the immobilized fluid increases due to the 
agglomeration , leading to an increase in viscosity

Estimating viscosity with agglomeration force

The significant deviation from estimations is due to the
lack of consideration for solid - liquid interfacial properties .

Estimating viscosity
Considering the 
agglomeration force leads to 
a better

Results and Discussions
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E s timating vis cos ity 
with agglomer ation f or ce

T he agglomeration f orc e F between the s olid phas es  is 7 )

R1, R2: Radius of dispersed solid (= 250 μm)
σLG : Surface tension of liquid phase (= 1.721 N/m4 ))
θ : Contact angle 108.8°

T he agglomeration f orc e F between the s olid phas es  is  muc h larger  than 
V an der  W aals  f orc e (1 0 - 5 μ N 5 )) and buoyanc y f orc e (0 .5 1  μ N 5 ) ) .

T he apparent solid fraction Φeff 
dur ing c lus ter  f ormation is 6 )

γ : S hear  r ate
ηsus : V is cos ity of  s us pens ion
f : F r actal dimens ion (1  < f  < 3 )

7 ) B. Derjaguin, Kolloid-Z, 69 (1934),155.


	Slide Number 1

