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Abstract 

The spiral capillary viscometer is designed to investigate the flowing behaviors of suspension. 

The analysis of stopping motion of flow will provide information on the behavior of zero shear 

limit. In this study, we focused on the stopping behavior of flowing suspensions of Na-

montmorillonite coagulated under high ionic strength. In most cases, suspensions stop 

gradually as the shear stress decreases. However, we have confirmed the demonstration of 

abrupt stopping in certain limited condition.  
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1. Introduction 

Montmorillonite is a clay mineral widely 

found in soil and water environment. It can 

be considered as a carrier of pollutants since 

montmorillonite particles can adsorb 

chemicals on the surface. In the 

transportation process, the movement of 

particles is strongly affected by flocculation. 

Therefore, flowing behaviors of it in the 

flocculated system are important for 

pollutant controlling and environmental 

protection.  

Flow properties are usually investigated 

by a viscometer. Comparing with other 

laboratory viscometers, there are some 

merits of a spiral capillary viscometer. Firstly, 

the whole flow process is visible. Secondly, it 

is suitable for suspensions containing flocs 

since the diameter of it is large enough to 

pass through flocs. Secondly, the pressure 

gradient is very small to meet the zero shear 

limit condition.  

In this study, the object is to reveal the 

effect of high ionic strength on the flow 

behaviors of montmorillonite suspension 

under zero shear limit by a homemade spiral 

capillary viscometer. The analysis of flow 

behavior under zero shear limit is important 

for the interpretation of real yield stress and 

clogging motion of flow in the porous media. 

2. Materials and method 

Sodium montmorillonite suspensions were 

prepared from “Kunipia-F” (Kunimine 

Industry Co. Ltd.). All exchangeable cations 

were replaced by sodium ions. The volume 

fraction of suspension, Ф, was adjusted to 

1.5×10-3 and 2.0×10-3 with ionic strength 

controlled by NaCl solution in the range of 

5.0×10-3 to 1.0 M. The pH value of suspension 

was not purposely controlled. 

The spiral viscometer (Fig.1) which 

consists of two cylinders connected by a tube 

within 1 m in length and 2.4 mm in inner 

diameter was used to investigate flowing 

behaviors of the suspension. The range of 

shear stress applied in this viscometer is 

from 79 to 9 mPa which is one thousand 

times smaller than that in a commercial 

viscometer [1]. Because of the small pressure 

gradient, the structure of flocs is not easily 

broken. The suspension was poured into two 

cylinders with the same amount. Then 5 ml 

of suspension in the right cylinder was 

moved to the left cylinder. The height 



difference between fluid levels and time were 

recorded. The experiment temperature was 

20.0 ± 0.5 ℃.  

Fig.1 Structure of spiral capillary viscometer 

3. Results and discussion 

Fig.2 and 3 show the relationship between 

ln(h(t)/h(0)) and t for different ionic strength. 

In Fig.2, Na-montmorillonite suspension 

stopped gradually with the decrease of shear 

stress when I ≤ 0.5 M. But when I = 1 M, 

suspension moved fast at first, and then it 

stopped flowing suddenly even the pressure 

was still there. In Fig.3, slow stop behavior 

appeared at an ionic strength of 0.005 M and 

0.01 M (Fig.4 (a)). The abrupt stop behavior 

appeared at an ionic strength of 0.5 M and 1 

M (Fig.4 (b)).  

Fig.2 Temporal variation of h(t)/h(0) of Na-montmorillonite 

suspension for different ionic strengths at Φ=1.5×10-3 

Fig.3 Temporal variation of h(t)/h(0) of Na-montmorillonite 

suspension for different ionic strengths at Φ=2.0×10-3  

Results mentioned above could have been 

related to the formation of flocs. The size and 

cohesive strength of montmorillonite flocs 

increase with an increase in the 

concentration of NaCl [2] which leads to an 

increase in yield stress. Adachi Y. etc. found 

that the size of montmorillonite flocs is 5 – 10 

mm at an ionic strength of 1 M which is much 

larger than the inner diameter of tube. 

Numbers of flocs with large size and high 

cohesive strength plugged up tube and made 

the flow stop suddenly. The blocking 

phenomenon is obvious in Fig.5. It is clear 

that flocs could not get into tube at an ionic 

strength of 1 M (Fig.5 (d)).  

(a)                       (b)    

Fig4. Front view of spiral viscometer at the end ((a) is 

slow stop type, (b) is abrupt stop type) 

              (c)                       (d) 

Fig4. Side view of spiral viscometer at the end ((c) is slow 

stop type, (d) is abrupt stop type) 

4. Conclusion 

Flowing behaviors of Na-montmorillonite 

suspension for different NaCl concentrations 

under zero shear limit were observed. Two 

types of flowing behaviors which are slow 

stop behavior and abrupt stop behavior were 

recognized. High ionic strength and volume 

fraction of montmorillonite can induce the 

appearance of abrupt stop behavior. The 

mechanical explanation of two different flow 

behaviors is under the way. 
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