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Abstract 

Hindered settling velocity of flocculated suspension of Na-montmorillonite studied by 
Miyahara et al is revisited to obtain the representative value of settling velocity in the limit of 
container height that is critically important for the further analysis of consolidation. 
Well-visualized settling behavior demonstrated the result of sedimentation turbulence 
reported by Ezral et al. However, the settling velocity in the infinite limit of container height 
was found to be disturbed considerably. The formation of a huge aggregate whose size is 
comparable to or larger than the cylinder diameter detected by the visualization can be the 
reason for the disturbance. 
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1. Introduction 

The sedimentation behavior of the flocculated 

materials is important for cohesive sediment 

transportation. Michaels and Bolger [1](after M-B) 

studied the relationship between the interface 

sedimentation rate of flocculated kaolin suspension. 

They improved the settling rate equation originally 

proposed by Richardson- Zaki [2] (after R-Z). 

         (1) 
Q, Q0, α, Φ denote the group settling rate, the 

settling velocity of the single particle, the swelling 

ratio, and solid volume fraction, respectively. 
Using Na-Montmorillonite which will form a 
larger floc than Kaolinite, we have examined 
the importance of the effect of cylinder heights 

in the generation of turbulent flow and container 

size [3, 4]. Increasing the initial height will 

promote the sedimentation rate due to the 

development of large flocs, which was regarded as 

the feed-forward mechanism. Although an elegant 

approach was proposed by M-B to investigate the 

settling velocity in a cylinder to obtain the velocity 

of infinite height (from the plot of the results vs the 

reciprocal value of H) for the analysis of Kaolinite 

suspension, however, the validity of M-B method 

is not examined for Na-montmorillonite which 

yield much larger flocs, yet. Miyahara et al 

reported the settling velocity at a certain height. So, 

we decided to revisit this problem.  

Fig. 1 The standard settling curve of flocculated 

Na-montmorillonite with the volume fraction (Φ) of 2.0 × 10−4 and 

experiment schematic diagram. 

 

2. Materials and Method 

Na-montmorillonite suspension (Kunipia-F 



Kunimine Co., Ltd.) and NaCl solution were gently 

mixed by the end-over-end method using two 

cylinders. The suspension was left to stand for the 

observation of settling behavior in circular 

measuring cylinders of different heights from 

200mm to 500mm as shown in Fig. 1. The 

interface settling height H was recorded as a 

function of elapsed time, t. The inner diameter of 

the settling cylinders was 2.75cm. Solid volume 

fraction Φ was adjusted from 1.0 × 10−4 to 3.0 × 

10−4. The ultimate NaCl concentration was 1 M.  

 
3. Results and Discussion 

The standard curve as shown in Fig. 1 illustrates 

the typical sedimentation behavior of 

Na-montmorillonite floc. Here t0 point is regarded 

as the starting point of the consolidation. 

Maximum settling rate Q is derived from the slope 

of the trend line before the consolidation stage. 

 
Fig. 2 Plot of maximum settling rate with the reciprocal of initial 

height. 

 
Fig. 3 Relations between the settling velocity of the interface 

(Q1/4.65) and volume fraction of solid (Φ) at 1.0mol/L NaCl 

concentration with the cylinder inner diameter 2.75, 2.8, 5 cm. 

Notice: Miyahara’s previous data * [5]. 

Fig.3 shows the relationship between the 

reciprocal of velocity and height. The maximum 

settling rate as the infinite height condition can be 

obtained from the ordinate intercept. As 

demonstrated in the figure, our obtained values of 

Q1/4.65 does not change as predicted by R-Z whose 

slope is hypothesized as a dashed line in Fig.3. 

That is, the settling velocity in the infinite limit of 

container height was found to be disturbed 

considerably. The formation of a huge aggregate 

whose size is comparable to or larger than the 

cylinder diameter detected by the visualization (in 

Fig.1) can be the reason for the disturbance [4].  

 
4. Conclusion 

We carried out a systematic analysis of the 

sedimentation behavior of the flocculated 

suspension of Na-montmorillonite. The first result 

came out that the formation of considerably big 

aggregates disturbs the smooth displacement of 

flocs in the cylinder under gravity. This is evidence 

of a long-chain network structure that yields a 

long-distance stress chain in the flocculated 

sediment. More precise analysis using a thicker 

cylinder will elucidate the problem. 
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