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Abstract — The average specific cake resistance, the most important indicator for cake filtration and solid-liquid sep-
aration, is measured by filtration experiment. But the exact value is difficult to measure because of the other influences
such as sedimentation during filtration. This study, a little more stable method named filtration-permeation is proposed
for measuring average specific cake resistance. The filtration-permeation is composed of permeation of particle elimi-
nated water through pre-formed cake by filtration. Using 1 wt% calcium carbonate suspension, the filtration-permeation
experiments were performed for 8 kinds of filter media at the conditions of 0.5 atm and 0.2 atm, 1 and 3 sheets of filter
media. At each specific condition, three to five times filtration-permeation were accomplished. As a result, stable per-
meation speed is measured. According to this experimental result, the characteristics of permeation and the effect of sed-
imentation are analyzed with Ruth’s equation. The one way analysis of variance (one way ANOVA) is applied to the
average specific cake resistances of filtration and permeation obtained with the selected three kinds of filter media. The
average specific cake resistances between 0.5 atm and 0.2 atm by filtration do not distinguished, but those by perme-
ation is perfectly distinguished. The experimental results during permeation have a very narrow distribution than that
measured during filtration. The analysis of filtration experiments, it was verified that the resistance of filter medium by
traditional method is of no significance. Finally, the migration of small particles through the medium composed of fiber
glass at low pressure was studied.

Key words: Cake Filtration, Filtration-permeation, Average Specific Cake Resistance, Ruth’s Equation, Permeation, Filter
Medium, Resistance of Filter Medium
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Fig. 1. Filtration-permeation result of 1% CaCO; suspension with 3
sheets of Toyo SA filter at 0.5 atm.
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Fig. 2. Results of 3 filtration-permeations performed at the previ-
ous conditions.
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Table 2. Permeation results from Fig. 2
a,,(mkg) No.ofdata  Avg. (AVAV) St. Dev. (6(0)%

H17re) Ao e AAAG R%] A2 F A A= 1.74E+11 14 48.852s/cm  0.793s/em  0.0162
1.0000000]51aL, Al WA AT 0.9968929).0 2 F A Ajo] AL 1.74E+11 14 48944 s/cm  0.714s/cm  0.0145
3 Q1o glolE] Al A7F B AR5 okoi). 1.70E+11 14 47932s/cm  0.548s/cm  0.0114
Table 1. Filtration results from Fig. 2
Oy s R, No. of data Coeff. a Coeff. b R? Std. Error
2.73E+11 —2.50E+10 5 4.977 —4.508 1.000000 2.160E-14
2.73E+11 —-1.79E+10 5 4977 -3.220 1.000000 1.877E-14
2.52E+11 ~7.18E+09 6 4.598 —-1.294 0.996892 4.169E-01
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Fig. 3. a,, , and a,, , by filtration-permeation performed with 8 kind

of filter media (1 wt% CaCOs;, 0.5 atm, one sheet of filter
medium).
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Fig. 4. Comparison of filter media composed of 1 sheet and 3 sheets
at 0.5 atm.
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Fig. 5. Comparison of filter media composed of 1 sheet and 3 sheets
at 0.2 atm.
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el Aol Bt vIAF a,, BT Rk 221x10" m/keel L,

Table 3. Average, standard deviation and COV for various filtration-permeation conditions

0.5 atm 0.2 atm
o, [m/ke] A, [m/kg] o, r[m/ke] o, , [m/kg]
1 sheet 3 sheets 1 sheet 3 sheets 1 sheet 3 sheets 1 sheet 3 sheets

Average 2.20E+11 2.22E+11 1.59E+11 1.67E+11 1.88E+11 2.02E+11 1.07E+11 1.10E+11
St. Dev. 4.15E+10 3.98E+10 1.41E+10 6.01E+09 2.75E+10 3.50E+10 3.99E+09 5.14E+09

COV 1.89E-01 1.79E-01 8.86E-02 3.60E-02 1.46E-01 1.73E-01 3.73E-02 4.68E-02
Average 221E+11 1.62E+11 1.94E+11 L11E+11
St. Dev. 3.99E+10 1.20E+10 3.10E+10 6.20E+09

COV 1.80E-01 7.39E-02 1.60E-01 5.57E-02
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Ap : filtration pressure [Pa]

Ap, : pressure drop across cake [Pa]
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R, :resistance of filter medium [m™]

S : mass fraction of solid in suspension [—]
S, :mass fraction of solid in cake [-]

t : filtration or permeation time [s]

V  : volume of filtrate per unit area [m*/m?]
W :dry cake mass per unit filter area [kg/m?]
Jz2[o|A 2K}

o, :average specific cake resistance [m/kg]
n : viscosity of filtrate [kg/m-s]

p : density of filtrate [kg/m3]
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