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FACTORS AFFECTING CROSS-FLOW MICROFILTRATION IN WASTEWATER TREATMENT

THHAER,  ILARRIK *
Taro URASE# Kazuo YAMAMOTO*

ABSTRACT; The characteristics of the cross-flow filtration of polymer
suspensions, municipal wastewater and activated sludge were
investigated wusing microfiltration membranes and ultrafiltration
membranes. The flux decline was explained by a gel-layer model in
which scouring effect at membrane surface was considered. Physical
meanings of the parameters in this model were examined by experiments
on various conditions. The observed specific filtration resistance
implied that the gel-layer consisted of smaller particles than those
in the bulk of municipal wastewater and mixed liquor of activated
sludge. By adding polymer particles to the activated sludge steady-
state flux was not increased but the rate of flux decline was
decreased. These phenomena were explained by changes in the structure
of the gel-layer.

KEYWORDS; membrane separation, wastewater treatment, cross-flow
filtration, gel-layer model, microfiltration
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TABLE 1 Effect of cross-flow velocity, particle diameter TABLE 2 Estimation of voidage

and applying pressure on K1 and k2. of the cake-layer.
RUN u dp A P Membrane k1 k2 RUN dy P
No. [m/sec] [um] [kPal [um] [m/keg]l [kg-see™-m™2] No. [um] (-]
al 1.4 6.0x1012 T7.6x1075 a4 0.15 0. 65
a2 L0 0.15 60 0.4 5.6X1012 4. 6Xx1075 a5 0. 45 0.46
a3 0.9 6.7x1012 3.3x1075 ab 0.8 0.42
ad 0.15 8.3%x1012 4. 2x1075

a5 1.0 0.45 70 0.1 4.0%x1012 2.9x107°

ab 0.8 1.8x1012 3.2x10°5

al 40 7.2x1012 4 5x107°

a8 1.0 0.15 70 0.1 8.3x1012 4.2x1075

a9 100 9.6x1012 3.7x107°
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TABLE 3 Effect of membrane pore size on
flux(4h).

dp Cb Flux(4h) ratio of
SIDE A SIDE B A/B
[un) (kg/m®] [m/sec]  [m/sec] [-]

{\ 0.15 0.94 4.50X107> 4.90x 107> 0. 919
\ 0.45 0.75 4.28x107> 5.02x107° 0. 852
1.50¢10% N 0.8 0.29 1.10X10™* 1.20X107* 0. 916
\ SIDE A:membrane:0.1um A P:70kPa
_—‘ SIDE B:membrane:0.4um A P :60kPa
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Fig.8 Resistances in Fig.7 Composition of organic

the filtration of materials in municipal
PMMA suspensions. wastewater.



TABLE 4 Effect of cross-flow velocity and membrane

materials on flux(4h), k1 and k2 in the filtration of .
municipal wastewater. ) - SN
RUN u A P Membrane Flux(4h) k1 k2 T 50102
No. [m/sec] [kPal [um] [m/sec] [m/kg] [kg-sec™tm™2] 7
bl 2.0 100 UF 2.71X107° 4.4x 1014 6.3x107® E B
bl 2.0 60 0.4 3.08x1075 4.5%x10%% 6.8x10° O Rc+Rg
b2 1.0 70 0.4 1.19x107° 4.3%x101% 3.1x107® =
b2 1.0 60 UF 1.13x1075 4.4x10%% 2.3x107% 4 B
cr
TABLE 5 Effect of different type of 0 -
activated sludges and membranes on =
flux(4h). - Rp
\; Rm
RUN u A P Membrane Flux(4h) oL =< =X R
No. [m/sec] [kPa]l [um] [n/sec] Membrane:0.4}1m UF

cl 1.0 70 UF  1.30X10°5 Pressure:70kPa 60kPa

¢l L0 60 0.4 1.13x10°5

¢2 L0 70 UF 1.32x10°5 Fie.s Hesist _
- 1g. eslistances in

zg }8 sg %4}, ?%gzig_g, the filtration of

3 1.0 60 0.4 1.04x10°S wastewater.
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TABLE 6 Effect of PMMA addition and membrane materials on K1 and k2

in the filtration of the activated sludge

RUN  Feed MLSS AP Membrane Flux(dh) Cp® ki K2
[mg/1] [kPa] [um]  [m/s] [mg/1]1 [m/kgl [kg-m™2-57!]

dl Supernatant COD=36[mg/1] 0
d2 Activated sludge 8800
d3 Activated sludge 6000
d4 Activated sludge 6000

d5 PMMA+Activated sludge 6800
d6 PMMA+Activated sludge 6900
d?7 PMMA+Activated sludge 6900

d8 PMMA+Activated sludge 7800

70 UF  2.00x10°> 26 3.69x10'2 1. 19x107%
60 0.4 1.83x1075 29 7.01x10%'2 1. 24x10°*
70 UF  1.04X107> 58 2.33x1013 7.64x10°°
60 0.4 T7.86x107® 58 3.91x10'3 5.79%x1075
70 0.1 1.27x1075 44 1.57x1013 8.79%x1075
60 0.1 1.13x1075 45 1.41x1013 7.86x107°
70 0.1 1.15x107% 29 1.57x10%'3 7.82x10°°
60 0.1 1.00x1075 21 1.34x1013 6.34x10°S
70 UF  1.20x107% 26 3.94x101'2 2.76x107>
60 0.4 1.27x1075 27 2.53x1012 1.69x107°
70 UF 1.11x107% 36 1.06x1013 5 71x107%
60 0.4 1.40%x1075 36 3.00x1012 2.23x107%
70 UF  1.11x1075 36 1.28x1013 7.49x107°
60 0.4 1.41x1075 37 3.83x1012 5 69x10°5
70 0.1 1.50x107% 23 1.07x10%'3 1.09x1074
60 0.1 1.46x1075 25 9.34x1012 1,05x107%

(%) :C0D(Cr) concentration in permeate.

u=1.0[m/sec]
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Fig.9 Effect of membrane materials
and PMMA addition on flux(4h).



TABLE 7 Effect of PMMA addition on flux decline.

Filtration time 6[min] 15[min] 1.5[hour] 4[hour]
RUN d2 Flux(without PMMA) [m/s] 2.75X10° 2.12x10% 1.21Xx10° 1.04Xx10°
RUN d7 Flux(with PMMA)  [m/s] 3.87X10% 2.47x105 1.37x105 1.11x105
RUN d7/RUN d2 [-] 1.39 1. 17 1.13 1. 07
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€ NOMENCLATURE

B {-1 :constant defined by eq(9) | k1 [m-kg '] :specific filtration resistance
o) [m] :thickness of cake-layer k2 |kg-sec 2w 2] :parameter of scouring effect
£ [-] :voidage AP [Pa] :applying pressure
n [kg'm ! -sec™!] :viscosity Rc {m '] :resistance of cake-layer
pp lkg-m 3] :density of particle Rg [m '] :resistance of gel-layer
Cb [kg-m 3] :concentration in bulk Rm [m '] :resistance of membrane
do  [m] :particle diameter Rp [m '] :resistance of plugging
J  [m-sec’!] :flux R [m '] :resistance
J [m-sect2] :dJ/dt t [sec] :time
u [m-sec™'] :cross-flow velocity
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