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Effect of cake resistance by first-aggregation of in-line injection system
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Abstract
Cake resistance is influenced by floc size deposited on membrane surface. Enlarging floc size can reduce cake resistance.

The small particles are enlarged by coagulation and flocculation process in conventional mixing tank at membrane filtration
system. Fully-grown flocs for reducing the cake resistance, however, are ruptured while passing through a pump. In light of
this fact, this study aims to experimentally look at the reaggregation phenomenon of mixing system. In addition, reaggregation
phenomenon of mixing system is compared with first-aggregation of in-line injection system in which coagulant is injected just
before a pump. These results suggest that first-aggregation of in-ine injection system is better than reaggregation of mixing
system for G-value above 3100sec-!. Since G-value in pipe of actual membrane filtration system are usually larger than

3100sec-'. The performance of in-line injection system is expected to be better than the conventional mixing tank system.
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Table 1. Governing Equations :
al., 2000).

Steady—State Expression for Limiting Flux Based on Shear—Induced Diffusion (Adapted from Stephenson et

Model

Equation

Reference

Leveque solution for shear—induced diffusion
(based on Ds = 0.03ya2)

Similarity solution for shear—induced diffusion
(based on Cy~0.6 and Cu 0.1 by volume)
Model for shear—induced diffusion, ¢5(0.2

JL = 0.0724@*Cw/CL)1/3

Model for shear—induced diffusion, is low
Integral model for shear—induced diffusion

Jo = 1.31m(Ce*Qu(C)/CL)/3

from thick layers

J. = 0.8076D2/L)°inCu/C

J. = 0.060(rw/u)@(1-3.8 ¢pL)1/3)
Ju = 0.060@w/w@/¢pl )13

Zydney and Colton (1986)

Davis and Sherwood (1990)

Davis and Sherwood (1990)
Romero and Davis (1988)

Romero and Davis (1988)

Note: y=shear rate(sec™'); a=particle radius(m): D=diffusion coefficient(); Ch,=wall concentration;
C=concentration; L=membrane length (m); Pu=wall shear stress (N/m?); ¢p=particle volume fraction in the bulk (feed); n(C)=dimensionless

viscosity: and QcAC)=excess particle flux.
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2.1. EDSD (Effective Diameter for Shear—

induced Diffusion)

Crossflow=d0| A AA| drojat ] o] FakE= A5
2 ohekRt ARt 2715 7HAAL YIthKim and
Park, 2005). o|2|§h thafst AFEEL7 24T A&
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e 745 monodispersity2tal gl Monodispersity
ZZ A limiting flux+= Table 194 B50] AR} vk 9]
4/39] whEstch(Zydney and Colton, 1986; Romero
and Davis, 1988; Davis and Sherwood, 1990). =,
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4/39] ¥hajEget, o2t BAAS A A oA wE 285
= Z 2 & polydispersityZ Ao A= 283 4= gict,

Kim} Park(22005)2 polydispersityZAol A2 =}
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2.2 . EDPD (Effective Diameter for Polydispersity

condition in Dead—end filtration)
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2 TjolA] vzl laA WASHE e AN
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Amicon cell& AH51] dead—end A #=271-& FAJ5H5
3, ARgRE 9k ARSSE 2 MWCO (Molecular Weight
Cut Off) 30,000Da’] Z&j&&EAAY] discd ] UFo]a,
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Fig. 1. Schematics of experimental setups (a) dead—end filtration
with mixing tank: (b) crossflow filtration with in—line
injection (Ds=diameter of pipe after pump; Dy=diameter of

pipe before pump).
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Bt B GRS o835t ST Crossflowx A&
AA FEF 8500014 1050me/mine 2 A5t o
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Kim¥} Park (20072 oA Il Ggrol A8 ==
A= 2710 FFE vAA = ASA == B2
Reynoldsgtoll ¥&-& WA Hokal 3k}, Reynoldsgtol
wEba] S5Fet R 2o ek Ay He dAEe 2
717} 2 A e Gro] 7S Ao ARA o= A
SHEE dAEY 2717 Zobditt, o714 5 H2 &
W GHte] Wstel et A= dARES 2719k 223
A== A=Y 271E vlwste] 2k ojwdk GEhel gl
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Table 2. EDPD and EDSD at point 4 of mixing tank and in—line injection systems.

Flow Da Friction EDPD(ym) EDSD(um)

rate (mm) factor Re Glsec ™) Mixing In—line Mixing In—line

(m@/min) (f tank injection AP Tank injection AP
500 5 0.04681 2375 480 59.05 8.25 86.03 49.41 7.47 84.88
600 5 0.04422 2850 81 53.29 7.58 85.78 45.95 6.80 85.20
500 4 0.04367 2969 1335 40.57 7.02 82.70 28.44 6.21 78.16
600 4 0.04132 3592 1707 35.08 6.69 80.93 25,49 5.88 76.90
700 4 0.03947 4156 2104 24 .44 5.72 76.60 14.45 4.91 66.02
750 4 0.03868 4453 2309 19.93 5.09 74.46 118152 4.27 68.42
800 4 0.03796 4750 2521 15.49 4.98 67.83 11.35 4.16 63.35
850 4 0.03730 5047 2736 10.92 4.87 55.40 9.15 4.05 55.74
900 4 0.03684 5343 2962 6.54 4.67 28.59 4.98 3.86 22.49
920 4 0.03647 5462 3046 4.41 4.56 -3.40 3.91 3.82 2.30
950 4 0.03621 5640 3185 2.97 4.09 -37.71 3.14 3.58 -14.01
980 4 0.03582 5818 3319 2.74 3.51 -28.10 2.48 2.81 =i, 3
1000 4 0.03562 5937 3411 2.24 3.43 -53.13 1.75 2.25 -28.57
1050 4 0.03513 6234 3645 1.82 2.98 -63.74 1.42 1.92 =36.2i
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Fig. 2. EDPD and EDSD at point 4 of mixing tank and in—line
injection system.
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Fig. 3. EDPD and EDSD at point 4 and cake resistances of dead—end and crossflow filtrations.
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Dead—end filtration Dead-end filtration Crossflow filtration Crossflow filtration

G Detention time ~ EDPD Re EDPD Re EDSD Re EDSD Re

(sec™1) (sec) (um) (X101m-1) (um) (X101Tm-1) (um) (X101Tm~1) (um) (X10""'m=1)

2376 5 10.92 6.42 4.87 9.82 9.15 0.19 4.05 0.83
3046 5 4.41 10.13 4.56 10.12 3.91 0.89 3.8 0.90
3185 5 2.97 14.72 4.09 10.84 3.14 1.22 3.5 80.99
3319 5 2.74 15.92 3.51 1.94 2.56 1.72 2.81 1.49
3411 5 2.24 19.15 3.438 12,5683 1.75 3.19 2.25 2.43
3645 5 1.82 22.35 2.98 14.77 1.42 4.52 1.92 3.11
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