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Abstract : Rapd backpulsing to reduce membrane fouling of hollow fiber ultrafiltration module
(polyacrylonitrile with 50000 MWCO, 14 mm OD and 0.9 mm ID) was studied with latex solutions.
Values estimated by a theoretical model were compared with the ones obtained from the systems with or
without backpulsing. Specific cake resistance, time constant for cake growth, diffusion coefficient, and the
rate constants of four fouling models; the complete, intermediate, standard blocking and cake filtration
were calculated to obtain the theoretical values. High frequency backpulsing guve net increase of fluxzes
by 40~120%. Fluxes predicted by the model were in good agreement with experimental ones within 14%
error hound. The optimum backpulsing strength was acquired at 2026 in the ranges of 20~40% strength
and the optimum frequency was acquired at £ Hz in the ranges of 0.67~3 Hz
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Fig. 1. Schematic of rapid backpulsing and the
associated permeate flux during repeated
cycles forward and reverse filtration[6].
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Fig. 2. Schematic diagram of backpulsing UF

system,

deow Belute] A" 3 WalA e Ryl g
H7p "oz 35zl

gl Eod7e g2z Al2de Bgdal HF
A5 BNakn Aotd mEA[10]) gt o Zx 9
A I

el By eliE 4

=

Az 953 AE 7y Ha AYFRE Fig 2

% g2
HEl Allatex) Bl 2 Lo vladzivie g 33
ARrE Fol: oF 30 cm 8/MH2E &he] 2ES v
70 EdANEHE 4 2" drEasE F-0
(lab-view) ZRIHES oi &3t 2% 5003 WHas
Z43ldch A4 ekE 0_1%23, %Ef‘: A oz
ALE

b o g FAlC FRE 7 odE e
A2 BEE o]l Hage

(0D, : 14 mm, LD. : 09 mm)
Y Ado FRATGS AL,

[
1_|'H
o

=]
=
W]

=

2. =7 ¥ Latex FRHaE

#F ENAYL 8 2 L dadddd g4
W shEd Al el g fag 53
Stk 14 FR4EE 1100 g 392 242
i AEE ol gala, adel &S 0002% 17
o ZAste] Az e} Tahohes FIedd ¢
Thgs v{/s Jdedel 94 Frd, 2d
WE AZER sluaadth. S3AF7IE 067 He
(1362 ALgelat / 015% 4FH)A, 133 Hz

62 Awwkeist / 0153 9E4), 2 Hz (0353
L/ 0152 922, 3 Hz (0.183% A 93

o B
o

o

T
&

1)

Membrane J. Vol. 11, No. 1, 2001



a3/ 015% 9FAT WalA R,

A F2s] AlRME A Erje Alzb A o 015
Z ey, Fi sF dde] epye Agke ¢k 007E
wgsmek due daazke 7—f F0el wpizk 135
=, 06%, 0.35x 018324t v "Heles A7)
B oE gsge Ay Ttstrength)f:_ 20, 30 0% E
wetele] Ayt

w

2 9l

3.1, X oMFI|9F EALl oA
AA A Gl fE A BYsS v How
Ao £lrHe].

oty
j Jade= [t
ft+ iy o0
A7, it e 2 duwresl oudpe] Fys
oleh i < ™Y Alelay AR YYdH g=
th Eakelut AlE wlpore plugging)e] 71918k
2ho] 5 99do] ¢y Abrigle] eddte] ¢rim A
s B Wkl Edas des 294
& gl g @A of & Darcy’s lawel 28t
2 gt yhelyct
{(2)
A7M, poe Fabrel Ak, R 2ol A3
= oET YA 4P AU oaae R g
AL a=dP/APs Y e A o
o Frd mloj J¥eg Frg A4 FEsz
L

hgat ge Mo Lfehpel At
(D=nL—at)/ (8, < 57 &)

2R g > oy A A WA Garsel os)
g Alo]z2 Felud Mgl H4AcHs] 29 el
& EElA '11-5\“__—. I-O AVPLO}C‘“ }E },ﬁu SE'/“j
atoll e oA dead-end filtration) o4 g}
33 Ze) YERE 4 i)

L= Tl L+ (=N Y gy e (4)

WA, & 11 A A1 E, 2001

ok

oA
R

og7)A, & Hola 2o Zybe wlE A7k AR
olal Ther dog Ukl 4 gltH4l.

~de—cldly (5)
2R iy s T

A21A, Gt Cotm 2z E3 fadn #Ho]3 2o
Aol Fhojn Bt 28%9 v #Ae[2 HHspe-
cific cake resistance, T8 FA® Adhold oLu
ol e 5 g,

P=J (" oty 2L+ (= 6710 = 1))/
(tf+th)vtf> i?m (7)

T 91%-&}—3- Ak 8Fel| A fff_— l o}ﬁﬂ Z'%H
g e

- Ely
T FRE=Eel A¥or A& gk ‘é*o%FH

A FAZL b s el Tige]
Y YAy PRERE FLESF o e
oM HE HAE ol RA HIHSD. B S4A

T i Stokes-Einstein® & AF8-8te] A sbabglet

XBT

Dy B @,

01/ 1\1 k52 Boltzmann 4, Ty A%

%j.‘EOlEP. dele QAo HAES AT w2lE ol%
sled A AF oF 032, mE ey o2 A
Aol A = ™ e ZmE A e gt
A71A i AGel os) TRl 94 ¢ Z ey
olste] w#a R, g% Talevk Table 19 Table 2
27k AB) @l ols Ay 7t Az

rk3 R g ek glelth 2b deld oA



o_i'%";'ﬁé

ol

FTAEEY

ot
Ji
o,
4
1

™
3

Tabile 1. Varation of r(the time constant for cake growth) on frequency and with backpulsing and

without backpulsing(sec)

Strength 20% with 30% with 40% with 20% without
Frequency Backpulsing Backpulsing Backpulsing Backpulsing
067 Hz 2583 10" 3783 % 107 4174%10% 3.632% 10"
1.33 Hz 1.726x 10" 2.800% 10" 2772 10" 3240 10"
2 Hz 1.388% 10" 1.927x 10" 2196 % 10" 4236 % 10"
3 Hz 1.956% 10" 2.104% 10" 2818 10" -

Table 2. Vanation of

backpulsing.(m

Re(specific  resistance)

)

on  frequency and  with  backpulsing and without

Strength 20% with 30% with 4086 with 2086 without
Frequency Backpulsing Backpulsing Backpulsing Backpulsing
0.67 Tz 0.0684 0.0410 0.0409 0.0647
1.33 Hz 0.0691 0.0505 0.049% 0.0583
2 Mz 0.1151 0.0757 0.0753 0.0431
3 Hz 0.0435 0.0399 0.0344 -
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Table 3. Theoretical experimental steady state fluxes the corresponding forward filtration times with

194 latex solution {p = Q.15 sec

Theoretical Experimental
Strength tr Flux <> <>

0.183 0.312 (.34
0.3 0.390 .41

s}
20% 06 0.305 036
1.35 (.339 0.32
0.183 0.274 0.31
o 026 0.337 .36
30% 06 033% 0.3
1.35 (.285 0.26
0.183 0.267 (.28
o 0.35 0.340 0.35
A0% 06 0.233 030
1.35 0.286 0.25

Membrane J. Vol. 11, No. 1, 2001



20

‘qr

A

opﬁ

Table 4. Theoretical experimental steadv state fluxes the comresponding forward filtration times with

5% latex solution t, = 0.15 sec

Theoretical Experimental
Flux
<J/JO> <]/50>
Strength I 110 /)

0.183 0.0095 0.12
0.35 0.0793 0.18

202,
0% 06 0.104 0.16
1.35 0,103 0.11
0.183 0.006 0.1
309 .35 0.066 0.15
” 06 0.091 0.12
1.35 0.083 0.1
0.183 0.064 0.11
4% 0.35 0.08% 0.09
08 0.091 0.08
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constant of the cake filtration lawis 1)

the Boltzmann constant(]/s)

the absolute temperature(¥)

the concentration of the fouling species In
the cake laver (Volume 23)

Cn the concentration of the fouling species in
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forward filtration time (s}

crilical forward filtration time (s)

purewater flux. (Imh)

pormeate flux (dmh)

specific resistance (1/m)

dynamic permeate viscosity (kg/s + m)
dynamic viscosity of solution (kg/s - m)
diffusion coefficient (m%/s)

particle diameter (m)

the ratio of the magnitudes of the trans-
membrane pressure
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