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Abstract In this paper, PVDF hollow fiber membrane was used for cross-flow filtration experiment. Membrane flux, turbidity and
COD,,, retention rate of hollow fiber membrane module were taken as inspection indices, gas-liquid two-phase flow was formed by
adding aeration during filtration. The effects of aeration quantity, influent flow rate and transmembrane pressure difference on cross-flow
filtration process of hollow fiber membrane were studied. Results showed that within a certain range, membrane flux increased with the
increasing of aeration rate, with aeration rate of 120 L/h, best turbidity removal efficiency was 96. 5% , and the retention rate of COD,,
was 68.6%. After reaching dynamic equilibrium state, the membrane flux was highest, and the membrane flux decreased with the
continious increased of aeration rate, and the effluent turbidity also increased slightly. The larger the transmembrane pressure
difference, the higher the membrane flux, and the earlier the hollow fiber membrane module reached the dynamic equilibrium state.
Increasing influent flow rate was beneficial to increase membrane flux. Gas-liquid two-phase flow could effectively slow down
concentration polarization and membrane fouling, improve stable flux and membrane filtration efficiency.
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Fig. 1 Flow Chart of Experimental Device

1.2 SWAE
WIS YAEHR COD,, F2 IR (LB 1% TR K b A
W7k AOLYILEGH8FR) (GB/T 5750. 7—2006 ) R
P R T AT AR, R LR A 3 YR
ST, VR EE ] WZG £ U B A TR
R i EmR (1),
J=0/8 (1)
Horp, ) — &, 1/ (m®+h) 5
Q—— T2 SRR LA 1R K R, L/
S——+rp2s 2 Y 5 4 1R A Ak D T AR
n12O

HERE RITHE WM (2),
R=1-p/p, (2)
Hrp . R — XK,
p,—— A LGB K coD,, 1Y
Fi AL mg/L;
po—— TN ZS EFYERE A {32 K h CODy,, 1Y
VR, mg/ L,
2 GRS
2.1 BSENRM
K 4 HE K = 0.48 m'/h  TMP K

— 105 —



R

SR AR GRS v 25 21 2 Ji

W,

e

RALL
FE LA U8 AT R Y5 Vol. 41,No. 3,2022

0.02 MPa, £;£23i217 3 h, BB H(0.90,120,
150,180 L/h) 43 54 T3R50 , 1 S A o 1) 281k ([
2) A4S BRI 1 L BRACR 5 X% COD,, I
MR (E 3~ 4),

2 IRl I R (] 22 1R
Fig.2 Variation of Membrane Flux with Time under
Different Aeration Rates

0

S D E R
= §§§ \
E
TN NN NN

B3 AN[] B 0P ok B Y BRI
Fig.3 Turbidity Removal Efficiency under

Different Aeration Rates

HIPE 2 AT, Bt 2o 8 S Tl £ 39 o 3 38
FEAR, H R RRRE) —E R, B PR S . 5
B A O Ff A6 800 X EE , 40 B =0 M
ALk DA T W R e, AR LA e e T A
e TR O AR A, BERT ARSI
JT PR, T B0 23 21 4 AL N R Y
i VR EE SN JEORERCRIT Tt £ P47 T vl 114 170 2
Tt SN, [ A [ 22 2 i 52 B LA i (A
R ARSI N TR i o S R AL U T K (B
FEAENR2Z BN BLGE , BTN RO g vER R e

— 106 —

=

B

-
Tl

= 5 o
s HEZRRy 1 /\.
2 &

S
\\'&\\\ o

AL A

i
4o 120
AL
B4 AFESET COD,, #ER

Fig.4 COD,, Retention Rate under Different Aeration Rates

B, (U8 R 2 0 R BE AR AR B KT 98 N T B
JEIJRBE 055 T vk 22 W Akt Sk i sZ e, PRt 5 S
WA TR T AR T RRAL T,

Pl 2 SRUITE— & Ju Bl N, B B B i, v
23 2T Y R 1 0 R N R M R, IR
120 L/h B, Has 20 2 B f e il ot e K, SR
SR O B4 AR L e ot B A L, R R kT
65% ., (H4BES KT 120 L/h i, gE— 2 0 kg
At R S BT BRI S  16BH A v
A s 27 A I L D8 R G A TR RS ),
MR 120 L/h B i Ao e Fm & A L, IR <
150 L/h A1 180 L/h B 43 il 32 98 T 5.88% Fi
11.76% , XL B i ik 120 L/h i, fras2f
Y JEL A P e IEE 3 e o 2 W S P 8 R T /N
XS R A Y S B, B BT e A
Yl /NG PR IOR , 36 0 B4 I SE AL AL S, Sy —
T, 3 g A R A ™ A ) AR R A AR R 22 1, Dl s
TUERERA RO DR AR, PR B O R
PIARIAL LAG , T LA RS ) 2 ik 65 1 Y | 348 in i o 34
SRALRVER , FLAE— @ MBI, has 21 i 2 1A%
T 5t P S B I RS K

PP 3 w0, 3RS BRI RS
BEM R BR B BRI R A & T
TCHE AR A, O R A T R s £ 4
FEEZHL A X6 L B ) s R B R R RS 25 B oy
SR 87. 6% F1 94. 7% . S W AR I 55 14 T B < i
SR 120 L/h B RV 3ok BE 18 0 0 2 B R AR e RS
59 M 90. 2% Fl 96. 5% ; S HN 180 L/h
i, r s 2 2 B ZE A X Y el R 1)) s 2 R R R

NP

S
\
P
e
7

S

R
b s
o .

i 5

o, LEEaz)

W



DE N/ G I N
WATER PURIFICATION TECHNOLOGY

Vol. 41,No. 3,2022
March 25th, 2022

RS LR H 87. 7% F1 94. 9% , Al L) & PLBE
WA 3G, R BRI BB NS s R4
XA PR A I S LS A B R AR DA i 2
Pl MG T 350 a5 27 i 3R T B TR i T e g b
WA SR TH v B AR, T 22 () T B 2 T ety
A U8/ TV BGE SRR PR, 2 AR R R R R
FOFL S , H 2B SCd m , E2Z 0 sh i o | g
DEZ S AE S , HLad 0 = T R i 85 D)
P | 2377 A T Z2 4/ N5 YR R , 3856 i s Jo
I RREALARE RS R UG, Y B R i, 23 A LB
RIS

H L 4wl B SO AP AR R LS X
COD,, WA E BB ACRA T B 32T, SO= 3
TR UG , SR P A I BB B S AT G ok 5 vk
JEEAR A 2 AR | R TR VA AR, 1 O3 ot R %
Wb L BB RA TR, AR 3 5K 4,6
HME A AR,V R AR B RO AR AL B A
FIUG TR BA 3R 00 28 A L RS e TR A A P R 1) AR A i A
i, COD,, MR 5 BRI 7E A R o
SRR BB R AR AL SR S LUS X COoD,,
MR E IR RARTE T 11, 5% , A BRI, B g <
X T CODy, MW R A K, R, 255
2 G A TERR I BRI DA S COD,, R
B R Bl LR BRI 120 Lk,
2.2 TMP B9&0m

R H 4 T PE KA 0.48 m*/h, FE RS R
4120 L/h 9 451 M HFZEia 1T 3 h, BAE TMP
(0.010.0. 015.0. 020.,0. 025 .0. 030 MPa) 43 547
TG, 0 SR MR B 28k (] 5) | A5 3000 1 B 1Y
EBRSCERE X oD, MEEBCR (B 6~E 7).

B 5 [ TMP i s s il
Fig.5 Variation of Membrane Flux with Time
under Different TMP

100% = ] i

95% \\\‘é & N

= an% y\% % § § %
N A\ A 7

SRR

B 6 A TMP IR Y 23 BRACR
Fig. 6 Turbidity Removal Efficiency under Different TMP

s 7 b
s fEr

o rid

0% -

= o |
e

N

"

55%

50

=]
0.010 00135 0.020 0.025 0.030
TMP/MPa

7 KIE TMP T COD,, # 3%
Fig.7 COD,,, Retentionn Rate under Different TMP

FHIEL S ATAT Bt ek el i) P 398 o FSEE i 2
Bk, R el TR ERE, WEKH TMP K
0.010.0.015,0.020 0. 025.0.030 MPa i, 90 min
JIES3 i A ) I R A ) S T 17.2% ., 17.7%
19. 1% .21. 4% 22. 2%, FHAT 90 min i & A8 L A]
A1 B TMP 320347 3 R, RS S %) 0 ik 8 23R A1, 340
GO, LS ) R RGH AR S TMP 3 B A S 2k
KF ., BfAE TMP B4, B 0 K, B3R TS e
SRMEAR, T 22 ST ok Hp s S G R R T ) v R A
A=, P, 70T I TMP bR R 5 3 ) 2
TR, R, AT DOWER B EAK A TMP T, 38 5
£ 210 min A 23R FFERAS 24 TMP 53] 0. 020
MPa Ll A} 7F 180 min FJ ik E|Fa R X 2 A h
Z B PR 5 Ve PRHHE R S, B DEEIE B ik
SRS A BsF (B AH X 45 6, DRLUG, #E 85 TMP T fig
TPGR B APIRE

— 107 —



R

SR AR GRS v 25 21 2 Ji

W,

H1 & 6 AJ 1, TMP & 0. 030 MPa o o ¥4 i BE 1)
WG 2B R 5 E LR 85.3% 93. 5% , %%
TMP 7 0. 010 MPa BT 46 L BR (90.3% ) FaE
LBRF(96.5%) , KBRS 518 5. 54% Fl
3.11%,, Fifigg TMP W8 X B i 40 i 2 Bk
RORGRERES LBRACR A TR, X 2H T
TMP 34, 3 3G, e 22 4% A B0 G Rl 1% i
WeEE T BE a3 2 I, WG K PR ASOCRBE &
TMP T i 2k BH 8 224 28 21 P iR 2, 76 IR 3% 1
JEDEZIUEE T, AR E Y TMP 38R BA B s i
HE3H £, {0 0oV T i U 2 i AR SRS 2 2
FE AT IR BT ) 7 AR FH B e 4 D3 ROk Atk
B ERBERE D,

K 7 /5, BEE TMP 138K, COD,, HI#IhE
B RGN, e R R AR, FEEN
BT TMP [R35 I 538 5 A XT38 K 7 I 3 2o 1
2 51 T WA R B R B BEAR, Bl 2 AT I ) A 1
T, v A £ 2 f5 g 1T 0 BE DF 2B R A, 6 DL URER
DL EAARAFAE R COD,,, ZEBRR L5, R i g b 2
PR A Tl 2 AR 0L T — 50 0 2L W R e
I, 35 B Fa R S I, S8 B2 B i A, TMP X
COD,,, MI#REA FZ AR, R, 276 2% i A5 o
Al M RRUR COD,, BB R L Mk A iE
FIRCR | B dE H A TMP i 0. 020 MPa,

2.3 HAKRERIR N

KISl TMP 4 0. 020 MPa, 76 B2 N
120 L/h W94 T 42217 3 h, Bl ARk /K I
(300,360,420 ,480 L/h) 73 il #4756 , 10 SR 5 i
AR (P 8) , I 45 B XoF ¥4 ol 52 11 25 B %R 5 %k
COD,, HIH#EARCR (18 9~ 10)

B8 AImlHE/K & T B & BE ) A2 1k
Fig. 8 Variation of Membrane Flux with Time
under Different Inflow Rate

— 108 —

B0 R HATEIE KR
S amm R
“3;.,_/§W\V\%/\
SRR
B 10 A[F#KHE T COD,, BE%E

P Pl 8 T AT i ok 8 o ] P 348 o R 3 34
FRAIK, R TR, K il 480 L/h B A e i
Y 108.75 L/(m’® - h) , #W) 46 B E £ 157. 50
L/(m®-h) F#AE T 30.95% ; #E7K ifi & 4 300 L/h i}
PR T 3T ol 52,50 L/ (m?® - h) |, B0 4 i &
101.25 L/(m*+h) FEAK T 48. 10%, i B K i &
ARG, R o T ol R I 8, 88 R KO R T DA ) 1
TR | BV o R I E . X B
Sy A AR Y BEAE I L B AR R, KR ) 5 s A
YERE 22 J5 01 AT, RS R K ittt R v B 7 rp
ST YRS A P 1% BB 1T I 3 B A v s A A RS A 9
B TALT 38 A1 8 K SRR %) T v 2 2 A S 3% T 1) oo
Fit) VB FH AT 38 58, 0 PR A I %) i 3 e B A0 R T 44
5, E— 25BN TR BEAN AL 22 IR G | (A5 S5 A5 L

HTPE 9~ P 10 R, 38 KR /K i 4 ¥ R 1Y



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 41,No. 3,2022
March 25th, 2022

ZERFCR N COD,, K R I A2 AL, 7B
PR AT RESE AN SR o P A7 S T 98, 2E KL 3 R 5
B S TR R I, Xof P 2 AR PRI T4 bR A4
S, EEGR R 7RIS e SN BE A SE T
DS TIP3 AR TR A R, R, 254
JEIGE AL T R BRACR [COD,,, I LA
L iR, ol HAHE K 480 L/h,
3 #it

(1) T A 98 B384 00 B =, 2 BRI AR I X i
T g i AR A A ] B SR AR AR, B 120
L/h SRR b, HE JCHE AR B i DB AR PF T
TEBEIGIN T 65% . W PIAHG R T 23 25 4k
B U 3o D AR M) AR BRAE LR LA D7 T — T
T, 334 Jin g A B0 RO ARTIAL , 0 T DA 3] oo Rl
AT AN [ IR 3o o o 22 2 24 S 20 44 P O S 1 i
VAR BEHTIN, 155 1A 2EARAL T AR, i rp s
LT LB AR R RS R B0 5 O — D7 T, 52 B
R B 22 B G, it — 2D 15 e A
Hh s 21 AE RS T A0 S8 AR, el i D AR TP Y
JRETAT S e M T R BEE A T I ] B e s
PR P B UK ph s A A T TR S R
s [l i, B R 2 R BN T e BORL Y
Az SIS FENRAL AR R AR i o

(2) PRI -5 JC B AR AT L, 7 S
Ao 08 P T8 e R i | e 3 i I | X
TBE I L BRACR 5 COD,, 1 B AOCR A W
BRI, PRI R BEE TMP 1
IR M08 A, I i ) D R A, ¥ ok
I RERACR S COD,, BB BORFEAR, OB HE KR
i SRR T U R A A, R R Y
KERFCRS COD,, BB BRI 5

S 3k

[ 1] fgg3c, skirss, farhl. Fafbik KR BE A BEEUIR K 35 A 0k
[J]. MEBRl2EF A, 2020, 48(1) : 100-107.

(2]

(3]

[4]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[17]

VAR, FRIENE, B0, S ST B HOR & B R AT 5T
HERELT]. BERFESEAR, 2020, 40(1) ; 322-327, 339.
R, B0, (B, % BeKeimsr: PYDF BT
R AL PR ALK [J]. KARBEEEAR , 2018, 44(3)
58-62, 68.
YOUSEFI N, NABIZADEH R, NASSERI S, et al
Decolorization of Direct Blue 71 solutions using tannic acid/
polysulfone thin film nanofiltration composite membrane;
preparation , optimization and characterization of anti-fouling[ J].
Korean Journal of Chemical Engineering, 2017, 34(8) . 1-12.
TR, 1, B A DURE SRR Y A SO AR K IR
LR PR A B SEHERE [J]. fEZE2A4R, 2020, 78(6) -
466-4717.

W, braxdly, B VINIRE KA BB BT[], 3R
BETREAR, 2020, 14(9) : 2362-2377.

LLTE, 30, KRR, % P IR RS BT
WL, B THERS S TA, 2020, 36(1): 175-182.
T, XIS, BARRGE, AF. T VR RE U A R s e
SRAGIBTIEL )], ARARBRE AR, 2017, 43(12) : 57-60.

R E. SUo L U8 b S R S R ALDF R [ D). BF
M IIZRREE, 2017.

FIREZ. BB S PE RE R SE B AT SE [ D], dEat: Jbat
Tl R, 2012.

TR, R, SR, A5 WBIEASRT PVC IR U A Ok
IKPERERZ BT[], AKAEFRECAR , 2019, 45(8) ; 40-44.
KU SR SCHT, TR TLAL. SR X b 2 e i i R K TR
msZma )], LT, 2009, 60(11) : 2792-2797.

TRILLL, EIFIC, BURAS, 4. SRR TH M 6 RS i 5k
WFE[T]. BER2ESHR ) 2011, 31(3) ; 256-260.
MERCIER M, FONADE C, LAFFORGUE-DELORME C. How
slug flow can enhance the ultrafiltration flux in mineral tubular
membranes[ J ]. Journal of Membrane Science, 1997 (1) :103-
113.

CABASSUD C, LABORIE S, LAIN J M. How slug flow can
improve ultrafiltration flux in organic hollow fibres[ J]. Journal of
Membrane Science, 1997 (1) :93-101.

GUIBERT D, AIM R B, RABIE H, et al. Aeration performance
of immersed hollow-fiber membranes in a bentonite suspension
[J]. Desalination, 2002( 1) :395-400.

B, BEAUEYIE R A R IR T S A PR XK K AR
WEE[D]. F 8. FHEIRY, 2018.

(3% 103 W)

[ 2] FERAF, FRWAME. A0 b H e & de ) B ik T Ak 3 T2 5 3
[J]. HEBE A=, 2018(17) ; 38-39.

[3] BFE, WIS, 3. B IR R s SBR[,
MR TR BE2E, 2006, 23(4) : 21-26.

[4] R/IC, W, #2%, %5 UASB Fl MBR 204 T 2 A0 F AR 3% &

ARSI [J]. Tk 554, 2010, 36(4)
21-22, 24.

B, ASplE, 2RI, . A 9 ik A B T IS SR 9B DB
[J]. "hEZKHEK, 2004, 20(3) : 56-59.

— 109 —



