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Evaluation of sudden and slow physical damage of ultrafiltration membrane
based on pressure declination monitoring

ZHANG Jianqgiao, MA Jun,CHI Huizhong, TTAN Jiayu, LIANG Heng,SONG Yang

(State Key Laboratory of Urban Water Resource and Environment( Harbin Institute of Technology) , 150090 Harbin, China)

Abstract; To verify the effectiveness of pressure declination monitoring for assessing physical damage of
ultrafiltration (UF) membrane, the changes of water qualities in UF permeate and the pressure declination behavior
of the UF membrane were systematically investigated. Medical probe was used to induce the breakage points on UF
membrane (the damage rate of single breakage point: A=5.46 x 107™°). It was found that as damage percentage
increased from O to 54, the DOC and UV,,, in permeate only increased by 24% and 26% , respectively; although
the permeate turbidity increased form 0.100 NTU to 0.290 NTU, the absolute value is still too low to reflect the
degree of membrane damage properly. On the other hand, a sharp decreasing trend of the pressure inside the
membrane fibers was observed for the damaged UF membrane even at the damage percentage of A, the pressure of
55 kPa was demonstrated to decrease to zero in only 66 s. Therefore, monitoring the pressure declination behavior
can be considered as a fast, efficient and sensitive method for evaluating the damages on UF membrane.
Furthermore, exposure tests showed that the contact of UF membrane with powdered activated carbon (PAC) in a
short-term time (45 d) would not cause physical damage on the UF membrane, and the water quality of the UF
permeate would be adversely affected by the short-term PAC contact.

Keywords : ultrafiltration membrane ; physical damage; permeate water qualities; pressure attenuation; powdered activated carbon

FRUEHA S MW e HE KA B R 2 7 IR TR iy TR LA A B 22 B A V) R A R

IR BEACHIEEA , B KO By (BLE B B R R BRI S PR AR F AT ez
A BERBMR R BT (B O08, © ) N T DRl | Ak SRR T o U S ) B A
I A K AL B TR S e X vp 2 ¥ (R FESEBR A SR TR S PP A R SRR R R D A

ATRE AR SR PR AT | ol TN SR A R A S |

UABE: 2015-10-15 UM VLR 45 R IR T A 7T R 2 1

BEE£WH.: BRARF2EILE T RS54 (51208140) ;

[ 5B 01 H % 4% (2012BACOSBO2) P SRR HERE ) R . B aT, C T E
RS : KGR (1985—) , 03, WA R LE 5 RECH A5 07 B TP A0 -5 0 D e A 4 T I 2 42

1 ) ML R, KT R . - e L

5 R(1962-), B, MR R, KILEERREE IR S 2 P B J TR 50 005 A5 T Sk i vk

BIE1EE . KO, gongchengshi2369@ 163.com.



St

34 . UK T

AP NEE S

5 48 %

J s AT BRI AR AR, X TR B AR K 9 7K
Jot 2 4 HA E 2 L

R SCAV I ST — o T s g S O 0 ) 0
P PEASAG RIS P A0 17 1 2 T7 vk | LA R B
BRI T R4 5 5%

1.1 SEIg#hat

SCIGAEE AN 1 T % %% A Bh AT g i o
B PLC HO i HIAT AT 28 Go b thil 5 0 SR 4, 38
i KA AEBAT KA AR UF B rp oKk Ar, £
BhHWE IR A FPR UF JEE s o %) 7K i 2= 1 K
IKHH 7 UF 55 3 W 58 2 1) 150 IR ) 4% e | a8
2, W ) 2D 1.

ST T R 2H 0 2 o A TR 3R 25 45 4k UF
(=), AMEN 1.40 mm, JEFLAEN 0.01 pm , R 0
R 0.10 m® 5 6 FH A w3k g 19 7 =X

6 7
G;@ W Y

3
E

| J
1 g/ 10 1 \Q
2

2

W

e

sl TP A
-gI’O 10 10 1(‘)'%"
1— KA 2— B WA /KA 3 3—UF PR ; 4—PLC HuCEE IR  5—<
AT s 6— R 1R 5 T— ST A s 8—HH KA ; 90— AT Rk 5
101,

1 PAC-UF BESILHEETE
1.2 XEFHE
BB R 0 | B R R S 56 2 R I R

G3 HIWE R K A SR AT L R A T AR ALY T, e

it 78 108 B P 7K S 5 v i R R AR T 1 ik (PAC) R

B KT S B TR R A 3 M (L) R i,

VO WA W BRE A 150 me/g, il WEBRFAE R

980 mg/g, KN 2.16% , KWy Bt /3 B0 10.5% . f8
FHRTSE LB Tki2 1 72 h(18 h BH— R £ 5 1

7K) 8RJE T 0.1 mol/L ) NaOH VIR 3 h, B4

4 YK, TR 4l K 2 DU i A L
Brith, B8 PAC S T 110 °C B THRAE 9, Mt T 21
T £ J A F . AT 200 H i 25475 43
1.3 KR

R 35 H AL A5 UF BN R T3 {A, LA S i 5

HK 3R BE UV, . DOC 40 B 55 R Hy 2R

Omega J& JJ f& I8 A5 M 22 , 3 B R H lovibond 7K 5T 43
BrASCIAE |, UV, K A [ P2 752N 84043 66 B T
FE,DOC K ShimadzuTOC —5000 %4 & A HLAR 53 Hr
A E , 20 TR S EICR F P JMA-SZS-MP-1 .

2 HRE#

2.1 BIEBREREYIESRITEMN A ENEL
2.1.1 U PR W B B A HIL TS Y R AR
FE Y52 ]

UF )9 B 45 R FH DL ELAE 0.04 mm £ FHE
B R R 22 A T4 b LA 53 5K, SRS L AL Y B 4 6
K A= R/ UF SR = 5.46x107°, LIL
FLECE FRAEA R A i AL B2 /] 2.3 B T JE 5 e
VS TR EE I8 RO R ADUIRAS T SR 7K UV, R DOC 1Y
A AT Ut HE 8 A AR B LR K P2 UV o,
J90.066 cm™ . DOC A4 1.55 mg/L; ¥ 1 LA
HIZKAY UV, 8 0.074 em™ .DOC 4 1.78 mg/L; Hi B
PIASHLAL B KB UV, 29 0.076 em™  DOC 2y
1.81 mg/L; tf B 5 A~ L £L 0F i 7K UV, A
0.082 cm™" \DOC “A1.96 mg/L.7E 7K 7K J5 AH 6] i) 5%
T U 2 1 0 R A0 230 LA S sk (Pl A 3
F| 54) , HXF UV, lIZ=BREH 23.00% % K 1.72%,
XF DOC B 152 29.86% 725 10.03%. BAK 2%
RAMEH I AH 1K UV, B DOC 5 vk B 36
IR /NI L 1 B 25 SR 3 TR I rh SRR R K
FEUE oK A ALY & i A BB, HE LR
UV, K1 DOC. 1147544 J5z Bt 8 08 B 1) s 43 15 0.

0.16 ¢ 1 40
=—=UV,s, +UV:w42§‘|‘/‘T‘A\$
120
0.12
= S
70,08 &
= A
_20 &
® Z
=004 |
-40
0 60

SCHE BURA BUR2A BUAR3A BUE4 BUESA
A=5.46x10", ;L JEE J) p = 55 kPa
2 BEERERREHK UV, MM

7 18 R T BB T e B K AT T K B

VAL
SCHY bR A W B K, B K MRE Sk
21.30 NTU, %< T UF JBETEA AR A A2 2 ok ik
FERE AL, i 1B 4 T, e I R AR Y UF
JES L 8 S K L S 0.10 NTU, 5B UF il n]
BREH KM 2 UF B P — AL LA (I
WA R A) , oK E T2 0.14 NTU, 24 B8k 5

2.1.2



5 2 1]

SR, S BT R R U Sk A M PR AR T H .35

B4R T 24 34 44 S5A W, KRR 4 50K
0.20.0.23.0.26 ,0.29 NTU. SZ 545 F W, 7k il JiE
Bl UF FEAR 0 25 0 18 T e, (5 oo el B A
M EBR R 99.65% % K 98.66% , [
A 0.99% .75 FEE B (R I A B 1k sl K, HiK
P EAR AT DL i UF J 0 9 B 5 R B, (H 2

TR AR
47 140
=117k DOC ——DOC £ %
{20
z 3 i

n s
S2r &
4
= 1205
% S
B H Q

1-40

0 -60

SERE WA BER24 BER3A HER44 RS54
A=5.46%x10", ;4 J€JE J1 p =55 kPa
3 BIREAEERZEIHK DOC

04 M 100
‘ i 98
03+  coHKME  —e s LBRR
—E N
= 9 i
é e
= 0.2 %
=5
& 94
£ 2
=01+ -
ﬂ 92
0 90

SEEE BURA BER24 R34 HIR4A BERSA
A=5.46x10", 3L U8 J) p = 55 kPa
B4 BiEIETR R RN ok i 200
SEHIA LT UF AN [R5 0 X K
TR 8 22 BR A RE . B 15 5% 09 K AT T 4 n 21 2% %8+
TR ARASAN T BB 286 CFU |1 UF #E/K. i El S
A LB, AR 0 UF B 7K H R 4 ) 381 K i

1.0 |

0.8

JEJ TR0 £

0.6

plpo

04

ol PR

200 400 600
t/s

(a) AMEHH UF B ) 328 i £k

P, AR SERE Y UF 5 mT 4 - i R 65 11 /K 19 2 %
S T Y IR R A 24 (34 44 5A B, HiK
AN B B4 9 h 9~ 11 34 ~ 37 48 ~55 .58 ~63
81~96 CFU, 41 T & %k £ B % W 99. 99% [# |
66.43%. F LA L, BROR UF A 163 22 5 K s 4
o (L ARG TN IR AS B S, (E S A 20 R % B0 B R
o B S TR IO v i PR PR IE K TR A
Wa G — AR PG, g7 i R Y
IS G Iy ik EL A T 2L () B AN S M

150 ¢ 100

120 60
S| otk e AR SRR S
= ] %
£ 90 &
o 20
1K =
§ o0y o
% =
ES 20=
30 F ﬂ B

0 [] 60

SERE BHRA BR24 BUR3A BR4A BASA
A=5.46x10", i1 UE K 71 p = 55 kPa

E 5 BEEARRRESHKEE SN
2.1.3 LT R S R AN

SRy S BP0 R A 10 ) Pk | R A 2 —
ot 5 e 3 i D 5 %) 0 B R VT T k. 1 e )
R VR R A v AR B R 8 T & 55 kPa,
Kl 6(a) /R T 562 UF B4 930 1 iy A8 4k 78
0~80 s N (AR BEAL i A2 AT THE) L p/p,
THAEZR A AT 2N (W Bk A 7 4% 1A i Wl 152
), 25, 16 80 ~ 180 s N FF L i [k, Ik Syl ik
55 kPaJi % B 45 B, 4T R 07 3 U DL 7E 180 ~
600 s p/p JEFEML Z2£0.93. 4058 6 417505, High
IR, YLIATESE R A UF B4 {4, ST LA
RBP4, /D 1) 5 9 32 28 U5 T B R AL 1)

10
N PR RER
06 R AR A
=
04}
| FER RS E S
02}

0 200 400 600
tls

(b) HEH ML UF BEAY HE 7 22l 26

6 UF ERZENFRNIK

SR, 2 15 22 3 IURBEARUIT | 27 PN 194 1 ) S B
JRIZUT FER G H ANE 6 (b) Bz, RIS 7E I8 R 1

VAFE L DNFHALWER T, REWNIE S p/p, (HAE
13 s(180~203 s X [f]) B & W H Ik & 0.26; Z )5 7F



.36 - ®oR

® OL bk X

A,

L
&S

=

5 48 %

203~246 s N p/p, (EZ2 18 FEAR 2R IR 1H ; £ 8 ok
F%) W S 1] P (286~ 600 ), p/p fELAE 0.00~0.05 P
WSl A A B 1 W 352 2

P LG T DL, 35 e g s ) 3 1% 6 0 T 4 B 5
Do 5 i B e 3 PR | v R R YRR A T L
PR RN TR BN B KAV AR % AT e
AV T 0 B R PN ) R T s R L, SRR iR K B Y
AN TE B TEAT W Ao AT 24 R e B 19 00 3
B8 TR S A T g .
2.2 BEFEAFRERMNERREERGIEN

HEHEE T BB EA R O 5
FRGE T 3 Wl 4 A B0 (WIS ] SA 7 000 s ), 4N
B 7R 6 T 58 3% 00 8 U8 IS, 7E 400 46 FE T 4 R
55.65.75.85 kPa WY& , RGN R T BEHE W I Bsf
[i] PR A2 K 12 S R 1 2 1 o ol ) s R O R X
y = ax+bXF 755 W AE 5 0 5 B ] R 47 2 P 9105 481
B 1T R B RPR I RAE RS8R R &k

1.0
0.9 :"";, 1

0.8

p/ 'Po

0.7

0.6 -

X FAS R 0 4 F 77, R 0 R el 174 3 3R 35 4 7
5.0x107°  UAAH KM R B R 7E 0.943 ~0.976. i
FESERE R IR R G N, T i A 28 S0 R ) 3 e
AT 465 I, T 22 B0k — % B R L, A
Sk AT LA R 77 0 Ul o 3R 11 725 A b R SR AE B BB AR K
e P R A 1 DL

A SRR S Wy ARG Mk (PAC) J 42 fik
JE R S8 I 5 D Ol (I R (] R R S
7000 s). & 8 iR, 2485 PAC 40l IR A 5,15,
30,45 d ZJ5 , TERIIGR 170 80 kPa MY 5511 T, i
R GE N 71 A R D8 BOR AR AR R AE 5.0x107°, 5Tl
IR SERE R IS R e A LU IR & AR AT A A8 Ak DALk, T
PRy B S PAC A J 02 N 2 oF S 4 v v
G, 5 PAC B2 fith 2 J5 BB U8 (14 H K K B 1
VLA TIX— (£ 1) HX W5 PAC i R
R A P 3 A 6, O HLZE R B2 i 8] 2 J5 2 75
3%} R UERE I AR 0 , A b B — ALY

10,

0.9 y=-5.0x10"%+0.923

0.8

p/ 'Po

0.7

L 65 kPa
0.6 F —ZkME(65 kPa)
045 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7
t/10° s
(b) 65 kPa

0.9 y=-5.0x10°x+0.933 0.9
ool R=0.963 08 e, =5.0x107040.924
£ £ i 1 R°=0.976
T07t S07 ¢ ks
75 kP Bk -
TRs 29 kP
0.6 - ——ZE(75 kPa) 0.6 KIE(8S kPa)
0.5 1 1 1 1 1 1 1 0.5 1 1 1 1 1 1 1
o 1 2 3 4 5 6 7 o 1 2 3 4 5 6 7
t#10's #10°s
(¢) 75 kPa (d) 85 kPa
7 AEMAE S T EIE R E S B 8 B R fh &
R1 5 PAC B ER E 8 EEN kKR
PAC it UVoss DOC R YR BT
1)/ d Wk/em™ EBRE/% WK/ (mg- L) EBRE/%  HK/NTU EBRE/%  HIK/CFU % %
5 0.068 12.43 1.59 14.71 0.084 99.86 0.5 99.4
15 0.069 12.53 1.62 14.74 0.095 99.91 2.6 97.8
30 0.062 12.33 1.56 14.39 0.079 99.93 3.6 96.9
45 0.060 12.06 1.63 14.73 0.075 99.98 1.5 99.1
Rz Ak 0.071 12.81 1.55 14.49 0.080 99.98 2.2 98.2




SR, S BT R R U Sk A M PR AR T H 37

y==5.0x10"x+0.919
R=0.971

plpo

0.7 |
| ——J2%filS d
0.6 F —Zlk[EEf S5 d)
05 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7
1/10° s
(a)5d
1.0

y==5.0x10"x+0.923

0.9 R=0.978

0.8

plpo

0.7
b ——%fih30 d
0.6 F — &M% 30 d)

0.5 L 1 L 1 L 1 L 1 N 1 L 1 L 1

t/10° s
(¢)30d

y==5.0x10"x+0.929
R=0.977

L ——JZfili 15 d
0.6 F —ZkdEm 15 d)
05 I 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7
110° s
(b)154d
1.0
y==5.0x10"x+0.933
0.9 R*=0.986
_ 038
“07

L —— 45 d
0.6 - —ZMEEEE45 d)

05 1 1 1 1 1 1 1
0

t110° s
(d)45d

B8 WYKo 75 A (5] 43 Ak B i) e 368 3 S I 7 i e ) 4 3 0 b 2k

34

1) H5 T 2t B 15 U5 B UE B H K UV, |
DOC i B DL KK B #F i AR AL LA, & 8 UV,
DOC X8 U8 RS 2 B0 403 5 AN SRR, HE /K b B 7
ANy SA I Bk 0.290 NTU, {H 2 % {8 4K S8 %%
%, ME DL W R I R e R R | R /K R AT B 00 £
03Nz 96 CFU, 8 uE I K i A= W 4 4 1k i
TR

2) [n] U B P i A 2SS, A R 73 N %855 kPa,
X T 52 B R IR IR, A PSS 1Y TR ) 3 0 % Tk
TR AR A D) 52 B0 T T A A e . R
FRAHR A BF,55 kPa N JI7E 66 s Z INFE T
R 22 22 A DRI, 8 L g s il A 0 Ay 0 I
PEYI BRI (AN 7

3) XF 58 1 R U8 B A4 43 i AE 55,6575,
85 kPaSE AN [RIFI GG HE ) HEAT T 4 B[] He g s sl
L (7 000 s), &I ) 3 988 %0 — # 5K
(5.0x107°) , AR ZZ W) UG FE 7 B 52 0. A L, X6 8 18
5 PAC 0 WM 2 )5 L8 P a5 B EAT T 3R,
RIAES ~45 ARy HE At (8] R, e ) 3 0l O A2
Ut BF R 93 A 0 2 AN 2 i o 0 e P 463473

2% ik

(1] 2 BROF AR, Sl ok A BB /K ) Bt o8 8
HELI]. ZoKHEK,2015(1) 2 1-3.
(2] A, xR, B -5 =i K s T2

Bl R [T]. kAR, 2007, 1(1): 1-3.

[3] 20, sKoKoR AT . IR B AR AT R IR i 4K
TR HBURL T ] BOKHEAR, 2014(4) : 3-7.

(4] HHFPE, B i, A5, ARE R8I R T
RGBT MsfT 28 4 [T]. 4k, 2012(6)
9-13.

[5] BUZATU P, ZSIRAI T, AERTS P, et al. Permeability and
clogging in an immersed hollow fibre membrane bioreactor
[J]. Journal of Membrane Science, 2012, 421/422.
342-348.

(6] A, Ay SO, S | 45 IR 22 R4 0T i Ak 3R 3 K
JTAEP R OK M2 [ ], I 25 K K, 2010(23)
60-62.

[7] GUO H, WYART Y, PEROT J, et al. Low-pressure
membrane integrity tests for drinking water treatment: a
review[ J]. Water Research, 2010, 44(1) . 41-57.

[8] MINNERY J G, JACANGELO J G, BODEN L I, et al.
Sensitivity analysis of the pressure-based direct integrity
test for membranes used in drinking water treatment [ J].
Environmental Science & Technology, 2009, 43 (24).
9419-9424.

[9] FERRER O,CASAS S, GALVAN C, et al. Direct ultrafil-
tration performance and membrane integrity monitoring by
microbiological analysis[ J]. Water Research, 2015, 83.
121-131.

[10] ARARAK 2 4E sk, 2. B X — K0 PAC/UF T2
WM [ )], MR8 Tl K22 22 4, 2012, 44 (6) .
16-19.

(&g X )



