CRLECI U S NS D A N = Vol. 48 No.2
201642 H JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Feb. 2016

doi:10.11918/].1ssn.0367-6234.2016.02.018

R FI8E T E S RE PVDF BEE R M7 50
¥,

KOWE &, W SR UEE S
(PHZ AP FRE S WU T R B, 710055 P4 )

W OB OVEEFRAETERE T MEEE(BSA)EREA L (PVDF) EE B RATH AR EEWAE, FHERE S
F R R (QCM-D) 44 B H M PVDF i, FA TR R ERG KA L0 BB FTREMEEREE AR5 L08R
M ERKR . B FHREH 0 wE 1 mmol/L B, 2 F o # s /7 47 Bk 59 85 38 7 BSA #£ PVDF & Wty % It & |, B 7% s Wl
PS5 ST Hy BSA B2 VT fe Bl AR, B F IR B K %] 10 K 100 mmol/L B, A A HE A7 F 8 58 A 2R /N PVDF-BSA |
BSA-BSA Jd] 48 B A il 1, 3 BSA % PVDF X R M B/, T AR s S i BSA WM B S B K8 W&, LA &
W B A AR

XER: BTRE;, REROFEERE;, Bafl; RE@RMTh

FESES . X703.1 XHERFRERD . A XERES . 0367-6234(2016)02-0109-05

Evaluation on adsorption behaviour of protein on PVDF membrane surface
under different ionic strengths

MI Na, WANG Lei, MIAO Rui, GAO Zhe, LIU Tingting

(School of Environmental and Municipal Engineering, Xi’ an University of Architecture and Technology, 710055 Xi’ an, China)

Abstract:; To investigate the deposition and adsorption behavior of BSA on the PVDF surface and the structure of
the BSA adsorption layers over a range of ionic strengths, a quartz crystal microbalance with dissipation monitoring
(QCM-D) combined with a self-made PVDF-coated sensor crystal was used in this study. These results were
combined with those of fouling experiments and the flux recovery rate (at corresponding ionic strengths) to obtain
visual insight into the effect of ionic strength on membrane BSA fouling behavior. Results show that when the ionic
strength increased from 0 to 1 mmol/L, the adsorption amount of BSA on PVDF surface was increased, and a
denser and more compact BSA layer was formed, accompanied by the enhancement of membrane fouling, which
was mainly attributed to the decrease of electrostatic repulsion forces. But on the contrary, when ionic strength
increased to 10 and 100 mmol/L, the PVDF-BSA and BSA —BSA interaction forces are weakened due to an
increase in the hydration repulsion force, which results a decrease in adsorption amount of BSA on PVDF surface,
a more nonrigid and soft BSA layer was formed, and membrane fouling decreased significantly. Moreover, the flux
recovery rate was increase significantly at high ionic strength.
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111 SEE R

RlmH LM (PVDF; 35 = 95 e it B &9
], Solef 1015) , oK F A (LiCl, REfbF A
FRAAF), N,N-ZH LW (DMAc; 4rdral, X
HET AR R AR ), AR I B (BSA, 98% 4k
J& , Sigma—Aldrich, St. Louis, Mo).
1.1.2  PVDF M &

¥ PVDF 5L JC/K LiCl $ie— & He ol i T
AHLEFR] DMAc H 1 60 CHRE R HIRIERE 24 h 1B
TGS SR I, e S e b Y S IR B T D s A
T, SR JE TR A P IR A B B Al 2 1 TRK T 4y
1,155 PVDF MEJEIE, 2 7800k R 18 A LB TK
s I A KGE 1 (600+50) L/ (m? - h) DI
TN 195 ku, Bl fA oy 73°, T YPORUBS B R
35.8 nm.
1.1.3  BSA ¥

¥ BSA JF T4k PECE 1 g/L 1Y BSA fif %
W, REE 25 mg/L B BSA R HEAT 5256 20 B AdE
F 1 mol/L AL GV W H 15 BSA IR 1) 25+ 5
J&,0.01 mol/L [ AL #H £ 0.01 mol/L 113k R i
5 pH.
1.1.4 PVDF i 14

1) 6 PVDF Hl LiCl 4% — 7 1) b A1) (55 68 08 il

£ PVDF 5 LiCl (% He iR TR ) % F DMAC il 8 A
Fit R 5% MR GV, TE 60 °C BB 78 704
FE R EE PO T R TR A 2) R R
(QSX301 Au,Q-Sense) BT 75 CHAFIL NS 111
B ZLK T 43500 3R 25% B 27K B2 30% i R
UKL TR A W IR TEVE S min, BAiK P75
TRUEE A AR T 3) B R [ T e 5% U AL
(KW-4A, J E B A B FOF 5 RT ) e V-6 I,
TR 21 5 WL PVDE/LiCl S WRA W, ek
W15 211k PVDF B 5, M2tk vh st - vk e
AT H.

1.2 EWHE

1.2.1  JBEV5 sy
il S St 3 0 R G b AT AE I RS A4 Y5 e s 1

F R IR AN 3.32x107° m® R A NS E
1, VR R PR e 2, 3 5 e ik A
T PR L RS SIS 30 P 0 S 4 3 A A

ARG Y S35 RN T . JE7F 0.15 MPa T,
FH 2288 FoK R AB IE R | LURSIE B A R B
SRR 22035 2 0.1 MPa, #H47 E B F /KA1 g 5
B, BB e B A — R A () AR A 1) 5 S
ZERAER X R E B TSR 1) BSA 15 YL W5 W 4k
Srid i, IS W AR AR k.

T B S R S Y IO ¥R 35 T BT 500 mL
BB T KPR R E TR & NIRG
2 min, B2 45 BOH WG VRIS PR, 25 B 1K wh ik )
0.1 MPa FFRR N & Hoalikm & (J) , i H J/J] %
(BGRE/I-E S
1.2.2 QCM-D st

i FHAE BB & AR AR TR F- (QCM-D, EI, Q-
Sense, Hijl) % %< BSA 7£ PVDF i [ (4 W fff & | 5
AT BSA TS FF 2205 ¥ i 225 56 138 ) 8 AR AR AE 1

FIRA PVDF MR 2% T QCM-D |, 1%
FIAHLIK, B % PVDF R 45358 5] —Fa g (il ; I
Ja 5 IR E B iR A BSA AT 1T 30 min, 18 i
SIS AE B R R Bl %6 e RE IS AR RRAE  DEA R

B 74 1FF BSA 7E PVDF Ji5 A 3 1f W Jf 5 K
BSA 15 YL J2 1 25 ¥4 745 Ak, 5256 358 i rp i 1R I iy ¢
0.1 mL/min, WRIEEE R 25 C | Al —4 5255 2 /0
HEEMT 3 K.
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{diFH Zeta ALY (ZS90 Zeta, Bh /R 3C, B [ ) il
SE BSA 1Y Zeta FLA B 2550 B 1948 6. A FH 22 AR 0
INEI R E AR T Zeta B A ( SurPASS | Anton Paar
GmbH, I F)) 4347 PVDF 2% [ Zeta {37 Bl 55 15
k.
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B/ (mmol - L)
B1 FREEFEHET PVDF BIEER BSA s

2.2 BSA KAFHEHEETFREMNEURHE

1 BSA F-BIK Iy 2 AR B B - 0 R Y AR
B TTIE W B Fim B 0 33| 1 mmol/L B,
BSA )7k J1242 42 H 296 nm B K F)] 320 nm. X Al
RESE R N Bl 25 58 B2 A 3G K, BSA 431 Z [a] (1)
L HER F10800N Bl BSA 41 22 [6)4H 5% B (A1 SR T
PR R ) SRR B F iR 2R T 1 mmo/L J&,
BSA “V-YA7K J 7272 A58 IE i R %) 14 DR T A s ik
NIRRT AR BSA AT K A HEF
pAFE SRS (SIS U W) WA S

| | |
(3] (9% P
(=] S (=]
T
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L
S
T

K1 FTEBFEET BSA HEHKNFEER

BRI/ (mmol - L) K154/ nm
0 296
1 320
10 148
100 96

2.3 BTFREX BSA RHHTARITRELHIMSNG
ffifH QCM-D REFE T ETHE N 0.1.10
J 100 mmol/L ) BSA 7E PVDF 2 Ifi A% TR W 41
R K BSA W B )2 4548 R A 7 30 #R v, B e
NBEEIKRAFREE W IL L SR 5 S X 4 B8 1 45
(1) BSA I W HE A7 0328, 0 90 B 7 A 3R W A 1B
BSA 7E PVDF 3 [ 1) W F 28 B2 i & 26 19 722 k. 1) ]
FHEALSE I I 55 14 45 B B AR 0 A5 10 50K 0 /s

(Af) BFEF R AL -4 BSA ££ PVDF i iY
W RFEAT A Be BSA W B J2 45 M HRAIE
2.3.1 AFEBETFHE T BSA 78 PVDF W 110
]2 Sk X A [) 25 58 B2 11 BSA %), PVDF
JIE R AR AR AR AL RRAE. T LTS . 76 BSA W JF i Bt
5B T BN 0 mmol/L B AH L, B T 58 F
1 mmol/LE} PVDF i -4 %0 /N & Af H 18.6 5K
$]24.3 Hz; 8 158 B3 K] 10 &2 100 mmol/L
iF, Af AR AR 3k 17.2 Fi114.3 Hz; 1 F PVDF i
B el /) ek R 2 T ) W B R BRE G R,
G5 FFB] BSA 76 PVDF 22 1 1 W% Ff 3 %8 B2 8% fht
i A B R S SR T b N R A

Lk 1 R N0 mmol - L,
: 1 mmol - L
{110 mmol - L

-0O-100 mmol - L™

0 400 8(I)0 1 2‘00 1 6I00
AR ] /s
E2 FEETFIEER BSA % PVDF WRBH1T A4

2.3.2  ETIRELRZN T Y BSA W RZEHREIE

FEHL(AD) FAEAISE QCM-D Ui A2 b i A
P 20 5 REFEA K | LG 25 W B 2t () 34 AN 22 4k
SERAEL K Z AR A S BN T T I,
PR BT B FERUE | AD/AS | Z5 880 K Z 4544
FROE AR | AD/AS | 2785 SR 1 R B J2 485
PR 58RI | AD/ASF | B U8 I W B 2 S5 55 R
AR | AD/AS | WEES T3 B 28 1k UL IR 3.
ATLEW . M FmEH 0 # s 1 mmol/L A,
| AD/AF| K 0.026 3/ 0.017, 156 B Bifl B9 756 )3
3G, PVDF R TH P B BSA W B2 M4 25 52
() RS 3 32 2 TR Ay B 5 ) L T e il M
45 WU SR RN, B0l PVDF-BSA 5 BSA-BSA 22 [i]
bR 10855 naE T BSA FE PVDF 261 AWK
A 2% R IR 6, A T R T T B 44 %% ST 1) BSA
WM ZE; 45 FimEH 1 mmol/L # K F 10 &
100 mmol/LEF, | AD/AF | Bl 25 50 B i 34 K K
R ESE N, 4308 1 mmol/L B 75 BE T 1 3.5 Mz 8
f PE LG I 76 &5 B 74514, PVDF R 10 P i
BUIRAKIY BSA WEFIJZ. 3% 5 Chang %1% % 2 i (A
TR A [ 1A ST R B AT B, 2 B8 | AD/AS | B
R A KR KBS — 2K

23R PVDF B 7 4% 5 e FE AR fL S UE I . 24 2
FOREEH 0 3G HN3) 1 mmol/L, BSA 1E PVDF % [ i)
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(AR AR S8 BSA 431 Z [ 45 &, B il 5
() BSA W BRI s 242 Fom B2 il 1 393 100 mmol/L
B, BT RE A B 15 B 35 K, A U FL I PVDF J
BSA W B RAE MK A Na B FEUE AW £,
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TET P9 W T 238 % 52 o6 0 /I, 65 9% T B AR R
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SRS ke

h T — W UE N A B 48 T BSA TE
PVDF 2 [ /) W BEITREAT R, %5 58 T HH N 25 5 B
T BSA X} PVDF 8 38 5 11 75 Yo A7 Ay J o ok
PERE.
2.4.1 A[RIESTHRIER BSA T YL At B s AT
] 4 Sk U8 AN [R) B 7 5 S5 1 BSA 5 Y Ao S i
s f7 R AR A 7T LA 1 7E 60 min (38 FTHT
) P, B T3 EEN 0.1.10 & 100 mmol/L 4 BSA 15
YL [ ) 3 B R AT 5 77% 88% 63% F1 37%.
AR BERE B0 5 A 3G, S 3 D R B R,
R R 7 S IS I s N R

IR 0 B3 1 mmol/L INF 5 T
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F| 1 mmol/L B, 52 BSA ¥5 YL %) 48 JE 5 1 ok & R
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P R BN i Nl S|
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x2 BTFERENEBRESHREMHENZT
B F IR/ (mmol - L) WA 2%
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HEJF J10800N , Bufdi BSA 78 PVDF 1 (19 2R Fff &
T 5 A U A I S 8 ) M R TR A 5 A
BT IRE RS K F] 10 K 100 mmol/L B K4
HEF iy i R 55 T e HER ARk, T8
PVDF [T BSA 114 B ek S J5 35 Yl 3o 3 Bl 15 7568
FIRY 8 R 17T A M D 2%
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