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Effects of organic matters on the gypsum scaling of composite polyamide
nanofiltration membrane
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Abstract: In order to reveal the influences of fouling layers formed by different organic matters on gypsum scaling
behaviors on the surface of nanofiltration membranes, bovine serum albumin ( BSA), humic acid ( HA) and
alginate ( SA) were chosen as typical organic foulants to contaminate the composite polyamide nanofiltration
membrane, respectively. After that, the gypsum scaling experiment was conducted. The gypsum crystal
morphologies of different fouling conditions were observed by scanning electron microscopy (SEM). The interaction
forces of membrane-gypsum and gypsum-gypsum in different membrane fouling conditions were investigated by
atomic force microscope ( AFM) combined with self-made gypsum probe. The results indicated that, compared with
the virgin membrane condition, the adsorption of organic foulants on nanofiltration membrane had changed the
membrane surface properties and influenced gypsum crystal nucleation mechanism. The degree of gypsum scaling in
three organic fouling conditions decreased in the order of SA>HA>BSA. These phenomena were likely due to the
interactions between SA and Ca’* which could shorten the nucleation time of gypsum crystals, enlarge the crystals
size and result in the fastest membrane flux decrease. The complexation between HA and Ca®* increased the
thickness and compaction of scaling layer, leading to a relatively serious membrane flux decline. Besides, the weak
Ca’ combination ability and particular heart-shape molecular structure of BSA led to a less degree of gypsum
scaling compared to the other two kinds of organic conditions.
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Tab.1 Properties of three kinds of organic macromolecules

o S F i/ — BRI/
u (meq - g™")
BSA 66.4 0=C,NH 1~15
HA  20-~50 0=C,COOH,NH,OH 33
SA  75~100 COOH 3~3.5
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Tab.2  Chemical composition of feed solutions
- ¢(NaCl)/ p(T54)/ ¢(Na,S0,)/ c(CaCly)/ . PN Y
(mmol - 1) (mg - L") (mmol - L") (mmol + L") P (mol - L71)
ek 120 0 0 1 7 0.12
BSA V5% 120 100 0 1 7 0.12
HA 54 120 100 0 1 7 0.12
SA {55 120 100 0 1 7 0.12
T RS 453 21 0 19 23 7 0.12
R AT IR BN N UE I B A LTS G 58 3 R AR v ) R e i e R e T e it e 2 o
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Fig.3 Normalized flux decline curves of three organically
conditioned membranes

22 TRERSSEYRSEIS

A HLTE YR 00 J5 AT R R B 45 Y 15 Y L, OF
V4 TCA WLTS YL (R8T BEAE Sl xof L, 2R AT i R 5 245 A
15 YL S DU R 5 45 W 15 e S50 T IR B 5 A 0
A T A v e %o A — Ao % A A R AT bR vE AR AL
PR 4 PG R 55 45 5 T Y 52 50 1) R o B A 8 A
[ T el ) e 25 il 7 [R] — 5K [ h S5 SR N 8] 4 FR.4
TP P 515 % i B e o 9 ok 4 R U T 8 R SA >
HASBSASHT IR, iX 5 A HLT5 YL iy — 250 45 b 4
BHG YRR LU, RS 25 IR 17 R 5 T8 W5 Y
JZ A HLAY R DA .

1.05¢
jﬁ;@%ﬁ%ﬁﬂ%ﬁfwwi 3
. 0o - R, Z%ﬁﬁi
) : o BSA
S K
= 0.6+
I
]
P 041
/NMN
0.2 _ HHDDDD
BRRRS
0 .

300 600 900 1200 1500
S UERT E] /min
B4 4FFGTRERSERENLEEREMLZE
Fig4 Normalized flux decline curves of four gypsum scaling membranes

2.3 RIMPESEL

B PR 5 25 I S B 45 A, R AT 1 s v o 52 3
(BERZEIK ) |, Z 5 PR AT L 2 S50 LA o 38 £k
SR I LT Y S BTF AR T, B4R S50 v i) Ji 3 o
SR, A TARE AL AL BE. 4 Bl S50 Y38 K
SRNE S PR,

FER VS | RS £ K 2 38 R B i > BSA > HA >
SA. SR EG 253 15 Y AR B 25 DI AH G, UL AE B 1T
A A LG G2 ST A B BT R A5 35 1 o R
S ME L2 R 3R R R BT RS TR 5 2 R) 4 g
oA LA S B A L 5 AR RS = (a1 i 1/
(BB AE 2.5 k).

1.0

pz e

08 BB ES 45n T Ye Jrid
S 06F
=
i
M)
§ 04t

02 B /

0 TAYW  BSA HA SA
ES5 4FMEHTRAOBEHRSEER
Fig.5 Membrane flux recovery of four kinds of conditions

24 FAUMMRERSSERNZNEERELS

Ry T U b B A BTG R R A 2 3 1Y)
SENE, TE B IR A 45 30 S5 9% 25 RIS R B ECHS O
SEM 73 M7 A R 5% 45 Hii 2 1 M1 W 1w &1 2301 an 151 6,7
Fis T LA, A BILTS G W) Fh 2 [ B R 475
IR/ JEAR 8 52 BEdAN AR [R). TS A LTS S 1
T I TR R 55 it AT RS BRI (AR k) L OF
HRGFHREN, 0 A B (K 6 (a) ) 51 BSA 15
LI IR TR PR S S AT R 22 itk ROT AR 85
AN EEREAANE (B 6(b) ) s HA 15 44 i I8 2% 1 Bt
PR d R LR T — S RSP R 1 R HeR S
(E6(c)) s BRIRES i AR TE SA 75 e 1y JI5 2 T Ay Bk
AR ROFROR, iR AT G MU A (B 6 (d) ). A
BRI 25 Yn W v 18 (&1 7) Al 8 A Je A HL TS G
AR P T, A PR 0 i I 28 B B Al 3, ELHES AN )
(K1 7(a)) ;7F BSA V5 YL R MEERTH , B B2 55 A 14 2 )&
BER HEEFIFAHL (L 7(b) ) s 0 T HA ¥5 3L BB, iy
JELJE 5 I A WD S ) A PR A5 2B K B A L A B
(B 7(c)) s BRBRES fbATE SA {5 4% iy IR 1 R~
BR, A B WA W % g 2
(K7(d)).

Y LA I B2 TR T2 AR [ A LT % 2 T o R
pm R AR A Y 7 2 RS AL A A (] A 5 )



.88 MoK O T

(b) BSA J5 L fi5t

(c) HA V545

6 AEEZGTHMERSS KA SEM REE
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Fig.9 Representative adhesion force curves and frequency distributions of corresponding force
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