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Fig.1 Solubility of amorphous Al( OH), at different

pH ( Polynuclear complexes not included )

UTAFR, S8 1B B A S I IR WO 4 WA T
T AN, FH S 7 % o A Al A B 38 38 i ok
AR 25 FE R RN TR Sk v, D SR TH IR R Ak
2y I L BRASCR AR IR BETIAL 21 B FR b 1%
SNt 3K 1000 ~2 000 mg/L, 7K 28 PR 2 i g
FEEIE G , E AR B % RG AT AT . 4k
M, [ 15 5t Y kK A% B AR ER T 6.3 ~
27.4 mg/L, 3% 5 T 5 AL RO Ab B F R OK A gk
BRI BE O . BEE AR 15218 1T, 7K
AR A B 24 5 e, TS e B R e
IR, PUAL PR Rk B 1 ot o JRE 0 2 JRE 9 4 I Jl
ME ZRAE N K o AR, [ AN S 2 ) LY
WFFEARE B A 0 Ul DRI, A o B 3 e A S
%, B AR R Ak B AR ERAE AN TR] pH R AR A
FeJ3 % RO JRT5 G 552 a8 0, BF 2 15 e JZ= 1
e AR LSRR B TS G TR JRpL ], F1ok
AR AR S BAR PRI e il AR S %

bR ik

1.1 SEIesi#

SEG AT I R K E S IR E TR AR
fik (OP) JRAC 75 b S mLiE (CPB) KXt il %
1y, 08 8 T2 SO 2 | oK AR Lk L
R RN K M 95% I, ¥ R Ay b4, ook
CBERARH L, W B it 25 R A

R FH 2% [ P [ R ) SR Bk e B2 OB 8 i
JC PERBFR PR WL 1, SEERHT, Ff LCLE-4040 &
TG , BT EAR 75 mm BB H R T 4
C R ABLK FELT

W TOKF A B T Ak Pl s &
FREREK  H pH 290 4.5 Ze47, R 0.1 mol/
L i) NaOH %% 5 pH, F22 0. 45 pum JE I 1
J& , FIE RO % E K,

1.2 LGRE

SEG R Y S5 7 I UL IR 2, SR K FE AR
JE B4 K % ( EC-204-400A, EC, CN) 1 &5 JE %
(102A060F ,PROCON, USA) 3K 5h F 1 A& 2H 14,
ZRRE AL UG, —FR 43 v K [l 21 JE K 56 T8 B0 38,
—#BoriE Lt RO JETE B /K 5 IR A 02 A1 Bl LA
120 mm, N ELFR 75 mm [ 23 2 K 142
15 mm, /K 1T 48 10 mm, 7= /K 048 15 mm, F= /K
O F5 08 AR 75 mm, B S mm A7 S

SEEG A A ik gkt R AT RO
B B0 IS TA] PG 7 RO M A Ok
o JAshEt, #EKOKE 22 ~25 C, Z 5 Tk
PEER L AR rh A B A5 B 45 2 i i, (A
KA KRR GE AR E T 35 ~38 C,

1.3 fRzh=:
FRAER AR ARG HE 7K AL ¥k BE AR A 5

Pi
R,=1--" (1)
Po

KA R OFETEER(% ) 5 p; KPR
W, me/L; py JR Rt KR AL , me/ L,

#&1 LCLE-4040 &#%&
Tab.1 Characteristics of the LCLE-4040 RO membrane

" — A EE % o o i Eh &R N e bk AR YHL
5 e Pk it BB RUERERS gy, SRR
. Minimum Stable salt Maximum operating
Product Membrane area ~ Water production . .. Test pressure
salt rejection rejection temperature
LCLE-4040 8.7 m 9.5 m*/d 99.1% 99.2% 125psi 45 °C
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ALK s B UK EN s CoaiK 15 DL P=K I Bk T 1. JFOKAR; 2. BRI ESE ; 3. M EAR ; 4. TP 5. it 6. i

AfF(6a 12F38,6b TER) 5 7. K13 8. 1115 9. sy

A . Concentrated water reflux; B. Raw water reflux; C . Raw water intake; D. Water production outlet; E. Concentrated water outlet;

1. Raw water tank; 2. Regulated booster pump; 3. High-pressure pump; 4. Electronic balance; 5. Flow meter; 6. Membrane assembly (6a

Upper half, 6b Lower half) ; 7. Pressure gauge; 8. Valve; 9. Quartz gasket
H2 REEETHE
Fig.2 Experimental set-up

1.4 SiFA&E
KB K S &AM 6 6 i
(DR6000,HACH, USA) il K o vk 7 3 5
B 0 S 6 58 i B T T T AR T R
24 h IFERETE 5 mm x5 mm PR SR ISR
EAe 1% (SEM-EDS, Inspect F550, FEI, USA ) X} i
IR R R G FRE e 1) 4 T T 25 0 4 T DT 3R 2H A
HAT T o
JIT A R B Bt ok SPSS B k47 S ity
#r, F ¢ #5256 ( Paired sample t-test ) ¥ 2 P17 55 56
ZHCHR 2 S0k B P <0.05 RSt

2 4k

2.1 BRISHEEH

PEKEATR I UA A E 20 mg/L, pH =8.2, #ff
F 43 130 psi Z64F 1, S 50i247 30 h, B B R
RSO ILIE 3. AR I R
R FRESH I 63.7 L/ (m® « h) FHEE
44.0 L/(m” - h) BEIRZ 31% . B K BTEK
FALER P 2K, e NaOH I iR, AT
SR 7K R T B 32 B th K AR R 5
I AT AL SGE B IR 7 A A5 ik ZE AL,
TIN5 o

1 R Al T B D06 FE R R b R S 5 58 B HY
RFT 3 AR 2 S mm xS mm FYAE A, AT SEM
i, BT 4 AT LR DR IR R e T P
R P, S o B R R R BT A
e R SERUR R WIR T 2 2805 %%
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Fig.3 Variations of RO membrane flux with time

SRCHE 230 P IS R T RS e T R
bW S HEAT EDS RERE 0T AR ILIE S Jesk 2,
UL, T R R oL R O AR, b
49.06% ; Hyk g Al 5 Fik 39.74% , [z 4h,
A D) C Na Mg Ca, 1585 T 77 7E R G
PLIG O, 15 e o 32 2 h BR AR 418, 3t 56 ik
T RGE R R Rk BT RE K R i v R R AR R Y
HHEWT

R2 BEESEATESN
Tab.2 EDS analysis of the RO membrane fouling
52 Element C O Na Mg Al Ca

Jpig=qaa
Mass ratio/ %

SRR
Atomic weight
ratio/ %

8.05 49.06 1.92 0.63 39.74 0.60

12.94 51.94 1.61 0.50 32.72 0.29
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(a) R A Initial membrane

50 pmr———

(b) SEEGHEH Used membrane

4 RMER (a) FIKMER (b) B SEM R A
Fig.4 SEM graphs of the initial membrane (a)

and the used membrane (b)
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Fig.5 EDS spectrogram of
the RO membrane fouling

2.2 oK pH X RRTREIR M

PR ERVEE 17 900 kPa  #E7K Al ¥ J&F 20 mg/
L f2 217 6 h, ARk pH i fim 28 1k,
W 6 JioR , 2MiE7K pH MBRVEAS 2l B M i, 552
3 FHRS R 3 f S e P e T ., X4 pH =6.7
IR, JRC i e s 24 pH = 11 I, JIE 3 T 2R K
BT S 1 AR AR 254 I R AR
MK pH by 4.5 B, RO J5E A Mk 32 B AIG; 24 i

K pH TF25 6.7 W, I 4h 2k S L s i B
7K pH #E— 253, R S IF UG 2818 T [ .
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Fig.6 Variations of memebrane flux with pH
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Fig.7 Variations of salt rejection with pH

M1l 8 WT LA Y, Hp k2K IR T 5 e 2 0
R 2 RO R R m M @R s . A
LbZ T B P K R vk 1 7K B R T 180 T
Y2 IORLRE R XA BT R B o

ANliE7K pH B B TS YL rh EDS e 4 AT
ICE E X L% 3o Pk K i) BT 35 e 2
Al F i f i, 5 5 40. 81% 5 FHLUR 2 B Mk i 7K 26
B AR BRI E K I
2.3 BEEHMESLEAZE

PREFHEK T AL BE Ry 20 mg/L,pH = 11, %3
FEISAT 6 h, B EE T AN AR AR R T R AR
b, & 9 v, 2 Jy iy 480 7% 1 040 kPa
B %o o7 740 B g 45.5 L/ (m® - h) 7+ %86. 8
L/(m® - h) R T 91% ., ik b, 8AEE
15 m R AR LA G, B 10 ATLUE B
RO J5% 11 136 ek 2 Bl 5 4 1 ) 388 A W1 T R, 24
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FAEIE 771 900 kPa i ik 3k FHaE #3 TRk pH FEEFEMFHTEM L
Tab.3 EDS analysis of the RO
membrane fouling with pH

- AN IRV i A B 1

B Mass ratio of different samples/%

Element

pH=4.5 pH=6.7 pH=11

C 13.34 10.79 14.28
0 54.84 47.57 44.73
Na 0.16 0.29 5.43
Mg 1.34 0.05 1.83
Al 28.43 40.81 32.19
Ca 1.89 0.50 1.54
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50 P////
"

40

JiSTiN=y
Membrane flux/[L/(m? e h)]
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Fig.9 Average water production flux
change under different pressure
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Fig. 10 Variations of salt rejection
under different pressure

(¢) pH=11
E8 Rk pH HIEFH SEM BH H12 4 Al 1, A5 J7 i 760 T3 1 040
Fig.8 SEM graphs of the membrane kPa, [ETH S E T B ITTRE S E RN 31.57% ~
fouling at different pH 33, 15% , (FFRAE , 4200 B FE A 1025 F 15

JE I B R E T
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R4 TRBEENTERERESREOPITEI L
Tab.4 EDS analysis of the RO

membrane fouling with pressure

ANV e 1 T 4
52 Element Mass ratio of different samples/%
760 kPa 900 kPa 1 040 kPa
C 15.49 14.28 15.16
(0] 44.85 44.73 41.61
Na 5.85 5.43 6.01
Mg 1.64 1.83 2.79
Al 31.57 32.19 33.15
Ca 0.60 1.54 1.27

2.4 gtk ALK EXTRIS RE 00

TEFRAE 7 900 kPa, #E7K pH = 11. 0 i, £&
FEIBAT 6 h, AN[EIHE/K AL e 88 I I 1 1 A8 AR 17
DUDLIEN 1L, Bl 2R 7K e AL e B2 1 38 o, s
BRSO ~ 10 mg/L i [ H A
XFZENG T 20 ~ 30 mg/L i@ & T FEECR . S2hR
PR BRER W KL MR, LA [ T LR L5 3
JE IR R B RS e R R I, R R
B SRR B b KR X AR R A
ML) 3 B sb o s i g /N el 12 T U AR
IR BE T RO R B £ A PR R 7E 96. 1% ~
97. 1% , B K

90

RS
2 g P\ﬂ

= f
=70
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i)
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<]
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E 11 FEHKRETEAFKBEEN
Fig. 11 Average water production flux

change at different influent concentration
ANTRIZEZK AL MR FE TR TS 4 b EDS B
SIHTRITR SR IR S,
3 e

RUR A e - N LR A R e N (e N
pH VR EE FI4R AT J1 T %) RO 535 3L 19 32 i 2%
IO, FErRETK pH X R G (052 WA R0 foe ok W
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© ©
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Fig.12 Variations of salt rejection at different

influent concentration

x5 AEBAKRETE@DSLEYPEITEI L
Tab.5 Al contents of the RO membrane

fouling at influent Al concentration

o~ AT it ) 5 L

JUA Mass ratio of different samples/%

Element

10 mg/L 20 mg/L 30 mg/L

C 15.34 14.28 14.88
(0] 52.11 44.73 45.91
Na 3.68 5.43 4.40
Mg 0.20 1.83 0.16
Al 27.62 32.19 34.14
Ca 1.05 1.54 0.51

S5 4 s 1 A o R T BV R 7 T D 3K 5
TR, W TR ROk e SN T AE K A A
R =2 1) 430 L f) P 25 SR B A 3 A B LSO L
R R R 2 A A R T G o L A8 i 3
DRI 22, IOV SO B A 20 4 1 T 25 R~ e s Lt i B
TSR ZE R R A i TP L B T
(Y R 5 TR TR P ke 5 VR 2 M A R 2 o
T AU 5 5 TR Ak v 5 ) B R TS R
A 2 ¥ e P B 5 5 M TR 1 A 2 1
R B, SEBR b R pH R AEAE
EXESMEIBLA, JeE T E7EK A R
TS AL, L S R B R R A
b, &%, 76 pH b HERHE Y 6.7 I, 37K 48
MEERSELZEEERAGY RKES Al
(OH) y, FErp i i s ALCOH) , Fy ¥ i JE 4 4G, B
I EARRE 0.2 mg/LM Ui, K £
BRI A HEA R A T M 55 B 2R
B AR AR B, o L RS 78 3 K A
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ST AR B R ke, XE LA SRR R . TR,
T BT 3 A0 O B BB W R S T, iR E AL
(OH) , ¥ BE AU R ERR s UTTEAT H , i 45
Yot g, HRS 5 Y2 2 T8 510 S ot R 40 5 Hr
25 R S AR T Y R AL A 2 b — 3 B A
K TG Y2 ALCOH) 5 IR RS 7 5 VTR,
FAXT R B X PR E T I8 A1 T T R
B, ik R fe o HLUK, 6 R sk D A
B KPS REE A T, R e
T pH ) 2% R G40, B Bl
{37 BEZSOSE A 2, 0 Fb 2000 1y e b T, S SR
FHO R BRI 52 A 5 15 B AR K rh #5147 T H fr ,
FETDN AT R A B A HE R AR T, R IE FL Y
BN MR K pH =4, 5 1, K
(g A" (AL(OH)** (AL(OH), " AR5 B 1%
I BT B0 H Ay TG 531, B o WO O P T 2 A B
JZ PR, H TR AN R T £ 22 4 AR A DB BTS
Yel2, SR, Mtk pH SEERPERT, ek 8
LAAL(OH), ~ YT A AFAE , 32 i i HE 1 FH 10 5
W, FE 5 T 60 R 2 6y W B 99 o o 3R AR A, A4 7 4
e AR ARAE PR 55, 15 Y2 B8 AR %, NI,
HTEIL AT S BB 55 1L , 15 Mk
OB I 7K B4 B3 B 2 1 T e R OK ; R, R
BT 5 3 B A) 1) i R A PR e, Bt 2 7K e g
IO T R VE K A R B, SR M AE SR R Ty
TET, B 2 7 R ) 2 B T R Ik K, 3R] LA
HTFERERANBITEEENZE R, AT
RIS, V5 0 A B8 P 1) A% JT 30 o 57 F Ak 24 34 g
TR P PR 25 4 B AT %) L o % P IR S
WEHE BT LR B TS B TR RO R
pH 217200y o R A 7R, R R K R A R
THIE HANASH + 1 & +3 R ok k
HAR B Ui B S HMEAR - 1, BT AR M 0 58
Hh ST 5 25 T B 1 2 [A) TR B HE Ak 2 SRR e
TR R, SR 1 K IR T A A T
B M LA AR B ORI M G T K S R
PSR IO, 437K pH Ay bk A5 I
I, i 2 f iy , B V5 G 2 v n B i de e, TS
YRR A . PR T BT A T R) A e R AR
R, TR K NI R 75 e )2 i AL LR SRR T
B AR K, BT U AR B e A1

YEK pH AR, XTI IR 35 Y2 2 9 TE R,
HEZK B e BE R R, TR AR TR SR
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Ko B DK AL i T, HAe KA i i £
SR PR, A R T S SRS IR 2 B K
Ko EDS GEIE/M M, HE7K AL M AR 1 3 350 T
TSP ZEICR R 27. 62% G % 34. 14% , Ep
WETUEES . AR, SR R L 5 XS gL 2 11
FEISAT BB o T A A T[] — Fof k2K B 484
ESALEOE A ay EIK: i Sk Svis ik v DN N
it 2 T BT 7K A0 B T A28 8 g e 2 AR Ak R
Ji B Rt . DRI, BE = A S ) (R
1 5BBE RN ES2) I AEREE BAE 7 K i
Atk LT I3 — 5T, BT AU BT AL FE BT
R %) e JRE A B AR — 380, 4524 T T W A2 Ak X 4
5 BT BUE RIS R BERE T R,
B4R K 7 760 THE 1 040 kPa, 5 15 2 )2
FRRITR ST EN T 31.57% ~33.15% R
FE, R HERAE R ) B AR AR X5 YL 2 T8 K A
F R OW. % L 4 R 5 OSARIT A
LISTIARINI ™ {45 X6f I 18 75 2 J2 T2 ML ) 1) B
FE—3

Ry, AR S s R R ] AL B B
K pH Aot RS BT & 25 550 ) &, R EF
RO & 2 G384 s 0y o 7638 2 KF A F T 1%
K H R BB BR AR X OB i I T B, S K TR A il
R
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Study on fouling characteristics of reverse osmosis membrane with high
residual aluminum

DING Guodong', JI Shifeng'”, XING Yunqing'?, JIANG Jingwei', LIU Shenghui', HAN Naixu', FANG
Han', JIA Lei’
(1. College of Marine Ecology and Environment ,Shanghai Ocean University ,Shanghai 201306, China ; 2. Marine Environment

Monitoring and Assessment Center ,Shanghai Ocean University ,Shanghai 201306, China; 3. Shanghai Environmental Protection
Co. ,Shanghai 201306, China)

Abstract; The effects of influent pH, influent concentration and operating pressure on reverse osmosis
membrane fouling were investigated by simulating waste water containing high concentration aluminum, with
the help of membrane surface morphological and elemental analysis. A dense inorganic fouling layer was
formed on the surface of reverse osmosis membrane. Among the three factors investigated, the influent pH has
the most significant effect on membrane fouling. When the influent pH is neutral, the membrane flux is the
lowest, as well as the salt rejection is the highest. SEM graphs and EDS analysis showed that the content of
aluminum in the membrane foulant was the highest, indicating that the most serious fouling. When the acid
water enters, the content of Al in the fouling layer on the film surface is lower than that of alkaline water,
which means the membrane fouling is the lowest. Under the same influential pH, the effect of residual
aluminum concentration on the formation of fouling layer is more significant, while the effect of operating
pressure is not. As for practical process, it is suggested that adjusting the pH of inlet water to alkaline,
accurately controlling the addition of aluminum coagulant, maintaining appropriate operating pressure, are key
factors to retard the membrane fouling caused by residual aluminum.

Key words: membrane fouling; aluminum; pH; operating pressure; influent concentration
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