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Influence of Polyaluminium Chloride Residue on Ultrafiltration Membrane

Fouling in Mine Water Treatment
ZHENG Li-xiang, GUO Zhong-quan, MAO Wei-dong
(CCTEG Hangzhou Environmental Research Institute, Hangzhou 311201, China)

Abstract; Aiming at fouling of the ultrafiltration membrane caused by polyaluminium chloride
(PAC) residue added in the process of mine water coagulation treatment, different amounts of PAC were
added in front of polyvinylidene fluoride (PVDF) ultrafiltration membrane to carry out coagulation and
ultrafiltration tests to treat mine water, and the relationships among turbidity, SDI, residual aluminum
content, transmembrane pressure (TMP) , normalized membrane specific flux( NSF) and their effects on
ultrafiltration membranes were investigated under different PAC dosages. When PAC dosage was 35 —40
mg/L, the minimum SDI in the supernatant was 5.3, the residual aluminum content was 0. 16 - 0. 23
mg/L, and the turbidity was 6.0 —8.0 NTU. The TMP value increased with the increase of PAC dosage,
residual aluminum content and pH value. When PAC dosage was 40 mg/L, the residual aluminum
content was 0. 18 mg/L, the pH value was 4.2 —5.2, the minimum TMP was 64. 8 —68.4 kPa. The
morphology of residual aluminum in water could be converted to each other under different pH values,
and the polymeric state and flocculent particle size also affected the membrane fouling. Therefore, acid

condition (pH of 4.2 —5.2) was more helpful to reduce the pollution of residual aluminum to
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K0, ABS 5 22 (TMP) 105 — 4k I 1 5 4 (NSF)
BB RS Y ) RAEFE bR, B AN R] PAC £ fima T
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Tab. 1 Water quality indexes of mine water
W H AW B#" cH
JKiR/C 22 ~25 24 ~28 26 ~31
pH {H 6.5~7.3 6.8~7.5 7.2~8.2
M E/NTU 225 ~255 230 ~312 280 ~342
(PN =N
B 013 20.15 | 0.11-0.13 | 0.07~0.09
(mg- L)
CoD/
. 20 ~30 10 ~25 20 ~40
(mg-L7)
UV,5,/em™" 0,045 £0.002{0. 032 +0. 002 |0. 038 +0. 002

polyaluminium chloride ;

ultrafiltration;  residual aluminum;

R BAEALEE (PAC, R 4 R, A U84 >
30% W BE 10% ) , £k (HCL, TV %%, & & >31% ,
R EAT) , SR AL (NaOH, Tl 21, ¥ 1 o
BRAET) .

ARk < G0 T SR P ) 0 RS 2L 4 Ay v i B e s
LR, BB R SR oK PR SR AR 9 £ s ( PVDEF) | 552
MEIRE (U -PVC) , FESHULE 2,

%2 BREEIZETSH

Tab.2 Main operating parameters of ultrafiltration membrane

i H B(H
AR5 A/ m 51
AFRALR/ pm 0.03
R /L 35
STEE R (25C)/(L-m™2 +h™) 40 ~120
17 pH {H 2~11
U/ -y CNAE WA PR
BITIREE/C 1 ~40
e RIBAT IS 25/ kPa 210
I K E 1 (20 °C ) /kPa 625
R J1/kPa 250

1.2 (FE5FE

A HL TR (BLZE ST AR224CN, 36 [H) R BE
IS HKBEFEHL (ZR4 - 6, [ 5 48 I K ¥ B
(XMTD203, ) ; S 4 A] W43 66 B (752N, o
) 5 4% O A vk B2 A8 (3 Ay 1900C, L [H ) ; Zeta
ML (JS94H -2, i) s pH 31(PHS -3E, fi[H) .

Jik AR BEARE D 280 v/ min PRIFEEFE 1 min,
120 r/min FPEPEFE 1 min, 60 r/min 18 3 i 15
min, fiEFEE S WERE 15 min, BCE T REAT I
o BB A RN E SR (A 40 0 d ]
J7ik) (GB/T 9734—2008 ) %K E S 73 L
WEANECLL =R R B 53 D6 O BE 1, R DM L 23 il O
0.01 ~0.20 mg/L 1 0.4 ~2 mg/L,

SDI A 7 2 R K REAE — 2 I ) R i gl ad
BAR 47 mm B RAALUEE (0. 45 pm) 2504 T AT, 1T
BAKWT

(1 Ty %100
_T.)X

SDl=————

15 (D
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AT, H0ETF 500 mL K FIFits RYIFIE] 5 7, O 15
min J5 FRCERF 500 mL K I I 1] 5 15 g ad 8 )
15 min,

TR v ) T U 0 S R R ) g K
i, A B S R () o A TR LR T ) AR R A
YECRB R S 2R e A iy s g, TG4 3 S0 125 R 2
(TMP) A —AL 5 LE i i (NSF) o 5 — AR b o
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(2)
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L
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?Sﬁ%ﬁ[m—lﬂo

I E B K P I AEE TR 258 32 5 pH (K
(RN . 5% BR AR 7E /K Fp 32 AT AE K 3R B 1 4
P, RIN pH {H o 4 ~5 B, KPS LL AP Ol
&, B4 R AIOH 5pH {28 5 ~8 B, #R 7K
RRA LS LL AL(OH), 2 E, [ A D &1
[AL(OH), ] " spH {H g 8 ~ 10 i}, 83 1y /K At 3R 4 78
BLILAL(OH), ]~ M E, R AL(OH) °,
SIS FET LIS g =R, B AR 43 2540 P ]
RESHEMEARSE . Hh kg 580 E 2
AP* CAIOH? | [ Al (OH), 1" 45 9 1k /1 K
[AL(OH), " KRR P AR A 40 E H
[AL;0,(OH),, 17" s MRS 48 2 AHE AL(OH) 5,
REAAMYITTE [ (AlO,), Al (OH) 5 (H,0),, ™"
EEAmE,

1.3 #ESHE

PN iR S (et o B N 1R R K @ |
ATk PAC 2573 K r i et 3 SDIT FIgk B2 48 3 ik
TR B R T A E K R R B |k
RELA P AR, IR 1 R . 0k ab B
k5 m/h @ 2L 1.5 ~3.0 L/h (5 R dg
i PAC AN UTIE 5. B 7K 5 PAC 76 BT

TEAS INTERE G B D0, I V. B WA g
i U e R U8 L R AT P 0, Ao v A A
70 ~100 L/(m® + h) , B 22 12 1575 Bl oy 180 ~
200 kPa, H7KHEA KA o U8R K B vp ki
W K G RSB TR, S 23 AL R, vk e ]
TEIE AT R gk, S B HE K B TEHE L . S
PEIE F1 2 200 ~220 kPa, Iz btk 4 8 ~9 m'/h,
— VR[] A 40 s,
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Bt HEK

T
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A
1T AREETE
Fig.1 Schematic diagram of experimental equipment
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Fig.2  Effect of PAC dosage on residual aluminum content
and turbidity

Hi & 2 BT, ZESOIR/INT 70 mg/L (TSI,
B PAC B AN, 38  rh ok B AR 5 1 A
JERSET G ETH R (R E AR,
M AL LA B AR S . PAC SO RN, A
HAPERRE y 3, R BETURE a8, S8k
HH s R R . B PAC BOE AR,
R AR KA SN 5 B 23K fiff IR A0 R AR,
B Ja UCHE TR B, L3 0 5% B a5 1 Ak R Bl
ZI . FRE A 0.30 mg/L RNFEZE 0. 16 mg/L,
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TF46.7% . M 22.0 NTU &% 5.5 NTU,
TRET5.0% . dkLstin PAC Hhn, 5% B 4L & i
PRGN, 3 B R R R D TR A B SR A
H S K2 . 2 PAC ik 35 mg/L i,
FRE RS AR, 2408 0. 16 mg/L, 4 PAC # s
135 ~40 mg/L B}, LK 6.0 ~8.0 NTU, 24
PAC #5048 mg/L I, 3 BEAIK, 2978 5.5 NTU,,

350, B 2 W], 2 PAC #m S 30 ~ 50
mg/L i, FIEW PR ER ST =LA N 0.16 ~0.25
mg/L, Jh 2K 5.5 ~12.0 NTU, &3 4 H T PAC
PN EETE 30 ~50 mg/L I} 3 Uik vk B 55 75 1 A
TUREXS SDI Y52
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Fig.3 Effect of residual aluminum content and turbidity

on SDI

HI1& 2 AT, 24 PAC B AE 30 ~ 50 mg/L
I, 6 PAC UM 13 i, 5k B 40 1 b 2 dy BE
WA b T ik 2 — N RE . S 3 AT,
4 PAC £l AE 30 ~ 50 mg/L if, SDI i £k Fiti % 5k
B S RGN ST T S G T, Bl kB
TR TR, JE— 2 H, & 3 (a) 2B Al A, 24
Sk i fh & O 0. 18 mg/L (R PAC £l 4t Oy 32
mg/L) Iif, SDI Sk B AIRAE, 2975 6. 55t & 3 (b) 7
Proff, B 5.5 NTU (B PAC i+ 48
mg/L) Iif, SDL IK B fAIR{E , #9°4 8. 0,

24 PAC $ i 7E 30 ~ 50 mg/L v [l At i 75 9
P& 7K SDI B PAC Bfin 2 (A b in &l 4 firs o

12t
10 |
8 L
N
41
2L

0 . . . . . .
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Fig.4 Effect of PAC dosage on SDI of sand filter effluent

i 4 n] 0, 78 PAC 8O 30 ~50 mg/L i
Wbk i /K vh SDI [ PAC $hin 2 (9 34 I 52 5% T [
Ja BTGS2 PAC 040 35 ~40 mg/L.
IF, SDI b T A8 , 290 5. 3, I AR B AR S i 20°h
0.16 ~0.23 mg/L,
2.1.2  FREAAR S 0 B IR 22 1 52 )

PAC e FEBCIN AL (35 ~ 40 mg/L) Al 75
( >40 mg/L) i, R EETIVE & th /K E W0 uE & U8 )5
MEERTRFETE 1.0 NTU, ZREEE & 550510 0. 18,
0.25.0.38 mg/L i, ¥l pH {E4 7.0 ~8. 0, HAth
ZAFARFME LR 7K LA 80 L/ (m? - h) 3l 5 A

UGN, 25 5 B% BE AR N 5 R 22 s ), 25 SR ULIAT 5
SR
2200+ 018 mg/l. =025 mgl. <038 mg/l.
180 |
160 f Pl
& 1401 y=0.8949x+11.748 P =
< 1407 ,
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Fig.5 Effect of residual aluminum content on TMP

FH & S AT, i 8 22 Bl o 5% B8 40 1 2 3
MM, MR SRR 0. 18 mg/L(PAC i
4 40 mg/L) i, 32 & 200 min J5 [y TMP {4 J 88.2
kPa; 458 B 40 & it 0. 25 mg/L(PAC )ik 60
mg/L) 5], 5€ 200 min J5 9 TMP {f % 140. 4 kPa;
MR R A 0. 38 mg/L (PAC # fin &tk 80
mg/L) 5], 3€ 200 min J5 ) TMP {fi % 181. 8 kPa,

UG AT B, 5% B 45 o8 0. 18 mg/L (14Ul
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FERAIERN 0.465 855K 0.25 mg/L YL
BLRPEN0.807 735K B8 & H 0. 38 mg/L 141
BERIE N 0.894 9, T AL B4R A Rl 0. 18
mg/L i, TMP 3§ [ 3 g/ )y, A2 1] A TMP 3 K
% 0. 441 kPa/min, i 5% B 48 & & 4 0. 38
mg/ LI}, TMP < e e, B2 a] Py TMP 35 <
2 h 0.909 kPa/min,

£t PAC( >40 mg/L) 33 € 200 min J5i#
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Fig.6  Effect of excess residual aluminum content on TMP

HH ] 6 AT, 155 JEE s 22 Wi 4 5% P R O e
MG PIER B 55 & AL T I8 FIE (0. 16 ~
0.23 mg/L) , W5 B 22 M52 /N 2205 5 e
2E W6 5% B R O R R EG IN T 2218 S, AR
PSRN B IR ) T Y G R, AR SR R
0.20 mg/L 3 % 0. 50 mg/L B, A R (4 5 5 s 2%
i1 95.4 kPa [} % 194.4 kPa, - 7}1 50.9% .,
2.2 AEpH E TSRS LA

I KR BB S5 0. 18 ~0.20 mg/L, LA
ANE] pHAHIB AT 45 T 158 1) R B IE A F AL T
5 BN R U I YL i e, S5 R A& T TR o

130
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110 |
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Fig.7  Effect of pH values on TMP
H L7 AT, B pH (B Y3 in TMP {5 jE = 42
Fo MWL LR EI = HHHG K. Y pH A
h4.2~5.2 0, TMP JEEI{E N 64.8 ~68.4 kPa; 4

pH W 6.4 ~7.2 [, TMP J{i B {& Jy 88.2 ~93.6
kPa; 4 pH {2}y 8.3 ~9.2 i, TMP JEi [y 118. 8 ~
122.4 kPa, AT LAy, BRAE 26 1F (pH {2 4.2 ~
5.2) T 0 BEL 1 B2 i IR T Rk (pHL R 6.4 ~
7.2) FGRPEZR A (pH (N 8.3 ~9.2) o IdBRIAH 5
THEAEpH AN 5.2 50F RSk (pH H 6.5) Al
P25 (pH {2 8.5.9. 2) T X fh B 5 0 — L i
P e R, 25 2R AN 8 TR o
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~pH fE=6.5
-+ pH E=8.5
= pH fE=9.2
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Fig.8 Effect of pH values on NSF

Hil&l 8 I, 24 pH (B} 5. 2 I} NSF {H T [
FE R 1.48% /min , 24 pH {H )3 9. 2 B} NSF {f | R&E
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Fig.9 Effect of Al species on floc average size at different
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B, REANFEEIEE TR L BT 5k 2
KT EMENAFRALAR (0. 03 m) |, 7L 7T B W UE S FE
W BR TORER A (HER B R S R B AR S
UE RS B — 40, i HAAFFE TR SRR A2 1 5
pH {E R 9 Z544 N 2B ARG B B MU LRECR,
XA UL 1 LE R R 25 T R R AT LR
H A

3 L

O FEIHRE 3 ANET 5 HAK 5% A5
HKTF 0.07 mg/L. PAC £ %y 35 ~ 40 mg/L
B, FIE W SDI e /ME R 5.3, 3R AR ST 2
0.16 ~0.23 mg/L, 24 6.0 ~8.0 NTU,

Q R ZERE PAC #hn & f5k B ia &
3T _EF . PAC #hn4 ok 40 mg/L B, 5% B 4R
i 0. 18 mg/L, TMP {fy 88. 2 kPa; PAC #fi4t
b 60 me/L i, 5% B8 4R 4R 0. 25 me/L, TMP {4y
140.4 kPa; PAC £+ -k 80 mg/L B}, 5% 85 45 & &
4 0.38 mg/L, TMP {f Jy 181.8 kPa,

@ BEZKNE pH EXS m EA. 24
pH {Eh 4.2 ~5.2 I, B R 22 40 T eI {H 64. 8 ~
68.4 kPa; 2% pH (i H 6.4 ~7.2 I, B5 I E 2 N
88.2~93.6 kPa; 4 pH (i Jy 8.3 ~9.2 i}, 5l R 2=
%5 118.8 ~122.4 kPa,

@  FREBAEK T RAEAEIE S Z pH HFE M,
() B S SDI Y5 Yeidhfie . MRtk 258 (pH {HK
4.2 ~5.2) A BT s /58 B AR X B B AR A 15 Y

SE 3Lk
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