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Abstract ; Micellar-enhanced ultrafiltration was used to remove Cu’" (Cu’" was fixed at 0. 6 mmol/L) from simulant aqueous solutions
with SDS and SDBS as anionic surfactants respectively. Compare SDS and SDBS separation through permeate flux, permeate
concentration, rejection and enrichment ratio. Experimental results show that the average permeate flux with SDS is always higher than
that with SDBS [ the average flux with SDS is 29.92 L+(m’+h) ~', while that with SDBS is only 16. 55 L+ (m?+h) ~' ], the permeate

concentration of SDS is always lower than that with SDBS. When the permeate concentration of Cu’" close to zero, 2 mmol/L and 6

s

mmol/L of SDBS and SDS are respectively required. Cu’" rejection and enrichment ratio with SDS are always higher than those with
SDBS (the average Cu’" rejection and enrichment ratio with SDS are respectively 85.06% and 4. 18, while those with SDBS are
69.05% and 4. 05 respectively). Besides, the average enrichment ratio of SDS is also higher than that of SDBS (SDS is up to 3. 89,
while SDBS is 3. 13). Therefore, SDS is more suitable than the SDBS for removal of Cu’* .

Key words:micellar-enhanced ultrafiltration (MEUF) ; sodium dodecyl sulfate (SDS) ; sodium dodecyl benzene sulfonate (SDBS)
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AR T A B 5l A A0 R 4 R B 0y R s
PR DL R 5] 4t

1 HBSHE

S0 SR FH A R U R R K 3 Wz AR R TR R A R
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Table 1  Characteristics of the used membrane module
HME R TP A X i T AR TAERE FURY LR fR S 42 i P A2
(@ xL)/mm o F /m? pH LR R /MPa /L+(m?+h) ! /mm /mm
50 x 386 6 000 0.4 1~14 ik 0.15 0.5~5 1.2 0.8
%2 SDS 71 SDBS K4k 14 &
Table 2 Physical and chemical properties of SDS and SDBS
5 H SDS SDBS
B it R M 56 70 iR h 1
fb2EX Cyp HpsNa0, S CygHyNaO; S
s 5 e A1 BE (CMC) 6. 8 mmol/L 1.2 mmol/L
PR Eﬁfﬂ‘]ﬂ{tx&‘i@“ﬁfﬁ‘é, g‘ﬁ)’}b@ﬁﬂ%ﬁfﬁfﬂ‘ﬂfﬂﬁﬁ EF’TEIE,XWKEETE@EE}‘CE‘@,‘fﬂ?MK,ﬁi@zﬁﬁxI“?Fjﬁféﬁ;}i
WK, e AT 2 T SRR e, 2F B R ) 52 B 300 S IE , BUAR AR, A BT B I T 4R 2
?
s | CH3(CH2)]0CH2CH2—O—T—ONa CleZSOS%Na

0

1.3 Segriek

K] SDS 1 SDBS g 2 B & Cu® " B K ,
W R 10 0. 14 MPa, 5255 2 R 76 = I T #3617, 43
E ARG 1. Pt & 2 L B4 K BRI — 5 &2 1
CuSO, -5H, 0, #R J5 VR N 52 56 7 75 (19 SDS 5% SDBS, H
BB FIRKERR 2 LA, JF i B 1 WM o8 42
Je HEAT B U8, VR 4R I I 2 4% 500 mL B E SR B i
i, T 0B 3 WO Uk 4 W K R 45 100 mL. 3o U8 5¢
BeSEi 5 LOE kK ek, FOE S A 3 LR A AR AN
SEE AL A RS L AR A ZR IR K TR, R A
EB T KN 2l K Gl B, 0 E 2K G B S R R Al K Gl
AR, AT LUK % 20 L/h.

W€ & & & KB 3 WAk 45 Wb SDS,
SDBS .Cu’ " ¥k . Cu’ " | 2 3 IR GB 7475, % H i+
W 730 06 FE 2 (AAT00 Ji 5~ M e o3 o606 BE AR, 36
E PE /N #]) ;SDS 1 SDBS ()l 42 1% B GB/T 7494 ,
K . H R W 3 06 016 2 1 (UV-2550 A DL 28 A1 430l
JCEETE, HAS B A E]) I & 4Ky 652 nm.
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Fig. 1  Schematic diagram of continuous ultrafiltration
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2.1 BiEEELK

SN SDS 1% 3% 38 & 5 T SDBS, 1y H. R ¥k
AYSE N, 25 A B R B &l 2 firas, SDS 2
5 A WS A 0 R . BOOR R AL s AR R R
1537 TR BRI v BB 1Y) 1 0 e s BOW AR R L H Ik
b SDS i AT 118 1) 14 F R A5 A BT 4% 38 A AU 11 i
W, EER O SDS e TR R R s AT B
SDS e FE 45 P& M A2 k. SDS ¥k Ik T CMC (6.8
mmol/ L) i A 5 JE il e AT, DA T AR X 7 B i 39T AR i
B 98 T REAL b, W 25 WA AE L RA BT Y b I 2 I 553
WA B R T . 24 SDS ¥R i, SDS 2 i
BRCRAE 8 M R T 25 5 B i S BOE A
FE. i SDBS f32 3% i &t 28 T B, i SDS 715
i A K 29.92 L-(m’+h) ~',7fj SDBS H A 16.55
L-(m’-h) ". 24 SDBS M 2 mmol/L ¥ Ji %] 10
mmol/L, 75 % 8 B W i 25.42 L-(m’-h) ' F &N
10.65 L-(m’-h) ™', F R % & ik 58.10%. B &
SDBS ) CMC (1.2 mmol/L) /NF SDS ) CMC (6.8
mmol/L) ,SDBS (2 mmol/L) i} 8t 68 #& il 5 H1 , M
RS TE KO T SR IR B U BT .

Wit R DR I ] ) HE RS 12 37 10 B A R U8 Y aE
TR AN AR B A /N, X2t F - OR A ) 2
TR 1] 7 2 R A 1 1 D7 =X, PR ot B R U I TR] Y
SCIBIIY 37 YN AL ) | Wi B DR N AR N TR
A [l i Bk RL 3 R SDS | SDBS il Cu®” ¥ FE A b 184
T, i RS VR O W G 0 QB A B R RS B
VR AR TR I, Bk B £ (% SDS il SDBS fig AT T FH
TERR R, 3 FE AL, B8V e A% B S 7 385 . {EL A &
30 LVE M, AN 2 mmol /Ly, SDS 75 i g o £ vh 2
%538 T 05 275 T SDBS, SDBS 32 i i i T [
L Xl 82 K& SDBS 1 CMC (1.2 mmol/L) , &
S WUE A, F T35 M b SDS 8, B W B AE B T
et RS A7 35 G TN K T B 35 8 iR 0 RE AR, DT 3 B
FRIKFART . i LAY 2 3 3 i 5 T %, SDS 1Y
SDBS 3 ‘fT F AL FE A Cu® " K.
2.2 BiBWHRE LK

KW SDBS B BB W P Co’ " WREE T N 0,
1113 5 1K X 7 #) SDS B 3 AR AT I 408 5 Cu’ " L,
K 4 frx. SDS ¥ EE % 2 mmol/LAf, Cu® " ¥ EEH 0.6
mmol/ L&} 0. 137 mmol/L, FF& T 77. 2% ;1] SDBS
H Co® RN O, L i e, X 2 T
SDBS AJ CMC (1.2 mmol/L) fi; F SDS Ay CMC (6. 8
mmol/L) , T i M 58 ¥ B2 AR T CMC i, i T
R AT, R BB A O B b i &R 1. A

B % 31 %
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Fig.2 Comparison of permeate flux
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Fig.3 Comparison of permeate flux with operating time

HERL DA 5 SDS B 2 mmol/ L, i T
CMC BXf Co’ " BB AWM LR v eh T:O
SDS \SDBS R TEAR T CMC B 5 A4 5l T 2F i T, 2
FE AT B T Cu® " I B B, SRR ok SDS Il S 1
VAL v J2 T R 2 — A Vi 3 R T AN 2 — A [ E B fE
@i 22 W Ak A JH e JEE BRI 95 R 19 SDS ik BE 1L F2 4K
W, BRI R SDS e R Ik ] CMC,
ERSERRT AT W10 SDS #k B £ iA B a4 i 7 CMC,
T 8 P DA T TR B Cu® ™ 5 ) el 8 P 94k Il 9t 22 3
W) ERAE D7 2, R MR W I s T R, T
CMC, M T S AT, 3R A5 45 iy S B 17 fH A
4 T LI E), A SDS SDBS e 0 10, 72 i W
HhoCu® " W IR/ AR R, KRR T RE. T
SRV IR LB R R I M R R R A
BJ. A1 SDBS I FF4 10 mmol/LEJ38 B W Cu’ " ¥k i
Wi TR DU 3 R A 2 o1 T SDBS ik B @ i,
SDBS 2x fiy BOIR A8 BB AR T 25 5 B sk B, o T
Kb Cu® (VR BA . 95 3 A T I M ) e R A R TR
2 T A 500 Vi B2 R 384 0 T T i L 98 B W SDS WK IR
ZART SDBS, 4N S Frs. XU SDS Il 1 £
M A T 25 B Cu®" 98 38 P 2 1 3 M ) o
%, 36 T B k5 G /).
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Fig.4 Comparison of permeate concentration of Cu®*
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Fig.5 Comparison of permeate concentration of

SDS and SDBS

2.3 KBRFE

Cu”* 2 B 2% 2 i 25 0 R A 2 1T T P R vk
(1 Ft = g . SDBS Sy Ik ¥k B2 (2 mmol/L) B Xf

Cu” LB R LR T, KRR 15 98.13% , 1fi

I SDS % Cu®* i %k 77. 10% , 4 &l 6 fif/i.
X J& K24 SDBS [y CMC ik T+ SDS, 75 A% ¥ 2 I 5t JE
TR, AR E T Cu’" . 24 SDS M 2 mmol/L
BhnE 6 mmol/LI, Cu® " £ERZ= M 77. 10% | T} 3|
99. 03% ; 243k 7k SDS ¥ Ji 55 T 6 mmol/L,Cu®" (1 %
R FE TRROE . B0 94 0 I A [8) A = B R 2
2 14T 1) A= BRI e 22 W AR A A Cu® " AEAIR T CMC B
AR E R, 5 SDS I HI R £, Cu® " 15
VAT 3 THT 11 WA 36 ¥ 38 1) -, 2K B R B i R

M T AT LU, SDS 1) £ bR R 4 245 T SDBS
(SDS - 25 % Jy 85.06% ,SDBS H7 69.05% ) , %f
B B k05 YLl /. SDS  SDBS £ [k % — 1
T RRE . X B AR HE R SDS AN W B i,
VW SDS K 1A 8 A W 5, AH — &8 43 Hy BROIR A2
AR A Ao BT A A8 35 W, T A5 1 R T i AT Y
AR — &, IR SDS [ SDBS ik 2 % H
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Fig.6 Comparison of rejection ratio of Cu®*
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Fig.7 Comparison of rejection ratio of SDS and SDBS
SEEEN A RN

SRR 6, T AT LUE [ E Cu®  HE N 0.6
mmol/L & ¥k % K SDS .SDBS, Bl SDS .SDBS 5 Cu’*
LR k3 K, 24 SDS k1 6 mmol/L, Cu®* i SDS 22
%% 43 51 R 99. 03% Fil 84.05% , I At SDS/Cu’™ =
10. 24 SDBS & 2 mmol/Li}, Cu®* Fl SDBS 2 [§: & 43
Wk 99.89% F1 72.33% , It SDBS/Cu’* =3.33.
BAIE B AR T SDS 5 Cu® " I H A, Cu® " KB
AR, 1M SDBS Ze B A AV FAL , Xof PR B a8 i — R 35 L.
L 2R 0. 6 mmol/LAY Cu®* , HE I 6 mmol/L¥
SDS, B SDS/Cu’" =10, i J& JF 7K £ B FR .

2.4 FHERUE

Xt Cu® [ 7 2 5 4 % SDS & T SDBS, i
SDS Jy 4. 18,SDBS Jy 4.05, W& 8 i 7%. A4 & 4
A S, WP Co’ R E S W R AE L, &
AR B Cu®* vk BE RN Cu’ B 4 R (1 A8 fbta 34 —
. DLEE SDS ¥k BE 6 mmol/ LAy 43 L ai BB
Cu " ¥ BE S ETHRJE R [, X 5 - 4 BT R 1
BB Cu’" MM X R BE % UE R SDS e 4
LB B W Cu’ ™ e 8 — B Ul AL X — 45 SR e A
TR T LR EE e, Bl — 22K SDS %
PR B 4 Cu® ™ W B £ 6 1T B 2% AL P, B B W
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Cu’ " ¢ B N fil B0 52 R AIE 5 W0 b o W SDS Jie P 1%
fly Cu’* e .

SDS 1 & % R 4 5 T SDBS [ & 4R, Hr
SDS -3 E 4% 3. 89 ,SDBS Jy 3. 13. X} REE 9 5%
3 W[ LI Y, SDS Hl SDBS 1 & 4 3 5 gk b i A AR v
WARBLL ViV, | BEE,SDS R ERYE V/V, B
R L 3K PR A B ) 4 AR O XU R W IRl i =
B, R R T, A K AR > — 3 43 SDS
o R BRI BB, JLF T A ) SDS K AT R # H
BT ER HE A B R 0 B E WP SDS 5
b SDS A EL | /N, AR ZmE R T, AR
P bsr A X, SDS & 4R 3 LA A5 T R ORI
AR Z L, (0 I % F F R 5 K R iR R
Zl.

ZEA 8, IK 9 AT LI H, Cu’ " 55 SDS & 4 il
Ak S — E. BE BERHR SDS I3, Cu® 4
NG L Fb 2 JF B SDS ¥k JE i 6 mmol /LAY,
FARRR M T M, Ko E RSB R Co® WE
BGIE . fH SDS [ Cu®* 3 4 R IR 2R T bR i 5 # BR
WARFLZ L, 72 EBHE SDS ¥ E 5 6 mmol/LEf SDS
AR F R KAE 4.36, 5 Cu’ " B4R 4.96 ML
A —E 22 UL A A A 2 — B4 Cu® " K fEBE SDS
JRE AT W2 BT, AT 3 B o R R 25

—— SDS
—&— SDBS

Ecy
= w
T T
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Fig.8 Comparison of enrichment ratio of Cu**
R3I EEREFMSDS SDBSH V,/V,
Table 3 Enrichment and V;/V_ of SDS and SDBS
SH ¥ BE/mmol - L ™!
2 6 8 10

V./V, (SDS) 5.00 5.26 4.21 4.08
Egps 4.15 4.36 3.53 3.51
Ec.ss 3.89 4.96 3.98 3.87
V./V.(SDBS) 4.35 4.88 3.85 4.17
Espps 3.26 3.27 2.85 3.12
E o spss 4.13 4.57 3.65 3.86

B 31 %
6
—&—SDS
sL —&— SDBS
w4 A"”_——A\__ﬂ
3 | — /‘
2 ! ! ! ! !
0 2 4 6 8 10 12

R MK /mmol - L

9 REEMFNEEXZMLE
Fig.9 Comparison of enrichment ratio of SDS and SDBS

3 g

(1)SDS ({5 i i 1 4 24 & T SDBS, 1y HL K ik
JE G I, 22 BE R K, Hoh SDS Y- 18 i
WA 29.92 L-(m’*-h) ™', j SDBS H A 16.55
Le(m’-h) ~'. SDBS i {ff ' kb SDS % , &) W ff} 76 Jit
FETA 7 FEE A7 ¥ YL i K T 0 e 1 FE AR

(2) BB WL SDS W UG 24 T SDBS, 4B & ik
Cu® " ¥ i 42301 W i, SDBS (SDS It i #e & 4331l Ay 2
mmol/LAI 6 mmol/L.

(3) X s A1 i AL B G R BE Cu®* S8 RE 1Y 52 Wi B 5
B ,Cu’" 4 0.6 mmol/L, 24 SDBS & 2 mmol/LA],
Cu’" EPr%ik 98.13% , I Hf SDBS/Cu®* =3.33; 4
SDS 4 6 mmol/LA}, Cu’ " 5 ZEik 99. 03% |, I At
SDS/Cu’* =10;SDS ) 22 B % % T SDBS (SDS -1
F W% 85.06% ,SDBS Ky 69.05% ) , %f ¥R 1% i 1,
) R TG Gt ).

(4)Cu’* -1 5 4% SDS & F SDBS (SDS %
4.18,SDBS 1 4.05),SDS [ B3 5 £ %R
T SDBS(SDS } 3.89,SDBS 3 3. 13).

(5)ZER7 18 4 A J7 i, A e A5 2] 3 3E & 25 Bk
Cu®" {9 2% 10 1% £ # & SDS, &b 3 0.6 mmol/L iy
Cu®* ,SDS (13 B & Jy 6 mmol/L.

2% 3k
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