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Abstract

Electroplating wastewater was treated via forward osmosis (FO) using thin-film composite (TFC)
polyamide membrane and cellulose triacetate (CTA) membrane. By in situ monitoring the change
of water flux, it was found that the water flux declined patterns were quite different for TFC and
CTA membranes during treating electroplating wastewater via FO process. The pristine morphol-
ogies of TFC and CTA membrane were observed using scanning electron microscopy (SEM) and
atomic force microscope (AFM). Moreover, the scaled TFC and CTA membrane surfaces were ex-
amined by energy dispersive spectrometer (EDS) to test the change of elementary composition of
the two membrane surfaces before and after experiments. The results of EDS showed that calcium
and sulfur appeared on the scaled membrane surface compared with the virgin membrane surface.
Additionally, to identify the scalants deposited on the membrane surface, the collected white sca-
lants were analyzed by X-ray diffraction (XRD). The result of XRD showed that the scalants were
mainly gypsum. The results of X-ray photoelectron spectroscopy (XPS) showed that the TFC mem-
brane with carboxylic functional groups was combined with calcium ions.
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1. 51§

WAk, FRERTF MU, VRESITI R R, AR KRR R w2 7 s g . BN
REEH 2 JiZFNFRPEAEF M, ENTEEHORERTG LY, P asmsd 4 ¢« SELRMEK. S
73t EAREYD. 3000 12 m’ BRTMEEA[1]. BAEBKIIEEE R, FEREXKIRFIIREE 238 ™ SR . pit
T BRI, SR KB, DX AR AT A R KR 2] Ay JeAHEL, FE
JE K ) s TR e AR5 G (3]0 DRIIE, SREUR}S & BR A AR 7 vEAL B WA KR AR B2 [4] [5] [6].

FAT, XTEEBRKAEETTEZ M 2. BRRIESE 78 AL b B A . 4R S s IRk, B
FAIEIR . BRI PR, L2000 B &7, RO kAL S, MRS, HAr4Ek 80%MH
B IR A AL R A I R E R A 2EE [ 7] ABFIX RO LR TG e BR, AEK IR B WA, Yt
BAREHATZBAEIY. 2. BEYWSSME. BT EERKTHESEE PRSI &Y &m
HIERIE AT AP, B Al R e A R B AT DL E A B K, W RAI B RS
THALER 5 R HENAE VAR FE R Gt e N AR S5 (8132 8 T A8 ik AL B A B PR /K, 3 7 250 ) 1) 8 7 2 e g
e 2 WK TG G, MR EE AR AR, Kk, FFREH—MER. TR EaE
JEBE. 1EBIEFO)&—Fi i AN R IREN I B AL BE T 2(9] [10] [11], FHELARIERRBEHA, HE
R . BRFERIR, D220z 00k, HFH A TR JEK A ER S0k 12] [13] [14] [15].
AW TR B 1E 35 35 I (TFC 5 AN 04 P 8 3 = B R 4T 4 2 IE 838 I (CTA )4 A K , Sz
M7KE R4k, @it SEM. EDS. AFM. XRD. XPS ZERAEF B, 43Hr Rl I R TH ¥5 Yo A 1 BAAR TR A
N JEIE B E R AR A H B R K S %

2. SEIGER S
2.1. SERSHHRL SRS
TEAZAE T, 8 SR BEIZ (BB IR (TFC JR) R M P ik 2 = BE R 4T 24 25 IE V2 E IR (CTA i), CTA &
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H = R HE T2 RN I G S PR AL 16]. TFC 6 E 22 AL SRR S 43 J2 T 110 1 486 e SR B e v
JEHIRE[17]. @A KCHE T E 2540, REBRKELH I EFHAARAR, BEKELYILY
ALEE, JROKHEAMEEIE 1.

Table 1. Characteristics of electroplating wastewater

= 1. EEERKEE

ECEI FLA HifE
COD mg/L 752.00
pH T 8.41
SR ms/cm 25.50
s mg/L 242
! mg/L 0.68

5 mg/L 880.52
L mg/L 4649.82
| mg/L 0.27
TR mg/L 1160.00
2.2. FO REMIEIT

¥ FO FEMTRAEEEQRSCT + 1C)IEHNIAEE . I N o HOT v AR, A kL I 7E
V58 IR A o JIE 8 0 T SCH¥ X A AR A AR ) b VR, JORHABORT I OR0E i P A2 3 145 46 52 (W'T3000,
ZREEREA R AR S NE W, PR IE B E DU T O AR e /KIREEK 8 cm, T 3 cm,
R 0.2 cm, AREMA 24 cm. WERFEEE B N 300 mL/min, XN 8.5 cm/s FERETHE o PR R
BB E R KB B (HWS-24,  Filg—fERFEEAES A TR A 7)) PLEVE S0 07 R KFAE 25°C = 1°ClERIZ
1To WU E T HE 7198 145 (Colorsquid, fEE IKA #IHi+E28 A R A A LRFFBSPIRE . BT RF
(JA31002, LigHEERTPARATDETIERNE 7, Rk HERBmMiIcsE8dE, AT ek, RE
AEEWE AR,

B
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Figure 1. Schematic diagram of FO system
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2.3. RYFEKSETTE

JE T W R AR AR A AR I 5 FO 7K & o JEURNAUI E 8% PR /K, BB 1 mol/L Y KC1E -
BFUCSEIS BT FH 0 JEURHBOR IR BOB N 1 Lo IRZERERTRLE I TFC/CTA . LS 08 E NSt mbg . S256
KB E A J, [L(m*h)]#E R, HAKSEER 1.0 gem®, HiFEARMA):

Jo o Am (1)
Py XAIX A,

A, Am AFEGE I FERINE, g At RZIRBORR R I AT E D], hs A, NIEBE R
AR, m’.
2.4. RIESMIR

K FH R 425 B8 76 %X (ICP, Thermo, ICAP QICP-MS, USA)K Il B 4% ok /K BH B T8 & RAE T
1% (Dionex, 1CS-5000, USA)KI HL 8% K BRI & &5 A H SR BB (AFM, Multimode & Di-
mension3100, USA)RAEE = 4R T30 AR REFE ;K 3% & 5 B85 (FESEM, S-4800, Japan) 3R fiF ik 3% [ 45
fiEs: B X SHEATH(XRD, D/max-2550VB+/PC, Japan) 7 M & 15 Ye i it %A X ST 1RE
i (XPS, Escalab 250Xi, China)7 H7 52 [ B R[4 .
3. ER5118
3.1.TFC &5 CTA BEREBREEKKEE

23t =R PA AR RS54 N B B S IR 40 B B K SESS, FRATAS ] 2 i — St

10
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Figure 2. Concentration of electroplating wastewater by TFC and CTA
membrane water flux changes with water transmittance

E 2. H TFC. CTA BERFGERIEEKKBEMKETET L

M AT LR B, TR TFC JEIE & CTA IR YE s IR /K, #Ith/KE &7 8 L/m*h 45 . 1E1R
BRI, H CTA BRSEnT, /KBS ELE 0~580 mL B EL, st vz i gh 26 AH % FFa R, 11 TFC
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HRT L ) i 2 2 /K AR 0~150 mL A9 RE TR, JKIE S L 782 . HEDX R di 1 PUm B R i
FURGERANE], I TIAEAR SR B K R b, SRR A5 IR I = . M/KOE BN BEfELRE , TFC
R S5 IR bt CTA R I 45 Y5 By PR

3.2. EREHREAAREE

3 SR R IEB SRR R T 4k 2 = 4TS H SEM S AFM 437 . M(a)« (b) & TFC Al CTA &[] SEM
XFEeH Rl LEL A 2, TFC BERA SEHRE I R 4519 16]. fE(c). ()R EHRREL /4, TFC &)
F-HFLRE S (Ra)A 14.911 nm, 17 CTA 4 4.261 nm, ] %1 TEC 2% 1HPRLRE 32 KT CTA JE RS
[17][18]s fERTS Y= At FErf, ¢ i BOREL RS FE 2> i ik A0 St R AR R Y5 e 7= 2E . 15, e LR FE
PRI ARERTIAR, M5 ER G MG HIK, 153NS, RIS m LA R koK
BN SIRIVER 75 Yl e 25 SR A RE BE IR, 38— 25 IR AT e R 7= A2 [ 19]

T

xRy e
L -':.‘ \L—‘\TCA\

35
Y l L |

~

“ S TR I RO
TFC 5.0kV x30.0K 1.00um CTA 3.0kV x30.0K 1.00um

_ — 04 Ra=4 261nm\\ Gt
Ra=14.911nm L/M : =

e (o) B X HLL 0.2 um 228, Z HEL 100 nm 73K (d) B X HEL 0.2 pm 2268, Z L 60 nm 23

Figure 3. SEM and AFM images of surface of FO membranes ((a) SEM image of TFC; (b) SEM image of CTA; (¢) AFM
image of TFC; (d) AFM image of CTA)

[& 3. FO &3 @ SEM 5 AFM [E((a) TFC fR3RME SEM [&; (b) CTA FE3RHE SEM [E; (c) TFC JR3RME AFM [El; (d) CTA
ERE AFM [E)

3.3. BERAESE

M 4 T DU, AU S5 RN AR B 2 5% . TRC ISR 45 Ik B BLIRAL , 2 BLEH R
Wy LB H N T AMETT; T CTA BER 4535 bLEwith, ATV BRI K ARG IR [20]. 1M
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BT EABONESS, MR ™A TR . RIS BR 2 /N a3, X8/ e 2 35 S A R
K. o1 SEM RALAFEIFIMMEE RS AFM RALFTAF45 RARY) & TRC B = RA S o ke e, o8
5P AR E 1 e R T R MR AL AR5 G o

TFC 5.0kV x500 100um | 01 5.0kV x400

Figure 4. SEM images of scaled surfaces of TFC and CTA membrane
4. HEGEET TFC fRF CTA [RRE LA

Table 2. Elements analysis for surface of membrane (wt%)

2. [REREEELE D ITER(W%)

e ¥4 TFC & 753 TFC J& ¥4 CTA 75 CTA J&
C 72.35 4.36 54.24 8.75
o] 17.74 48.07 45.76 36.77
Ca 0.00 34.40 0.00 39.26
S 9.91 13.17 0.00 15.22
S8 100.00 100.00 100.00 100.00
3.4.EDS 5r#f

ESEZB6 A1 5 (1) TRC AN CTA BT RIEAETE /- HT(EDS), &5 Funk 2 fon: SKIRHifE, TFC R C
JCRTENER M R LK 67.99%, O+ S JGRBEL A ETHT 30.33% 3.26%, JEHBHE T Ca TEK,
R I E LG 34.40%; T CTA K C. O JTHEMIRELL /0 FHE T 45.49%. 8.99%, #ii T S. Ca
JeER, 3 EE 15.22%.39.26% . FH L AT HERT, PIAIRER ™ 4E T i S, Ca JTLR S SRS [21] [22].

3.5. XRD Miz

I TFC PR S 49, 18 H X SR AT (XRD)YXG G Rk oy BEAT & b . 480, 5 CaS04-2H,0
FRUE AT RS LS (] 5), RGBS &, FULaT DL E TFC AT CTA BRI 4535 iR
FRAT AR 23] [24].

3.6. XPS 534

CTA Ml TFC B B B AR )R AL M T . @i X XPS Heilk 47 2006 [25] [26], Bt 8RR 10
YE T TFC BRI E RERI I PERT, TFC B4 RE AL s N-C-H- (284.6 €V), -COOH (286.7 V) [26] [27]-
1M CTA JE )4 BEAR 1L B /R fE-C-H- (284.6 eV)F1-C-OH (287.2 eV)4i R E W, CTA EH&H FEHRIEE
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fell, T TFC &

Figure 5. XRD analysis of scale from TFC membrane surface
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Figure 6. XPS analysis of scale from TFC and CTA membrane surface
[ 6. TFC fEF1 CTA BRFRE LR XPS 5347
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I 2 153 0 P Rl R AE A A8 A R KO AR B B AR AL, AT N R IR T A AR AN R I R R
SEYRAT N . T 3% R S P B A SR N P R T (R BR S 45 5, R B PR 75 19 ol B T O RS R S i AR T S A
FAEERNRESS. KNG, B EA AN FRBEREZEMER Y TFC R CTA JELE R BR S 45 & N A7 5 A )
AT BART S, &SRS EREN TRC I LE 530, HRms W EELH TR TR S5
B LR T G, M= Ag i TS SRR TR CTA I3 BURBRRAS AR 4 i

JEILE 6(c)s 1 6(d) TFC F1 CTA RN Cls &5 & REFERE I 0 4T[28], $24t T ik — 2D FEH R SRR
XAR . N TR W R R A 45 5 1 R R RS S IR T R A ELVE R, T R PR XPS
IR AR RRES 4595 )5 CTA 1 TFC B Cls MIZ5 &R . X T454E 1) TFC i =, KILBR T 45& 680
287.5 eV KRR B REFI4h, fEMIRESSE W 5, R T 858 REMEN 286.2 eV KRR B AL . 286.2 eV
25 -G REERIE VAR IR B R[], ] LU R R Y ek 5 R RS B RLAL[29] . iy 7 FLfaf (AR IR B RE A1 Ay 1E
FLAT PR 28 - IR i L 5| il C-OH B Rel, JFTE UL IR ES & T FROAI 8. AH/RH, %TT CTA i
M, EAHMEERE N ERRSLYE, o EZERZ C-H M C-OH. HATFESHRETRERM
CTA JEERE I, BT AR 5545 72 AR R S M AR EL AR FH o DR 0, S OB R4S T 3 TR % i A BLRZ T 7E CTA
R BRI AT RETE B NS 2, S5 R, lid XPS AIIRES: 7 UL M ¥ 4555 TFC Il AR e A
AR EAER, PRI RRE BT AR TE R, TS SR IEI4E & . CTA B IR, 45
e I 152 B AR R AR 48 e, 5 IER BE AR BV rT 28 AN Tt o

SERFRW, TFC WML, i 32 B R IR Y 5 ISR T R B S 45 B i T, 10 CTA IR R 5 45 05 £
TR . EETENL, KRR S TFC BRI AR 7K T CTA B, Mifi & 85
/KB E ., B, AT CTA M S, TFC R B kRS, 1154555 50 nAs e Hh b T ki . x L
W UM TRC M 37 375 R0 116 F IE V838 H AR Ab H e 9% I /K Gl A P IS ) e B 5 1 25 78 30, AR oA FRAT
FER TR FO RS T %

4. &g

i&H TFC AT CTA M@ IE2E A PR BB P /K, Sl KB B8 Mk . 18 L R e SR 1
JTERME TR RIES, WX TFC BRI X AT L, 5a PR ER T X i ael
o, FEGRWT:

1) CTA JE /K8 SR KIE I RS T M TFC BEAE/KIE L &4 0~150 mL BB, KIE &R A T SR T B

2) TFC BRI CTA BRI =8 T BRERES &5 45, TFC M bl T L3R T SE MR, (15 R S5 IR AHX T CTA
R 455 N BUR A2 [H, A58

3) TFC JRAE AL B A P /KOS FE o, BRI R B B Re 1 S5k RS B 1R A4 T RE R 45 &, 1 CTA SR
M%E B S KBRS,

E&WE

B K QAR A4 R B H (21507142).
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