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4l W F g sopRAE AR O A B 7 5 22 250
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#T 23(DR23,813. 7 g/mol, A = 507 nm, 30 %) F
B T(EBT,461. 3 g/mol, Amx =540 nm) , 4T |
T BT 35 B A PR A W] 5 25 B8 oK S = A .
1.2 BREMIEERTIF

SR 20 08 R A R 1 TR, 8
Maltitol 5 TMC £ PES JEfR I 47 FH 1 R & il &
Maltitol/ TMC B R EE D) 2. F PES R A
LA AR5 1% L, 78 30 °CF 150 r/min
47 8 h DA BRELRE R 1H A HM AF 42 T, LB K
MEEEE, BT LB oKk R .

BB [ FEAE 22 b, FH U8 AR 22 R Uk Uk S Y JE A
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0. 5% 1) Nap CO; 7K AV W B AE FL R FE 18T . 6 min J5
18] LA, TR AR T3 RV . O T IR Fe A IR
FER AR ASIRIE 1 min WK Bl . FF TMC/IE
CLBE MR BIAE R T, T 2R G 2 min J5 81, 7 ED
FHIE OB i b B 1 2 I DL Br 2430 TMC.
1 30 CHEFF PN IAAL T 5 min JGEUHE Wy, BT 4 C
B Al K H 45 . Maltitol B ES N | 520 s fia) K 4
AEFR AN 1 R,

b p

K1 Maltitol/ TMC & & R ER 449 B il & A s B

Fig. 1 Schematic diagram of Maltitol/ TMC composite polyester nanofiltration membrane preparation process
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BRRAHE S E. X 206 o 7 g 1% 4L (XPS,

Thermo Kalpha, 3¢ &) #AF LR M0 R, @ H
H1 7 i 1% (FESEM, FEI Quanta 250, 26 [#) % Ji&
) 2% T AR AR T T 2 R A T VEAR. SR P 7 ik B
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Table 1 Preparation conditions of Maltitol/ TMC
composite membranes

Maltitol(Fif  TMC(Fimg  AmiES  Hubr

B0/ % AE0/% B min TR /C
M1 0.4 0.2 2 30
M2 0.6 0.2 2 30
M3 0.8 0.2 2 30
M4 1.0 0.2 2 30
M5 1.2 0.2 2 30
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1.4.1 M5B Eae

FE S 06 PR U 2 i U R R A )
ali 7K 38 5 DL S ICHLER (Na, SO, #1 NaCl, 1 g/1) Fl
Yokl (CR.DR23 1 EBT,0. 1 g/L) 4r B PERE. I8 H
ARt BT AN 12, 56 cm?®. S ST 4l K SETE
0.4 MPafE /1 F#iE 10 min, J5 &S] 0. 7 MPa H
FiUHE 30 min, DLk )58 &85, 5 g2 R K ol
0. 4 MPa. 353738 1 A 250 A R A X (D A
(DITHE.
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WIRTL L A B R AR R, m* s Ah R 6+
ZEIFE] hs Ap R SEE 5 ) MPa.
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KR AFEA R, 10;C, R R R sy R i
WeBs g/ L G it BRR SR B YR B i vk g/ 1.
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VA BERNA W98 755 B 10 min 3058 1 W $54E

D

1 h, P2 aic g Jo. 5 H DR23 3k (0. 1
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J o FEAR N RS T i R 0 7KORE 5 2 1 15 e vk
30 min. FifiJe » ZEAH [R] 00 25 A4 T 00 3B 11 4 K 3 2
HEBEEEN . ERTEELERES 3 K.
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1.4.3  S[A]ER MR (%) 5 e A S A MEPEAY

g T IARAE AN 5] £6 e B B X6 B 40 1 et/ 2k 1)
SO, R FHAS AL B AE 0. 4 MPa JE 77 F #4741 g,
DR23 s ¥ FE [ € iy 0. 1 g/L, Na, SO, J5i i ¥k fE
S35 1.5 10,15 120 g/L. A T IFM B K AR
FENE, SR YR/ AR IR & W W (Nay SO, . 1 g/Ls
DR23: 0. 1 g/IDVERIERRE , 3 JE I 48 h DA i
(e T T

2 X5

2.1 FREIRIE
2. 1.1 JERAE 2 o b

it ATR-FTIR #f 58 T & & B Y 210 B 6E
Al G 2Ca) firn, A WEAE 1 720 em ' Ak KT
FIRRIEIE , XTI R C = O BERY 4 3R g, x 3
B7E PES JLR5 3 2 2B i T R ER 4544, BLAh, #
Xt PES JLt, i fi 2 A AR LE 3 690~3 140 cm ™!
b 2 B0 M KT 98 B — OH 4 AE Y, s 9 A T
Maltitol Hr e 2 W i) — OH, 3-FfiE Maltitol ¥Rl
P, V(R0 B AR T .

& 2(b) AT, 5 PES &R AH H . M3 i 3 1
e R G E L ENAE, H O Is F 5 BT,
TCE M 18. 29042 THE 31. 4906, K I R k)2
WA RS S 2p BT 20 O 4. 5400 B E REALH]
0.36% (32 2). W& 2(c) ~2(d) frx, PES K
C 1sHIE 4y ¥ % XPS P& £F 284. 8 eV, 286. 3 eV
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F1287.5 eV 43 C—C/C—H,C—0O i1 C—
O—C. M3 iy C—O F1 C—O—C W3R FE A7 B 1 32
Tt HAE 288.7 eV LRI FH A O—C=0. X5
LLAMEIE AR I 25 AR — 3, i — DR T R B
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| w
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Table 2 Content of elements on membrane surface

fiE C/% 0/% N/ % S/%
PES 73.96 18. 29 3.21 4.54
M3 66. 61 31. 49 1. 54 0.36
(b) 0ls
Cls
,E///ﬂu
[ es ] sw
—

800 600 400 200
ZEAHE eV

C-C/C-H
/

C-0

0-C=0 C-0-C
A -

290 288 286 284 282 280
ZEETE feV

K2 BEAMEER (a); PES BEERT M3 By XPS fgik (b); PES B Cls #EAAEIGE] (o5
M3 B Cls K Alifigis Al (D
Fig. 2 FTIR of the membranes (a) ; XPS spectra of PES membrane and M3 membrane (b) ;C 1s core spectrum of

the PES membrane (¢);C 1s core spectrum of the M3 membrane (d)
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3 . IR 3Ca) ~3(d) AT LI 4 M U 5 2] i 3 1
S EREE Y L X P RE S T A R A R e A
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REE R , Maltitol 5 TMC R A& L AEEKS
ECkER B L fE PES IR I % — R R A E
i 55, Maltitol B4 e 5 Xy 5% J2 6 1) 52 i 2 ]
PN X FIAE Maltitol 5 &40 0 0. 8 %0 3% Jin %
L 2Y00F, BEREEM 69 nm BEHME] 87 nm. XIHH F
W B BT s Maltitol (B3l 71 7 i » f5c KA HiE 2
R, PTITHE Jin T e J2 1 JE . Rl 3. () ~3(D iy
s Bl Maltitol ¥ BE i) 15 i 2 1 7 BPRLRS B2 A

5.4 nm BEANFN15. 5 nm. T EFEA 2. BE S5
A% BH 7 %85 VIAE G , A8 179 2R 15 498 i i T LA S
TRAAE B ST 72 A KB 2R
2.1.3 fRAYFIFE

I Zeta B A0 I 5S4 9 T EL £ 5 A1 IRT 4 Ca) 7
N A M3 RS AR pH JE AR £ H o
H AT PES JEREAY 8. X0 N FRERZ Lok
TSN F1A) T S I A At 7 A P R R (o A5 R 2 Ty 7 f
. 78 pH=7 B}, M3 B a7 K —23. 89 mV. A
FF 52 4 A BA S22 07 P S I

T AR AR I T B v N D PR )5 5 e RS
RET FENUE IS I 3 /KPR S 5 K o F 2 Il i
HEIE N — 2K EEE . nEAh) FR . B E
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-50.0 nm

R,=5.40 nm R.=9.93 nm

-50.0 nm

=50.0 nm -50.0 nm

R,=13.70 nm R,=15.50 nm

Bl 3 BEREIEHIE M), M2(b), M3(c), M5(d); BT S E Ml1ce), M2(H), M3(g), M5 (h);
SEREPHEAERE M1(D . M2(), M3(k), M5(D
Fig. 3 The surface topography M1(a), M2(b),M3 (c¢) ,M5(d) membranes; cross-sectional morphology of M1(e), M2({),
M3(g) membranes, M5(h);R, of M1(i), M2(j),M3(k),M5(]) membranes
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Fig. 4 The surface Zeta potential (a) and water contact angle (b) of membrane

Maltitol ¥ B (35 i, 245 B (R 7K 22 ik £ DN PESS 25
FEEY 63. 4° 3 M /NE] 50. 2°.34. 7°.32. 0%, KW fIr
il 28 5 1) S K MR B . SRR MR R B R BB R R T
Maltitol 1) 2 3 3 7K 14 JE F1 (9 38 in» 33X 5 20 40 i
Pt 2 SR — 3.
2.2 FEHBEMEIEN
2.2.1 FORUREE

AN TR 1 1) 25 2% 2 2 i) SR TR B A 20 B 5
fE. AT o B A B TR B X 5 A 0 TR ) A R
PERE RIS 17 38 £ (14 5% 0, DA 3Y) S BB A 4 1 P e
515 0 A

Maltitol ¥ B %} &2 45 R6E1: fig i 5% e an 1l 5 i
7. B 5 (a) A #H1, Maltitol J&i & 43 EC M 0. 4% 3]
1. 2% 0, 4l @R N 961. 4 L/ (m? « h » MPa)
[%) 674.8 L/(m? » h » MPa). X & H K pfiZ Malt-
itol PRV FE H S &, B A IR0 R ER B4y 855 25
FEXE I CAn &l 3 Fir ) 38 K A% B BH 7. 1 5 (b) Af
LA 2 A BT Na, SO, % B 22486 K F NaCl,
AP F TMC A 07 14 ik S 35 A1 K A (i A5 42 5 g
WL LT R HE R R QIR SO A ik
FHE R AE R RIS 3 ROSE i 433y » SO B ES
FKREGERRT ClI L EH X SO A i
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5 #H R 544 15

AR Bt Maltitol ¥ FE 8 55 » Na, SO, #H %
Ma. 7Y R F) 13, 6%, NaCl B R 1. 22018 K
F 5. 876, XA P B ¥R 3 5 = A N A5 2 (1)
TMC 25 ] [Al B & 2 5 B0 ) T 58 35 AT 480
AR RR N, KR I R (A5 1 3% 1f
Y FEL G R, AR 5 (o) TR B % Maltitol ¥ &
0. 4% %] 0. 8% (JFi it /%0 . Yokt DR23 fil EBT
(A R A e S 3 R s 43 0l DA 86. 376 i Ry )
95.1%.90. 6 %45 E 5 97. 294, AHX I 9 YLk DR23
(3% 3% 38 2 ML 746. 4 L/(m’ « h» MPa) F [% %
585.2 L/(m’+h*MPa), 4t ¥} EBT & &5 i & )\
710.6 L/(m” «h*MPa) F[##] 531. 4 L/(m®*h-

MPa). ifii 24 Maltitol & B — 4 M 0. 820 %] 1. 2%
(B350 B, DR23 Fil EBT (18K B4 2640 A W falc
Tt BRSCIGZE R R W, Y Maltitol v B # AT, I
PSRN X AR AN I, A SR T L T
FEE 2 AR FA TR, DI {81 52 45 BB X5 125 o 1) 0 78 8
B2 (RSB EE R . Y Maltitol LR E LT3
— TR B T PR SR AR T LAV B X R R M TR
U/IN. 3K 2 PR Ry B N B B B 1 R BB 1 Maltitol
55 TMC i A= B i T AR 8 0T R LB I s80% )
N E] IR S5, Maltitol B 3k 35 iof 3 5. b 4
Maltitol f 3R M- 5 SO ) 1E OB b 1l 3 o FAIX
T X — R WAL IR R A

b
@ 1000 1200 R0,
T T B -/\ NaCl — >
& £ 1000f 110
= 800} 2
= = 800} .
i 600 F 5 ol b 5
I oor o 400} o
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% 207 fi{ 200}
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Fig. 5 Pure water permeance (a); salt solution permeance and rejection (b); dye solution permeance

and rejection (c¢) of membranes at different Maltiol concentrations

A3 BEMIM2 e M3 042/ EMoBtBERTOATHED
Table 3 Salt/dye selectivity of M1, M2, and M3(base on Fig. 5)

JiE Sxaci/cr Sxaci/pr23 Swacy/EBT S Na, SO /CR S Na, SO, /DR23 SNaZ SO, /EBT
Ml 83. 43 72.82 76. 48 21.08 18. 40 19. 32
M3 22.59 21.59 22.12 9. 67 9.24 9.47
M5 17.13 16. 43 16. 82 7. 30 7.00 7.17
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X7 THE PR T TC AL v B R 15 23 0 55 R R 1T 5
L ER B 2 A A LR T o — T TR O AR T
(e 220 Ak 25 Bl T AILER Vi B2 1 186 Jonn v 3. (] s
TeHLE A R0 A R T Ok Eh s 8. 5
AR DR23 (A BR B OR R o X 2 i T L0 40
L o S VA @ - S IO A N
Na, SO, B M 1 g/L HE %] 20 g/L &), HE
FEiEEM 531.4 L/(m® « h « MPa) FR&F] 474.7 L/
(m* « h « MPa) . 3 2 K R ¥ 5 50 80 e bk o+ 7
Ik R W B B FL R L3 SR R AL, BB A
i, DA 25 5L 30 B, M3 S AE 25 2K rh gkt /R 1)
G 7 TR T B N

(@ i(l) - 1K 2K FIR
. ALYNA A
~ 09} ecceccoliiccccee:
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< 0. CEAYMA /XN
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5@ ot
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s -o- PiEiER 5
[ﬂ\ﬂ 300+ - Na, SO, f1 % 1l ‘EH
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Fig. 6 Effect of different salt content on M3 membrane

filtration performance

2.2.3 HrisHAEREPF O

FUT5 G BE 2 R AR 494 1085 5 AR A 1) DG B 1A
RO T Y GUEK o T AR AR L B KA LA
FHAN G A)AH B AR ] CRUSE BT A A 1), Jeb o+
TE R [R]32 47 32 i Hh Rl 82 B 7 JE 3 i L it . SR
A1 0. 1g/L #y CR.DR23 1 EBT JURHAH B 58 M3
JEE A )7 15 FE B R RE. 1 7 Ca) Ry ekt JE T S
M3 5 ) U — i At

M3 B 2K B B RAERIAG 1 h NEEARLRFEA
A8 G AR S HERHR N 8 il B R

(b) 100f

93.97 92.77
89.98 7 W FRR
NN
& =T
35 60 F
I
H
ﬁf 40 33.86
4; 22.91 23 84 23.36
20 §1688 §1873
10.02 .
6.03 7.23
DR23 CR EBT

K7 M3 itk DR23 CR Al EBT # i 5 H— i () FIpTTs QerEress e (b
Fig. 7 Normalized fluxes before and after filtration of DR23, CR and EBT solutions (a)

and anti-fouling indexes(b) by M3 membrane
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FRR {EIYTE 900 26 A7 IR (R FRELAREY R, B, KRB

M3 JREA B 1 B 15 PERE. BT A7 B BERHE A AT
W5 R R ARRE 10004647, DR23 WY R {5
SN 6. 0306, — AL 4 B L i (Y 5 1 5
BB G 2 [ 7 7E AR 5 ) L 0 () R JE ) 2
IRk TR B R A K o0 T IR IR P K 5 T2 S Bl
RGBT B2 e M3 Y B 5 1 B T I R T
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2.2.4 RErE

FES B RS0 RR E T  FH A S E, FE ARAF ST
h, M3 AR U3 B 2 B h i 225 1T 48 h. DR23
5 Na, SO, 1R GV AR R, LI B R A e
PE. W& 8 Frw . FESLI TR 19 8 h Py, A5 i
eI A T ] A8 S T 2RI )N o 33X UH BT G 4y
T 1] DA B 5 2% 1 sl FL PR R B0 D2
MBS R . S80S B W R EE T4 21 h
& R IRTESE. 84T 48 h 5 RS BB W R
T R 41. 1% ,fH M3 X DR23/Na, SO, R4
VSWIB 3 @ B3k 316.5 L/(m” « h « MPa),
H AR g Fe v, JulbRIER i 0 B R e e,
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Fabrication and performance of maltitol-based polyester
composite nanofiltration membrane

ZHANG Quanhe', LLIU Dapeng'*, HONG Yaoliang'**

(1. School of Environment Science and Engineering, Suzhou University of Science and Technology,
Suzhou 215009, China; 2. Jiangsu Separation and Purification Materials and Technology Engineering
Research Center, Suzhou 215009, China; 3. Jiangsu Collaborative Innovation Center of Water
Treatment Technology and Material, Suzhou 215009, China)

Abstract: Loose nanofiltration membranes with excellent dye/salt selective separation are expected to fulfill
the urgent need for dye/salt mixture separation in textile wastewater treatment. In this study, Maltitol
with abundant hydroxyl groups was used as a novel aqueous monomer, and Maltitol/TMC loose
nanofiltration membrane with high dye/salt selectivity and high water permeance was fabricated by
interfacial polymerization (IP) with trimesoyl chloride (TMC) on the surface of polyethersulfone (PES)
ultrafiltration membranes for the excellent separation of dye/salt mixed solutions. The performance of the
membranes was optimized by adjusting the concentration of Maltitol, and the optimized membranes had
water permeance of 800. 1 L/(m? « h » MPa), with dyes rejection to 99. 3%, 95. 1% and 97. 2% for Congo
red (CR), Direct red 23 (DR 23) and Eriochrome black T (EBT), the rejection of Na, SO, and NaCl were
only 10. 3% and 4. 4%, respectively. The optimized membranes showed flux recovery ratio (FRR) of
around 90% for all three dyes, and good long-term stability for the mixed salt/dye solutions. The new
maltitol-based nanofiltration membrane has excellent application prospects in textile wastewater treatment.

Key words: loose nanofiltration membrane; interfacial polymerization; Maltitol; dye/salt separation
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formation of a loose, porous cake layer on the fouled membrane is achieved through the proper addition of
FeCl;. Nevertheless, inorganic fouling of the membrane was exacerbated by excessive FeCl; addition.
Furthermore, FeCl; addition increased the relative abundance of Methanothermobacter in the microbial
community of AnMDBR, thereby promoting the methanogenesis process. These findings provide support
for improving the wastewater treatment performance within iron salt-assist AnMDBR.

Key words: AnMDBR; FeCl;; sludge characteristics; membrane fouling; microbial community



