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Table 1 Water quality of RO concentrate

H ey COD fiamiRfE/ TOC FmwmiRE/ &AFEkE/ BRI/ H 5/

D % /1y

: o (mg+ LD (mg+ L 1) (mg+ L1 (mg+ L™ (uSe+cem™ D)
8~9 115 770.5 137.9 34.5 55.03 27 400

K2 PHRLBEFERBEERSHK
Table 2 Parameters of flat-sheet multi-channel carbon membrane
FHfLAR/ pm 4aikBiER /(Lem ?«h!«MPal) BUATIREE /MPa FLERR/ %
0.17 12. 3 14.3 44. 5
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Fig. 1 Schematic diagram of the ECMR-0; sytem
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Fig. 2 The treatment of RO concentrate by MF, ECMR, ECMR-0,, O; and ECMR-0; ;

the COD removal (a), reaction kinetic curve (b) and synergy index (c)
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ZERI , RO YeAR WL P Nay SO, 1 Jiz i e B 4l
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b PR 7 W ) Nap SO, Jit 2 e 3 40 B 43 51 oy
28.1 g/L A1 86. 19 %, Ab BTG 5 JL-F- 154 kA2 1k
XS T ECMR-0O, F2HF L& RO W4 A
HLIE G RS TEHLER 8 A . X — &5 3R
WFBH, ECMR - O; 4b ¥ RO ¥ 45 W I A~ 2 5
Na, SO, FHeFE K 4

b 100}
X 80t
& 60
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Fig. 3 Effects of ECMR operational conditions on COD removal rate: operating voltage (a) and flow rate (b)
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=T Os AR,
2.4 ECMR-O; X TiE o

PRITE L ESR J7 Bk PPl AN [R) B  T% 14 4
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YL 2 AP E = o OH, HREFETEED
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H H O, 56 A Ho O, #FE— 2 5 AR O &
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RAIFSZ T « OH & ECMR-0, it R A i) 322
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=~ 110t
-
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£ 100f
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Fig. 4 Variation of gas ozone concentration with

operating time in the ECMR-0; system
N T BE— 5T « OH % RO 45 %+ COD
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ZNE 5(b) frn. B E 5Cb) Al %1, 180 min K,
TBA i Affi ECMR - O, £ COD 2 Fg % i

(a)

ECMR-0,

SR /(a.u.)

fa

0y
ECMR

DMPO
328 330

332 334 336

WA E IG

338

93. T5 %MK F] 54. 47% ., O, #ExLTF COD Lg%
i 50. 70 0 B4R 3 49. 6%, X il ECMR-O, {A &
Wi, o« OH 53#k T 40% (19 COD () % Bx. N itk.
« OHRY A= ] B2 BRI 80N 7™ A i DG H I A

-O- 0,
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S -O- 0,+TBA
M 60 ~[> ECMR-0,+TBA
&
+
T 40f
S
S
20
0 L
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F5F[A] /min

K5 ESRGMER BRI () 5 A TBA R 5 9 COD Z:ER328 4k (b)

Fig. 5 ESR analysis of reactive free radicals (a); removal rate of COD with or without TBA (b)
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AN e 28 25 4, 78 K i W 2 0o O 0 34T
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2. 8100 AL B 1 ¢ ERGLpEK RO el m] LA [T 28. K RO #edgifnl LAIZRA) 33. 64 oo, KA LBFFERMN .
1 kg Na, SO, » I Tl Na, SO, fFH A% i ECMR-O; 4B EI PR RO 4 80F 1011k
2050 Jo/te ST RAATIALHE 1 ¢ EPILE Na SO, BAHE S EMATT A .

| = () min

254 nm 30 min
— T
e 90 min
120 min
— -

el
< 10}
N e 180 min
X ECMR 0
l.é 0.5 ’

obF | 1 'v' ]

200 300 400&120 600 700 800 o= e g S e

PR mm
B ]

298 398 499 599 700 800

WAV mm
WA WK nm
R mm

200 200 200
200 250 300 350 400 450 500 550 200 250 300 350 400 450 500 550 200 250 300 350 400 450 500 550

RHHHE mm KEHHEA mm RHHHEA mm

K6 RO WL ECMR-O; BN FEALBIRE] 9 UV-Vis (2) 5 Oy and ECMR-0O; 0T
RO e 4 b Bt R A9 L B 28k (b) & Os and ECMR-Os 2 HT 5 EEM X H (o)
Fig. 6 UV-Vis analysis of RO concentrate treated by ECMR~-0; mode (a); the chroma of
RO concentrate treated by O; and ECMR~-0;(b) and EEM analysis before and after the treatment
of RO concentrate by O; and ECMR-0; (¢)

%3 &7 1t RO RS RBEELRA

Table 3 Energy consumption and cost of processing one ton of RO concentrate

Wi PHAR HEFE /(k W+ h) HERE AT LL/ Y0 WA/OE st
ECMR-0; En=Ult 1.375 4. 02 0. 96
RE kKA Eo=ACVi+ Q 32.112 93. 82 22. 48
WEEN%E Epr=W: 0. 74 2.16 0.52

H: AC: Ab TR BT FE SR R B Mk (17, 84X 107° kg/L); V ANBRVES W (24 L/h) s ¢ M BFE] (2 h) 5 Q. TH#E
RO, A AR 1 kg R ZTHEE 156 kW « by W BESI R D20, 37 kW) ;U - L W T 75 B HL R (2. 5 V) 5 T2 2 Ry B T 7= A S 34 H

0. 11 A),

3 s W 120 L/(m® « h) B, ECMR -0, &% 43 RO
e WA WHEZEST 180 min X COD 2[R &3k 93. 75%
I T ECMR-0s R TXFEIYE sk XA HE 7405 A AR FR 1 ¢ EpL /K RO

K RO W4 AR BEAL B, IR T T ANRRAE I F1 HAWCAT LAAR A 33. 64 J0. IESE T AHFFE X RO M4

SR RO MR R MR RENE . SR 2.5 VAL P Napy SO, BUFM ar 74, tboh, R R R
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Electrocatalytic membrane reactor coupled with ozone system for
the treatment of reverse osmosis retentate from dyeing wastewater
and recovery of Na,SO,

WANG Ruohan'*, DU Minghui'*, WANG Hong'*, LI Jianxin'*
(1. School of Materials Science and Engineering, Tiangong University, Tianjin 300387, China;

2. State Key Laboratory of Separation Membrane and Membrane Process,
Tiangong University, Tianjin 300387, China)

Abstract; The effective treatment of Reverse osmosis (RO) concentrate in dyeing wastewater with high
salts and refractory organics is a great challenge. In this study, an electrocatalytic membrane reactor
coupled with O; system (ECMR-0;) was constructed using multi-channel conductive carbon membrane as
cathode and graphite plate as auxiliary anode. Further, the ECMR is employed for the treatment of the RO
concentrate from dyeing wastewater. The results show that the COD removal rate of RO concentrate by
ECMR coupled with Oy reached 93. 75% . and the COD mass concentration is reduced to 48. 15 mg/L,
which meets the “Water Quality Standard for Reuse of Textile Dyeing and Finishing Wastewater” (FZ/T
01107 2011) (COD mass concentration<C 50 mg/L.). The cost analysis of Na,SO, recovery shows that
28.1 kg Na, SO, can be recovered from each ton of dyeing wastewater RO concentrate treated, which has
objective economic benefits. Further, electron spin-resonance (ESR) spectroscopy confirmed that « OH is
the key active species for the synergistic effect of ECMR-O;. UV-Vis and 3D-excitation-emission matrix
(EEM) spectra clarified the degradation mechanism deeply. In summary, this study provides an effective
way for the efficient treatment of RO concentrate from dyeing wastewater.

Key words: dyeing wastewater; RO concentrate; electrocatalytic membrane reactor; ozone oxidation;

Na, SO, recovery



