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Fig. 1

Schematic diagram of membrane distillation experimental apparatus: DCMD apparatus (a); VMD apparatus (b)
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Table 2 Composition analysis of reverse osmosis

concentrated water of pulping wastewater
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Fig. 2 GC-MS spectra of RO wastewater
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Table 3 Organic compounds detected in RO
wastewater by GC-MS

TRBA I

it H Bl

pH 7.5~ 8.0
BEEZ/(mSecm ) 16. 36
Na® /(g L™ 6. 32
K" /(g-L ") 0.12
Si¥T /(g L7H 0. 85
Clm /(g L™H) 2. 14
SO~ /(g L™H 5. 14
HE/NTU L. 07
TDS/(g+ L 1) 9. 62
COD/(mg+ LY 1 040

XFF RO BEFK H A ALY AR DN, A = S0 H e
YERAZEBGR 43 e o PR B R 3 FR AR R AR
i S v o R <3 N S e D 8 e
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4. 88 KM CsHs 146 104
6. 32 T CiH,,O; 245 106
6.42 N2 2.1 CH,,O0,  99.1 102
8.70 Et Tk Cis Hy 270 212
12.29  2-HEFEEFM CGH,NO 140 123
13. 56 1-G - CICsH,OH 219.7 129
14.72 E =k Ci3 Hys 234 184
20. 21 E C Hy 100 296
20. 29 IETTuke Cyo Hyy 330 268
28.49 AP HER _HTHE CsH,O4 327 278

2.2 FEHBIRESHEHF
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Fig. 3 The effect of feed flow rates on membrane

distillation flux
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Fig. 4 The effect of feed temperature on

membrane distillation flux
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Fig. 6 The effect of MD configuration: permeate flux (a); permeate water quality (b)
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Fig. 7 Long-term MD process of RO wastewater
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Fig. 8 SEM images of PVDF membrane before
and after VMD treatment
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Table 4 EDX results of membrane surface before and after MD treatment %
JLE A C 0 Na Si S Cl
Iy 38. 55 — 61. 45 — — — —
MD J5 29. 62 24. 36 23. 34 9. 89 4.93 2.91 4,94
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CH,
@ I ©/§ JEilapE | -OH

VMD i3 2 2 J B
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Fig. 9 ATR-FTIR spectra of membrane surface
before and after VMD process
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Fig. 10  Different stages of membrane cleaning process
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Table 5 EDX characterization of membrane surface

before and after cleaning %

LEA R MDJE SB-UGEvEE R

C 38.55  29.62 34. 80 32.00
(0] - 24. 36 9. 60 7.48
F 61.45  23.34 51.63 54.53
Na — 9. 89 1. 60 3.97
Si - 4. 93 1. 77 0. 63
S - 2.91 — 0. 49
Cl — 4. 94 0.61 0. 90
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Study on the treatment of reverse osmosis concentrated water of
pulping wastewater by membrane distillation

YAO Shuang', XU Xianli*, WANG Zhaohui'*,
WANG Xiaozu'*, CUI Chaoliang"*

(1. College of Chemical Engineering, State Key Laboratory of Materials-Oriented Chemical Engineering,
Nanjing Tech University, Nanjing 211816, China; 2. National Engineering Research Center
for Special Separation Membrane, Nanjing Tech University, Nanjing 211816, China)

Abstract: This paper adopted membrane distillation (MD) technology to treat the reverse osmosis (RO)
concentrated wastewater from pulping wastewater. The effects of MD operating parameters on the
treatment efficiency of RO wastewater were systematically investigated. Two methods, membrane cleaning
and pretreatment, were used to effectively alleviate the membrane fouling caused by inorganic salt
crystallization and organic matter pollution during long-term vacuum membrane distillation (VMD)
operation. The research showed that increasing the feed flow rate and temperature and reducing the salt
concentration could significantly improve the MD permeation flux. Moreover, hydraulic cleaning could
extend the operation time from 25 hours to 40 hours within a certain period; using activated carbon for
adsorption pretreatment of the feed solution, the chemical oxygen demand (COD) of the raw solution could
be reduced from 1 000 mg/L to about 300 mg/L, and the membrane distillation operation time could be extended
from 24 hours to 36 hours. The MD flux attenuation was significantly slowed down, and the COD of the permeate
was stably below 50 mg/1L., meeting the industrial wastewater discharge standards. This study provides a feasible
solution for the treatment of pulping wastewater by membrane distillation technology.

Key words: membrane distillation; pulping wastewater; membrane cleaning; pretreatment



