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Separation of coal-chemical brine using nanofiltration membranes
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Abstract: NF-HF and NF-HS nanofiltration membranes were employed to separate SO from Cl in
secondary reverse osmosis concentrate discharged from coal-chemical wastewater treatment plant. The
separation of SOZ~ from Cl , rejection of scaling ions and anti-fouling performance of the two types
membrane were investigated. Spiral Tube Reverse Osmosis (STRO) was used to concentrate permeate of
NEF-HF. The results showed that NF-HF membrane had better separation CI~ from SO}  and rejection of
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scaling ions than NF-HS membrane, whose rejection were 3. 38%-16. 03% for Cl~, 91. 18%-97. 16 % for
SO, 90% for Ca*", 80% for Mg?" and 40% for SiO,, respectively. Moreover, NF-HF showed excellent

antifouling property. The operating pressure rose slowly from 3. 2 MPa to 4. 5 MPa after continuously

running 336 h and the membrane flux reduced by 11%. which was recovered completely after alkaline

washing. STRO could effectively concentrate the NF-HF permeate and reject organic matter, but the anti-

fouling performance was poor. Therefore, separating and concentrating coal chemical wastewater with

NF-DTRO (Disc Tube Reverse Osmosis) combination process is practicable.

Keywords: coal-chemical brine; nanofiltration; high-pressure reverse osmosis; industrial wastewater;

swage treatment
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Table 1 Water quality of secondary reverse osmosis concentrate of coal-chemical wastewater

pH {H COD/(mg+L 1) Ca*"/(mg+L 1) Mg /(mg+L 1) HE/(mg-L 1 BE/ (mg-L 1 SiO;/(mg-L1)
5.45~6. 63 113~557 63. 60~417. 37 24.10~71. 94 260. 22~1 257. 12 11. 53~403. 96 6.50~158. 45
Nat/(mg+L™"") ClI7/(mg+ L™ K" /(mg+L™1 SOt /(mg+L 1 HER/(us+cecm ') TDS/(mg+ L~ 1)

6 700~18 300 5 779.15~12 051 44, 2~108

5 118.26~8 209

21 500~41 200 12 790~30 276
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Fig. 1 Treatment process of roadmap coal-chemical wastewater
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Table 2 Parameters of NF-HF and NF-HS nanofiltration membranes

2118 5 MgSO. # R/ % NaCl #8%/% pH 1 e i/ °C
NF-HF 97 30 2~11 40
NE-HS 98 40 2~11 40
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Fig. 3 Flow diagram of experiment
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Table 3 The water quality of concentrate and permeate of NF-HF and NF-HS

i cl—/ SO/ Cat/ Mg?* / Si0,/ COoD/ HS%/ TDS/
il
(mgl.™ ) (mg+L 1 (mg+L " (mgLH (mg+L" (mg-L 1 (usecm D (mge+ L)
ok 4729~5641 5072~6295  39.7~85.9  52.9~72.6  23.1~56.2 380 16 600~18 972 14 680~20 400
IS 5 088~6 180 171~560 7.9~9.5 20.7~67.6  17.2~39.8 240 9172~9 565 12 080~15 470
NF-HF
WARIE 3 258~5530 37 713~41 174 179.2~238. 4 337.5 34.7~66.3  1529~2 094 46 400~54 800 50 033~55 000
B 5 382~7 865 173~289 11.4 20. 1 27 225 9 370~10 935 13 870~15 820
NF-HS
AR 5 669~7 668 29 984~39 345 304. 6 207 81.3 1 580~1 776 45 700~61 500 35 560~51 970
100 J_d?,..-«—‘\/\__— S
L 80 - WP TRE K
RS - HFGRRARES T-IRBI K
3 0 —— HSGUES TR
B ~— HSHEHLES TR %
&=
. M- 40
NF-HF#EK 7% 1 v "
H N . » ~ 20 '\N‘>x- e B
B4 NF-HF gtk i85 KR 4 ik & E L N N
Fig. 4 Chromaticity comparison of influent, permeate and 0123456780910111213141516
ZBf7HtIE)/d

concentrate of NF-HF

2.2 NF-HF #1 NF-HS 3¢ CI” #1 SO} I BHER
A NF-HF F1 NF-HS [ 49 {4 kb B4 AL
TR =G Bdok  Hxt CU RSO BB siir
mE 5 fis, HE S5 Al AL NF-HF X} CI- A SO 1)
B R R 3. 38% ~ 16. 03% HI 91. 18% ~
95.16% . NF-HS X} CI™ 1 SO [ #8 88 243 5 K
15. 18% ~24. 44 % 1 92. 54% ~97. 83%, LZE& Tl
W1, NF-HF 5 NF-HS % SOf #9388 2CR- M2, (H
NE-HS Xf CI™ (Y #FE 8CR# T NF-HF, 44 58 Xt
SO MR RS CL IR R R oK i
SO /Clm 52K d iy CLI/SOF B &, 2 8 % 1

e
W

5 NF-HF 5 NF-HS Xt CI” #1 SOi” (E B %
Fig. 5 Rejection efficiency of NF-HF and
NF-HS for CI~ and SO;~

YhuE e AR A=K CL A SOF i iR A8 £k
FEBAE 6 i, AL T g sk Cl Al
SO #BEAR, [CL™ J/[SOF JPF¥ME N 1. 0, &40
TERATER AL BRJS , FR K CL W 8 KT SOF ¥
B2, [CL /[0SO PF¥MER T 10, 7F 100 CAeAfuFn
f.[Cl 1/[SOF J=5. 24 50 “CHf ARt [Cl ]/
[SOF J=4. 1", “H G RKBENIRE , = KFER
SE AR SE T R NaCl, /KR CL e B3 /)N
F SO B, [CL J/[SO T34 MH ko, 1, i/ T
100 CAApFIEF [ CL J/[SOF 1, Wk 28 R 45



130 KR53 T EFRPEDO % 44 %
Sere i KaE Nap SO, o WIRTArd L T bk agy T s A4 T %, IR BEWRA R

DR T B AL BT 45 SR 007 i ANl FE AR B 5T

12 130

[—=—NF-HSHK —s—NF-HSf=7K
—e—NF-HFH#K  —e—NF-HF77K
| —a—NFi#EK 425

L 0\/ _o—¢ \.\/. .
3 / \. \/\\‘ 115
~N ]

L |
0 2' /'1 é ;3 1’0 ]'2 1‘4 1'6
B Iald
Bl 6 NFAAEBEFKSHKABLCI 1/[S0i"]
Fig. 6 Concentration ratio between C1~ and SO~ in

e e e =

-~ (=} oo (=}

S
NFF2KHCl/S0%

NFREKIKH CL/S0}

e
S
w

nanofiltration permeate and concentrate

2.3 NF-HF #0 NF-HS 3 &3R5 FRE BHR

NF-HF #l NEF-HS X 25385 8 1 i AU an &
4 iR, WERRTT LA . NF-HF X 2535 5 1 (45,
BERNAE) (1) 48 B 28R Y T NF-HS, f5 i 53 1) 35 3
902680 %01 40 %6 . MKHE T HBBEXT — M 25+ 1 U R
S 2) , NF-HF %45 5 5 1 1) 3 58 20K 0
ZART NF-HS X H AR R0R . A R i 45 R vt
B Rk 2 5 Y W BB 08 52 T 40 € i Donnan %
NS TRAER . b PR g B8 R R T AR B R
H30%~40% , FEUERE S YR U8 BEET DL bR A RE
{EXTIS i PR RE A AT 8 ER L BT DL s BB R AR
WP RYRE 40 Y0 M IRIARRE

% 4 NF-HF 70 NF-HS YW &35 FHEBEHR
Table 4 Rejection efficiency of NF-HF and NF-HS

for scaling ions

NF-HF # 88/ %

F5  WiH NF-HS ## R/ %

1 BT 80~90 60
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Fig. 7 Operation pressure, membrane flux and

recovery rate of NF-HF
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Table 5 Water quality of permeate of STRO for

concentrating NF permeate

5 -/ SO~/ COD/ LR/ TDS/
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pressure fluctuation of STRO
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