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Application of forward osmosis MBC zero discharge

technology in coal chemical industry
ZHOU Jie',YANG Jun?, LI Pengfei
(1. Tianjin United Environmental Protection Engineering Design Co., Ltd., Tianjin 300191, China ;
2. CNOOC Tianjin Chemical Design and Research Institute Co., Ltd., Tianjin 300131, China )

Abstract: The application of forward osmosis membrane concentration (MBC) process in the comprehensive dis-
charge wastewater reuse project of coal chemical plant was introduced. The project operation results showed that the
MBC system could concentrate high-pressure reverse osmosis concentrated brine with TDS of 54 000 mg/L to
240 000 mg/L, and prepare crystalline salt with solids content>80% by evaporation and crystallization system. The
recovery rate of produced water from MBC could reach 75% with TDS of 11 200 mg/L. The produced water of MBC
system could be desalinated by two-stage reverse osmosis with TDS lower than 100 mg/L. The desalinated produced
water could be reused to circulating water system, thus realizing zero discharge of coal chemical wastewater. The
steam consumption of the MBC was only 158 kg/t, which was much lower than that of the four-effect evaporator and
had lower energy consumption. Ammonia and carbon dioxide were used as the extraction solution and recycled
through the ammonia recovery tower, which could save the amount of chemicals. The operation data showed that the
MBC process with forward osmosis technology as the core could replace the traditional four-effect evaporator and
guarantee the stable operation of the zero-discharge system, which could bring good social and economic benefits to
the coal chemical enterprises by greatly saving the energy consumption in zero discharge process while achieving
zero discharge of comprehensive wastewater.

Key words: coal chemical wastewater ; high salinity wastewater; zero discharge ; membrane concentration ; forward osmosis
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Fig. 1

Principle of forward osmosis technology
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Fig. 2 Process of zero discharge of high salt wastewater
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Fig. 3 Forward osmosis MBC system

2.1.1 E%iF A%

JFK B ek A IE B3 4 KA, i IE B 5 4K 5
RAFLEIEBBERZTIE[IAEBBRE L IE
B35 VR 40 I E N IE B VR K FE 5 Wk 4R 0 T U
(CDS) &R TH G A IEB ERE , T CDS
VA VB %) R e B S O v T JROK SR W B BT AYE IE B 35
JIEE 1 VO A0 25 7 A 98 3 T, (A5 JRUK Y K 418 8 #
CDS W, A6 XA b A% op JR K A5 80 F — 20 e 40
CDSVE MR IUK 43 IS w W B HE IR IE R B3

BB E RS BCE KA 15 200 m®, B 5T ik A9
R KB 3 &L, 2 145, i &= 80 m'/h, 2
100 m, B BB s R UE RS 3 6 2 T 1 &, i 75
m'/h, MBI, IEB BN E 6L, U & 25
m’/h, “HGE B E R R E IR AR R
AR R FERIMA RS 3R 2 1%,

—180—

212 RABEREK AL

MIE 3% F GeHE 00 7 B T O (DDS) A fif
FERE , JT S P TH I HF A\ TLAES AT TR, SR )5 i A
IREE AT LA BE . A8 7= KB TR IR U P E R R
R IE L2 VROE O P K B T HE S, P48 CDS ¥ i
BAH G AR A HEA CDSEAFAE , 1E N I BU
T AR B E . POKIER K ik Ak 2
A 5 DDS W e U5 3 A S 22 RO R 4t

THORE R GE K E DDSHEE M 26, A
60 m’, B BT BL BE AN BE K IE R R 2 6 L &
80 m’/h, % # 45 m, & Wi A BT SS316; WA 2 5,
78 m’/h, i b R SS316; PR K EE 2, AR 2 m, B
18 m, JEH BL M 5T SS316, 35 14 b1 5t 3% 55 4K 5 7= /K A6 24
R 26, W30 mh, 17 m, o MR
SS316; 77 K Rk % 2 65, B Ak e P 2% |, i b1 5
SS316; P2 KK ik % 2 65,66 m'/h, 7 72 20 m, 28 i #
il 3k A BT SS316., #E A& AR E CDSREERY B
R A 325, 2 /5, 3 WM 31615 CDS fi# A7
M2H 4535 m , MM CDSHEE2E
25 m'/h, B FE 70 m, AR A R
213 REKAREZSK

1B 1% 25077 HE I Ve 7K e 7K 5 Bt S 2 T i
AWK B IR 2E AT WA SR S E AR I T 78
RAL IR B 7 U K B i i ok i 2D i TR OB 75
I, 28 CDS ¥ Bk %8 ¥4 H1 i 9 A CDS FE i 41 5 e
K3 TG e K Ve A i 3% IR B T B v K B IR
HIEB EWOKI G AL TR RS

WH KRR AGRBE LB BRKFM 26,58
S m’, M BN OKIBEHERE 2, W E
23 m/h, 7 % 36 m, AT, i A A BT ER A kK
By 2 6 08 X oy A A 8% | 3 i b BT KA
WK 2, HAR 1.5 m, & BE 14 m, 35 1R B4 5 B 35
B9, R UNS2205; oK B FRUR AL 2 65, il £ 27 m'/h,
P17 m, i A R AL s MK FEUE AR 2 B, el
AR A FRK B 25 m/h, i TR SR B 5 TR K 3 vk ok
B 26 R 16 m*/h, 3 18 27 m, i W b I gk
B AR A A
22 ROR%Z

RO Ab B 3 G0 R I B 33 12, 7 K B iy 7
IKHEA—ZL RO 457K Af , H— L RO K 42T 2 —
RO UER , AL —H RO M EEMEG A



Tl K AL F8 2023-04,43(4)

JE, % A TAT A IE 35 % R R % B A R B R A

—H ROBEE , —J ROWKIEAIEBBLH KA, ™
it KA — 2RO J7KH s — 9 RO 7K A 9 RO
FERB R G A RO E I — BB, — %
RO ¥ 7K [B1 3 B — 2 RO 45 KA, 7= i K 28 A [l FH K
IR

ZARGWIT2H RO E P — ROKEE N
2E I HNETT , BER I KN 54.5 m¥/h, [k
H87%, KM ST it 14 H s BERE SER
14, it 68 m¥h, %7 370 m, B R XA 4K 2205, —
PROM =K ZH RO, “HROKEN2E,
IFAiE 4T, BE I K& 51.8 m¥/h, [\ i 3
95%, K 8 W5 B o H s E R EmIER
1 &, w63 mYh, #1200 m, i i B i SS316.
23 HBRES

T H R FH P SES B TVR 28 B R4 A B T 25
gE TR R G E B — RS A L S AR L TVR
RV RS WK W Bl I IR FRIRB AN
R FN BN I 74~ BT A

1E 35 % WK R 1 gk A BV BERHEE , 9% )5 18 i
EV 1 Ak 52 52 T 0F AUk £5 K TR | 15 68 45 7K 4 44
J& L #E AR RE 5 RO UK PLIE R & L R R
WA E B EEVIEAEMEVLZS Hia . ok
P U2 1 Tk R K A EV LB IR, 506 A iy
EV 145 5 28 T3 2 I 7K B0 1) 8 0 K HLIE L
b M K BT 1 E AL 43 S A% R OFS B B N TR
T CaSO) R A, JE)E & ad EVIIE A M EV 4 44
L R AIEANEVLES A . EVLES A0 4k
KA EV2UEAE , S0 g EV2 45 & &8 B
RA R & EV2 IR IR ZE M EV2 #3448 | e &t
AEV245 iR R & & E AR RS .

AR REEVISGRHNIG, 5BR3.Tm, 5 EF
4.5 m, FBRIE AN I DL K AR ) 38 T S B R A
MM s EVIAEER A, i i 5 500 m*/h, % 72 3.8 m,
BN EREV2E B 1 &, AR 3.2 m,
3.2 m, T BRSEA M L R A% 1] 38 O 2 A B IR A
M B M s EV2 G PR 2R, i 2 1 700 m*/h, $ #4 3.8 m,
N AR 16, i 630 m/h, A K
71 0.009 MPa, i i #4 i SS304.,
24 MARUFEBXRRS

I RIERE R G K AR BT, W B AR
fR2E 25570 . IN2h R G B AL HG R N 25 25 B B 25

SN

HEE BELI R 0 24 % B R IR 24 AR ST
AT 252

[ 22 G 18 47 — BE I ) J5 5 5 W 2R A7 A2 s
i TTAF IR E R RE o A2 08 DE A B R B Ak
VKA ROALATE VKR IEB B ATE VKR
A TE e R 2 i UE A M E 8 B4 o TR S T e 2
FRAE AL~ 15 BE KA v # — W E TE 1 4, g Uk /K
RPETh, AL E W Ve R L DB AR5, E AR R G X
P FEATIE Ve, W Ve B9 K 2248 % 1T 3t 28 1k o T Uk
KARNEIE M . BB &S5 RO — B2k

E3
3 EHMEREREITHR

3.1 REBITHES W
3.1.1 MBC & %t B KRR o #

Sk — A BB i, Rgn] L E R
iE1T. MBCRGEHYK BTG MWK 1, BT H R
Gera g o R A 4 R

&1 MBCERZEARIESR
Table 1 Water quality of MBC system

7 H Sk FOHEK g}g %‘g

WAaE/(t-h™) 120 139.6  109.7  30.5 47.9 146.8
R/ (kgem™) 1035 1040 1006 1173 1148 1057
pH 8.5~10.58.5~10.5 10~11 10~11 10~11 10~11
wIEIC 15~30  15~30 20~35 20~35 25~35 20~35
TDS/(mg-L™") ~54 000 ~57 500 ~11 200 ~240 000~430 000~129 050

CDS¥# DDS
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72vh SOth
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I
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Fig. 4 Material balance of zero discharge system operation
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Fig. 5 Operating conditions of MBC system
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Table 2 Consumption of main chemicals

O

HAER/Kkg  AERA WHFER/Kg
FhR (= 8031%) 0.059 49.8
AN 43 %020% ) 0.030 28.8
RHLI5 7510 (5 £ 53 54 100% ) 0.013 12.0
I JE (5 2 5 4k 98% ) 0.013 12.3
A S 2K B 0.006 0.6
T8 9 550 O 45 53 %k 99% ) 0~0.048 0~40.0
T PR 45 (0 it 53 L 99% ) 1500
B 27 000

R 2R 32 AT T RS O RN S8 9 R R
TR A A s A P RO FEH T
MBC R 4t , H 32 % 103 o0 Bk R & B 5 ik R & Bk =2 A
5 53 ik #@ K I AR AR SR 2 8 U O B
Ji PRLAE T 558 [ g 52 ol T AT A R ek 20 245 55
FEARIZ AT LA o
322 ABBRALZRFREHH

TELA MBC A% 0 I EHER G h , & R ICis 1T
M TR UL 3,

R3 MBCEHREZEETHARIREER

Table 3 Public consumption for each unit of
MBC zero discharge system

Ak 2 FEHL AL/ AL R 25 75 PEFR K/ [E=¥ 9]
M6 (kW-h-t") (kg-t™) (t-t™") (t-th)
MBC 0.956 7 158.3333 17.500 0 0.004 2
RO 3.010 8 0.000 0 0.000 0 0.001 7
4 s 1.698 3 151.666 7 4.691 7 0.026 7
At 5.665 8 310.000 0 22.1917 0.0325

MR, ZEFHR ARG h FEEBRRITH
SB35 BT, MK FE HL B IK B 3.01 kW - h, I 1E B 3%
R RYREFEIL N 0.95 kW -h, MBC & 4 4} 26 XM
AR FH i 558 v, 2 U0 TR ) 4 R TR

B R B IE B3 MBC R 45 50 R, 51540 72
BT ML EARKETFMLE, L 4R .

Xf L3R 3~3R 4 W] 1, ok I MBC T 2 B AR % 4
B A AR R ZE VR T FE A PT M 300 kg/t U
DE 158 kg/to 45 i X 28 ORNAG PR K 1 R RAIL,
JUH R ZE VR I K FE ALK 151 ke

4 HESRE
R BAIE ¥ i 9 10 1) MBC Y 4 3 42, ARk 1
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Table 4 Comparison of MBC with ordinary evaporative concentration

JiH B

£ MBC

VURLZE K s i) 28 VORE R 0.3 U

ZRATHFEAL 20 M 1 T DU A8 R 28 1 — 2 5 T LUK 4% b 1 34
(VR BEAR MHE R Z A AR AL AR, 45 s 2 i/ 8K
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125 40~70 kW - h, [ B P 25 0 I A5 PR 25 AR, e IE 8 08 MBC R AU /N it Bk B9 IR 42 152, Br 7 RN EY
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ARTCHRE R oy TP B2 B BT 8 25 4 6408 R 2
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