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Treatment of High Salinity Wastewater to Achieve Zero Liquid Discharge in

Petrochemical Industry
GUO Hai-yan, XU Cheng-yan, YU Bin
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Abstract: The process of zero hardness membrane chemical reactor (MCR) + reverse osmosis of
concentrated water + nanofiltration + disc tube reverse osmosis ( DTRO) /electro dialysis (ED) + e-
vaporate and crystallize was applied to treat high salinity wastewater to achieve zero liquid discharge in
petrochemical industry. The results showed that, the salt content in ED concentrated water was 15% -
25% , and that in DTRO concentrated water was 15% —22% . There was negligible difference between
ED and DTRO regarding the concentration of TDS, but the water quality and desalination rate of DTRO
were significantly higher than that of ED. The quality of sodium sulfate separated by freezing crystalliza-
tion was higher than that of thermal separation, although the thermal salt splitting was a simple and relia-
ble operation, with low capital and operating cost. The process was stable and reliable in long-term oper-
ation. The product of sodium chloride and sodium sulfate was comparable to the purity of industrial salt.
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Fig. 1 Flow chart of pilot-scale experiment

1.3.1 WisbE T ¥
K FH 2 i JES S 1 o ( fRi Ak MCRY) B | ok ikt |
BRaEdE . MCR i & LA 2,

B2 MCR diig#&
Fig.2  MCR picture

JR AN 24 J 368 32l B 114 3 20K 1 9 43 25, i
K S RO G535 () TE AL i o3 (R B | AR Ak i
8) U AR F B o Horb A K (SRR (B2
BT A R B oy (45 B B ) A 53X RO
LR H B BRI RN T KRk
1) A A o T8 KB F T A A2 B A 5
7Ky pH {H
1.3.2 R T)F

O  WIKB B S

TS = 7K I R T A K [ B B % B A T
A, 55 77 Kk 2 RO IRKM , [IB Bk
HEA RO M AKAH

@ Uk (NF) —Z o34k

FI AR XS — M B A R3 B8 B e R,
IR Ry SR , Ve AR A = 22 A ik R ) B 88 4 3
AEBNFN At 2% 25, [ I S5 K v Y COD | & i 5 1
(55 BE 55 ) B ARTEWK M, A uk 7= K ik A HL B BT
(ED) RGeit— LW 4l it , U8V /K 2 )5 2Rt =X



www. watergasheat. com

SRR, B AT L B A R K o R BRI R

%34 % %M

2% (DTRO) R Gt — e 4 i i
1.3.3 FWk4 Ty

@ DTRO ¥R K I 4 R 50

DA g e AR AVE Rtk ok , R A 16 MPa (135 1745
S, 8 A P A v R 7K i ) O o, A R A AR
i EAFEE AT 2, I MBI A B 1T R 128 Ak
V5O o

@ ED ¥#RERK RS R 50

AN IE 7= 7K A R adE oK, 7 5 L FE R, AR 4 ED
WK IRIK R L T8 A [ VR e A 50T, 1 i
a1 4 MBS & 5 IS I
1.3.4 ZEELERTF

R GRS WER 43 #5417 : DTRO ¥ 7K 12
FIET BIRIRNZE K o s e B o 57 AL B IR
B R ED HOKE A GUILINZE & 25 S 7 A
i iR S R 2l
2 EATHCR R SHT
2.1 BREEBRTEZIR

R T ARIE B K AN 7 v e 4 A5 BT AS R R
EYRTS G M AR KR Catt Mgt | AR AR A
o L AEFE IR 2 BR o sl 2 A 3k, Rl iE i
I J4 7K R 4 24 270, il 2 A5 B B T O A A
CaCO; Fil Mg(OH), NEMEVITEY . Hrh FA KK
A AT 25 B B0k T A, ek ] 2 ok A B IR 5k Al FE
AR AR AL AL BRI T RE R K oKk 28k Ca®
Mg** LASE, 36 0] DAREAI Si0, &, 5l it %48 pH (H
FZ T n 12 X6 Ak PEAKCSR 52 ), & 38 MCR 7K
pH EARFETE 11 Z2 45 b, i /K B8 B ] 42 41 £ 20 ~
100 mg/L, LI AREREH4% fin i 4 200 ~ 300 mg/L; 7
ASEE I B HE 25 70 (1 0T, MCR X RE I L BR R >
20% 3@ PR EE pH (BRI EE B i, oK aE &
AR R 20 mg/L A2 AT, W R M RRAIR T I 22 vk 4
S5 XU
2.2 MrHHyR

JBE e 4 S Vi D 28 A PRIAR | A REFE A4 B
s R, Itk K RO IR A 45% |, ok
TDS Al Y452 5.1 x 10* mg/L L) b, 847 % J1 A4
FasEfE 4.2 ~4.5 MPa, ARG f7RE . K RiBiE
e J5 e K E AR U8 BT, A AR USRS — A0
OB RO AR LB 4 £ . e — R
2R3 A 20% ~50% ,{HX%F COD J —Hr by X%
Bk 90% LU o i #F COD K Ca®" Mg™*

LEGEIRPER T 155 28 RO (A HLT5 38 F1 TS HL &5
i KU R RREAS , - A48 v 11 I SC 38 3k 3o bk
Wik H . Haf gk K Rk B A AR A
FRER YR BEHEAT T /34T, R PR T S AL A £ 15
RO, X B R R A R BRFRAE 98% LU L.
2.3 ED .DTRO iRHGEIR
X487 K R 7K 43 51 ok A ED Fit DTRO 3
TT P A RRAR S 2278 R 45 S RS . NF 7 /K i
JEAR KT, ED B A I 287K 5 17 NF 3 7K 7K i
BRE N, 46 COD F M 8535 [+, iir A3E 5
FHTERER P COD 15 4L BE J1 3 ) DTRO i,
ED ik 727K (K 1) TDS K i 46 5 WL 3, AT LA
F L ED MoK SR AE 15% ~25% 2 [, k3%
FEHTE T0% ~88% Z (8], ED F=/K ity & $h & 75

B o B
3% ~9% ZJa], DTRO Ry /K 77K /K TDS kK
MR ILE 4, AT LLE H, DTRO ¥Rk 1) 7 #h &5 7F
15% ~22% 2z Ja], i Eh R E T/ A AE 94% ~99% 2
[8],DTRO j=/K [ Eh i AE 1% ~4% Z [8]

;J2OO

b0150-

2100+ bk %

E 50

[ INEEEN
250
‘///*"’*\\\\\\\‘___*___*\\\*—~—‘ 80
#:P( 60
0

ST

S
=
t
‘ﬁ
‘\‘W
t
z

-k

:

—

!
]
]
I.
[
.L

2017-03-17 r

2017-03-06
2017-03-10
2017-03-13
2017-03-15
2017-03-24 ft 1
2017-03-27 |
2017-03-29 é

= 2017-03-22 ¢

JRCRE IR

3 ED sk Pk Aok TDS R Btk
Fig.3 TDS and desalination rate of ED
100
98
96
94

90
88

T N

oK - PR - K
o5 O—0——0—0

i 4 24 /9%

84

2017-03-10
2017-03-13
2017-03-15
2017-03-17
2017-03-20
2017-03-22
2017-03-24
2017-03-27
2017-03-29 {

HORE e 1
4 DTRO 7Kk . F=7k \iR7kEY TDS iR B R Bt #h %
Fig.4 TDS and desalination rate of DTRO
WX MVR 23T 2, R =378 R 45
A BB, (ELE 47 A AR 5, PR P iR AT MVR

2.4

- 101 -



%34 % HTH

T OE % K HE K

www. watergasheat. com

KRS . NaCl 8 R 25 fh /v 3 R MVR T2,
7R (TOC <20 mg/L, Z A <2 mg/L) ik F[( Tl
) (GB/T 5462—2015) 1 H I Tl 3k T 9%,

Na,SO, 45 fh>R FH ¥ VR 45 i FAATE 45 & P Al T
20 P E AT Ve VRS S 4y R B R B S AR B
PR (3% ) Al AT LUK 3 99.09% , ik I Tl ok
TR (GB/T 6009—2014 ) Hr ) T 25— %5 fh bR f
FLR ML b5 SR IGE 48R 43 B 1 Y Na, SO, 1631 T
S FhPRUEELR K L b 25 RS R A, SR iz
TT AR S i, FEARUE 45 b 3k o 2 2 =95 % 1)
BRR AR R R SR IS E T o
3 4

@ R MCR + %7K RO + NF + DTRO/ED +
RREE N T2 E A & AR K, 3T
T JE I FH SR 1 S AL A RN R R B, IE S B AR AT AT

@ pHETE 11 2451}, AT A 24 it , MCR
tE 7K B BEASAE 7E 20 ~ 100 mg/L Z [, SiO, {B I 45
il7E 20 mg/L LI

@  ED KM &R ETE 15% ~25% Z[1],
DTRO ¥ /K & Eh e 15% ~22% 2 [a], W & 1E Uk
4 J5 1) TDS J5 HiAHZE A K, {H DTRO 77 7K 7K 52 F it
AR & T ED,

@ L URES SR RIE S B A B R BN G
ER IR /2 GB/T 6009—2014 ry I 25— 25 S An e
BESR (AR I VRES I o B A B (W AR R B 4G A R
{14 it B0 5 TR 0 B, Pk o R i AL B T2 A
B GEAT T EEMESR B TAIR
4 =L

7 R BIGE FE 23 0] i S B R GE RN ™ i it SO g
JRURE: , T o7 F P U S MCR — 2 53 /) STk
BEVESS MR AR + W RRIE | FH 25 B 00 A 1) el B % itk
BRI

JEK W R A AR e, i R o Rk
AR R Tl R SO i A B g K b A T
TV, O 1) ORI PR SR B A B

X BRI KA e G R POl S R AL
Y s 4 AU B B 2 5 R RS 3, 5 k78 Kk
S A PR L TR TR I 2 R MR 4 R 1Y
AT, AL IR AR T R AR COD T2, 2R A
AR R AE AL SR R AR T

N

g b ATl e 5 SR K IR B 2R 03 K
R AR L AR AR S B R B IR A%
T8 Tr] I 25 i 325 21 Tl 031, T 6 7 i B %
PR, e B P o R A 1 R AR AR 52
Fro TEREFEHORBELT , B £35S BUHT BB Az 17
A B IR SRR =R R T
F AT = PR A R AR EFIRLYE , i B AR EOR
AL, £5 A 2 RE SR 22 P 0 IR, N B0 616 T 52 P
i RN K S i 2R GE R SE PRl 00, 45 BILA 52 2 55 1
ThARREDR . R BRI A T R R R 46 i 4 ]
e, kA ZRdh e i FEAR AR AL BUSAS

SE 3Lk

(U] BERMLIERZE. & SRR A N be sl )™ oK A B T 7
Uil Sk HEK ,2017,33(6) 195 - 97.

Hui Tianxiang, Wang Xiaojun. Reconstruction of high-salt
propylene epoxide production wastewater treatment[ ] ].
China Water & Wastewater, 2017,33 (6):95 — 97 (in
Chinese) .

SR EREEAE T 05 A A TR AL E BB H R
itrld]. K HEK 2017 ,33(4) (26 - 32.

Wu Xian,Han Hongjun, Fang Fang. Analysis on innova-

(2]

tive technology for high phenol and ammonia treatment of
wastewater from coal chemical industry[ J]. China Water

& Wastewater,2017,33(4) :26 —32(in Chinese).

&2

MLk M N,

), %,
Wb, TR, RS T
TAHE.

E - mail: Haiyan. guo@ poten. cn

Wi EEE:2017 - 11 -12

e T Ir : SRt (1981 -

- 102 -



