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Design and application of HSRO® technology in zero discharge of
desulphurization wastewater
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Abstract: The characteristics of HSRO® technology are introduced. Combined with the desulfurization wastewater
zero discharge phase I project in a thermal power plant in Inner Mongolia, China,the membrane concentration section of
the process has been successfully designed and applied with HSRO device.The device runs stably and reliably with an
overall recovery rate higher than 90%.The final water produced by reverse osmosis can be directly reused as production
water.This technology has been successfully verified in the field of desulfurization wastewater, and also provides a

reference for the process selection in the field of high salinity mine water and concentrated brine in the coal chemical

industry.

Key words: HSRO; desulfurization wastewater; zero emission; extreme concentration; strong brine

UTARSR , BEFE AL Ak SR Al bR A A 2 Bk <
fAZALSZ RN, K BT PRI R K A 40 T K BRI
TS YA H g3 28, 3R X 2 i BOK FE AL A
Geit, IR SR G IR A A 2 5 B KA
1/3 3 2/3 SRl AR AR BE B . I, K75 BeBiih
BORBIHT SLBUT5 K B AL S HE RO N 2 1 7K Ak
PRI T A

LK T A U T RS T AR T
ERERMA KA A BRERRE AR BT

2 A A I K e LR FH — I5CA R BRLAL LS T
FEIR Pt spe i, B LA B A D BOR
MG, a0 2015 4F 4 H 55 BEER & B9 KI5 LB iR
PRI K45 ), BB I T« ST s Y
HER, AT 5 Y Biia " 2R P 52017 455 A,
AR ER BN K ) R T V5 BB IR T AT H R F
) UL FE KRR T SR R K I R ) O
JECHUB AR E K ZHE Y, 2021 AEE R KM EE
10 F#BITEN & B & TS AR S8 IR AL A B 48 5 3

s B #3.2023-05-08 ; 1& 5 H #7:2024-01-02

EEWE W IEH X 2 R VU BB B K 3 IR 45 i 7 vl 4 S HEHOR 5 BT (HBKJ-21-01)
EB BT T3 (1987-) , &, Wik, R TR, 50 7 ol S MEAL TR 27K (AT I 7K R L JBE B B /K b B, haitang. wang. d @ chnenergy. com.
ens BRI (1975-) , 55, 1 o, OB e G T AR, F 52 7 1) Sy JBEAL TR 3R K I AR AR JRE R el B A U K Ak B S TR RO

zhencheng.zhong@ chnenergy.com.cn,



2024 F3 8 FBE% . HSROCHARIER ME /X S HERPEIZT RN A - 219 -

D) LA Y S 75 K T R ORH R BT s T
e, F AR AR | i PERE TV K AL B A 4T
WK BEEAL AR | TR S MRS, BT, X
SRR T BB /K A% B8 = IR A AL BT 2534 5 0 A
SEBRBRR B K B AL M T E A KRBT

1 HSRO®(Bi#RiBE)IENE

= iR 18 1% R (high salt reverse osmosis,
HSRO®) i AR AKBR Be IF & A9 BAT [ 3R ALY
LRBFA A5 A T LB HSRO® T 238 FkEk
HSRO® B B I, HSRO® H A & — T pii A% |
TRREFERIIR PR M 4 B AR | 5 T AN d i e 7 LA
SR AR B ) 15 e A, JC 75 2 i B B
BRIy, 8 m] 4 e 4 i BR h A% 52 1Y 70 000 mg/LL
F2E# 100 000 ~200 000 mg/L™ , HSRO® T2 J5t
PRNE 1R,
3“HSRO® RYETK

stk ——{ 1msro% |

24HSRO® Rk
K1 HSRO®TL¥JR#H 7&K

Y J b R e 4 AR, HSRO® T 25 78 1% /K ZHE ik
TRER R 3 R 4 T e TR R v 2% & 4G R
HSRO®%: B # I THE TNIEH B 2 5, L9818/ ik
JEFIFH HSRO® T 255280 1 Mk i e fisvle 4 , (45 i
N T 28 45 it B K S AR R 0 3 18 90% LA I
KB ARG 28 &4 b = Tolk 25 iR A . 4%
&k ds T2 M B8 (ED) ., & X & kK
(DTRO) | & #£ [ & i (HSRO) | 8 7K [ & 3% i
(SWRO) S H AR M Eb , 15 51 AH [R] v 4i  BR 1) 25 10 F
(20%) , Al REARALBE AR A 509% L B0 PEILEE 1,

R1 RE\EIEHLE

Ei=t SWRO  HSRO  DTRO FO ED
lE I BiEE  BEE BEE BER WY
AT % 6~8 12~15  10~13  15~20 15~20
iATEAS I /N x PN s
BATHA BAK AR Eid (o - B L3
55 ST BAL A B B b
EEHEJ1/MPa ~5 ~7 8§~12 <0.3 <0.3
AERE/ (kWhem™)  2~4 5~8 6~10 ~21  7~15
NaCl BR#EE#/%  95~97 99 95~97 98 90

T JE5 Aol W WA WM TR TR
PRI FIRME SRM R R
PGSR PSR A
o o Bk

I

TR {(iS H BEm o BE BS

2 TiEMAKE

2022 4% INGE I B N HE K g K H Al oK i e A
1 K B — 130 H 4 HSRO® %5 8 fi FH 7E 4
AR v, H 2 SEEUBLAR A K R FR e 4 , AR
A B, A R G K TG T2 4R K, i
LI KB BEIRA R, R T A A 2
F7N o
g Bk —] ﬁ&tﬂfﬁﬂs Frxwawn— swen—

e
[k | msrotenm FEX - Fweig
rﬂrkl
1

K2 ZF®RITIZRE

2.1 HSRO ZE%i&it
TEARZE B | A HSRO & 4t 1y kK K 4
5 m’/h, #EAKOK S AL ANER 2.,
%2 HSRO &t kKkE

K BidE bR HE KB bR HHH
TDS/(mg-L™") 12337.89 || C1I7/(mg-L7") 6720. 58
K*/(mg-L™") 86.71 || SO2°/(mg-L™") 20. 27
Na*/(mg-L7") 4601.46 || NO3/(mg-L™") 872.23
Ca®*/(mg-L7") 31.45 || F°/(mg-L7") 0.94
Mg*/(mg-L™") 3.05 || pH 7.00
HCO3/(mg-L7") 2.86

H T RS s K i AR, S IR B I 8 18 1T 0
B SR E R R E NIE SR, A
Z 454y HSRO1 BAJCHI HSRO2 HAJ0, Hif HSRO1
FICRH 12 SCE IR TR, HSRO2 BRITr R 2
B, R AL 5UIRRRSE 35 BE VAT 5T Bl & 1Y HSRO® J
BiEoo, Horh— Bk H 4 5 HSRO-70 Ao,
TBERH 2 ¥ HSRO-60 BT, A HSRO 258
WA RS ECE R 90% , HAR T 2B fE an &l 3
PR o



. 220 - A AL T

Rtk [ msrot [IA, i
| Toesiae

WK

HSRO2-1 i SCL
| WAKIEIR | vk HKABT

FH3 BHRBHERARITIZRAE
2.2 BITER
AR TRREGIFE 2022 4F 4 AT RG R, I
JIEA 58 1 168 h B, 5 Azt =, BET LR
BricAThE AT AR, AR ROBE R Gtia ThE b fg
Rl # A, g% HSRO R 48 SEhritk Kk
FRit AT oAk g, HAAR K BT 1% 0 0L 3% 3, Hirf HSRO
RY KK BT 5 KB ZE A K, B BT 1
Hir Na™ B 1 F1 CL” B+ 09 R B 22 20 5l o 98% Al
99. 0% , FZT7 KK R RE i 2 P A= 7K Tl
JKIK B bR GB/T 19923—2005 HEHA HIK R 58
TR KARE, W AR, Heds IS kK TDS HH
1. 1%%e45 & 10% LA I,
# 3 HSRO ZGEFRBFHKKRER  mg/L

K BrdE bR HSRO /K HSRO 727K HSRO 7k
Ca®* 13.22 0. 020 124. 65
K* 78. 62 2.940 600. 65
Mg2+ _ _ .

Na* 4501.75 69. 800 38216. 00
cl- 5635.90 63. 800 55889. 40
S0 9.82 0.018 64. 96
NO3 764. 25 71. 400 5283.79
TDS 11003. 56 292. 000 100179. 45

HRAE 168 h iz W B2 178000 , 5 % M B &
FeARMEE , 78 24 7 B R 7K 38 KK B 444 T, HSRO
RGN BAR, 7 1E ~3.5 MPa, R B B R 5
BATEITANE 4 s, —S B % HSRO1 3 EF-3
AT HE R ) 4E 3R LE 3. 53 MPa, HSRO1 % %5 [H1

5.0

4.5t
=

€ 40t
R 3.5¢ A L k)

2055040 60 80 100 120 140 160 180
BT[] /h
1—RBFEIK ; 2— B BEUK ;3— kK ;4— Bl
5— R BEE K 6— Rk

B4 HSRO Z%iE4TE N Rt

F445FE3H

RIE 50% ~60% , X =K AK B HEAT 43 B AR 36, — %
Bk HSRO2 % & V¥ 32 17 #F B R ) 4k 5 7%
3.31 MPa, R4 [FICRTE 85% /47

MAIE TG LK, (AR Be b & 1Y) 5 R B i
HSRO® BTG 1F 5 H HL R S B G R4 HE , HSRO® A
T TDS HY#EK &N AR B 4T R I 58 T
R, B RS IOR o B 2w X ] s B %
HSRO® R4 1 B0 5 e R B T 3 Y
T REREFE S A e 4 LA

HSRO REL 5 Hedh Ji5 ie vie 3h K K i e 5 7
0.5 m’/h LUF , REIHICRIEF] 90% LA E, B 5
#4168 h IKIZTTHAMEA OB 5 R Geilk KoK i
TEOL, NE AT AR A 808 R G0 I CR A 5
90.59% , SEIR T Wit & K Il i Ak

5.0 100
4.5WMW_98
_40f 196
L 35[ 194 %
. . 2 192 5
"’E S'O&MM-QO -w-
< 2.5] 1gg =
5 o0l lgs E
1.5}¢ 184
1.0 2 182

05 o o o o o o 80
R & Q2o 2

AY D

RN u‘?"@ &G’Q KA Sl o

1— R Gk 2— R G R  3— R Gkt
K5 HSRO % 4 B F # % J

3 ZFBARSH

HRAE L PRIZ 7RI, K FH HSRO®H AR AT % Jpks
WK 10 %, B2k 7K TDS 19 i & 70 BUTE 10%
LB KR EMT 0.5 m*/h, &R H B 5
Wedg AR, WesK TDS Jit it 534X 5% ~ 6% , 1 H. HSRO
RGAAE R T RUE FLRB B R AR H AR K I A2, ¥
HERFTE ~3.5 MPa, 245, R HSRO RS2 1T AL
ARH4.21 J0/m®, BARPEIL R 4,

F4 BITERA-KEX

i bt o WA
(JE-m™)
FA, 2 67392 kW 0.39 J&/kWh 2.25
RELIF 5 375 kg 2200 JG/t 0.06
e A A B 106 kg 9800 TG/t 0.17
JIBE O 46t 9 348133.03 76 4.570/(m>-H) 1.73
At 4.21

4 HiRERE

K HSRO®H R AL FEIR BRI 7K | BG83 1k
(F#% 224 W)



FE 44 HE 3 H LA 4L T Mar. 2024
2024 T3 B Modern Chemical Industry 221 -

MM PERIEF RN T Z AR

(P AL TAZA RN LA F 8 266101)

W X RA ) S—Zorb 3¢ B WS 130 RN 20 & R ib 40% DL Y Cg ~ Cg I 1AL 7 FLAR & i O BR, 32 1 X 95l
PEATREEYIE], VI b R o ms BRI =05 R B, XY 2 IR0 3 A T ST AT AT e,
FHI ARG RRFE RIS T AR S I T “ MR RIS M T WA AR MBI TR 1 T2 B e 1 08/ ik
FEAR AR P BT RUA IR 3,

SRR L BB 5 B 5 YR 5 00 DT

hE S HEES . TE626 XERAREAD A

DOI:10.16606/].cnki.issn0253-4320.2024.03.039

X B S .0253-4320(2024) 03-0221-04

Process optimization for reducing benzene in gasoline and

increasing aromatics production
YANG Tao ™
(CNOOC Petrochemical Engineering Co., Ltd., Qingdao 266101, China)

Abstract: The middle distillate of gasoline after desulfurization in a certain company’s S-Zorb unit contains high
content of benzene and over 40% C,—C, aromatic components. Therefore ,a gasoline precise cutting idea is proposed to cut
out the middle distillate to achieve the goal of reducing benzene content and increasing aromatics production.Three kinds
of process schemes for gasoline precision cutting are simulated, analyzed and compared in the aspects of equipment
investment , energy consumption and operation cost. Through optimization and comparison, the “fractionation tower with

stripping tower” process scheme is determined as the optimal one, which has the advantages of low equipment

investment,low energy consumption,simple process,and low operation cost.

Key words : desulfurization; decrease of benzene content; gasoline; fractionation; aromatics
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