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Fig. 1 The pure water flux of GO-PA and PA membrane under different pressures
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BN 25~30 °C, BT SEFR T80, 9/ BRI 2 A
2 E W B A SRR
2.6 AEIZER#FKEN RO ZRZEEERAHE

mMEREIZEEHRE

AR T BT T ) B A T2 A F L AR S R B
— Bk E 1R 0. 8 MPa(JeH4 %) . 1. 0 MPa, 1. 2
MPa,1. 4 MPa,1. 6 MPa T/ K6, AL 0 A )
JEJ1F RO REMLERIBITIAR . LRA A E24
FHIBATREFERLAS B TT 1 B4 AR 2737 VR AR S
BB GE AR - 45350 A H AR 3 Tlk 52 Bris 1751
P s B IRR A A A S A AR A SR v P LA
0.6 ¢ /(kW « h) 115, BT/ 54 8 000 J6/ 3
TR A2 VR 25 R B 4% 20 oo/ kg THE HET AR
ARGV BB 1 YA

SR Z Btk K R T A 45 T A Ak B s dn gk
5 FII7R .
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Table 5 Annual comprehensive cost of RO system under different second-stage inlet pressures
Bk ZATHEFE JEE T4 F 46 b2 Bk et A/ LG
J&71/MPa A/ T ot WA/ J7 70 A/ TT ot Ji76 WA/ T30
0. 8(TEHE ) 28.5 48.0 36. 2 5.0 117.7
1.0 32.3 24.0 18.5 5.0 79.8
1.2 36. 1 8.0 6.8 5.0 55.9
1.4 40. 5 8.0 6.8 5.0 60. 3
1.6 45. 2 6.0 5.5 5.0 61.7

% 5 nI AT, Btk K R X 25 A AR B 5 )
S I SE RS T e ) A, A S R R 0 T
R 1Y BEAFE LA 1 I 5 JRE i A4 V7 U AR BRI
TR T HH R AP R, 1D Bk R
M 0. 8 MPa #2F+ % 1. 2 MPa B, GBEFE A M 28. 5
JIouHEZE 36. 1 JioC, B4 E A 26. 756 ;5 iy T BT I
BRI R AL A BT S RN 1 AR
F AR BT I AR N 48. 0 TT G E 8.0 1
TC, B A 83. 300 5 RIS Ab 27 15 DR AR R R Wk /L, Vi
VERLAS DA 36. 2 TT TR R 6.8 1T Rk 81. 2 %,
FEFE A PR3 e S RE R AF 179 B 08 460 5 3 R AR 1K
T ZE A AR 2= K. O 55. 9 JTJ0/4F. 2) X
BB TN 1. 2 MPa 4RSE4R THA L BERE A 542
Ft.1. 6 MPa i}, REFE AL 1. 2 MPa 3 25.
2 0/ 5 M RS T 2 B 450 AR 15 9 0 B AR 1) AR i 2 30 ¥
#Zg, 1. 4 MPa B}, I 4 55N A S 1. 2 MPa
F#F-, 1. 6 MPa B}, A/ B JC KT BEFE BUA
B | I € ) N

G RGBT RE S L5 A T, 10 A HE
55 RO ARG — Bt {E K E S8 1. 2 MPa(H]
BRI R R T ¥ B KR 14 FF 0. 3 MPa /2
40 BB RGLE G A AR B R R AERFAE 9876
DL b B K R R E AE 30 S/ em DLTF, R
G505 5505 R B AL T T L R AR RE AR IR A A
55TV AR 1 e P

BUAR  FESEBR TARER P, AT AR K 25 3 Xt
AR AT ROR . S K & ERREAE 2 000~3 000
mg/L B, e Btk 3ok 1. 1~1. 2 MPa; 24
R EAE 3 000~5 000 mg/L B, Fefd Bl K R
J1k 1. 2~1. 3 MPa, LISEEUAN R K BT T B AR 5
PERE I VAL

3 R E5IREZ

3.1 FEHR
Bll s i 5 m] g AR TR ERK IR RO R

OVERE ARG B MR R TE 200 ~3%, ZBtrEk
LSRRI 50 %6 A b AL 2E 8 VE A AE K 3~4 % O
10~15 d 2 45 d L b)), BETT AP 5 5 8 R BTG
3020 LA b A U P T JC B[R] 1 R 3R RGAFAE W
BEI A R 22 AT T T A A )

B A (A AL 38 2o Sy MR T —
B Ok sl 5 7 [a] B 398 Jon i 3 o A K R B 1) g,
il 22 Ak 575 Y TR, HUR AN &2 e 44 1H
R & HFA BT BN RO R4,

A T B R3S e 58 )3 FH T B« 2E K & 4k
=2 000 mg/L Wb 2003 B #E K 5
1 500~2 000 mg/L B 0] 38 3o 4% ' 44 6 38 | e F
TR B SR e Ak i g 75 28 HE A L S0 IR 5 2F /K 35 4
<1 500 mg/L By W E , RAE 2 + 1 HEF
FEREAT,

AR Z Bt K %t R G 25 G iAs 5 SekE e T
SEM , B AR h e dE B K 5 R 1. 2 MPa,
VbR REFE AR BSETT 4 B 46 AR 5 Ak 2 T Pk A 1Y)
B i a5 SEBR TR b AT AR R A R i A
2 000~3 000 mg/L %M 1. 1~1. 2 MPa;3 000~
5 000 mg/L X}h/ 1. 2~1. 3 MPa,

BAmE/KIR RO RE ML T Y E % 2
RV 7~8 SCRNEAHE TR ik AR 7 b it B
SV I 232 HES L R BB A T K IR E
25~30 C, aJiff — LT Rguiat i 5 40 .
3.2 IRRRZ

AT 8 2 R S A T B R R AR R
S5 E A R A T R H At = R R K [l
RO R SBGERAL T 2%, E TR
FAH IS A K S b SRR S BT 4
PR B B G R 2 LB T R X
RS ICBRIIG R R G A7 K & #h =2 000
mg/ L, A] 38 1 3 15 B () 39 e 58 S B e H L, el i
PETERIAE 1~ 2 A N3 Ao g B B 4 A | R A1 ok
B F AT =R R Rl
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Experimental study on the impact of interstage booster pumps
on the performance of reverse osmosis devices

YAO Xuefeng', LI Yulin' ,YANG Jiguang®
(1. CHN ENERGY Xinjiang Chemical Co. , Ltd. , Urumgqi 831404, China;
2. Jining Poseidon Environmental Protection Technology Co. , Ltd. , Jining 272400, China)

Abstract: Aiming at the technical bottlenecks commonly faced by reverse osmosis (RO) systems for coal
chemical wastewater reuse, such as severe concentration polarization, frequent membrane fouling, and
insufficient desalination efficiency, this study took a large coal-to-olefins project as the research object. By
comparatively analyzing the long-term operating data of an on-site first-stage two-section RO system
without an interstage booster pump and a pilot-scale RO system with an interstage booster pump, the
impact mechanism of the interstage booster pump on the core performance of the RO device was
systematically explored. The results showed that the interstage booster pump could increase the overall
desalination rate of the system by 2% ~3% by improving the feed water pressure and membrane surface
flow rate of the second section, reduce the conductivity of the second-stage product water from more than
175 uS/em to about 51 uS/cm, and extend the chemical cleaning cycle from 10~15 days to more than 45
days, which significantly reduced the membrane fouling rate and prolongs the service life of membrane
elements. The optimal feed pressure for the second stage was determined to be 1. 2 MPa, which
represented the optimal balance point among energy consumption, membrane service life and cleaning cost.
Through pilot-scale verification and mechanism analysis, this study provides quantitative data support and
engineering practice guidelines for the design optimization of RO systems for high-salt wastewater reuse
and the transformation and upgrading of existing systems.

Key words: reverse osmosis; interstage booster pump; desalination rate; chemical cleaning cycle; concen-

tration polarization



