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Fig. 2 Schematic diagram of seawater desalination by forward osmosis-reverse osmosis coupling process
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Table 1 Water quality composition of experimental water

, TDS/ H 5%/ COD/ Mg?" / Caz'/ K"/

A (mg-L") (pSecm ") pH (mg+L™) (mg+L" (mgeL' (mg+L"
MBR =7k 1252.0 2 586. 0 7.9 17.9 21.5 39.3 12.2
LIS A IR T K 912.5 1788 8.7 102. 3 23.4 36.3 22.0
BRI 25 680. 0 50 490. 0 7.7 <1 3.5 11.4 57.1
, Na® - SO~ , SS TN TP
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MBR =7k 471.6 204. 5 212.4 5.1 8.6 15.9 0.2
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Fig. 3 Diagram of PEFO-RO linkage device
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Fig. 5 Influence of domestic sewage flow rate

on permeation flux under different seawater flow rates
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Fig. 6 Influence of seawater flow rate on permeation
flux under different domestic sewage flow rate
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Fig. 7 Effect of domestic sewage flow rate on

permeation flux under different salt concentrations

when the flow rate of the extraction liquid is 300 L/h
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Table 2 Interception performance of PE-based forward osmosis membrane
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(mgeL™") (mg+L. 1) (mgeLL ") (mg+L. ") (mg+L." ") (mg-L ") (mg*L™") (mg+L.™") (mg-L.™") (L+h™")
HETETE KK 1636.0 234 36.3 22.0 648. 2 156.7 41.1 2.1 102. 3 400. 0
HVETS KK 2962.0 43.8 60. 6 25.6  1230.5 289.1 57.8 3.5 169. 3 210.0
AR/ 95. 1 98. 1 87.7 61.2 99.7 96. 8 73.9 88. 6 86. 9
e % 1.8 1.9 1.7 1.2 1.9 1.8 1.4 1.7 1.7 1.9
3 kit KRR AT
Table 3 Analysis of seawater inlet and outlet water quality
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Wil K gk Kk 25 680 3.5 11. 4 57.1  9859.3  57.2 0.3 0.1 <1 300
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Seawater desalination process based on forward osmosis process
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17.9 .15.9 1 0. 2 mg/L. {04k % PEFO % & 1Y i
R B E I AT K 7K A COD, TN Fil TP #:%
(% 3,COD<<1 mg/L, TN=3. 8 mg/L, TP =
0.1 mg/L). &k, 1T PEFO kb Bl ()76 K 75 5
HEATG AR R GE i — 20 A P AR S Vg KR AL BB 5
R R (C>9920) , TR /K 1 COD. TN TP
I 2/NTF 0. 04 mg/L, W B AT IO K DA bR ife
(GB 5749—2022) %3k,
2.3.2 ZUsHT

ST B LA E L RO SEKIRIE T 25
PEFO+RO T ZMZ 5 A, L 50 000 m?/d j=7K
R BT AR GBS AS T3 AL 4t RO T
DRy 455, W) H AbFEK A 111 111 m*/
d. 76 PEFO+RO T. 20, 2T’ 11 i, RO &25¢

) H ALK 52k 81 667 m?/d. AH N ML, FO REEHY
HEK E K B &y 50 000 m®/d, A T% T5 K 2k K B R
66 667 m’/d.

FRAE (3D F1 (D 1A 1, 7 PEFO+ RO
T4, SECr 7 0. 007 (kW « h)/m*, SECyo H
0.48 (kW « h)/m®; Mi7Ef6% RO T 241, SECro
1.19 (kW « h)/m’. Mt B 451K F . PEFO+ RO
T2 HfE4E RO T2 BAT EARA /K BE

kT T b X L R T (R AR B LB AT
PR A T IR BT U R T L W
BEULI  R AR M iR T T A R K 3 A PEFO/
RO Z Hif (4 11 &b PR 45 % F iz 47 [n) B, o A % &
PEFOT. 2 [A] 25 ik 8t Ak AE 1 5 7K o 19 Ji5 2 4% ¢

[

A4 Fmayiit L EGT  k
Table 4 Detailed design description and calculation method
HH ]
M/ %% f£48 RO:45; PEFO+RO T2/ RO B 60
W E AT TAE R R TR, SOk 12—13]
RS- RYIE
/[0« (kW » ] Tl FH P IS BeAf s 0. 725 I8/ (kW « h)
B1THEFE SEC/ (kW + h» m™) RIER (D
I 5 S A

WIS/ o6 » 3D
%/ 10

g7 P Ak B/ T3 o0

18 IR/ T 0

PRAERAC
AE M2 B ERD/ 7ot
2/ (ot ea )

R/ (TTI6 »a ')

2255/ 16 »a )
4 N T/ (TG -
SEAEA OT 0T -

SRR/ T -

B AR A SWC/ (G » m*)
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Cswip=0. 8 X 996 X Froeq™ ™, H o, Freea JE MK A FO/RO 414 1 98
(m*/d)

C,=AXFyo X pros HH, A K 34.5 J6/(m* MPa « h™)H, Fp Rk A RO
AR S pro A RO S FR3RAE R 7 (MPa)

Cirp=3 134. 7X Fygi™ s8L14] a:E[':F' Fl-:I)Rj‘j RO ﬁﬁlﬂ:/\ EDR E"J;é\?}ﬁi(nﬁ /d)
Ce=SECX Fyo X 300X L /10 000, L; i fif 2%, J9 0.9
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RO F 1 5 A

C.=0.022 5X300X Fieeq X L4
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THE 7 TR T 1448 RO il PEFO+RO (1)
JE A FIHEAE A, 25 58 W3 5.

%5 4:% RO #= PEFO+RO # B & & A F=
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Table 5 Fixed cost and operating cost of traditional RO
and PEFO-+RO
FO+RO

i RO FO RO
Bt AR T A TR /m’ 37.2  16.5  37.2
J 5 P9 T 5 7
RO R4 /K MR/ % 45 53 60
BB I /a 20 20
THERE/(dea) 300 300
BEFRIABFTHA] /b 24 24
FIZR/ % 6 6
S H 23 B 3 . 41
HLER/(m® < d™) 111 111 Gk 81 667
ARGk E/(m’ < d7h) 50 000 81 667 50 000
B{THJ]/MPa 4.5 0.4~0.5 3.0
77K TDS/(mg « L°Y) 60 13 000 124
B/t « (kW h) 1] 0.725 0.725 0.725
SEC/(kW +h+m ™) 1.188  0.007  0.482
[ A
T4/ 4170 4510 4170
JETCE A/ GG - 75 2000 3000 2000
ETT/ T3 I8 596 1353 596
E/ T 24.8  11.9  24.8
RS/ T T0 7187 0 3522
EDR/Ji 76 265 0 221
il 72 S AR/ TT 7T 9021 1364.9 4363.8
PRAE A
B/ Tt a ) 3564.0 22.1 1062.8
B/ (ot »a ') 119.2  135.3  119.2
Tb2E2559)/ (gt ah) 67.5  30.4  49.6
NS/ Orog « a=h) 27.0  44.1 27.0
BEMERA/CFot e a Y 3777.7 231.8 1258.6
SRR RA /(TG < ah) 4 482 351 1639
%ﬁfhﬂ(ﬁi$ Wl 3.0 0.2 1.1
G em?)
it 3.0 1.3

MRS R AT LUE A2 58 RO 20T i i e
FRE R, BT R FE S SR . 5] A PEFO
TZJ5 2% PEFO JE T4 19— UM £ 58 il AR 55
1o (R AT DA R RAARON) 1 e 2 4806, O HL R 2 T
PABEAIL 70 %.
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751 B A B L (E T B B AR Ak DL AR
JE SR BE RGBT,

2) PEFO B HEA 3 115 3 0 & 20 #ig K
TR AL AN A T V5 7K s 2 AL 1) BRAE = (B RS
T T TAL I R G, DA G BT O PR R G

3) PEFO B A7 R85 G Y # A e 71, T A 3L
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Combined process of seawater desalination-sewage
treatment based on polyolefin membrane

JIN Shunlong » REN Xiaofang , SUN Yajun, KUANG Wu,

WANG Zhen, CAO Yang
(Bejing OriginWater Membrane Technology Co. , Ltd. , Beijing 101407, China)

Abstract: Seawater desalination and sewage treatment are important means to solve the water crisis at
present. However, both technologies are facing higher operating costs. The forward osmosis (FO)-
reverse osmosis (RO) coupling process based on polyolefin membrane (PE) was constructed to pre-
desalinate seawater and simultaneously reduce sewage. It is found that PEFO membrane can achieve a
permeation flux as high as 32 L/(m® ¢ h), which is more than twice that of conventional membrane,
depending on its thin characteristics when seawater is used as the extraction liquid and domestic sewage is
used as the stock solution. In addition, the higher the flow rate or concentration of the extract, the higher
the permeation flux of the membrane. Through this process, the seawater can be diluted by 1. 6 times, the
salinity can be reduced from 2. 5% to 1. 3%, and the sewage can be concentrated by 1. 9 times, which
greatly realizes the reduction treatment. In addition, the rejection rates of TDS, Mg*", Ca*t ,K*,Na',
SOf , TN, TP and COD reached 95. 1%, 98. 1%, 87. 7%, 61.2%, 99.7%, 96.8%, 73.9%, 88.6% and
86. 9%, respectively. In addition, compared with the traditional RO, the PEFO-RO process is expected to
greatly reduce the investment of high-pressure pump and reduce the electricity bill by 70% every year.

Key words: forward osmosis; polyolefin; desalination of seawater; sewage
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