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Abstract

Today, water desalination methods are of great importance in solving the freshwater crisis in

the world, so that in recent years, the world's water desalination capacity has increased
dramatically. Among them, the reverse osmosis membrane technology has been the most
popular and the most commonly used. There are problems such as high energy consumption,
high operating costs, and fouling in this method. The objective of this paper was to use reverse
and forward osmosis membrane methods simultaneously in a hybrid reverse-forward osmosis
setting, which enabled us to take advantage of the benefits of forward osmosis such as not being
dependent on high hydraulic pressure, lower cost and less membrane fouling compared to
reverse osmosis. Another objective of the study was to evaluate the permeate water production
efficiency of desalination with this hybrid method. It is expected that using the hybrid method
will reduce the required pressure for conducting reverse osmosis process to achieve a specified
permeate flux, because it reduces cost and energy. An HRFO laboratory pilot with a capacity of
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50 m*/day was designed and set up in the Hydraulic Lab of Shahid Chamran University of
Ahvaz for running hybrid experiments. The design of the pilot was such that it could operate in
both reverse osmosis and HRFO. HRFO experiments were carried out at pressures of 4.5 to 10.5
bar for Ahvaz urban water as feed solution, as well as NaCl as draw solution with a
concentration of 2000 to 10000 mg/L via the experimental HRFO plant. It was found that
adding the forward osmosis to reverse osmosis at the best situation (lowest pressure and highest
concentration of draw solution) can increase the permeate water production efficiency of
desalination by 55.12%. The best hybridization degree of these two methods was determined to
be 64.5% for reverse osmosis and 35.5% for forward osmosis.

Keywords: Desalination, Hybrid Reverse-Forward Osmosis, Laboratory Model.

Journal of Water and Wastewater Mo 5 of dxe 0
Vol. 32, No. 2, 2021 Ve JlolY okl FY 500



dx.doi.org/10.22093/ww;j.2020.214776.2975

54-67 axio 2 o yloud 32 0,90 « L g &_:T alxo
onitind pownl = i g520 Jowil oS AL LT o 8 Shos b 3
(1935005 iyl B gi (B3L ! B sl

T sosaie yaSanl e o g jlasl ke plslas cy

‘L;)La.u 9 O‘JA.: (W sdsiasls J,:Sa G,P.LA.;“) -\
Olyl slanl Glaal oyl ez dagd ol&Kasls
zeinab.hadadian@yah00.com (Jgtus eatu;s)
GG)LQ-IJ 9 O‘)"‘ (sdige saSCisls sA.S:)l u.mL:..h)lS 65’.‘-‘:‘5“’ -Y
Ol sleal lanl ol an gl ol&asls
G‘S)LQ-IJ 9 O‘)“"‘ (s ouSLasls wliwl =Y
Ol sleal lanl ol an gl ol&asls
(sl gl (5 plidgl olidos 55 e wliwl -F
alnl lgal lgal ;uld guiz (Kb psle olKals

W@V E LYVARY AR RC PN
el i 2

loyd plS! 93 O ygo 4 dlio ool 4 £l 5l (Sl
S35 (513 paiians pems! = w5 ansl (1S 35 (BE LT Juko 35Shas (LD TV F bl gy aie 0§ oSS a6 L3 03 ol alas
Doi: 10.22093/wwj.2020.214776.2975.8 -V (Y)Y Y ool § 0T adoe " ala3esies diul yb dudg5 2330

0-1&?‘

" k4

b bl Gl ;3 & glaigfar . nyls (3L Caodl Gl 3 (2 O Glpoe U 33 O (135803 sla s, 25950
o9Sre jomwl (i (g y9lid (0l (milnj Sad a9, e I Cowl AL (5 pRentia GRIFI Gl 3 T 1S
O 3 (5 9 (5513042 3§ sl 4258 35 (551 B e Wil (FHSUe Sl ARSI 1) 52,18 9 S (2 il
S 5 IS d ediiane joul g wgSae jowl (LBE Sy I lojed oMkl (iReds ol 5T Bab 315 3929 (149,
)5 g A Il VU (Sg e Lid @ jlipae wile palltune jow] (b Sl I 03Makw! b pailiens = (prgSae jous!
ol (o5 5 gyl & DT (221356805 00 (32 3 O 398 (1) (al381 (w2 9 (95re Fous] (g L dumli )3 yiaS
3 pasudio )L & iy (12 (gSre jowsl walyd (1 3V LB (liae (oS 5 (g 3l e3Lw] 390 U1 &S (gldigS &
L e = w9-Sao joml (oS 35 (2150 (B Lo T gl S a8 (AR (5551 5 a3 a4 9 (et O
5 Sl lajl plnil 15 5198l ()l e S 2SS Sy yd olSbulesl 3 jo, 53 CuaSafie B (djSas Cud b
ol (5 35 2 9 ogSne jowl Latlpad )3 @2 ol 51 Gl o0 8 ol (glaigT A gl (ul (BI)b S Wbl 5 ()b
Sl Lid (gl g STygd Jgdomo (ylgmiss d Sladl (650 T (6130 (o5 5 o silojl 355 (5,10,020 e aianns — pwgSino
2iiS Jgrlono 156 41 Sy S e 5 i 55 S sha Voo e B ¥oor CBIE gljlar )l 1 +/D B /0 Sldos
2 plonil Lagsbalesl oy 5f (6a0udS Jglomo il (s yiuds )W (32 5205) CIls (1 pigr 3 &5 i padedus g b Lol
A il jdl 9o 3 DOINY L5 1y omt135Sa oty 0 uds 21,15 g5 o0 osSinn pows! &t paitins jows] 33,5 4L
ot i o] du0 53 YO/D g (wgSro jowrl duo yd FF/D (yigy 93 (il cuS 33 da 43 oy

SOl T Jaw (adtiane o 950 jownl S 55 (218 ) Kas s aulssleols

Journal of Water and Wastewater Mol 5 of dove

Vol. 32, No. 2, 2021 VP o Jlo Y ke FY 550

oF


mailto:zeinab.hadadian@yahoo.com

ay

dx.doi.org/10.22093/ww;j.2020.214776.2975

et 5 (B lojT Juo o Shoe (oL,

s Ol s ss S8 anl b ol ol sla S
e S & Gl SBLE L Jsls S 51 (g 50ml 0L S
G an opl b ol (Sdssae L o sl S el s
S s (S5 5 HLES 4 &S o S el 4 Zord (55
ol al b osr b Sl sde (S e B sba s s
S5 5 ey slaan a8 e Jlsrsg;{.‘.]ﬁ)'x:"’ JLES s s
e Sl s g el el S L Las Sl o5l
(Shonetal,, 545 o o sSan ol ansl b 51 1S 138 o oo
2015)

s Lid (S (S8 5 Jonily attans saml (5L15e S5 5
sle iy 5 (S S dden y cunl (Sgu JLad 552y [
s ol 53 (S S 5wt |5 ISt S ol 4 by
3l sl oy Cusl A a8 (S5 b 51 S sbe
258 n oLzl oy San senl wile 4o led (5 420l
Bim 55 Sl i el (gl sadis e s o e
Py o S RUPyPL LI -V ORI oml s el
sl ay) 5 (Chung et al., 2012) wS o a1, Lo pallsl
S S 51 el Mo LG shas 2238 s ¥ Job s o sSan
(30 e Rl gl B 6550 50 Sl 5 5 635
o) 8ty 3o0lsl st o 2 SIS Cad a5l sl Yz
Lz (=S IS o) s S S s
s 35023 .(Shon et al., 2015) .lssls 1,3 s o]
st a8l 5 s ey it el = e S el S 5
5 3550 o sthal oS b T mlie 55 (K85 5 4 S
NG LIS

35w samsl (oS5 a5 595 pead bl Olallas 2oy
)b kil iy (gl ) S ezl IS5 & it -
LS oy o0 1 m G 90 o Sl el by s
orlde 50 Ls 6058 S8 4 iy Sl g 635 5 an e
szl LY+ 08 Jl s oes 5 g ol 039 a2l
O bl gl )My 52,8 B s bbb (55 Jae S
T 33K 53 o sSnn 5ol 5 s somsl GoA] 8 g
ol Lt U s SO 5l Ll asls 50 0l 5 s

" salt Rejection
® Hybrid

Journal of Water and Wastewater

dodde =\
.| gl oS (5553liS 5 Lo w5 i Comaz 5 58]
Sl 5 et 55 50 0 mlie (S5l Jlannal |16
Ol 5 o3 0 055 12T e Sy ke = g 5 Lo
Bl w5 4 e sl S e Lolge San 2150 5 of
.(Mearns et al., 1996, Hughes, 2003, c—ulsund
4 «> ¢ L McDonald et al., 2011, Whetton et al., 1993)
Sl oler OF ams 3 Y 51 iy S LTl 5 sas o e sl 5m
63Lss Cmpmal s T 5558 bl s Sasicnly s
3 e dla 53 a8 10 58 a1 e OF ol > s
ool ils 6 Sty il oler 5 o glssKe cud b
330555 53 2ty Jdsa " e sSine ol (55 035l
ety iman 5 500500 5 ST (LT Uit g oi 54
Gy e T LY Ll s 5ls, 50 6550 03 oSy 20l
J'.g_.»‘u‘iﬁjja.aj\bb:ﬁJumMﬁQﬂ\o:;mJ&ﬁ
G3lwliz gl (S5 Ble SO pl e Lid S 5 e S
sslad YU (S pies Hlas slaslisal Lol 51 bl bl
5305 6550 B me Cel (S gy e laslinal s 55 o
FRVE B - e ol ols s 2l Sl 4y 0
OUN P JPIERY AR SVPEIVSTANE S YLD

.(Shannon et al, 2008, 055523 55 S5, )l s
Vrouwenvelder et al., 2008, Ridgway and Flemming,

1996)

o4 5l e S sasl gl sad ke b1 w25

A S 8B5S S a3 Sa 5313
iy s 53 330l 58 OF e shaslizal 5 e 5 JG
REREPICTE. VN EN U 8‘3 BE Dr-:a-?-m FROMRCI I PRSI
S e gman sYU cble U Yl G o s oS ol (50
A_)T)‘J—LL! @‘b;&u;‘w}bj_&o_n o.x_:nl./o.x....;‘st)jlm
TR U Y P JEIWERE S ST G- SP S INREIRE IR
)‘-bhfw)‘éu&;ibdrb)ﬁbwwg;—»‘)bj

Desalination

Reverse Osmosis (RO)
Membrane

Fouling

Forward Osmosis (FO)
Draw Solution

o g~ W NP

ML 5 Of alona O

Vol. 32, No. 2, 2021

\Fe. denY UL&A‘Y 099



dx.doi.org/10.22093/ww;j.2020.214776.2975

Y Lokt cos
Ohlkes 5 slobi>

o3 g ¢ o 550 sl s b i o 55 (6005 0 e sloa 2
[(Blandin et al., 2015) ..

S 5 s Ol 4 YV L s 0K 5 e
0_1\3)‘&43 3G W TS d\.lj)\\gr.:&m}m»\-uﬂj&a Joon|
b 6l g3lasl Jun G ann g & il azsls y O
Lis b 635 L 0T TS5 0l sad 335 5 5al
(Ali etal., 2017) azsls

ol 5 i Ll Yo A s Sols 5 ol
"6 L U el = e sSiae seml Ciliie 45 LSS slausy |3
Sty a5 o) 4 Tty it ol = G Sinn 5ol
S S5 )b olsie s sSae senl it el unl b S
walfjéjbééjduw)&a}w\j\k},}r:&mw\
93, Sl ol galamlan] b G o sd e saliul Slles
Sl b s &JT 212355 5 oo o0 5 (S NS Lo glaasy 32
.(Wan and Chung, 2018)
°L€4—jﬁ€,w}—<*‘}4“‘6j;5‘dfmﬂl56‘ﬁ‘)w}§*‘}4“‘
ssla (5‘]3 G.:SJJ .L:.l\fé J.;.l:ﬁ 6‘:.’ 3 J.Le g_§.3_ \.(;JT..L?;\;
o 53l aa s Uy OF s Sead 5 oMb 5l sume
35 el 51 S anl 8 ol se s it sewl (S 5 )b
JLJUAJM}Q_»\J;{\JBQWSJSM\AJJSL&.MMM\
e e R S N JUNE S ISEPRE RS
oo 350 saml ay] 3 51 S o 5 St el (6551 B e Juli
@\ﬁj\JﬁSamMW}MwU\W.@\J&M
G5B e Bs5d un Sy o510 JLail b il o St el
5 S W o pl 4 Ty Jilas 4 o sSan sol
sl o 5Sae saml = iiine Sesl (S 5 )b g (olb
(Seoetal., 2019) 5 45

G 93 Shoe 2L5 14 VoV Jle s sald 5 52z Y
C{FERIPE BCL SO 5 U SRV U NP VO PERRPL 3
Sy Shyss Jsloma s Saslinad 555 I OT 50T L5

2 Feed
Pressure Retarded Osmosis
Fertiliser Drawn Forward Osmosis

Journal of Water and Wastewater

212 S J e @muﬂ S8 s b )3 S
Gy 0,8 sl Jas (gl o)y s gl S 55 S
Cilie Loyl s w8iaybosl 5la s Sloabee | Ls ylia
ol 3 s ol oS 5 S 0 Gasda aizh g5l e
i ol a8 51 VLSS G oo sl e e S0
[(Choi etal., 2009) s,5 slles Ll & 5 5 55 olse

by S Sos ptasy o Y Ul s olslSen 5 s
e B B e B Tt
oS A s Ll B L sas ool Sy = J sl
sl 0Lt (3l g5l o 5 e 5 gl 32,3, S
S35 115 5 San ol = its ol (Sl B S
ol 5 i joal soan b 0 Cos (w3 PFIA) iy
(Choi etal., 2011) <ol o s

S5 i Sttty 4 YT Lo s s 5 SO
A8 se 5laand Slolinwl U it s = o 5-Sx0 50l
ﬁjs_ﬁm}.,_,,\ S bol s e opl s asls
39 g g Sn somal 35 3l saaS Jhoe 515 S50 (6l 505 s
3o lb Lo mll sslaig 4 Wi o3l 4 T s
s ol (S 5 5Lt 350 2L 6l g0l e
>k el leans 0am 5 Sl ($08 e sSan seml
3 oS sl et Sansl (S s 16015 20 2
e A8 o o3lil o 5SSl (s 4 S (g 2y
9ol il anie it el Gblid ann g
=S5 i S s o r—<o—1>"> chle ¢l 3
(Park etal., 2012) =l 138 b

Ll S UL sl 6l YN0 Jle s ol 5 oDl
e ol = o 5800 samsl (S 5 s S (595 (5313
glin o sSns o) e o 5 L1, 0T s 5 sl oo
993 9 peftens ool (95 L b (1538l et o) 530005 S
sad oslit sl o g Sae sael g5 5l eansS Jploe Sls S50 610
s o= g S Sl (2S5 s S 5l 5 s
sl LB sk o Uy 550005 slaay o s i

1
Flux

Vol. 32, No. 2, 2021

OA

N 5 O done 0

VEe o JlolY bt XY 50



04

dx.doi.org/10.22093/ww;j.2020.214776.2975

et 5 (B lojT Juo o Shoe (oL,

2 g3l golat) Joily s Sae sol = e 5ol
(Imetal., 2020) 5,15 %5 cbls 5 sla,,ls

Lid ae (Rl L 5 (S8 5 s Lid s Slas IS ) 5ba
il S5l LS o s O L) Wl e S2alS
el S35l s et ST s 5 b Sl bl (Wl e
Slae 5ol sl s bt wie oo 2oL T gls 2l
S 5 b 5 s game ol S 15 552518 o gums a3
B Y P W PN PREP JEDRU S NS
3 ol s o L s et OT L8 S5
(Zaidi etal., b o palS s f om0 S i
2015, Djebedjian et al., 2009)

(5 San el sal&ias s g Slys5 O sles ppiman
(Chu et al.,, 2016, <culsud slginy wsnds 45,5 Y0
Mohammadi et al., 2003)

ol oG 5l ol sslinal Gus oy 5y ol 5o
L s = o S0 el (0S5 IS 4 s samsl 5 o s
ol gl YU (S HLid G 5spae S 5l ozl
w5 @l Rl sz s St Sl b sl s i
4S Gl Su ol (S5 sy ol b ol o3 Sas cpet O
Ol ize o 55me 3ol b ol e ites samsl 5l aslizal 55 a5
masda S5 4 Oy 5 o sSre seml a8 (sl 5 Y LS

a0 GEalS 1 (6331 5 4y 5m 53 5 aad et T )

b sy 9300 -Y

!.Sla SY¥slee -V -Y

- JUisl Jaa L o JUish gl i wslisad gl e
ool G3lterd gl 50 (b (5055 Lol ool Sty
23l (e = o 5 Sxe el (oS 5 s ol ¢ o $Sno
w2155 g Sne el ST L (6l e el olal 550

Csls
Jw =A(AP-Ar) (OLI Stream Analyzer 3.1.3) ()

QT)J 45
ST s s gy AMMZ8) ik 51 o5 T LLED,,
ATC) (kPa) [ d\.&:\ é:b).x:.m JLJ.'..‘)AP ‘(m/S KPa) (S

Journal of Water and Wastewater

sxitS Jslos 5035 1 53 SO Chle b (S S sl
[(Lambrechts and Sheldon, ulss o as IS ol 558
2019)

Jlasl LY Y it soul Las G YV Lo
DhlSan 5 o o 53 A OT Sl gy S sl 20
SLs S L ol g el i 5 Lid OF Sl s el
(Suwaileh etal., 2019) cuils |, S K

Sl s, Shes aslio 0 Y08 Jlu s o, es 5 o
o 5 Lo OF it sl ="l 5s OF o sSinn ol (S5
Lyl s S g B (gl Mt 538 9 U ps T o s
e 45 Wiy 8 ol 4 Wl sl y il 5505 00
S o pH b G 5l L Bl gl sslety (S5
63l oty LSl el ol oS 5,15 538 s e sSae 50
ol (S5 3 eien 3,8 e S lles 30 e
o 5Sn ol 4y i 53 O s sl s T e sSnn
(Banetal., 2019) col wl 8 5 gsleassl a3 S L3S 5s

Sl mls 3 6l YoVl s o, Ken 5 50,5551
sl B, 51 B Sl samma sslin il 5 558 Cd (e 5
O3l 2ed 56 (305 5l Jsde sk gl 5 pinne
Sl i 5 IS e ey ol s eas S sslinl
CeiS 28 s ol ud wslizal sansS sl ol see
3Ll (61 1 (S e 2 iy 57551 (5315 Dl
.(Giagnorio et al., s o oLis |y uls38s 5 T 3l same
2019)

S sobatdl 5 5 sl 4 ohlSen 5l Yo Y e L
OLall So liiio 55 5 San sl = ditens Sasl (oS 5 a3
b S5 b bl dnlie 5 Lo Of 51 ol S 6l
el sl Jien slado a3 s San sl anl 3 G
T el sLlLid b it sl (S5 slaanl b S b s

S 5 ) s el 5oty a5 OB

Cross-Linked Layer by Layer
Seawater Reverse Osmosis
Seawater Forward Osmosis
Two-Pass

Two Stage

Spiral Wound

Plate and Frame

~N o b wN e

ML 5 Of alona O

Vol. 32, No. 2, 2021

\Fe. denY UL&A‘Y 099



dx.doi.org/10.22093/ww;j.2020.214776.2975

OhlKas 5 loki>

ojju, L;_auau,m ;wmdmﬁmw\mg

MM‘PJ&)L}S‘;“:’d‘;u

(v)

D e — )= Tk exp(——— WkFO )]

m

Jw-po = AAT, = Almp g exp(—2-Fe

QT)JAS

J.J:oawdjlmdw\)w@w\ssuﬂexp( R FO)

Sl DLEE a1l o eXp(%) (bl ox“‘x;%,
S Fe T 3T ol ¢l s S5 J sl
Kin 5 sadS Jydomn 5 S5 S 50 S (g 0l 523

bl Sty ol 53 2ol Cansli

K., _D (A)
S
2|
S=+ (*)
Wl s«

2l calrs Jals cwsa T e lie ool L S
S s e olis SVoslae opl ol Jilse bl &Y iy s
S sl el asile Lt Ol pas b odites s ol L
ol Lle s ol J,S LB A O g b s
L S ol (g ladie 51 Sy sl s o (2820 5T
ao b e Gz OVl sl U anl
2010, McCutcheon and Elimelech, 2006)

.(Tang et al.,

Cj—*‘*—"f-")‘r—:ﬂ-ﬂm'uﬂ)& ool (S5 STl el s
Lol plnY oY &V¥sles

(\)

~J
Jw_HrFo= AAP +The EXp%FO) —Tep (EXp@) +9Xp%»]

Journal of Water and Wastewater

S g el Slid ol (KPR) Lis b b g el Sl Vs
wile (Sealysgo 5 slaslsdle 5 5heslizal b (Solot b sle
.(OLI Stream Analyzer » 34 s» J4e OLI Stream Analyser
3.1.3, 2010)

S aas c- IR PRI X A ERCH JUWIE
oS5 b ol Sl as el ol L elSeel
b ool ol B sl 5253 1 3

Jutro = ATAP = 7 exp( 2] (v)

OTJJ4S

(WRO)

J\JPJ}JAALSJH| L_...Jw‘_,.é‘wj_.a exp
J}_lm 6}4_.»‘ )\_.:...é T[F ‘Lr:E'L.; O}.:-w‘_}.l))kg: J_:JJ‘X_g
(Sh) 5354 sace 4 5 o JLisl s 2 K 5 (KPR) S, 55

Wl on s a3 O Vslaa 5l Sl anel

k:ShD

(OLI Stream Analyzer 3.1.3) (¥

h

Sh =1.85(Re Sch“)O“"“" (¢ ok~) (f)
Sh =0.04Re"" 5S¢0 (sl ol ) ()
L@JT BE 45

A(m) uj.:‘-‘j).k_:h J_Eﬁdh A&:a.:.o_w‘ sa—=Sc LJ'J_!}.:.L) sa— Re

5 (AP=0) ol i ) (S gsam b it sl a3
b el ol Sty Jlisl Juw ol 5 T L

Jw-ro = A(AT,) = A(mt, —7e) (?)
uT BL) 45

TED jTEFjl_\;}.C‘_Jl_*ﬁ 4_‘[\‘}));3_& (5)4_«‘)[_&3 d)&;’."‘Aﬂ:e
Mowd)_l:uﬁgsbpd)_l:ud}w\Jw%ﬁ@

N 5 O done 0

Vol. 32, No. 2, 2021

VEe o JlolY bt XY 50



4

dx.doi.org/10.22093/ww;j.2020.214776.2975

et 5 (B lojT Juo o Shoe (oL,

PN FCTNE ST SEIN JEE S SO P NS
3oy Tl ity Soa 51 0T 5pes Sl g vt 20l 53 LG
5 Wb gy 51l L L o Sand (658 )Lt g
3oad et O i gs 1y 0T Lad 51,3850 Gy 5 e 00
O 03 35 3 b gy e 5B 53 500 S e Ol
b g0 055 > pasede S L saiS J sl it el
3 el 0l 2 S5 s s 53 ey gy s sl
Lit oS0 dydslicwl Jos lis oS pdd o S sl b
Gob sl xS Sl U S1 58 0T plo a3 08 o 5
Gk 5l sshonnls g Ll dn sy (655 oS ol
695 pdonn 55 lile M 51 b g o ,Lt 5z
ooy 5l s QTT:-SJ—MJM‘J:WU#}C—»}@
35 n o3 abs e (5 53 e 5 4Bl 28 (658
5 gkt b s 5 5L s il BlES s s
L (65505 e 0

S5 5 e sSas sel S g e (gl ead ealinal glas
S5 5IBW30-400 ¢ 45 Lt Sy itonm oy S 50
5oLzt ool 6= (A) O 233585 o e DOW
5 oS el 28 L5T e sl s ECERRIEN
Json 51l Csis (MUS.KP) Y, %= 1y el IS
a Syl ol e O slize gl ale LNACH ST, 55 S
s eslizal 1,43 e

LT oLl -Y-Y
s = o 3 Sn ol (oS 5 35S a8 besT bl
Lol gl 5l o) ey g 81 S st L5 s
S skl mlad el s (b (S5 st el
5 il oy oy 9 ol Cealonz ool olis ¥ g ) gla IS5
e 3 b yas ol (s Sl = o e sanl) (53S0
R ISTRILAIH PR Y PO B B (O T A SO FeS
e o555 508 S L i g a0 2 e JSG
0Ltz e 5 S5y (ol (ESUI L o sSnn ol a1y 02
35l st sl a5 K5y S it s
2Okl ol 5 s e s a, SO Ol e b b
L oS el gl Sy Sl onl olb.cal sason, T\ Jsus
Lt 5Lt s 51 1o o aennd ot 5 oS5l 51 aslizal
5 o 5Son sl (S5 5 oS senl il 3 s o 5l 0l e
35 Gl 0 e

O35 53 S Shypr Ol ikl S iy 50 ) IS Gl
5SS et Al )y b g Clead s 55 S g2
3 5 g b B el ey O350 53 5035 550 bl S
S35 03 3505 oy b 3l sict wiad Gy O e
O 2 03 U s s on et ool 50288 gl 5 e 5Sne 5]
J@Twﬁ*ﬂw‘uﬁ’éﬁ-ﬁﬁwﬁﬂﬁfﬁwb
oy Gk Sl Cl st s 35 o s sal S1y 55 (55 o
Gre Sl3 Sl pliabl B b o s 1ld 5 Sn sl 00k 5

EACE R I RO B B SO T P LGPt L B PR
Table 1. Equipment used in laboratory pilot

Pretreatment unit

Reverse osmosis unit

Forward osmosis unit

Equipment ] ; Equipment ] ; Equipment ] ;
type Capacity Unit type Capacity Unit type Capacity Unit
Booster pump 1.34 Kw Tanker 1000 Liter Tanker 1000 Liter
Tanker 1000 Liter Mixer 1450 rpm Mixer 1450 rpm
. Booster Booster
Sand filter pump 1.21 Kw pump 0.55 Kw
] High pressure
Carbon filter pump 3.06 Kw
5 micron filter *4 Membrane BW30-400

micron filter *4 1
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Fig. 1. Flowchart of the HRFO pilot plant at hydraulic lab of Shahid Chamran University of Ahvaz
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Fig. 2. The HRFO pilot plant at hydraulic lab of Shahid Chamran University of Ahvaz
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Table 2. Results of HRFO experiments with draw solution concentration of 2000 and 10,000 ppm

Q(-?:)O ©) (4) (OLIStreamAnalyzer 2) el Strgalms,)b\nalyzer
(6)=(OLIStreamAnalyzer3.  Q-RO glﬂ{%\'y] Jw?i—llggzo Rrgszier% draw solution
1.3)-(4)-(5) P concentration
(Baranowski
(LPM) (LPM) (LPM) (LPM) and é_&%c))eufl (ppm)
3.26 7.42 11 21.68 45 2000
2.72 11.28 11 25 6.5 2000
0.81 15.14 11 26.95 8.5 2000
0 19 11 29.99 10.5 2000
4.09 7.42 11 22.51 45 10000
3.99 11.28 11 26.27 6.5 10000
3.39 15.14 11 29.53 8.5 10000
3.25 19 11 33.25 10.5 10000
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Fig. 3. The feed pressure against HRFO permeate discharge
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