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Abstract

Synthesis and characterization of hydrophilic polyelectrolyte was performed
in this work and used as draw solute for forward osmosis (FO) process. The effect of
different ratios of acrylic acid (AA) and benzoyl peroxide (B) on the properties of
polyelectrolyte was studied in this work. The physical and chemical properties of
draw solution (DS) such as pH, conductivity, osmolality, viscosity, molecular weights
and functional group were investigated. Results showed that the solution osmolality
increased with increasing AA/B ratio. Self-synthesized polyelectrolytes with different
molecular weights (MWs) were further correlated with its solution osmolality. The
self-synthesized polyelectrolytes of PAA-K and PAA-Na showed an increasing of
hydrophilic functional groups such as -OH and -COOH. PAA-Na with lower MW and
high osmotic pressure in the aqueous solution is found to exhibit a lower reverse
solute flux during FO process. Meanwhile for the polyelectrolyte with higher MW,
higher viscosity and lower diffusion coefficient were reported.

' and salt

The permeability of membrane is equal to 4.21x10"? m.s'Pa’
rejection is equal to 54.24%, respectively. The FO performance testing by using PAA-
Na as draw solution obtains water flux and salt reverse flux are equl to 0.4 LMH
and 0.002 gMH, respectively. The Ultrafiltration for draw solution recovery is able to
recovery draw solution for 30% and salt rejection is equl to 54%. The stability to

maintain osmotic pressure is slightly decreasing.
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A | Aa a Yy v v a H a .
WouNuLNUTY AnansazaneniyTaaududuley (Usunaniige) 3en Feed solution
Vo a ' Y Aa a v v a S v a ¢
wngH s usulUGanuatsaratendusuiuanutuduas (Usuiaindey) nie aishs
(Draw solution) 119 USUNaIU99a15a2a18YiINAUL HaR19IU9IANNAUTLAATY ARD NARI9UDY
[ a 4" [~ Y (v ) VN v} A goj 1 d‘ 1 1 'y} a
ANMUSUDRALUAN (AT) T2t TULTITUA U IAA NS NTUDIUIH UL DAY ANAINNAUD DAL

nUasasarateAuIulaaINaunIs Van't Hoff’s padl
T = nCRT (1)

e T = Anusupadlu@n, kPa;

hninluanavesans, ¢/mol

n=
C = ANULINTUTIWIAVDIANTALAE, M;
R = AAsiiuAg, 8.314kPa.lmol LKL

T = gauugd, K.

F9aUN15UUDINITUNIN UL DR UAN 9 :

e Jy = ANENGU8953UU (LMH)
A = USEANTANNSTUEILYDIU (M?)
AT = HafN9ANUAUBRALLANTENINLEDLNY (Pa)

AP = NARNANUAUTENINEBLEY (Pa)
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1200
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1000 At
—— NaCl
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; —<— MgSO,
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= 800 :
o O NH_HCO,
§S) | z
2 ,
£ 400
o )
200 A
¢ o £ .“_._,....~>->~
0 ..”‘t:‘-(g-llfﬁ‘.’-.':" i -; . . ! .
0 1 2 3 4 5

Concentration, M
5UN 1.4 Aussiuesaludinveandesiiunidudazyinlunsasainuiutu 3]

1.3.3 WULUsu (membrane)
wanusuildluszuudinlidanuyeuiias Feiwuiunain Cellulose
Acetate (CA) uaz Cellulose tri-Acetate (CTA) Felagiulaiinis@nyinsusudsanuiann

BaTUAEITAN) LU wanawn, UV 1usiu [6] anunsaagulanemisnei 1.1
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Water flux
Membranes Feed Draw solution
(LMH)

CTA flat sheet membrane A, HTI. DI water 1.0 M NaCl 16.8
CTA flat sheet membrane B, HTI. DI water 1.0 M NaCl 12.4
CTA flat sheet membrane C, HTI. DI water 1.0 M NaCl 6.6
CTA flat sheet membrane, HTI. 50 mM NaCl 4.0 M NaCl 27
Dual-layer (PBI-PES/PVP)

DI water 5.0 M MgCl, 24.2
NF hollow fiber membrane
TS80 NF TFC membrane, TriSep DI water 1.5 M MgSQO, 11
TFC polyamide flat sheet membrane DI water 1.5 M NaCl 18
TFC polyamide flat sheet membrane 0.59 M NacCl 2.0 M NaCl 11.8
CA Flat sheet, HTI sucrose 2 M NaCl 17.22
CA Flat sheet, HTI sucrose 4 M NaCl 18.11
CA Flat sheet, HTI sucrose 4 M NaCl 23.88
CTA Flat-sheet, HTI BSA 5.0M NaCl 25.2
CTA Flat-sheet, HTI Oil & Gas waste NaCl 50¢/L 10

1.3.4 d1504 (Draw Solution)
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Jould NsEUIUATWENMELULUSY WU Nanofiltration, Ultrafiltration 1Judu %Sen1sly
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EMgCl2
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W CaCl2 + derivatives
Nitrates
1 magnetic nanoparticles
B Sugars
1 Synthetic seawater
1 real seawater
HNH4C03
W Carbonates
W Sulphates
Phosphates
Other
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17'im - akUasun K. Lutchmiah et al, (2014) [8], M. Maneechan et al,, 2014.[12] uaz Q.Ge et

al., 2012 [5]




Y A

NeTsznU Tuusazeinvesansis axddenlndiAssiu As danuausaly
nsaratgas Wonsnsivaas (high flux)  deussiueealufings anssilvades uas
anusanaunldlnilesldndsun Juiu Suluguandfivesasngy arsdsiuetiuvizd
, Highly soluble switterionic, High charged compound, Nuyrien-riched substances,
Readily available sources, Thermolytic solute, Engineered draw solutions

asinaInNa lud NAuaINaARUTEAVE N nYeTE UUes TR Rd

a | 1 < [ £ A ado v & 1 [y} A 1 = a g 5
Fa wiegalsion Smudaidenianludymegluderdu fe lunquussanshsiiluanses
sueliun3d wudl msilvaveundeuasinnisaasuluusiin support layer wazlungy
909 Thermolytic solute wu31 fanudufiviasianisagydeannisunsnizategs wazly
NqueY Engineered draw solutions wud1 tAan1syaNmlusenitimsuendmeudman, i
Anumilndealiusatuiedon wardnsinisivaanas danudniowasilvianauaudfinig

1 |3 [ £4
wiwanvasayna usu

TagLnaannaTandmnadsnvesaseaduluauitouluuns A, Achilli et

al,2010 [12] meﬁ’agﬂﬁ 1.6 A

1
o

1. danuanansalunisazangiias

Y

a Vv

2. stiaaupfuvesudefigumgiivios

3. laifiaanduiv

4. lgpusssueealufnuinnit 100 u1s

5. 51AU99a5 lAISLAYL 3000 UmFRRARS (10 USD/L)

6. laAngngasndnen CTA membrane 484 Hydration Technology Innovations
(HT1

7. liinnshTuvenndevieriundurennde (Reverse Salt Flux) snain

8. luiAinmsgademanududuresansimdiniiunssuaunsisiionn (@anm

AMUAIAIYDIALTIAUDBAIUANI DN TN NVDIANTA)



Inorganic compound

Solid phase

Most suitable draw solutions

Data
analysis

Replenishment
costs

Osmotic
Pressure

>1MPa FO reverse
saltdiffusion
RO permeate
concentration
Specific Cost FO water flux | \\7‘/)@%
< $10L
Y2
YES \\.‘ ........................... ‘.
: Distillation :
Inorganic compound : :
suitable for FO application H and costs :

JUN 1.6 fegrunaeinisidenasas [10]

1.4 n1siiAnisan fulutuuiusuy (Concentration polarization (CP) and
fouling)

Usngnsalreuguasiulnanlsiwdulaginds iuded davesnszuiunisuende
WILUTY Feazdamaliaindndanas wazviliaussausveanszuiunisanasing 39 CP 1u
‘Uﬁﬂgmiﬂimiasamaqﬁagﬂazawuiamﬁuﬁaﬁummm‘usu TneUsingnisainisiin CP 7
Aerulunsyuiunsesineedluda auintuld 2 dnvae Ao BndmesusanouluAsTy
Tnanlswwdiu (External concentration polarization; ECP) way SumosuoanouLAsTuln

anlbsiedu (Internal concentration polarization; ICP)

1.4.1 External concentration polarization (ECP)

Usngmssimaiia ECP astinuinuuiiufimwesamiusy fu
selective layer F3aziAnnsadufunisdouansainudadiiianududuninnin (Draw
solution) Inel Lee wazanuy [14] ladnwinalnnisanasvesnandlussuu FO wui nsavau
fusnaituRvesansavansuazausuesaluiniuwlduanassiensunsnduvonndoan

a PRy Y v . a a X Y Y . .
USLIUNdAINTUNIn (Draw solution) MfinunIu lnalanaaseiu alginate, humic
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acid ag BSA fauansliiiuiinisiia ECP iudrunislunisiiausssusaaluin lngni1siin

ECP a13150aalalagn1siiuonsInisivavssdnsazaleniuuie dul

1.4.2 Internal concentration polarization (ICP)

deteurududuvesansazans  (@15i9) wusoa  support
layer Uy U51NN158INT547R ICP dsAnTuUS e support layer Tnethasunssiny
NnUInadfirududumi (feed solution) TuduTnaifaandudugs @sie) asvils
nsiAn ICP anasneieulurieg wu msfiudnsnisiva lawsafiagilfannisida 1CP
16 Tutlagdu lafinsuiuusstanveammusuielflumaidud support layer Litelilu
DUAG

O.A. Bamaga et al. [13] Anwnagmuiaalsinuondaluinlussuy
FO wieltlusenuuuiiivanzanvesssuunan FO-RO lunisudminuiansainngia wui
AAnLweIANIIE LU 15 o/l uaz 30 o/l vestmeia szuuldussiudundeuit 1.1
k)/L and 2.2 KJ/L #ud19u LLangquﬁmmzaﬂumiaamwu Mg ULUY Plate and
Frame @whauldielidudou

S. Lee et al. [14] ﬁ'lmiﬁﬂquaﬂﬁumiLﬁﬂWﬂaﬁamaaizUU FO
uway RO feansduviduazarseduniduay BSA Taenisnadeuulsiumudeulunisifu
srUUTeINMIETaransuardnvuzresatstou wud FO LAANNIAIALUU cake layer -
Cake enhanced osmotic pressure (CEOP) \ilo99innisazausivanniaainaisaevinle
anderdnduazinnuduan uaznaAnnnAseruUsasunulnvosansiaunnyes
a3Aeaassd uazsiavesalsdunid Miguil 1.7 FansiAawnasluszuuiaifinein

Usangnised ICP: Internal Polarization Concentration tdumnan [1]
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Support Active
Layer Layer

Accelerated
CEOP

Reverse

Diffusion Osmotic

Pressure

Fouling
Layer

JUN 1.7 nalnnsifiandealuseuu FO LY ansis fariu [15]

B. Gu et al. [15] Anwinalnnisviiauuaznisiinnnasd ves Plate-
and-frame module and spiralwound module TngaSuledieaun1sn1andna1ansi
U¥NBUAILANNITAUAANIA @UN1T permeate flux model Lag @UN1T concentration
polarization equations WU Imaaﬁgqam'gﬂLLUULﬁmmiqmﬁuﬁwﬂimgmiiﬁ ICP 1Dundn
Famsifineduduresansfsassianninfnusngnisel ECP: External concentration

polarization



1.5 ASTUUNISNAANIINANUNLATANELUNLEY

a & o

U

1599 1UNANNIINNUN

Waa, 115117, §rviazane,

mM3UFuLEIgUNIN

ABUNITVINNIU LLamG‘fQ'gUﬁ 1.8

[
»

Wl @, N30, dihazane,

MIUTVLAIRUNIN

yudhouazldingavaludiwauy

(Raw Material Loading)

l

ATTUIUMTHANNOULIA

(Pre-Mixing)

l

NITUIUMSTUAT

(Milling)

!

[
»

NITUIUNMITHAUNAILA
(MIUASE)

(Adjusting)

'

NITUIUNITUIIY

(Filtering)

!

ussyhute

(Packaging)

!

v 3 Y o d A o ¢
VANVLVINULNVAAADNUN

(Handling and Store)

5UN 1.8 Jumounsineu

(Toyan1n u3Em . 18u. A, Blana 911i)
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Nens@ coD uaglaneniings



Tnefdnuarindefifianududures COD sewing 646-79800 mg/L, BOD 210-

1,300 mg/L LLazmﬁayjﬁUizmm 1000 Hazen fawanslumisnsdi 1.3

A15199 1.3 WSguriguanwasUdevasniiniun
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Q.Zu-min et al.,

A Mete et al.,

Y.Qingxiang et al.,

Parameter
2009 [16] 2004 [17] 2012 [18]
COD (mg/L) 79,800 - 646-5,056
BOD; (mg/L) - - 210-1,300
Color (Hazen) 1,000 - -

SS (mg/L) 4,900 - 387-980
Petroleum (mg/L) 1,000 - -
Temperature (°C) 45 - 22-45

pH 13 50-78 8-12

TP (mg/L) - - 1.2-11.1

TN (mg/L) - - 6.3-28.8

NH4-N (mg/L) 5.2-9.9
TC (mg/L) - 147.5-1,094.0 -
TOC (mg/L) - 134.4 - 1,052.9 -
NTU - 33.0 — 3,980 -

aa o w_ o o % a ¢ = = o o Y aa )~
IﬂﬂjﬁﬂquqU@quﬂﬂsﬂaﬂiiﬂﬂ']uﬂ/illﬂWll‘WVl'ﬁUllﬂ'ﬁﬂﬂ‘tﬂﬂ'ﬁ‘UTU\'ﬂfﬂ?ﬂ'ﬂﬁ‘ﬂ']%ﬂll

Wy nsanagnawall  nsldnsyurunsiuiuduswiulaweaniadu [19] nszuiunisle

19Ut 5IUAUNITADUALNOUMILNANNITALANBVDIBINA [20] NIBATLUIUNITNILAIN

W3l SAVTININ WU NsgeduTuiusTUUAENawse [2] Inedlsafuialednys iHewns
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weluladlunstidndenseuiunsanaznowell  n1snsesdENssuAsusLaEn1sTH
SuduTapUSuan i [21] egnslsinny walulaslunistrtatufudedonanesulunis
anduladiiunis dmiulssnuniinfiuivesusenlutagdulasidunisieenis
ANAENBULATITINAUNITAATUAINIAIY  SIAUTEUUAENBWSY  wazsEuusiTaoealuda

(Jayaa1n USEW 3. 18u. 1a. Blana d1in)
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2. YanaunInluazisn1maass
2.1 769
eARAALETRN  (AAc, purity 99%, 200 ppm monomethyl ether
hydroquinone as inhibitor) LobaChemie, Mumbai, India. wilwdaiUsseanlun (98%,
humidified with 25% of H,O PS) Panreac Quimica S.L.U., Spain. laneulansanlyn
(NaOH, purity 99%) Merk, Germany. Inuvaiden lensenles (KOH, purity 85 %) Ajax

Finechem. @5anus@sAa (Triton™ X-114, Sigma-Aldrich)

2.2 gunsnl
LS aInTI ANl (Conductivity Meter, WTW, LF318 Germany),
\A309fleY Cyber scan PC300 ( Eutech Instrument, Singapore) wawif3edinsnzsining

ninauuu Capillary (Scotth, 531-10)

2.3 A5n15AAUNNST
2.3.1 Anwianaudande
Anwiiaseiindedsseneusiee pH, SS, COD, BOD, TDS,
Conductivity, color waglanguiin (As, Pb, Hg) GTfaLﬁuﬁﬂﬁﬂwumﬁﬂqﬁqmﬂmﬂizmﬂ@mmwfw
farnnsulssnugramnisa we. 2535 lagTn1siesesidulunia Standard Methods
for the Examination of Water and Wastewater (APHA, AWWA and WEF, 2012) ety
Andosuluniseenuuuszuusasmmeanusiusealudnlunsipussuulniulunmeaunis

(1) LAZLATHUTEUU Pre-treatment Muunzaunaudnszuunesisnooaluda

2.3.2 §41m51%% Polyacrylic acid
MsdaAIIE Polyacrylic acid Imeldansisdudu Acrylic acid
Usums 15 1adams ( 0.52 mol ) 19 Toluene LHudwinazatedunsdiavdielun1sszune

aaa

ANNTOU  waranAuvtiavesansaratslumMrusyu)isen wagldansazany Benzoyl
peroxide LHufFuUATeTlgamgl 110 esm (5] fdumeulunisduaesilag 1
a1vazaty Acrylic acid monomer Usuws 15 daddns waunudinazale Toluene
UBnes 150 Taddns ludnines thansazaneildusseadlunaniunausuin 250 dadans
WaTNEAEITAZAY Benzoyl peroxide (1UUTU 4%) USues 15 Hadans wisuiiin1s Reflux

foamall 110 e Wuan 90 wiil WAnUGAsen polymerization wuugnley (chain
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[ &

addition polymerization) [6-9,16] vihlAnduluananediues fanwazninianmg
Huveaudsdvmdosegluasazansudnhlunsesiionssaunses  wazeuwisiigamgl
100 a9 levesudedunvass thuin 152781 ndu firnananiesas (% yield) wihiudes
oy 4077 wdmndwhmsliensimendnasamsiiodudumuduneiwes Toy

Uisensdunseviansuansusui 2.1

o —1 CH,—CH—1
T Polymerization |
H;C=CH—C—0OH - {llzt}
CH
Acrvlic acid - -n

Polyacrylic acid

g‘dﬁ 2.1 UfAsensdansizii Polyacrylic acid

2.3.3 d91A512% Polyacrylic potassium salt (PAA-K) wag Polyacrylic sodium

salt (PAA-Na)

2.3.3.1 §91A512% Polyacrylic potassium salt (PAA-K)

nsdaasIzd Polyacrylic potassium salt (PAAK) Tmeldansdediudiu
Polyacrylic acid #lénnsduaseilute 2.3.2 imihildulessuau (Anion) TuuFAzen
THuaunviin Potassium hydroxide (KOH) siwihifulossuuan (Cation) Tuufisen uas
14 Ethanol (EtoH) Wusvhavane fitumeulunsduasizilaet Potassium hydroxide
(KOH) thwitin 5.1 n§u azaede EtOH 100 faddns udussgansazansadiudninesoun
250 fiadans Wiy Polyacrylic acid tin 10 ndu adludninedtneiu udanharsazanely

f

a a v & ~ a a o & I
i Veaumgiviesduian 30 Wil [6-9] Aendndaeididnuaeniniennduveants
[ I~ a I aaa [ I3 d'
anwaslungnaudvniunivassegluasaraty  laeufisenisdunseaisuansugui
2.2 dmdnsuannlalunsasmenseanensaslananiueiviin 5.29 nsu dananasnsosay (%

yield) wihiufaway 52.90 wazdianslulaszimendnuasianigsely
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| ] | ]
KOH L L
T_T H.0 [’_l'
H T=G‘ H | =0
=)
i OH | ok ]
. .

Polyacrylic acid Polyacrvlic potassium salt

gﬂﬁ 2.2 UfAsen1sdansnzit Polyacrylic potassium salt (PAA-K)

2.3.3.2 §1A512% Polyacrylic sodium salt (PAA-Na)
daAs1g9 Polyacrylic sodium salt (PAA-Na) Tagldansasfudu Polyacrylic
acid fildnnsdaesizilude 2.3.2 iudhndulessuau (Anion) Tuufisen Tduaunuie
Sodium hydroxide (NaOH) viudafitlulessuuan (Cation) luufAsen uazld Ethanol
(EtOH) WHusviazane Sduneulunisdansizsilaeyi Sodium hydroxide (NaOH) Wwtin
3.56 NS agamy EtOH 100 1addns wdussyansazatvadtudninesuun 250 fadans
WA Polyacrylic acid Wi 10 n§u udanhansazangly nau igamgdveaduiian 30 wiil
a a [ fa v ) @ v < = !
[6-91innandugidanyaugnianigamidureuwdadnuuzilungnaudviiweiuassegly
] a LY 5 o v Y a LY (3 o LY ISP a
a1sazany dmdndaannlalunsesmenseatunseslandndueinin 4.58 nsu Temandn
Sowaz (%yield) Wiy 45.80 % lagufisenisduasieansuanslusun 2.2 arntuians
WAmszinaudnvazenizaell Inendndudinldanasduasiziasiidnvauziluned
9717 fananslugui 2.4 wenaniifisiansdunsesiluasargludmuinveavandudnvuey

dv1Yu dawandlugun 2.5

H

L] e L]

H,O
l:(} l:()

b G |

T n
Polyacrylic acid Polyacrylic sodmum salt

g‘dﬁz.?) UfA3e1n15d9As19 Polyacrylic sodium salt (PAA-Na)
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b

JUN 2.4 Snvaign1ennueeansdunTIe PAA-Na (a) duasey

3

IINNITNARDI LAY
(b) vBaWEve

JUN 2.5 Msazganemetindu PAA-Na (a) @15daAs1e1iaInn1snaaed (b) a1siendizd

2.4 Apsnzvinuaneaiziang (Characteristics)
a1 Acrylic acid monomer wazansfiduaseilalude 2.3.2 uay 2.4 U
ATz avanedetndy  ntuRuasaratsanusiaiy  (surfactant) USwms 120
findnsurodns antunuamsaraedunm 30 wit dewhlusndnuusiane odud
siinvasansiiaty Tngléinaila Fourier Transform Infrared Spectrometer (FT-IR) ile
Anwnyilanduvesans uwagldinalla Liquid Chromatography — Mass Spectrometer (LC-
MS) ilefnwanaluana wazmA1 Osmolality Tngld Osmometer LitoTiAs1zviRnIANTA

NMePuiandvasastelnalunisasianssrusaaludnlussuunasiisnesdludd
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2.5 nadBUUsEANS MWNT TR UYE LU
Fauausurn 5 x 10 Leuiues dluuluindudunat 30
wit nduthusnusuinadugagunsaimveaedussuy RO Tagldinduduansiou
nilfeuduegluiinseving 15 uns vasazansegranedion (permeate) Vg 5
uil usazenudy Sausinesveanediendeiests antuiilufunamdnd Tagld

AunIs (2.1)
A weight

W= ater density x effective membrane area xA time (2.1)

Uususudnaslussuunsnaaeusyuu RO lagldansazateinie
anududuy 10 mM WWuansteu aegliausueglugas 1-5 v1s tivansazanededemng
5wt wiazAuy 9ntuthySinesveseuweilion neaeusn1sinfundelngld dnns
Wl 91l fuan Ansindusansdalesisudanuauisanisinduiignazae

anansamwnlaainaunis (2.2)

C
R = (1-=2)x100 (2.2)
Cf
P
e
R = duuszandsnisnnnu
Cr = AN UNDLLEN
C = ANIUNYUSNULNN

2.6 AnwiAnuansavasaslusruunasiisnoasludakethngdy

JTUUNAARY ANIUNITAIEad AL UTUIIWIAE1T 15 LWURAT N9
5 wufns uagdn 0.3 Wwuiues  yanaeuaanel 3 Jadwes  wasurumusuiy
Thin film composite (TFC) d%aanuitv HTI andgeusn  foghaveduganediise
ooaludauanidaguil 2.6 lugadamsflussiunarlaezunsuszuuvesiesiisneealda
uandlusuil 2.7 uay 2.8 mwadiu Tagldszuu Ultrafiltration (UF) vhannannesiind 3
yuIngwguwiniy 0.05 lalasiuns Taglianusuudszuuwindy 0.5 VifiumheUfiansd
Tinsviduduasiadiothnduanldle lnsnnunssvesaiudusealuin Tasnisinisin

wssueadluAnmeAIasinaninn1sin i (Conductivity Meter)
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msvadoy thansisiidenantuneud 2.4 Amnzaniiaailldannimeass
I¥uA ansdaasiest PAANa Asdudiy 0.72 nfusefiadans uldlunsiiusyuudasinngu
LAZLANENTAALIIRRIUSIING 0.026 %wA  uagidssuisununislyd NaCl anultuty 2
Twaans Wuanshsmuan semsuuulvauuy Co-current fisnsnnsiva 0.2 wuiwnsede
A w30 100 Hadanseeur?l  vesaEnsaratgmuansUsuLara1sAeINaIny 1Y
Usgdndnmaesssuuanunsamlaaina Water flux, Salt leakage, Percent flux recovery

(/Jp), ke Number of recovery cycle fi@nsasfansaninanuasiivetansinuaalu@nla

5UT 2.7 lugasyuudanilawmsdu
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PLC

T e (=] Computer

x 3

L 7 H e 77 it gt it gt gt sk s g st g iy \ gt gttt s gt pslipatent gt speln g —
FFr R L S R
: : 1 Pressure i L4

1
11
¥ ! — —
11
1
|

sensor

Conductivity
sensors

Feed tank Draw tank Fresh water
UM 2.8 lnozunsuvessyuuildlunisneaes

2.7 nagaun1sinUaundelssnuduasuiiniian
= = aad & - o a cas & v 3 oo
Hanasheiangalutuneun 2.6 uadussuunesiisnosaludaneude
a av a4 & = o w - = = a a Y o
339910 UEN &. 18w, 1. Blana 910 iierUSeuiis ulsednsnainnasn1slangsuve s
seuu Aussuulagundiliunsmessuusisasealuda (RO) InuiarsanainAmandnla
WaraNYMEYBIN15eARY (Fouling behavior)
N33R IIERANAINIINIAIENISITmes §ell pH, SS, COD, BOD, TDS,
Conductivity, color uaglavgutin (As, Pb, Hg) %x‘]L‘ﬁ‘uﬁﬂﬁWMUWéJWQaQMWNUizﬂ’]ﬂﬂmﬂ’]‘wﬁ’]
719910 3ul599UYAAIMNTIU W.A1. 2535 T3S 15ainsnziduluaiy Standard Methods

for the Examination of Water and Wastewater (APHA, AWWA and WEF, 2012) [22 ]
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duasieanshangy

Wi ICP wasddnesnIn

Polyelectrolyte #idnunsaannis |

\4

msfnudadefiunsauvas
N5EULATIZRATA
- inaluanavesansesu (MW 100-1200)
- A1nsmne (pH) (2-10)
- gaumndl (25-40 Q)
- szeziian (12-36 h)

Key Parameters
- Osmotic Pressure
-Molecular weight

- Water Solubility

- Viscosity
- Functional group

- Fouling behavior (Surface
morphology)

Roulvnsvagaudaeg FO
- Water flux
-Salt leakage
- - Percent flux recovery (J/J,)

- Number of recovery cycle

A\ 4

neageut Ui deviinfuinganshanle

-~
Andeuly

\4

asnadaunle FO

A

U

YszanSamlunisirdn

#1 pH, SS, COD, BOD, TDS, color

Conductivity waglamgwin (As, Pb, Hg)

5UN 2.9 uuImansaiiunisiiy
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3. NAN1SNAABILAZINT
3.1 Nan1sANYIANEuzauUAUsIRUYaUL N TSI UERTINNUW
fegraindenldlunismeassluasiiidutindsanlssnuaniinfiun 910013
AegvauiRn e nasielvesddel WUl ddsannlssnuniiniundeie sy
WU 6.89 wazkilnAseyinnedlen 1neds Closed Reflux Name Undelia@lad 17,600
Taansusedns USuiuaswuiuassliawinnu 543 Jaansusedns tuaneini1sInAIANL

WwudLdy 1neLA3ee spectrophotometer MiAue1IAAY 500 wilulums HA1d iy

21,108 Pt-Co fauandlunisned 3.1

a a ¢ o va & v Y N = a ¢
M99 3.1 mami’sLmﬂwaﬂwmzau‘umL°U’eNGl‘wu@dmLaEﬁ]’lﬂIﬁN’mawmwmw

TRER IO Snwarvasinde
pH 6.89
COD (mg/L) 17,600
SS (mg/L) 3,068
TDS (mg/L) 543
Color (Pt-Co) 21,108
Conductivity (uS/cm) 946
BOD (mg/L) 1,368
TOC (g/L) 5.84+0.49
Tavizniln (me/L)
As 0.009
Pb 0.193
Hg Tainy

AINNANITHATIEAEUURNINIENNLALLAT AINA1T WU UESIINTTIU

A

= = a e 1 & =
ﬁ%mﬂWNWNﬂ’]“ﬂI@ﬂLL@%?’]’]E’@Q@J’W

[y

Tuanaillassasstudou suluaimn

-

I 1 & = = a s al
aﬁ‘ﬂqﬂiuquﬁﬁJﬂﬁgﬂ@U@n’ﬂLiJﬂﬁ FIUUENTOUNTEN

W wderduasA@lengauin
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3.2 qmauﬁatﬁaaﬁu‘ummmmsu
3.2.1 AauaNUAlATIE319909 TFC LuuuTy
MnmsvadeulsEansamMsTINIwenh  fewanususlda  TFCES
membrane (HTI OsMemTM) &1150@519n 3 INANLENNUGTERINAMNAU (bar) Wagdns)
nslavesih (LMH) é’fummﬂugﬂﬁ 3.1 uamIAAURUT 1, 2, 3 uay 4 bar ARSRIING
Iwawesiviiiu 1.30, 2.89, 4.42 uay 6.29 LMH auansy NTBLUARINAIENTAAIUIN
AUsyavsnmmsTusuven (Water permeability) awinAu 1.52 LMH/bar Water
permeability A 111U 4.21x10" m.s'Pa’ wazAIN1sAnAueINge Salt rejection ( NaCl

0.2 ¢/L ) I8y 54.24 % Fauanslunnsnsdi 3.2

8
. y=1.519x
I 6 1 R2=10.9903
=
=
Z 4
=
2
S 2
0 1 1 1 1
0 1 2 3 4 5
Pressure (bar)

gﬂﬁ 3.1 ANUFUNUSTENING Water flux (LMH) U Pressure (bar)

A1519% 3.2 LLamﬂmﬁﬂwmmaqmmmu

qmﬁﬂwmﬂﬂiaa%’wmumﬁu thin film composite (TFC)

YsLANSAINASTURIUYBIUN (ms! Pa™l) 4.21x10™"

AsAnNAuWLNaD (%) 54.24
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3.3 NaMIIIATNAN BT AMENURYIENTEUATIER

3.3.1 samsnszvimgveidudiematia FTIR
INNaNITIATIEIAaN vz litumaalinisduaszianiziig
watla Transform Infrared Spectrometer (FTIR) W83 Acrylic acid (AA) WuinUsIngdayad
Tutne 1600 cm™ Jadudyaravomyilsidungu C=C wansliiufaluanaves Acrylic
monomer, Polyacrylic acid (PAA) wudliusingdayaalutng 1600 cm™ wanslidiui
Lifiuszavewyilandy C=C nunegfsliilluanaves Acrylic monomer imdeeg [10-12]
Polyacrylic sodium salt (PAA-Na) e Polyacrylic potassium salt (PAA-K) W‘Uﬂﬂﬂ%"mg

o

doyayradluag 1400 cm™ wansfangilaniduves Sodium acetate wag Potassium acetate
[13] fauandlugun 3.2 uenaNUanITAATIER FTIR vesansnliannnisdunsieilagisnis
a LY ¥ . . o dy d‘ a ! ! Q‘I on
Weariuusld Acrylic acid 91u3u 0.26 mol wenanikilefansatunguvesasnguiivauii
fanud wyilerduiveuiiivgsuloun wimsuenda ~COOH way -OH Fuludnwauy

AUV

PAA . \NV Yl ¥

PAAK

PAA-Na

Transmittance (%)

T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm!)

sUT 3.2 uanamyilsritunil FTIR-ATR 189 PAA, PAAK ay PAA-Na
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3.3.2 ALY (pH) Y89 PAA, PAAK uaz PAA-Na
mﬂmﬁmwﬁmamaaﬁm%ﬁaLLﬁ@ﬂ‘ugUﬁ 3.3 WUIAN pH WiAu
2.86 9.36 uAY7.2 &MU fie PAA, PAAK Waz PAA-Na auddiu uonanidanuindn ity
vomedweifdiliduameiuuumnedmeslsietu  (Polymerisation) fanmanudunsa
ﬁau%ﬂqqﬁﬂﬁmmaaﬁaﬂ%lﬁai%’azuuﬂa%ﬁmaaaiu%aiéf \iosanazdsmariliusiummus
winaudeme lnswusuiiansaldlussuuefineealudaszausavhauldnwass

Usranzaweglugisiiiey 3-9

12

10 1

pH

T
L.

PAA PAA-K P

>
g

gﬂﬁ 3.3 LAAIAINLEYVDY PAA, PAAK LAy PAA-Na

3.3.3 A5 lWinvae PAA, PAAK waz PAA-Na
INRaNSANIAINISUNINHNve9 PAA, PAAK way PAA-Na ﬁ“ﬁLLamﬂugﬂﬁ
3.4 wunANST TN WU 0.93, 3.32 way 6.54 mS/cm™ @MSU PAA, PAAK and PAA-
Na awadu Taewuirdmmsthlndhnsdansizsiviavesans PAANa flrgsiign iflesann
naifnufnTemeAelasturei Germmathlwiiugedudosay 14 dunsdaesei
asviln PAANa Fudunliavesansiimnyauiigaiiazlflumaduansiaidesanleiany

Wlbnifnasiian
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3.3.4 A1 Viscosity U89 PAA, PAA-K uag PAA-Na
= ) ¢ aa & ¢ ~ |
INNavRIANUnIINMIFLATIERasedBidaninslad 31ngUN 3.5 wui
d1582a71890ANUNUALYNAU 0.2 mPa.s bWNAU 6.1 mPa.s way 4.8 mPa.s A@IMSUANS
FUAT1ZRVUA PAA PAAK hag PAA-Na ANUa19U TngAIAINUNLAY8Ia1TaATIZUNTAINY
YUY AINARADUTLANSAINANTYINIUIBLUNUSUTUS s UUNBSIneaalu Fd wanand
ANUnilafituaduazdrainlianussavsnmnsyinnuresseuy einAnuniladna

AognINITanaRIvRINISineealuda vinlviAndnddeanauagnsenduiiugy

N w B (6] (o] ~
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Viscosity (mPa.s)

] .
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E‘Uﬁ 3.5 AANUninves PAA, PAA-K uaz PAA-Na
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3.3.5 NavYas Osmolality U89 PAA, PAA-K 1ae PAA-Na
MN3UAL 36 Wanswawes Osmolality vesansdaaszvinedsidniaslad
WU A1 Osmolality WinAU 2,618 wag 3,070 mOsm/Kg dmsuansdunsizviviln PAAK
uar PAANa wonanignfinnsantuiSeuiiiouiuans PAANa Bendlediien nuineans
Fumszituwasian Osmolality g9nd1 PAA-Na W@emndludilen Osmolality winiu 3080
mOsm/kg a1 Osmolality Bafidgseonazdssarommwandluszuunesiineealudase
wieghslsfmuiiewSaudisua Osmolality Auladeunselss 2 Tua Saudradildaine

= aa & ¢ o v o | a I3
\NADVBINDADLAALAS bR sapsdsnnlaRsuATalse 2 lua
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gﬂﬁ 3.6 wanawa Osmolality 989 PAA-K, PAA-Na, PAA-Na 13ewidlae way laaeunselsa

2 lua

3.3.6 NAYBIVUIANIATAANAYDY PAA, PAAK Uag PAA-Na
N13ANYIATIRTLINNIAIIENATEIENSTILFINNISALATIE AN NEUNDED
< Y ad a ) Y] PN '
wnlesladaedBnisnedwelsiedy  AwManmIsNed 3.3 NUIIATWIALUIANATOIENS
FUATIAYINAU 1903, 3477 uaz 1367 ¢/mol dmsuasytin PAA, PAA-K uaz PAA-Na
o w & P & A a a
ANARU weanantlinaluianavedans PAA-Na HvwinuialianavuinbngaiiowTeuiey
furualianaes PAA uaz PAAK lpsinaluianavuaidnazamananinuauesalufini
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A151991 3.3 LARITUINLNALILANATDY PAA, PAAK Wag PAA-Na

Condition m/z Molecular (g/mol)
PAA 1,904 1,903
PAAK 3,478 3,477
PAA-Na 1,368 1,367

wBNANHUIINNITIATIEAUANTAN NN MUAENILAT WUIATHUATIEAT

¢ a

widnzauialtlunisnanasstuns lUABa1sdAT12vRn PAA-Na vHa99 T anyaIEnIg
nennuaseiifgn Wesainlianilnifigauazan Osmolality gemewuiu Fudu

1Y v

Aa A < = ] o Y a [y a 1 v € 1%
nuagnfieldduasiavdmayiliinanudussalufnuazanandasnuluae

3.4 NAVBIENSHUATIZHRBANANTUAZAINISHUNAY
NAANNNITNARBINITAUATILHENS PAA-Na siaranduasnisiunauly
seuuasineaaluda ﬁaLLamﬂugU‘ﬁ 3.7 (a,b) WUNANTAWATIEY PAA-Na Tanandvinnu
0.4 LMH kagA1n1saunauveanasyiniu 0.002 gMH auaisu taeganandgdsnsiiualiy

| < a PN | PN PN I I3 A a Y} a ~ Y]
ANANBYINTINGT ) LL@%SJWWVIM%NL’J@W 30 UM E]EJNISﬂGﬂiJLiJEJWﬁﬂ‘JﬂMﬂUL‘UiEJULVIEJUﬂU

a o
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X ~ A o 9 v v = v P v
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& d‘ 1 d‘ a 1 %} d" = 1 1
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WinuUseunSoay 31 way 10 @nsSuansaansnzyt PAA-Na way @15PAA-Na® W anaive

AIUAIRU

A15197 3.4 UaARINTEUIUMTHUNEITRY

Pressure Pore size Rejection Recovery
Feed Membrane
(bar) (um) (%) (/o) %
PAA-Na UF 0.5 0.05 54 31
PAA-Na' UF 0.5 0.05 21 10

PAA-Na; @nsdaAsneiviln PAA-Na

PAA-Na'; ansi@endive

3.6 NAYDIENINANUAIAIVDIANSAHAINANT

Ul 3.8  uansmumANNAsIvesA a7 NSRS UIUANS e
STUUOARTIHAEITY  WUIMAMSNGWaIINNTEUIUNTYIAMINTUIAWEndADe anas
voansAva 2 wiin TnsAwdndduuiltiuanas 910 042 0.28 0.14 LMH 7 n1situsfludng
S9UL, 2 BaY 3 MUAUAINSUANTELASIZYvn PAA-Na Imaﬁm/\lé’ﬂﬁﬁﬁﬁaw ANAIADNARDY

AUNUITYVDY Zhao wazAny 2014 [28]
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pH

Color
Conductivity
Turbidity

COD
BOD
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TOC
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4. d3Unan1Inaasg

nMsAnsnsdaueswiasneasianinsladiiiefiuusyansnmansislunsiitnti
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Synthesis of Hydrophilic Polyelectrolyte as Draw Solute for
Forward Osmosis Process

W. Khongnakorn®, W. Bootluck
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Engineering, Faculty of Engineering, Prince of Songkla University, Songkhla, 90112,
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ABSTRACT

Synthesis and characterization of hydrophilic polyelectrolyte was performed in this work and
used as draw solute for forward osmosis (FO) process. The effect of different ratios of acrylic
acid (AA) and benzoyl peroxide (B) on the properties of polyelectrolyte was studied in this
work. The physical and chemical properties of draw solution (DS) such as pH, conductivity,
osmolality, viscosity, molecular weights and functional group were investigated. Results
showed that the solution osmolality increased with increasing AA/B ratio. Self-synthesized
polyelectrolytes with different molecular weights (MWs) were further correlated with its
solution osmolality. The self-synthesized polyelectrolytes of PAA-K and PAA-Na showed an
increasing of hydrophilic functional groups such as —OH or COOH. PAA-Na with lower MW
and high osmotic pressure in the aqueous solution is found to exhibit a lower reverse solute
flux during FO process. Meanwhile for the polyelectrolyte with higher MW, higher viscosity
and lower diffusion coefficient were reported.

Keywords: Forward osmosis, draw solution, polyelectrolyte, reverse solute flux, diffusion

1.0 INTRODUCTION separation process such as
Nanofiltration, ultrafiltrationn

Forward osmosis (FO) is one of the membrane distillation, etc [6-8].

membrane separations technology for
water reuse and desalination. The FO
has naturally driven force use osmotic
pressure difference across a semi-
permeable membrane process [1-4].
Compare FO processes to hydraulic
pressure process is more advantage
such as low energy consumption and
low membrane fouling [5]. There are
three components in the FO system.
Firstly, the membrane type is
important to fabric and modify the
high hydrophilic membrane [1].
Secondly, draw solution (DS) is a
solution with high osmotic pressure.
Finally, the recovery method of DS is
the process to maintain a constant
concentration of DS, which is
commonly used by a membrane

Several solutions have been used for
DS for instance NaCl, MgCl,, KNO3,
MgSOq4, sucrose, ammonium
bicarbonate (NH4HCO3;) ammonium
hydroxide (NH4OH). Lutchmiah et al.
[8] reported that NaCl is a favored
solution used for DS amount 40%. The
criteria to consider the selection of the
DS by Achilli et al. [9] is high water
solubility, high flux obtain, high
osmolality, lower salt leakage, low
energy for recovery and stability after
recovery.

Researchers have investigated the
use of inorganic salts as draw solutions
due to low cost and high osmotic
pressure potential, which creates a high
water flux. Hydrophilic magnetic
nanoparticle (MNP) has been used as a

* Corresponding to: W. Khongnakorn (email: watsa.k@psu.ac.th)
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draw solution with high osmotic and
high water flux and easy to recycle of
draw solute [4, 6] In addition, other
materials have been used for FO. Ge et
al. [4] have studied the different
molecular weights of the sodium salt
of polyacrylic acid (PAA-Na). It
presented the solute with the lowest
molecular weight that obtained the
maximum FO flux due to its low
viscosity and high dissociation.
Nguyen et al. [10] studied FO process
with 0.1 M EDTA-2Na coupled with
15 mM NP7 as a draw solution. The
results showed that the lowest reverse
salt flux was observed due to the
hydrophobic interaction between the
tails of NP7 and the FO membrane.
Kumar et al. [11] synthesized the
hydrolyzed poly (isobutylene-alt-
maleic acid) (PIAM-Na) and used as
draw solute for FO desalination.
Huang et al. [12] employed P(SSA-co-
MA)-Na as a novel draw solute in FO
process and showed high water flux.
Nevertheless, the main problem of
draw solutions show reasonable water
flux but high reverse salt flux (RSF)
[10, 12]. Salt leakage is occurred by
the accumulation of concentration or
internal  concentration  polarization
(ICP). That is based on the diffusion-
convection transport of draw solution
in the support layer [3]. The objective
of this work is to synthesize new type
of polyelectrolyte and use it as draw
solute for FO process. It is expected
that the draw solution could achieve
high osmotic pressure and high water
flux without minimum low reverse salt

(]

il Polymenzation |

leakage.

2.0 METHODS
2.1 Materials

Acrylic acid (AAc, purity 99%, 200
ppm monomethyl ether hydroquinone
as inhibitor) was obtained from
LobaChemie, Mumbai, India. Ethanol
(purity 99.99 %) was purchased from
RCI 1lab scan Limited, Thailand.
Benzoyl Peroxide (98%, humidified
with 25% of H,O PS) was acquired
from Panreac Quimica S.L.U., Spain.
Sodium hydroxide (NaOH, purity
99%) was purchased from Merck,
Germany. Potassium hydroxide (KOH,
purity 85 %) was achieved from Ajax
Finechem, Australia. Acetone (purity
99.5 %), Surfactant (Triton™ X-114)
and PAA-Na (1200) were purchased
from Sigma-Aldrich, UK. Membrane
TFC was supplied from HTI
(Hydration Technologies Inc., OR,
USA).

2.2 Preparation of PAA

AAc 15 ml and acetone 150 ml were
mixed at 110 °C, before adding 10 g of
benzoyl peroxide and stirred well for
90 min. The final PAA mixture was
dried in vacuum at 100 °C for 30 min.
The reaction of synthesis
polymerization of acrylic acid was
shown in Figure 1.

——CH;—CH—1—

H,C =CH—C—OH

Acrvlic acid

- {lz =0

OH
B 4N

Polyvacrvlic acid

Figure 1 The reaction of polymerization of polyacrylic acid



Synthesis of Hydrophilic Polyelectrolyte as Draw Solute for FO Process

2.3 Synthesis of PAA-K and PAA-
Na

The preparation of PAA-K was taken
PAA amount 10 g (From 2.2) and was
mixed with 3.5 g of KOH then
dissolved in 100 ml of ethanol.
Surfactant (Triton™ X-114) 0.026
%w/v was added and stirred well
mixing for 30 min at room

KOH
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PAA-K was obtained after filtrated and
dried in the vacuum oven. For the
preparation of PAA-Na, was also
prepared using the same procedure
except NaOH used instead of KOH.
The initial concentration of each
polyelectrolyte for the characterization
was used at 0.48 gmL' [7]. The
reaction of  synthesis of the
polyelectrolytes salt is shown in Figure
2.

temperature. The final product of
PAA-K
H H
e
—C
B
H €=0
i
Polyacrylic acid
PAA-Na

e

H,0

NaOH

B
T

Polyacrylic potassium salt

3

Polyacrylic acid

H;0

Polyacrylic sodium salt

Figure 2 The reaction of synthesis of the polyelectrolytes; PAA-K and PAA-Na

2.4 Characterization of PAA

The characterization of PAA, the
chemical functional group was
analyzed by  Attenuated Total
Reflectance- Fourier transform
Infrared  spectroscopy, ATR-FTIR
(Tensor 27, Bruker, US). The pH was
tested by pH meter (Cyberscan Pc 300,
Eutech instruments). Conductivity was
measured by conductivity —meter
(WTW, LF318, Germany). The
osmolality = was  measured by
Osmometer (Fiske Associates 210,
Massachusetts, USA). The viscosity of
PAA-Na and PAA-K were measured
by viscometer (Brookfield, USA). The
molecular weight of self-synthesized
polyelectrolytes analyzed by Liquid
Chromatography Mass Spectrometer

(LCMS, Q-TOF 6545

Technologies, USA).

Agilent

2.5 Membrane Permeability and DS
Testing in FO Process

A lab-scale FO system was employed
for all FO tests. The commercial thin
film composite (TFC) FO membrane
from HTI (Hydration Technologies
Inc., OR, USA) was used in this work.
The FO module was made from
Acrylic plastic with 15 cm. length, 5
cm. width, and 0.3 cm. depth for each
side. NaCl, PAA-Na and PAA-K were
used as the draw solutions and DI
water was used as the feed solution.
During the FO test, both feed and draw
solutions operated at a fixed
volumetric flow rate (100 ml/min) at



22 W. Khongnakorn & W. Bootluck

room temperature (25 £1 °C) in co-
current mode. Ultrafiltration was used
for the recovery process. For UF
experiments, polyvinylidene difluoride
(PVDF) hollow fiber membrane
(Steritech, USA) of 0.05 mm pore size
was operated under pressure of 5 bars.
The schematic of laboratory scale is
presented in Figure 3. The water flux
(Jw, L/m*-h, referenced to as LMH)
was measured from the weight of
permeate and calculated following Egq.

(1.

Aweight
water densityxeffective membrane areaxAtime ( ])

_I w

Conductivity

The reverse solute flux, RSF (Js,
g/m?-h, referenced to as gMH) was
measured based on the calibration
curve of the conductivity versus the
polyelectrolytes salt concentration. The
RSF was determined using Egq. (2).

ACtVt

Js=—1 ®)

where Ct (g/L) and V¢ (L) are the
reverse solute concentration and the
volume of the feed solution,
respectively, at an arbitrary time ¢ [11].
Number of recovery cycle were
determined for water flux (J, LMH)
production  after  filtrated by
ultrafiltration.

Computer

—_—

PLC
WS e s a e s s e e e s @@H)
i e gt g gt g - i Vgt gt gttt g g g —

T B wiia - s g R i 00 |
[ 1
[ 1
[ T
[y 1
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1

Sensors

Feed tank

A
b

Conductivity
sensors

Cood P

Draw tank Fresh water

Figure 3 The schematic of laboratory scale

3.0 RESULTS AND DISCUSSION
3.1 Characterization

3.1.1 Functional Group of PAA,
PAA-K and PAA-Na

FTIR-ATR spectrum of synthetic
polyelectrolytes (Figure 4) showed the
strong peak at wavenumber 3,422 cm’!
and 3,428 cm!' (O-H stretching) of
hydroxyl group for PAA-K and PAA-

Na, respectively. The FTIR spectra
showed the increasing of hydrophilic
functional group such as —OH group,
formed after the polymerization of
polyelectrolytes. In addition for PAA-
Na, showed the shoulder peaks of C=C
and C=0 attributed to carboxylic acid
groups. These results are similar to
Kumar et al. [11] that demonstrated
these peaks after the hydrolysis of
anhydride.
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Figure 4 ATR-FTIR spectra of; PAA, PAA-K, PAA-Na

3.1.2 pH of PAA, PAA-K and PAA-
Na

pH value of  self-synthesized
polyelectrolytes (Figure 5), they were
2.6 (acidity), 9.3 (alkalinity) and 7.1
(neutral) for PAA, PAA-K and PAA-
Na, respectively. The self-synthesized
polyelectrolytes of PAA-Na showed
neutral pH that similar to the
commercial PAA-Na is equal to 7.1.

These results presented that self-
synthesized PAA-Na is suitable to use
in the FO process. The FO membrane
such as cellulose triacetate membrane

(CTA) and thin film composite
membrane  (TFC) are  famous
comercial membrane use for the

system and operate in the neutral pH
values [9].

12

10

8 -

S 6

L[

PAA

PAA-K PAA-Na

Figure 5 The pH of PAA, PAA-K, PAA-Na
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3.1.3 Conductivity of PAA, PAA-K
and PAA-Na

Figure 6 presents the conductivity of
self-synthesized polyelectrolytes as
draw solution in FO process. These
were found that the conductivity were
increased after salt co-polymerization.

(o]

PAA-Na  showed the  highest
conductivity at 6.54 mS/cm while as
the commercial presented at 5.3
mS/cm. These results are less than
obtained by Huang et al. [12] at 47.5
mS/cm. These are difference value due
to the initial moles are difference in
mass concentration.

»
1

N
1

Conductivity (mS/cm)
N

7

o

T

%

PAA

PAA-K PAA-Na

Figure 6 Conductivity of PAA, PAA-K, PAA-Na

3.1.4 Viscosity of PAA, PAA-K and
PAA-Na

The viscosity of self-synthesized
polyelectrolytes is presented in Figure
7. The viscosity increased from 21.48
257.79 226.28 mPa/s for PAA, PAA-K
and PAA-Na, respectively. The
viscosity of PAA-K shown higher with
a larger of MW of draw solution. The
viscosity of commercial PAA-Na is 0.1
mPa/s. It is higher solubility than the

2500

self-synthesized PAA-Na. However,
the higher of viscosity is the main
problem in the FO process that
decreased flux [12]. Nguyen et al. [10]
said the hydrophobic of tail of
surfactant show the reaction at the
membrane surface that low RSF. These
confirmed that behaviors because of
the viscosity of self-synthesized
polyelectrolytes is too high but less of
RSF (in section 3.2.1).

2000 -
1500 -
1000 -

Viscosity (mPa.s)

500 A

o L 77

PAA

PAA-K PAA-Na

Figure 7 The viscosity of PAA, PAA-K, PAA-Na
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3.1.5 Molecular Weight of PAA Salts
and Their Osmolality

As the result, PAA salts in term of
PAA-NA was lower molecular weight
than PAA-K and PAA, respectively. In
addition, it showed highest osmolality
in this study (Figure 8). Table 1
presents the molecular weight of the
PAA salts, the self-synthesized PAA-

Na is close to the commercial PAA-Na
(MW1200). In comparison, self-
synthesized polyelectrolytes is high
osmotic pressure than the commercial
PAA-Na. This results might be
explained by the different
concentration of the free counter ion in
the solution from the synthesized
process [11].

Table 1 The molecular weight of polyelectrolytes

Condition m/z Molecular
(9/mol)
PAA 1,904 1,903
PAA-K 3,478 3,477
PAA-Na* 1,268 1,267
PAA-Na** 1,200 1,200

* Self-synthesized PAA-Na
** Commercial PAA-Na

/

6000
= 4000 -
4
g I
g 2000 - /
0 :

PAA-K

PAA-Na PAA-Na

commercial

Figure 8 The osmolality of PAA-K, PAA-Na and Commercial PAA-Na

3.2 FO performances

3.2.1 Water Permeation Flux and
Reverse Solute Flux

The application of the self-synthesized
PAA-Na and commercial PAA-Na as
the draw solute in the FO system were
evaluated by measuring the water
permeation flux and reverse solute flux
(RSF) values as shown in Figure 9.
The water flux of the self-synthesized
PAA-Na was higher than commercial
PAA-Na due to their chemical

characteristics are difference especially
the osmotic pressure. The osmorlity is
the key parameters for the flux
obtained. In addition, the molecular
weight of polymer chains in the
solution and the initial concentration
are effect on the osmolarity. The RSF
of both polyelectrolytes found that
similar value at 0.023 and 0.024 gMH
for self-synthesized PAA-Na and
commercial PAA-Na, respectively.
These result could be explained by the
effect of the adding the surfactant that
present hydrophobic interaction effect.
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The hydrophobic tail of the surfactant
interacts  with  the  hydrophobic
membrane and trapped the membrane
pores, leading to a significant
reduction in the reverse salt diffusion
of Na* [10]. In addition, compared
with the control by the NaCl was also
investigated. The osmotic pressure of
NaCl was high, but the salt conversion
was also high.

Considering only the RSF, it was
found that self-synthesized PAA-Na
presented lower salt reversion than
other. Moreover, the low RSF value
due to the viscosity of PAA-Na is
higher and molecular weight of PAA-
Na is lower than others.

2.0 0.030
BFlux OReverse salt flux T
1.6 - %5/ I T %
—~ T —

I - 0.020
S1.2 - . 3
=) =
pas i ©
208 - 0.010g
0.4 - 2
(6]

@

0.0 0.000

PAA-Na

PAA-Na commercial

Figure 9 Water permeation flux and reverse solute flux of synthesis PAA-Na and

Commercial PAA-Na

3.2.2 Draw Solution Recovery
Process

Recovery process to achieve a constant
concentration of draw solution by
using Ultrafiltration system. The
results was showed that the salt
rejection were 54% and 21% for self-
synthesized PAA-Na and commercial
PAA-Na, respectively. In addition,
self-synthesized PAA-Na is higher salt
rejection because of higher molecular
weight than commercial PAA-Na [12].

2.0

3.2.3 Stability of Synthesis PAA-Na

Figure 10 shows the stability values of
the flux after fed through the
Ultrafiltration process. It was found
that the flux was gradually decreased
for each recycle number. The decrease
was synchronized with the research of
Zhao et al. [14] that maybe the
stability of the polymer in solution was
loss due to the decrease of mas of
polyelectrolytes.

Flux (LMH)
[ =

o

H

o
a1
1

HH

HH

o
o

1st

R(.ch)gle 3rd

Figure 10 The recovery flux after filtrated by Ultrafiltration for each recycle
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4.0 CONCLUSION

The self-synthesized polyelectrolytes
of PAA-K and PAA-Na showed the
increasing of hydrophilic functional
group like carboxyl —OH or COOH. It
was found that the lighter the
molecular weight, the higher the
osmolality and the greater the osmotic
pressure. However, the molecular
weight of PAA-Na was lower than
PAA-K due to the different of the salt
molecule  compounds in  salt
polymerization. Self-synthesized
polyelectrolytes obtained a small
molecular weight and high osmotic
pressure in the aqueous solution may
exhibit a lower reverse solute flux in
FO process. These result could be
explained by the effect of the adding of
the  surfactant  that  presented
hydrophobic interaction effect.
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