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ABSTRACT

A series of poly(ethersulfone) (PES) ultrafiltrationembrane blended with poly(acrylic acid) (PAAY aalcium
chloride (CaC}) was prepared by phase inversion technique. ga@k varied from 0 — 3 wt% in the casting
solution composition to study its effect on thendlenembranes. Prepared membranes were analyzethdor
morphology, ultrafiltration (UF) features and dyeesjection performance Surface roughness was increased
drastically for high concentration CaCtomposite membranes. Surface hydrophilicity wazrored due to the
addition of CaC{ in the composite membranes. Porosity measurencentfirmed the enhanced porous nature of
PES/PAA/CaGl blend membranes than the pristine PES membranete Rater flux of the Caglcomposite
membranes was improved to a maximum of four time®mpared with pure PES membrane. Dye rejectiaiest
revealed that the blend membranes had almost thee sajection as that of the pristine membrane itlargely
enhanced flux rate. Results obtained clearly indidathe better performance of 1 wt% CaGlend membrane
among the synthesized UF membane
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INTRODUCTION

In recent years, membrane separation is a promisolgnology for separation operations due to ittemdal
advantages over other conventional separation rdstlike absorption, distillation etc., [1,2]. Ulfiteation (UF) is
a type of membrane separation operations for sepgrdissolved macromolecules from liquid streansing
pressure difference as the driving force [2,3].ustdally, UF is mainly applied for water and wagsger treatment
processes [4]. UF membranes are usually prepamd & wide range of materials which includes polysner
ceramics, metal oxides, etc. Polymeric membranedaagely preferred for UF membrane synthesis owintheir
ease of fabrication and preparation [5]. These melg include polysulfone [6,7], polyethersulfone1{,
polyvinylidene fluoride [11,12] and cellulose adet413,14]. Polyethersulfone (PES) is an excellgolymeric
material for UF membrane synthesis due to its dbkr thermal, mechanical and chemical propertiég. [1
Membranes prepared using PES are used in many éar@guplications including both industrial and dotites
purposes. However, PES membranes suffer from thielgn of low fluxes and membrane fouling affectthgir
potential applications [15]. To overcome these titidns, PES membranes are often improved by adeingus
modifiers to PES matrix to enhance the flux andifmuresistance of the resulting composite memisgisé].
These modifiers are usually of polymeric or inoligatype which modify the properties of the PES pody to
increase the permeate flux and antifouling abibtyesulting membranes [16-20]. Most of the polyimerdditives
have uniform distribution throughout the base meambrmatrix in comparison with inorganic additiveX][
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However, the miscibility of the polymeric constitue (base and additive) is a serious limitationtlbe PES —
polymeric additives blend system [22]. Rate of déng of the polymeric constituents seriously affe¢he
membrane structure during membrane synthesis \daepimversion technique [22]. Addition of inorganiodifiers
to the PES membrane results in enlarged pore bith Gurface and sublayer) causing high porositthefblend
membrane. This cause an increase in permeate filowever, with considerable loss in the solute t@ec
percentage for the inorganic blend membranes [R8fcent studies involve a systematic combinatiorbath
polymeric and inorganic additives to the PES mdwikave an enhanced flux without any decreaskerrdjection
efficiency [15].

Poly(acrylic acid) (PAA) is one of the most studipdlymeric additive for UF membranes and it hasnbee
successfully employed as a modifier with variouf/per systems such as polysulfone [7], polyvinytiddluoride
[11] and polyethersulfone [23]. PAA being an easiliscible additive, modifies the membrane morphylagd
thereby the permeate flux for the resulting blerehmhrane. Similarly, calcium salts are explorecatgér extent as
a potential inorganic additive for the various pogric membranes resulting in high flux and enhanegeiction
[24, 25]. In general, calcium salts, particularlg@,, would improve the hydrophilicity and flux of thresulting
blend membrane [24]. Also, addition of Ca@k an additive would boost the chloride resistasfdbe membrane,
so that the resulting membrane could be subjectedHiorine containing feed stream and chlorineedashemical
cleaning methods [26].

In this current study, modification of the PES meante using polymeric additive PAA and inorganid €4dC} as
modifiers has been carried out using phase invertgichnique. Prepared membranes were charactéarsdrface
roughness, hydrophilicity, porosity and pure wdhex. Dye rejection capacity for the pristine anohosite PES
membranes were analyzed using various dyes sotutiesults for the characterization and performamedysis of
the blend membranes were compared against thePE8enembrane.

EXPERIMENTAL SECTION

2.1.Materials

Polyethersulfone (PES, Veradel 3200P) in powdemfaras supplied by Solvay specialities India Pvt {Inhdia)
and it was dried at 12{C for 8 h before being used. Low molecular weigblyRcrylic acid (PAA, average ¥
40,000) was purchased from Sigma Aldrich (IndM).N-dimethyl formamide (DMF) solvent was obtained from
SRL Chemicals (India). Congo red and Orange |l ggevders were purchased from Avra Synthesis Pvt. Ltd
(India). Freshly prepared deionized water was egggofor the preparation of gelation bath, dye sotut
preparation and membrane storage. All the reageseid in the experimental work were of analytic gradd used

as such without any further treatment.

2.2. Membrane Preparation

Phase Inversion technique is the most versatilevaddly used membrane preparation method for asymmnigF
membrane synthesis [4]. The cast solution for @minembrane was prepared by dissolving requireduata®mf
the PES, PAA and Cagin DMF solvent, as shown in Table 1. Based on ipte/studies, the polymeric additive
PAA was fixed to a concentration of 2.5 wt% in t@mposite membrane for which the miscibility of PAvh
PES was optimum [15]. The concentration of Gazs varied from 0 to 3 wt%. The cast solution wesgnetically
stirred (along with mild heating) for 10 h to erswomplete dissolution of the PES polymer and nmedifin the
DMF solvent. Subsequently, the cast dope was debdlibr 4 h to remove the trapped air. The soluti@s then
cast on smooth glass plate with the help of a ddutale for a fixed thickness of 200 pum. The mambrfilm was
allowed for dry phase inversion for 30 sec. Them glass plate along with the resulting film was iensed in a
water bath for wet phase inversion. After 30 mirgefation, the membrane was removed from the watr and
washed with distilled water to remove the resics@Vent. The resulting membrane was then storedvimter bath
until further usage.

2.3. Membrane Characterization
Atomic Force Microscopy (AFM) (NTEGRA PRIMA-NTMDTreland) was used to analyze surface roughriggs (
of all the synthesized membranes. Results obtairezd for an effective sampling area of @8 x 25um.

Hydrophilicity of all the prepared membrane was suead in terms of surface water contact angle. ddrgact
angle on the membrane surface was measured ugmgi@neter (DGX Digidrop, France). The mean watertact
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angle of each membrane was obtained by averagegtttic contact angle measured at four differesttijpns on
the membrane sample’s surface.

Membrane porosity for all the membranes was caledlay measuring the water uptake capacity of teembrane
sample. A given membrane sample was soaked in idemnvater for 24 hours. The wet sample weight thas
weighed after mopping the excess water on the samyface using filter paper. Then the wet sampgle placed in

a vacuum oven at 8 for 24 h. The dry weight of the membrane sampis then weighed until the sample weight
became constant. The membrane porosity of the sawgs then calculated using Eq. (1).

=M Wy (1)
PuAl

wheree is the membrane porositw,, andW; (kg) are the wet and dry weight of the membrarage, A (n?) is
the membrane surface aréén) is the membrane thickness andkg m?®) is water density.

Pure water flux and rejection analysis for the pred membranes were carried out in a dead-end itiEdstell
filtration system connected to a nitrogen gas cigin The UF stirred cell (Amicon, Model 8400) had ianer
diameter of 76 mm and a volume capacity of 400 nith weflon coated magnetic paddle. The effectividiion
area was 38.5 cmA The nitrogen gas cylinder served as a pressomece for the feed stream. All membranes
were compacted at a pressure for 414 kPa for abdubefore water flux measuremnt. Pure water fliewery
membrane sample was then measured at an operatissupe of 276 kPa using Eq. (2).

Y AAT @)

where, J — permeate flux (L fAh™), Q — quantity of permeate (L); A — membrane gre3, AT — filtration time

(h)

Rejection performance of the pure and blended PESbranes was analyzed through dye separation studie
Congo red and Orange Il dye solutions at a feedemmnation of 0.1 g Ewere used for the dye rejection studies.
The ultrafiltration of the dye solutions was cadrigut at 276 kPa in the UF stirred cell. Permeads eollected over
defined time intervals in graduated tubes andube tontents were analyzed for dye concentratiolut&rejection
percentage%SR was calculated using Eq. (3).

f

C
%SR= (1— C—pj x100 (3)

where,C, andC; are dye concentrations in the permeate and feearss, respectively. The dye concentration of the
dyes in the permeate and feed streams was measingda UV-Vis-NIR spectrophotometer (UV-3600, Saatdu
Corp., USA).

Table 1. Composition and characterization resultsdr the pure and blended PES membranes

Membrane _Composition Surface roughness
Membrane ID (by weight %) R. (in nm) '| Contact angle | Porosityg
PES | PAA | caClk | Solvent (DMF) 2
M1 18 0 0 82 39.55 65.5 0.53
M2 18 2.5 0 79.5 42.21 61 0.57
M3 18 2.5 1 78.5 54.03 54.5 0.72
M4 18 2.5 2 775 97.42 46 0.67
M5 18 2.5 3 76.5 153.86 37.5 0.6
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RESULTS AND DISCUSSION

The various characterization and performance e$oitPES/PAA/CaGlblend membranes were compared against
the pure PES membrane. The advantages and limisatibthe blend membrane system over the unmodiies
membrane is discussed in the below section.

3.1. Atomic Force Microscopy

In the AFM analysis, as shown in Fig. 1, the lighte the brighter regions shows the nodular stmestiand the
darker regions shows the depressions or poressafhmbrane. In general, increase in surface rowghiseone of
the probable cause for more membrane fouling whidlhin turn results in flux decline [27]. As showin Table 1,
it was observed that the addition of Ca€l PES matrix increased the surface roughness.eMenythe rate of
increase in surface roughness had a rapid growin afcut-off concentration of 1 wt% for Ca@h the casting
dope. This lead to a possible conclusion that €aG@inposite membrane with more than 1 wt% Ga@juld be
prone to more fouling due to increased surface hnags. However, there are several factors whichraéte the
fouling nature of a membrane [1,2].

(@) (b) ()

PAZm 5y

(d) (e)
Fig. 1. AFM images of pure and blended PES membrase-
a)M1 b)M2 c)M3 d)M4 e)M5

3.2. Surface hydrophilicity, Porosity and Pure Watkix

Water contact angle measurement is one of the suitstble methods for evaluating the surface hydiimjtly of

UF membranes [15]. By theory, contact angle of bptilic surface should be less than that of hydaydsurface
[28]. As shown in Table 1, it could be seen that tdontact angle of the PES/PAA/Ca®lend membranes was
decreased due to the addition of PAA and G&CPES matrix. Especially, CaGlomposite membranes were more
hydrophilic than the pure PES and PES/PAA (0% @aBembranes. Contact angle studies confirmed tharered
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hydrophilicity of the CaGl blend membranes. Increase in surface hydroplilaiuld make the membrane more
fouling resistant due to easy diffusion of solvéwater) through the membrane thickness [4]. Hethee GaC)
composite membranes have better chances of amtifpaibility than the pristine PES membrane.

Results of the membrane porosity studies, as shawrable 1, clearly indicated that the porositytbé blend
membranes was altered due to the addition of C#Glas evident that, for low concentration of Cat% CaCJ)

in the casting dope, the membrane structure waaneeld with better porosity. This could be due targement of
the support layer of the asymmetric composite memds. However, at high concentrations of Gatthe casting
dope, the dominant viscous effects, as confirmedally, delayed the phase separation resultingunrhembrane

porosity. In general, all the Catomposite membranes possessed better porosity ttteapristine PES and
PES/PAA (0% CaG) membranes.
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Fig. 2. Pure water flux measurement for the pure at blended membranes

Pure water flux results for all the prepared memésaare presented in Fig. 2. From the figure, ulccde seen that
the addition of CaGlto the PES matrix had boosted the pure waterdpt® a maximum of four times as compared
with the pure PES membrane. Increase in the whtenfas due to the enhanced hydrophilicity and ghssibly
enlarged sublayer (as confirmed from the poroditgies) of the blend membranes which was causedaltiee
addition of CaGl. Further, it could be seen that the pure waterfas highest for the 1 wt% CaCGhembrane and
there was a decrease in water flux for compositenbmanes with more than 1 wt% CaCThis observation was
used to conclude that upto 1 wt% CaCbncentration, the hydrophilic effects were dominéor the blend

membrane and for high concentration Ga€imposite membrane (more than 1 wt%), the morgyo(porosity)
effects were dominant.

3.3. Dye rejection

Performance of all the prepared membranes was zethiyirough dye rejection studies. Congo red arah@ |
were used as probe agents for the rejection siesyults of the dye rejection study are presentddgn4 and Fig.

5. From Fig. 4, it could be seen that the dyect&a percentage of the CaGlomposite membranes was almost
same as that of the pure PES and PES/PAA (0% JC&&nd membranes. There was a slight decreasbkein t
rejection percentage for high concentration Gagtimposite membranes owing to their increased fgroas
shown in Fig. 5, the dye permeate flux was incréa®ea maximum of three times for the CaCbmposite
membranes. The CaCblend membrane with 1 wt% concentration recordexhighest permeate flux among the
synthesized membrane series. Also this membrane expected to have low fouling due to its less s@fa
roughness and enhanced hydrophilicity as compaithdother CaCGl composite membranes.
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Fig. 4. Dye rejection percentage of the pure and éhded PES membranes
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Fig. 5. Dye permeate flux of the pure and blendedES membranes

Analyzing the characterization and performanceltgsit was clear that the 1 wt% CaCbmposite UF membrane
was possessing better separation characteristiosnagared with all other synthesized membraness Thel 1 wt%
CaCl composite membrane seems to be a suitable andigimgmmembrane for the application of dye polluted
waste water treatment than the pure PES membrane.

CONCLUSION

A series of ultrafiltration membranes was prepdrgdlending fixed amount of polyacrylic acid (PAa)d varying
amount of CaGl as modifiers with polyethersulfone (PES). Effedt @aCL on the membrane morphology,
hydrophilicity, porosity and pure water flux of théeend membranes was studied. The addition of CaGhe base
PES membrane influenced the membrane propertiesnanphology remarkably. Characterization studieswsid
that the PES/PAA/Cagblend membranes had increased surface roughndssnaed surface hydrophilicity and
improved porosity. Pure water flux of the compositembranes was increased to a maximum of four tiases
compared to pure PES membrane. Dye rejection stugieng Congo red and Orange |l dye solutions Iglear
indicated that the rejection efficiency of the Caklend membranes were almost constant but witHearated flux
than the pure PES membrane. A very close analysishe obtained results revealed the better separati
characteristics of 1 wt% CaLblend membrane among the synthesized series. fhieu$ wt% CaGl composite

membrane seems to be a promising candidate fames& of dye polluted waste water, ensuring higixds and
effective rejection.
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