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Abstract: Ultrafiltration (UF) membrane separation is one tbé largely used technologies for macro
molecular solutes separation from aqueous streamscelly for effluent treatment of process indiastr A
series of cellulose acetate (CA) blended with at#igt carbon, ultrafiltration (UF) membranes werepared by
the phase-inversion technique in 99.5/0.5, 98.56h& 97.5/2.5% blend compositions. Prepared merabran
were subjected to morphological studies (using Skl AFM), UFcharacterization study and thermal stability
study. The blend membranes exhibited differencesnorphologies, porosities and properties due to the
activated carbon (AC) addition. With increase in AGncentration in the membrane composition, the
membranes exhibited excellent water permeabilitydrdphilicity, thermal strength and good anti-fogji
ability. Results clearly indicated the improved characterfstitures of 97.5% CA — 2.5% AC blend membrane
in comparison with other synthesized UF membsar@&bsequently, performance study on the 97.5%-CA
2.5% AC blend membrane was carried out by subjgdtie blend membrane for a typical tannery effluent
treatment to study the reduction of BOD, COD anigtsates in the effluent. Performance results ofttlead
membrane were compared with the performance of @Arenembrane.

Keywords: Ultra filtration, Cellulose acetate, Activated lsan, Membrane blending, Ultrafiltration
characterization, Effluent treatment.

1. Introduction:

Recent advances in chemical process industrieserims of process optimization and process
intensification has triggered the need for econcanid efficient downstream separation process [Emigrane
separation is a promising technology for the doreash processing especially with regard to efflusrdatment
of the process industries. Advantages such as @aabrication, ambient temperature operation, cachp
nature and low energy consumption has made memtzaparation processes more popular for industrial
separation applications when compared with othawveotional separation processes [2]. The basicghena
of membrane separation along with its commercigldrtance have been extensively reported in litegatu
[2,3,4].
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Porous polymeric materials and their blends hdagepl an important role in membrane development
for separation applications such as ultrafiltratfbi), microfiltration and nandfiltration [2,5,6mprovements
in the polymer membrane properties in terms of gityphydrophilicity, thermal stability, mechanicstrength,
flux and solute rejection have been carried wittlittoh of modifiers to the base polymer as welbgblending
the base polymer with other porous polymeric mat¢®,3]. The starting material for membrane syatbés to
be selected in such a way that the material iganteto wide temperature range and pH range, dpart
yielding membranes with wider range of pore sizes.

Separation of macromolecular solute from induseffluent solutions can be achieved by UF process
using a porous polymer membrane which allows tresgge of solvent and smaller solutes but retangera
molecules. Asymmetric UF membranes based on cettidgetate (CA) as the base polymer are widely fased
this purpose. Advantages of CA membranes over dikemembranes include high hydrophilicity, diveiesif
pore sizes, better salt rejection properties anéwable source of raw material for the membranehegrs.
However, pure CA membranes suffer from the limitatof lower fluxes. Blending the base CA polymethwi
other materials, results in membrane with enhaimopdoved physical properties [7—13]. Hvid et al f@ported
that hydrophilic surfaces are less prone to prdtmifing and suggested methods to make the memistaifeece
more hydrophilic by using suitable modifiers asface coatings. CA has been successfully blended wit
sulphonated polyether ether ketone [PEEK] polyrBgrThe resulting blend membrane showed increased p
size, higher flux and greater hydraulic resistancEA—polyurethane blend membranes with
polyvinylpyrrolidone (PVP) as an additive have bemmthesized and applied to the rejection of pnsiei
including bovine serum albumin, egg albumin, pepeid trypsin with the achievement of more than 90%
rejection [9,10]. Because of the excellent filmrdng properties of CA, preparation of polymeric re
membranes based on CA as base polymer was a jpbidet for UF membrane development for commercial
applications [11]. With Poly ethylene glycol (PE&9 additive, CA and low cyclic dimmer polysulfonierizl
membrane resulted in increased water flux, poroeitg water content [12]. CA blended with polyetimde
glycol UF membranes have also been investigateld [13

Commercial applications of activated carbon fiitdrave been reported for gas phase separations

especially for hydrogen separation from a steamrnedr off gas and also for production of nitrogemnt air

[14]. Separation of carbon-di-oxide from methaneswavestigated using Acrylonitrile—butadiene—stgren
(ABS) copolymer blended with activated carbon [1Agtivated carbon was effectively used as standalon
filtration medium for biological separation purpede study protein rejection studies at an enhaflogdrate

[16]. Adsorption of low concentration dyes [17]maval of metal ions (Ct, PIF* and Nf*) [18] and reduction

in fouling effect [19] are certain salient advamageported in literature for activated carbon @éshmicro
filters and activated carbon cloths.

In this current study, a series of UF membrandls @A as base polymer and activated carbon (AC) as
modifier have been synthesized with varying contpmss. The prepared membranes have been characteriz
in terms of UF characterizations like pure wateixflhydraulic resistance, thermal stability anaysiiater
uptake and morphology characterizations using SEMAEBM. The blend membrane with better UF
characterization was then subjected to textile stryueffluent treatment to analyze its rejectiongarties and
the results were compared with pure CA membraneropmance.

2. Experimental Procedure:
2.1. Materials

Cellulose acetate (CA) (approximately 45% acetyitent — Ultrafiltration grade) was procured from
Mysore Acetate & Chemical Co. Ltd., Karnataka, &dActivated carbon (AC) was procured from Capital
carbon Pvt. Ltd., Gujarat, India. Dimethyl Formami@©DMF) solvent was obtained from The Precision
Scientific Co (Cbe), Trichy, India. Poly ethylenéim (PEI) was obtained from Triveni Interchem Ptéva
Limited, Vapi, India. The textile effluent, for theudying the membrane application for solute t&ja¢ was
obtained from a Textile mill located at Special Bomic Zone (SEZ), Tirrupur, India. Freshly prepared
deionized and distilled water was employed forgheparation of gelation bath. All the reagents araderials
used in the membrane preparation process were ajtengrade and were used as such in the preparati
process, without any further treatment.
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2.2. Membrane synthesis

Asymmetric UF membranes, especially membranes @i#h as base material, are predominately
prepared by phase inversion technique [11,21,2#k fechnique allows preparing membranes with wéthgje
of morphological varieties in terms of differendesmembrane thickness, pore size and pore sizghdison
[11,22].

The cast solution for the membrane prepanatias prepared by dissolving required amountsefA
and AC in DMF solvent as shown in Table 1. Caladaguantities of the CA polymeric powder and AC
modifier in various weight ratios (attributing totetal weight of 4.375 g) were taken and dissolire®MF
solvent in a round bottom flask. The solvent DMffilaited to 82.5% weight composition of the cadtton
which was the standard requirement for the complétsolution of the polymeric powder and AC modifie
mixture in the solution [23]. A blending period 2fto 4 hours was given for the casting solutiorati@in
homogeneity. Increase in the modifier concentraiiorthe cast solution resulted in prolonged period
complete blending. During blending, the round bwottlask was subjected to slight heating for attaini
homogeneity faster. The homogenous cast solutios divtained was then cooled to room temperatur8@or
minutes, to remove any air bubbles in the solutitich would otherwise prove detrimental to the meanie
structure.

The cast solution was then cast on a smooth gleds with the help of a doctor’s blade. Prior to
casting, a gelation bath consisting of distilledevgnon-solvent) was prepared and the bath wasdoked to
10 °C. After 30 sec of solvent evaporation, just aftasting, the glass plate along with the polymen fitas
immersed in the gelation bath. The skin layer faromaof the asymmetric membrane took place mairwigrd
the first 30 seconds of the solvent evaporatiomerddn hour of gelation, the membrane was remorad the
gelation bath and thoroughly washed with distilleater to remove the residual solvent from the mexmér
The above procedure was adopted for the preparafi@ach blend membrane of respective compositien,
specified in Table 1. The membrane sheets wereegulestly stored in distilled water containing 0.5
formalin solution to prevent microbial growth.

2.3. Membrane Char acterization
2.3.1. Morphology

Membrane morphology analysis provides an insighth@npore structure and the pore statistics of a
given membrane, which in turn gives an idea onpbtential performance of the membrane. Morphology
analysis for the prepared blend membranes was dsimg scanning electron microscopy and atomic force
microscopy.

Scanning electron microscopy (SEM) (Supra 55-Cais¥ Germany) was used to analyze the
morphology of the blend membranes. The membranes o into pieces of various sizes and mopped with
filter paper. These pieces were immersed in liquitdbogen for 20-30 s and were frozen. Frozen Hitthe
membranes were broken and kept in a desiccatoseTimembrane samples were used for SEM studies. SEM
images were taken for top surface and cross-settsomface of the blend membranes.

Atomic Force Microscopy (AFM) (NTMDT- Ntegra Primdodel, Ireland) was used to analyze small
membrane samples taken from the prepared blend rmesd AFM characterization of a membrane is fatuse
on the determination of the surface morphology andace roughness thereby correlating the membrane
structure with membrane properties, surface adheaimd membrane fouling. AFM gives the topographic
images of membrane samples in 3D by scanning wstiagp tip over a surface. AFM images were takethi®
synthesized blend membranes. Surface measuremeaigiars such as roughness averagg Edirface
skewness (® and surface kurtosis (¥ values were obtained to compare the differencethé surface
structures of the prepared UF blend membranes.

2.3.2. Water uptake

Water uptake is considered to be an important pet@mfior membrane characterization, since the pure
water flux of the membrane can be predicted basethese results. Initially, the given blend memieraras
vacuum dried in oven at 5 for 1 hour to remove surface moisture. The wewfhthe vacuum dried CA
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blend membrane was then measured. Subsequentlpjehé membrane was placed in a water bath for 24 h
and the weight of the hydrated wet membrane wasuoned. The percentage water uptake was calculgted b
the equation:

WC :Mxlgo
W

w
where WC — water uptake (%), yéand W, (g) — wet and dry weight of the CA blend membramspectively.
2.3.3. Pure water flux

Representative membrane samples, cut into an iw#ectembrane area of 38.5 cm? were taken and
placed in the stirred UF batch cell of 450 ml cagyadrior to pure water flux measurements, the ineme
samples were compacted at a pressure of 414 kRdbtéon the steady state flux. Membranes were then
subjected to pure water flux measurements at tramdrane pressures of 69, 138, 207, 276, 345 an#MP4d4
The fluxes were measured under steady state floe/pErmeate flux was determined using the equation:

‘]W - i
AAT

where, J — permeate flux (lit A h?), Q — quantity of permeate (lit); A — membraneaafef), AT — sampling
time (h)

2.3.4. Membrane hydraulic resistance

Membrane hydraulic resistance is a measure of @mteesistance of membrane for the flux transport
across it. To determine the membrane resistangg (Re pure water flux of a given blend membrane wa
measured at different transmembrane pressures, df389 207, 276, 345 and 414 kPa, after compacTibe.
hydraulic resistance of the given blend membrang tvan evaluated from the inverse of the slopdhermplot
between water flux () and transmembrane pressure differerd®) for the given blend membrane.

2.3.5. Thermal stability analysis

Thermal stability analysis (Thermo gravimetric as&) for a given blend membrane was carried out
using STA 409PC Seiko Instrument Inc. Sample ofrépeesentative blend membrane (5 mg) was subj¢ate
uniform heating from 50C to 450°C with a constant heating rate of 30/min under an inert (nitrogen)
atmosphere. Prior to the analysis, the membranglsawas vacuum dried for 2 hours at %D to remove
moisture content present in it. The glass transit@nperature for the representative blend membnasealso
obtained from the thermal analysis.

2.3.6. Solute Rejection

Membrane performance study was carried out in tefrsolute rejection analysis by subjecting the
blend membrane for effluent treatment. Rejectiolists (based on dead end filtration mode) wasezhout in
a UF stirred batch cell with an internal diametér76 mm, 450 ml capacity with Teflon coated magmneti
paddle. Representative membrane sample, cut inedfective membrane area of 38.5 cm? was takeharld~
cell and was subjected to an applied pressure 4#k®h. A constant agitation speed of 500 rpm wasl @ier
the paddle in order to reduce the concentratiorarimgtion and fouling effect on the membrane. The
concentration of feed solution was kept constaatni@ate and reject streams were collected at define
intervals in graduated tubes and the collectecstsewere analyzed for BOD, COD and sulphate contdra
BOD, COD and sulphate content analysis of the f@edmeate and reject streams were carried outen th
Instrumental & Analytical lab of Tamil Nadu Pollati Control Board (TNPCB).



K. Rambabu et a//Int.J. ChemTech Res.2014,6(1),pp 565-577. 569

The solute rejection percentage (% SR) was cakdilifom the concentration of feed and permeate
streams using the equation:

f

C
%R = (1——p}<100

where, G and G are solute concentrations of permeate streamesttidtream, respectively.

Table 1: Compositions of cast solutions used for CA — Aéndl UF membranes preparation

Base Polymer M odifier Solvent

Cellulose Acetate (in g) | Activated Carbon (in g) Dimethyl Formamide (in ml)
4.353 0.022 21.7

(99.5% of solute) (0.5% of solute) (82.5% of solvent)

4.309 0.066 21.7

(98.5% of solute) (1.5% of solute) (82.5% of solvent)

4.266 0.109 21.7

(97.5% of solute) (2.5% of solute) (82.5% of solvent)

3. Results and Discussions:

The results of morphology analysis, UF charactéonsand thermal stability studies of the synthegiz
series of cellulose acetate (CA) — activated caB@) blend membranes were compared with 100 % Qdre
membrane to interpret the enhanced features dflémel membranes.

3.1. Morphology

In case of asymmetric membranes, the solute refeatainly occurs in the upper skin layer and the
flux is regulated by the pores present in the sdplayer. The CA — AC blend membranes showed better
porosity, both in the skin as well as support layeinen compared to pure CA membrane. From the SEM
images as shown in figure 1, it could be seenttiete was uniform distribution of pores on the dkiyer and
the enhanced pore size on the support layer fo@Tt&% CA — 2.5% AC blend membrane in comparisith w
pure CA membrane as well as other synthesized bfesrdbranes.

AFM image depicts the roughness of the membrariehnib characterized by the peak structures. The
increase in roughness results in an increase imfpwhich will in turn cause a fall in the fluxtes [24]. As
shown in figure 2, an average roughness of 95.38vamfound in the case of 100% pure CA membranahwh
is quite high. This is denoted by the large nundfgpeaks distributed throughout the membrane. Assalt,
pure CA membrane tends to foul more, resultingim flux transport. However, the AFM images of theral
membranes showed comparatively less peaks, indichass roughness of the surface and thus thedaiing
tendency than pure CA membrane, which in turn &sstine potential of increased flux in the blend toemes.
The 97.5% CA — 2.5% AC blend membrane appeareé snoother with less number of peaks in comparison
with pure CA membrane as well as other syntheditexdd membranes.

Surface characterization parameters viz. roughagssage (3, surface skewness (Hand surface
kurtosis (R) values for the AFM analyzed membranes are tabdlat Table 2. The results imply the better
morphological features of 97.5% CA — 2.5% AC blemeimbrane.

Morphological studies on the synthesized blend brames clearly indicate the potential nature of
increased flux and decreased fouling due to theaddition than the pure CA membrane. Results algdyithe
better morphological features of 97.5% CA — 2.5% B&nd membrane in comparison with other blend
membranes.
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Figure 1: SEM images of top surface (1.1, 1.3, 1.5 & 1.7 aross-section (1.2, 1.4, 1.6 & 1.8) of pure and
blend membranes a) 100% CA b) CA—- AC (99.5/0.59LA— AC (98.5/1.5%) and d) CA— AC (97.5/2.5%)
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Figure 22 AFM — 3D images (2.1, 2.3, 2.5 & 2.7) and 2D imag2.2, 2.4, 2.6 & 2.8) of) of pure and blend
membrane a) 100% CA b) CA— AC (99.5/0.5%) c) @¥:-(98.5/1.5%) and d) CA— AC (97.5/2.5%)
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Table 2: Roughness parameters of the pure and blend meeatbran

Membrane Roughness average Surfaqeskewness Surfa(_:e Kurtosis
(S) (in nm) (S (in nm) (Sw) (in nm)

100% CA 95.3257 0.255461 1.54911

99.5% CA - 0.5% AC | 68.3906 0.281928 1.27142

98.5% CA - 1.5% AC | 31.8563 0.237028 1.35452

97.5% CA - 2.5% AC | 18.1756 0.226177 1.12289

3.2. PureWater Flux, Hydraulic resistance and Water uptake

Results of ultrafiltration characterization testsich included pure water flux measurements atovesi
transmembrane pressures; membrane hydraulic msgstaeasurement and water uptake measurementefor th
prepared blend membranes as well as the 100% pureeinbrane are presented in Table 3.

As shown in figure 3, pure water flux of the blenémbranes were better than the pure CA membrane
and recorded an increasing pattern with the iner@asconcentration of AC modifier which is due teet
increased void structures in the support layertasva by the morphological studies. Thus, the 97G80—
2.5% AC blend membrane gave the maximum waterdkighown by the results presented in Table 3.

The membrane hydraulic resistance of the blend m@nes recorded a decreasing trend with the
increasing concentration of AC moadifier which cam #&ttributed to the increasing porosity. The insig
water uptake of the blend membranes with increas®d modifier concentration is due to the incremsthe
number of pores as well as the hydrophilic natdrthe AC modifier. Thus, the 97.5% CA — 2.5% ACrile
membrane exhibited the lowest hydraulic resistaaod better water uptake among the prepared blend
membranes.

UF characterization tests on the synthesized hiegrhbranes clearly demonstrated the enhanced water
permeability, hydrophilicity and flux of the blensiembranes in comparison to pure CA membrane. UF
properties of the 97.5% CA — 2.5% AC blend membnaas superior among the other blend membranes as
well as the pure CA membrane.

Table 3: UF characterization & Thermal stability results fiee pure and blended membranes

Membrane Pure Water flux M embrane

blend S o1 X Water
- (litm=h™) Hydraulic

Composition Resistance uptake

CA AC 69 138 | 207 | 276 |345 | 414 (kPa m2h i t'l) (%)

(%) (%) kPa | kPa | kPa | kPa | kPa | kPa

100 0 1.1 2.2 3.2 4 5 5.61 | 69.93 33.3

995 | 0.5 1.3 2.3 3.4 4.5 6 6.86 | 59.88 50

985 | 1.5 1.8 3.5 5 6.5 8.5 10.9 | 39.84 66.6

975 |25 2.7 4.4 6 8.4 10 11.2 | 34.84 66.6

3.3. Thermal stability

Results of the thermal analysis study clearly datbd the increased thermal stability of the blende
membranes in comparison to pure CA membrane. Asishio figure 4, the weight loss percentage of the
membrane (with increase in temperature) was redeoediderably by the addition of AC modifier, thus
exhibiting the enhanced temperature tolerance eftktend membranes. The same phenomenon was also
evident from the glass transition temperaturg) fieasurement for the blend membranes. As showalite 4,
the glass transition temperature of the blend mands increased with the amount of the AC modifiethie
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membrane composition. Thus the 97.5% CA — 2.5% Aé&hd membrane was more thermally stable in
comparison with other blend membranes as well@aptine CA membrane.

Figure 3: Pure water flux measurement for the pure and lelémiembranes
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Figure 4: Thermal stability curves for the pure and blendesmbranes
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Table 4: Glass transition temperatures of the pure anddbote@mbranes

Membrane blend Composition | Gjass Transition Temperature
0

CA (%) AC (%) (C)

100 0 204.3

99.5 0.5 323.6

98.5 15 358.3

97.5 2.5 3994
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3.4. Solutergjection

Analyzing the results of the morphology analyi$; characterization and thermal studies, it was
evident that the 97.5% CA — 2.5% AC blend membraae better ultrafiltration characteristics among th
synthesized blend membranes. Hence this blend nagmalwas subjected to performance test. Represantati
blend membrane sample was used to study the sa@jgetion characteristics of the raw dischargeuefit
obtained from a textile industry located in the SEAirrupur, India.

Results of the solute rejection studies for th&@/CA — 2.5% AC blend membrane are given in Table
5. Biological oxygen demand (BOD), Chemical oxygdmand (COD) and sulphate content of the feed,
permeate and reject streams were characterizeateSejection studies using the blend membrane eanméed
out in two modes — i) with addition of Poly ethymine (PEI) to the effluent feed stream and iijhwiit
addition of PEI to the effluent feed stream. PE&igood chelating agent and is commonly used iliesft
treatment to bind the metal ions in the effluer][2The solute rejection study results of the blemembrane
were compared with the performance of the pure @brane.

As shown in Table 5, when the feed stream was umstitk solute rejection study without PEI addition
the blend membrane gave a solute rejection of 12viie¢h was 76 % less than the solute rejectionnteddoy
the pure CA membrane. Reason for this decline lumtesoejection could be ascribed to the increaswé pize
of the blend membrane. However when the feed strwasiadded with PEI and then subjected to solute
rejection study, the blend membrane recorded agesotjection of 61.1 % which was only 9% less than
solute rejection performance of the pure CA membrdine increase in solute rejection with the additf
PEI to feed stream was due to agglomeration ofrtbéerate size (inm) metal ion particles resulting in a large
particle size and subsequent screening of thecpmhy the blend membrane.

Thus, the results of performance tests indicateddecreased solute rejection percentage of timel ble
membrane in comparison to pure CA membrane. Howexlen the feed stream is added with chelatingtagen
like PEI, the blend membrane reported an almosivatpnt rejection percentage but with an incredhedas
compared with pure CA membrane. Thus the higherréite of the blend membrane could make it astalsei
candidate for separation applications which reghigher flux will an agreeable solute rejectiongestage.

Table5: Solute rejection studies for 100% CA and 97.5%-CA5% AC blend membrane

Feed Sample Tvoe BOD COD Sulphates % Solute
Mode pietyp (mglit) | (mglit) | (mgllit) Rejection (% SR)
= Feed Effluent | 54 464 2444 -NA-
o 100% CA Rejec 206 1104 2162
o 100%CA 53.65
é Permeate 2 Ze =
E CA-AC
§ |(©75/25%) |10 — L o7
5 [CA-AC '
E T | (97.5/2.5%) 336 912 2093
S Feed Effluent 364 1184 2840 -NA-
= | 100% CA Reject 372 1560 2641
e
I 0 84.12
= | Soowea 12 120 99
- Permeate
= CA-AC
2 | (©97.5/25%) 341 1305 2351 .
3 CA-AC '
L | (97.5/2.5%) 19 344 139
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4. Conclusions

A novel series ofcellulose acetate membrane (CA) blended activatetbon (AC) ultrafiltration
membrane was synthesized in varying composition&/ (&C: 100/0, 99.5/0.5, 98.5/1.5 and 97.5/2.5 %).
Prepared membranes were subjected to morphology,stltrafiltration characterization studies anérthal
stability analysis. The blend membranes exhibitiéferénces in morphologies, porosities and propsrtdue to
the activated carbon (AC) addition. With increaseAIC concentration in the membrane composition, the
membranes exhibited excellent water permeabilitydrdphilicity, thermal strength and good anti-fogji
ability. The 97.5% CA — 2.5% AC blend membrane regmbremarkably better structural features (in teoh
pore statistics & roughness), excellent UF chareties and enhanced thermal stability among tmhesized
blend membranes. This 97.5% CA- 2.5% AC blend manmdmwas directed to performance test by applying it
to study the solute rejection characteristics ¢éxile industry effluent. The performance reswitshe blend
membrane were compared with that of 100% pure Chlnane. Results clearly indicated the decreaseudesol
rejection percentage of the blend membrane in casgawith pure CA membrane. However, when the feed
stream was treated with chelating agent like Rt&l,lend membrane reported an almost on par sajgetion
percentage with an increased flux, as comparedpute CA membrane. Thus the 97.5% CA — 2.5% ACdlen
membrane is very promising to be a potential catdidor membrane separation applications whichirequ
higher flux rates with little compromised solutgexdion percentage in comparison of pure CA mendaran
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Appendix

List of symbols used:

% SR - Percentage solute rejection

Jv - Pure water flux

Q - Permeate quantity

A - Membrane area

AT - Sampling time

wC - Water uptake

W, - Weight of wet membrane

Wy - Weight of dry membrane

Rm - Membrane hydraulic resistance

AP - Transmembrane pressure difference
C - Solute concentration in the feed

G - Solute concentration in the permeate
S - Surface roughness average

Si - Surface skewness

Sw - Surface kurtosis
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