This article was downloaded by:

On: 24 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

CELLULOSE ACETATE AND EPOXY RESIN BLEND
ULTRAFILTRATION MEMBRANES: REPARATION,

CHARACTERIZATION, AND APPLICATION
R. Mahendran? R. Malaisamy?® D. Mohan®
* Department of Chemical Engineering Membrane Laboratory, Anna University, Chennai, India

Online publication date: 08 December 2002

To cite this Article Mahendran, R. , Malaisamy, R. and Mohan, D.(2002) 'CELLULOSE ACETATE AND EPOXY RESIN
BLEND ULTRAFILTRATION MEMBRANES: REPARATION, CHARACTERIZATION, AND APPLICATION', Journal of
Macromolecular Science, Part A, 39: 9, 1025 — 1035

To link to this Article: DOI: 10.1081/MA-120013577
URL: http://dx.doi.org/10.1081/MA-120013577

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1081/MA-120013577
http://www.informaworld.com/terms-and-conditions-of-access.pdf

11: 48 24 January 2011

Downl oaded At:

(ﬂ MARCEL DEKKER, INC. ¢ 270 MADISON AVENUE « NEW YORK, NY 10016

™
©2002 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

JOURNAL OF MACROMOLECULAR SCIENCE
Part A—Pure and Applied Chemistry
Vol. A39, No. 9, pp. 1025-1035, 2002

CELLULOSE ACETATE AND EPOXY RESIN
BLEND ULTRAFILTRATION MEMBRANES:
PREPARATION, CHARACTERIZATION,
AND APPLICATION

R. Mahendran, R. Malaisamy, and D. Mohan*

Membrane Laboratory, Department of Chemical Engineering,
Anna University, Chennai 600 025, India

ABSTRACT

Membranes based on cellulose acetate used in ultrafiltration applications
lack good, chemical, mechanical and thermal resistance. In order to
prepare membranes with improved properties, modification of cellulose
acetate with epoxy resin through solution blending was attempted. In the
present work, the membrane casting solutions with different polymer
blend compositions of cellulose acetate and diglycidyl ether of bisphenol-
A (DGEBA) were prepared at 30 +2°C. The maximum percent com-
patibility of the two polymers, cellulose acetate and diglycidyl ether of
bisphenol-A, was estimated to be 60/40%. Ultrafiltration blend mem-
branes based on various blend compositions were prepared, characterized
in terms of compaction, pure water flux, water content, membrane hy-
draulic resistance and molecular weight cut-off. The application of these
membranes, in rejection of proteins of various molecular weights, are
discussed.
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INTRODUCTION

Cellulose acetate was one of the first membrane polymers that has been
used for aqueous based separation and used as both reverse osmosis (RO)
and ultrafiltration (UF) membranes.'! The requirement of more aggres-
sive cleaning and sanitizing agents and more chemical and mechanical re-
sistant membranes, led to the necessity of modifying cellulose acetate based
membranes.””! The hydrophilic/hydrophobic balance, as well as the physico-
chemical properties, of a membrane system can easily be changed if the
membrane is prepared from multi-component polymer mixture/blends.

The application of cellulose acetate membrane may be enhanced to
processes with increasingly diversified macromolecular components through
the modification of cellulose acetate with balanced hydrophilic-hydrophobic
moiety. Cellulose acetate has been blended with polyurethane in different
compositions, using DMF solvent as to prepare membranes and applied for
the rejection of proteins and metal ions.'¥ Further, CA has been found as a
successful blend component with polysulfone and sulfonated polysulfone, in
preparing ultrafiltration membranes.>® In addition, CA has been blended
with natural polymeric derivative, chitosan in trifluoro acetic acid solvent,
and found compatible.”) Reports on cellulose diacetate and cellulose tria-
cetate blends in pure water flux and solute transport have been identified.®!
Similarly, diglycidyl ether of bisphenol-A, is being used as a successful
composite material due to its superior qualities. These material also pos-
sesses high porosity, good resilence character, abrasion resistance and oil
resistance. The hydrophilic nature of the resin, is expected to yield mem-
brane of better performance in terms of pure water flux and hence, product
rate in rejection studies. Similar investigations on membrane preparation
and wettability studies of epoxidized polyurethane have been carried out and
highlighted the effect of epoxy group on performance.”) The DGEBA, the
simple epoxy resin (ER) can be blended with cellulose acetate to introduce
hydrophilicity in the resultant blend membrane and optimum membrane
performance can be achieved in terms of better solute rejection and flux.
Further, separation of proteins by membrane was found to be advantageous
due to the non-destructive nature and limiting denaturation of proteins of
the process.'” As the ER is hydrophilic in nature, the blending of ER with
CA, would substantially reduce the fouling behavior of the resulting mem-
branes. Earlier studies have shown that the increase in hydrophilicity will
reduce the fouling behavior and increase the flux.'""'? Furthermore,
blending would enhance chemical stability of the membrane due to the
epoxy resin.

Hence, in the present investigation, cellulose acetate was blended with
epoxy resin in polar medium and the membrane compaction, pure water flux,
water content, membrane resistance (R,,), molecular weight cut-off (MWCO)
and protein rejection were determined and the results are discussed.
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EXPERIMENTAL

Materials

Cellulose acetate (CA) was procured from Mysore Acetate & Chemical
Co. Ltd, India; Epoxy resin (ER) LY 556 (DGEBA) was procured from
Ciba-Geigy; solvent N,N-dimethyl formamide (DMF) (AR) was obtained
from CDH Ltd, India. Sodium monobasicphosphate anhydrous and sodium
dibasicphosphate heptahydrate were procured from CDH Chemicals Ltd.,
India and used for the preparation of phosphate buffer solutions in protein
analysis. Proteins viz., BovineSerum Albumin (BSA), M,, = 69 kDa, Pepsin,
M,, = 35kDa, Trypsin, M,, = 20kDa were purchased from SRL Chemicals
Ltd., India and used as received. Egg Albumin (EA), M, = 45kDa was
obtained from CSIR Bio-Chemical Centre, New Delhi, India. Deionized and
distilled water was employed for the preparation of protein solutions and also
used for the preparation of gelation bath.

Preparation and Characterization of the Membrane

Cellulose acetate and epoxy resin were blended in different proportions
(Table 1) using DMF as solvent by thoroughly mixing for 4 h at 30 £2°C.
The casting solutions were kept standing for an hour in order to eliminate the
air bubbles. The casting solution was poured over a glass plate and the
membranes were cast using a stainless steel casting blade with an oily sheet
attached with desired thickness of the membranes. The casting was carried
out at 24 +2°C and the relative humidity was kept at 50—55%. The mem-
branes were gelled in non-solvent (H,O) as reported earlier."*! The thickness

Table 1. Characteristics of CA/ER Blend Membranes

Polymer Blend

Composition
(17.5 wt%) PWF
(Im2h™" Water Content R, MWCO

CA (%) ER (%) (345 kPa) (Wt%) (kPa.lm™ h™") (kDa)
100 0 13.4 78.3 0.25 35
95 5 19.3 81.3 0.25 -
90 10 20.5 81.3 0.24 35-45
85 15 25.2 82.3 0.20 -
80 20 28.4 83.3 0.15 45
75 25 35.3 83.5 0.10 -
70 30 49.2 84.3 0.08 45
65 35 54.7 84.1 0.07 -

60 40 63.8 84.4 0.06 69
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of the membrane maintained in this work was 0.22 £0.02 mm as followed in
earlier studies with blend membranes.!*'¥

Compaction

The membranes prepared were cut in to necessary size, to use in the
ultrafiltration kit of 38.5 cm? effective membrane area and initially pressuri-
zed with distilled water at 414 kPa for 4 h. The water flux was measured at
every one hour interval. The pre-pressurized membranes were used in sub-
sequent ultrafiltration experiments at 345 kPa.!!!

Pure Water Flux

Membranes after compaction were subjected to pure water flux at
transmembrane pressure of 345 kPa. The permeate water was collected under
steady state flow and the flux was determined as follows:

Jo o
VT AUAT

where

Jw=Water flux, | m 2 h™!
Q =Quantity of permeate, 1
A = Membrane area, m>
AT=Sampling time, h

Water Content

Water content of the membranes was measured as follows.'” The
membranes were soaked in water for 24 h and weighed after mopping with
blotting paper. These wet membranes were placed in a drier at 60°C for 48 h
and the dry weights were determined. From the two values the percent water
content was derived as follows.

WW —Wd x 100

% Water content = W
w

W,, = Wet sample weight
W4 = Dry sample weight
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Membrane Hydraulic Resistance (R,,)

Membrane hydraulic resistance is an important parameter, which re-
flects the tolerance of membranes towards hydraulic pressure.l'® It would be
more useful to apply the membrane for a particular environment and to
identify the suitability of the membranes for a particular membrane process.
Membrane hydraulic resistance (R,,), was evaluated by measuring pure water
at different transmembrane pressures such as 69, 138, 207, 276, and 345 kPa
after compaction. The resistance of the membrane was evaluated from the
slope of the transmembrane pressure difference (AP) vs. water flux (Jw) using
the following equation.

Molecular Weight Cut-Off MWCO)

Molecular weight cut-off of the membrane was determined by identi-
fying an inert solute, which has the lowest molecular weight and has solute
rejection of 80—100%, in steady state UF experiments.!'”! Thus, the proteins
of different molecular weights such as, Bovine Serum Albumin (69 kDa), Egg
Albumin (45 kDa), Pepsin (35 kDa) and Trypsin (20 kDa) were taken for
rejection studies for the membranes with 100/0, 90/10, 80/20, 70/30 and
60/40%, CA/ER compositions. The permeate concentrations were analyzed
using UV-spectrophotometry, at Ay, =280 nm.

APPLICATION STUDIES

Protein Rejection

After mounting the membrane in the UF cell, the chamber was filled
with individual protein solution and immediately pressurized under nitrogen
atmosphere to the desired level (345 kPa) and maintained constant
throughout the run. Proteins such as BSA, EA, Pepsin and Trypsin were
dissolved (0.1 wt%) in phosphate buffer (0.5 M pH 7.2) and used as standard
feed solutions. For all experiments, the concentration of feed solution was
kept constant. Permeate was collected over measured time intervals in
graduated tubes and the tube contents were analyzed for protein con-
centration, by UV-Spectrophometry (Hitachi, model U-2000) at Ap.x
280 nm. The percent protein rejection was calculated from the concentration

of feed and permeate using equation:!'”
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%SRZI—(%)X]OO
f

where, C,, and Cy are concentrations of permeate and feed, respectively.

Upon completion of run, the ultrafiltration cell was emptied, the mem-
brane was removed and washed gently with pure water to remove adherent
protein solution, and then reinserted in the clean cell for re-measurement of its
pure water flux.

RESULTS AND DISCUSSION

The blend membranes were found to be compatible up to a composition
of 60/40% of CA/ER in DMF. These membranes were subjected to char-
acterization and solute rejection studies and the results have been discussed
as follows with respect to the effect of polymer blend composition.

Membrane Compaction

The compaction was aimed to make membranes with rigid pore struc-
ture and size, which could further yield reproducible results in character-
ization and performance evaluation. At constant operating pressure
(414 kPa), the pure water flux of CA/ER blend membranes upon compac-
tion was measured every hour. During compaction, for all the membranes,
initially the pure water flux was found to be high and declines gradually and
reaches a steady state after 3 h of compaction, as shown in Fig. 1. This initial
decline in flux may be due to the fact that the membrane pores are being
compacted leading to uniform pore size and steady state water flux. Both the
pure and blend membranes, exhibited similar trend upon compaction, irre-
spective of the composition.

Pure Water Flux

Membranes after compaction, were subjected to a transmembrane
pressure of 345 kPa for the measurement of pure water flux. The flux was
measured under steady state flow.["® The values of pure water flux are pre-
sented in the Table 1. The values show that in the blend membranes, as the
concentration of the epoxy resin increases from 5 to 40%, the water flux also
increases from 13.4 to 63.8 I.m 2-h™". This linear trend due to the increase in
epoxy content in the blend may be due to the hydrophilic nature of the epoxy
group present in the membrane. The result is supported by the similar results
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Figure 1. Compaction studies of CA/ER blend membranes with different compositions of
epoxy resin.

obtained from the epoxidation of polyurethane and wettability studies car-
ried out earlier.l”!

Water Content

Water content is considered to be an important parameter for mem-
brane characterization, since the pure water flux of the membrane can be
predicted based on these results. Variation in the concentration of epoxy
resin from 5 to 40 wt% in the blend membranes resulted in an increase in the
water content of the membranes from 78.3 to 84.4% as shown in Table 1.
This increase in percent water content may be due to the presence of hy-
drophilic epoxy group in the blend membrane, as compared with pure cel-
lulose acetate membrane. The water uptake of membranes are significant in
identifying the hydrophilic nature and available internal surface area of a
polymeric membrane matrix.



Downl oaded At: 11:48 24 January 2011

1032 MAHENDRAN, MALAISAMY, AND MOHAN

Membrane Hydraulic Resistance (R,,)

Resistance of the membrane was calculated from the slope of the
straight line obtained from the plot of transmembrane pressure vs. water flux
(Fig. 2). The effect of concentration of epoxy resin on R,,,, has been explained
on the results obtained from the figure and the values are depicted in the
Table 1. From the values, it is obvious that as the concentration of the epoxy
resin in the blend system was increased, the membrane resistance has de-
creased. The reason may be, the increase in void volume, with respect to
increase in ER content in the blend. Further, the values are inversely pro-
portional to the water flux of the respective membranes.

Molecular Weight Cut-Off MWCO)

Based on the rejection values of the globular proteins and the procedure
followed by Sarboloukil!” the MWCO of the CA/ER blend membranes was

70

—B—CA60% —+—CA85%
60 —0—CAB5% —X— CA 90%
1 —A—CA70% —%—CA95%
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Figure 2. Pure water flux of CA/ER blend membranes at different transmembrane pressures.
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determined and is reported in Table 1. It can be explained that pure CA
membrane (100/0%), has the lowest MWCO value of 35 kDa, as the
membrane has yielded 84% rejection for pepsin (35 kDa). The MWCO value
has increased upon an increase of ER content in the blend and thus, at 40%
ER content, the MWCO was found to be 69 kDa. This increase in MWCO
value, may be due to formation of a segmental gap, due to the partial phase
separation upon proportionately increasing the concentration of ER, in the
blend. It can also be interpreted that there has been no possibility of inter-
action between the polymers CA and ER at various compositions. Similar
results have been observed for CA and PU blend membranes, with various
blend compositions and found successful in rejection applications.!'* These
MWCO values show that, all the membranes fall in ultrafiltration range and
are perfectly suitable for molecular level rejection studies.

APPLICATION

Protein Rejection Studies

The rejection of proteins viz., BSA, EA, Pepsin and Trypsin were car-
ried out using CA/ER (100/0, 90/10, 80/20, 70/30, and 60/40%) mem-
branes. The pH of the feed solution was kept constant at 7.2, since, the
change in pH may increase the adsorptive fouling of the membranes.!'”!
Further, intermolecular forces between protein molecules and membranes
will predominate and affect the efficiency of membranes, if pH of the solution
changes.*”

Role of Polymer Blend Composition

The rejection of proteins, such as BSA, EA, Pepsin and Trypsin by
100/0, 90/10, 80/20, 70/30, and 60/40% CA/ER blend membranes, is
shown in Fig. 3. Pure cellulose acetate, when subjected to separation of BSA,
EA, Pepsin and Trypsin, offered a higher separation of 98, 95, 84, and 76%,
respectively as shown in Fig. 3. For CA/ER blend membranes, as the ER
content was increased, the separation has decreased for all proteins as evi-
denced from Fig. 3. Thus, for 90/10%, CA/ER blend membranes, BSA has
exhibited a rejection of 96%, and reduced to 82% for 60/40% blend mem-
brane. A similar trend has been observed for other proteins as well. The
difference in percent rejection of the proteins is due to the different solute
sizes. The blend membranes with other compositions have also exhibited
similar trend as that of 90/10% CA/ER. This may be explained by the fact
that, the increase in ER content enhances the size of pores due to extended
segmental gap between polymer chains.!*!!
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Figure 3. Effect of epoxy resin composition in CA/ER blend membranes on rejection of
proteins.

CONCLUSION

A new type of polymeric blend membrane material based on cellulose
acetate and diglycidyl ether of bisphenol-A, epoxy resin has been identified.
The extent of their blend compatibility with various compositions using
N,N-dimethyl formamide as solvent has been determined to be 60/40% of
cellulose acetate and epoxy resin. The membranes prepared were character-
ized for their compaction, pure water flux, water content, membrane re-
sistance, and molecular weight cut-off. These blend ultrafiltration membranes
with different composition, were subjected to the separation of proteins such
as BSA, EA, Pepsin and Trypsin. The membranes showed higher pure water
flux and good resistance towards hydraulic pressure as compared with pure
cellulose acetate membranes. The MWCO value falls in between 35 and
69 kDa, based on the composition of ER in the blend. The rejection of
proteins was found to be maximum for BSA (98%) and minimum for trypsin
(58%), for the blend membranes. The composition of the blend, plays a major
role in determining the characteristics and performance of the membranes.
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