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Synthesis and characterization of cellulose acetate based proton exchange membranes
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The proton exchange membranes (PEMs) were prepared using cellulose acetate (CA), orthophosphoric acid (OPA) and poly-
vinyl alcohol (PVA) and epichlorohydrin (ECH) as an active agent. Polyvinyl alcohol (PVA) was used as polymeric backbone
for the synthesized PEMs. CA was used as a hydrophilic agent and OPA provided acidic matrix for the membranes. Poly-
meric membranes have minimal environmental effects and hence we focused on these membranes for fuel cell applications.
These membranes were prepared by physical blending and casting methods. The cellulose acetate was dissolved in the re-
quired amount of pure acetone to form a solution and subsequently activated using ECH at 45°C for 6 h. Activated cellulose
acetate and OPA was used in molar ratios of 1:1 and 1:2 in this study. PVA was added in the desired quantity. The approach
allowed the membrane to have an excellent ion exchange capacity (IEC) and water uptake (WU) such as 1.14 meqg/g and

11.83%), respectively.
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Introduction

The enhancement in the demand of power requirement
makes the researchers to focus on the renewable energy
sources. PEM fuel cells have a promising ability to convert
electrochemical energy into power. They gained sufficient
interest because of their high efficiency and low emissions
of wastes. Essentially, the mechanism of PEM is to transfer
the protons from anodic compartment to cathodic compart-
ment. The PEM serves as a media to conduct electrons from
anode chamber to cathode chamber in a fuel cell. It is a
polymeric membrane prepared using different types of poly-
mers'2. Commercially available PEM is Nafion. Nafion is
widely used proton exchange membrane due to its high
mechanical, chemical, and thermal stability and proton con-
ductivity. However, these Nafion membranes are lavish.
Hence, several researchers explore the alternative to Nafion
membranes for fuel cell applications. Fuel cell converts the
energy with high efficiency and extremely low pollutant emis-
sion. PEM fuel cell consists of a polymeric membrane, which
transports the protons from anode chamber to cathode cham-
ber. The electrons generated in anode chamber travels
through the external circuit of cell to cathode chamber and

produce electricity. Hydrogen based fuel cell was charged
through a field flow plates to the anode side, where hydro-
gen splits into H* ions and charged electrons. Hence, there’s
no change of emission of pollutants it is an eco-friendly way
of production of energy. The key component of the fuel cell is
PEMs, which may be polymeric membranes or acid base
membranes. The products of these fuel cells are water from
cathode chamber and electricity from the external circuit. To
produce H* ions and negatively charged electrons fuel cell
requires hydrogen which is costlier and it is difficult to pro-
duce hydrogen and also to store. Hence many of the fuel
cells use H* ions producing gases such as methanol or gaso-
line etc., where direct methanol fuel cell gained success by
using liquid methanol fuel®. But emission of CO is the notice-
able disadvantage of the direct methanol fuel cell, which
damages the platinum electrodes* and may decrease the
efficiency of the fuel cell. In this study, we prepared a poly-
meric proton exchange membrane using cellulose acetate
(CA) and epichlorohydrin as an active agent, orthophospho-
ric acid (OPA) and polyvinyl alcohol (PVA). The prepared
membrane should be thin having high ion exchange capa-
city and water uptake.
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Materials and method

Cellulose acetate (CA), epichlorohydrin (ECH), orthophos-
phoric acid (OPA) (85% extra pure), and polyvinyl alcohol
(PVA) were purchased from Loba Chemie, India; acetone
(purity 90%) was purchased from Merck, India; sodium chlo-
ride, hydrochloric acid, sodium hydroxide, phenolphthalein
were purchased from Rankem, India.

Experimental
Activation process:

Cellulose acetate powder was dissolved in required
amount of pure acetone to make the slurry. Epichlorohydrin
was added to activate the cellulose acetate'. The activation
process was conducted at a temperature of 50°C for 8 h.
The epichlorohydrin was added in desired quantity to acti-
vate the cellulose acetate. The activation samples were left
at room temperature for 5 h and in water bath for 7 h.

Phosphorization process:

The activated cellulose acetate solution was added with
orthophosphoric acid solution in molar ratio of 1:1 and 1:2.
Orthophosphoric acid solution also contained polyvinyl alco-
hol in the ratio of 1:22. The reaction was conducted at a tem-
perature of 45°C in a water bath for 12 h. The unreacted and
excess orthophosphoric acid was removed by the succes-
sive washing with the distilled water. The whole solution was
casted into the petri dishes up to mark to maintain the thick-
ness of the membranes and allowed to cool at ambient tem-
perature.

Characterization
Epoxy content determination:

The epoxy content of the epichlorohydrin activated cellu-
lose acetate membrane was quantified by using back titra-
tion method'. The activated samples dipped ina 50 ml 0.1 M
hydrochloric acid solution for at least 12 h with shaking at
room temperature. The HCI molecules react and hydrolyze
the epoxy ring of ECH. The left HCI solution was titrated in
against 0.1 M NaOH solution. The epoxy content was deter-
mined using the eq. (1):

(Vy—=V,)xN
Xz —— (1)
g

where, X as mg equivalents of ECH per gram of sample, V,
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as NaOH volume in original sample, V, as NaOH volume in
modified sample, g as weight of sample tested.

Water uptake:

Water uptake plays a crucial role in the IEC of PEM. En-
hancement in water uptake leads to increase in the IEC.
However, very higher water uptake in the membrane causes
the dimensional mismatches® resulting excess of swelling
and instability. Water uptake is measured by soaking the
membranes in water for 24 h at ambient temperature. After
that membrane was removed and cleaned with tissue to re-
move the adhered water molecules and the membrane was
weighed. WU was estimated using eq. (2):

W, - W,
Water uptake (%) = ———— (2)
Wy
with W, as weight of wet membrane, W, as weight of dry
membrane.

Swelling ratio:

The membrane was dipped in water for 24 h and mea-
sured the thickness of the membrane before and after soak-
ing. The swelling ratio was estimated using eq. (3):

tw - td
Swelling ratio (%) =

x100 3)
fy

where, £, as thickness of wet membrane, t; as thickness of

dry membrane.

Thickness determination:

The thickness of the membrane was determined at dif-
ferent places in the membrane using digital screw gauge
(Mituotoyo, Japan) and the average thickness value was
calculated using eq. (4):

g )

where, ta\,g as the average thickness, t; ) t--- t, are the
thickness at different positions, n as number of positions.
lon exchange capacity (IEC):
The ionic conductivity is directly correlated to the IEC of

the membrane. IEC is determined by the acid base titration
method®. A portion of membrane was dipped in 2 M NaCl
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solution for 24 h. The solution was then titrated against 0.1
M NaOH solution. IEC was calculated using the formula re-
ported in literature?.

Results and discussion
Epoxy content of membrane:

By using back titration method epoxy content of a given
membrane is calculated by eq. (1). The epoxy content is
determined 3.849 meg/gm.

Thickness:

The thickness of the membrane M-1 (1:1) and M-2 (1:2)
were 0.2838 mm and 0.2742 mm.

Water uptake:

M-1 and M-2 membranes were 1:1 and 1:2 molar ratios
of cellulose acetate and orthophoshoric acid. The water up-
take of M-1 and M-2 membranes was 9.02 and 11.85, re-
spectively. Whereas the WU of Nafion 117 was measured as
20%. Fig. 1 shows the increase in water uptake with increas-
ing the ratio between orthophosphoric acid and cellulose
acetate. The maximum water uptake is obtained with the OPA
contentof 2 N. The enhancement in hydrophilicity is increased
by the phosphoric group.
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Fig. 1. Water uptake of M-1 and M-2 membrane vs different OPA con-
tent.

lon exchange capacity:

The ratios of cellulose acetate and orthophoshoric acid
in M-1 and M-2 membranes were 1:1 and 1:2. [EC of M-1
and M-2 were 0.94 meg/g and 1.14 meq/g. As the acid groups

15

[y
M

IEC (meq/g)
=
in

n L) T
0 1 2 3

OPA content (ratio)

Fig. 2. IECs of M-1 and M-2 membrane vs different OPA content.

are increased the IEC also increased. Fig. 2 shows the in-
crease in IEC with increasing the ratio between orthophos-
phoric acid and cellulose acetate whereas the IEC of the
Nafion 117 is 0.91 meq/g which is showing low value com-
pared to the synthesized membranes.

Swelling ratio:

The swelling ratios of M-1 and M-2 were 0.0899% and
0.1185%, respectively. Swelling ratios were found to be lesser
than 5%, which is reasonable as reported in the literature®.
Fig. 3 shows the increase in swelling ratio’s with increasing
the ratio between orthophosphoric acid and cellulose acetate.
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Fig. 3. Swelling ratios of M-1 and M-2 membrane vs different OPA
content.
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The characteristics of the synthesized membrane and com-
mercial membrane is summarized in Table 1.

Table 1. Values of water uptake and IEC of synthesized mem-
branes and Nafion-117

Sr. No. Membranes Water uptake (%) IEC (meq/g)
1. M-1 9.02 0.94

2. M-2 11.85 1.14

3. Nafion-117 20 0.91
Conclusion

The cellulose acetate based proton exchange membrane
has been prepared using the blending and casting method.
M-1 and M-2 shows water uptake of 9.02 and 11.85%, IEC
of 0.94 and 1.14 meq/g and swelling ratios of 0.0899% and
0.1185%.
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