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Solubility and swelling studies of polymer hybrid-nickel oxide nanocomposite
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Polymer nanocomposites involve a very important class of organic-inorganic nanostructured material which has enormous ap-
plications in storage, conversion devices. A polymer blend is prepared with polyurethane diol and polycaprolactone with the
ratio of 4:1. Nickel oxide nanoparticle of various proportions was added to the polymer blend to obtain a complete polymer
nanocomposite. The present work focuses the solubility and swelling studies of polymer nanocomposites prepared.
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Introduction

Polymer blending is one of the inexpensive and simple
techniques to prepare new polymeric materials which are
different from individual polymeric component. When com-
pared to pure polymers, polymer blending shows superior
conductivity and high mechanical strength!. Among the com-
mercialized biodegradable polymers, polycaprolactone (PCL)
is superior because of its high flexibility, biodegradability and
hydrophobic nature?. Polyurethane diol (PUD) is one such
type of polyurethanes, which is biodegradable and synthetic®
polymers. Nickel oxide nanoparticle is an attractive material
due to its valuable electronic and magnetic properties. These
materials are useful in catalysis, fuel cell electrodes, gas
sensors, and in lithium-ion batteries?.

Experimental
Materials:

Polycaprolactone, polyurethanediol, 4,4’-diamino-
diphenylmethane, hexamethylene diisocyanate, nickel oxide
nanoparticles, dimethyl formamide, dimethyl sulphoxide, ethyl
methyl ketone, ethanol, diethyl ether, ethyl acetate, hydro-
chloric acid and sodium hydroxide (Merck).

Synthesis of PUD/PCL-NiO nanocomposites:
Polyurethane diol (40 g) was heated up at 90°C and sub-

sequently 10 g of polycaprolactone was added. The blend
was heated at 120°C and stirred for 30 min. To this blend,

0.5 g of NiO nanomaterial was added gradually and vigi-
lantly with the mixture and stirred at 415 rpm for 45 min.
Then heating was discontinued and 12 ml hexamethylene
diisocyanate and 4 g diaminodiphenylmethane were supple-
mented and swirled. The organized nanocomposites were
relocated in to the mold and dried. The same procedure be
followed for NiO nanoparticle of various concentrations such
as 1.0, 1.5, 2.0, 2.5 wt% composites.

Solubility of PUD/PCL-NIO nanocomposites:

The solubility studies revealed that the blend and the
nano-composites prepared were completely soluble in dim-
ethyl sulphoxide, dimethyl formamide and ethyl methyl ke-
tone. This is because of the above solvents and prepared
materials show high polarity interaction between them. But
the prepared materials are moderately soluble in solvents
such as diethyl ether, ethanol and ethyl acetate.

Water swelling:

Water swelling analysis was carried out by ASTM D570
standard at room temperature in distilled water for 25 days
by immersing the material. The gain of weight by the sample
at a time £, can be determined by the given equation as,

M,= (W, — W,)IW,)x100 (1)

where W, and W,, represents dry weight of material and
swelled material weight at a period of time, t respectively.



J. Indian Chem. Soc., Vol. 96, January 2019

1.24

0.9d|—

0.6

M¢

0.34

0.04

://f’./
-0.34

5 10 15 20 25
Time period of immersion (days)

Fig. 1. Water swelling of PUD/PCL-NiO nanocomposites.

This is because the blend and nanocomposites are com-
posed of polymers by high electronegative atoms and hence
the dipolar groups from water favouring the interaction be-
tween water and the synthesized materials prevail and hence
water swelling takes place. Further 2.5 wt% loaded
nanocomposite shows better water swelling than other
nanocomposites prepared, this is because that the increased
NiO prohibited the movement of the polymer segments, which
should provide free space for the water molecules to stay in
the composites. In the backbone structure of the blend and
composites, there are an attribution of hydrophilic functional
groups and free volume like hydroxyl groups, involve in the
absorption of moisture®. Moreover NiO nanoparticles are
polar in nature, which will help to bind better with the water
molecules in the composites.

Solvent swelling:

Solvent swelling was done for the blend and nanocompo-
sites by immersing the materials in particular solvents for 25
days by periodical weighing after elimination of the surplus
solvent from the sample with filter paper. The same was re-
peated until equilibrium swelling was achieved. The solvent
swelling ‘g’ can be calculated by the given equation®

q = (m—mg)im, 2)
where, m, and m are the weight of sample before and after
swelling, respectively.

On the other hand, the blend and the nanocomposites
absorb the solvents such as HCl and NaOH. This is because
through the electrostatic attraction, extraction of the sol frac-
tion is caused in the synthesized material. The swelling of
different solvents such as HCI and NaOH by the materials
prepared is shown in the given plots Fig. 2 and Fig. 3.
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Fig. 2. Swelling of PUD/PCL-NiO nanocomposites in 1 N HCI.

0.0303

0.0300
0.0297 4
0.0294
o 0.0291-4

0.02884

0.0285{<

0.0282

5 10 15 20 25
Time (days)

Fig. 3. Swelling of PUD/PCL-NiO nanocomposites in 1 N NaOH.

Conclusions

The nanocomposites prepared were absolutely soluble
in solvents such as DMF, DMSO, and EMK. On the other it is
partly soluble in solvents such as DEE, EA and ethanol. High
electronegative atoms in polymers in nanocomposites sup-
port the polarity interaction between water and the prepared
materials and thus water swelling takes place. In addition to
this the blend and nanocomposites are absorbed by the sol-
vents like HCl and NaOH through the electrostatic attraction.
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