
INTRODUCTION

In recent years, nanotechnology has become one of the

most important and exciting forefront fields in Physics,

Chemistry, Biology, Engineering and Technology. Nanotech-

nology is the design, characterization, product and application

of structures, devices and systems by controlling shape and

size at the nanometer scale. Nanotechnology is the study of

phenomenon and manipulation of materials at atomic, mole-

cular and macromolecular scales, where properties differ

significantly from those at a larger scale.

Characterisation of nanomaterial and nanostructures has

been largely based on surface analysis technology and conven-

tional characterisation methods developed for bulk material.

Producers of polymeric materials have strong economic

incentives to solve technical problems and upgrade their

products by working with existing materials. Polymer blending

technique has been considered a convenient and best route for

modification of properties for the development of new poly-

meric materials with a wide range of properties as blending is

less expensive method and its relative freedom from the patent

coverage and enforcement compared to the synthesis of new

homo polymers and co-polymers1-4. The improvement of the
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physical and mechanical properties of the blend mainly

depends on the extent of adhesion at the interphase and how

fine the dispersion is of one phase into other2,3,5-7.

The polymer blends are physical mixtures of structurally

different polymers which interact with secondary forces with

no covalent bonding and have assumed a very important status

scientifically and technologically. The polymer blends offer

property, cost and processing advantages in their applications.

Compatibility of polymers has been one of the important

areas in the field of polymer science and technology1,2,8-10.

Many experimental and theoretical methods2,4 have been used

to investigate the polymer-polymer miscibility and the inter-

action between the polymers11-14.

In the present studies the scanning electron microscopic

and mechanical analysis of cellulose acetate (CA) and poly-

styrene (PS) nanofilms have been studied in accordance with

the change in composition of polymer over a wide range of

concentrations and temperatures.

EXPERIMENTAL

The grades of polymers used in the present investigation

were polystyrene (PS) (BDH, England) and cellulose acetate

(CA) (Aldrich, USA). The molecular weights are 1.0 × 105
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and 1.6 × 105. The solvent 1,4-dioxane used was of BDH

origin and of AR grade.

General procedure: Poly blending: poly(styrene) and

cellulose acetate blends with compositions of 0/100, 12.5/87.5,

25/75, 37.5/62.5, 50/50, 62.5/37.5, 75/25, 87.5/12.5 and 100/0

were prepared.

Detection method

Film casting: Solutions of polymer blends of different

compositions were used for casting of membranes of the

desired thickness on a clean glass plate. The solvent was evapo-

rated at room temperature for ten hours and then the plate was

kept under vacuum at 60 ºC for complete removal of the

solvent. The thickness of the dry membranes was measured

with a micrometer (Mituotoyu, No. 2109-10, Japan with an

accuracy of ± 1 µm) and flakes of the membranes were used

in the experiments.

Scanning electron microscopy (SEM): The SEM studies

of the films were carried out using scanning electron micro-

scope (Model Hitachi S-520).

Mechanical studies: Mechanical studies were performed

by Instron (Model AGS-10KNG, Shimadzu, Japan).

RESULTS AND DISCUSSION

Scanning electron mcroscopy: Phase morphology

characterization for the poly(styrene)-cellulose acetate blend

systems of compositions polystyrene/cellulose acetate 0/100,

12.5/87.5, 25/75, 37.5/62.5,50/50, 62.5/37.5, 75/25, 87.5/12.5

and 100/0, respectively has been done by SEM microscopic

analysis.

From micrograph (Fig. 1) it is clear that cellulose acetate

rich phase shows homogeneity as it is completely miscible.

With increase in the percentage composition of polystyrene

in the blend system formation of voids in the cellulose acetate

matrix starts by the addition of hard, rigid and crystalline poly-

styrene as in Figs. 2 and 3. The heterogeneity of polystyrene/

cellulose acetate 50/50 is clearly seen by the microscopic

observation which may be due to the formation of polystyrene

domains (Fig. 4). The increase in the weight percentage of

polystyrene causes "optical heterogeneity" as the formation

of polystyrene domains starts aggregating which is shown in

the photomicrographs (Fig. 5). At the high composition range

of polystyrene i.e., in polystyrene/cellulose acetate 100/0 blend

homogeneity appears due to the presence of uniformly distri-

buted highly transparent pure polystyrene matrix transmission

about 90 % of visible light with high refractive index of 1.59

(Fig. 6).

From the microscopic examination of polystyrene-cellu-

lose acetate blend system of various compositions it is evident

that the cast films are found to be transparent and slightly

yellowish. The transparency of the films at higher concen-

trations shows compatible nature of the system while the yellow

colour at lower concentrations indicates the specific inter-

actions between the constituent polymers. The yellow colour

of films intensifies with concentration of cellulose acetate. The

heterogeneity indicating the two phase morphology confirms

that the polystyrene-cellulose acetate blend system is incom-

patible at all concentrations. SEM study found to be useful in

the compatibility analysis of the polymer blend15,16.

Fig. 1. SEM micrographs of polystyrene-cellulose acetate blends of various

compositions polystyrene/cellulose acetate 0/100

Fig. 2. SEM micrographs of polystyrene-cellulose acetate blends of various

compositions polystyrene/cellulose acetate 12.5/100

Fig. 3. SEM micrographs of polystyrene-cellulose acetate blends of various

compositions polystyrene/cellulose acetate 37.5/62.5
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Fig. 4. SEM micrographs of polystyrene-cellulose acetate blends of various

compositions polystyrene/cellulose acetate 50/50

Fig. 5. SEM micrographs of polystyrene-cellulose acetate blends of various

compositions polystyrene/cellulose acetate 87.5/12.5

Fig. 6. SEM micrographs of polystyrene-cellulose acetate blends of various

compositions polystyrene/cellulose acetate 100/0

Mechanical studies: The various mechanical properties

studied on a series of films of films of polyblends of polystyrene-

cellulose acetate system at various compositions are tabulated

(Table-1).

It is observed from the table that polystyrene/cellulose

acetate blends show higher values of strain and the percentage

of elongation when the percentage composition of polyblend

polystyrene/cellulose acetate is 25/75. It shows maximum

values of stress and tensile strength at higher concentrations

of cellulose acetate i.e., 12.5/87.5 polystyrene/cellulose acetate.

This may be due to the following reason. In thermoplastic

polystyrene, the intermolecular forces and the barriers to

rotation about C-C bonds are greater than in the rubbers or

elastomeric polymers. These increased forces may rise because

of bottom molecular packing and a high degree of crystallinity

by the presence of side chains and increased steric forces. In

cellulosic plastic, cellulose acetate hydrogen bond forces

contribute to the intermolecular cohesion.

The stress-strain curve of polystyrene-cellulose acetate

blends of different compositions (Fig. 7) confirms that the

polyblend with maximum percentage composition of cellulose

acetate is highly amorphous, soft and tough. With increase in

percentage composition of polystyrene, the strength of the film

decreases and becomes hard and brittle as polystyrene is

susceptible to photo oxidative degradation which results in

brittleness. So polyblends with compositions polystyrene/

cellulose acetate 12.5/87.5 and 25/75 are hard and brittle

whereas 37.5/62.5 is of hard and strong. In polystyrene there

is little yielding and fracture occurs at low strains. Polystyrene

is namely considered brittle polymer at room temperature

because it fractures in a tensile test run at normal speed after

an elongation of only 1.5 % or so and has low impact strength.

However, if similar tests are tested at temperature above 100

ºC, they show ductile behaviour and have high impact strength

and high extensibility.
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Fig. 7. Stress-strain relationship of polystyrene-cellulose acetate blends

of various compositions

Conclusion

The present investigation indicates the compatibility of

polymer blends may be studied by SEM and Mechanical

analysis. It is clear that there is a distinct phase separation in

the membranes at compositions of 50:50 of polystyrene-

cellulose acetate. polystyrene-cellulose acetate blends show

maximum values of stress and tensile strength at higher

concentration of cellulose acetate. The stress-strain curve of

polystyrene-cellulose acetate blends of different compositions

(Fig. 7), confirm that the polymer blend with maximum
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percentage composition of cellulose acetate is highly amorphous,

soft and tough. With increase in percentage composition of

polystyrene, strength of the film decreases becomes hard and

brittle as polystyrene is susceptible to photo oxidative degra-

dation which results in brittleness. Super plasticity has been

observed at low temperature and at high strain rates in non-

crystalline materials. Bio sensitive nano-particles have been

used to tagging of DNA and DNA chips. Nano-structured

ceramics readily interact with bone cells and have been applied

as implant materials.
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TABLE-1 

MECHANICAL STUDIES OF FILMS OF PS-CA BLENDS OF DIFFERENT COMPOSITIONS 

Composition 
of PS-CA 

blends 

Max-load 
(Stress) (N) 

Max. Disp. 
(strain) (mm) 

Tensile 
strength 
(N/mm2) 

Max-strain 
(%) 

Break-load 
(N) 

Break-disp 
(mm) 

Break-stress 
(N/mm2) 

Percentage 
of elongation 

(N/mm2) 

(1) 12.5/87.5 31.2625 0.68400 6.56775 6.84000 30.8500 0.67600 6.48109 6.76000 

(2) 25/75 27.3125 0.99200 5.75000 9.92000 26.9375 0.98400 5.67105 9.84000 

(3) 37.5/62.5 6.3125 0.45900 2.86932 4.59000 6.31250 0.45900 2.86932 4.59000 

Mean 21.6291 0.71167 5.06236 7.11667 21.3666 0.70633 5.00715 7.06333 
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