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Comparison of nano CaCO3 and flyash filled with styrene butadiene rubber on
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Different particle sizes (21, 15, 9 nm) of CaCO3 were synthesized by in-situ deposition technique and confirmed by
X-ray diffraction method. The nano CaCO3 was added from 0.1 wt % to 0.5 wt % in the styrene butadiene rubber (SBR).
Rubber nanocomposties were compounded on two-roll mill and molded in compression molding machine. Mechanical
properties such as tensile strength, elongation at break, modulus at 300 % elongation, hardness, specific gravity, swelling
index, flame retardency and abrasion resistance were studied. These results were compared with flyash filled SBR. There
was an improvement in properties of rubber nanocomposites because of uniform dispersion of nano CaCO3 particles in the
matrix that intercalates the rubber chains. Hence degree of crosslinking increases multifold in comparison to commercial
CaCO3 and flyash.
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Introduction
The mechanical and thermal properties of polymers
and composites structures can be improved through
the use of various kinds of fillers. Micron size fillers
usually cause decrease in strength, impact resistance,
and processibility1-2. Application of nanotechnology
in rubber nanocomposites shows significant
improvement in the modulus, strength, toughness, and
resistance to chemical attack, gas impermeability in
polymer composites. However, the majority of this
work is on thermoplastics. Recently this research is
now going on thermosetting polymers3-9.
The synthesis of inorganic-organic complex
materials has been widely done for preparing noble
materials
with
various
special
properties.
Nanocomposites show superior physical and
mechanical behaviour over their conventional
microcomposites10. The inorganic nanofillers
drastically improve the physical and mechanical
microscopic properties of polymers even though their
amount is small11. In this study, three different sizes
of nano CaCO3 (calcium carbonate) were used as
filler and results of nano CaCO3 filled styrene
butadiene rubber (SBR) were compared with
__________
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commercial CaCO3 and flyash composites of SBR.
Mechanical properties, abrasion resistance, physical
properties were studied and compared with other
fillers.
Experimental Procedure
Materials

SBR (SBR Hyundai Techlen 1502, Goodyear Tyre
and Rubber Co, USA) was used along with additives
namely stearic acid, zinc oxide, ZDC (Zinc
dicarbamide), MBTS (2,2' dibenzothiazyl disulphide),
vulconex and sulfur (commercial grade, Bayer India
Ltd). Analytical grades of calcium chloride,
ammonium bicarbonate, and polyethylene glycol
(PEG) (mol wt 6000) from Qualigens India Ltd, were
used for synthesis of nano particles of calcium
carbonate.
Nanoparticle Synthesis

Nanosize calcium carbonate was synthesized by in
situ deposition technique (Fig. 1). Calcium chloride
(110 g) was taken in 100 ml water. PEG (248 g) was
diluted by taking 100 ml water and mildly heated for
proper mixing. Complex of calcium chloride and PEG
was prepared in molar ratios of 1:4, 1:20 and 1:32.
Another solution was prepared by taking ammonium
bicarbonate (79.9 g) in distilled water (100 ml). The
first complex was digested for 12 h, then the solution
of ammonium bicarbonate was added slowly and
again kept for digestion for 12 h. The precipitate was
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lighter specimen (sp gr < 1) was employed. A beaker
was used as an immersion vessel, test specimen of
convenient size was weighed in air and then specimen
was suspended from a fine wire attached to balanced
and completely immersed in distilled water. Weight
of specimen in water was determined (with sinker).
a
Specific gravity = —————
(a +w) – b
where, a = weight of specimen in air, b = weight of
specimen (with sinker) and wire in water, w = weight
of totally immersed sinker and partially immersed wire.
Swelling Index (SI)

Fig. 1 — Synthesis of nano CaCO3 particles using in situ
deposition technique

filtered, washed with water and dried in vacuum
drier12-18.
Preparation of Rubber Nanocomposites

Compounding was carried out on a laboratory size
two-roll mill. The compounded matter was
compression molded for 35 min at 140 oC under
100 kg/cm2 pressure to get square sheet (15×15×0.3
cm). Formulation for rubber compounds was as
follows: SBR, 100; stearic acid, 3; ZnO, 3; vulconex,
1; ZDC, 0.5; MBTS, 05; sulfur, 1.8 g; and nano
CaCO3, variable.
Mechanical Property Testing

The cured sheets were subjected to conditioning for
24 h [relative humidity (RH), 50 %]. The mechanical
properties (tensile strength, elongation at break,
modulus at 300% elongation) were measured per
ASTM D-412 using universal testing machine (UTM
2302) supplied by R & D equipment, Mumbai.
Crosshead speed was 50 mm/min. Samples were of
standard dumbbell shape. All measurements were
performed 8 times and average values calculated.
Hardness Testing

The compression-molded specimens were tested to
report hardness data by using shore-A hardness tester
per ASTM D 2240

The swelling index (SI), an indirect way of
measuring total crosslink density, which in turn is
correlated to the physical properties of the various
vulcanizates, was determined by swelling a small
piece of sample in to the toluene for 24 h at room
temperature.
X -Y
SI = ———
Y
where, X = weight of sample after swelling, and
Y= weight of sample before swelling.
Flame Retardancy (FR)

FR test was carried out in flame tester (prolific
make) per ASTM-D 4804. Sample was clamped with
85 mm above the horizontal screen so that it should
not sag out to touch the screen. A free end is exposed
to specified gas flame for 30 sec. Sample was
clamped at 45o angle with flame trip. Time
required for burning and relative rate of burning was
measured.
Abrasion Resistance Index (ARI)

ARI test was carried out on rotating drum abrasion
tester (prolific make) per IS 3400 standard. The test
specimen (16 ± 0.2 mm) was gripped in the specimen
holder in such a manner that it projects 2 ± 0.2 mm
beyond the face on the grip. The cylinder was rotated
by 40 rpm.
Results and Discussion

Specific Gravity

XRD Characterization of Nano CaCO3 Particles

An analytical balance equipped with a stationary
support for an immersion vessel above or below
balance pan was used for specific gravity
measurement per ASTM D 792. Corrosion resistant
wire for suspending the specimen and sinker for

The yields and particle sizes of nano CaCO3
particles for different molar ratios were recorded
(Table 1). The particle size distribution (Figs 2 a-c) of
nano CaCO3 was measured using Scherrer’s formula
as follows.
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Fig. 2a — XRD gram of nano CaCO3 of 21 nm size

Fig. 2b — XRD gram of nano CaCO3 of 15 nm size

Fig. 2c — XRD gram of nano CaCO3 of 9 nm size
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Table 1 — Yields and particle size of nano CaCO3 particles
Molar ration of PEG:CaCl2

Yields, %

Particle size, nm

4:1

87

21

20:1

65

15

32:1

55

9

Fig. 4a — Elongation at break of SBR filled with different sizes of
CaCO3 for varying compositions

Fig. 3a — Tensile strength of SBR filled with different sizes of
CaCO3 for varying compositions

Fig. 4b — Elongation at break of SBR filled with flyash

higher than commercial CaCO3 (1.63 Mpa) and flyash
filled SBR (1.37 Mpa). It means nano CaCO3
provides higher TS as compared to commercial
CaCO3 and flyash filled SBR. This increment in TS is
due to uniform dispersion of nano filler into rubber
matrix that intercalates the rubber matrix, and hence
degree of crosslinking of rubber chains increases.
Fig. 3b — Tensile strength of SBR filled with flyash

Elongation at Break

where, k = order of reflection; λ =1.542; θ = diffraction angle; and ∆2θ = full width at half maximum
(FWHM).
It is observed that with increasing molar ratio of
PEG, nano size reduces. XRD peaks become broader
which is major indication of reduction in nano size.
The broadening of peak may be due to vigorous
mixing at molecular level.

In case of nano CaCO3, elongation increases
continuously as compared to commercial CaCO3 and
flyash filled SBR (Figs 4 a & b). Elongation at break
(663 % at 0.4 wt % of 9 nm CaCO3) is higher than
that of commercial CaCO3 filled SBR (345 % at
0.4 wt %) and flyash filled SBR (360 % at 40 wt %).
The higher increment in elongation at break of nano
CaCO3 is due to uniform dispersion of nanoparticles
in rubber matrix and rubber-filler interaction, which
result in increase in elongation of rubber.

Tensile Strength (TS)

Modulus at 300 % Elongation

TS of composites with small particle size are
higher than that of others (Figs 3 a & b). TS of nano
CaCO3 filled SBR (2.58 Mpa for 9 nm CaCO3) are

Modulus (300 % elongation) increases for all
compositions (Figs 5 a & b). Maximum increment in
modulus at 300 % elongation is observed up to

Particle Size, d (Ao) = k. λ / ∆2θ Cos θ
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Fig. 6a — Specific gravity of SBR filled with different sizes of
CaCO3 for varying compositions

Fig. 5a — Modulus at 300 % elongation of SBR filled with
different sizes of CaCO3 for varying compositions

Fig. 5b — Modulus at 300 % elongation of SBR filled with flyash

Fig. 6b — Specific gravity of SBR filled with flyash

0.4 wt % loading of nano CaCO3 and commercial
CaCO3, while for flyash the modulus increases up to
40 wt %. The moduli at 300 % elongation are 1.2 and
0.62 Mpa respectively for 0.4 wt % filled 9 nm
CaCO3 and commercial CaCO3 in SBR, while for
40 wt % of flyash filled in SBR, the modulus at 300%
elongation is 0.78 Mpa. The modulus at 300%
elongation decreases above 0.4 wt % of nano CaCO3
filled in SBR, which might be due to agglomeration
of nanoparticles of filler.

Hardness of all compositions increases with
increase in filler amount (0-0.5 wt %) in case of nano
and commercial CaCO3 (Fig. 7a). Flyash addition
(0-50 wt. %) also shows same trend (Fig. 7b). The
9 nm CaCO3 shows highest value of hardness in
comparison to same composition of 15 and 21 nm
sizes of CaCO3. The increase in specific gravity and
hardness with reduction in nano size is due to greater
and uniform dispersion of filler in matrix, which
brings chains of matrix closer to reduce the
free volume to the greater extent in crosslinking of
chains.

Specific Gravity and Hardness

There is continuous increment in specific gravity
for all compositions in comparison to pure SBR
(Figs 6 a & b). The increment in specific gravity is
more appreciable in case of 9 nm CaCO3 (1.35 at
0.5 wt %) as compared to the commercial CaCO3
(1.13 at 0.5 wt %), flyash (1.18 at 50 wt %) filled
SBR and pure SBR (0.9).

Swelling Index (SI)

There is increment in SI for all compositions up to
0.2 wt % of addition of nano and commercial CaCO3,
and on further addition of filler, SI decreases for all
cases (Figs 8 a & b). At 0.5 wt % of filler loading, SIs
are 2.48 and 2.98 respectively for 9 nm size CaCO3
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Fig. 7a — Swelling Index filled with different sizes of CaCO3 for
varying compositions
Fig. 8a — Hardness of SBR filled with different sizes of CaCO3
for varying compositions

Fig. 7b — Swelling Index of SBR filled with flyash

Fig. 8b — Hardness of SBR filled with flyash

and commercial CaCO3 filled in SBR. Like CaCO3,
the swelling first increases up to 20 wt % of flyash
filled in SBR, and subsequently decreases with
increase in filler amount. For flyash filled SBR, SI is
2.9 at 50 wt % of filler loading. Thus in case of nano
CaCO3, SI is least in comparison to other fillers. This
is due to greater crosslinking of SBR, as uniform
dispersion of nano CaCO3 brings the chains closer and
keeps them intact with nanoparticles, even amount of
addition of nano is less.

while 50 wt % flyash filled SBR shows ARI as 0.39 g
(Figs 10 a & b). This is due to uniform dispersion of
nanofiller in rubber matrix, which forms an effective
layer that increases degree of crosslinking of matrix.
Thus, degree of abrasion also reduces with reduction
in nanosize of CaCO3 too. The optical micrographs of
0.4 wt % filled nano CaCO3 and commercial CaCO3
in SBR show that the dispersion of nano particles is
more uniform in case of nano CaCO3 in comparison
to commercial CaCO3 in SBR (Figs 11 a & b).
Uniform dispersion of filler is responsible for
improvement in mechanical, physical and thermal
properties of CaCO3: SBR composites. As the
nano particle is so small that its small amount
dispersed uniformly in the matrix and intercalates
rubber chains to provide them an order, therefore
surface area of rubber chains increases. However, a
higher amount of nano CaCO3 may get agglomerated
and therefore the behavior of agglomerated part of
nano CaCO3 may be assumed as commercial CaCO3,
which is less dispersed in comparison to nano CaCO3
in the matrix.

Flame Retardency (FR)

The flammability values are 1.97 and 1.74 sec/mm
respectively for 0.5 wt % of 9 nm size CaCO3 and
commercial CaCO3, whereas 50 wt % flyash filled
SBR shows 1.72 sec/mm rate of FR (Figs 9 a & b). It
means reduction in nanosize shows better
improvement in FR. This might be due to the nano
filler forms effective layer on the surface, which
absorbs the heat of burning.
Abrasion Resistance Index (ARI)

ARIs are 0.27 g and 0.37 g for 0.5 wt % of 9 nm
size CaCO3 and commercial CaCO3 respectively,

750

J SCI IND RES VOL 64 OCTOBER 2005

Fig. 10b — Abrasion resistance of SBR filled with flyash

Fig. 9a — Rate of flame retardency of SBR filled with different
sizes of CaCO3 for varying compositions

Fig. 11a — Optical micrographs of 0.4 % of SBR filled with
commercial CaCO3 (400 magnification)

Fig. 9b — Rate of flame retardency of SBR filled with flyash

Fig. 11b — Optical micrograph of 0.4 % of SBR filled with nano
CaCO3 (400 magnification)

Fig. 10a — Abrasion resistance of SBR filled with different sizes
of CaCO3 for varying compositions

Conclusions
Nano CaCO3 (9, 15 & 21 nm) synthesized using insitu deposition technique shows drastic improvement
in mechanical properties, swelling index, specific
gravity, flame retardency and abrasion resistance
indices than commercial CaCO3 and flyash filled SBR.
Reduction in nanosize gives more enhancement in
properties due to uniform dispersion of nano particles
into rubber matrix that interrelates rubber chains and
increases degree of crosslinking of matrix.
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