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Abstract The main objective of the present work is to
compare the influence of silica-coated nano calcium car-
bonate (SNCC) with uncoated nano calcium carbonate
(NCC) as filler on the property enhancement of poly-
chloroprene rubber (CR) composites. The CR nanocom-
posites containing SNCC exhibit superior curing,
mechanical and thermal properties in comparison to NCC-
filled CR nanocomposites. The fantastic enrichment in the
resulting properties of CR nanocomposites containing
SNCC is mainly due to better rubber—filler interaction
resulting from the reasonably excellent dispersion of SNCC
within the CR matrix. The more uniform distribution of
SNCC in comparison to NCC within the rubber matrix is
also confirmed from morphological analysis. Thus, in this
article, we report SNCC as a new type of efficient filler to
reinforce the ultimate properties of CR nanocomposites for
the first time.

Keywords Nanocomposites - Reinforcement - Cure
characteristics - Mechanical properties - Thermal properties

Introduction

In recent scenario, polymer nanocomposites based on
inorganic nano filler have attracted massive attention, both
in industrial and academic field of research [1-5].
Unquestionably, nano filler offers advanced and versatile
way to prepare innovative engineering materials with a
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variety of application range. It is well established that, due
to its large surface area and high aspect ratio, small amount
of nano filler causes encouraging reinforcement in the
physical properties of polymer nanocomposites [6]. How-
ever, uniform dispersion of nano filler within the rubber
matrix is the key factor to achieve the desired property
enhancement of rubber nanocomposites.

Now, rubber is an important polymeric material due to
its high and reversible deformability [7]. Carbon nano tube,
nano silica, nano clay, nano CaCOs, etc. are the some
commonly used nano fillers for rubber compounds. But in
the present time, nano CaCOj has gained great attention of
a modern researcher as it is the cheapest commercially
available nano filler. Furthermore, nano CaCOj3 has some
additional advantages like low toxicity level, less polluting
nature and white color [8]. Thus, nano CaCOs; is an
appropriate filler for the property enhancement of rubber
nanocomposites from both environmental and economic
point of view. The utilization of nano CaCOj as filler for
the improvement of performance of rubber nanocomposites
has been reported in the literature [8—14].

Actually, the resulting properties of rubber nanocom-
posites largely depend on the compatibility between
nanoparticles and rubber matrix [1]. Analog calorimetric
studies were utilized to explain blend miscibility of various
polymer systems [15-17]. In the presence of nano filler,
thermodynamic properties of rubber nanocomposites like
elastic Gibbs free energy (AG) and Conformational entropy
(AS) are very effective to study the compatibility of nano
filler and rubber matrix [10, 11]. Also, elastic Gibbs free
energy (AG) gives an idea about the elastic properties of
rubber nanocomposites [11]. Moreover, there is a decrease in
the value of elastic Gibbs free energy (AG) and increase in
the value of Conformational entropy (AS) due to excellent
dispersion of nano filler within rubber matrix [10, 11].
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Polychloroprene (CR) is commonly known as an
excellent, versatile synthetic rubber with a variety of
industrial application range. It has several advantages like
extraordinary oil and fuel resistance, toughness, good
adhesion to other materials and high heat resistance up to
100 °C [18]. The commercial application of CR was started
in 1932 [19]. CR is available in both dry and latex forms.
Dry grades of polychloroprene rubber are normally used in
industrial and automotive rubber goods, such as hoses and
belts. Latex grades of polychloroprene rubber are used in
waterborne adhesives and dipped goods, such as gloves and
constant velocity joint boots. Several studies have been
reported on the incredible property improvement of CR
nanocomposites in the presence of different types of nano
filler [18-23]. Das et al. [18] studied the effect of surface-
modified filler on CR-based nanocomposites with two
different types of clay materials, namely montmorillonite
(MMT) and layered double hydroxide (LDH). It was
observed that organic modification improves the reinforc-
ing efficiency of MMT in a greater extent than that of LDH
[18]. Das et al. [20] explained an approach of compatibi-
lization between polychloroprene (CR) and ethylene
propylene diene monomer rubber (EPDM) using nano clay
as a compatibilizer as well as strong reinforcing filler. The
remarkable improvement in the thermal stability of CR
nanocomposites in the presence of ionic liquid modified
multi-walled carbon nanotubes (MWCNTs) was reported
by Subramaniam et al. [21]. This was mainly due to the fine
dispersion of modified MWCNTs within the CR matrix
[21]. Very recently, Fahma et al. [23] elucidated that
excellent improvement in the mechanical properties of CR
was observed due to the introduction of a small amount of
cellulose nanofibers (CNFs) into the CR matrix. Moreover,
most of the studies in the literature have reported fantastic
property improvement of CR nanocomposites based on
either MWCNTSs or nano clay as nano filler. But, the vast
study on nano CaCOgs-filled CR composites is still very
scanty.

In the present work, we report the effect of both
uncoated and silica-coated nano CaCQ; as filler on the
property enhancement of CR nanocomposites. Actually,
the silanol group of silica can able to produce strong
interaction with highly electronegative chlorine atom of
CR [24, 25]. This interaction occurs through hydrogen
bonding between the hydrogen atom of silanol group which
has a locally positive charge and chlorine atom of CR
which has a locally negative charge [25]. Thus, silica
coating on the surface of nano CaCO;5 will be an interesting
approach to improve rubber—filler interaction of nano
CaCOg3-based CR composites. The purpose of this study is
not just to report the property enhancement of CR com-
posites in the presence of nano CaCQOj3, but also to deter-
mine the efficiency of silica coating in improving the
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dispersion of nano CaCO; within the CR matrix and pro-
moting the vulcanizate properties of CR nanocomposites.

Experimental
Materials and physical measurements

Polychloroprene rubber used in this study is of WRT grade
with Mooney viscosity 45 ml at 100 °C, 1 4+ 4 min. Zinc
oxide (ZnO) (Merck, Germany), magnesium oxide (MgO)
(Merck, Germany), stearic acid (Loba Chemie, India),
calcium chloride (Merck, Germany), poly(ethylene glycol)
(PEG; molecular weight 6000), potassium bicarbonate
(Merck, Germany), toluene (Merck, Germany) and
ammonia 25 % (Merck, Germany) are used as received.
Tetraethyl orthosilicate (TEOS) is purchased from Acros
Organics. Absolute ethanol is supplied by Bengal Chemi-
cals and Pharmaceuticals, India. Ethylene thiourea (ETU)
is provided by a local supplier. The synthesis of nano
CaCOs is done using the procedure given by Mishra et al.
[9].

Fourier transform infrared (FTIR) spectra (v, in cm™ )
of surface-coated nano CaCQj; are recorded on a Perkin-
Elmer L 120-000A spectrometer (Viax in cm_l) on KBr
disks. Field emission scanning electron microscopy
(FESEM) study is carried out on instrument JSM 6700F. The
cure characteristics of the different samples are performed at
160 °C using the Monsanto Rheometer R-100. The vulcan-
izates are cured under pressure at 160 °C for optimum cure
time (f9g) and placed for 24 h at room temperature before
measuring the mechanical properties like modulus at 100 %
(Mo0) elongation, modulus at 300 % (M3q,) elongation,
tensile strength (T.S.), elongation at break (E.B. in %)
according to ASTM D 412-51 T using dumbbell-shaped test
pieces in an Amsler (Sweden) tensile tester. Hardness (shore
A) of the vulcanizates is measured by a Hirosima Hardness
Tester as per ASTM D 1415-56T. Thermogravimetric
analysis (TGA) is carried out to study the thermal behavior of
CR vulcanizates. TGA scans are performed using a TA
instrument (Q 5000) under nitrogen flow from 20 to 700 °C
with a heating rate of 10 °C/min. To determine the rubber—
filler interaction of CR vulcanizates, the small sample pieces
are allowed to swell in toluene for 7 days. The sample pieces
are dried at 60 °C until a constant weight is achieved. Then,
the equation of Lorentz and Park [26] is utilized to determine
the rubber—filler interaction of CR nanocomposites. The
Lorentz—Park equation [26] is given as:

Or/Qy =ae*+b

where the subscripts f and g refer to the filled and gum CR
vulcanizates, respectively, z is the ratio of the weight of the
filler to the rubber hydrocarbon in the vulcanizates, and
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a and b are constants. The weight of toluene uptake per
gram of rubber hydrocarbon (Q) is determined by the fol-
lowing equation [26]:

0 = (W, — Wy)/(W; x 100/Formula weight)

where W; is the swollen weight, W, is the dried weight, and
Wi is the original weight.

Surface coating of synthesized CaCQ; nanoparticles

Surface coating of nano CaCOyj is done via sol-gel method.
In the first step, a solution is prepared by mixing 13.5 ml
water, 126.5 ml ethanol and 3.37 ml 25 % NH; in a
250 ml beaker. Then, 1.5 g nano CaCO; and 6.75 ml
TEOS are added to the initially prepared solution under
continuous mechanical stirring. The resulting mixture is
then kept at room temperature for 24 h under constant
stirring. The resulting product is then filtered and washed
with ethanol. Finally, it is dried in a vacuum oven for
5-6 days. A very similar type of procedure was reported
earlier by Gamelas et al. [27] in the surface coating of
precipitated calcium carbonate with sol-gel derived silica.

The mechanism of silica formation from TEOS is
explained in Scheme 1 [28]. In the first step, the hydrolysis
of TEOS occurs in the presence of water and NHj; to
produce Si(OH),. The role of NHj solution is to promote
the hydrolysis of TEOS. In the next step, monomers or
oligomers of polysiloxane are formed by the reaction of
Si(OH), with other Si(OH), or TEOS molecule. Subse-
quently, oligomers of polysiloxane polymerize to form
polysiloxane with a three-dimensional network structure.
Ethanol is used to homogenize the mixture of water and

Scheme 1 Chemistry of silica
formation by sol—gel process

TEOS. Due to its very high activity, the oligomers of
polysiloxane along with Si(OH), readily adsorb to the
surface of nano CaCO;. Then, silica polymerizes on the
surface of nano CaCO; and, as a consequence, the surface
of the nano CaCOsj; is readily covered by silica film.

Preparation of CR nanocomposites

CR is masticated in a two-roll mixing mill, and then the
requisite amount of MgO is added and again masticated.
After that uncoated and silica-coated nano CaCOs are
added and masticated for sufficient time. Then, stearic acid
and accelerator are incorporated into the rubber matrix. At
last, ZnO is added after cooling down the mixing mill at
30 °C. Mixing composition of different ingredients is
presented in Table 1. For the different mixes, CR indicates
polychloroprene rubber, number indicates the amount of
filler in phr (Parts per hundred parts of rubber), NCC
indicates uncoated nano CaCO; particle, SNCC indicates
silica-coated nano CaCOj particle, as for example mix CR-
NCCI represents CR vulcanizate containing 1 phr nano
CaCOg;. Similarly, mix CR-SNCCI1 represents CR vulcan-
izate containing 1 phr silica-coated nano CaCOs;.

Results and discussion

Confirmation of surface coating of CaCO;
nanoparticle

FTIR method is utilized to examine whether the silica
coating on the surface of nano CaCOj; occurs or not. The

Si(OC,Hs)s + 4H)0 ——— = Si(OH); + 4C,HsOH

Si(OH) + Si(OH)y — (HO);Si—O0—Si(OH); + H0

Si(OH)4 + Si(OCyHs)y — > (HO)38i —— O0——Si(OCHs); + CoHs50H

x(Si 0o

> (Si——O0——Si);

Table 1 The formulation of

polychloroprene rubber (CR) Sample code

Polychloroprene rubber (CR)

Uncoated nano CaCO; Silica-coated nano CaCO;

nanocomposites

CR-Gum 100
CR-NCC1 100
CR-NCC2 100
CR-NCC3 100

CR-SNCC1 100
CR-SNCC2 100
CR-SNCC3 100

(SN S
| |

|
—

Each sample contains 4 g MgO, 5 g ZnO, 0.5 g stearic acid and 1 g ethylene thiourea
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Fig. 1 FTIR spectra of silica- 60.3 7
coated nano CaCOj
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FTIR spectra of the silica-coated nano CaCOj5 are repre-
sented in Fig. 1. In the FTIR spectra of silica-coated nano
CaCO3, some characteristic bands of CaCO; are found at
about 872 and 712 cm ™' [27]. More importantly, a strong
peak is observed at about 1100 cm ™" in the FTIR spectra of
silica-coated nano CaCOs. This peak is due to the Si—O-Si
asymmetric stretching of silica present at nano CaCOs;
surface [29]. This peak clearly tells that silica is produced
on the surface of CaCO; nanoparticle via sol-gel method.

The presence of silica on the surface of CaCOj;
nanoparticle is confirmed by FESEM analysis. The FESEM
images of both uncoated and silica-coated nano CaCO; are
represented in Fig. 2a, b. The particle size of uncoated
nano CaCO; varies from 50 to 90 nm. The particle size
slightly increases due to the formation of silica layer on the
surface of nano CaCOj; and particle size is ~ 10 nm larger
for SNCC in comparison to NCC.

Cure characteristics of CR nanocomposites

Cure parameters of CR vulcanizates in the presence of both
NCC and SNCC are calculated at 160 °C and the results are
displayed in Table 2. The cure characteristics of CR vulcan-
izates are elucidated in terms of maximum rheometric torque
(R, optimum cure time (f9o) and cure rate index (CRI).
The value of maximum rheometric torque (R,,) is clo-
sely related to the crosslinking degree of rubber vulcan-
izates [30]. For CR nanocomposites, the value of R,
slightly increases with incorporation of NCC as filler in
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comparison to unfilled CR vulcanizate. The R, value
shows a small increment by ~9 % for CR nanocomposite
containing 2 phr NCC in comparison to unfilled CR com-
posite. The little enhancement in the R, value may be due
to the interaction between NCC and polar CR matrix in
nano CaCO;s-filled CR vulcanizates [31]. Again, the study
clearly indicates that the interfacial interaction between CR
and filler becomes far better when SNCC is introduced as
filler instead of NCC. As a result, R, value shows a
noticeable increment by ~19.32 % for CR-SNCC2 con-
taining 2 phr SNCC in comparison to CR-Gum. However,
due to the agglomeration of CaCOj; nanoparticles, both
NCC and SNCC are not effective to increase the value of
R, above 2 phr level [9, 31].

The value of optimum cure time (#9o) decreases on addi-
tion of both NCC and SNCC into the CR matrix. Thus, both
the fillers are able to activate the cure reaction during vul-
canization of CR. The variation of cure rate index (CRI) with
an amount of filler content is illustrated in Fig. 3. The value
of CRI indicates that at the same amount of filler loading, the
cure process becomes much faster in the presence of SNCC
as filler instead of NCC. Thus, SNCC has undoubtedly much
greater ability in accelerating the vulcanization process of
CR nanocomposites in comparison to NCC.

Mechanical properties of CR nanocomposites

The mechanical properties of CR nanocomposites in the
presence of both NCC and SNCC are listed in Table 2.
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Fig. 2 SEM images of a uncoated and b silica-coated nano CaCOj;
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Fig. 3 Variation of cure rate index of CR nanocomposites

There is an increase in the modulus value due to incorpo-
ration of both types of filler into the CR matrix in com-
parison to unfilled CR vulcanizate. But the improvement is
much more noticeable in the presence of SNCC. The ratio
of modulus value at 100 % elongation of filled vulcanizate
(M 00¢) to that value of gum vulcanizate (Mgo,) is utilized
to compare reinforcing efficiency of SNCC with NCC.
Figure 4 displays the ratio (M;oo¢/M00g) of both NCC- and
SNCC-filled CR composites with different amount of filler
loading. These data clearly indicate that at the same
amount of filler loading, SNCC causes greater amount of
improvement in the M;q value in comparison to NCC. As
a consequence, the interfacial interaction between CR and
nano CaCOj3; becomes much better after surface coating of

Table 2 Cure and mechanical properties of CR composites in the presence of uncoated and silica-coated nano CaCO;

Sample Maximum Optimum  Scorch Cure rate index, Moo (MPa) M;3o0 (MPa) T.S. (MPa) E.B. (%) Hardness
code rheometric cure time, time, ¢, CRI = 100/ (shore A)
torque, R, too (min) (min) (tgg — 1)
(dNm) (min~")
CR-Gum 44 £+ 0.50 24 + 0.25 1+025 434 146 + 0.01 2.88 £ 0.01 8.46 £ 0.10 540 £ 10 62 + 0.5
CR- 46.5 £ 0.50 22 + 0.25 1+025 4.76 1.62 + 0.01 3.124+0.01 8.89 £0.10 520 £ 10 63 + 0.5
NCC1
CR- 48 + 0.50 20 £ 0.25 1+£025 5.26 1.79 £ 0.01 3.44 £0.01 10.04 £0.10 510 £ 10 63 £0.5
NCC2
CR- 47 £ 0.50 20 + 0.25 1+025 526 1.69 £ 0.01 339+ 0.01 925+£0.10 510+ 10 63.5+0.5
NCC3
CR- 50 £ 0.50 19 £ 0.25 1.5+ 025 571 1.83 £ 0.01 3.53 £0.01 10.72 £ 0.10 550 £ 10 65 + 0.5
SNCC1
CR- 52.5 £ 0.50 18 £ 0.25 1.5 £ 0.25 6.06 1.96 + 0.01 3.70 £0.01 1193 £0.10 560 £ 10 65 £ 0.5
SNCC2
CR- 52 £ 0.50 19 +£025 1.25+0.25 5.63 1.85 £ 0.01 3.64 £ 0.01 11.35+0.10 560 £ 10 65 + 0.5
SNCC3
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Fig. 4 Variation of ratio (MM 00g) of CR nanocomposites

nano CaCO; with silica. This may be due to the hydrogen
bonding between silica present at the surface of nano
CaCOj and electronegative chlorine atom present at the
end of rubber chain. This agreement is found to be similar
to the improvement of maximum rheometric torque as
discussed earlier part of the paper.

The notified reinforcing ability of SNCC is further
established from the tensile strength curve of CR
nanocomposites presented in Fig. 5. The strong interaction
between the silanol group around the nano CaCOjy surface
and a chlorine atom of CR is responsible for the uniform
dispersion of SNCC within the CR matrix in comparison to
NCC. Therefore, at the same amount of filler loading
SNCC has much better ability to increase tensile strength in
comparison to NCC. The tensile strength is observed to
improve by 41.01 % for CR-SNCC2 and by 18.67 % for
CR-NCC2 in comparison to CR-Gum. The homogeneous
distribution SNCC is also confirmed in the FESEM images
latter. The value of elongation at break remains almost
unaltered for different CR nanocomposites. Above 2 phr
filler loading, nano CaCOj has the tendency to agglomerate
and the reinforcing ability is not satisfactory for both types
of filler [9, 31].

A probable model for strong hydrogen bonding inter-
action between acidic silanol group present at nano CaCOs
surface and chlorine atom in CR is shown in Scheme 2.
The interaction between silanol group and CR was already
represented by earlier researcher [24, 25]. The silica can
able to form linkage at the interface of nano CaCO5; and CR
matrix. Thus, silica present at the surface of nano CaCO;
can able to enhance the compatibility between CR matrix
and nano CaCOj;. Very similar type of interaction between
silica coated on the surface of CaCO; and the hydroxyl
group of poly (lactic acid) matrix was already reported by
earlier researcher [28].

’r @ Springer

13 -, [ Uncoated nano CaCO,
[—®@— Silica coated nano CaCO,

é\”‘ /

2 »

= _

) i

S 104 L

2 L

7]

@ -

o

= 94 }
%//l

8

T T T T
0 1 2 3

Amount of nano filler (phr)

Fig. 5 Variation of tensile strength of CR nanocomposites
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Scheme 2 Model of interaction between the silanol group present at
nano CaCOj; surface and CR

Rubberfiller interaction of CR nanocomposites

The extent of rubber—filler interaction for different CR
nanocomposites is explained in terms of Lorentz—Park
equation [26]. The higher the value of (Q¢/Q), the lower
will be the extent of interaction between filler and rubber
matrix [26]. Figure 6 demonstrates the (Q¢/Q,) value of
both NCC- and SNCC-filled CR nanocomposites in the
presence of different amount of filler loading. It is
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Fig. 6 Variation of (Q¢/Q,) for various CR nanocomposites

perceptibly observed that for a particular amount of filler
loading, the value of (Q¢/Q,) is greater for SNCC-filled CR
nanocomposite in comparison to NCC-filled CR
nanocomposite. Among the various filled CR nanocom-
posites, the value of (Qy/Q,) is lowest in the presence of 2
phr SNCC. The result conclusively indicates that SNCC is
capable of producing greater rubber—filler interaction in
comparison to NCC. This is due to the more homogeneous
dispersion of SNCC than that of NCC within the CR matrix
as confirmed by morphological study in the next part of the

paper.
Morphology of CR nanocomposites

The phase morphology of CR vulcanizates containing both
NCC and SNCC is studied to evaluate the nature of dis-
persion of nano filler within the rubber matrix. At 2 phr
filler level, the FESEM images of CR vulcanizate con-
taining both NCC and SNCC are shown in Fig. 7. The
black phase indicates CR matrix and white dot represents
agglomerated nano CaCOj particles. Figure 7a clearly
indicates large amount of agglomeration present within the
CR matrix in the presence of NCC as filler. On the other
hand, Fig. 7b specifies that SNCC is much more homo-
geneously dispersed in comparison to NCC within the
rubber matrix and very small amount of agglomeration is
detected. This fact clearly explains the greater reinforcing
ability of SNCC to enhance the rubber—filler interaction
and mechanical properties of CR vulcanizates in compar-
ison to NCC.

Thermodynamic parameters of CR nanocomposites

Table 3 represents the variation of thermodynamic
parameters like elastic Gibbs free energy (AG) and

&

5.0kV  X7,000 1um WD 7.5mm

LEI 5.0kv  X7,000

1um WD 7.5mm

Fig. 7 a SEM image of uncoated nano CaCOj3-filled CR composite,
b SEM image of silica-coated nano CaCOs3-filled CR composite

Table 3 Thermodynamic parameters of CR composites in the pres-
ence of uncoated and silica-coated nano CaCOs5

Sample code AG (J/mol) AS x 1072 (J/mol)
CR-Gum —15.59 5.14
CR-NCC2 —16.68 5.50
CR-SNCC2 —18.04 5.95

conformational entropy (AS) of various rubber nanocom-
posites. Flory—Huggins equation [32] is utilized to calcu-
late the elastic Gibbs free energy (AG) of rubber
vulcanizates. Flory—Huggins equation [32] is written as:

AG =RT[ln(1 = V,) + Vi + 1V

where R is the universal gas constant, T is the absolute
temperature, V; is the volume fraction of a rubber network

* @ Springer
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Fig. 8 a TGA analysis of CR
nanocomposites, b DTA
analysis of CR nanocomposites

in the swollen phase, and ¥ is the rubber—solvent interac-
tion parameter.

The value of V, is determined from equilibrium swelling
data with the help of Flory—Rehner equation [33],

V, = (Wa/do) /[{(Wi/dy) + (Wa/d)}

where W, represents a weight fraction of the solvent, d; is
the density of the solvent, W, represents a weight fraction
of the polymer in the swollen specimen and d, is the
density of the polymer. For the chloroprene rubber—toluene
system, ¥ = 0.386 [34], the molar volume of toluene Vj is
106.2 cm’/mol, and the density of toluene is 0.87 g/cm®.
The relation between AG and AS is obtained from sta-
tistical theory of rubber elasticity and it is given by the
following equation, AG = —TAS, which assumes that the
internal energy of rubber network remains unchanged
during stretching [35, 36]. It is clearly noted from Table 3
that Conformational entropy (AS) of CR-SNCC?2 is higher
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in comparison to CR-NCC2. The uniform dispersion of
SNCC within the rubber matrix is the main factor for the
higher value of AS in CR-SNCC2 [35, 36]. Again, for
rubber nanocomposites, the value of AG is closely related
to the elastic properties of the composites [35, 36]. Thus,
the value of AG clearly evidences the greater elastic
behavior of CR-SNCC2 in comparison to CR-NCC2. The
improved elastic performance of CR-SNCC2 containing
SNCC as filler is the result of better compatibility between
CR matrix and SNCC [35, 36].

Thermal properties of CR nanocomposites

Thermogravimetric analysis (TGA) is used to compare the
thermal stability of CR-SNCC2 with CR-NCC2. TGA
curve (Fig. 8a) reveals that there is a sharp shift of rapid
degradation region towards higher temperature after
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addition of SNCC into the rubber matrix in comparison to
NCC. Furthermore, DTA curve (Fig. 8b) confirms that
SNCC provides greater thermal stability as compared to
NCC for CR nanocomposites at the same amount of filler
loading. The onset decomposition temperature (7;) and the
temperature at which the rate of decomposition is maxi-
mum (7,,,) are calculated from DTA curves. The T; values
are recorded at 320 and 304 °C for CR-SNCC2 and CR-
NCC2, respectively. The T, value of CR-SNCC2 is also
~15 °C greater for CR-SNCC2 than that of CR-NCC2.
Thus, DTA study obviously specifies that SNCC-based CR
nanocomposite has remarkably greater thermal stability
over CR nanocomposite with NCC. The uniform dispersion
of SNCC within the rubber matrix restricts thermal motion
of rubber chain within the network structure and prevents
the diffusion of volatile decomposition products [11]. Also,
uniform dispersion of SNCC causes homogeneous heat
distribution throughout the rubber matrix to avoid heat
concentration [12]. Both the reasons are responsible for the
enhanced thermal stability of CR nanocomposite due to the
incorporation of SNCC into the rubber matrix in compar-
ison to NCC.

Conclusions

In summary, the present paper mainly demonstrates the
suitability of silica-coated nano CaCOj; (SNCC) over
uncoated nano CaCO; (NCC) as filler for CR nanocom-
posites. The CR nanocomposites containing SNCC exhibit
better curing, mechanical and thermal properties in com-
parison to unfilled or NCC-filled CR nanocomposites.
SNCC also introduces greater rubber—filler interaction in
the CR nanocomposites in comparison to NCC. The sig-
nificant reinforcement in the achieved properties CR
nanocomposites in combination with SNCC is probably
due to the uniform dispersion of silica-coated filler within
the rubber matrix resulting from the strong interaction of
silanol group present at the surface of SNCC and elec-
tronegative chlorine atom of CR.

From this study, it is concluded that silanol group pre-
sent at the surface of SNCC can able to provide stronger
interaction between CR and SNCC than that of CR and
NCC. Thus, SNCC is much more effective filler in com-
parison to NCC for the property improvement of CR.
Therefore, the present work highlights the important
impact on the development of rubber technology by the
suitable use of SNCC as a new type of filler in CR-based
nanocomposites.
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