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NANOKAOLIN CLAY AS REINFORCING 
FILLER IN NITRILE RUBBER 

                    Preetha Nair K, Dr. Rani Joseph 
 

      Abstract — Nanocomposites were prepared by incorporating varying amounts of nanokaolin clay and vinyl silane grafted nanokaolin clay in NBR, 

on a two roll mill. Improvement in mechanical properties like tensile strength, elongation at break, modulus and tear strength wer e observed 

for the composites. Cure characteristics showed an increase in the cure rate of the composites.Clay rubber nanocomposites were characte-

rized by X- ray diffraction (XRD) and scanning electron microscopy (SEM). The increase in d spacing suggested an intercalated /exfoliated 

structure of clay and SEM studies showed uniform dispersion of clay in the matrix. Swelling index decreased with the increase in f iller loading, 

as observed from the swelling studies conducted in toluene. Rubber f iller interactions were also studied by strain sweep analysis. It w as found 

that the complex modulus values increased w ith the clay content indicating better rubber f iller interaction.Differential scanning calorimetry 

(DSC) studies showed that glass trasition temperature (Tg) remained unchanged. Thermal studies showed that addition of clay marginally im-

proved   the thermal stability.  

Index Terms—, Cure charecterestics, Mechanical properties, Nanokaolin clay, Nitrile butadiene rubber, Vinyl silane grafted nanokaolin clay, 

Scanning electro microscopy, Thermo gravimetric analysis. 
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  However kaolin (Al2[Si2O5](OH)4)  is a 1:1  non expanding 
type clay  with neither  cations nor anions  in the interlayer re-
gion.  Modified nano kaolin is used in natural rubber [18] sty-
rene butadiene rubber [19] and epoxidized natural rubber [.20] 
Kaolin can provide excellent reinforcement in rubber. Q Liu[21] 
has compared pricipitated silica (PS) and nanokaolin clay (NK) 
in different matrices and has found that the mechanical proper-
ties like tensile strength, elongation at break and rebound elas-
ticity are superior to PS.  

Until now little study has been taken up with kaolin clay. 
Kaolin is very low cost, non swellable, easily available clay. In 
this work we report the effect of addition of unmodified and 
modified kaolin clay on the mechanical properties of NBR.  
 

. 

2 EXPERIMENTAL 

2.1 Materials 

Acrylo nitrile butadiene rubber grade-KNB 35L, Nanokaolin 
clay (Nano Caliber 100) and vinyl silane grafted nano kaolin 
clay (Nano Caliber 100V)   are supplied by English Indian 
Clays Ltd. (Thiruvananthapuram). Zinc oxide (ZnO), Sulphur 
(S), N-Cyclohexyl-2benzothiazole sulfenamide (CBS), Tetra 
methyl thiuram disulphide (TMTD), Stearic acid, antioxidant  
HS used were of commercial grade. 

. 

 
Remarkable enhancement in the properties of polymers are ob-
served on incorporation of nanofillers .  With the advent of po-
lymer nanocomposites by the Toyota group of companies, con-
ventional fillers gave way to nano fillers.  Among the nanofil-
lers, nanoclays occupy the prime position. Now polymer clay 
nanocomposites (PCNs) have become one of the most promis-
ing research areas in the field of polymer science and technolo-
gy. Use of clay in thermoplastics like polypropylene [1],[2],[3] 
polystyrene [4] etc. are widely studied. Recently rubber/clay 
nanocomposites[5],[6],[7] have also received special attention. 

. Filler reinforcement is more pronounced with non crystal-
lising synthetic rubbers like NBR and SBR compared to NR 
which undergoes crystallization on stretching. In rubber rein-
forcement, the most important characteristic of the reinforcing 
filler is its small size, so that  the particles have a large surface 
area to interact with rubber. In addition to  particle size,  particle 
structure also influence  its reinforcing efficiency[8] .  Among 
the various nano clays used the 2:1, expanding type, clay min-
eral , montmorillonite  takes prime position. Polymer clay nano-
composites derived from organically modified MMT has  been 
extensively studied as shown by a large number of publications 
on the subject.[9],[10].[11],[12],[13],[14],[15],[16],[ 1̀7]. 
 
. 
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2.2 Preparation of NBR clay compounds 

 Compounding of NBR was done on a two roll mill as per  the 
formulation given in Table1.NBR was masticated for 2 mts on 
a two roll mill (6 x 12‖) and the ingredients were added in the 
same order as mentioned. Unmodified clay (Nano Caliber 100) 
is represented as C and modified clay (Nano Caliber 100V) as 
V.The composites are designated as NBR C and NBR V com-
pounds.Cocentration of filler is also given along with the 
name of the compound. C and V were added in varying con-
centration(inparts per hundred rubber,phr) .The samples were 
then cured at 1000C in an electrically heated hydraulic press to 
their respective optimum  cure time at a pressure of 150 
Kg/cm2in a specially designed mould to get sample sheets 
having thickness 1.5 mm approximately.  
                         Table1   
                      Formulation of NBR clay composite 

  

2. 3.Cure characterestics 

 Cure charecterestics of clay filled NBR was studied using a 
Rubber Process Analyzer (RPA2000) as per ASTM standard D 
2084-01 .Important parameter like maximum torque Dmax, 
minimum torque Dmin, cure time T90, Scorch time T10 were 
determined. Cure rate index which is a measure of the rate of 
cure reaction is given by CRI = 100/ T90-T10 
 

2.4 Mechanical properties 

 Dumb-bell shaped specimens were cut from the cured latex 
sheets and tensile strength, elongation at break and modulus, 
were determined on a Shimadzu Universal Testing Machine 
(AG1 series),using a cross head speed of 500mm/min as per 
ASTM D 412-1998. All the tests were carried out at 28+/-
20C.Five samples were tested and their average values were 
taken. 

Tear resistance  was also carried out on  a Shimadzu Auto-
graph AG1 series Universal testing machine UTM ,using a 
cross head speed of 500mm/min  at test temperature 28+/-
20C as per ASTM  D  624 -1998. The tear resistances of the 
samples were reported in N/mm 
 

2.5 Swelling studies: 

Solvent swelling of cured rubber compounds was car ried out 
in toluene. Samples were weighed (w1) before immersion at 
250C. After 24 hrs when equilibrium swelling was reached, the 
swollen samples were removed, wiped dry and again weighed 
(w2). The degree of swelling was calculated using the follow   

ing equation.   Swelling index (100%) = w2 -   w1/ w1x100   

 

2.4 X ray Dffraction Studies (XRD)   

For characterization of clays and rubber composites XRD stu-
dies were conducted by Bruker, D8 advance model employing   
CuKα radiation λ=1.54A0  X-ray diffraction method gives  
qualitative information about the exfoliation and d spacing of 
clay layers in the polymer matrix compared to that of pure 
clay. When polymer chains are inserted in the gallery spacing 
of the clay layers, the interlayer spacing increases and the 
shifting of diffraction peaks to lower angle takes place. Dif-
fraction peaks disappear for exfoliated structures, where sili-
cate layers are completely and uniformly dispersed in the ma-

trix 

2.6 Scanning Electron Microscopy (SEM)  

 The morphology of the nanocomposites was studied using 

Joel Model JSM 6390LV Scanning electron microscope. 

2.7 Strain Sweep Studies 

 The strain sweep studies at low strain amplitude were con-
ducted on RPA. It gives information about the dispersion of 
filler particles in rubber matrix. The variation of storage mod-
ulus G, loss modulus G/ and complex modulus G* with 
change in strain amplitude can be measured on RPA 

2.8 Differential Scanning Calorimetric Analysis (DSC): 
To analyze the effect of clay on the glass transition tempera-
ture of NBR, DSC scan was performed. DSC measurements 
were performed at a temperature range of -600 C to 900C. In 
the case of polymer nanocomposites DSC measurements are 
useful for the identification of the extent of intercalation or 
exfoliation of the nanoparticles in the matrix. 

2.9 Thermo Gravimetric Analysis (TGA) 
Thermal degradation studies involve the measurement of 
change in the weight of the material as a result of heating in an 
inert atmosphere. The integral (TGA) and derivative (DTG) 
thermogravimetric curves provide information about the 
thermal stability and extent of degradation of polymeric mate-

rials.  

3. RESULTS AND DISCUSSION 

3.1Cure characteristics 

INGREDIENTS WEIGHT (g) 

NBR 100 

S  1.5 

ZnO 4.5 

Stearic acid 2.0 

Clay Varying concentration 

HS 1 

CBS 1 

TMTD 0.25 
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Cure characteristics of NBR-C and NBR-V composites ex-
pressed in terms of optimum cure time (T90), scorchtime (T10), 
and cure rate index CRI and the difference in maximum and 
minimum torque values (Dmax-Dmin) are given in tables 2 
and 3 respectively. 

                                         
   
 
                                                   Table2 
                                                       
                  Cure Charecterestics of NBR C composite             

 
                                                Table3   
 
                    Cure Charecterestics of NBR V composite 

                      
Addition of C and V in NBR shows a small reduction in scorch 
time and cure time of the composites. Torque values (Dmax-
Dmin) of the composites show a slight increase and CRI val-
ues of the composites show considerable increase with the 
addition of clay. 

 Acidic nature of Clay activates the formation of soluble Zn 
ions and the Zn ions  might have promoted the formation of 
free radicals by the accelerator in the early stages of the cross 
linking reaction. These free radicals can cause premature vul-
canization resulting in a decrease in scorch time [22]. 
 From the cure time values it is seen that NBR V composites 
accelerates curing reaction when compared to NBR C compo-
sites. Cure retardation in NBR C composites may be   due to 
the absorption of curatives by the unmodified clay which will 
reduce the amount of curatives available for cure reac-
tion.Higher CRI values of NBR V composites show that the 
unsaturated sites of vinyl group may get cross linked with that 
of NBR in the vulcanization. The favorable entrapment of rub-
ber, curatives and vinyl modifier within the intercalated sili-
cate galleries might be the reason for the accelerating effect of 
modified clay on curing [23] 
 Slight increase in torque values suggests an increase in cross 
linking density in the rubber phase. Swelling studies also con-
firm an increase in cross link density with the increase in the 
concentration of clay.  
3.2Cure Kinetics:  

The plots of log (Dmax-Dt) against time for NBR C andNBR V 
composites are given in Fig: 3 and 4 respectively Dmax is the 
maximum torque and Dt is the torque at a given time. 
The plots are found to be linear which proves the cure reaction 
proceeds according to the first order kinetics. 
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Con of 

filler(phr) 

 

T90 

 

T10 

 

CRI 

 

Dmax-Dmin 

   

0 3.51 1.63 53 3.145 

1 3.16 1.44 58 3.439 

5 3.12 1.37 57 3.327 

10 3.04 1.39 60 3.543 

15 3.13 1.42 58 3.556 

 

Con of 
filler(phr) 

 

T90 

 

T10 

 

CRI 

 

Dmax-Dmin 

   

0 3.51 1.63 53 3.145 

1 3.05 1.51 65 3.357 

5 2.58 1.46 89 3.446 

10 2.41 1.33 93 3.419 

15 2.59 1.38 83 3.589 
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                                               (b) 

              Fig: 1: Plot of log Dmax-Dt against time for  

            

(a) 

NBR C 

Com-

posite 

and (b) 

NBR V 

composite 

3.3 Mechanical properties: 

                                    Table4   
Variation in mechanical properties of NBR clay 
 composites 
 
 

 

 

 

Maximum increase in mechanical properties of both the com-
posites is given in Table 4. 
                                                      
                                                 
  Tensile strength, elongation at break, modulus and tear 
strength are maximum for unmodified clay composite at 15 
phr. But modified clay composite gives maximum values of 
tensile strength and elongation at break at a lower concentra   
tion of 5 phr.    
Here unmodified clay is hydrophilic and on organic modifica-
tion it becomes hydrophobic. Hydrophobic clay is more com-
patible with NBR.  

 Variation of tensile strength and elongation at break of NBR C 
and NBR V composite is as shown in Fig 2 and 3 respectively.  
Both the values increases with clay loading, reaches a maxi-
mum and then decreases. For NBR V composite tensile 
strength and elongation at break   increases up to 5 phr (32% 
and 13% respectively) and then decreases. But for NBR-C 
composite tensile strength and elongation at break   reaches a 

maximum (57% and 30% respectively) only at 15 phr. 
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                                       Fig:2       
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                                      Fig: 3           
 The increase in tensile strength may be due to the increase in 
interfacial area of clay platelets   and good interaction between 
the clay platelets and NBR. Increase in interfacial area arises 
by intercalation or possible exfoliation of clay layers, as evi-
denced by XRD analysis. In kaolin clay the layers are linked 
through Hydrogen bonding between hydroxyl groups on the 
octahedral sheet and oxide arrangement of tetrahedral sheet. 
Even though the intercalation reactivity of kaolin is low due to 
hydrogen bonding between the layers, the free OH   groups on 
kaolin can interact with the CN groups of NBR .In vinyl mod-
ified clay the vinyl groups on the surface of kaolin clay forms 
a bridging cross linking reaction with rubber when cured, thus 
giving reinforcement in properties.Decrease in tensile strength 
at higher loading may be due to agglomeration of clay tacto-
ids. 
 Generally rigid fillers cause a significant reduction in elonga-
tion at break, but the presence of clay improves the elongation 
at break more than with other isotropic fillers.   Better filler 
dispersion and strong rubber filler interaction leads to an in-

Mechanical Property NBR-C 

composite 

NBR-V 

composite 

Tensile  Strength 56% (15 phr) 32% (5phr) 

Elongation at break 30% (15phr) 13% (5phr) 

Modulus at 

300%elongation 

10% (15phr) 23% (15phr) 

Tear Strength 49% (15phr) 33% (15phr) 
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crease in elongation values.SEM images of the composites 
show a good dispersion of filler in NBR. When rubber filler 
interaction increases, rubber absorbs more energy, decoils the 
chain to a greater extent, leading to a chain slippage over the 
longer clay particles. At higher loading the elongation at break 
decreases because of filler aggregation. Aggregation of filler 
weakens the number of available reinforcing links [ 24]. The 
formation of non exfoliated aggregates at higher clay content 
makes these composites much more brittle. 

 Variation of modulus at 300% elongation of NBR C and V 
composites are shown in Fig4. Modulus of NBR- C composite 
increasesupto 5phr and then remains a constant. While the 
modulus of NBR- V composite increases continuously with the 
increase in clay content. Better compatibility of modified clay 
and the cross linking of the vinyl group with the matrix may 
be the reason for this behaviour. Also nanometric dispersion 
of clay layers gives sufficient reinforcement leading to im-
proved stiffness.  
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                                       Fig: 4 

Tear strength of NBR C and V composites increases with the 
clay loading as seen in fig 5. Tear strength is greater for the 
unmodified clay composite. The dispersed clay layers and 
small tactoids act as a barrier for crack propogation during the 

tear process thus increasing the tear strength. 
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                                            Fig: 5     

Swelling studies show that the swelling index of both clay 
composites decreases with the addition of clay as shown in 
Fig: 6. The extent of cross linking is inversely proportional to 
the swelling index. The gum has the maximum toluene uptake 
at equilibrium swelling, showing that there is no restriction for 
toluene penetration .When the clay loading increases the sol-
vent uptake is restricted due to the increased cross linking.     
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                                            Fig:6  

 3. 4 XRD analysis: XRD patterns of clay and its composites 
are given in fig 7 The   charecterestic peaks of kaolin are seen 
around 2θ =120, 200 and 25.0which are assigned to the interlay-

er spacing of 7.12, 4.41 and 3.56A0  respectively. 
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                  Fig: 7 XRD of (a) NBR Vand (b) NBR C composites 

  XRD peak at 120 shows a shift to a lower angle in both the 
composites.The shift is greater for NBR C composite. Shift to 
lower angle indicates intercalation of NBR into the clay galle-
ries.The increase in d spacing after curing may be due to the 
increase in the mobility of clay and polymer chains at the 
moulding temperature and pressure [25]. A small reduction in 
the intensity of the peak shows a disordered intercalated 
structure and exfoliation of some organic clay in the nano-
composite. The disappearance of the   peaks between 130 and 
250in the composites show that exfoliation has taken place to 
some extent. Additional peaks at higher 2 theta for both the 
composites indicate the collapse of some intercalated struc-
ture. In the melt blended system part of the intercalated clay 
must have been squeezed out from the layer giving rise to 

some clay aggregates [25]. 

These observations are common in literature where MMT is 
used as the reinforcing filler. Amit et al [26] have worked on 
carboxylated NBR / Organomodified MMTcomposites and 
has shown that the intercalation is a common process from 2.5 
to 10 phr organo clay mixed at 1600C. In an NBR- organically 

modified MMT nanocomposite a decrease in d spacing after 
curing was observed [25]. For NBR /Na- MMT composite a 
peak appeared with a decrease in intensity compared to pris-
tine Na MMT [24]. S.Sadhu and A K Bhowmick [27] have dealt 
with unmodified MMT on SBR with varying styrene content 
and using dicumyl peroxide as the curing agent and suggested 
that exfoliation has taken place in all the composites 

 
3 .5 SEM ANALYSIS:  
 Fig 8 and 9 are the SEM images of the tear fractured surfaces 
of NBR C and NBR V composites. A uniform distribution of 
clay particles is seen in both images. The tear pattern of NBR V 
composite shows a series of tear ridges parallel to the tearing 
direction. 
 

                 
             
                     Fig:8 
 
         SEM of NBR C composite 

                      
                     Fig:9  

                SEM of NBR V composite  
 

3.6 STRAIN SWEEP STUDIES 

 Fig: 10 (a) and (b) shows the variation of complex modulus of 
the uncured NBR C and NBR V composite respectively with 
the strain amplitude. Strain sweep studies were conducted to 
study the rubber filler interaction. Complex modulus values 
decreased with the increase in strain. This is because forma-
tion of filler net work contributes to the reinforcement in the 
properties of rubber. At high filler loading agglomeration of 
filler particles takes place leading to chain like filler structures 
or clusters which are termed filler networks. In kaolin  compo-
sites besides the confinement of the polymer  chains between 
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the silicate layers 
there is polar interac-
tion betwee the OH 
group of the clay and 
CN group of the ni-
trile rubber.With the 
increase in strain,the filler networking is destructed leading to 
a reduction in complex modulus. 
      The complex modulus values at low strain increased with 
filler concentration. The enhancement of modulus with clay 
content is an indication of better filler-rubber interactions and 
hydrodynamic effect.  
The increase in modulus is due to the inclusion of rigid filler 
particles in the soft rubber matrix. At low strain although both 
the clay rubber interaction and the compatibility between the 
clay and NBR are weak the filler -filler interaction is very 
strong due to filler aggregates  
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 Fig:10 Variation of storage modulus with  strain% of  (a)NBR 
C composite and (b) NBR V composite.  
 
3.7 DSC STUDIES:  

. DSC thermograms for NBR, NBR C and NBR V composites 
are shown in Fig: 11and the corresponding Tgs are summa-
rized in Table: 5. It is seen that the glass transition tempera-

tures of NBR and its composites are almost the same.So the 
mobility of the polymer chains are not affected by the clay 
layers                         Table: 5 
              Tg of NBR and NBR clay composites 
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                                        Fig: 11 

                 DSC curves of NBR, NBR C and NBR V 
 
3.7Thermo gravimetric analysis  
The thermal properties of the NBR Composites were studied 
by thermo gravimetric analysis. Table (6) shows the thermal 
degradation data for pure NBR and its composites.  
 
 
 
                                                T able: 6 
                   TGA results of NBR andNBR clay composites 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
At lower temperature there is no considerable change in the 
behavior of pure NBR and the composites. Onset of degrada-

SAMPLE  Tg 

NBR -22.71 

NBR C  -23.97 

NBR V -23.53 

Name T0 Tmax Residue 

% 

T5 T50 

NBR 340.36 456 6.783 322.03 444.79 

NBR 5c 341.44 456 15.45 319.15 448.63 

NBR15c  340.90 458 16.69 318.60 451.77 

NBR 7v 339.12 456 12.98 304.64 448.18 

NBR15v 340.14 458 16.23 302.7 451.04 
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tion starts around 3400C for all the vulcanizates. Hence the 
samples may be considered thermally stable upto3400C in ni-
trogen atmosphere.  
 
 The degradation temperature at 5% weight loss (T5) decreases 
with the addition of clay. NBR V composite shows greater 
reduction in T5 values than the unmodified clay. This shows   
the decomposition of vinyl chains cause faster degradation for 
the modified composites. Degradation temperature at 50% 
weight loss (T50) follows the same trend for NBR C and NBR 
V composites. Composites give higher value of T50 than that 
of pure NBR. This shows the thermal stability of NBR has im-
proved by the presence of intercalated/exfoliated clay at tem-
peratures above 4000C. 
 DTG curves are shown in Fig 17 (a&b). DTG curves show that 
the pyrolysis of NBR takes place in two steps. The curve exhi-
bits a shoulder at 4280C followed by a main peak with a max-
imum at 4560C. The peak of the DTG curves shows the tem-
perature corresponding to maximum degradation. The ther-
mal degradation of rubber results in the scission of cross link-
ing network and chain cleavage and a reduction in molecular 
weight 
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  .Fig:12:  DTG curves of (a) pure NBR and NBR C composite 
(b) pure NBR and NBR V composite 
 This reduces the mechanical strength and application value of 
rubber. It is generally believed that the inclusion of inorganic 
components into organic matter can improve the thermal sta-
bility. Maximum degradation temperature slightly increased 
from 456 to 458 in both the composites at 15 phr. So the com-
posites have the same thermal stability. It is also observed that 
the amount of residue increases with the increase in clay con-
tent. The residual materials are mainly due to Zn salts and 
inorganic fillers.   
   

  4 CONCLUSIONS  

 Improvement in mechanical properties of the composites re-
veal that both unmodified and modified nanokaolin clay can 
be used as reinforcing filler in NBR.Modified clay is found to 
be a better reinforcing filler compared to unmodified clay..  
The cure rate is increased with the addition of both clays.. 
            The XRD charecterisation of the composites show par-
tial intercalation, but the increase in gallery gap may not be 
sufficient for the rubber molecules to have a strong interaction 
with the clay as observed from DSC analysis.The strain sweep 
studies shows better polymer filler interaction and SEM analy-
sis shows a uniform dispersion of clay in the matrix. There is a 
small increase in the thermal stability of the system   as ob-
served from TGA.  
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