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ABSTRACT 
Nitrile butadiene rubber (NBR)/graphene oxide (GO) nanocomposite are prepared by solution mixing method and by using 

Epoxidized Natural Rubber (ENR) as compatibilizer. The solution casted films are incorporated in natural rubber (NR) by 

mechanical shearing process. GO sheets were extracted from natural fake graphite by adopting modified hummer method. Direct 

addition of GO into NR matrix may lead to improper distribution due to compatibility mismatch between the two. NBR is used to 

achieve better distribution of the GO. ENR is employed to achieve better compatibility between NBR-GO film and base NR matrix. 

The mechanical (Tensile strength, Elongation, Break Load and Modulus), Wear and Rheological properties of NR/NBR/GO 

nanocomposite were determined. Significant improvements in technical properties were achieved for the compatibilized system 

compared to un-compatibilized and pure system. 
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INTRODUCTION 
 

Graphene has excellent properties, such as high young’s modulus, high thermal conductivity, large specific 
surface area, andelectrical conductivity. The outstanding properties of graphene are used in various applications 
example solar cells, practical sensors, transparent electrodes, nanocomposites. Most of the researchers, have 
been focused on the simulation of the tribologicalproperties or study of the frictional properties, where as the 
few studies have been involved to the tribologicalbehaviors of the GO/polymer nanocomposites[1]. The nitrile 
rubber (NBR) is widely used in the many applications likes as oil seals, gaskets and etc. Performance of NBR 
can be improved by blending with various polymers, NBR with NR was found to be improving the physical and 
mechanical properties of NBR [2]. The natural rubber is the most important of the bio-synthesized rubber and 
shows the excellent physical and chemical properties, such as the elasticity, flexibility, antiviral permeation [3]. 
The blending of these two rubbers together is one of the best solutions for achievement of good mechanical 
properties and the oil resistance [4]. Compared to NBR, NR is less expensive and the blending of NR with NBR 
is usually carried out of the cost reduction for final products of inherent NBR properties. No functionalized GO 
is directly added to NBR matrix for solvent mixing. The morphology of NR/NBR blends have been enhanced 
the phase compatibility and could be achieved by the use of compatibilizers [5, 8]. According as a fine 



7               S. Naveenkumar et al., 2016/ Advances in Natural and Applied Sciences. 10(9) Special 2016, Pages: 6-10 

 

dispersion of the organoclay is expected, the ENR was chosen compatibilizers for adding material of 
organoclay/natural rubber nanocomposites. We have already analyzed the effect of ENR as a compatibilizer in 
the natural rubber-nanoclay gum of compounds. The compounds sheet using a two roll-mill after complete 
evaporation of solvent from the compound to be achieves desired level of reinforcement [6, 8]. Morphology of 
the rubber blends play the important role in determining dynamic and the mechanical properties of the blends. 
Characterizations of morphology of rubber blends can be achieved by common techniques used are transmission 
electron microscopy (TEM)  and scanning electron microscopy (SEM) [7]. 

In recent years, some study has been report with the tensile strength, electrical conductivity, and modulus 
ofGO/polymer nanocomposites. These studies shown that the nanocomposite has excellent electrical, 
mechanical, thermal stability properties [1]. 

In this paper, GO/NBR blend were prepared by solution mixing and incorporated in NR using ENR as 
compatibilizer through two roll mill process and compression moulding process in present work. The 
mechanical and wear and rheological properties of NR/NBR/GO nanocomposite were analyzed. 
 
Experiment: 
Sample preparation of GO/NBR: 

The NBR was dissolved in Dimethylformamide (DMF) solution and the ratio of rubber to solvents 1:5 
weight/volume. The solution was continually stirred at room temperature and rotating the magnetic stirrer speed 
of 927 rpm used, until the rubber dissolved completely in the solvent. Simultaneously the required GO was 
dissolved in DMF by means of stirring, subsequently GO was added to the rubber solution and stirring of 4 h. 
The resultant solution was then cast over in a through cleaned plane glass plate, mixture of NBR/GO sample is 
dried using microwave oven kept at 7 days for 45ᶱ and the sample prepared NBR/GO.  
 
Sample preparation of NR/NBR/GO: 

The preparation sample of NR/NBR/GO blend compounds in parts per hundred rubbers (phr) is listed in the 
table 1. The blending process was carried out and mixing of curing agents through a two roll mill for 10 min. 
NR/NBR/GO sample was then compounded with the prepared chemical and the filler listed in table 1. 
 
Table 4.1: Composition of the materials 

Sample code NR ENR NBR NBR&GO zinc oxide Stearic acid Sulfur MBTS TMTD 
N 100 - - - 1 0.5 0.5 1 1 
NEN1 85 9.5 5.5 - 1 0.5 0.5 1 1 
NENG1 85 9.5 - 5.5 1 0.5 0.5 1 1 
NEN2 70 19.5 10.5 - 1 0.5 0.5 1 1 
NENG2 70 19.5 - 10.5 1 0.5 0.5 1 1 

 
RESULTS AND DISCUSSION 

 
Ftir Data For Graphene Oxid: 

FTIR spectrum of GO shows the stretching and bending vibration of the –OH groups at 3426 cm-1  and 
1399 cm-1. The strong peak at 1730 cm-1 corresponding to C=Ostretching vibration, sp2 character of graphite in 
GO at 1626 cm-1 .The presence of epoxy and alkoxy functional groups in GO is appear at 1215 and 1080 cm−1 
respectively. In addition, GO shows the two characteristic bands at 2933 and 2857 cm-1 for sp3 C–H stretching 
due to the existence of some CH2 or CH groups in the GO. Figure 5.4 shows FTIR data for GO 

 

 
Fig. 5.4: FTIR data for Graphene oxide 
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Xrd-Data For Graphite And Graphene Oxide
The diffraction peak at approximately 11.3

was lower than that of natural graphite at approximately 26
successful oxidation of graphite. After oxidation of graphite into graphite oxide, an increase in the inter
spacing is observed due to the formation of oxygen
The peak shift from 26o to ≈ 11.3o 
indicating the complete oxidation of graphite. This oxidation is a prerequisite to obtain exfoliated graphene 
oxide nanosheets via ultrasonication trea

XRD data for Graphite: 

XRD data for Graphene oxide: 
Tensile Strength: 

The Natural rubber has 1.5 Mpa of tensile strength. The natural rubber has compared with the 
NR/ENR/NBR and NR/ENR/NBR/GO nanocomposites. Considering the tensile strength of various samples 
(NEN1 has 2.2 Mpa, NENG1 has 3.2 Mpa, NEN2 has 2.6 Mpa, and NENG2 
when compared to that of pure NR. As shown in Figure 5.7, the specimen NENG2 compound exhibits higher 
tensile strength due to proper bonding. 
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Data For Graphite And Graphene Oxide: 
The diffraction peak at approximately 11.3o 2θ (d spacing = 7.8 Ẵ) correspondingly plane reflection of GO 

was lower than that of natural graphite at approximately 26o 2θ (d spacing = 3.4 Ẵ
successful oxidation of graphite. After oxidation of graphite into graphite oxide, an increase in the inter
spacing is observed due to the formation of oxygen-containing groups intercalated within the layered structure. 

 is associated to increase in the interlayer spacing from 0.34 nm to 0.78 nm, 
indicating the complete oxidation of graphite. This oxidation is a prerequisite to obtain exfoliated graphene 
oxide nanosheets via ultrasonication treatment. Figure 5.5 and 5.6 are XRD graph for flake graphite and GO

 

 

The Natural rubber has 1.5 Mpa of tensile strength. The natural rubber has compared with the 
NR/ENR/NBR and NR/ENR/NBR/GO nanocomposites. Considering the tensile strength of various samples 
(NEN1 has 2.2 Mpa, NENG1 has 3.2 Mpa, NEN2 has 2.6 Mpa, and NENG2 has 3.9 Mpa) which is increased 
when compared to that of pure NR. As shown in Figure 5.7, the specimen NENG2 compound exhibits higher 
tensile strength due to proper bonding.  
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) correspondingly plane reflection of GO 
Ẵ), which confirms the 

successful oxidation of graphite. After oxidation of graphite into graphite oxide, an increase in the inter-plane 
containing groups intercalated within the layered structure. 

is associated to increase in the interlayer spacing from 0.34 nm to 0.78 nm, 
indicating the complete oxidation of graphite. This oxidation is a prerequisite to obtain exfoliated graphene 

tment. Figure 5.5 and 5.6 are XRD graph for flake graphite and GO 

The Natural rubber has 1.5 Mpa of tensile strength. The natural rubber has compared with the 
NR/ENR/NBR and NR/ENR/NBR/GO nanocomposites. Considering the tensile strength of various samples 

has 3.9 Mpa) which is increased 
when compared to that of pure NR. As shown in Figure 5.7, the specimen NENG2 compound exhibits higher 
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Pure NR and NBR/GO filled NR nanocomposites: 
Wear: 

The prepared samples have been tested for the wear has carried out in Din abrasion tester method. The 
natural rubber compared with the NR/ENR/NBR and NR/ENR/NBR/GO nanocomposites. While consider the 
wear rate of samples (NEN1 is 48 %, NEN2 is 47 %, NENG1 is 45%, and NENG2 is 47.4 %) is decreased as 
compared to that of pure NR. From Figure 5.9 specimen NEN1 and NEN2 has good properties. 

 

 
 

Pure NR and NBR/ GO filled NR anocomposites: 
Conclusion: 

Modified Hummer’s method has been generally followed for synthesis of flake graphite to graphene oxide. 
The sample have been prepared by 0.5g of GO in 5g NBR and 0.5g of GO in 10g NBR through solution mixing 
method. The graphene oxide fillers have been investigated by the X-ray diffraction, Fourier transform infra-red 
techniques and compared the results obtained with literature report and conform that filler extracted is graphene 
oxide. The prepared nanocomposites (NBR/GO/ENR) were incorporated in the NR matrix by two-roll mill. The 
mechanical properties of the composites NEN1, NEN2, NENG1 and NENG2 are enhanced significantly when 
compared to that of pure NR. By adding GO in NEN1 and NEN2 composites. It will increases in tensile 
strength, elongation at break and modulus of elasticity and while considering wear it will reduced when compare 
to pure NR. 
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