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Multiwall carbon nanotubes (MWCNTs) and carbon nanofibers (CNFs) with 
contents ranging from 1 to 10 phr (part per hundred parts of rubber) were 
selected and then characterized to reinforce acrylonitrile butadiene rubber 
(NBR) based composites. Fabrication of nanocomposites were done by a 
novel procedure and structural analysis along with variety of mechanical 
and chemical tests, according to the standard methods, were implemented 
to evaluate their properties. As a result, cure conditions, mechanical, and 
chemical properties of fabricated nanocomposites were further improved 
and optimized. The NBR nanocomposite containing 10 phr of MWCNTs 
devotes the best performance in curing time (13.3 % reduction), shore A 
hardness (36.4 % improvement), compression set (12.2 % reduction) and 
swelling rate in methyl ethyl ketone solvent (by the amount of 120 %) than 
those of other prepared nanocomposites and as a result, this nanocomposite 
was proposed as a material with the best improved properties for further 
industrial applications. However, 1 and 5 phr contents of MWCNTs were 
found to be optimum values of nanofillers to be added to the NBR in case of 
tensile strength and elongation at break properties.

INTRODUCTION
Elastomers containing polymeric chains with 

high flexibility and mobility will show the same 
elasticity as that of the rubber, resist against large 
deformations and have high energy absorption 
properties, if polymeric chains are connected to 
the structure of network [1]. The world requires 
reduction in fuel consumption, and decrease of 
operating, production, and transportation costs. 
As a result, demands for novel materials with 

light weights, low costs, and high performances 
are increasing [2]. Nanocomposites are the new 
category of polymers with high mechanical and 
thermal properties and good performances. These 
materials can be used as an alternative for metals 
in the industry [3].

In recent decades, rubber industries have 
been revolutionized by using nanofillers. On 
the other hand, fillers having particles with at 
least a dimension of less than 100 nm and can 
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disperse separately in the base rubber, are the 
focus of researchers and companies to improve 
properties of rubbers [4]. Nano scale fillers have 
high surface to volume ratios with respect those 
with micron sizes and accordingly, can increase 
the contact surface between the rubber and 
fillers causing the improvement in properties of 
nanocomposites with the nanofiller contents even 
less than 1 wt. % [5,6]. The purpose of using fillers 
in polymers is to reinforce and improve physical, 
thermal, and mechanical properties, flame 
retardancy, conductivity, abrasion resistance, 
friction reduction, thermo-oxidative stability, 
ultraviolet waves and sound absorption [5,7,8]. 
Size and shape of nanofillers are important 
factors in polymeric composites reinforced with 
nanoparticles. In other words, high aspect ratio 
resulting from the formation of more free surface 
and interphase boundary between the polymer 
and filler can contribute to more affection due 
to the presence of nanofillers in polymer matrix. 
Carbon nanotubes (CNTs) and carbon nanofibers 
(CNFs) are from the category of those nanofillers 
with high aspect ratios [9].

Acrilonitrile butadiene is a commercialized 
and artificial rubber with applications not only in 
pieces of automobiles, but also in other industries 
like aerospace. In general, artificial rubbers do not 
have reinforcing properties alone because in their 
fabrication process, under strain crystallization 
will not be used in their preparation process (the 
same as what will be used for the natural rubber). 
Therefore, utilizing fillers is an effective method 
to improve the properties of rubber. Among all 
fillers, those with nano scale size have the best 
performance in this regards [10]. CNTs are very 
interesting and astounding materials and their 
shapes can be assumed as the rolling of a graphene 
plane in the form of a cylinder (single wall CNTs) or 
rolling of some graphene planes (multiwall CNTs) 
in the shape of co-axial cylinders with interlayer 
interval equal to that of graphite, diameter of 
1-50 nm, and length of a few micrometers to 
millimeters or even centimeters [1,11]. CNTs have 
interesting mechanical properties, high flexibility, 
low density, and proper optical and magnetic 
properties [11,12]. Nanometric geometry and 
high aspect ratio of CNTs, along with their 
appropriate properties have made these materials 
as an advanced and effective candidates to be 
utilized as nanofillers in polymer synthesis [11]. 
Resulting nanocomposites from the polymer and 

CNTs have different applications in aerospace 
and automobile industries, electronically pieces, 
electrochemical sensors, and shape memory 
polymers [11,13]. CNT/NBR nanocomposite can 
be used as an alternative to NBR because of high 
affinity between acrylonitrile groups (ACN) and 
CNTs and having no significant poisoning effect by 
CNTs on vulcanization process [14].

Carbon nanofibers (CNFs) have diameter and 
length in ranges of 50-2000 nm and 50-100 µm, 
respectively. They have high modulus of elasticity 
and tensile strength along with proper electrical 
and thermal properties. Although modulus of 
elasticity of CNFs is much less than that of CNTs, 
they have the advantage of easier fabrication 
than that of CNTs [9]. Conventional methods 
for fabrication of elastomeric carbon based 
nanocomposites in the literature are melt mixing, 
solution blending, and in situ-polymerization 
[1]. Dispersing of rod shape nanoparticles in 
the polymer structure of composites are done 
by two methods of solution mixing and in-situ 
polymerization [12]. Among these two methods, 
in situ-polymerization is the most applicable 
one in this issue [15]. Dispersing of rod shape 
nanofillers in the polymer matrix have significant 
effect on the properties of nanocomposites in a 
way that well dispersing of them can contribute to 
improvement in the obtained properties [12,16]. 
Dispersing these anisotropic nanofillers in the 
polymer matrix can alter the properties of load 
transfer [7]. 

Holkkanen et al. showed that the preparation 
method of composite have direct impact on 
the dispersion of CNTs in the polymer matrix 
and accordingly, the resulting properties of 
the nanocomposite. Presence of carbon black 
nanoparticles in the nanocomposite can help 
the proper dispersion of rod shape nanofillers 
in the polymer matrix [17].  Limited researches 
have been done on the curing and vulcanization 
of nitrile rubber composites reinforced with 
nanofillers [8]. Perez and his coworkers probed 
into the curing characteristics of styrene and nitrile 
butadiene rubber nanocomposites endowed 
with CNT nanofillers by the method of Dynamic 
Scanning Calorimetry (DSC) [18].Wu and Chang 
investigated on carbon base fillers (carbon black, 
CNF, and CNT) and their affections on the epoxy 
curing features. They concluded that existence of 
these fillers in the polymer matrix can increase the 
heat of reaction, accelerate the curing reaction 
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(vulcanization) and cause the curing reaction 
to be done at lower temperatures with respect 
to the case in which these nanofillers are not 
used in the process of curing [19]. In the other 
work, mechanical and chemical properties along 
with the curing conditions of nanocomposites 
containing different nanofillers were evaluated 
and compared with each other [20]. 

The effect of adding nanofillers of single wall 
carbon nanotube and silica on the properties of 
natural rubber was investigated by Kueseng et 
al. They added nanofillers to a solution of natural 
rubber and then evaporated the solvent. Results 
of their prepared nanocomposites were concluded 
to be improved [21]. Fibrous structures have 
distinct properties which can be utilized for further 
industrial applications [22,23]. Mondal and his 
coworkers applied two methods of melt mixing and 
solution mixing to fabrication of CNF/chlorinated 
polyethylene. Solution mixing was found to be 
the better method than the other one in case 
of mechanical, electrical, and electromagnetical 
properties of prepared nanocomposites because 
of the fine distribution of CNFs in the composite 
by this method [24]. A quantitative analysis 
for dispersion degree of CNFs and CNTs in the 
polymeric nanocomposites were done by Luo et 
al. They concluded that the less nanoparticle size 
will result in the more challengable dispersion of 
nanofillers in the polymer matrix [25]. Tang and 
his research team probed into the dispersion 
effect of Graphene nanofillers on the mechanical 
properties of Graphene/Epoxy nanocomposite. 
They concluded that the more dispersion of the 
thermally reduced Graphene oxide nanoparticles 
will contribute to the more improvement in glass 
transition temperature (Tg), mechanical strength, 
and fracture toughness of nanocomposites 
because the toughness playes an important role 
on the nanofiller/polymer interfacial fracture 
[26]. In another work, mechanical, thermal, and 
rheological properties of Graphene/Poly propylene 
nanocomposite was investigated with the method 
of melt mixing by Achaby et al. Fine dispersion of 
Graphenes in the polymer matrix along with the 
improvement in mentioned properties of their 
fabricated nanocomposites by raising contents of 
nanofillers in the polymer matrix were the main 
results of their research [27].

In this contribution, nanofillers of multi wall 
carbon nanotube (MWCNT) and carbon nanofiber 
(CNF) were used to fabrication NBR based 

nanocomposites. Carbon black nanofiller was also 
applied to proper curing of nanocomposites and 
also fine dispersion of nanofillers in the polymer 
matrix. High resolution transmission electron 
microscope (HRTEM), and X-ray diffraction (XRD) 
analysis of nanofillers along with curing features, 
fourier transform infrared spectroscopy (FTIR) 
analysis, mechanical, and chemical properties of 
prepared nanocomposites (CNT/NBR and CNF/
NBR) were evaluated and compared with each 
other to propose the best nanocomposite with 
optimum concentration in this regards.

MATERIALS AND METHODS
Constituent components for preparation of 

rubber composites including Polymer as the 
matrix, fillers, vulcanization agents, curing agents, 
reaction accelerators and anti-oxidation agents 
were purchased from the local market and are 
shown in Table 1.

Carbon black nanoparticles (with particle size 
of 70-96 nm) were used as the filler to improve the 
performance, dispersion and reduce fabrication 
costs of nanocomposites. According to the initial 
studies, carbon nanofiber (CNF) and multiwall 
carbon nanotube (MWCNTs) nanoparticles were 
selected to add to the polymer based composite. 
These nanoparticles were purchased from Sigma 
Aldrich Company, Germany and their properties 
are illustrated in Table 2.

Various techniques can be applied to 
stabilize nanofillers in the nanocomposite 
structure including functionalizing the surface 
of nanoparticle, utilizing ultrasonic waves 
(sonication), and centrifuging. Maximum amount 
of the based material (polymer) and concentration 
of used nanoparticles, as the filler are two principle 
factors in the stabilization process. Frequent 
methods for distribution uniformity analysis 
of nanoparticles in the aqueous solution are 
Scanning Electron Microscopy (SEM), Transmission 
Electron microscopy (TEM) and Atomic Force 
Microscope (AFM), while SEM and TEM analysis 
have priority for dispersion analysis of CNT and 
CNF nanoparticles [28–30]. 

Contents of additive materials for preparation 
and curing of nanocomposites are based on parts 
per one hundred rubber (phr) and amounts of 
these phr contents for used additives are the 
same for two studied nanocomposites. In this 
contribution, nanofillers of MWCNT and CNF with 
phr contents of 1, 3, 5, and 10 were selected to add 
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to the polymer matrix. Components mixing was 
done by the procedure in which nanomaterials 
were initially mixed by a two roll mill (Brabender, 
OHG model, Germany) at the mixing condition of 
the rubber (160 0C) and according to the standard 
method of ASTM D3187. Other components, 
including carbon black filler, DOP plasticizer, stearic 
acid, zinc oxide as an activator, anti-oxidizers of 

IPPD and RD were also added to the mixture of 
rubber and nanomaterials by the application of 
the two roll mill. Table 3 illustrates amounts of 
all additives for curing of the nanocomposites. 
For the purpose of investigating the effect of 
changing nanomaterials contents on the results 
of nanocomposites, a constant mixing time 
duration for the fabrication of all samples were 

Materials Formula Manufacturer 
NBR 6240 Containing 34 % of Acrylonitrile Local Market 
Zinc Oxide ZnO Sigma-Aldrich 

Carbon black (SRF) ------------ Local Market 
IPPD Antioxidant 

(N-Isopropyl-N’-phenyl-p-
phenylenediamine) 

2N18H15C Local Market 

Stearic acid COOH16)2(CH3CH Sigma-Aldrich 
RD Antioxidant 

(1,2-Dihydro-2,2,4-trimethylquinoline 
homopolymer)  

N15H12C Local Market 

Hydrochloric Acid HCl Sigma-Aldrich 
Plasticizer 

(Dioctyl phthalate) 
2]3CH3)2)(CH5H2CH(C2CH2[CO-1,2-4H6C Sigma-Aldrich 

N-Cyclohexyl-2-benzothiazolesulfenamide 2S2N16H13C Local Market 
Accelerator (Tetramethylthiuram Disulfide) 2)3CSN(CH2NCSS2)3(CH Sigma-Aldrich 

Octadecyl amine )2NH2CH16)2(CH3(CH Sigma-Aldrich 
Sulfur S Sigma-Aldrich 

Distilled Water O2H Local Market 
 
 
 
 
 
 
 
 
  

Table 1. Materials used to prepare nanocomposites.

 
 
 
 
 
 
 
 

Properties Carbon nanofiber Multiwall carbon Nanotube 
Appearance Black Powder Powder 

Impurities Iron < 100 ppm 
Iron-free ---- 

Purity > 95% Carbon ≥ 98% 
Average diameter (nm) 130 12 

Pore size (Å) 124 ---- 
Specific surface area (m2/g) 24 220 

Melting point (0C) 3697-3652 3652-3697 
Density (g/ml) 1.9 2.1 

Dimension (O.D. × I.D. × L) 100 nm (D) × 20-200 μm (L) 6-13 nm × 2.5-20 μm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Table 2. Properties of nanomaterials used for this paper (presented by their produced company).

 
 
 
 
 
 
 
 
 

Materials Mixing Condition (Phr) 
NBR 1 Nano-NBR 3 Nano-NBR 5 Nano-NBR 10 Nano-NBR 

NBR 100 100 100 100 100 
Nanomaterials 0 1 3 5 10 

Carbon Black (SRF) 80 80 80 80 80 
ZnO 5 5 5 5 5 

Stearic acid 1 1 1 1 1 
RD 2 2 2 2 2 

IPPD 1 1 1 1 1 
DOP 10 10 10 10 10 

Sulfur 0.5 0.5 0.5 0.5 0.5 
TMTD 1 1 1 1 1 

CZ 2 2 2 2 2 
 
 
 
 
 
 
 
 
 
 
  

Table 3. Constituent components of fabricated nanofiller/NBR nanocomposites.
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considered. Furthermore, the kind and amounts 
of nanomaterials were only variable parameters 
in the system. After one day and at the ambient 
temperature, materials which were considered for 
the process of nanocomposite curing, including 
the sulfur and accelerators, were added to the 
previous mixture by the two roll mill to prevent 
partial curing of the mixture. Distribution 
uniformity of nanoparticles in the polymer matrix 
is an outstanding factor regarding the properties 
of fabricated nanocomposites. For instance, 
distribution of nanoparticles in the NBR matrix 
have a profound impact on stress concentration 
spots and accordingly, an affection on the strength 
and failure properties of nanocomposites [31]. 
The same method was also applied for preparing 
the witness sample in which nanomaterials are 
not used.

A rheometer device (model of Gotech, Taiwan) 
was utilized for determining curing features of 
nanocomposites at the temperature of 160 0C 
and according to the standard method of ASTM 
D20148. Scorch time (ts2) and optimum curing time 
(t90) are two important parameters which were 
obtained from figures of rheometer device. Scorch 
time is the time duration in which the amount of 
torque is increased by 2.26 * 10-2 N.m with respect 
to the minimum amount of the torque. The less 
the amount of scorch time caused the cross-
linking between mixing materials to be increased. 
Another outstanding parameter is optimum curing 
time which is the time when we reach to the rate of 
90 % for the difference between the minimum and 
maximum amounts of the torque. This parameter 
can give us a proper evaluation on the amount 
of curing time for mixtures. The less the amount 
of optimum curing time, the faster fabrication of 
nanocomposites.

Nanoparticles were characterized by high 
resolution TEM, XRD, and FTIR analysis. Their 
related nanocomposites were also analyzed by 
the FTIR spectroscopy. A spectrometer (model of 
Perkin Elmer, USA) was used for the FTIR analysis. 
This technique is based on the absorption of 
radiation and probing into vibrational jumps of 
molecules and multi-atomic ions and standard of 
ISO 4650:2012 was used in this issue [32]. XRD 
pattern were obtained through X-ray powder 
diffraction (D8 Advance Bruker X-ray diffractometer 
with monochromatized Cu Kα=1.5418 Å). The 
crystallite size of samples were calculated by 
Williamson-Hall Approach [33]: 

0.9cos  2   A sin
d
λβ θ ε θ= +            (1)

In this equation, d is the mean diameter of 
particles, λ  is the wavelength of incident X-ray 
(equal to 1.5418 Å) , β  represents the full width 
of the peak at half height (FWHM), ε  is the lattice 
strain, and constant A is equal to 1.

Mechanical Properties
Shore Hardness 

Hardness of a material is its strength against 
indentation by a harder material. In the 
standard hardness tests which have been used 
in recent years, a hard indenter material will be 
pressurized to the surface of the sample. As a 
result, a three directions tension will be imposed 
in the pressurized spot. On the other hand, 
transformation is done in combination with forms 
of tensile, compressive, and shear. Shore hardness 
test was done according to the standard method 
of ASTM D2240. For the test of rubbers, shore A 
hardness test is used. For determination of the 
shore A hardness test of nanocomposites, samples 
with thickness of at least 4 mm are placed on an 
aligned horizontal hard surface. Shore durometer 
type of A (code ISH-SAM) will then be rotated to 
the vertical position somehow that the indenter 
point has at least 9 mm distance from each edge 
of the sample. Base of the squeezer, in a way that 
its surface is parallel to that of the sample, is lifted 
quickly and without imposing strike. Degree of 
the indicator device is read after 15 seconds. This 
process was repeated for five different spots of the 
sample with intervals of minimum 6 mm from each 
other. Averages of obtained values are considered 
as the shore A hardness. Depth of indentation, 
D (mm), which is a criteria for evaluation of the 
hardness is determined by the following equation 
[34]:

100    
0.025

hD = −             (2)

Where h (mm) is the depth of indentation 
at the time of imposing the whole force. With 
this method, the amount of penetration for the 
indenter to the material is measured in specified 
conditions.

Tensile Strength
This test was conducted based on the standard 

method of ASTM D412 for dumbbell shaped test 
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piece. Length of the dumbbell shaped samples 
are 20±0.5 mm and the nominal speed of the 
moving clipper is also 500 mm/min according to 
the mentioned standard method. All used molds 
and blades were based on the standard of ISO 
4661-1:1993 and molds were also in the standard 
dimension for preparation of dumbbells. In each 
point of the thin width mold, deviation from the 
state of parallel edges should not be larger than 
0.05 ml. The device for doing the tensile test 
should also be in line with the standard condition 
of ISO 5893:1993. Thickness at the center and 
two end points of the test piece were measured 
by the thickness tester and the average measured 
amounts of surface area were used. In each 
dumbbell, none of three measured thin section 
values should have difference from the average 
thickness by the amount of more than 2%. Test 
piece was placed in the tensile test device in a 
way which lateral and parallel sections at two end 
points of the test piece were fixed symmetrically 
and pressure was distributed uniformly on the 
surface area. The device was turned on and with 
the nominal velocity of 500 mm/min for the 
moving pine, changes in amounts of length and 
force during experiments were measured with the 
accuracy of ±2 %. Tensile strength TS (MPa) was 
determined by:

mFTS
Wt

=                                  (3)

Where Fm (N) is the maximum amount of 
recorded force, W (mm) is width of the mold thin 
section, and t (mm) is the thickness of the test 
piece. Tensile strength at the breaking point (TSb) 
was also obtained by this equation:

b
b

FTS
Wt

=                             (4)

Where Fb is the recorded force at breaking 
point.

Elongation at Break
The ability of large deformation of a material 

is calculated by the parameter of elongation at 
break. It indicates strength of the whole molecular 
chains and their movement [35].  Elongation at 
break (in percentage) of nanocomposites were 
obtained according to the standard of ASTM D412 
and by the following equation [36]: 

( )0

0

100* b
b

L L
E

L
−

=                                     (5)

Where Eb is elongation at break, Lb (mm) is 
length of the test device at breaking point and L0 
(mm) is its initial length, respectively.

Compression Set
As the rubber is under pressure, physical and 

chemical changes can occur in its structure leading 
to prevention of the rubber to return to its initial 
dimension after release of the deformation force. 
Consequently, the amount of compression set for 
the rubber depends on the time and temperature 
of the compression and is also dependent on the 
time and returning temperature. Compression set 
(C) is determined in the percentage form of the 
initial compression as follows:

0 1

0 2

100h hC
h h

−
= ×

−
                                    

 (6)

Where h0 is the initial thickness of the test piece, 
h1 is its thickness after returning, and h2 is the 
height of spacing. All dimensions are in the scale 
of millimeter. This test was done in accordance to 
the standard method of ASTM D395 [37].

Chemical Properties
Ozone Resistance

In this test, a relative estimation is done 
on the resistance of the rubber components 
against weathering in the open space and or in 
the ozone container (Based on the standard of 
ASTM D2240). For conducting this experiment, 
rubber piece was placed on the ozone container 
according to the information mentioned in the 
Table 4. After probing into the rubber piece, if no 
cracks or fractures was observed on the surface 
of the sample, the test sample is considered to be 
resistant against the ozone.

Fluid Resistance
To check the resistance of rubbers against 

liquids or chemical solutions, different solvents 
are used. According to the literature and different 
standards, Methyl Ethyl Ketone (MEK) solvent is 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Test Condition Amount 
Ozone Concentration (g/l) 8-(50±5)×10 

C)oTemperature ( 40±2 
Time of Exposure to Ozone (hr) 48 

Elongation (%) 20±2 
Relative Humidity 55±5 

 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
  

Table 4. Conditions of conducting test for resistance of the 
rubber against ozone [ASTM D2240]
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a proper choice in this regards (It was purchased 
from Merck Millipur Company). Method of 
conducting this experiment is in this way that the 
sample was firstly weighed (W1) and was then 
put into the solvent of methyl ethyl ketone at 30 
0C. After 48 hours, swollen sample was extracted 
from the solvent and completely dried under the 
Vacuum Oven [model of Vin100, Arta Company, 
Iran] and was weighed again (w2). The rate of 
swelling was then calculated from the following 
equation [38].

2 1

1

% 100w wSwelling
w
−

= ×                       (7)

RESULTS AND DISCUSSION
Features of Nanocomposites Curing

Table 5 shows rheometry data of fabricated 
composites and nanocomposites. In general, 

torque will increase by adding nanoparticles 
(MWCNT and CNF) and raising their contents 
in the NBR based matrix. Results indicate 
that using MWCNT nanoparticles in curing of 
nanocomposites will decrease the time duration for 
cross linking creation. This trend for the decrease 
of nanocomposite curing was also observed for 
nanocomposites containing 5 and 10 phr of CNFs. 
As a result, time duration for final curing of the 
product will be decreased by reduction of t90. 

Characterization 
Imaging

Fibrous structure, nano scale size, and unique 
morphology of CNF were concluded from its 
HRTEM image, as is shown in Fig. 1 (A). This 
nanoparticle which is already an individual 
nanofiber, has a hollow core surrounding by a 
cylindrical fiber consisted of crystalline, graphite 

 
 
 
 
 
 
 
 

 Torque (N.m) Time (min) 
Sample Tmin Tmax ts2 t90 

NBR Composite 0.46 1.97 1.43 20.10 

MWCNT/NBR 
Nanocomposites 

Phr  
1 0.48 2.08 1.41 20.00 
3 0.49 2.25 1.38 19.58 
5 0.50 2.35 1.20 18.10 

10 0.52 2.51 1.08 17.42 

CNF/NBR 
Nanocomposite 

1 0.49 2.20 1.42 20.03 
3 0.51 2.32 1.39 19.80 
5 0.53 2.45 1.27 19.60 

10 0.55 2.62 1.20 18.10 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Table 5. Rheometry data of studied nanocomposites.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A 

B 

Fig. 1. HRTEM images of CNFs and MWCNTs (A and B, respectively).
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basal stacked at 25 degrees from the longitudinal 
axis of the fiber. A fiber with exposed edge planes 
along the whole interior and exterior surfaces of 
the nanofiber is generated from this morphology. 
Mechanical reinforcement in polymer composite 
is attained from this generated fiber. CNFs have 
average diameters around 130 nm, while their 
length are in the range of 20-200 µm (HRTEM 
image of CNFs and the above description were 
from the information that the purchaser company 
(Sigma-Aldrich) provided us and also from 
references [39,40].

Fig. 1 (B) shows also HRTEM image of bundles 
of MWCNTs and arrows in the figure illustrate 
iron-based catalyst nanoparticles on the sidewalls 
of the nanoparticle [40]. Average diameter and 
length of MWCNTs were found to be around 12 
nm and range of 2.5-20 μm, respectively, which 
are significantly lower than those of CNFs.

XRD Pattern
MWCNT and CNF nanofibers were characterized 

by XRD pattern, as are illustrated in Figs. 2 and 3, 
respectively. Fig. 2 shows clearly that two index 
peaks are existed in the structure of MWCNT [41]. 
These peaks are regarded to planes of ‘002’ and 
‘100’, respectively [42]. Moreover, another peak 
is detected at 64.4111 diffraction angle related 
to the plane of ‘110’. Similarity between the 
represented peaks from XRD results of MWCNT 
and known index peaks of this structure confirms 
that purchased MWCNT nanoparticle has suitable 
structure for further composite synthesizing.  
To measure the crystallite size of MWCNT, 
Williamson-Hall approach was utilized by the 
XRD results. The crystallite size of MWCNT was 
measured to be 11.27 nm. In addition, the lattice 
strain was reported to be 0.1052. 

The XRD spectrum of CNF clearly depicts its 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. XRD pattern for MWCNT nanoparticle.

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. XRD pattern for CNF nanoparticle.
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three index peaks [43]. These peaks are obtained 
in 26.1990, 43.981, and 54.1852 diffraction 
angles related to the planes of ‘002’, ‘100’, and 
‘101’, respectively [44]. The mentioned peaks are 
totally corresponded to the known peaks of CNF. 
Similarly, the crystallite size of CNF was measured 
through Williamson-Hall equation using the 
XRD pattern. Crystallite size and lattice strain of 
purchased CNF were reported to be 2.27nm and 
0.10425, respectively. Sharp XRD peak of CNF 
confirms this fact that crystallite size of CNF is very 
small because no obvious broadening is shown in 
its XRD pattern [45].

FTIR analysis
Figs. 4 (A and B) show the FTIR analysis 

of MWCNT nanoparticles and MWCNT/NBR 
nanocomposite, respectively. According to the 
Fig. 4 (A), two specific peaks for the studied 
MWCNT nanoparticles are at wave numbers of 
1632 and 3440.44 cm-1 are related to the bond of 
C=C and tensile bond of –O-H, respectively [46]. 
After the preparation and curing of MWCNT/
NBR nanocomposite, these two peaks will 
slightly transit to reach wave numbers of 1632.93 
and 3438.44 cm-1, respectively, illustrating the 
presence of MWCNT nanoparticles in the structure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400.0
0.0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100.0

cm-1

%T 

3876.73

3758.37

3440.44

2925.55

2514.28

2345.77

2314.28

2043.04

1437.49
1111.52

880.62

713.38
606.28

A B 

Fig. 4. FTIR analysis of MWCNT nanoparticles (A) and MWCNT/NBR nanocomposite (B)
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of fabricated nanocomposite. Furthermore, other 
peaks at wave numbers of 970.81 cm-1 (for the 
bond of –CH=CH-), 1439.95 cm-1 (bond of –C=C-
), 2336.97 cm-1 (bond of -C≡N), and 2925 cm-1 
(for functional group of CH2) are in the FTIR 
spectrum of MWCNT/NBR nanocomposite. As a 
consequence, simultaneous presence of peaks 
for two considered materials in the FTIR spectrum 
indicates the complete cure of MWCNT/NBR 
nanocomposite [46–48].

FTIR results of CNF nanoparticles and CNF/NBR 
nanocomposite are also illustrated in Figs. 5 (A and 
B), respectively. Observed peak at the wave number 
of 1636.80 cm-1 in the Fig. 5 (A) is related to the 
tensile bond of C=O in carboxylic acid group. At wave 
numbers of 2347.14 and 2923.98 cm-1, resulted 
peaks are relevant to bond of O=C=O and tensile 
bond of C-H, respectively. In addition, the peak 
at 3439.42 cm-1 is also resulted from the hydroxyl 
functionalized groups on the CNF surface. Peaks at 
the wave number range of 2000 to 3000 cm-1 are 
related to the post treatment operations which were 
done after the preparation of CNF nanoparticles [49].

Investigation of the FTIR spectrum for CNF/
NBR nanocomposite is shown in the Fig. 5 (B). 
Four peaks described for the CNF structure at 
wave numbers of 1632.93 cm-1 (tensile bond 
of C=O in the carboxylic acid group), 2350.59 

cm-1 (double bonds of O=C=O), 2925.30 cm-1 
(tensile bond of C-H), and 3438.44 cm-1 (hydroxyl 
functionalized group on the CNF surface) are all 
observed with a little transition because of the 
composite formation. Furthermore, the peaks at 
wave numbers of 970.81, 1439.95, 2336.97, and 
2856.17 cm-1 are due the bonds of (–CH=CH–), (–
C=C–), (-C≡N), and (CH2); illustrating the presence 
of NBR in the CNF/NBR nanocomposite. It can be 
concluded that curing of composites were done in 
an appropriate way and after the curing, CNF/NBR 
nanocomposite was fabricated [47–49].

Mechanical Properties
Mechanical properties evaluation of fabricated 

nanocomposites were done and the results are 
shown in Fig. 6. Shore A hardness, tensile strength, 
elongation at break, and compression set of 
composites and nanocomposites were selected 
regarding their mechanical properties evaluation.

It is obvious in this figure that raising phr 
contents of nanofillers resulted in the increase of 
shore A hardness for their related nanocomposites. 
Adding nanofillers of MWCNF to the NBR matrix 
contributes to the more increase in shore A 
hardness of the resulting nanocomposite than that 
of CNF/NBR nanocomposite. The amount of shore 
A hardness for nanocomposites containing 10 phr 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Mechanical properties of fabricated nanocomposites versus Phr content.
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of MWCNT and CNF are 90 and 85, respectively. 
The maximum percentage increase of this property 
for the nanocomposite with 10 phr of MWCNTs 
and CNFs are 36 % and 30 %, correspondingly, with 
respect to that of NBR.

Two important parameters which are used 
to determine tensile-stress-strain properties 
of nanocomposites are tensile strength and 
elongation at break. Generally, tensile strength 
of composites are directly dependent on their 
structure and behavior of their base matrix. If 
fillers are distributed properly in the matrix, 
tensile strength of the resulting composite will 
also be increased. However, for the case in which 
distribution of particles in the polymer matrix 
is asymmetric, tensile strength of the composite 
will be reduced because of the formation of 
concentrated tension points in the matrix. This 
behavior is obvious in fillers with micron sizes 
[31]. Nano scale structures in the same weight 
percentages as for the particles with micron sizes 
can tackle mentioned problem because of better 
distribution of nanoparticles in the matrix and also 
their smaller sizes. It should also be noted that 
less increase in weight percentages of materials 
in nano scale can improve different properties of 
the composite with respect to materials in micron 
scale [50,51]. It can also be detected from this 
figure that nanocomposite containing 5 phr of 
MWCNT nanoparticles has the maximum amount 
of tensile strength with respect to that of the 
other fabricated nanocomposite. In addition, 
MWCNT/NBR nanocomposite devoted the highest 
amount of tensile strength in the whole studied 
phr contents of nano additives with respect to 
that of CNF/NBR nanocomposite. Raising the 
amount of MWCNT and CNF nanoparticles to 
the amount of 5 phr caused the tensile strength 
of related nanocomposite to be increased, 
while the use of 10 phr of these nanoparticle 
in related nanocomposites leaded their tensile 
strength to be reduced in comparison to the use 
of 5 phr nanoparticle in NBR matrix. On the other 
hand, 5 phr of MWCNTs and CNFs are optimum 
values of nano additives to be applied to both 
nanocomposites in the case of improved tensile 
strength. 

In addition, raising the amount of nanofillers in 
the nitrile rubber matrix decreased the elongation 
at break of fabricated nanocomposites. Elongation 
at break percentages for the NBR and MWCNT/
NBR nanocomposite with 10 phr of its nano 

additive were 400 and 346, respectively, while 
percentage of elongation at break for CNF/NBR 
nanocomposite with 10 phr of nano additives 
were found to be 350. Elongation at break of 
nanocomposites with 1 and 3 phr contents of 
MWCNTs are higher than that of CNFs with the 
same phr contents. However, for the case in which 
5 and 10 phr of nanomaterials were used in the 
NBR matrix, elongation at break percentages of 
CNFs showed to be more than that of MWCNTs.

Analysis of compression set test was done 
at 100 0C and for the time duration of 72 hours. 
Results indicate that adding nanofillers to the 
composites will reduce their deformation resulting 
from impose of the pressure force to structure 
of nanocomposites. High percentage values of 
compression set means constant deformation 
of rubber matrix in the compression form. A 
higher volume contents of nanofillers in the 
polymer matrix results in the higher dispersion 
and concentrations with respect to the volume 
and accordingly, decrease of the compression 
set [52]. Compression set for 5 and 10 phr of 
CNF/Nitrile rubber nanocomposites were slightly 
reduced. As a result, phr of 3 can be considered 
as the optimum amount of CNF nanoparticle 
in the related nanocomposite. For MWCNT/
Nitrile rubber nanocomposite, compression set 
was reduced from 26.5% to 12.2 % by adding 
10 phr of MWCNTs to the related composite. 
Comparing results for the compression set of 
studies nanocomposites indicate that adding 1 
and 3 phr of nano additives to the composites 
caused MWCNT/NBR nanocomposite to have 
larger percentage of compression set than that of 
the other nanocomposite, while adding 5 and 10 
phr of nano additives to CNF/NBR nanocomposite 
leaded its compression set percentages to have 
larger values with respect to those of the other 
one. Minimum value for the compression set 
percentage of the CNF/NBR was found to be 16.4 
by applying 10 phr of the nanoparticle to the 
matrix.

Chemical Properties
Ozone Resistance

Results indicate that all prepared samples 
including pristine nitrile rubber and fabricated 
nanocomposites are resistant against the ozone 
because no crack was observed on the surface of 
samples during the time of conducting this test 
and at its specified condition. 
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Resistance in Methyl Ethyl Ketone (MEK) Solvent
Table 6 shows the swelling rate of prepared 

nanocomposites in MEK solvent. Non-vulcanized 
NBR was completely solved in the MEK solvent, 
while vulcanized NBR did not solve in this solvent 
and their rate of swelling is dependent on their cross-
linkings and nano additives. This table indicates that 
MWCNT/NBR nanocomposite has better barrier 
properties than the vulcanized NBR and CNF/NBR 
nanocomposite. With respect to the information 
available in literature [53,54] and Table 6, NBR 
nanocomposites containing MWCNT nanoparticles 
caused the swelling rate of final product to be 
reduced and accordingly, increased their resistance 
against the MEK solvent. However, this reduction in 
the swelling rate of the nanocomposite endowed 
with CNFs found to be less than that of MWCNT/
NBR nanocomposite by further raising of the phr 
for nano additives in their structures. Comparative 
results of swelling rate for MWCNT/NBR and CNF/
NBR nanocomposites can be observed in the Fig. 7.

CONCLUSIONS
Elastomeric nanocomposites consisting of 

MWCNTs and CNFs, as nanofillers in 5 different 
phr contents (0, 1, 3, 5, 10) and nitrile rubber 

 
 
 
 
 
 
 
 
 
 

Sample tests Swelling in MEK Solvent (%) 
Non-Vulcanized NBR Will be solved 

Vulcanized NBR 165 

MWCNT/NBR 
Nanocomposites 

Phr  
1 160 
3 144 
5 124 

10 120 

CNF/NBR 
Nanocomposite 

1 163 
3 148 
5 134 

10 124 

Table 6. Swelling rate of prepared nanocomposites in MEK solvent.

were successfully fabricated and the interaction 
between nanoparticles and polymer matrix were 
analyzes by FTIR spectroscopy. Characterization of 
nanoparticles were also done for determining their 
suitability to mix with the nitrile rubber. According 
to the rheometry results and cure conditions, 
nanocomposite containing 10 phr of MWCNT 
nanofiller devotes the best curing conditions than 
the other fabricated nanocomposites indicating a 
reduction of 13.3 % in the curing time and increase 
of the fabrication rate for samples. Mechanical 
properties of composites and nanocomposites were 
analyzed and compared with each other. Obtained 
results for shore A hardness of nanocomposites 
with different phr contents indicates that the 
change of this property is increasing with raising of 
nanofiller contents. MWCNT/NBR nanocomposite 
with 10 phr of the nanofiller had the highest rate of 
shore A hardness among that of other ones by the 
increase percentage rate of 36.4 than that of the 
NBR. Investigation of tensile-stress-strain properties 
were done by considering two parameters of tensile 
strength and elongation at break for all prepared 
nanocomposites in different phr contents of 
nanofillers. The maximum value for tensile strength 
was attained for the NBR nanocomposite with 5 

 

 

 

 
Fig. 7. Chemical Properties evaluation of fabricated nanocomposites versus Phr content
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phr of MWCNTs with the amount of 37 Mpa and 
increase percentage rate of 131.3 than that of NBR. 
In addition, 1 phr MWCNT/NBR nanocomposite 
devotes the best performance for elongation at 
break percentage among other ones by the rate of 
393 % and further raising the content of nanofiller 
contributes to the reduction of this property. At 10 
phr contents of both nanocomposites, about 350 
% of elongation at break was obtained indicating a 
reduction by the rate of 12.5 % for this property by 
the addition of nanofillers with 10 phr content to 
the polymer matrix with respect to that of NBR. The 
nanocomposite with 10 phr of MWCNTs were found 
to have the lowest and best value for compression 
set percentage (12.2%) than that of other fabricated 
nanocomposites. For evaluation of chemical 
properties for all composites and nanocomposites, 
resistance against ozone and methyl ethyl ketone 
(MEK) solvent of them were investigated. It was 
concluded that they are resistant against ozone and 
their swelling rates in MEK solvent were reduced by 
adding and raising the phr contents of nanofillers. 
The nanocomposite with 10 phr contents of 
MWCNT had the lowest swelling rate percentage in 
MEK solvent than that of other ones by the rate of 
120 %. According to the improvement in considered 
properties and obtained results in this research, the 
NBR nanocomposite with 10 phr of MWCNTs is 
proposed as a material with optimized properties 
for further industrial application.
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