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INTRODUCTION

The use of rubber blends is widespread, with the 
purpose of obtaining balanced quality/price 
properties, which an elastomer cannot offer by itself 
[1]. Adding mineral particles (carbon black, silica, 
mineral clays) to an elastomer has the effect of 
optimizing mechanical properties of the latter [2].
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The morphology of the reinforcing agent, particle 

size, structure and particularly the specific chemical 

surface area have a strong influence on the 

performances of the charged material [3].

Interactions leading to adsorption of polymer 

chains to the surface of particles can be either Van der 

Waals, or chemical interactions, by directly establishing 

weak links among elastomer molecules and the active 

surface of the particle or indirectly, by introducing a 

coupling agent into the reaction environment, namely 

difunctional molecules capable of creating a bridge 

between mineral particles and elastomer [4].

In the case of composites and layered silicate 

polymer nanocomposites, remarkable properties are 

obtained at a much lower volumetric ratio of 

reinforcing agent compared to conventional composite 

materials [5].

Butadiene-co-acrylonitrile rubber (NBR) is the 

elastomer used in manufacturing products with 

remarkable features regarding oils, gasoline, thermal 

stability, low abrasion and gas permeability [6].

Montmorillonite is a mineral clay with sandwich 

2:1 structure (minerals from smectite class) consisting 

of an octahedral layer inserted between two 

tetrahedral layers (Figure 1) [7].
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The thickness of a layer is approximately 1 nm, 

while the lateral sizes vary from 20 nm to approximately 

a few microns (Figure 2). 

Agglomeration of silicate layers leads to the 

occurrence of Van der Waals links between layers; this 

area is called inter-layer area or gallery. Isomorphic 
3+substitutions in the silicate layers (for instance, Al  is 

2+ 2+replaced by Mg  or Fe ) generate a negative charge 

which is counterbalanced by cations in the space 
+between layers. Usually, cations in the gallery are Na  or 

+K , which can be exchanged for various organic cations 

such as alkylammonium. Organic cations reduce the 

energy of the silicate surface and improve wettability 

with the polymer matrix, which increases compatibility 

of silicate with the polymer. Organic cations can 

possess various functional groups which react with the 

polymer to improve adhesion of inorganic phase with 

polymer matrix.

Experiments for obtaining composites based on 

butadiene-co-acrylonitrile rubber with montmorillonite 

and auxiliary materials were carried out on a high 

capacity roll with temperature adjustment and blend 

capacity of approx. 50 Kg.

Materials

a) Butadiene-acrylonitrile rubber (NBR) with the 
following properties: acrylonitrile content of 34%, 

3Mooney (100°) viscosity 32±3, density 0.98 g/cm .

b) Precipitated calcium carbonate used as inert 

EXPERIMENTAL
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reinforcing agent as well as active reinforcing agents: 

montmorillonite commercially named Cloisite 93, a 

mineral clay of treated silicate type, of nanometric 

sizes, with layered structure having specific density of 
31.8-2.0 g/cm .

c) Vulcanization activators: precipitated zinc oxide 
3ZnO (inorganic activator) with density of 5.5 (g/cm ), 

2specific or active surface of 45-55 m /g and stearin 

(organic activator) with the following properties: 

saponification value of 200 mg KOH /g·min, ester 

number of 5 mg KOH/g·max, and humidity of 0.5%.

d) Vulcanization accelerators Vulcacit Th 

(tetramethylthiuram disulphide) – is an ultra-fast 

accelerator and has the following characteristics and 
3properties: density 1.40 g/cm , melting point <146°C. 

Vulcacit D (diphenyl guanidine) – is a slow vulcanization 

accelerator with the following typical properties: 
3density 1.19 g/cm , melting point >145°C.

e) Antioxidants: N-isopropyl-N'-phenyl-p-
3phenylendiamine (IPPD) with density of 1.1 g/cm , 

freezing point <76.5°C. 

f) Vulcanization agent: sulfur.

g) Organic plasticizer. 

Method

Polymeric composites based on butadiene-co-

acrylonitrile rubber reinforced with montmorillonite 

filler were processed on a semi-industrial roll with 

processing capacity of 50 Kg, in the presence of 

activators and other necessary ingredients for rubber 

blends processed by vulcanization. 

The specific parameters of the homogenization 

process are as follows:

?Cylinder rotational speed: 24 r/min.;

?Temperature of rolls: front roll: 40±5°C and 

back roll: 35±5°C.

The steps of processing butadiene-co-acrylonitrile 

rubber compounds with montmorillonite are 

presented below:

?Rubber is introduced on the roll (2-5 mm) and 

it is stirred until it becomes easy to process;

?ZnO and stearin are added;

?Technical grade CaCO , paraffin oil, and 3

montmorillonite are added and it is stirred until the 
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blend becomes completely homogenous at the 

temperature of 40°C;

?IPPD antioxidant + polyethylene glycol (PEG 4000) 

are added and the blend is cut until homogenization;

?Roll temperature is lowered to room 

temperature and sulfur as vulcanization agent is added, 

together with vulcanization accelerators Vulcacit Th 

(tetramethylthiuram disulphide) and Vulcacit D 

(diphenyl guanidine), and the blend is refined.

Order of introducing materials and processing 

time of composites obtained are presented in Table 1.

Experiments were conducted by varying the 
amount of montmorillonite reinforcing agent (0-7% in 
relation to elastomer quantity). 

Obtaining samples for quality control of blend

In order to obtain plates to determine physical-

mechanical indicators (normal state and accelerated 

ageing) and wear resistance, samples were taken from 

the polymeric compounds obtained at semi-industrial 

level, with the following dimensions:
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?150mm x 150mm x 2mm;

?70mm x 70mm x 6mm.

Plates were obtained in an electric press, using the 

method of compression at a temperature of 160°C and 

time values depending on results obtained from 

rheological analysis.

Stages and working conditions to obtain plates

?Pressing with 200 Pa pressure – depending on 

rheological values (approximately 15 min);

?Cooling with pressure of 200 Pa – 3 min.

Quality control of rubber plates reinforced with fillers

?Rheological indexes – temperature and 

optimal vulcanization time are determined according 

to SR ISO 3417:1997;

?Physical-mechanical indexes:

– normal state, determined according to SR 

ISO 37:2010;

– accelerated ageing 70°C x 168 h, SR ISO 

188:2007;

?Determining behaviour to immersion in liquid 

environment is determined according to SR EN ISO 

20344/2004.

After a stabilization of compounds based on 

butadiene-co-acrylonitrile rubber reinforced with 

montmorillonite at room temperature, these were 

subjected to physical-mechanical tests (normal state 

and accelerated ageing). 

RESULTS AND DISCUSSIONS
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Tables 2-4 and Figures 3-6 present formulations of 

selected compounds based on butadiene-co-

acrylonitrile rubber and the results of physical-

mechanical tests after thermal processing.

Results

- tensile strength – lower by approx. 2% compared 

to that of vulcanized rubber soles;

 - wear – situated in standard values; wear values 
3are lower than those imposed, 197-152 mm  compared 

3to the standard value of 300 mm , values decreasing 

proportionally with the increase of filler amount;

- resistance to repeated bending, at room 

temperature; cracking does not occur after the 

maximum number of bends imposed by the standard, 

of 90.000 cycles with the De Mattia device.

- resistance to thermal-oxidative ageing (7 days at 

70°C) – manifests by maintaining values for hardness, 

elongation, tensile and tear strength.

- density – a reduction of specific weight is found, 

appreciable when processing finished products.

The obtained blends were also analyzed in terms 

of behaviour after immersion in various working 

environments, acids, bases, solvents such as: toluene, 

isooctane, hydrochloric acid, sodium hydroxide, acetic 

acid and ammonium hydroxide; results are presented 

in Table 5.
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It is found that all polymer compounds based on 

butadiene-co-acrylonitrile rubber reinforced with 

montmorillonite show resistance to immersion in 

isooctane (±15), in strong and weak acids and bases, as 

well as in mineral oils.

From the presented data, it is confirmed that 

butadiene-co-acrylonitrile rubber blends charged with 

montmorillonite have optimal characteristics for 

vulcanized footwear for general purposes and for use 

under water and mud conditions. Blends can also be 

used in the food industry and for gaskets and parts used 

in normal working conditions, and due to their 

resistance to immersion in isooctane, acids and bases, 

the areas of application are extended by using the 

products made of these polymer structures in 

aggressive environments. 
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CONCLUSIONS 

The paper presents the development of 

composite materials based on butadiene-co-

acryonitrile elastomer with varied montmorillonite 

quantities obtained on a semi-industrial roll.

As a result of the analysis of values obtained in 

physical-mechanical tests, it is confirmed that 

polymeric compounds containing montmorillonite 

have optimized values of properties (hardness, tensile 

and tear strength) compared to the control blend, 

which does not contain reinforcing agent, due to 

interactions occurring between elastomer molecules 

and filler particle surface. It is also noticed that density 

is inversely proportional to the increase of 

montmorillonite amount.

The obtained blends were also analyzed in terms 

of behaviour in various working environments, finding 

that all polymer compounds based on butadiene-co-

acrylonitrile rubber reinforced with montmorillonite 

show resistance to immersion in isooctane (±15), in 

strong and weak acids and bases, as well as in mineral 

oils.

From the presented data, it is confirmed that 

butadiene-co-acrylonitrile rubber blends charged with 

montmorillonite have optimal characteristics for 

vulcanized footwear for general purposes and for use 

under water and mud conditions, in the food industry 

for gaskets and parts used in normal working 

conditions.
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