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ABSTRACT 

 
   The effect of different coagents on the physico-chemical properties of  
NBR/HDPE composites reinforced with 40 phr (part per hundred part of rubber 
by weight) HAF carbon black and cured with accelerated electrons was 
investigated. The coagents N, N’-methylene bisacrylamide (MBAAm) and 
trimethylol propane trimethacrylate (TMPTMA) were used at a constant content of 
10 phr. The physico-chemical properties such as tensile strength (TS), tensile 
modulus at 50% elongation (M50), elongation at break (Eb), hardness, soluble 
fraction (SF), swelling number (SN) and thermal properties were studied. The 
results obtained showed that the TMPTMA as a coagent is more effective than 
MDA in enhancing the mechanical and physical properties of NBR/HDPE 
vulcanized composites. 
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INTRODUCTION 
 

      In radiation processing, it is important to achieve the required level of induced crosslinking at 
the lowest irradiation dose to avoid the possible oxidation processes at higher doses which leads to 
the deterioration of the physico-mechanical properties. (1) However, the enhancement of radiation 
crosslinking is always achieved by using certain poly-functional unsaturated monomers, referred as 
coagents (2-7). 
 
     A study on the effect of triallyl-cyanurate, as a coagent, showed significant improvements of 
physico-mechanical and thermal properties of NBR/PVC blends depending on the coagent contents 
(8). Abdel Aziz et al (9) studied the effect of four selected poly-functional compounds, namely 
trimethylacrylic ester, trimethylol propane trimethacrylate, zinc diacrylate and modified 
pentaerthritol triacrylate, as crosslinking agents, on the mechanical properties of radiation 
vulcanized nitrite rubber. The effect of incorporation of either HAF-carbon black or fumed silica, 
as reinforcing fillers on the mechanical properties was also studied. 
 
     The effect of poly-functional monomers (PFMs) as crosslinking coagents on the radiation 
vulcanization of acrylonitrile rubber (NBR) cured by electron beam irradiation was studied (10).  
The results reveled that the physical properties of NBR were greatly improved by (PFMs) at lower 
doses. The effect of acrylonitrile content on the physical properties of NBR rubber vulcanized by 
electron beam irradiation in the presence of some (PFMs) was studied. (11). 
      
      
 

• Corresponding Author. E-mail: a_elmeligy@gawab.com   
 
 



 
The results indicated that the crosslinking density in the polymer matrix was affected by the nature 
of (PFMs) and acrylonitrile content of NBR. The effect of PFMs concentration on the physical 
properties of electron beam crosslinked NBR was also studied (12). The results showed a remarkable 
increase in tensile strength, hardness and gel fraction as the concentration of PFMs was increased 
from 1 to 5 phr.  
 
   In the present study, N, N’-methylene bisacrylamide and trimethylol propane-
trimethacrylate are used as coagents at constant concentration of 10 phr. The effect of these 
coagents on the physico-chemical properties of NBR/HDPE blend reinforced with 40 phr of 
HAF carbon black was studied. 

 

EXPERIMENTAL 

 Materials 

    Nitrile butadiene rubber (NBR) of commercial grade (KRYNAC), obtained from Bayer, Fiber, 
Organic & Rubber Division (Germany) was used. It has acrylonitrile content of 40% by weight, 
density 0.98 (g/cm3) and Mooney viscosity, ML 4 (100oC) of 50 + 5. High density polyethylene 
(HDPE), supplied by Dow Company (Spain) having density of 0.96 g/cm 3 and melt temperature 
of 125-150oC was used. High abrasion furnace (HAF) carbon black was used as reinforcing filler 
a constant content of 40 phr. It is characterized by a surface area of 80 m2/ g. The recipe of 
NBR/HDPE composites this also contains zinc oxide (as accelerator ) and stearic acid (as 
activator) at constant content of 5 and 1 phr, respectively, Trimethylol propane trimethacrylate 
and N,N'-methylene bisacrylamide were used as coagents and were used at a constant  10 phr. 
They have been supplied by Sartomer, (USA) and Riedel - de Haen (Germany) respectively. 
Solvents and other chemicals used were of commercial grade and were used as received.   

 
Preparation of NBR/HDPE Composites 

    The blends used in this work were prepared at fixed composition of 100 phr of NBR and 50 phr 
of HDPE. The different ingredients were mixed in electronic Plasticorder made by Brabender 
Instruments, Hackensack, NJ, USA.  The temperature of mixing was adjusted above the specific 
melting temperature of HDPE at 150oC.  In this procedure, NBR was placed in the mixer for 2 
minutes then the additives (ZnO and stearic acid) were added and mixed with rubber for 3 
minutes. HDPE was then added followed by the coagents. After mixing, the blends were passed 
through two-roller mill to obtain sheets of 1 mm in thickness. The sheets were covered from both 
sides with Holland cloth before being pressed in electric press at 150oC and held at this 
temperature for at least 5 minutes. The press molding was processed at a pressure of 15 MPa on 
the mold surface. 
 

Electron Beam Irradiation 

     Irradiation was carried out on the electron bean accelerator (1.5 MeV, 30 mA) facility installed 
at the National Center for Radiation Research and Technology, Cairo, Egypt. The required doses 
were obtained by adjusting the conveyer speed and current parameters to give a total dose of 10 
kGy per each pass, in which the total irradiation doses of 50-250 were obtained by multiple 
passes. 



 
Tensile Mechanical Measurements 
 
    Mechanical tests including tensile strength (TS), tensile modulus at 50% elongation (M50) and 
elongation at break (Eb) were preformed at room temperature using an Instron Machine (model  
1195) employing a crosshead speed of 50 mm/min. The recorded values for each mechanical 
parameter were the average of five measurements according to ASTM D-638 standards, in which 
the standard deviation was +5%. The samples for tensile measurements were tested in dumbbell 
shape having width of 4 mm and length of 50 mm. 
Hardness Measurements  
    Samples of at least 12 mm in thickness with flat surface were cut for hardness test.  The 
measurement was carried out according to ASTM D2240 using durometer of model 306L type A 
Durometer. The unit of hardness is expressed in (A Shore). 
 
Soluble Fraction (%)  
     Samples of the electron beam irradiated blends were accurately weighed (W1) before 
extraction in dimethyl formamide (DMF) 24 hours  . After extraction, the samples were dried to a 
constant weight (W2) in vacuum at about 40oC. 
The soluble fraction (SF %) is given by  :  

SF% = [(w1 - w2)/w1] x 100 

 

Swelling Number (SN) 

    DMF was also used as swelling solvent. Degree of equilibrium swelling in DMF for 24 hr at 
room temperature was calculated by the following equation:       

SN= (w2 –w1)/ w1 
Where, w1 and w2 are the weights of dry and swelled samples, respectively. 
  
Differential Scanning Calorimetry (DSC   )  

     DSC measurements were carried out using Shimadzu DSC 50 (Japan) with a heating rate 10oC 
/ min under nitrogen atmosphere. 
 
Thermogravimetric Analysis (TGA   )  

      TGA is carried out using Shimadzu TGA-50 (Japan) with heating temperature ranging from 0 
to 600oC and heating rate 10oC /min under nitrogen atmosphere. The weight of the sample was 
about 5 mg. 

RESULTS AND DISCUSION 

Tensile strength at break 

      The results in Fig. 1 indicate  that unirradiated composites with coagents have higher TS 
values than the composites without coagents. The results indicate also that the TS values of 
NBR/HDPE composites with the coagent TMPTMA are relatively higher than the composites 
modified with MBAAm at the same irradiation dose. This finding may be explained based on the 
functionality (fa) i.e. the number of double bonds, of TMPTMA (fa = 3, whereas the fa for 
MBAAm is 2 (13-14)).  Accordingly, the efficiency of TMPTMA as a coagent regarding the 
formation of induced crosslinking is higher than MBAAm. Also, it can be observed that the rate 
of increase of TS values of the electron beam irradiated composites in the case of the two 
coagents are relatively higher than the TS values of the reinforced composites without coagents.   

 



 
 
 
 
 
 
 
 
 
 
 
 

 

 

Tensile Modulus (M50) 

    The effect of coagents on the modulus at 50% elongation (M50) as a function of electron beam 
irradiation dose for the NBR/HDPE (100/50) blend reinforced with 40 phr HAF carbon black is 
illustrated in Fig. (2). The value of M50 is higher in the case of loading with TMPTMA coagent 
than MBAAm. Such increase would be expected to be a function of the irradiation dose and the 
functionality of the coagent. It was reported that the effective volume of solid filler, present in 
aggregated form together with the bounded polymer is expected to be higher for composites with 
coagents than the composites without coagents (15). Therefore, the contribution to the M50 value 
from the solid filler of composites modified with TMPTMA is expected to be higher than the 
composites modified with MBAAm.  
 
 
 
 

 
 
 
 
 
 
 
 
 

 
Elongation at Break (Eb)  

   The effect of coagents on the elongation at break (Eb) of reinforced NBR/HDPE (100/50) is 
shown in Fig. (3) It can be seen that the values of Eb decrease with irradiation dose and also by 
loading with coagents. The appreciable decrease in Eb values attained by enhanced samples is an 
indication of relative increase in crosslinking density, which in turn acts effectively in retarding 
reorientation processes needed for elongation. 
 
Hardness  

Fig.(1) Effect of irradiation dose on the tensile strength of 
            NBR/HDPE reinforced and enhanced blends.
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Fig. (2) Effect of irradiation dose on modulus stress at 50% elongation 
             of NBR/HDPE (100/50) reinforced and enhanced blends.
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    Figure (4) shows the effect of coagents on the hardness of NBR/HDPE composites reinforced 
with 40 phr HAF carbon black as a function of irradiation dose. It can be observed that the 
composites modified with the coagents possess hardness slightly higher than the corresponding 
unmodified composites over the entire range of irradiation doses. However, it can be seen that the 
value of hardness changes slightly with increasing irradiation dose with respect to the 
unirradiated composites. These data emphasize the role played by the constituent phases of each 
composite. Apparently, this increase in hardness is due to the effective volume of the solid filler, 
in which the particles are closely packed in aggregates, resulting in increasing the hardness values 
of reinforced blends. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

Soluble Fraction (SF %) Figure (5) shows the effect of TMPTMA and MBAAm coagents on the 

soluble fraction (SF) percentage as a function of irradiation dose for NBR/HDPE (100/50) blend 

reinforced with 40 phr carbon black. From this figure, it can be shown that the soluble fraction 

decreases with increasing irradiation dose, in which the addition of coagents had led to further  

 

 Fig. (4) Effect of irradiation dose on hardness of NBR/HDPE
              (100/50) reinforced and enhanced blends.
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Fig. (3) Effect of irradiation dose on elongation at break % 
             of NBR/HDPE(100/50) reinforced and enhanced.
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decrease in soluble fraction values over the entire range of irradiation dose. However, the values 

of the soluble fractions for the modified composites are lower than the unmodified composites. 

Moreover, the efficiency of TMPTMA coagent on decreasing the SF% values of the composites 

is higher than the composites modified with the coagent MBAAm. Such behavior is affiliated 

with the higher functionality of TMPTMA with respect to that of MBAAm. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Swelling Number (SN)  

     Figure (6) presents the relation between swelling number and irradiation dose. It can be seen 
that the swelling number values of the unmodified or modified composites not only decrease as 
the irradiation dose increases but also displayed lower values than those for the corresponding 
blank blend.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. (5) Effect of irradiation dose on soluble fraction % of
            NBR/HDPE (100/50)reinforced and enhanced blends.
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Fig. (6) Effect of irradiation dose on swelling number of NBR/HDPE 
                  (100/50) reinforced and enhanced blends.
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    Apparently, the polymer matrix available for swelling became appreciably limited, and this 
limitation has been augmented in the presence of the coagents due to the increased level of 
crosslinking as well as interface linking. Again, the SN data give further supports to the finding 
that  TMPTMA is more efficient as coagent than MBAAm. 
 
Differential scanning calorimetry (DSC)  

    DSC has proved to be a suitable technique that gives important data related to structure, 
composition and performance of polymeric materials (16).  

    Figure (7) shows the DSC thermograms of NBR/HDPE composites modified by the TMPTMA 
coagent, reinforced with 40 phr of HAF carbon black and electron beam irradiated at a dose of 
150 kGy. It can be observed that there is a slight increase in the melting temperature from 
140ounmodified compositions to 142oC for modified composites with TMPTMA coagent. Also, 
there is an increase in the heat of fusion (∆Hf) with respect to the ∆Hf for unmodified composites 
as shown in the area under the endothermic peak. This slight difference may be due to the 
possible increase in the density of the interface chemical linking between the crystalline phase of 
the thermoplastic and either the rubber or filler, due to the presence of the coagent. 
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Fig. (7) DSC thermograms of NBR/HDPE composites loaded with HAF 

and TMPTMA coagent after electron beam irradiation to various dose 

 

 

Thermogravimetric analysis (TGA)  

   TGA was used to investigate experimentally the thermal stability of NBR/HDPE blends after 
loading with different additives. Table 1 shows the temperatures (Tmax), at which the maximum  

 

 

 



 

value of the rate of the thermal decomposition reaction were occurring (dw/dt).   
 

TABLE I 

Temperatures of the maximum value of the rate of reaction for different 
NBR/HDPE composites exposed to a constant dose of 150 kGy of electron beam 
irradiation 
 

NBR/HDPE composites Temperatures of the maximum value of rate of reaction 

(Tmax), oC 

NBR/HDPE blends 410 

NBR/HDPE/HAF 430 

NBR/HDPE/MBAAm 440 

NBR/HDPE/TMPTMA 450 

  

 

    The Tmax were taken from the derivative with respect to time of the TGA thermograms 
corresponding to each composite (not shown). From Table 1, it can be seen that the values of the 
Tmax for the NBR/HDPE blend loaded with 40 phr HAF carbon black is higher than the unloaded 
one. This may be attributed to the increased magnitude of interface linking, which is leading to 
increasing the thermal stability. Also, similarly the increasing of the thermal stability of the cured 
and reinforced composites modified with the coagents is due to the increased density of 
crosslinking and interface linking.  However, the Tmax of NBR/HDPE composites loaded with the 
coagent TMPTMA is higher than the composite loaded with the coagent MBAAm.  

 
 

CONCLUSIONS 

    Based on the results obtained, few conclusions may be made:  (1) the addition of the coagents 
MBAAm and TMPTMA to the reinforced blends had led to improvement in the mechanical 
properties of the NBR/HDPE composites. (2) The results indicate also that the TS values of the 
composites modified with the coagent TMPTMA is relatively higher than the TS for the 
composites modified with the coagent MBAAm at the same irradiation doses. Accordingly, the 
efficiency of TMPTMA in the formation of induced crosslinking is higher than MBAAm and 
hence it is suitable as enhancing agent. (3) The use of coagents did not affect the electrical 
conductance character of cured composites loaded with 40phr of filler. (4) The DSC scans 
showed clearly the endothermic peak corresponding to the melting temperature of HDPE 
thermoplastic component of the blend. (5)  The reinforcing of the blends and the addition of 
coagent improved the thermal   stability of the radiation cured composites, which they are suitable 
for applications at relatively   high temperature. 
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