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Abstract 

 

      The research involves using Epoxy and Novolac resins; they were needed to 

prepare ternary polymer blends, Impact resistance, hardness, and compressive 

strength, using these resins with ratios as (4%, 6%, 8%, 10%, and 11%). Polymeric 

compositions were compared before and after reinforcement. Novolac has increased 

the values of all mechanical properties (Impact resistance, hardness, compressive 

strength). The values (compressive strength, hardness) are reduced by increasing 

the temperature. 
 

 

Introduction 

      The industrial and scientific importance of the science of polymers has 

increased significantly in the late last century, where global statistics estimated that 

more than 20% of engineers and 40% of scientists work in the field of plastic 

industries and its technologies [1], and that polymers are chemicals substances that 

are characterized by With specifications superior to metals and ceramics in light of 

their weight, easey of production, cheapness, low density and high durability, and 

they do not rust and do not corrode and have low thermal and electrical 

conductivity, so they are used as electrical and thermal insulators [2]. As a result of 

scientific progress, the need for polymeric materials with certain specifications that 

cannot be obtained from a polymer of one type has emerged. For this reason, 

attempts have appeared in mixing two or more types of polymers and obtaining a 

polymeric mixture with the desired industrial specifications. Physically, the 
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resulting mixture possesses common properties between the basic compounds, 

which depends on the quality of the polymers and the method of mixing [3]. 

    The term “Advanced Composites” has appeared to design specific 

multifunctional composite materials with unprecedented mechanical and physical 

properties that can be tuned to meet the requirements of special applications[4]. 

     Polymeric composite materials are made of two materials, the base material 

(polymer), which is characterized by its light weight and high flexibility [5], and the 

reinforcing material, the aim of which is to obtain properties that enhance the 

properties of the base material [6],[7],[8]. There are several methods of 

strengthening, including micro substance strengthening and fiber strengthening 

[9],[10]. 

        This encouraged researchers to work in this field, so the researcher [11], 

studied the shock resistance at temperatures (20, 40, 60°C) of a polymeric mixture 

consisting of (90%) epoxy resin and (10%) polyurethane Reinforced with (PVC) 

and aluminum fibers with a volume fraction (15%), and the results showed that the 

reinforcement of the base material with fibers increased the values of shock 

resistance, as well as the increase in temperature led to an increase in the values of 

shock resistance, and the researcher [12], prepared A composite material of 

unsaturated polyester resin (UPE) and nitrile-butadiene rubber (NBR) was 

reinforced with glass powder, which was added with different volume fractions (10, 

15, 20%) and it was found that adding glass powder to the polymer mixture leads to 

an increase in thermal conductivity And as a diffusion coefficient was calculated for 

all models in solutions (C3H6O, H2O) at a concentration of 0.5N, it was found that 

the highest value of the diffusivity coefficient appeared in the acetone solution and 

that the lowest value of the diffusivity coefficient appeared in water. 

The researcher[8],  studied the mechanical behavior of epoxy resin by using 

nanoparticles of alumina (10 nm) and fine grains of alumina (10 µm) with a weight 

fraction (40%). These properties include: compressive strength, flexural strength, 

and modulus of Flexibility The results showed an improvement in the mechanical 

properties of epoxy after reinforcement with alumina (nano and micro), where these 

properties increase with an increase in the percentage of reinforcement. The 

researcher[13], also studied the mechanical properties as well as the physical 

properties of a polymeric mixture of epoxy resin with polyurethane rubber by 

weight (wt 15%), and the results showed that there is a direct relationship between 

tensile strength, shock resistance and thermal conductivity with increasing 
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immersion to (28) days In contrast, the hardness decreases with increasing 

immersion time, and the bending resistance increases when immersion increases to 

14 days and then decreases with increasing immersion to 28 days, and the 

percentage of water absorption increases with increasing immersion to (50) days 

and that the durability of the dry mixture is higher than the durability The mixture 

immersed in distilled water. 

The aim of the research 

       This study aims to prepare composite materials that show good resistance to 

shock loads and high compressive strength, to identify the behavior of polymeric 

mixtures under standard conditions and to compare them with the polymeric 

material before adding Novolac, and then study the mechanical properties (shock 

resistance, hardness, compressive strength) for all models before and after adding 

Novolac. 

Materials :used: 

1- Epoxy Resin 

      An epoxy resin type (MasterBrace ADH 1420) with a density of 1.55 kg/liter 

was used, while the hardener is (Phenol, 4-nonyl) and two supplied by BASF 

Company, where the hardener is added to the epoxy in a ratio of 3:1 so that suitable 

samples can be obtained. For molding at room temperature. 

2- Novolac 

   Where it is in the form of thermoplastic blocks, transparent in color and with a 

distinctive odor, it turns into a cross-linked polymer in addition to it a hardener 

which is Hexa methylene tetra amine (HMTA) in the form of a white powder. The 

percentage of hardener added to Novolac is (10 gm) for every (30 gm) of novolac . 

    Preparation of samples 

     Three types of models were prepared for mechanical testing : 

1- Impact Testsamples 

      The shock test models were prepared according to the American Standard 

(ASTM-D256-87) with dimensions (10×10×55 mm3) and suitable for examination. 

The grooving depth in the models (2 mm) and the grooving angle of (45°) was 

obtained directly from the Charpy Impact Instrument supplied by Tokyo Koki 
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Seizosho, LTD. ) figure 1 shows the shape and dimensions of the sample prepared 

for the shock resistance test. 

             

Figure 1: The shape and dimensions of the sample prepared for the shock 

resistance test 

 

2- Hardness Testing Samples 

      Non-standard models were used, so which model of the composite material is 

suitable for this test. The Shore Durometer, a type (Shore-D) supplied by the 

company (WOLPERT - Germany) was used to measure the hardness of 

thermosetting polymeric materials, which is a device similar to a compass that 

contains a needle in the middle. Perpendicular to the sample whose hardness is to be 

measured so that it is tangent to the surface of the sample whose hardness is to be 

measured in order to insert the needle into the surface of the material and then wait 

for three seconds after which the hardness value is taken from the device, and no 

less than three readings were taken in different places of the sample and then take 

the average. 

3- Compressive Resistance Test samples 

       Compressive strength test models were prepared according to the specification 

(ASTM-D618), which is in a cylindrical shape. A hydraulic piston was used 

(Testing Machine Co.LTD) supplied by WOLPERT - Germany company to 

determine the maximum compressive load that the model can bear and by dividing 

this load by the cross-sectional area of the model before deformation was 

calculated. The compressive strength of all models, and Figure (2) shows the shape 

of the sample prepared for the compressive strength test. 
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Figure 2: The shape of the sample prepared for the   compressive  strength test 

Preparation Method 

      An epoxy resin was used and a hardener (Phenol,4-nonyl) was added in a ratio 

of 3:1 to turn it into a gelatinous substance that hardened at room temperature. Then 

the Novolac was added by weight (4%, 6%, 8%, 10%, 11%), where the hand-lay up 

molding technique was followed in the process of preparing the samples before and 

after adding the Novolac. Where an epoxy polymer was prepared by adding a 

hardener to it in a ratio of 3:1 and mixing the mixture with a glass rod to obtain a 

homogeneous mixture, then mixing the novolak and its hardener, which are in 

lumps, and turned into a fine powder by grinding it by means of the mill. 

Hexamethylenetetramine (HMTA) is converted into a viscous liquid by mixing (30 

g) of novolac and (10 g) of its hardener and dissolving the mixture in 15 ml of 

ethanol alcohol and mixing well until we obtain a viscous liquid of novolac and its 

hardener and thus a homogeneous mixture was prepared of binary components, then 

the mixture is placed in the molds designated for measurements, which are 

according to the standard specifications specific to each examination. After the 

casting process is completed, it is left for 24 hours at a temperature of (25°C) and 

(55°C) to complete the process of solidification (curing), overlapping and complete 

homogeneity between the molecules and reduce the internal stresses formed during 

the casting process, Figure 3 shows a schematic diagram of the templates used in 

preparing the samples. 

 

 

Figure 3: Schematic diagram of the molds used for sample preparation 

Results and discussion 

1- Impact Strength (I.S) 

      Examination of shock resistance is one of the practical methods that give a 

correct descriptive indication of the strength of materials and their resistance to 
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fracture under the influence of stress at high speeds[14],[15], and the shock strength 

was calculated using the relationship: 

   )1(
)(msectionoss area of cr

(J) fractureenergy of
SI

2
=  

       The shock resistance in general is low for epoxy due to its fragility, but after 

mixing it with novolac, we notice that the shock resistance values have increased 

significantly than in the case of epoxy alone, and this can be seen in Figure (4), and 

the reason for this is that novolac will bear the bulk of the shock energy applied to 

the composite material which improves this resistance. Thus, the shock resistance 

increases with increasing the proportion of novolac to (10%) and (11%), which is 

consistent with the results reached by the researcher [16],[9]. 

       From (Table 1) and (Figure 5), we note that the values of shock resistance 

increase with the increase in temperature as a result of loosening the bonds between 

the particles of the material and their sliding movement, which gives them the 

possibility of absorbing part of the energy, which leads to an increase in the energy 

needed to break [17],[5]. 

 

Figure 4: The relationship between the impact resistance (I.S) and the weight 

percentage of epoxy before and after mixing it with novolac at 25°C. 
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Figure 5: The relationship between the impact resistance (I.S) and the weight 

percentage of epoxy before and after mixing with novolac at 55°C. 

 

 

 

 

 

 

 

Table 1: Values of the impact resistance of epoxy before and after mixing it with 

novolac in different weight ratios at 25°C and 55°C 

2- Hardness Test (Shore-D test) 

       The hardness property is an important surface mechanical property, which can 

be defined as the measure of plastic destortion - which a material can suffer under 

the influence of external stress applied to it as a result of its exposure in general to 

scratching and penetration by equipment that is harder than it during its use in 

various applied fields [18],[19]. 

Through the research, we note that the hardness values have improved after mixing 

the epoxy with novolac due to the increase in crosslinking and agglutination 

resulting from the cross-linking between epoxy and novolac, so its hardness 

increases, which leads to an increase in its resistance to deformation [10],[20]. The 
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hardness of the composite material increases with the increase in the percentage of 

the additive [21], as shown in Figures (7,6). The hardness values calculated at room 

temperature 25°C were improved after mixing the epoxy with Novolac, which has 

high hardness and its ability to withstand the largest part of the stresses [6]. But the 

hardness values decrease with the increase in temperature, and the reason for this is 

that the increase in temperature led to an increase in the ductility of the material due 

to the movement of the elementary units and the loosening of the bonds between 

them, and this leads to a weakening of its resistance to scratching and stitches 

[17],[22], as shown in ( Table 2). 

 
 

   Figure 6: The relationship between the hardness values (Shore-D) and the weight 

percentage of epoxy before and after mixing it with Novolac at 25°C. 
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Figure 7: The relationship between the (Shore-D) hardness values and the weight 

percentage of epoxy before and after mixing with novolac at 55°C. 

 
 
 

HardnessShore-D  

(Hd) 
composite at 

°C25 
Hardness Shore-D 

(Hd) 
Composite at 

25°C 
55 EP 55C° 68 EP 25C° 
65 EP+no 4% 69 EP+no 4% 

69 EP+no 6% 73 EP+no 6% 

73 EP+no  8% 77 EP+no  8% 

83 EP+no10% 85 EP+no 10% 

87 EP+no11% 91 EP+no 11% 

 

Table 2: Hardness values of epoxy before and after mixing with novolac in 

different weight ratios at 25°C and 55°C 

 

3- Compressive Resistance Test 

        Testing the compressive strength of the material is an important test for the 

strength and durability of the polymer. Many materials may be brittle when tensed 

but appear ductile when compressed. So  we find that the compression test is used 

to determine the yield strength in addition to the compressive strength[23],[24]. 

    In general, compressive strength is defined as the maximum stress that a solid 

can withstand under perpendicular pressure: 

)2(
)(

)(
)(.

2
−−−−−−=

marea

NForce
MPaSC  

      The results of the values of compressive strength at a temperature of 25°C and 

based on equation (2) showed that polymeric mixtures have a higher compressive 

strength than epoxy alone, because it bears most of the effort applied to the 

material, as the composite material’s resistance to compression increases with the 

increase in the percentage of novolac added due to the distribution of the load on it. 

As well as the efficiency of their linkage, which raises the values of compressive 

strength [25],[4],[27], and this can be seen in Figures (9,8). 
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Figure 8: Relationship between compression (S.C) and percentages weight of 

epoxy before and after mixing with novolac at 25°C. 

 

 

 

Figure 9: Relationship between compression (C.S) and weight percentages of 

epoxy before and after mixing with novolac at 55°C 
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3: The Table 

compressive strength of epoxy before and after mixing it with Novolac at (25°C and 

55°C). 

  

We note from (Table 3) that the compressive strength decreases with increasing 

temperature, due to the loosening of the bonds resulting from the increase in 

temperature. 

 

Conclusions 
The most important conclusions obtained during this research are summarized as 

follows: 

1- The addition of Novolac to the epoxy led to an increase in the values of all the 

mechanical properties that were carried out in the research, which are the properties 

(shock resistance, hardness, compressive strength). 

2- The values of all the mechanical properties mentioned above increase with the 

increase in the weight ratio of novolac. 

3- The values of (compressive strength, hardness) decrease with increasing 

temperature. 
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والنوفولاك  الايبوكسي لمتراكبات الميكانيكية الخواص بعض دراسة و تحضير     
 الملخص 

      
 خليط من محضرة الانضغاط ومقاومة الصدمة والصلادة لنماذج مقاومة  خاصية دراسة البحث  هذا في  تم     

( وقد تمت %11 ,%10 ,%8 ,%6 ,%4مختلفة )  خلط نسبة عند  والنوفولاك الايبوكسي بوليمري لراتنجات 
نسبة النوفولاك أدى ذلك الى زيادة في  المقارنة بين المتراكبات البوليمرية قبل وبعد الخلط ووجد انه كلما زادت  

قيم كافة الخواص الميكانيكية )مقاومة الصدمة، الصلادة، مقاومة الانضغاط (. وان قيم ) مقاومة الانضغاط، 
 الصلادة( تنخفض بزيادة درجة الحرارة. 
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