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A B S T R A C T 

The current work represents a practical study with the aim of getting the best design for hard rubber recipes 

by controlling materials that increase this property. Rubber recipes were prepared consisting of several 

materials, such as natural rubber, zinc oxide, and stearic acid, in addition to the accelerator and vulcanizing 

agent sulfur, which was added in multiple proportions 10, 20, 30 parts per hundred rubbers (PPHR). Also, 

recipes were prepared for the same previous ingredients with an increased percentage of Zinc oxide to 150 

PPHR to demonstrate the effect of this material on the hardness property. Some laboratory tests were 

conducted to investigate the mechanical behavior of these recipes, such as hardness, tension, and Rebound 

(resilience) tests. The recipe with sulfur 30 pphr gave an acceptable indication in hardness and tensile test 

with values 98 IRHD and 35 MPa respectively. The same recipe in the rebound test was not the best but 

was an acceptable result, while the recipe with sulfur 10 pphr was the best in resilience test results (25%). 

Other rubber recipes with zinc oxide at 150 PPHR gave acceptable results especially in recipes with sulfur 

at 30 PPHR. Two forms of the composite plate covered with a hard rubber recipe may result in an external 

bonding process of individual plates and a vulcanized plate with a hard rubber recipe in a thermal press. The 

final hard rubber recipes may be used in other applications as an alternative material to withstand various 

stresses with specific properties. 

© 2024 University of Al-Qadisiyah. All rights reserved.    

 

 

1. Introduction
 

          Composite materials are characterized by unique properties that 

make them a basic material for manufacturing engineering parts for various 

applications under various loads, such as using these materials in the 

manufacture of aircraft structures, vehicles, ships, etc. [1-8]. Rubber is 

considered one of the main components of rubber-based composite 

materials in the manufacture of many parts in vehicles and aircraft, 

including tires that are exposed to multiple stresses during movement and 

contact with the road [9-10].  

 

The unique properties of rubber have made it an important material in the 

manufacture of many engineering parts, as it is used in agricultural, 

industrial, sanitary engineering applications, etc. [11-12]. Some previous 

studies have dealt with the factors affecting the manufacture of some rubber 

parts that are exposed to specific stresses under the influence of working 

conditions, such as heat, humidity, etc., where experimental recipes were 

made of rubber reinforced with carbon black (CB) and silica as a filler 

material for the manufacture of the rubber valve in the packing line of a 

cement factory, and the working conditions for this were determined.  
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The rubber part, which is represented by 180 degrees Celsius and a pressure 

of 10 bar, and the best recipes to produce this valve and increase its 

operational life under conditions of alternating stress [13-14]. Other types 

of natural rubber and synthetic rubber were also used in different 

proportions to improve the screen dampers used in cement factories and to 

find the best recipe for producing these engineering parts [15]. One of the 

important uses of rubber recently is protection armor, as many rubber mats 

can be used to create walls with a high ability to repel projectiles and 

dampen their speed by taking advantage of the distinctive properties of 

rubber materials and their ability to absorb impact energy. Armor requires 

specific high specifications in addition to lightweight [16-17], therefore, the 

use of ceramic armor instead of metal armor at one stage  [18-19]. The 

improved resistance and ease of manufacturing along with the light weight 

of armor composed of multi-layer composite materials make it a suitable 

alternative for producing these parts with advanced designs and better 

response to application conditions [20-21]. Several studies discussed 

matrices and reinforcement fibers of armor such as epoxy, polyurethane, 

and polyester resin, as Kevlar fiber KF, carbon fiber CF, and glass fiber GF 

in addition to natural fibers to investigate the factors that affect the ballistic 

impact of armor materials [22-25]. Boundary conditions such as velocity of 

impact were discussed previously [26], in addition to layer arrangements or 

sequence and fiber orientation it has been discussed in depth in much 

previous research in addition to factors that affect on mechanical behavior 

of these components such as dimensions and geometry [27]. Waste 

materials extracted from the tire recycling process were used as filler and 

reinforcement materials in rubber recipes to improve the performance 

characteristics of these recipes [28]. Another study discussed fracture and 

fatigue failure to investigate the determination of dynamic fracture 

initiation toughness using a special crack form [29]  . 

The current work focused on designing rubber recipes using natural rubber 

as a basis, whereby increasing the vulcanizing agent (Sulfur) was tried with 

three increasing loads, and then checking those same recipes with 

increasing the zinc oxide loading percentage. During this work, rubber 

sheets are made that will cover or surround the composite material plates 

that were manufactured in the previous part. The covering or enclosing 

process will be carried out in two ways: the first is the process of gluing the 

separate sheets using a bonding material, and the second is the process of 

vulcanizing a rubber cover surrounding the plates of pre-manufactured 

composite materials, which is done through a thermal press. 

2. Experimental work 

 

2.1 Preparation of rubber recipes  

 

This stage represents an important stage through which the basic rubber 

compound type and proportions were selected through the use of two types 

of hard rubber compound, the first type using carbon black as a filler and 

the second type using zinc oxide as a filler material. By choosing the weight 

ratios shown in Table 1. where the weight of the rubber used as the base for 

the rubber compound in Parts per Hundred Rubber (PPHR) is based on the 

standard recipes of the experimental part. The primary material that gives 

the hardness is a filler material but to obtain high hardness the addition of 

high sulfur ratios is the main responsibility for the hardness. Hard rubber 

recipes are produced by changing the ratio of sulfur material to obtain a 

high hardness of the rubber compound.  In this work, mix six types of 

rubber compounds by changing the proportion of sulfur material to obtain 

hard rubber recipes and perform some mechanical and physical tests on 

these recipes that have been prepared for the purpose of differentiating 

between them to reach the best description suitable for the engineering 

application required. In Table 2, the same recipes with a loading ratio of 

zinc oxide 150 pphr were conducted to investigate the effect of this addition 

on the mechanical behavior of these recipes. 

 

Table 1. The different weight percent of Sulfur  

PPHR 
Materials   

A3  A2  A1  

100 100 100 NR 

004 004 004 ZnO  

002 002 002 Stearic Acid  

075 075 075 CB 

010 010 010 Dutrix Oil  

030 020 010 S 
002 002 002 MBS 

 

Table 2. Different weight percent of Sulfur with zinc oxide impact.  

PPHR 
Materials   

B3  B2  B1  

100 100 100 NR 

150 150 150 Zinc Oxide  

2 2 2 Stearic Acid  

30 20 10 Sulfur  

3 3 3 TMTD 

 

The process of mixing rubber compounds was carried out in accordance 

with the international standard ASTM D3182 which represents the 

specification. The mixing of compound materials by using the laboratory 

mill is shown in Fig. 1. Where The ASTM D3182 specification shows the 

process and time of materials mixing with the clarification of environmental 

conditions of humidity also the required temperature of the mixing process. 

After compound mixing is completed, it is left for a certain period of time 

in accordance with the standard ASTM D3182 to ensure the regular 

distribution of chemicals in the compound as well as the thermal stability 

of the compound before the start of other activities on it. 

2.2 Vulcanization Process of Hard Rubber Recipes 

A metal mold with special dimensions is configured as shown in Fig. 2, to 

produce covering hard composite by Hard rubber layers. Prepare a layer of 

hard rubber compound and put in the mold, then put the hard composite 

results from previous work as a center layer  as shown in Fig. 3. That include 

three layers for each (Glass fiber/Kevlar fiber/Carbon fiber) respectively, 

Nomenclature:  

NR – Natural Rubber MBTS - The thiazole class of accelerators (Benzothiazyl Disulfide) 

KF - Kevlar Fiber TMTD - Tetramethyl thiuram Disulfide 

CF - Carbon Fiber  IRHD - International Rubber Hardness Degrees 

GF - Glassfiber  PPHR - Parts per Hundred Rubber 

ZnO – Zinc Oxide  S – Sulfur  
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then put a second layer of chosen hard rubber compound to be coated the 

Hard composite from both sides, then vulcanizing by electrical thermal 

press at a constant temperature. The vulcanization process was under 140 

Co for 35 minutes. After that remove the product from the mold and cooled 

at room temperature. 

 

 

 

Figure 1. Two roll mills. 

 

 

 

Figure 2. Hard composite mold, 

(20 X 20) cm 

Figure  3. Composite plate from 

the previous stage (20 X 20) cm 

 

3. Results and discussion 

 

3.1 Hardness test 

 

The first test was the examination of the hardness of the compound by 

vulcanized testing specimen by metal molds with special dimensions as in 

Fig. 4. The compound sample is placed inside the molds then placed in the 

electrical curing press which has a controlling temperature system as in Fig. 

5. By a certain temperature and time, these testing specimens (discs) are 

obtained as in Fig. 6., then left to cool for a certain period of time and then 

the hardness of the models is checked with a device called Wallace Tester 

as in Fig. 7. and all this process is done according to the standard ASTM 

D2240. The results were as in Fig. 8. for the hardness property of the 

compound, noting that the result represents the average of three specimens 

of each one. 

 

3.2 Tensile Test 

 

One of the important physical properties that gives an important indication 

of the application is the tensile strength of the rubber compound. This 

examination is done through the vulcanization of rubber compound at a 

certain temperature and time through a special metal mold to give a 

vulcanized rubber sheet with fixed dimensions in terms of length, width, 

and thickness, range of thickness about (2 mm) as in Fig. 9. and Fig. 10., 

this process is done by the electric curing press. After leaving the testing 

specimen for a certain period of time to cool the testing sheet is cut to make 

the testing specimen which is called a Dumbbell by a special cutter and 

shown in Fig. 11. and Fig. 12. The Tensile strength specimen test using 

Tensometer testing machine and this process is done according to standard 

of ASTM 412. 

 

 

 

Figure 5. Hardness specimen 
mold. 

Figure 4. Electric thermal press. 

 

 

Figure 7. The hardness test 

specimen (d:12, h:24) mm. 

Figure 6. Hardness Wallace 

Tester. 

 

 

Figure 8. Hardness test results 

 

Fig. 13. represents the results of the tensile strength properties of 

the compound, noting that the result represents an average of five 

specimens for each one. 

3.3 Resilience test 

The Rebound of the compound is checked by the Wallace rebound 

testing machine as in Fig. 14., by using a vulcanized specimen disc 

by certain specifications of temperature and time required for 

vulcanization as in Fig. 5. The testing method is in accordance with 

the standard ASTM 1054 where the rebound resilience % is 

measured according to the Eq.1. 

 

Rebound resilience %  =  
(1−cosA)

(1−c0sB)
x 100                                   (1) 
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Where, A, the initial angle (start angle) of the inspection arm and 

B, the return angle of the inspection arm after it has been hits the 

rubber specimen. Fig. 15. represents the results obtained for this 

testing; it is shown that the compound with the symbol A3 is the 

best in terms of the rebound test. The recipe (A3) is the best in 

terms of hardness (98 IRHD) and tensile strength (35 MPa) and 

gives acceptable results in the test of rebound (12%), also is 

compatible with the required application so can be used as a hard 

layer to shield hard composite plate that used for protecting cars or 

the walls of shooting halls. The final product illustration consisting 

of overlaid material layers enclosed or covered with hard rubber 

that was selected as the best rubber recipe for shielding and 

protection shield in vehicles and shooting hall with two 

approaches. External bonding process for individual plates as 

shown on Fig. 16, with vulcanized it with rubber recipe as shown 

in Fig. 17.  

 

 

 

Figure 9. Tensile strength 

testing machine 
Figure 10. Testing sheets 

 

 

 

 

Figure 11. Dumbbell shape 

cutter 

Figure 12. Dumbbell shape 

specimen.  2 mm thickness 

and 165 mm effective length. 

 

Figure 13. Tensile test results.  
 

 

 
Figure 14. Wallace rebound device 

 

 

 
Figure  15. Rebound test results. 

 

 

 

 

Figure  16. Individual plates. 
Figure  17. Vulcanized plates 

with rubber recipe 

 

4. Conclusions 

 

The current study concluded with many important results that can be 

considered the basis for similar work with the aim of studying the properties 

of these materials and predicting their behavior during loading for use in 

important engineering applications.  

1. The recipe (A3) (with sulfur 30 pphr) gives acceptable in hardness and 

tensile test with value (98 IRHD) and (35 MPa) respectively. 

2. The value of recipe A3 in rebound test not the best but was acceptable 

in percent application for shooting galleries and vehicles armor plates. 

3. Recipe A1 (with sulfur 10 pphr) was the best in Rebound test results 

(25%) the same value of carbon black (N375). 

4. Other rubber recipes in group B give acceptable results specially in B3 

recipe.  
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