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INTRODUCTION

	 Metal-basic equipment is widely applied in chemi-
cal and petrochemical industries, such as valves, chemi-
cal reservoir tanks, and gas scrubbers [1]. One of the 
most effective methods for the protection of metals 
surfaces against corrosive media is coating [2], where 
a thin rubber film onto the surface of the metallic com-
ponents can give protection from corrosion and erosion. 
Applications of swelling elastomer packers have an effec- 
tive way of protection putting numerous wells back into 
the production line, through the swellable-elastomer 

packers’ techniques [3]. The performance and compa-
tibility of some rubber materials to mixtures of gasoline 
containing wide concentrations of hydrocarbons with 
and without 15% hydrochloric acid (HCl) were studied 
[4] by exposing samples to many conditions, such 
as temperature, acidic strength, and brine concentra- 
tions. Two or more rubber blending types were reported 
to show helpful protection compared with those of indi-
vidual components [5, 6].
	 Natural rubber (NR) has outstanding properties, 
such as good tensile, good tear strength and good 
abrasion resistance which are recommended to produce 
of O-rings, sealants, tires, conveyor belts, fluid transfer 
systems, body sealing systems, transmission systems, 
adhesives and coatings, molded parts, body parts, spare 
parts, automotive antivibration, etc. [7, 8]. The pheno-
mena of strain-induced crystallization in NR improve 
mechanical properties. So, this behavior makes the natu-
ral rubber a candidate material in the rubber industry 
[9-13]. Styrene-butadiene rubber (SBR) commonly blen-
ded with NR since it has better abrasion resistance, crack 
initiation resistance, high filler-loading capacity, lower 
heat-build up behavior, and enhance it’s tensile and tear 
ability [7,8,14,15]. SBR is usually used in wear related 
products. Thus, SBR has been used in many applications, 
such as sidewalls of tires, belts, hoses, footwear, foamed 
products, etc [7,8]. Mechanical properties of NR/SBR 
rubber blends have been studied by numerous resear-
chers [7, 8, 14, 15]. It was previously illustrated that 
tensile strength, modulus, elongation, hardness, and wear 
resistance of NR/SBR rubber blends increase with 
an increasing NR ratio [7, 15]. It is well-known that 
unreinforced rubber has a low modulus, abrasion resis- 
tance, and fatigue properties [6]. To enhance the mecha-
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	 In this work, a series of Natural Rubber (NR)/Styrene 
Butadiene Rubber (SBR) blends were formulated to protect 
metallic petrochemical storage tanks from corrosive media. 
Therefore, these blends tested against a 10% HCl solution for 
72 hr at room temperature. Blends series were prepared with 
different ratios of NR/SBR; 25/75, 30/70, 35/65, 40/60, 45/55, 
50/50, and 55/45. Three types of carbon black (N-330, N-660, 
and N-762) were added individually to the 45/55 blend.  Hard-
ness, tensile strength, modulus, and elongation properties were 
tested before and after immersion in the 10% HCl attack me-
dia. All these mechanical properties decreased after immersi-
on action accept hardness property. Up to 45 phr NR content,     
the hardness increased linearly independent on immersion ac-
tion, but HCl immersion gives higher hardness values. Tensile 
strength increased up to 40 phr NR content with and without 
immersion and the immersion action decreased tensile values. 
The highest elongation value obtained with 35/65 blend with 
and without immersion. The 45 phr NR content gives the higher 
modulus, while the lowest value obtained with the 30 phhr 
content. For 45/55 blend, the hardness increased as the car-
bon black particle size decreased and immersion action gives 
higher hardness values. The tensile strength decreased linearly 
with the carbon black surface area, while with the medium sur-
face area, the highest modulus and lowest elongation obtained. 
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nical properties of rubber materials [16], carbon black 
has been usually applied as a major reinforcing material 
of which the most interesting reinforcement, reduce the 
material costs, and enhancements in processing ability 
[17-19]. However, the main properties of carbon blacks 
are normally controlled by particle size, surface area, 
structure, and functional surface activity which in most 
states are related together to determine the degree of 
elastomer reinforcement [20]. The blend vulcanizates 
produced exhibit improved physical properties by 
judicious choice of the SBR: NR fractional ratio [21].
	 It is well-known that the degree of reinforcement 
is a combination of many factors, such as effects of 
physical [22–25] and chemical attachments [26, 27] 
between rubber chains molecules and sites of functional 
groups as well as sites of free radicals which found on 
carbon black surfaces[28]. However, some divergent 
views are also prevalent between the researchers in the 
discussion of this issue. The fact that improvement can 
take place, even when the matrix/fillers chemical or phy-
sical bonding is poor. It is proven by experiments using 
graphitized [29] and fluorinated carbon black [30]. The 
use of polymeric fillers interfacial interactions in the 
rubber mixing has shown that chemical in the form of 
covalent bonding is not an important condition for the 
development of reinforcing results. The improvement 
of mechanical properties due to filler rubber composites 
may be attributed to chemical interaction among the 
functional groups with carbon black [31]. The rubber 
performance and the mechanism of reinforcement are 
influenced by the basic properties of carbon blacks. The 
enhancement properties of rubber blends, for instance, 
are the tear strength, tensile strength, and abrasion resis-
tance, apart from improving the hardness and modulus as 
a result of improvements by reinforcement using carbon 
black [32-34]. This improvement is usually accepted 
that, to a large extent, dependent on the physical inter-
actions bonding between the elastomer matrix and its 

filler ingredients. The surface characteristics, structure, 
and particularly carbon particle size are the main 
factors evaluating the reinforcing effects of fillers in 
rubber blends lining of rubber for metallic surfaces 
consists of NR/SBR rubber blend formulations namely 
ebonite has covered the interest of petrochemical and 
chemical industries [35]. Rubber lining has interesting 
specifications in the aspect of chemical-mechanical pro- 
perties, ease of handling, and low cost. However, rubber 
blends have two properties distinguishing them from 
most other typical materials: they can absorb large quan-
tity of solvent molecules by occupying the pores and 
free volume and then the solvent molecules diffusion 
into the rubber matrix without getting dissolved and the 
solvent trapped in the pores penetrate into the network 
of the polymer chains and may have high deformations 
with little stresses [36]. Upon exposure to different 
chemical materials, the properties of elastomers mostly 
undergo property shifting. One of the most significant 
effects is the swelling property due to the formation of 
a cross-linked network structure. The swelling parameter 
depending on the base rubber and solution. The swelling 
degree has a wide range from negligible to slight to quite 
large degrees up to a few hundred percents. The swelling 
solutions may interact with chemical components in the 
rubber’s metrics in which effect the mechanical and/or 
processing properties. By using swelling media such 
as water, oil, or acids/bases can cause simple volume 
increase or functional group effects [37]. When a rubber 
blend is immersed in a suitable solution, the fluid 
molecules penetrate into the rubber network structure 
and swell the rubber metrics and produce affection on 
various properties. The swelling degree depends on 
the solvent affinity with the material and the crosslink 
density [38-41]. The main goal of this research is to de-
termine the effect of NR rubber and carbon black type 
on a rubber compound and to obtain the best chemical 
resistance of NR/SBR blend for lining applications.

Tab. 1.  Rubber ingredients with different fraction ratios of NR (25-55) phr

Component phr Chemical formula Function

Natural rubber (NR) 25-55 C5H8 Matrix component 
Styrene Butylene Rubber (SBR) 75-45 C12H14 Matrix component
Zinc oxide 8 ZnO Activator agent
Stearic acid 1.45 C18H36O2 Activator agent of an accelerator 
Paraffinic oil 3 CnH2n+2 Extender or diluent 
Sulfur 5.63 S8 Vulcanization agent
N-(1,3-dimethylbutyl)-N-phenyl-p-phynelenediamine 2 C18H24N2

Cyclohexylthiophthalimide (CTP-100) 0.4 C14H15NO2S
Pre-vulcanization inhibitor/cure retarder 
(Anti-scorching agent)

Carbon black 72 C Reinforcing agent
Phenolic resin 0.8 Formaldehyde – base Adhesive agent

https://www.britannica.com/science/phenol-formaldehyde-resin
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EXPERIMENTAL PART

Materials

	 NR and SBR materials were provided by Babel tier 
company, Al Hillah city-Iraq, while other ingredients 
were purchased from Aldrich.

Sample Preparation

	 Series of seven rubric masterbatches were prepa-
red based on NR/SBR blends as follows: 25/75, 30/70, 
35/65, 40/60, 45/55, 50/50, and 55/45 part per hundred 
rubber part (phr) with the addition of a constant amount 
of suitable ingredient as shown in Table 1. Then these 
blends were immersed for 72 hr in a 10% HCl aqueous 
solution at room temperature according to ASTM D-471. 
Three types of carbon black added individually to the 
45/55 blend. These types are N-330, N-660, and N-762. 

Tests

	 Mechanical properties for the prepared blends, 
such as modulus, tensile strength, and elongation, were 
measured using a Monsanto T10 tensile tester machine 
according to the ASTM D-412 standard testing method 
under the speed of a crosshead about 50 mm min-1 and 
a temperature around 25 °C. For the tensile test, dumbbell 
samples (2 mm thick) were used and the average value 
for three samples was recorded. Hardness test carried 
out by Wallace Dead Load Hardness Tester according 
to ASTM D-1415 using disk samples (3 mm thick and 
45  mm diameter) and for 30  second penetration time. 
The average value for five readings was adopted by the 
International Rubber Hardness Degree (IRHD) units. 

RESULTS AND DISCUSSIONS

Hardness

	 Figure 1 shows the hardness of the prepared blends 
before and after immersing in a 10% HCl solution for 
72  hours at room temperature. Before immersing the 
hardness increases with increasing the NR content up 
to 45/55 (NR/SBR) ratios. This may attribute to the in-
crement in the crystalline portion in the blend, which 
is the NR component. By increasing this portion, the 

indenter penetration ability decreased due to the high 
alignment of chains within the blend structure. Beyond 
the 45/55 ratio, the hardness decreased slightly. This can 
be referred to the phase separation between the blend 
components. This separation increases the free volume 
slightly within the blend network and facilities the 
penetration action.

	 After immersion in a 10% HCl, the elastomeric 
blends have the same behaviors, but with higher hard-
ness values. This means that HCl molecules diffuse 
through the structure of the blend and make cross-lin-
king to some extent due to the ability of ions H+ and Cl– 
in the HCl solution. This cross-linking raises the hard-
ness slightly because it occurs by secondary forces 
(hydrogen bonding), not by primary bonds. In other 
words, these increments in hardness proved that these 
elastomeric blends resist the acidic action in the lining 
applications. 
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Fig. 1.	 Hardness of NR/SBR blends before and after immer-
sion in a 10% HCl solution

Fig. 2.	 Hardness of NR/SBR blends with different types of car- 
bon black before and after immersion in a 10% HCl solution

Tab. 2.  Density and particle size of the used carbon black types

Carbon 
black type

Specific density 
(g/l)

Particle size 
(nm)

Surface area 
(m2/g)

N-330 375 26-30 83 ±6
N-660 425 49-60 36 ± 5
N-762 505 61-100 25 -33
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	 The effect of the particle size of the reinforcing 
agent (carbon black) as shown in Figure 2. This figure 
represents the hardness values for 45/55 blend using 
three types of carbon black which differ in their partic-
le sizes as given in Table 2. The hardness increased as 
the particle size decreased. This is can be attributed 
to the surface area (P) [40] of carbon black increased 
as its diameter (d) decreased according to Equation 1. 
Therefore, the reinforcing factor (Rf) increased, since 
this factor is the result of the surface area (P) times the 
surface activity (Sact.), as shown in equation 2.

P = � · d2                                (1)

Rf = P · Sact                              (2)

	 The carbon black surfaces possess many active 
functional groups, such as OH-, COOH-, C=O, etc., which 
enable it to create many interactions with the elastome-
ric matrix. These new forces enhance penetration re-
sistance (hardness). This figure shows, also the effect 
of acidic immersion. The same behavior repeated there; 
the hardness increased after immersion. This is another 
evidence of the cross-linking findings. 

Tensile strength

	 Figure 3 represents the tensile strength of prepa-
red blends (before and after immersion in a 10% HCl 
solution), while Figure 4 monitors the effect particle size 
of carbon black. First, by increasing the NR content in 
the blend, tensile strength values exhibited a fluctuating 
manner. But generally, there is an increment that appeared 
in the 40/60 (NR/SBR) blend. However, this instability 
reflexes the uneven distribution of the reinforcing 
agent (carbon black) within the blend structure with 
maintaining its reinforcing ability. This is an expected 
tendency due to the high viscosity of the elastomeric 
matrix. This difficulty can be overcome by ionization 

mixing. In all blends, the tensile strength decreased after 
immersion. This may be due to the solvent molecules 
penetrate the structure, extended the distance between 
elastomeric chains, and destroyed some of the secondary 
forces among chains. The tensile strength increased as 
the particle size of carbon black increased (Fig. 4). This 
means that the contribution of carbon black particles in 
bearing the applied load (tensile mode) as greater than 
reinforcing agents. In another meaning, as the particle 
size can be greater, the bearing ability can be higher.

Elongation

	 The elongation results of the prepared blends 
(before and after immersion), as well as the influencing 
of the particle size on this property, have been plotted 
in Figures 5 and 6, respectively. The 35/65 (NR/SBR) 
blend seems to be with the highest elongation value. 
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Fig. 3.	 Tensile strength of NR/SBR blends before and after 
immersion in a 10% HCl solution

Fig. 5.	 Elongation values of NR/SBR blend before and after 
immersion in a 10% HCl solution
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Fig. 4.	 Tensile strength of NR/SBR blends with a different 
type of carbon black before and after immersion in a 10% HCl 
solution (pure sample was carbon black free)
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Moreover, the penetration activity has the highest value 
due to the amorphous tendency (nature) of this blend. 
The effect of carbon black type upon the elongation was 
shown interesting values as in Figure 6. By using three 
types of carbon black with different particles size. the 
N-330 type gives the highest elongation, while the type 
N-660 gives the lowest values.

Modulus

	 Modulus values of rubber blend before and after 
immersion in a10% HCl solution was shown in Figu- 
re 7, while the affection of carbon black was represented 
in Figure 8. In general, the adding of NR content change 
the modulus in random way, as a result of high number 
of factors which effect of behavior values of rubber 
blends. However, the higher value of modulus obtained 
with 45  phr NR content, while the lowest value with 
the 30  phr content. On the other hand, the immersion 

of blends in HCl solution has reducer effect on modulus 
results for all samples, as well as the 45/55 blend has 
the highest values was before and after immersion. The 
behavior may be explained due to the high ability of HCl 
solution ions to inter and penetrate between chains of 
rubber blends to increase the elongation and flexibility. 
Also, using different particles size of carbon black have 
a dramatic effect on modulus values. One of the most 
important results that, moderate particle size (N-660) has 
the best effect on modulus due to the sufficient size to 
occupy the spaces and affinity between chains to make 
attraction forces in rubber blends.  

CONCLUSIONS

	 In general, all the mechanical properties decreased 
after immersion in 10% of HCl solution action accept 
hardness property in which increased with increasing 
the NR content up to 45 phr before and after immersing, 
but HCl immersion gives higher hardness values due to 
chemical reactivity and selectivity of, electro-negativity, 
hardness and softness as has been reported Elsewhere 
[42]. The tensile strength increased up to 40  phr NR 
content with and without immersion and the immer-
sion action decreased tensile values. The general trend 
shows a variation within ±1.6 Mpa, and also increases 
linearly with the carbon black particle size. The highest 
elongation was recorded for the sample with blend 
of 35/65 NR/SBR and N330 carbon black. The higher 
modulus obtained with 45  phr NR content, while the 
lowest value with the 30  phr content. The maximum 
value for the hardness was observed in sample with 
blend 45/55 and N330 carbon black. The sample with 
45/55 give a heist module also in both before and after 
immersion and give high reading when N660 was used.
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Fig. 6.	 Elongation values of NR/SBR blend with different 
types of carbon black before and after immersion in a 10% 
HCl solution

25 40
NR (pphr)

45 50 5530 35
0

12

4

16

20

8

10

2

14

18

6M
od

ul
us

 (M
Pa

)

before immersion
after immersion

pure N-762
Carbon black type
N-330 N-660

before immersion
after immersion

0

15

5

20

25

10

M
od

ul
us

 (M
Pa

)

Fig. 7.	 Modulus of NR/SBR blends before and after immer- 
sion in a 10% HCl solution

Fig. 8.	 Modulus values of NR/SBR blend with different 
types of carbon black before and after immersion in a 10% 
HCl solution
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