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ABSTRACT 

The compatibility of rubber used in automotive fuel system has been investigated with 

biodiesel in response to the increase of the biodiesel content of governmental policies in 

commercial diesel adopted by many countries. Elastomeric compounds based on nitrile 

rubbers (NBR) showed a lower resistance to degradation. The change of the base 

polymer formulation may increase the degradation resistance but with higher costs. The 

rubber formulations generally are composed of a list of ingredients and fillers that could 

interact as reinforcing or non-reinforcing. Carbon black is generally used as reinforcing 

filler and calcium carbonate as non-reinforcing due to widely usage of a larger particle 

size with reduced cost. Through the tensile test and SEM analysis, the effect of addition 

of a larger particle size calcium carbonate on the degradation of polyvinyl chloride (PVC) 

and nitrile butadiene (NBR) blend was evaluated after 1008h immersion at 80°C with 

B30. The results showed that CaCO3 should be avoided of PVC/NBR formulation to 

improve degradation resistance when in contact to biodiesel. 
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1. INTRODUCTION 

 

Due to the introduction of biodiesel usage in the past 10 years and trends to 

continue increasing until B20 in Brazil, changes of non-compatible materials with high 

concentration of biodiesel will be required by automakers. Using biodiesel as fuel source  

would generate many benefits such as: reducing the country’s dependency on fossil 

fuels, the potential for increasing local industries, the strengthening of agricultural social 

programs in Brasil and overall benefits to the environment.[1] As the chemical 

composition of biodiesel is significantly different from petroleum diesel, biodiesel 

interacts with rubber compounds causing excessive swelling and loss of strength 

depending on the type of polymer based chain[2]. 

Biodiesel can be made from different types of oils by the trans esterification 

process. Sources of oil commonly used to produce biodiesel in Brazil are soybean, 

cotton seed, and animal fats. The participation of soybean oil to produce biodiesel in 

Brazil was of about 75% in the last year [3].  

Biodiesel is commonly blended with petroleum diesel and blend concentration is 

indicated by the number following the letter B (B7 is a blend of 7% biodiesel and 93% 

petroleum diesel). Recently the Federal Senate in Brazil approved a 1% increase in the 

biodiesel portion of the blend to be implemented in July 2014 and 1% more in November 

2014. Water content for distributors adopted was 150 mg/L and the oxidation stability 

was increased from 6 to 8 hours. The acidity number limited to 0,5 mg KOH/g have not 

changed [4].  

Unsaturated points on NBR rubber may be the weakest point in the chain to react 

with biodiesel [2]. Higher percentages of acrylonitrile in nitrile rubber may be able to 

prevent such degradations [5]. Despite this fact, previous studies suggested rubber 

compounds seems to swell or degrade through reactions with polymer backbone and 

crosslink system or by reactions with filler system [2, 6].  

Coronado et al. [7], evaluated the effect of different mixtures diesel-biodiesel with 

nitrile rubber fuel hoses at temperatures of 25 and 70⁰C. They concluded that higher 
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blend levels of biodiesel lead to higher material deterioration and the acid number of 

biodiesel increased with the exposure time.  

The resistance to degradation of certain types of elastomers should be analyzed in 

depth because of the wide usage of rubber in the automotive industry. Many parts made 

from rubber materials could cause potential failures affecting safety among other 

attributes. NBR blended with PVC is used widely to mold automotive fuel hoses and fuel 

sender gaskets and these components come in constant contact with fuel. The 

manufacturers of such parts own the rubber formulation which is a mix of various 

components which could interact with biodiesel and there are multiple combinations, 

however, the formulation should meet the material specification or part performance.  

According to Fang et al [8], calcium carbonate has been widely used as filler in 

plastics and rubber industry. The principal reason for this application is to reduce cost 

with less impact on tensile strength. It could be found in natural or could be chemically 

produced. In general this filler could be considered as a non-reinforcing. On the other 

hand, carbon blacks have been widely used as principal reinforcement element in 

rubber industry for more than one century [9]. With the incorporation of carbon black, the 

mechanical properties and fatigue resistance of rubbers can be greatly improved [10]. 

Although there are other rubber based polymer types with better degradation 

resistance against biodiesel such as fluorinated rubber (FKM) and hydrogenated nitrile 

butadiene rubber (HNBR), the interactions with fillers have not been investigated in 

depth. Therefore, the aim of this work is to investigate the degradation of carbon black 

and carbon black with calcium carbonate filled on PVC/NBR rubber matrix against B30. 

In the review of state of the art [2, 5-10], there were not founded studies in which 

the assessment of the degradation of PVC/NBR rubber with different fillers has been 

made following the methodologies proposed in the current research. 
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2. MATERIALS AND METHODS 

 
2.1. MATERIAL SELECTION  

 

PVC/NBR with a proportion of 30/70 respectively and 45% of acrylonitrile in the 

NBR polymer were selected as the polymer base chain. Two samples with different type 

of fillers were tested. The type of filler of each sample carried was carbon black and 

carbon black with CaCO3.  

2.2. TEST COUPONS PREPARATION  

 

The compounds were made in a standard internal mixer according to ASTM D3182 

with the content according to Table 1 and the amount of ingredients used in each 

composition was proportional to 1.5 kg of NBR/PVC.  

The mixing chamber produced a pre-mix without the accelerators in about 4 

minutes. The NBR was first masticated for 1 minute and then the fillers, plasticizers, 

stearic acid and zinc oxide are added to the standard internal mix. The accelerator 

(TBBS) and cure agent (DTDM) was added only after the premix cooled for 2 hours at 

room temperature. Then the composition was passed through rollers at least six times 

and folded each time therefore there was complete dispersion of the ingredients added.  

A small sample of each composition was analyzed on a moving die rheometer 

(MDR) series 2000 made by Alpha Technologies for 1hour at 170ºC to determine the 

scorch time and cure time. Vulcanization was conducted in a hydraulic press in order to 

obtain square sheets (150 x 150 mm). The following mechanical test specimens were 

performed on the sheets: tensile strength, volume and hardness.  

2.3. FUEL SAMPLES BIODIESEL  

 

B30 was obtained by a mix of B10 low sulfur (S10) with B100 both supplied by 

Ipiranga Produtos de Petróleo S/A. The biodiesel was obtained from soy bean oil. The 

standard ASTM D664 was applied for fuel acidity number measured after biodiesel B30 
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was blended. Acid number for biodiesel is lower than 0,5 mg KOH/g according to EN 

14214 and ASTM D6751 standard fuels. This parameter is quite significant since it 

reveals fuel aggressiveness.  

2.4. TENSILE STRENGTH TESTING, SWELLING AND HARDNESS  

 

The tensile tests were conducted according to ASTM D412 on Alpha Technologies 

tensile tester T 2000. Dumbbell shaped specimens (Die C model) were used, with 

lengths of 115 mm. To determine the cross sectional area, the average thickness and 

width of each test specimen was the average value of three different measurements. 

The specimens were placed in the machine grips, which had a separation rate of 500 ± 

50 mm/min. The hardness test was performed on a durometer Shore A, Parabor, 

following ASTM D2240, and the tensile bars were plied to raise the thickness to 6 mm. 

The swell was measured according to ASTM D471.  

2.5. SEM ANALYSIS  

 

Test coupons were analyzed on a cryogenically fractured surfaces using a 

scanning electron microscope FEI model Inspect S50 in order to know about the 

changes occurred in their morphologies after 1008 hours in contact to B30 at 80°C. 

2.6. EXPERIMENTAL CONDITIONS  

 

The specimens were placed in a fluorinated HDPE bottles and immersed in B30 at 

80ºC for 1008 hours. Every day the bottle is agitated and every two weeks the aged fuel 

is replaced and measured the acidity number. Mechanical proprieties were measured as 

follows: 0 and 1008 hours. Duplications of bottles with immersed samples were placed 

in a sand bath to improve the confidence level of values measured after the periods of 

removing samples. Values for hardness and swell were reported as an average of three 

measurements, tensile strength and elongations were reported as an average of five for 

original and ten for aged samples.  Microscopy analysis was evaluated on the surface of 

a cryogenic fracture from original samples and 1008h after immersion in B30. 
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3. RESULTS AND DISCUSSION 

 
3.1. BIODIESEL ACIDITY CHANGE AFTER IMMERSIONS 

 

In Figure 1 are presented the values of B30 acidity number before and after the 

immersions with the rubber compounds at 80°C. Before immersed this parameter is 

above the Brazilian regulation (0,5 mg KOH/g) and after in contact with rubber 

compositions the acidity number has reduced significantly for the compounds tested. 

The impact of carbon black to reduce acidity number was the most significant in the last 

change of fuel. The antioxidant present in the rubber compounds may have migrated to 

fuel portion and reacted to stabilize the products of biodiesel oxidation contributing to 

reduce acidity number.  

Acid number is a parameter directly related to the content of free fatty acids. It’s 

considered as a measure of the corrosiveness and the degradation effect of biodiesel 

[7]. Antioxidants act to inhibit the oxidation process [11] and contribute to reduce the 

acidity number when added to biodiesel [12]. 

 

 

Figure 1: Acidity Change of B30 before and after contact with rubber samples 
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3.2. MECHANICAL PROPRIETIES CHANGE 
 

Tensile properties are the most measured parameters after hardness. This is in 

part attributed to use of tensile strength as a general measure of quality [13]. Figure 2 

shows the averaged results obtained by 2 replicated measurements of elongation at 

break, tensile strength at break and swelling after 1008 hours immersed in B30 at 80ºC. 

The loss of elongation could represent the degradation of the polymer chain or an 

adsorption of fuel.  

Figure 2: Loss of hardness, elongation at break, tensile strength, and swell after 1008 
hours in B30 at 80°C. 
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As demonstrated in Figure 2, the compounds showed similar swell and the solvent 

action by fuel mixture contributing to changes in elongation at break since that the 

degradation process starts with the attack and penetration by solvent [7]. In addition 

carboxylic acids generated by biodiesel hydrolysis could react with sulfur crosslinks 

contributing to degrade the elastomer compound as reported by MITRA [12]. Elongation 

decreased greater in the sample containing carbon black with CaCO3 compound over 

the period tested compared with carbon black. A decrease of about 20% in the 

percentage change from original was observed for samples containing carbon black with 

CaCO3 while carbon black decreased of about 11%. Therefore it can be said that 

samples with only carbon black is more stable against B30 than carbon black CaCO3. 

3.3. SEM ANALYSIS  
 

Representative micrographs are presented in figure 3 for the surface of cryogenic 

fractured surfaces before and after aging for 1008h in B30 at 80°C. The surface 

morphology analysis through SEM of PVC/NBR with Carbon Black and CaCO3 showed 

more pits and cracks after aging in B30. This confirms the results obtained on higher 

loss of mechanical properties by adding a generic CaCO3 in the formulation of a carbon 

black filled PVC/NBR.  
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According to HASEEB (4), the reason to form pits can be attributed to the following 

steps:  

 Macromolecular chain scission or crosslinking; 

 Introduction of polar oxygen groups into elastomers.  

 The microstructural changes can result in increasing of surface energy.  

 Increasing the surface energy could lead to a localized decrease or increase 

in density.  

This, in turn, may have modified the interactions of CaCO3 particles generating a 

decoupling of elastomeric phase with a surface with more voids. As a result the loss in 

b 

c d 

a 

Figure 3: Scanning electron micrograph of cryogenic fracture surfaces: (a) 
PVC/NBR with carbon black unexposed to B30; (b) PVC/NBR with carbon black 
exposed 1008h with B30 at 80°C; (c) PVC/NBR with carbon black and CaCO3 
unexposed to B30; (d) PVC/NBR with carbon black and CaCO3 exposed to B30 
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mechanical properties almost double compared to the formulation only filled with carbon 

black. 

 

4. CONCLUSIONS 

 

Based on the results of mechanical tests which demonstrated the influence of 

PVC/NBR filled with carbon black and carbon black with CaCO3 of rubber fillers exposed 

to B30 over 1008h at 80ºC it could be concluded that carbon black shows better 

resistance against B30 at 80°C than carbon black with CaCO3 that almost double the 

degradation and B30 acidity number seems to reduce after the contact with rubber 

specimens. 

These conclusions points to a major influence of fillers compounds on mechanical 

properties degradation of PVC/NBR components applied in fuel system in contact to 

B30. 
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