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ABSTRACT 
 
 

Elastomeric seals are prone to failure caused by abrasion during sliding against rough 
surfaces. In this research, the two body abrasive wear of sealing elastomers in dry and 
lubricated conditions has been studied. A two body abrasive wear tester has been used 
to investigate the abrasive wear of the elastomers under varying test parameters. This 
test aparatus reciprocates a rectangular elastomeric sample against an abrasive paper 
wrapped around the circumferential surface of a wheel. The samples were weighed 
using an accurate scale before and after the tests to quantify the abrasive wear. The 
experiments have been carried out at varying normal load and abrasive size in dry and 
lubricated conditions. The influence of two different lubricants, including a synthetic 
ester and a mineral oil, together with the test parameters on the abrasive wear has been 
studied. The results show that, depending on the material, lubricant, abrasive size, 
normal load and test duration, the abrasive wear of elastomers may increase or decrease 
in the presence of lubricants, however, in most cases, the abrasive wear in the lubricated 
condition is higher than that in the dry condition.  The influence of lubricant on the 
increase in abrasive wear is more significant when a fine abrasive is used. Increase in 
the abrasive wear in presence of the synthetic ester is more pronounced than in presence 
of the mineral oil. 
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1 INTRODUCTION 
Abrasive wear of a sealing material is an important factor that often limits the seal life. 
It may result from many causes including particulate suspended in lubricating oil, wear 
debris from inadequate lubrication, products of corrosion, airborne dust or a rough 
surface finish [1, 2]. Such particulates may move freely to abrade both surfaces by a 
three body abrasive wear mechanism. They may also become partially imbedded in one 
of the surfaces and act as a cutting tool resulting in two body abrasion of the other 
mating surface [1]. The metallic sealing surface can also be worn and roughened by a 
corrosive wear mechanism and then wear the sealing material by a two body abrasive 
wear mechanism. Since most seals operate in the presence of lubricants during their 
service life, the influence of lubricants on wear mechanisms of elastomers has an 
important role in seal performance. 

Three different mechanisms of wear, including abrasive wear, fatigue wear, and roll 
formation, can be identified when an elastomer slides against a hard counterface [3]. 
When an elastomer slides against a hard counterface with a sharp texture, abrasive wear 
takes place as a result of tearing of the sliding surface of the elastomer. Fatigue wear 
occurs on the surface of an elastomer sliding against blunt projections on the hard 
counterface. When a highly elastic elastomer slides against a smooth surface, roll 
formation occurs. In this type of wear, the high frictional force shears a projection on 
the rubber surface, tears and then rolls the tongue along the direction of sliding [3]. In 
practice, a combination of three forms of wear occurs and it is difficult to separate the 
contribution of each mechanism to the overall wear [3].  

When a rubber is abraded in unidirectional sliding, sets of parallel ridges are often 
formed on the surface of the elastomer at right angles to the direction of motion which 
have been called “abrasion patterns” [4]. The surfaces of harder elastomers, sliding 
against sharp asperities, exhibit scratches parallel to the direction of sliding [5]. The 
mechanism of abrasion leading to the ridge formation has been studied extensively 
[4, 6-10]. Most of previous experiments on the mechanism of ridge formation have been 
carried out using a line contact configuration.  

Another classification introduces the wear of elastomers as a result of two processes; 
local mechanical rupture (tearing) and decomposition of the molecular network to a low 
molecular weight (smearing) [11]. The oily decomposition product which forms during 
smearing protects the underlying rubber from tearing and thus decreases the rate of wear 
[12]. Experiments show that the rate of wear during smearing decreases by introducing 
antioxidants [12, 13]. 

Oil and heat resistance of elastomers has an important role in sealing applications.  
When an elastomer and a base fluid are brought in contact with each other, the 
elastomer material may absorb the base fluid or the base fluid may extract soluble 
constituents of the elastomer. The base fluid may also react with the elastomer [14]. 
Presence of the polar side-groups in the backbone chain of the elastomer increases the 
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oil resistance of the polymer [15]. Crosslinking also limits the degree of polymer 
swelling by providing tie points that limit the amount of solvent that can be absorbed 
into the polymer [15]. Torbacke and Johansson have studied the seal material 
compatibility of some environmentally adapted fluids and compared it with that of some 
mineral and synthetic base fluids. Their results show that the mechanical properties of 
the sealing elastomers have been deteriorated especially in presence of ester base fluids 
[14]. If the lubricant can penetrate the surface of the polymer, it will have a detrimental 
effect on its wear behaviour [16, 17]. The rapid wear which results is believed to occur 
by aggravated cracking of the solvent weakened polymer during contact with the 
counterface [17]. Muhr et al. have studied the influence of lubrication on the abrasion of 
rubber by a blade in line contact. They observed that when a lubricant is applied, a 
much finer pattern develops and the rate of abrasion is much lower but the horizontal 
force on the blade does not decrease as dramatically [18, 19]. Chandrasekaran and 
Batchelor have studied the friction and wear of butyl rubber sliding on abrasive paper as 
a function of temperature and load. They conducted dry and lubricated unidirectional 
sliding tests and reported that the presence of lubricant reduced the coefficient of 
friction but accelerated wear due to chemical degradation of rubber [20]. 

Abrasion of sealing elastomer is an important factor in seal failure and reduces the life 
and sealing ability of seals. The effect of lubrication on the mechanisms of abrasion of 
elastomer surfaces has not studied well. This research aims at the investigation of the 
effect of lubrication on the abrasion of some sealing elastomers. 

 

2 EXPERIMENTAL 
An abrasive wear tester (Figure 1) has been used to study dry and lubricated abrasive 
wear of some selected elastomers. This tester consists of a platform on which the 
sample is mounted and reciprocated against an abrasive paper wrapped around the 
circumferential surface of a wheel (ø50 mm × 12 mm thick). The wheel is turned by a 
small angle at the end of each stroke so as to ensure the rubbing of the elastomer against 
a fresh abrasive surface. The frequency of reciprocation of the test specimen was 60 
cpm and the stroke length was 30 mm. The tests were run for a total of 160 cycles at 
room temperature (22 ± 2 ºC). In lubricated tests, the oil was injected into the 
counterface using a syringe. The rubber test specimens were washed in industrial 
petroleum for 3 minutes by an ultrasonic cleaner, dried in an oven for 20 minutes at 45 
ºC and then weighed using an accurate scale (with a resolution of tenth mg). The same 
procedure was repeated after running the test for each specimen to quantify abrasive 
wear. The test parameters have been shown in Table 1. The worn surfaces and the 
collected worn particles were examined by using an optical microscope. 
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Figure 1: Abrasive wear tester 

 

Table 1: Test parameters 

Test parameters Load, N Contact pressure, Mpa Abrasive grit size, # 
Level 1 4 ≈ 180 Kpa 120 

Level 2 8 ≈ 260 Kpa 320 

Level 3 -  500 

The materials used in this study were seven different types of sealing elastomers 
including two type of acrylonitrile butadiene rubber (NBR), two types of hydrogenated 
acrylonitrile butadiene rubber (HNBR), two types of fluoro rubber (FKM) and an 
acrylate rubber (ACM). In this study, rectangular elastomeric sheet specimens of 40 mm 
× 20 mm and 2 mm thickness were used (Table 2). Two different lubricating oils have 
been used to investigate the influence of lubrication on the abrasive wear (Table 3). 

 

Table 1: Tested elastomers and their properties 

Elastomeric 
materials 

Hardness 
(Shore A) 

Tensile 
strength (MPa) 

Elongation at 
break (%) 

Density 
(g/cm3) 

NBR - type A 76.7 12.5 378 1.35 
NBR - type B 76.1 25.4 466 1.31 
HNBR - type A 71.3 17.5 303 1.24 
HNBR - type B 79.9 17.9 340 1.3 
ACM 73.4 7.8 171 1.49 
FKM - type A 72.8 - - 2.03 
FKM - type B 81.2 - - 2.19 

 

Table 3: The properties of lubricants 

Base fluid Density (kg/m3) Viscosity@40ºC (cSt) NPI 
Naphthenic base oil 896 30.0 — 
Monoester 864 (20 °C) 8.5 102 
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3 RESULTS AND DISCUSSION 
Figure 2 shows the abrasive wear of the elastomers in dry and lubricated conditions. 
The figure shows that, apart from NBR-B, the abrasive wear of elastomers in lubricated 
condition is higher than that in the dry condition. It can be, at least in part, due to the 
weakening the elastomer by the lubricant [14, 17]. The results show that ACM and 
NBR-B are the most and least affected by the lubricant, respectively. The abrasive wear 
of ACM in presence of the lubricant is about seven times more than that in the dry 
condition. 

 
Figure 2: Abrasive wear of different elastomers in dry and lubrication conditions, 
Normal load: 4 N, Abrasive grit size #320, Lubricant: Mineral oil (Naphthenic oil) 

Figure 3 shows the worn particles of three tested elastomers. The worn particles of 
ACM and NBR-A in the dry condition have been agglomerated but the agglomeration 
has not occurred on the worn particles in the lubricated condition. Although the abrasive 
tape (attached on the wheel) rotates after each stroke to prepare a fresh surface sliding 
against the elastomer, it seems that the worn particles during each stroke stick together 
and form roll shapes between the contacts resulting in reduced wear. Presence of 
lubricant in the contact prevented the worn particles from agglomerating and therefore, 
the decrease in abrasive wear has not occurred in the lubricated condition. As shown in 
the figure, such agglomeration has not occurred on the worn particles of NBR-B and the 
abrasive wear of the NBR-B in dry and lubricated conditions is not significantly 
different (Figure 2). 
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Figure 3: Worn particles of three tested elastomers in dry and lubricated conditions, 
Normal load: 4 N, Abrasive grit size #320, Lubricant: Naphthenic oil 

Figure 4 shows the worn surfaces of the same elastomers as those in Figure 3. As shown 
in the figure, the agglomerated worn particles, which are stuck on the worn surface of 
ACM in the dry condition, reduced the direct contact between the abrasives and the 
surface of the elastomer. Comparison of the worn surfaces of ACM and NBR-A in dry 
and lubricated conditions, shows that the scratches on the worn surface in the lubricated 
condition are more continuous than those on the worn surfaces in the dry condition. 

 
Figure 4: Worn surfaces of three tested elastomers in dry and lubricated conditions, 
Normal load: 4 N, Abrasive grit size #320, Lubricant: Naphthenic oil 

The abrasive wear of three elastomers have been investigated at different conditions and 
the results have been shown in Figure 5. The results show that the effect of the 
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monoester oil on the increase in abrasive wear of the elastomers is greater than that of 
the naphthenic oil. The influence of oil on the increase in abrasive wear of the tested 
elastomers (especially both the NBRs) is more significant when the elastomers are 
sliding against finer abrasives. When an elastomer and a lubricant interact, a very thin 
layer of elastomer may be weakened by the diffusion of lubricant into the elastomer.  

Figures 5 shows that even the abrasive wear of the NBR- B in sliding against finer 
abrasives increases in presence of lubricants. Figure 6 and 7 show the worn particles of 
the NBR-B in sliding against fine and coarse abrasives, respectively. Figure 6 shows 
that when the NBR-B slides against fine abrasives in the dry condition, the worn 
particles are agglomerated but as shown in figure 7, such agglomeration has not 
occurred when the NBR-B slides against coarse abrasives in dry or in lubricated 
condition. 

 

 
Figure 5: Abrasive wear of three different elastomers in dry and lubrication conditions 
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Figure 6: Worn particles of NBR – B in dry and lubricated conditions, Normal 
load: 4 N, Abrasive grit size #500, Lubricant: Naphthenic oil 

Although the abrasive wear of NBR-B in sliding against coarse abrasives (#120), in the 
lubricated condition is higher than that in dry condition, the worn particles in the 
lubricated condition are significantly larger than those in the dry condition (Figure 7). 
When a lubricant is applied in the contact, the frictional shearing stress is decreased and 
more concentrated on the top of the asperities. The concentrated shearing stress causes 
the cuts on the surface of the elastomer parallel to the direction of sliding but this 
reduced frictional stress is not sufficient to break the tongues formed on the surface, 
therefore, the worn particles were enlarged in lubricated sliding.  

 

 
Figure 7: Worn particles of NBR – B in dry and lubricated conditions, Normal 
load: 4 N, Abrasive grit size #120, Lubricant: Naphthenic oil 
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CONCLUSION 
The two body abrasive wear of sealing elastomers and the influence of lubrication have 
been studied. The results show that in most conditions, lubrication increases the 
abrasive wear of elastomers, however, in one tested elastomer sliding against coarse 
abrasive, the abrasive wear decreased in the lubricated condition. Investigation of the 
worn particles and surfaces showed that in most dry sliding of elastomers against 
abrasives, the worn particles are agglomerated. Such agglomeration can reduce the 
direct contact between the elastomer and abrasives and does not occur in presence of a 
lubricant. The prevention of the agglomeration of the worn particles in addition with the 
weakening the surface of the elastomer [14, 17] in the presence of an oil, results in an 
increase in abrasive wear. The results show that the influence of lubrication on the 
increase in abrasive wear is more significant when the elastomer slides against finer 
abrasives. Increasing of the abrasive wear in the presence of the synthetic ester is more 
pronounced than that in presence of the mineral oil. 
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