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Friction and wear properties of several rubber materials for high
pressure O-ring

Hiroyoshi Tanaka, Ayako Aoyagi, Hikaru Hashimoto, Yoshinori Sawae,
Joichi Sugimura

Friction and wear characteristics of rubber materials were investigated to look for the suitable
candidates for O-ring using in hydrogen energy system for renewable energy society. In this
study, reciprocating sliding test of rubbers were conducted under hydrogen environment. To
understand the sealing performance and durability of rubber O-rings, friction and wear char-
acteristics of hemispherical rubber specimens sliding against stainless steel disk were evalu-
ated. Several rubber materials including silicone rubber, EPDM rubber, fluorinated rubber and
natural rubber based elastomer were selected to identify the best fit for the hydrogen facility.
Each rubber material exhibited unique friction and wear performance depending on its nature
(mechanical properties, chemical composition, type of filler), environment gases and operat-
ing conditions. A silicone rubber demonstrated that low wear and high and stable coefficient
of friction in hydrogen compare with that in Air. A fluorinated rubber with carbon black filler
showed low coefficient of friction in hydrogen. In order to understand the wear process of each
rubber, topography measurement and surface analysis were conducted after the sliding test.

1 Introduction

Hydrogen energy system for renewable energy society that handles high pressure
hydrogen gas requires high safety performance and high environmental compatibility.
Rubber O-ring is usually used in many components as simple, reliable sealing ele-
ment. Further efforts are requested to improve durability which directly connected to
the lifecycle and/or maintenance period of component[1,2,3]. Friction and wear prop-
erties of rubber materials were investigated to look for the suitable candidates for O-
ring in hydrogen energy system.

In this study, reciprocating rotational sliding test of rubbers are conducted under hy-
drogen and the other gas environments. Friction and wear properties of rubber spec-
imens slide against stainless steel are evaluated to understand the seal performance
and durability of rubber O-ring.

2 Tests and results

A reciprocating sliding tests were carried out using tribo tester with environment con-
trol chamber. Hemispherical rubber specimen and stainless steel disk specimens
were used as a tribo-pair. Several rubber materials were selected to identify the most
suitable materials for hydrogen facilities. In order to understand the progress of wear
on each rubber specimen, surface observation and chemical analysis were per-
formed after the sliding test.
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2.1 Experimental

In order to obtain the useful information for hydrogen facilities, it is necessary to
carefully design the experimental set up[4,5,6].

211 Testrig

Pin-on-disk sliding tests were conducted in a chamber equipped with a turbo
molecular pump and gas impurity control system [7] because impurities such as
oxygen and water must be avoided from hydrogen gas environment. Also
reciprocating sliding was selected to evaluate the wear on elastomer surface in the
compression decompression process of high pressure vessel in hydrogen facilities.

2.1.2 Specimens

The dimensions of the pin and disk specimens are shown in Fig. 1. The disk was
made of JIS SUS316L stainless steel. The pin specimens were moulded with
hemispherical shape with 5mm diameter as shown in Fig. 1. The pin specimens
were wiped with ethanol just before the sliding tests.

2.1.3Test conditions

The disk specimen was mounted on a rotating shaft, while the pin was pressed
against the disk specimen by a loading lever in the sealed chamber. After the
specimens were set up, the chamber was evacuated to a pressure level of 1x10-4
Pa, and then the test gas was introduced into the chamber at a flow rate of 1.0
L/min. Impurities in the supplied gas were measured at the exhaust line with a
moisture sensor and an oxygen sensor. Experiments started after trace water and
oxygen in hydrogen were stabilized at 3 ppm and 0.5 ppm, respectively. All the
sliding tests were conducted at 296 K in dry contact condition. Test load was 5 N.
Test conditions are summarized in Table 1.
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Figure 1: Test rig (a) and specimens (b, c) Roughness of disk surface: Rz=0.045
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Table 1: Test conditions

Description Values Unit
Load 5 [N]
Stroke 1,2,3 [mm]
Sliding velocity 6 [mm/s]
Temperature 23 (R.T.) [C]
Environmental gas Hydrogen, Atmospheric air []

2.2 Materials

In order to find a best candidate for hydrogen energy system, six elastomers were
selected as shown below. NR means a natural rubber based material.

Table 2: Rubber test specimens

A B C D E F
VMQ1 VMQ2 EPDM FKM1 FKM2 NR
Hardness(IRHD) 81 81 82 93 82 74
Tensile
strength(Mpa) 11 6.32 20.4 15.7 17.9 214
Elongation(%) 310 170 210 140 290 436

2.3 Surface analyses

During the sliding tests, friction force and normal force were measured. After the
tests, the pin specimens were observed with an optical microscope and a confocal
laser microscope, and analysed with Raman microscopy.

2.4 Testresults

The typical results of reciprocating sliding test were summarized in Fig. 2 to Fig. 5.
Basically, COF increased with increasing reciprocating stroke in all rubber samples.
Rubber materials exhibited individual friction and wear performance depending on
each environment and operating condition. VMQ rubbers showed lower COF than
others in both hydrogen and air. VMQ rubbers showed a sharp drop in COF in air at
stroke of 2mm and 3mm. In contrast, FKM showed a sharp drop in COF in hydrogen
regardless of stroke distances. There were little differences in the changes in COF
due to the difference in environmental gas with EPDM and Natural rubber. As the
stroke distance increased, the COF also steadily increased. Natural rubber showed
stable performance against friction and wear due to its soft and stable mechanical
properties at room temperature. In summary, friction and wear properties strongly
depended on the type of rubber base resin. On the other hand, rubber materials
contained multiple elements included fillers besides of base resin, and the following
surface analyses and detailed surface observation were carried out to know the ef-
fects of these functions.
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Figure 2: Changes in COF tested with VMQ1 and Photos after the sliding test (a) in hydrogen
(b) in air

Figure 3: Changes in COF tested with EPDM and Photos after the sliding test (a) in hydrogen
(b) in air
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Figure 4: Changes in COF tested with FKM1 and Photos after the sliding test (a) in hydrogen
(b) in air

Figure 5: Changes in COF tested with NR and Photos after the sliding test (a) in hydrogen (b)
in air
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2.4.1  COF and mechanical properties

As the results above, friction and wear properties varied with type of rubbers. Figure
6 showed the changes in COF for each rubber material as a function of reciprocating
stroke. Roughly the greater tensile strength exhibited higher COF in reciprocating
sliding test. The greater tensile strength maintained the adhesion between the rubber
and steel surface even at larger displacements, avoiding local slip and abrasion of
rubber surface. Note that FKM1 had the highest hardness and NR the lowest in this
series of tests. The softest NR showed elastic behaviour and hardly be worn even
with a 3mm stroke. On the other hand, the hardest FKM1 rubber tended to slip and
abraded easily in hydrogen. Except for these two cases, the COFs were in the order
of tensile strength.

2.4.2 Running in process

When slip started, running-in process also started. Running in process included tear-
ing of rubber, abrasion, transfer of substance and surface film formation. FKM1 had
a harder matrix and slip at a small displacement. Slip, both local and entire slip,
promoted local wear, which exposed carbon black filler particles. Figure 7 showed
the Raman analysis results of rubber surfaces and disk surfaces after the sliding test
in hydrogen and air respectively. The Raman results for FKM1 showed the surface
film contains a large amount of carbon black in hydrogen, but in the atmosphere, the
rubber base resin itself was the main component. The facts suggested that transfer
of filler material tended to occur selectively in hydrogen, while transfer of rubber itself
tended to occur in air. Initial transfer process as mentioned above drastically
changed the following frictional process.

243 Effects of filler type and content

FKM1 rubber contains a larger amount of carbon black, which tends to transfer to
the stainless steel surface and forms a carbon film on the stainless steel surface
under hydrogen environment. Amorphous carbon film often reduces friction under
hydrogen environment[8]. This may be the reason why FKM1 rubber had lower fric-
tion after running-in in hydrogen.

VMQ showed completely opposite trend. A large amount of silica filler was observed
on the disk after the test in hydrogen especially with VMQ2, but COF remained high.
Detached silica filler was pushed out from the contact area and didn’t involve in fric-
tion. Raman analysis supported this hypothesis. Silica was hardly observed in any
cases on the contact area of the disk surface slide against VMQ1 and 2, whereas
silicone rubber base resin itself was observed in both rubber samples tested in air.
This meant that silica couldn’t absorbed effectively on the stainless surface under
hydrogen environment. VMQ rubber also degraded in air, making VMQ's friction in
air lower than hydrogen.

As mentioned above, it was found that the friction and wear characteristics were
complexly and strongly influenced by the type of rubber, the type of filler, and the
environmental conditions.
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Figure 6: Changes in COF depending on rubber type under different environments
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Figure 7: Variety of Raman spectrum for rubber and disk surface after the sliding test

3 Summary and Conclusion

A reciprocating sliding tests were carried out using hemispherical rubber specimen.
Friction and wear characteristics were complexly and strongly influenced by the type
of rubber, the type of filler, and the environmental conditions. Greater tensile strength
of rubber exhibited higher COF in reciprocating sliding test if rubber sample had sim-
ilar hardness. VMQ showed lower COF than others in hydrogen and air. VMQ
showed a sharp drop of COF in air. In contrast, FKM showed a sharp drop of COF
in hydrogen.
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