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Author Synopsis
Min Yuan, This TI reports the results of pin-on-disk wear tests of five SilcoTek coatings:
R&D Scientist SL1000, Dursan, Siltride, RD13 and RD14, along with uncoated control samples.

Results from two sets of test conditions were reported, and samples were analyzed
with profilometry, SEM and EDS techniques to obtain wear track volumes and

SilcoTek® Corporation coating integrity information after wear. The tested coatings were ranked in terms
of wear performance based on the analysis results.

Background

Pin-on-disk is a widely used technique to evaluate tribological properties of thin
protective films. The measurement is usually carried out using a tribometer as
depicted in Figure 1 below, with the sample mounted on a rotating stage and
a stationary pin pressed against the sample surface (the rotating disk) under
a given load to create a wear track. The most common shapes for the pin are
spherical (ball) or cylindrical due to ease of alignment. The volume of the wear
track (material lost) is measured to calculate the wear rate of the film material,
and under identical test conditions, can be used to compare the wear resistance
of different films.

Five SilcoTek coatings (SL1000, Dursan, Siltride, RD13 and RD14), along with
uncoated control samples were independently tested via pin-on-disk by the
Tribology/Materials Processing Laboratory at the Pennsylvania State University.
Post-test samples were analyzed using profilometry and SEM/EDS techniques
to quantify the wear track volume and assess coating integrity. The test results
are reported in this Tl and the five coatings are ranked in terms of their wear
performance based on the analysis results.




Data and Discussion

Electropolished 316L stainless-steel coupons (2.25”L x 2.25"W x 0.03”D) were used as substrates in this study.
Coupons went through SilcoTek’s standard surface preparation and coating processes for each individual coating
type. Uncoated control samples were sent through the standard surface preparation but not the coating process.
Testing was conducted on a Bruker UMT TriboLab tribometer equipped with the pin-on-disk module at room
temperature in ambient air, and a hardened 440C stainless-steel ball was used as the pin in the test. Sample
wear tracks were analyzed using a KLA Tencor P16+ profilometer to measure wear track cross sectional areas,
and a Thermo Fisher Scientific Apreo SEM equipment equipped with an EDS analyzer to assess coating integrity
after wear. Wear rate was calculated from the measured wear cross-sectional area.2 Two different test conditions
were used for wear evaluation of the coatings and the results are reported below.
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Figure 1: A schematic diagram of a pin-on-disk test’

1. Test condition 1: 1N force and 15 minutes test duration

The test parameters for condition 1 are outlined in Table 1. Three coupons from each coating type as well as the
uncoated control were tested under condition 1. The average value of the three samples for each tested surface
is reported in Table 2 below, along with the corresponding wear rate calculated from the wear track cross sectional
area.? Figure 2 shows the wear track cross sectional profile comparison of the six surfaces. Dursan, Siltride and
RD13 showed much smoother wear tracks than the other three surfaces, indicating less material loss hence higher

wear resistance.

Test Parameters All Samples

Load (N) 1.0

Test duration (min) 15

Speed (rpm) 80

Wear track radius (mm) 3

# of revolutions of the disk 1200

Ball material Hardened 440C stainless-steel
Ball diameter 12.7

Table 1: Pin-on-disk test condition 1

Test conditions 1N and 15 minutes

Surface RD13 Siltride Dursan uncoated SL1000 RD14
Wear track 42.819 44 .411 66.587 113.132 154.107 241.136
cross section
(um?)
Wear rate x10° 3.568 3.701 5.549 9.428 12.842 20.095
(mm?3/Nm)

Table 2: Average wear track cross sectional area and corresponding wear rate for each tested surface
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Figure 2: Wear track cross sectional profile comparison of the six tested surfaces (1N and 15 minutes)

The post-wear samples were also analyzed using SEM and EDS techniques to assess the wear track appearance
and coating integrity. Figure 3 shows the SEM images of the six surfaces after test (grey images; all taken at 500x
magnifications) and their corresponding silicon EDS maps (blue maps for the coated samples and green iron map
for the uncoated control). A lack of blue in the EDS map indicates coating loss as a result of the pin-on-disk test.
While the uncoated control, SL1000 and RD14 all showed considerable material loss in the EDS maps, Siltride and
RD13 showed minimal coating loss and Dursan showed a narrow wear track with a small amount of coating loss.
These observations agree well with the profilometry results reported in Figure 2, confirming that Siltride, RD13 and
Dursan are the three top performers under test condition 1.
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Figure 3: Wear track of the six tested surfaces under SEM (grey images; all taken at 500x magnifications) and silicon EDS maps
showing coating coverage after test (coated samples in blue silicon EDS maps and the uncoated control in green iron map)



2. Test condition 2: 2N force and 20 minutes test duration

Test Parameters All samples

Load (N) 2.0

Test duration (min) 20

Speed (rpm) 80

Wear track radius (nm) 3

# of revolutions of the disk 1600

Ball material Hardened 440C stainless steel
Ball diameter (mm) 12.7

Table 3: Pin-on-disk test condition 2

The test parameters for condition 2 are outlined in Table 3. Only the three top performers in test 1 and the uncoated
control were tested under condition 2, and one sample was tested per surface type. The wear track cross sectional
areas and their corresponding wear rates are reported in Table 4 below. Figure 4 shows the wear track cross
sectional profile comparison of the four surfaces. Siltride showed smoother wear track profile and outperformed the
other three surfaces in terms of wear resistance.

Test Conditions 2N and 20 minutes
Surface Siltride Uncoated Dursan RD13
Wear track cross 67.860 182.374 214.759 288.597
section (um?)
Wear rate x10° 2.121 5.699 6.711 9.019
(mm3/Nm)

Table 4: Average wear track cross sectional area and corresponding wear rate for each tested surface
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Figure 4: Wear track cross sectional profile comparison of the four tested surfaces (2N and 20 minutes)

The post-wear samples were again analyzed using SEM and EDS techniques to assess the wear track appearance
and coating integrity. Figure 5 shows the SEM images of the four surfaces after test (top row; all taken at 500x
magnifications) and their corresponding EDS maps (coated samples in blue silicon maps and the uncoated control
in teal iron map). A lack of blue in the EDS map indicates coating loss due to the pin-on-disk test. The results
correspond well with the profilometry results reported in Figure 4. Siltride showed some coating loss but overall
much better integrity than Dursan and RD13 under test condition 2.
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Figure 5: Wear track of the four tested surfaces under SEM (top row; all taken at 500x magnifications)
and EDS maps (bottom row) showing coating coverage after test (coated samples in blue silicon EDS
maps and the uncoated control in teal iron map)

Summary

This Tl reports the pin-on-disk wear test results of five SilcoTek coatings (SL1000, Dursan, Siltride, RD13 and RD14),
along with uncoated control samples. The pin-on-disk test was carried out at the Tribology/Materials Processing
Laboratory at the Pennsylvania State University, using two sets of conditions. Post-test samples were analyzed
using profilometry and SEM/EDS techniques to quantify the wear track volume and assess coating integrity. Based
on the results from both test conditions, the five coatings were ranked in terms of their wear performance as follows:
Siltride > RD13 ~ Dursan > SL1000 > RD14. Siltride was found to be the most wear resistant coating of the five,
and the wear rate of Siltride was about 40% of the uncoated stainless-steel surface under both testing conditions.
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