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Abstract

To figure oui whether the tribological properties of a hard-coated layer can be improved
by ion implantation, TiN-coated SKD 11 and 61 were implanted with nitrogen ion and their
wear properties were examined systematically. The amount of nitrogen ions implanted on the
coated layer was 2x10°% 10 10Y and 10'® jons/cm?® respectively. X-ray diffraction revealed
the intensity of the peaks belong to TiN tended o increase as the ion dose increased, which
implied that the implantation promoted the formation of TiN in the coated laver. However
the hardness of the specimens increased then decreased again as the ion dose increased, re-
sulting in a obvious drop of the hardness for the jon dose of 2X10'® ions/cm® While the
adhesion of the coated layer of SKD 61 was excellent regardless of the implantation, the
adhesion of the layer of SKD 11 was apparently improved by the implantation. The overall
wear properties of SKD 11 was better than that of SKD 61, and the best result was vielded
at the ion dose of 2x10" ions/cn®

1. INTRODUCTION

Ion implantation is an important technigue
for semiconductor fabrication because the
physical properties of a semiconductor can be
modified more rapidly and more precisely by

the technique. But it can be also applied to

improve the tribological properties of the sur-
face of an engineering material because the
mechanical properties of the material can also
be modified by the technigque. Many works in
reality have been carried out o improve over-
all mechanical properties against corrosion,

high temperature oxidation, fatigue, impact,
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wear, ete. by implanting some ions into the
surface area of tool steels". Except lor the
wear pfqperties of such metals as carbon steel,
stainless steel, aluminium alloys, copper alloys,
nickel alloys, and titanium alloys?, the wear
properties of polymers® and ceramics” can
also be enhanced by the lon implantation.
From these works it has been proved that the
life time of ion~implanted components is ex-
tended considerably,

On the other hand improvement of tribologi-
cal properties of various engineering compo-
nents by hard coatings like TN, TiC, and
TICN on the components has greatly attracted
lately in the industrial and research scctors.
This can be attributed to the excellent wear,
corrosi_on, and frictional properties ol these
coatings under cxireme application conditions.
Among the coatings TiN is the most widely
used one in commmercial. Although TiN is such
widely coated on imany cngineering paris, a
systematic study to prolong their iife time has
not been well executed. Futthermore ne work
has been performed how the implantation af-
fects the wear properties of TiN-coated layer
when nitrogen ions were implanted on the
layer, In this study, therefore, as an effort to
extend the lifetime of the components using at
severe working conditions, TiN-coated materials
were Implanted with nifrogen ion and exam-
ined their wear properties to find out whether
the implantation can improve the iribological

properties of the hard-coated materials.
2. EXPERIMENTS

Commercially available SKD 11 and SKD 61

were machined to disc-type (¢ 26mm Xt 4dmn)

specimens. The chemical compositions of these
materials can be found in the reference™. Heat
treatinent of the specimens was carried out by
the conventional heat treatment procedures”.
The awverage value of hardness of SKD 11
after heat trealraent was 61 HRC, while that
of SKD 61 was 51 HRC. After heat treatment
the disc specimens were ground to a surface
finish less than 0.5 gn. Then they were cleaned
ultrasonically in acetone for about 1¢ minutes
and rinsed with alcohol.

TiN coating of the specimens was done by
RF magnetron sputtering. Prior to TiN coating,
the specimens were RF etched in Ar atmo-
sphere under the wvacuum of 5X107% torr.
Then thin Ti layer was deposited first followed
by the deposition of TIN at the vias voltage of
~80 V under the vacuum of 4.3x107% torr.
Final coating of TiN was done at the vias
voltage of -120 V. After TiN coating the coat-
ed layer of the specimens was Implanted by
nitrogen ion uging 206 keV ion implanter. The
ion energy was 100 keV. The current density
were 200 A/em® for the ion dose of 2x10%
and 2x10% 160 A/cm® for 2X10Y, and 280 A/
am® for 210" ions/cm®, respectively. It was
found that the color of the specimen surface
changed from gold to brown as the amount of
ion dose increased.

Implanted specimens were examined by XRD
{Cu Ka, A=0.15405 nm} to investigate the ef-
fect of the implantation on the phase changes
in the coated layer. Variation of hardness of
the specimens was measured by micro Vickers
hardness tester with the applied load of 10 gf.
To measure the adhesion of the coated layer

to the substrate and the changes of the adhe-
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sion by the implantation, scratch fest (REVE-
TEST, CSEM Co.) was employed. The load
applied on a specimen during the test was in-
creased from the initial 100N’ to the final
200N with the loading velocity (dL/df} of 100
N/min and the transporting rate (dx/dt) of 10
ram/min. Failure of a coated layer occurred at
a critical load (Le) was detected by an acou-
stic detector. The wear and friction test were
conducted for one hour in air utilizing a reci-
procal  ball-on-disc  type test machine
(Cameron Pint TE77). The load appled on a
specimen was 10 N and the sliding speed was
fixed at 1 Hz throughout the sliding distance
~of 10 mm. The loading balls were made of
bearing steels. Changes of friction coefficient
were obtained from the test. The wear volurme
was calculated by measuring the weight
change of a specimen before and after the
test. The shape of wear tracks was observed
hy SEM.

3. RESULTS and DISCUSSION

Fig. 1 and 2 shows the X-ray reflections

obtained from the specimens of SKD 11 and

SKD 81, respectively. In every case, strong re-
flections were observed from Fe (110) and Fe
(200%.

For SKD 11, weak reflections which seemed
to be attributed to the formation of Fe-Cr
compound were also observed at 28= ~426°
and 50°. After the TiN coating of SKD i1
(Fig. 1b» not only TiN (111) and TIN (200
were clearly observed, but also Ti:N (112) was
observed. [t tells us that small amount of Ti.N
is also formed with TiN by the coating, Altho-

Fig. 1
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ugh no ebvious change of the diffraction pat-
tern was observed after ion implantation, inte-
nsities of TIN peaks tended fo increase as the
amount of nitrogen-ion dose increased. It im-
plies that the region of TIN in the coated
layer is extended by the implantation.

Broad peaks observed at 28=35~38" are
thought to be related to the wide homogeneity
range of TIN®. The specimens of SKD 61
show simpler diffraction patterns, withoul re-
vealing the reflections of Fe.Ti or Pe-Cr. After
implantation, the intensity of TiN (200} in-
creased with the increase of the amount of
nitrogen-ion dose, teiling us the promotion of
TiN in the coated layer by the implantation.

Fig. 3 shows the average values of hardness
of the TiN coated and then nitrogen-ion im-
planted lavers. As shown in the figure, hard-
ness of the surface area generally increases
afier implantation. For the specimens of SKD
11 the increase of hardness showed its peak

at the lon dose of 2X10" jons/em®, while that
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of the SKD 61 occurred at the ion dose of 2X
10'7 ions/em® At the lon dose of 2xX10" ions/
em’, hardness of both specimens were obviously
decreased, Therefore, implantation of excessive
amount of nitrogen ions is not effective to
improve the sutface hardness. The up and
down of the hardness occurring by the im-
plantation is thought to be due to the mutual
reaction ol several factors such as solution
hardening on the.implanted surface, dispersion
of nitrides, and formation of defects like wva-
cancy and dislocarions during implantation™ ®.
Fig 4 and 5 show the results of scratch
tests performed to ligure out how lon implan-
tation affects the adhesion of the coated layer
to the substrate. In the case of unimplanted
SKD 11, as shown in Fig. 4a, double peaks of
friction force (FU} and acoustic emission (AR}
coincide at around 125 N, Tt tells us that,
although the second layer was very thin, the
coated layer was actually consisted of double
layers and they exfoliated almost at the same
time. After implantation, however, thickness of
the second layer decreased as the amount of
nitrogen-ion doge increased as shown in Fig
4b and 4c. Eventually the second layer de-
creased almost completely at the ion dose of 2
X 10" jons/cm®. At the same time, the adhesion
of the laver was also improved when the
amount of jon dose Is more than 2% 10V ions/
cm?, During implantation, high-energy nitrogen
ions colliding into the TiN-coated layer provide
the thermal energy which promotes atornic
diffusion and chemical reaction in the laver.
This premetion eventually enhances the inter-
mixing effect?, yielding a transition from the

double layer (o the monelayer and the impro-
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vement'of the adhesion. Unimplanted SKD &1,
as shown in Fig. ba, clearly shows abrupt
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Fig. 5 Same as Fig. 4, for SKO 61,

layvers. However, acoustic emission dose not
show any change, telling us that the adhesion
of the layer 1o the substrate is excellent. Re-
gardless of ion implantation, the adhesion of
the coated luyer was excellent for the speci-
mens of SKD &1. But the change in the for-
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mation of the layers due to the nitrogen-ion
implantation was more obvicus as shown in
Fig. bb and be.

The changes of friction coefficient of the
TiN-coated and then nitrogen-ion implanted
SKD 11 and SKD 61 are compiled in Fig. 6
and 7, respectively. Friction coefficient of the
specimens implanted with the ion dose of 2X
10' and 2x 10" ions/em?® in each case showed
similar variation to those of the specimens im-
In all

specimens friction coefficient instantansously

planted with the ion dose of 2x10".

increased at the beginning of the test. For

SKD 11, friction coefficients generally in
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creased as the tests were proceeded except
for the specimen implanted with the ion dose
of 2x10" ions/em® In general, as the friction
between the test ball and the specimen contin-
ues, the coated layer wears out and exfoliates
in the formation of considerable
amount of debris. Then the debris may adhere

resulting

to the test ball causing an adhesive wear or
be deformed plasiically by the ball It can be
the reason of the increase. However, the spec-
imen implanted with the ion dose of 2X 10
ions/cm® reveals better wear properties by
showing that gradual decrease of friction co-
efficient throughoﬁt the test, which tells us
that it was worn out abrasively. The specimens
of SKD 6 showed relatively simpler changes
in fricgon coefficient as show in Fig. 7. Excent
the abrupt incresse of the coefficient at the

beginning of the test, friction coefficients
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were at steady stafe or they gradually de-
creased as the tests were proceeded.

The wariation of friction coefficient just
mentioned above implies that the wear proper-
ties of SKD 61 would be better than those of
SKD 11. SEM observation of the wear tracks,
however, does not support it. Fig. 8 and 9
gshow the wear tracks of TiN-coated and then
nitrogen-ion implanted SKD 11 and 61, respe-
wear track
of the SKD 11 was much smaller than that of

ctively. Before implantation, the

the SKD 61, producing less amount of wear
debris (not shown in this paper). In general,
high enough hardness of the coated layer and

28 kV x1.@88K

the substrate and the superior adhesion of the
layer to the substrate are prerequisite to the
excellent wear properties of a coated material'®.
But, as revealed in Fig. 3, hardness of SKD 11
is higher than that of SKD 61. Therefore,
even though the adhesion of the coated layers
of SKD 61 is superior to that of SKD 11,
overall wear properties of SKD 11 are better
than those of SKI) 61. The difference of the
overall wear properties of the (wo is expected
to carry over to the implanied specimens as it
is. Fig. 8 and 9 tell us that the wear behavior
of the specimens was relatively complicate,

usually  accompanying adhesive  wear with

Fig. 8 SEM micrographs of wear tracks forrmed on SKID 11 coated with TIN fuliowed by the nitrogen-ion
imolatation with the won dose of {a) 2x 10 {BI2 X 10" ()2 x 10" and {d) 2> 10" cns/om?



abrasive wear. It can be seen that specimens
in Fig. 8a, %, and 9 were mainly worn out
abrasively, while the others were worn out
adhesively. Agglomeration and plastic deforma-
tion of wear debris are elearly shown In the
central region of ¥Fig. 8b. Delamination of the
coated laver is also clearly seen in the upper
part, of the figure, Britlle fracture and delami-
nation of the coated jayer are thought to be
attributed o the inability of the layer Gwhich
is inherently brittle) to sustain the same
amount of elasto-plastic deformation ol the
sofiler substrate experienced during the cyelie

loading and unloading process™. Fig. 10 shows

ST S T

28 kV x1.58K 2

8 Tour SKD &t
e vanation of weight loss of SKD 11 caused
by the wear test. As shown in the figure, the
specimen implanted with the ion dose of 2X10

ions/em®  vielded the least weight loss.
Therefore, the specimen of SKD 11 implanted
with the fon dose of 2> 10 ions/em® exhibited
the best tribelogical properties even though
the results of hardness test, adhesion test, and

wear test are not matched consistently.
4. SUMMARY

By XRD it was obscrved thal the peaks be-

long {o TIN tended o increase as the amount



TIN s SKDILE SKDAL2] W] vjan A def mi = o] &g 75 399

0005 T T T T T
.Qoe4 -

0003 -

Weight Losz (g)

.0002 L =

0001 +

00000— | I 5. 1 L
0 2X10™ 210" 2x16"  2x10™

N, Dase {ionsfem’)
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of ion dose increased, which implied the im-
plantation promoted the formation of TiN in
the coated layer. The hardness of the speci-
mens tend to increase and then decreage as
the amount of ion dose increases, resulting in
a obvicus drop of the hardness for the ion
dose of 2x10' ions/cm?®. While the adhesion of
the coated laver of SKD 61 was excellent re-
gardiess of the implantation, the adhesion of
the layer of SKD 11 was apparently improved
by the implantation. The overall wear proper-
ties of SKD Il was better than that of SKD
61, and the best result was vielded at the lon
dose of 2x 10 ions/cm®

5 ACKNOWLEDGMENT

This work was supported by Korea Research
Institute of Standards and Science, 1995,

REFERENCES

1. N. E. W. Hartley, G. Dearnaley, J. F. Turn-
er, and J. Saunders, Application of Ion
Beams to Metals, eds, S. T. Picraux, E. P.
EeNisse and F. L. Vook, Plenum, New York
(1974}, p 123.

2. P. Ballhause, G. K. Wolf, and Chr. Weist,
Materials Sci. and Eng. Alls (198%), p 275

3. M. Twak, Ion Implantation in Japan in Non
~-Semiconductor Fields (1989), p 369.

4, C. J. McHargue, C. W. White, B. R. Apple-
ton, G. C. Farlow, and J. M, Wiliams, lon
Iroplantation and lon Bearm Processing of
Materials, eds. G. K. Hubler, 0. W. Holland,
C. R. Clayton, and C. W. White, Mat. Res.
Soci. Symposia Proc. Vol. 27 (1993}, p 621.

5. B. K. Koo, and Y. H. Hong, Heat treatment
of special steels, Heat treatment technology
series 4, Won Chang, Seoul (1991), ch. 3.

6. Binary Alloy Phase Diagrams, 2nd ed., Vol
3, APDIC, p 2707

7. Development of ion implanter and implan-
tation technology for industrial uses, KAE-
RI/RR-1049/91 (1991), p 163.

8. P. D. Goode, Proc. of 8th Int. Conf. Ion
Bearn Modification of Materials, B 39
(1989}, p B2l

9. K. B. Kim, ¢. 8. Chung, and Y.N. Paek,
Korean J. Surface Eng., 28 (1995), p 343.

10. K. H. Ko, J. H. Ahn, C. S, Bae, and H. S.
Chung, Korean J. Materials Research, 5
(19953, p 960.

11. A. Erdemir and R. F. Hochman, Proc.
Conf. lon Iraplantation and Plasma Assisted
Processes for Industrial Applications, Atla-
nta, GA {1988), p 43.



