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4.2 A Study on Temperature Effect of
Ta + N Implanted Hard Alloy

ZHAO Qing TONG Honghui MO Zitao
TANG Deli  GENG Man ZHENG Yongzhen
Key words Hard alloy Ta +N ion implantation = Temperature effect

The ion implantation is an efficacious
surface modification technology and notable
effect has been produced in the surface
hardness, wearability and corrosion resistance
of materials. However, the major limitation
for wide use in industry was that the modifi-
cation layer was too shallow to be fit to in-
dustrial application. Although the modifica-
tion layer can be improved by increasing the
implantation energy, a lot of X-ray must be
induced so as to be harmful to health. Eleva-
ting implantation is a new method that can
improve implantation layer, and the optimum
surface modification layer can be obtained. It
is reported that the elevated temperature of a
single ion implantation has been succeeded,
but there has been none of report on elevat-
ed temperature of dual ions implantation up
to now yet.

In this paper, a study of N + Ta dual ion

implantation in typical hard alloy is present-

ed. It includes that the target temperature
varied over a wide range by varying the fre-
quency of high pulse power and the present
results of investigation about the temperature
effect on dual nitrogen plus tantalum con-
centration profile and the mechanical prop-

erties of hard alloy.

1 Experimental methods

The samples were type YT15 hard metal,
composed of : WC-79% , TiC-15% , Co-6% .
The samples were cleaned in an alcohol ul-
trasonic bath before treatment. PSII treatment
was carried out in the PSII-IBED device at
southwestern institute of physics. Determina-
tion of the target temperature was made us-
ing a thermocouple. The chamber was filled
with nitrogen at a working pressure of 5.3 x
107? Pa. Tantalum ions were implanted into
the surface consecutively with a cathodic arc

plasma source, at the same time, nitrogen
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ions were implanted by PSIL. The implanta-
tion conditions are shown in Table 1. The

target was uncooled.

Table 1 Ion implantation conditions

Sample No. A C

N + Ta N+ Ta

lon energy /keV 50(N) +40(Ta) 50(N) +40(Ta)
Dose /10" ions * em™? 8(N) + 8(Ta) 8(N) +8(Ta)
Temperature / C 100 400
100{N) +33(Ta) 400(N) + 100(Ta)

Implanted ions

Frequent/Hz

Auger electron spectroscopy (AES) with
Ar* ion gun spuittering was used to determine
the nitrogen and tantalum concentration depth
profile. Scanning electron microscopy (SEM)
was employed to observe the microstructural
changes. X-ray diffraction (XRD) with Cu K,
radiation was used to determine the phases
in the modified layer. A Vickers microhard-
ness tester was employed to determine the
hardness change. Measurements were per-

formed at various loads in the range of 25 ~

300 gf.

2 Result and discussion
2.1 Nitrogen and tantalum concentra-
tion depth profile

Nitrogen and tantalum concentration pro-
files are shown in Fig. 1 (a) and (b) for the
samples implanted at 100 °C and 400 C. By
comparison, it had a very different shape. It
is very evident that the specimens at 100 C
[ (Fig. 1(a)] hard a typical Gauss distribu-
tion, the maximum nitrogen atomic concen-
tration measured was about 32% after a
sputtering time of 5 min, the nitrogen concen-
tration is disappeared after a sputtering time
of 30 min. However, to tantalum concentra-

tion profile, the maximum atomic concentra-
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Fig. 1  Nitrogen and tantalum profile of specimen im-
planted at 100 C (a), 400 C (b), respectively

tion measured is only 11% after a sputtering
time of about 2 min, the area under the tan-
talum profile is smaller in the sample at 100
°C, indicating that the nitrogen plus tantalum
modification layer at 100 °C is very shallow.

The distribution curve of the high tempera-
ture implantation had a very different shape,
the nitrogen and tantalum concentration pro-
file across the diffusion zone for the sample
are presented in Fig. 2. A peak of about 34%
in nitrogen atomic concentration is observed
at the sputtering time of 8 min, which repre-
sents the penetration depth of the energetic
nitrogen ions. At greater depths a plateau at
about 28% can be observed, it can not drop
off after a sputtering time of 60 min
(approximately 1.5 wm). The profile of tan-
talum shows that a maximum peak near the
surface was about 18% , followed by a long
tail. The maximum penetration of injected

atomic species has increased.
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Fig. 2 Vickers microhardness of specimens

The effect of diffusion on the nitrogen and
tantalum curve at high temperature is very
significant. This can be seen by comparison
of Fig. 1(a) and (b). It is apparent that the
combination of thermal-radiation-enhanced
diffusion and perhaps thermal gradient diffu-
sion has resulted in further substantial pene-
tration of nitrogen atom into the substrate in-
terior.

2.2  Microhardness measurement

Fig. 2 shows results of the microhardness
measurements as function of load. For high
temperature implantation the surface hard-
ness increased by 200% under a load of 25
gf. This hardness improvement is more sig-
nificant than that observed at low tempera-
ture. This can be explained by (1) the more
stable nitrides formed during high tempera-
ture implantation and (2) the thicker im-
planted layer in the high-temperature-implan-
tation specimen. The hardness decreased as
the load increased and the indentation pene-
trates more deeply into the specimens, the
hardening effect of the implanted layer be-
comes less significant.

2.3 X-ray diffraction (XRD) analysis

The reason for the hardening effect was

elucidated by phase analysis. Fig. 3 shows

the results of X-ray diffraction patterns at an
incidence of 5°. At a low processing temper-
ature, it showed that compound WC, TiC and
Co phase were detected due to weight per-
cent about 79 WC, 15 TiC and 60 Co in
YT15 hardmetal, respectively, similar to un-
treated hardmetal, no evidence of the forma-
tion of nitrides were found. At 400 °C , the
X-ray peaks indicate the formation of XRD
of the Ta + N implant. The peak of TaN, WN
and the WC became broad, this phase is the

hardest one in this system.
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Fig.3  The XRD of the Ta + N implant

This work shows that the effect of elevat-
ed temperature implantation is very signifi-
cant, it controls the phase formation, and a
considerable improvement in the surface
property of hardmetal without any deteriora-
tion or even with an improvement in chemi-
cal stability can be achieved.

2.4  Structure changes

Scanning electron microscopy of unim-
planted hardmetal indicated the presence of
a fine distribution of precipitate with a strip
and spherical morphology. These strip precip-
itates are WC crystal structure. These spheri-
cal precipitates are TiC-WC crystal struc-
ture. After Ta + N dual ion implantation the
near-surface microstructure changed substan-

tially and became more complicated. The mi-
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crostructure shows the sample implanted at
100 C, the presence of dark spots is im-
planted N + Ta ions, but the wholly surface
structure hasn’ t obviously changed. The mi-
crostructure shows the sample implanted with
Ta + N dual ion at 400 C , the surface mi-
crostructure has been obviously changed,
these strip precipitates has disappeared, the
presence of many dark spots which could be
either second phases (possibly nitrides) or
defect clusters(e. g. dislocation loops) formed
during irradiation. A possible explanation for
the presence of such fringes may be the jux-
taposition of the matrix and nitride phase
with substantially different lattice parame-
ters. Near-surface chemical analysis of the
implanted sampIe using XRD showed the
presence of TaN, WN phases formed from
the reaction between dual implanted nitrogen
and tantalum and hardmetal elements pre-
sent in solid solution. These nitride phases
would be expected to contribute significantly

to the improvement of surface properties.
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3 Conclusion

By means of elevated temperature N + Ta
dual 1lon implantation, a hardened layer of
substantial thickness can be achieved in re-
latively short time. The characteristics of this
layer depend upon the compositon of im-
planted material and to a certain extent its
microstructure. Dual N + Ta ion implantation
of hardmetal at a temperature of 400 C re-
sulted in significantly deeper penertration of
nitropen and tantalum as compared with
specimens implanted at 100 °C. In addition,
stable in nitride precipitates were observed
after high temperature implantation. This re-
sulted in higher hardness.

The extent of dual TA + N diffusion ob-
served during high temperature implantation
was In excess of that expected by thermal
mobility alone. It is proposed that the steep
thermal gradient that existed during implan-
tation played a significant role in enhancing

nitrogen and diffusion.



