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Hardness and adhesion of the reactively sputtered Zr/ZrN
on the stainless steel(SUS304) and tool steel(SKH9)
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Abstract

Adhesion and hardeness are the most mmportant properties of a hard coated layer which is apphed to
wear—resistant devices. Zr/ZrN layer was deposited on tool steel (SKH9) and stainless steel(SUS304) by a re-
active D, C. magnetron sputtering technigue and their microhardness and adhesion strength were measured
for the films processed by changing the partial pressures of INJ gas (4~10x10"*mbar) and the substrate bias
voltage(0~250V ). The adhesion strength was evaluated by acoustic signals through the scratch-test with the
incremental applied load. As the partial pressure of N, gas and the substrate bias voltage were mcresed, the
adhesion strength of tool steel was observed to be stronger than that of the stainless steel. The adhesion
strength was generally, observed to decrease with the same tendency regardless of the kinds of substrates.
The adhesion strength of tool steel was increased more and more strongly than that of stainless steel as heat-
treated temperature was increased. The strength of tool steel was appeared to be high adhesion strength at
4007, From the failure mode of the film during the scratch adhesion test, the cohesive fallure was observed
to be cbvious and the adhesive failure in a minor portien in the Zr/ZrN doublelayer regardless of the kinds of

substrates.



zHglalaet Tk Slo] 2 EEA

H Ze/leN T8l el AR o]

Aol wgh oS- 317

aa]z_]-E_i‘j,]_ Welr EAel slMde] Zrgde] 7pA
Z 4k vlAn, olf Aty HaA mAlel
=rEAA, A EFAE(ntermixing) & #1§
2HE o A ale]e] s (bias)E sHEE Wy g
HAG FrES A5 dhgSe] o] o]
23 9> Helmersson%ol &) A5

7w Aabr)e £ue Frhv7] He 4
S WAlste] 2EFe] WA o A=e] o

FAHN o) %o ot e 2HE
43 AE o BARL dHgel BjF A

S 5 DR IENE T
2 =A = ol }‘}““g'b]"f_" 28| ]l e 27 (SUS304)
9_}_ ) Mag l;_{ako‘! AR = adg 71.
(SKH9) & =2Alg AL23}0], u}_/ZJ AR AR
7 (reactively D. C. Sputtermg)h“dl o4 Zraat
¢ §49 LNaYEE HEo), 29359 4=

=
o WL Aave o H—Olﬂﬁ/ﬂiu ¥ sl

J

2

Jas

By
>,
R T T

%

=t

l‘l.

Zlzzdof 4] 7‘15’—"543]0}04 "é?‘“* Hﬂliﬂr-‘- "4 &
o - Vol oldt ZrNaelZeo mABAd = 3
A& AEstel

2 4 Y

ZrN % ZrE7ide] Fabo) AR avfelE At
2+ LEYBOLD-HERAEUS, Z-400(3}57| A
T4 A el=, A3 (substrate) 2 8= 7T
of Az de o] gEyE T3 (SHKI) 9 &
gl el 27 (SUS304) & Ah&atsich A & 4]
#e 9duj(1 x diamond paste) sk ]2 T wdef
of 1087 =5t BAekd 9 A HzEe,
Agdr|del #Adstn 27AFES 9 107°
mbar”}ll o] 718 g, DTE olEEIMAE F
x 10 "'Zmbari i Y

ol
k)
&

olo
N
0

22

i
o
[

el = 7Hl ton bombarding
off &gt Lujelaziyg °w? 1042 gsigic &
B (bias)d gte] W] w
Z = 7IrN shl&3 7r/7rN

RECAAI N HUde huE ¥

BE0We. R wAs, i

10X 10 *mbar = 0~250V H%i Hahal# 20
Bl ZabEld ok, Zr/4rN ol &4 A% Ir £
7rE e 0}:-15’,_—7}4‘:(8x10 mbar) 221 7]l
A AeEe 100Wa AT, %‘U]z}% 2~11
oz W Z oA ZeErE FA kg
Foi Fabgk F, & Lr)A ZrN =2z 7 ol A
Zatglednt, E21&7re] F4E B —backscatter

A 2&A 7| (MICRO-DERM, MP-600)& o] &3}
of ZAssict Fae vladed F450] 4
&l MatsuzawaAle] wla7 < 28 7] (DMH-1, dig-
italeb4 ) AHg-stglen, od dE& 10, 25,
50, 100gfe2 ztzt 2043 A% HTFH2 B
vehgsich RRlEe) WAL GHGSAG A
A dg] A=Y seratch® 24 &2 71 (CSEM
+} REVETEST) & Ab-&3hed, 54157} 549
A QARFgez ARagch T
Fx7 et

e g
2. seratch &3 2] &
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Fig. 10. 5. E. M. micrographs and E. D. S. spectroscopy of scratch adhesion tested channel of Zr/
Z:N films deposited on SKH9 with vacuum heat treated at 400°C during 2hrs, (power :550W,
Par:8X 107 mbar, Py:4x 107 'mbar, time: 20min and Zr—interlayer 0.2um.}
A.B) 8. E. M micrographs C, D, E} E. D S spectrum for C} unflacked
D} half-flacked E) flaked
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