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The Effects of Sputtering conditions in Pre Sputtering on the Formation

Behavior of Nitride Layer in the Ion Nitriding of Stainless Steel
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Abstract
Stainless steels in general has passive film

having strong corrosion resistance on surface.
Therefore it must be necessarily removed by etching
in mixing solution of sulfuric and chloric acid before
Nitriding treatment. But in the ion nitriding, nitride
layer was easily formed because passive film was
removed without difficult by sputtering effect. The
removal extent of these passive films was greatly
effected by gas mixing ratios and pressure and
holding times of pre sputtering factors in pre
sputtering stage. As a results of experiment it has
been known that pre sputtering pressure and holding
effective on the formation
behavior of nitride layer. But when Ar/H.
1/2° (vol%)

effective of the all pre sputtering conditions. It was

time was not nearly
gas
mixing ratios was was the most
resulted from the combination of mechanical reaction
by Argon bombardment and chemical reaction by

reduction of hydrogen on the passive film.

1. 4 e
JedaEe o2 ANED T o8 A
gwo] #48dmz A&d FH5gs AHg
cleaning# g ol T4 7h2e] 3 AFHoZ o Fd
An, Frad, dexdoe] &olgto] AlHol HAg g

4 glols ws”’ Ans

g A ¢ oQdoh w3 &

o CrOE FAHE e

(JrzO:g - FexO3 - NiO9] 2 2= SnmA R XY

197

st AR TSI 641-773
F4E 11004 FA71508 F537 641-772

> 8
e
2

4 o
)
oX,

rie o
>\l rl(‘

4o oft ~r
ot ox okt

=
o
=)

lo
ol
ox
ol
rr

Agol YA BE HalHe
& 7t REHuuns #9478
Ak ANOyS 318 &3 g0
HIHAA AFAAAG & SzgA
5x10‘mmFAe FEgE o s
#AYE s A7 Fosn?
AA F stadld o3 A4 NH;
Fhrsle] Addd st da)
TSI oA FtY Fol £ oAl A AR
FEHIANE P48y fEe Has W
T ol dste A Axe £ A
7} 29E% FL 9% AH
9 FAAL o 2 B YY)
34 e xeda szt v)
AL 89 oz 52

Aeke o A% 5 glojA 2

of
o,
N
¢ x
b o
™ o
ek
jant
a e
:;l

|9
ot
P>
o

Mo O
:\
= o Ay

- 2
o =
oo

N?L &)

FOow oo X
o
N

3
> et
ofN
2 b
i
1=}
{¥

4 20)
AbA ZHA A g
9 REey s

wwol CEEN:

ro

©

o

_J

=
2
&
i
o =
= k2
w
29

g AFoE golsd el A saA @
ohomebd, B dFo M 9 AadolBEA A~
7 Eud 43 Z2e gAY i £ BN 27 ~
HElge Mt Regudze oud gis v
A s Al ZgHae 1 Qo] olojAE E
zE&u R
2.4 84y

2 Addd AHgS AHE Tmm FAY 015mm

STS 304 2| A7dogs 1 Fatzde ¥in 2

1050 9| %J%—EHW’HH [AbEe 74

i olE



g el gAY AT. FAGE AHE ®H2
of #e) 2V 2HEHY 2AE WHAIIAA 10mbar
9 gEag 4507, 520T, 28x 570THA 15087k
NyHz @ 4/1(vol %) EF71 28 Ap&ate] A 8 d
o AsHE ¥ dsE Zold dWHAR REE
SEM(HITACHIAF S-2400)% 1 A 7 = A (MasuzawaAl
MXT-70, Loading time 15sec)& A&t ZA}ahgd
o, A4 3FE44S XRD(Rigakual, Cu target) 0.2
el aeln 27 ~WEHE $9o SEeguE
of AA elety] s v EER 2¥Ey 3
Z(LEYBOLD -HERAEUSA} Z-400)2 ¥39 b
AES 23t A A}

AEE

A8 STS 304 28Qla] 27
g Jehdz gk 450ToA o]
A3 HE S Ar/H21/2(vol%)dd S A st
B A% EY AT A& wad A o
g uhal dov HUYATE HVIO Hu 3%
ol 0maA dgEe Axe Aoy} g
2ed mo nlste] meokete o £ gy o2
A4EE A47te] AddeEdA 9% 2UgEL A
st A A e diF oz tE 450T o] 2A g
LEdAE wHddAge] ooz Az " s ¥
FHAA TR, ®ok ol AR
LE71 520C 9 570C #lg Yoz o} Fio

A7 150253 o]
YUAEREWSE

= oF
<

2 3

l

Ol

& Yaoleg

Table. 1 Chemical composition of STS 304 stainless steel (wt.%)

C Si Mn P S Ni Cr Cu
0.04 0.49 174 0.036 0.007 9.09 18.20 2.10
Table 2. Pre-sputtering process fectors and paramaters.
Parameter Working pressure Gas mixing ratio Holding time
Factor (mbar) (Ar/No/Ha{voi%)) (min)
6x10" only Ar 60
£x10" Ar [ He: 4 /1 60
Gas mixing ratio 6x 107" ArfH 11 /2 60
6x10" only Nz 60
25 only Ho 60
6x10Q" ArfH:: 4 /1 30
Holding time 6x10" Ar/ H 4 /1 60
6x10" Ar/H 4 /1 90
) 4x10™ Ar/ H, 15/ 1 60
Working pressure > At/ Mo 5/ 1 0
*Plasma power is the same in the all condition.
. *Applied voltage (Amp.) : 700V (1.0A)
Table 3. Treatment conditions of AES specimen
Parameter Working pressure Plasma power Pt coating time
Gas Mixing rafio {mbar) (W) (sec)
comparision_sample (non sputtering)
only Ar 6x10" 360 90
only Ho 8 360 90
Ar/Halvol%) : 1/2 7x10" 360 90
only N gx 10" 360 90
Pt coating : + Plasma power : 110Vg
* Working pressure(mbar) : 5.5x%10™ (under Ar gas)
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Fig.] Hardness change from surface of the SUS304 which was
ion-nitried at 450TC for 150min after presputtering under varioud

conditions.
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Fig.2 Hardness change from surface of the SUS304 which was
ion-nitricd at 450°C for 150min after pre sputtering under varioud

conditions.
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Fig.3 SEM micrographs of the nitride layer of the ion nitrided
specimen at 520C for 150min after pre sputting under various
condition. (a) only Ar (b) Ar/Hz4/1(vol%) (c) Ar/H22/1(vol%) (d)
only Hz (e) only N2
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Fig.4 Hardness distribution as a function of distance from surface
of the nitrided SUS304 at 520°C for 150min after presputting

according to the pressure change into the furnace
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Fig.5 Hardness distribution as a function of distance from surface
of the nitrided SUS304 at 520T for 150min after presputting

according to the pressure change into the furnace
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Fig. 6. X-ray diffraction patterms according to depth of ion
nitrided specimen at 520C for 150min. (a) The surface (b)
25um cut off (c) 50um cut off.
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Fig. 7 AES depth profile of non sputtered specimen and presputtered specimens undervarious presputtering
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Fig. 9 Hardness distribution as a function of distance from
surface of the ion nitreded STS 304 after presputtering at
various presputtering conditions on the oxidized STS 304
at 900C for 12min.

Fig.10 SEM micrographs on the surface of the sputtered
specimen after oxidation at 900C for 120min. (a) after

oxidation (b) sputtering by Ar gas after oxidation (c)
sputtering by hydrogen gas after oxidation.
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