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Abstract — The changes of hardness and wear resistance as well as Fe nitride formation behavior
have been studied for nitrogen implanted STD 11 steel which is one of major industrial mold
material. The nitride formation of Fe,N has been observed above total dose of 5X 10" ions/cm?
at 90 keV from XRD analysis. The hardness and wear resistance were enhanced by nitrogen implan-
tation at all implantation conditions of 310 ions/cm? to 1X 10" ions/cm?. The wear of unimplanted
STDI11 steel with respect to ALO; ball was found to occur hoth by adhesive and oxidation wear
behaviors while oxidation wear was dominant for nitrogen implanted STD 11 steel.
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Table 1. Chemical composition of STD 11 steel(wt.%)
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Table 3. Ball on disc wear conditions for unimplanted
and nitrogen implanted STD 11 steel

LOAD 50 g~300 g
SPEED 0.04 m/sec~0.2 m/sec
SLIDING DISTANCE 300 m~1933 m

Element  Cr ¢ v Mo Fe ENVIRONMENT dry contact, air, room tempera-
wt.% 11.50 1.55 0.90 0.80 85.25 ture
Table 2. Nitrogen implantation conditions for STD 11 steel
Energy(keV) 90 90 90 90 90
Total dose(ions/cm?) 3X10% 7X10" 2X10Y 5% 10" 1X10%
Incident angle 0° 0° 0° 20° 45° 75° 0° 0°

gt 2l-Fersla), A3 3 A4 3, 1994



Qo] & Folel Sk STD 11 42} vivhs Equistel g A7 451

thgh 2712 Table 3ol viebdl whe} e} wal, wp zro] Ak 9l AL gFAlgo] EA ehytel o}ge]
Rkl vl A3 E vlnEol A8 profilerméter Fe-Nitride¢} Cr-Nitride®] peak?} XRDA ol 4] $]3)
%A% % Habige]|£[12]o] o Alo24y vin = .

ebm, vh g b 3F W & o ' ]
AR e g vlEgR Jehuigdoh

s o Ut

(b)

34. A 0|2 FRlofl o8t M 54 Wl

NEo) wpEEA e o) S Ee s ji‘ﬂi‘} A ‘ :W\ WM"?‘M &Ml | WMWWW

(subsurface)®] E-4ol| 2)s)) =14 odakg kA EJP_Eé
3

i )€ ool 210 e B A (
o8 Ao olgs EHE st *15191 U}E' /\\
54 % vrlg i 736}0-‘4
Fig. 18 24 o]& zAlukol] wl® XRD 349 # it /VAM yﬂl{_L_L_L__;ML_lAA(\L_f“L

{d)

& vlebdl Zle g STD 11 2y .5%01]».,:— 2 3}
o] XRDHEA Al sgAdsle] glx] ¢kor}, 5X 107

Q

ions/cm®2] FAbekol| A Fe,N#efo] slE-o] 34 x| U\W\w % p v ,
71 Al2pgre) zabeks A4 Z7EA1A 1X10% jons/cm? i T A e Al

=z 3 -Nitri & Al P2
) ZApefo] 1 Fe-Nitride®] &4l XRD peakel Fig. 1. XRD patterns of nitrogen implanted STD 11
FralA A velhdo) steel at various ion irradiation dose.

o|#|gt AstEe] Havtslan{13-14]2 s A (a) substrate (b) 3X10' ions/cm?
20 #Ajepo] WOAE Table 40 behdl nhe} (c) 5X10Y jons/cm? (d) 1X10" jons/cm?

Table 4. The changes of hardness and bardness improvement ratio by nitrogen implantation at various irradiation
dose

[ 10 gf 50 gf 100 gf
Z AlgHions/cm?) ARMH) A% &%) AEM) AR 4@ A EHy  Ax FAA-E (%)
substrate 257 — 586 -~ 643 —
3x10 283 10.1 659 125 693 7.8
7X10% 309 20.2 643 9.7 697 8.4
2X10v 310 20.6 760 29.7 731 13.7
53X 10" 300 16.7 713 21.7 764 188
1Xx10% 271 54 614 48 673 4.7

Table 5. The changes of hardness and hardness improvement ratio by nitrogen implantation at various incident
irradiation angle(90 keV, 2X 10'jons/cm?)

ey 10 gf 50 gf 100 gf
Az A=Y AR AR AR AR B4R AEMH) AR $38%)
substrate 257 - 586 ~ 643 -
0° 310 206 641 9.4 691 2.7
20° 300 16.7 604 3.1 673 4.7
45° 303 179 593 12 656 2.0
75° 286 113 593 12 643 0.0
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Fig. 2. Wear rate of nitrogen implanted STD11 steel
at various ion irradiation dose.
(sliding velocity: 0.16 m/s, applied load: 200 gf,
sliding distance: 1.9 km)
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Fig. 3. Optical micrographs of wear track after wear test as a function of sliding velocity. (applied load: 200 gf,
sliding distance: 0.3 km)
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Fig. 4. Optical micrographs of tested ball after wear test as a function of :.hdmg velocity. (applied load: 200 gf,

sliding distance: 0.3 km)
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Fig. 5. Variation of friction coefficient as a function
of total nitrogen ion dose.
(sliding velocity: 0.16 m/s, applied load: 200 gf,
sliding distance: 1.9 km)
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Fig. 6. Wear rate change of nitrogen implanted STD11
steel as a function of applied load.
(sliding velocity: 0.16 m/s, sliding distance: 0.37
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Fig. 7. Wear rate change of nitrogen implanted STD11
steel as a function of sliding velocity.
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