=] GA2E33]7], A130d A45(2017)
J. of the Korean Society for Heat Treatment.
https://doi.org/10.12656/jksht.2017.30.4.164

HXP =A0| 2 CrAIN/SKD612] EMZE ¥ Lol = JHMET}

HENS™ -

SPE - 2E" -

2|zl

BN - AES - Y

A g At e, A Ed T Adste| B =AY EATE

Effect of Electron Irradiation on the Surface Hardness and Wear
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Abstract

Intense electron beam was irradiated on the CrAIN thin films deposited in SKD61 under different inci-

dent energies and then the effect of electron beam irradiation on the enhancement of surface hardness and wear
resistance was investigated. Surface hardness and wear resistance of the CrAIN films is increased proportionally
with the electron beam energy. While the surface hardness of as deposited CrAIN film is Hv (0.1 g-f) 450, the
hardness oflectron irradiated (600 eV) film is Hv (0.1 g-f) 2050. The width of wear track of the untreated SKD61 is
X_pm, while the track-width of the electron irradiated CrAIN (600 eV) film is 787 um, respectively. From the
observed results, it is supposed that the optimal electron beam irradiation can be one of the useful surface treat-
ment technologies for the enhancement of surface hardness and wear resistance of CrAIN/SKD61, simultaneously.
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Fig. 1. A schematic diagram of electron beam source
and magnetron sputtering system.

Table 1. The deposition conditions of the CrAIN films

7mm 712 ARFEIE e, 2 CrAIN 2ehrd
of AR ZALE flet] aUE AR da S
Z}2r}(Inductive Coupled Nitrogen Plasma)s &
Azl debg e 54 [R50, 300, 450,
600 eV 17Feb xRl BHAES AAJSIST
ZAR ZAL Aol e FEAEE Mshe Wegl
HlE] (Nano-indenter, MTS-XP)Z Z-7g3tt. v}
o] ARA Be XA 3-hE27]|(Xray diffraction,
Cu-kae A=0.154nm, X’pert pro MRD, Philips)
Sk 7| 28R AT dlFAIENS o]83sier,
¥HA-E7] Hele= 33k EHZE7]ED profiler,
Bruker, Vision64)E ©]-83to] #48}{t}. Hieke]
Y= =742 Silicon Nitride(Si,N) 75 &
3} Ball-on-disc typed] P}IRAIE7|@EAo|NdE]=,
JLTB-02)E °]&3ld 742t 159 rpm, 3000 cycle,
LON Zz1ollA AAJ8FaL, CrAIN Hhete] mzede
2= %] B|2=E](Scratch tester, J&L Tech)& =34
3t 2=12A) HIAES] 312 10 mme] 7o
A1 1INY 40N7HA] ST, S8 5, Thololt
t go] ARE PhvFe = #Esit.

3. 41} 4 &
Fig. 20 CrAIN 3 o]xe] SKD61 =3 A<}
A ZA} ol R]el] W CrAIN /SKD61 3)#]2]
£9 XRD #42¥34= Yeith $3 o]xl 9
SKD61 Aol A 73+ Fe(110) 31-8u=7} &
a1, CrAIN ®peh S22 2P 24} olFell= 2
Ay vAHE el W Fe(110) 3T =] A7)
(intensity) Z+Aa9} ¥k} Z(Full width half maxi-
mum, FWHM) 5=X|¢] 7P} ERI=1 0, njokgt
CrN(220) B AINQ202) 3893 53k FAlol &

Parameters Cr Condition | Al Condition
Base pressure (Torr) 5.0 x107°
Deposition pressure (Torr) 40x107
Power density (W/cm?) 4.0 3.0
Deposition rate (nm/Min) 34 4.3
Gas flow rate (Ar/N, sccm) 10/5
Electron beam irradiation energy (eV) 150, 300, 450, 600
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Fig. 2. XRD pattern as a function of electron radiation
energy. (a) CrAIN, (b) CrAIN (150 eV), (¢c) CrAIN (300
eV), (d) CrAIN (450 eV), (e) CrAIN (600 eV).

AB - EE - o

—
T

Zehzul A 2 AR AL oJsle] 3O
CrN=Z} AIN 2l e =274 8-go] Ayt
o]fel] 53] Ap71W¥7H(Self-quenching) == @4
o oJgt A vMgR st AT H=r) &

A Aoz AlEHTH

Fig. 42 A ZAMeuR]ef] W& CrAIN Hhete]
EHAZY] WslE 33 F45971E ol83le] &
A5k Axjolth, SKD61 ZA1e] FHAZTE 21.19
nmme|A Y. 600 ev HARPHlo] ZAME CrAIN =
o] HHZREE HA 7.77 nmE 7HAsk] AjHos
Herst EHAZ7PE SR, ofeigh AP =
Al e EHEEst HEke oA BaE Y. Uno
[119] A8 A7} AR AoEA] 2] 1H)E
¥ CrAIN ®Hzto] SKD61 A Hr} whe wlzH
T 2 Hol F8ARY =Tt I 914
259 Ul E 53k /eSS oA 5= Aok

Fig. 5= AR ZA} o|lyA|o] w& CrAIN/
SKD61 Fxj2]E2] nfREZS vephd Zlo|t}. 2}
o]xe] SKD61 HA g ES rtREZ ] F&
1260 um, CrAIN 52F o]$9] R #2817 um,
AR ZAF Z740] 600 eVE F71F A= HAa
659 umZ. A4S BTh AR 24T o] A
HA(Fig. 4by= Hlud Be v EHS Holx 9|
b A 24 27 600eV ZME ZAH
HEEHS B 5 Qi oldw o] A AL

ool wWE CrAIN/SKD61 vk =e] winlg &

(a)

(b | 1 (c)

(e)

Fig. 3. Surface hardness as a function of electron radiation energy. (a) SKD61, (b) CrAIN, (c) CrAIN (150 eV), (d)

CrAlIN (300 eV), (e) CrAIN (450 eV), (f) CrAIN (600 eV).
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Fig. 4. Surface roughness of CrAIN films. (a) Before irradiation, (b)-(f) After irradiation. (a) SKD61, (b) CrAlN, (c)
CrAIN (150 eV), (d) CrAIN (300 eV), (e) CrAIN (450 eV), (f) CrAIN (600 eV).

Fig. 5. Abrasion track of CrAIN films as a function of
electron radiation energy. (a) SKD61, (b) CrAlN, (c) CrAIN
(600 V).

Fig. 6. Frictional force images by scratch testing of
CrAlN films. (a) CrAIN, (b) CrAIN (300 eV), (¢c) CrAIN
(600 eV).
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