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TiN Film Formation on a 1% C-5% Cr Roll Steel by Ion Beam Implanted
Vapor Deposition and the Resulting Improvement of the Wear Resistance

Hiroshige WANAKA, Tatsumi KIMURA, Junichi SHIMOMURA,
Syuzo UEDA, Mamoru SATOU and Kanenaga FuJil

Synopsis :

The metallurgical structure and wear resistance of TiN film formed on 1%C-5%Cr roll steel specimens
by Ti vapor deposition with N ions implantation were studied. The main results obtained are as follows:
1) The color of film varies depending on the evaporation rate of Ti and the electric current density of N
jons. 2) The X-ray photoelectron spectroscopic (XPS) investigation detected TiN in the golden film and
metallic Ti and TiO, in the silver film. 3) Measurements using a scanning electron microscope (SEM)
with energy dispersive X-ray indicated that the concentration of Ti and Fe varies over the distance of a
few hundred nm in the boundary zone between the base metal and the coated film. 4) The adhesion of

golden film is better than that of silver one.

5) The two-cylinder-type wear resistance test results showed

that the golden TiN film significantly improves wear resistance of 1%C-5%Cr roll steel.
Key words : protective coating ; rolling ; wear ; surface analysis ; ion mixing.
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Table 1. Chemical compositions of roll steels
used (mass % ).

Steel C Si Mn Ni Cr Mo

0.96 0.66 0.41 0.15 5.10 0.32
1.06 0.63 0.40 0.15 5.11 0.87
1.03 0.64 0.40 0.15 5.07 1.37

5Cr-0.3Mo steel
5Cr-0.9Mo steel
5Cr-1.4Mo steel
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Fig. 1. Ti vapor deposition with simultaneous im-
plantation of N ions on the surface of a rotating
ring specimen.
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The specimens denoted by A~ C and D ~ I are subjected to a
metallurgical study and a wear resistance test, respectively.

Fig. 3. Effects of ion mixing conditions on the
color of film.

Metals and compounds detected by XPS.

Substances detected

Color of film Ton mixing conditions
Top surface 10 nm under the top surface
Gold Ni-vapor ; 0,96 gm/s TiN, TiO; TiN, TiOj, Metallic Fe, Fe3*
Silver Rivapor : 1.9 np/s Metallic Ti, TiO; Metallic Ti, TiN or TiOj, Metallic Fe, Fe3*
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Fig. 4. X-ray photoelectron spectra from the gol-
den specimen denoted by A in Fig. 3.
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a) Golden film (Ti vapor deposition rate : 0.96 nm/s)
b) Silver film (Ti vapor deposition rate : 1.9 nm/s)
Each left side of (a) and (b) correspods to base plate. Golden and
silver specimens are those denoted by A and B in Fig. 3, respec-
tively.
Fig. 5. Distribution of Ti and N in the film and
the base metal measured by EPMA for two dif-

ferently colored film with the same thickness.
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Golden and silver specimens are those denoted by A and B in Fig‘
3

Fig. 6. X-ray diffraction spectra from golden and
silver films.
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SAi % SEM-EDX ([ X D FANTHERTHAH. EDX &
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bbb, LarL, HERATO TiBEOLSL EAD

——*'4—' Film—-—f

a: SEM image b : Ti characteristic X-ray image

Photo. 1. Ti concentration in the boundary zone
between the base metal and the film of golden
specimen D shown in Fig. 3.
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NAACBAEELZ—EL L, BEOTE L LB T Ti

Base —sj«——Film —»f

Intensity

lam

Position

a: SEM image b: EDX image
Beam diameter : 50 nm — : Scanning line

Photo. 2. Distribution of Ti and Fe in the bound-
ary zone between the base metal and the film of the
golden specimen D shown in Fig. 3.

Table 3. Effects of ion mixing conditions on adhesion.
No. of specimen 1 2 3 r 4 : 5
Pre-sputtering conditions 10kV, 1.2 A/m?, 3 min 10kV,1.2 A/m?, 15min
T vapor deposition 'ﬁ’;":j 1.27 1.27 2.54 1.90 1.27
rate (nm/s Upper 1.27 2.54 1.27 1.90 1.27
layer ' :
Film thickness (yum) 1.27 1.27 1.27 2.90 1.27
N ion current density (A/m?) 8.2
Color ( Appearance) Gold Silver Gold Silver Gold
Result Flaking Not occurred Not occurred Not occurred Occurred Not occurred
Wear loss (mg) 0.2 0.2 0.2 0.6 0
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Fig. 7. Wear resistance of variously col-
ored films formed on a 1 %C-5 %Cr steel by
ion mixing technique.
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Ti vapor deposition rate : 2.0 nm/s

Fig. 8. Glow discharge spectra from golden
specimens. i

—122—



1% C-5% Cr O — VB~D A4 4+ v 3% 2 v 7EIC &5 TiN BIEOEK & EEE om - 2183

O, RUH,0 DEBEZ T TWAHLEZONL., B
0, i N, DA F vEicB T, FBRICA A+ L& g
HEhsb0THY, NAF YEBREEIPSVHEI
X, BEAA OERFITOL LY, BF5HIC TiO, H
BashBaELL2HLEEXZONS.
4-2 BH-#EBERABOBSEE RS

EY) % O S MBI TIN B ERS L L,
BEARBRICBVTOLESICHEEL 2w Lid 3.4 1288
Rz, EZAT, 4AF Y 3IF r FFEICIBBIROTK
M- EE R OME IC oW T, BEEE Y I
XBFEIC AL-Si 4412 TiN HEL R L 72568
BENEDD, IF TV IBOERSEHIN TS,
REEIZ BT, Photo. 2 IZ/R L 7 SEM &, EDX
L BBONAERH,S, 3-3 TRaall L7z & BOEEFET
i 0.8pum NE 2 CRTFIBENERRBHFHFAET A. TiN
BeRE L SEHEABIIR OB T Ti 2 5 OFE XM O TR
2, 0.3um DEHEHCTHFHAWIILDL EADTnAE I &h
5, BEFHRORBANTOIEAMDIEE LTS 0.3um BE
THHLI Db D, 2T, Lk EHES 0.5um
DIFI U IIRBIBRENTVALATI Y. 72,
TiN #E-BHgRI <o Ti BEOE(LEMAE, EHDN
THHDIZH~N, IFT7BTO Ti LU Fe BED
ZizwD e THDH. ZOFEEF TIN HE-I F> >~
TRE-BHIC, TRBEOAERENLZELDZNI L ®
FELTWS, SOEPA A+ IFT Iy FTEICIDERS
h7: TiN HEA LS CERL TV L2BHTH 5.

IRV U IUBORKICEEYSAAHTFELT, Ti
EEROT VRIS ) v FRE#EAF Y IEACLDH
HEEDO FREEDHLH. TLRIN 8 Y ¥ 738tk L
WKEAREHFENEBRETH-OTHIBDOTHY, Fig
SICTT EBOVAERIIBVWTORENALN. T 72,
2:2 12 X 9, A A VEACK D EBHRE XTEA
BHIICIE 480°C FREEITET A, Hranvo 59 (2 X hid,
Fe T Ti ODYLEFRE D 12 6.8X107 % exp
(—62400/RT) m%/s TH 1, Bussy 5™ 12X+, Fe
FCONOILEAR Dy & 1.2X10 7 exp (— 15600/
RT) m*/s Th 5. {t>T, ks * DT CRHED
A&, 480°C T 10min RFF L 72HED Ti LN DL
HiEE s EN 20m RO 329um LEHE SRS, §
bbb, NZowtiRixvyrr7BoEEicxLT, &
MERMOEE LA ICESCIEBOFGFFREVLE VR
5. —%, Ti koW TREELEFIED CHBEOTHR
FEbDT/HE N,

KRB R CBBPEERER 25 3-4 IIIRL2EBY,
/NG RC A s B R R AT, BB B A

Ti Silver specimen
Current density:3-7AImz
Deposition rate : 4nm/s

Fe

Intensity

Golden specimen

Ti Current density: 3.7AIme
Deposition rate :4nm/s (lower)
:2nmis (upper)
" Fe

0 100 200 300
Etching time (s)

Fig. 9. Glow discharge spectra from silver and
apparently golden specimens. Lower spectrum
shows the one from silver film (lower layer) and
golden film (upper layer).
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