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Abstract This study was investigated in carbon diffusion behavior of laser-carburized TiZrN coating layer and the changes
of mechanical properties. The carbon paste was deposited on TiZrN coatings, and the laser was irradiated to carburize into
the coatings. The XRD peak corresponding to the (111) plane shifted to a lower angle after the carburization, showing the
lattice expansion by doped carbon. The decreased grain size implied the compression by the grain boundary diffusion of
carbon. The XPS spectra for the bonding states of carbon was analyzed that carbon was substitute to nitrogen atoms in
TiZiN, as carbide, through the thermal energy of laser. In addition, the combination of sp° and sp’ hybridized bonds
represented the formation of an amorphous carbon. The cross-sectional TEM image and the inverse FFT of the TiZrN
coating after carburizing were observed as the wavy shape, confirming the amorphous phase located in grain boundaries.
After the carburization, the hardness increased from 34.57 GPa to 38.24 GPa, and the friction coefficient decreased by
83 %. In particular, the ratio of hardness and elastic modulus (H/E) which is used as an index of the elastic recovery,
increased from 0.11 to 0.15 and the wear rate improved by 65 %.
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Table 1
Deposition conditions of RF/DC magnetron sputter for the TiZrN
coating

Base pressure (Torr) 1.0x 107
Working pressure (Torr) 1.0x107
Rotational velocity of substrate (rpm) 15

RF power (W) 200

Ar : N, gas ratio (sccm) 5:1
Deposition temperature (K) 723
Deposition time (h) 6
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Fig. 1. XRD pattern of TiZrN coating before and after laser
carburization.
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Fig. 2. XPS spectra of as-deposited and carbon doped TiZrN.
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Fig. 3. TEM images and inverse FFT (IFFT) of TiZrN coating before and after laser carburization.
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Fig. 4. Hardness and friction coefficient of TiZrN coating before
and after laser carburization.

= Fig. 329 IFFTE Blwd Az} F8isd Hols
A= g2, £ T IFFTe A F7| B4
HEEEA BZA Aol Al XFTE HAFAT
[14,15]. ol&= #olA FolyAlel st &7t JAE
wel galkela, sakE EA 7F HAE SRS 34
A& YERATE B8], 4~5mme] AFHE I 7Fs
ATH.

Figure 4= & A% TizZiN Z®Z9 Ax ¢ npz
A WHskE B Je $ AEE 34.57 GPadllA]
38.24 GPaZ F7Fsllom, niaAlG= 0.83004 0.14%
At dE Axe 94 XRD O XPSolA
e Ao] elde] wie}, TiZiN Azt W 328% B4
o o3 184 73} aIE AWt ¢ U} wpERASR
= 28E AV v Al S AEHUA FH slip
planeS FAatol| wja} 7hadt Aoz AT 16].

olgd, 9 stz Ashke ATE E8He A=
o} A 7+e] WIS (H/E)S 0.11904 0.1508 7}
310™, wear rate= 53.71 x 107 mm’/Nmol|4] 18.73 x
107 mm’/Nmo.2 7+4slt}. ol Al A9 H)
Ad gATF oF skl thele] buffer S FATS
yUepdt), o]g]gk buffere] &3] &4t 1:;3,%1 TinN
5]_5]0%_4 ]_1:10 71-_]& u]-l:l;qs}/do] ’61%1-5] S

—

=

N
St

(<3

5}
g 5 A
4.4 B

dlo]A Hekd TiZiN IYZF9] g4 REAFOZH]
b Axtel Q) e 38, YA HAEE B4 A
3} olo] W 7AIF EAL AT XRD )
g B, TiZiN Z830] dlo|Ad] 23l &4fo] a
AR gkoror =3E Byl AL Yeh)gle

W

T8 ghe] QA Bl ol A
z.&is}aaﬂr gold g Az F ghae) AsHIElE
elslr] 918+ XPss|d el BAMAw, ©Ah =9 F
SE(TIC =& ZrC) sp’ C-C 5 Utjkst Agt A
wglow, sp'el sp’ 4 Afto] EAE WHH ehiol

AL I = AT B =3 T TiZN "3
o] ©id TEM ©o|mA|¢} IFFT A3, YAle] dA4% ujA

2 S AFsglon 4-5n1me] AFYE gl 5+ gl
Atk e F nleAES 53 npEAlSE 0839014
0.142 Zasidom, vhelldy 34S E’c‘ﬂ 7355—
34.57 GPaollX 38.24 GPaZ =713 AL
o}&7, H/EE= 0.11914] 0.1502 %7]'0]-92J— wear rate
= 53.71 x 107 mm’/NmelA  18.73 x 107 mm’/Nm.S-
2 A3 ol& B3N, TizeNel ol i‘E&i <
2HE At A v gaE QR|shEA FY

np A Edo] ES & 4 ¢th.

o
_l% °
_E,

HARRIZ
o] e Batjsta F|RATAINRI 29 )5t
o ATHAL-

This work was supported by a 2-Year Research
Grant of Pusan National University.

References

[1] T. Kim, E. Hong, S. Jeon, Y. Choi and H. Lee, “Test
method for degradation of TiZrN coatings on metal sub-
strate using electrical resistance measurement”, Ceram.
Int. 45 (2019) 22368.

[2] E. Hong and H. Lee, “Microstructure, bonding state and
phase formation behavior of carbon-doped TiZrN coat-
ing by laser carburization”, Surf. Coat. Technol. 385
(2020) 125373.

[3] J. Kim, M. Hong, W. Cho and C. Choi, “Development
of carbon composites cured by radiation”, Kor. Ato.
Ene. Res. Inst. 36 (2010) 1.

[4] Y. Lin, J. Huang, W. Cheng and G. Yu, “Effect of Ti
interlayer on mechanical properties of TiZrN coatings
on D2 steel”, Surf. Coat. Technol. 350 (2018) 745.

[5] M. Abou and 1. Ei, “Chemical deposition of zirconium
doped tin silicate ion-exchanger and its characteriza-
tion”, Radi. and Nucl. Chem. 279 (2009) 333.

[6] S. Bae, M. Khadem, K. Seo and D. Kim, “Evaluation of
tribological characteristics of diamond-like carbon coated
plastic gear”, Tribol. Lubr. 35 (2019) 1.

[7] T. Kim, S. Jo, J. Lee, H. Cho and H. Lee, “Surface
graphitization of carbon-doped TiZrN coatings”, Ceram.
Int. 45 (2019) 1790.

[8] W.Ji, S. Lee and Y. Moon, “The effect of mixed slurry
of Fe and graphite on the characteristics of laser carbu-



36

[91]

[10]

[11]

[12]

Hyunjo Yoo, Taewoo Kim, Seonghoon Kim, Ilguk Jo and Heesoo Lee

rized surface”, Korean J. Met. Mater. 55 (2017) 16.

D. Seo, Y. Jeong, T. Hwang and Y. Moon, “The effect
of hardening methods and process parameters on sur-
face hardening of Ti-6 Al-4V alloy”, Tran. Mate. Proc.
28 (2019) 27.

E. Hong, T. Kim, S. Kim, S. Lee and H. Lee, “Carbon
depth profile and internal stress by thermal energy vari-
ation in carbon-doped TiZrN coating”, J. Am. Ceram.
Soc. 104 (2021) 564.

S. Kang, W. Lee and H. Park, “Characteristics of dia-
mond-like carbon thin films”, J. Kor. Ophth. Opt. Soc. 5
(2000) 193.

U. Kim, H. Lee, W. Park and S. Park, “A study on
properties of hydrogenated a-C and a-CN thin films pre-
pared by plasma chemical vapor deposition”, Kor. Inst.

[13]

[14]

[15]

[16]

Sur. Eng. (2011) 110.

J. Robertson, “Diamond-like amorphous carbon”, Mate.
Sci. Eng. 37 (2002) 129.

J. Jang, E. An, .LW. Park, D.G. Nam, I. Jo, J. Lin and
J.J. Moore, “Microstructure and mechanical properties
of Ti-B-C-N-Si nanocomposite films deposited by
unbalanced magnetron sputtering”, J. Vac. Sci. Technol.
A 31 (2013) 061401.

GH. Gilmer and H.H. Farrell, “Grain-boundary diffu-
sion in thin films. II. Multiple grain boundaries and sur-
face diffusion”, J. Appl. Phys. 47 (1976) 4373.

G. Natarajan, N. Kumar, R. Pandian and S. Amirthapan-
dian, “Grain boundary modification of TiC ultranano-
crystalline thin films: Improvement in tribo-physical
properties”, Mater. Chem. Phys. 217 (2018) 468.



