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Effect of TiN and TiC Coating on The Characteristics of
a Biomaterial
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To test the characteristics of TiC and TiN coating for artificial joint as a biomaterial, in-vitro
and in-vivo tests were executed. As an in-vitro test, corrosion resistance, wear resistance and
cytotoxicity were evaluated by Tafel extrapolation, ball and disc sliding wear test and ELISA.
Noticible improvements of corrosion and wear resistance were revealed in coated Ti alloy. Any
cytotoxic effects were not found in all the tested specimen. As an in-vivo test, the coated Ti
were inserted into rabbit's femur for three months and the result were discussed. It could be
concluded that Ti alloy coated with TiN or TiC has a potential to be a promising biomaterial for
artificial joint due to its excellent mechanical, chemical and biological properties.
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Table 1. Chemical compositions of grade 2 titanium

Fe H O N Ti
0.25% | 0.013% 0.2% 0.05% Bal.

Table 2. Sputtering condition for TIN and TiC thin film

Deposition
Value
parameter
Background 5.7 x 10-5torr 8.5% 10-5torr
pressure
Worki
orking 3.4 x 10-3torr 1.5x10-3torr
pressure
Power 500W 300W
Ar/N2
. 4 :1 ~4 1
gas ratio

E 19 A& Ze £% 992%9 Ti(ASTM,
grade 2)& AMESAY, ¥4 71ME IEE N
7k2(99.995%) % CoH: 7F2(995%)8 AM&3t4
29 HYSHh(E 1)

2.1 get A= =A

T 04me] Ti A|HE ofMlEAM 2&3 @7
g Foll ofe) ® 29 FE 2HoE ANEHFYEHY
TiN# TiC ¥ehg A=sAc olw TiC uute
YA G Y wiFol uito] ma® 5= 9
o222 TiN, TiCN, TiCe ctiEutgto g F¥)L 3
At

2.2 2SAE

TiN, TiC ¥ete] U442 sl st )
44 AEE ARG 24 Ao A Wl A
HAE W A 20 WEF HEd B
33 22 2402 A {AMAQ Hank £Yolr
349 43E 3 (potentiodynamic anodic polariza-
tion) Al@E 3o EH 7|&VI2NE P& g
2339, 7|FAIo2E ¥3 ZArYw A3
(saturated calomel electrode, SCE), AjA=Z
(counter electrode)o 2 WFE AMg3idct £
o] 2 T E AMEElY 37CE #AEAL
087 AAUtAE Fs gr1xEE 3%t 1
23 308 3¢ Y A9 el AR H 1
w/se] £EZ AAE FASY 4PEAt
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Table 3. Composition of Hank’s solution (/)

NaCl 8.00
KC1 0.40
NaZHPO4 - 12H20 0.12
KH2PO4 0.06
MgSO4 - 7H20 0.20
NaHCO3 0.35
CaCl2 0.14
2.3 OI2AIH

vheto] ofY 5L YolHry] fdte &ajoldd
Al (sliding test) & 34, ol A& AHg-std
uhdA 4= (friction coefficient) & &84t NYE
Aste] siiel &3 AHE 3R} AR P
& A3, AL AP wE} Yo 254
(loadcel) 2 HeE=< ¥el(ball and disk type) <]
SEAIY7IE AHS AT AHE o EA] X2 b}
+93 33 23 § 25N #FL et ot
E 49 z3 2ol A¥sH. 282 v AH
oA g A7 viRAE dolrr] i Fo
o2 A4E £3589

. . . . . _d X loadcell value
friction coefficient= 2L c (slope)

slope : constant [10.01 &/N]
c.d : constant
L : weight x 9.8 [N}

= _ wegrvolume
wear vate = o4 x sliding distance

Table 4. Sliding test conditions for wear resistance test

Load (N) 25
Sliding velocity (cm/s) 74
Total sliding distance (m) 11 and 440
Total revolution 500 and 20,000
Temperature (+2) 26C
Humidity (+2) 62%

Ball steel(100)

24 SYUUS AY

A2 AHo] 4 (macrophage)ol @A F
A YN W& ddsAct
a) e e

A¥ol A8 dA4FE 1w Thioglyco-
llate(Gibco. USA)E 65% AF 9 H7hz FA}
32 39 ¥ RPM 1640 WA(medium) 10n & &
FHNE FUstd B7h) AXE 343yy. 249
WAFE= 100 FHEHOlEANA 10417 Ft ulkatg]
2 352 gL AXSE RPM 1640 siRE &
Aste]l AAANA £+ WAFE AU DolA
AT HA¥A AR 37C, 5% CO; wWi%7)
(incubator) oA i &3tk

b) A1#H shock.

F&=o] gy dldFE= PBSE FAE %
Trypsin. EDTA in HBSS 1a& 3718t 2{A)
712 Al RPM 1640 wlX2 23] A&t o
FA ol W2 7E RPM 1640 wixjefl tha] &2
FA7IZ 96 ¥ Ed)E(well plate)el 2X105cell
/well2 JF52 FFE A8 248 247 Yoz
¥ 37C, 5% COz WiF71olA 48A17F Et w3
At )

c) MTT £4

7} 96 4 ZF#Ho)Ee] MTT 99 20uS A
7V 37°C. 5% WE7ZINA 4A7F wiFatgh uf
F F AFAL AAT g 10019 o4ZR2EE
(isopropanol in 0.IN HCI) & A7}l ALoA 5
¥ 3¢ 31932 ELISA(enzyme-linked immu-
nosorbent assay) reader 570nmollAl O.D(optical
density) #& SFstch Ywryog sehuge
ATE &7 A% wPes wAaue g @ol AL
e, AR AxE AFE dste BE:
3o We FaFE ZFse ARIG. g,
570me] Ylo) WEES 3% ¥ A28 %A 0D
o] Z3FE o143t AT MR A (viability) &
the 3t Zho) AlAtsiqla.

L —testwell 0.D
Viability (%) = mma;zeuié” (fD x 100
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Fig. 1. Potentiodynamic polarization curves for uncoated
Ti, TIN and TiC thin film in deaerated Hank's
sloution at 37°C
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Fig. 2. Friction coefficients of Ti with and without TiN

and TIC thin fiim in wear test
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Fig. 3. Wear volume of the steel ball after wear test
against Ti with and without TIN and TiC thin
fim(500 revolutions).
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Fig. 4. Optical density of Ti with and without TiN, TiC
coating in MTT assay.
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Fig. 5. Viability of Ti with and without TiN, TiC coating

in MTT assay.

Fig. 6. The cross section of insertion site of the
specimen showed well foomed procallus formation
in case of TiN and TIC Inserion campared to
uncoated Ti insertion case. The sumounding tissue
in case of uncoated Ti insertion showed biack
staining, but the cases of TIN and TiC showed
no black staining.
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Fig. 7. The procallus in case of uncoated Ti insertion
showed osteoid formation with osteoblasts,
Inflammatory cell infiltration is also seen between
the osteoid. (H&E x 40)

Fig. 8. The procallus in case of Ti insertion coated with
TiN showed well-formed osteoid with osteoblasts.
Inflammatory cell infitiration is not significant.
(H&E x 40)
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AR L RN, > o0l . T . -
Fig. 9. The procalius in case of Ti coated with TiC
showed well-formed osteoid, some of which
exhibited bone formation. The central cavity is the
insertion site of the TiC. (H&E x40)
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