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ABSTRACT

Mechanical properties of TiN coated film with various

coating thickness on titanium alloy

Lee, Jae-Yun, D.D.S.
Advisor : Prof. Chung, Chae-Heon, D.D.S., M.S.D., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

Titanium nitride(TiN) coatings are the most general and popular coating
method and wused to improve the properties of metallic surface for
industrial purposes. When TiN coating applied to the abutment screw,
frictional resistance would be reduced, as a results, the greater preload
and prevention of the screw loosening could be expected.

The purpose of this study was to investigate mechanical properties of
TiN coated film of various coating thickness on the titanium alloy surface
and to evaluate proper coating thickness.

Titanium alloy(Ti-6A1-4V) discs of 15 mm in diameter and 3 mm in
thickness were prepared for TiN coating and divided into 7 groups in this
study. Accoding to coating deposition time(CDT), experimental groups is
divided into 6 groups : group A(CDT 30min), group B(CDT 60min), group
C(CDT 90min), group D(CDT 120min), group E(CDT 150min), group
F(CDT 180min). TiN was coated for the specimens of 6 groups
respectively, and those of 1 group as a control group were not coated.
TiN coating surface was observed with scratch tester, wear tester,
Atomic Force Microscope(AFM), field emission scanning electron
microscopy(FE-SEM),.

The results were as follows :
1) Adhesion strength for each coated group was increased in proportion

to deposition time as shown in table 2.

_iv_



2) Wear resistance for each coated group are shown in table 3.

3) Surface roughness of each group are shown in Table 4.
4) TiN coated groups show a homogeneous and smooth surface as
compared with that of none coated group, however the defects with

pore was observed.

Conclusively, it is considered that the layer more than 2.1um thickness of

TiN coating for abutment screw is necessary.
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1. A+ A8

9570¢] A& 15mm, F7 3mm¢l ElolEbE FFH(Ti-6Al-4V) 93 A#
(Fig. D& £ A8 s skl 28 AlEe 29 6719 ddw 7
9 A& shA] & 19 T o ® 733 tHTable 1.

i

Fig. 1. Titanium alloy disc used in this study

Table 1. Classification of groups

Diameter x Length of

Group of specimen Coating deposition time )
specimen
A(15) 30 min @15 mm x 3 mm
B(15) 60 min @15 mm X 3 mm
Cc@15) Experimental 90 min @15 mm x 3 mm
D(15) group 120 min @15 mm x 3 mm
E(15) 150 min @15 mm x 3 mm
F(15) 180 min @15 mm X 3 mm
G(5) Control group None @15 mm X 3 mm
. o:]?_ H]—\:H

2.1. Aol A%
1) Eolels &2 Ade] mled



Zt AFEES Ay AsAzER 7Y ExXst Eg o xH(Epovia,
CrayValley Inc. Korea)ell v}2¥ 3} tHFig. 2).

Fig.2. Mounting media(Epovia, CrayValley Inc. Korea) and specimens

which were mounted.

2) Arte}l vty d AHo 22y A FH

EE ANHES A5 Avt 717 Mecapol P 260, Presi, France)E o] &
200, 600, 1000 grit Agl& 7hutol= HolHE A= dAupst 5 FHFH o
ALOs(1.0mE o] &3 vAdArtE Aol thFig. 3). drtd AlAES
w3 AH7IE ol&ste] ¢IAEH ofAE &HoR 7+ 10%7F AlHES
(Fig. 4).

XLPN'HU%

Fig. 3. Polishing unit Fig. 4. Ultrasonic cleaner
(Mecapol P 260, Presi, France) (Branson 3510, Bransonic,
USA)



3) o] =FW(on plating)2 ©]&3% TIN ¥¥ Y

ElolElg & AlHo] ofa o] =FH(Arc ion plating)& ©]&3] TINS
9 At AlEES ofa olEw FA 77 FAE F IAFHHE 3.0
x 107 torr7}A] ®]7]A1713 mass flow controller® o]&3}e] Ar gasE
10-20m torr® 3J3l3ith o]% 900We] powerZ Ar Zet=vls IAIA|
713 Aol DCE ¢17}ste] oF 1085k AHet5S H| 33 AJFdd B9
SHEAS AAG F, AFFHEZ t}A] 3.0x 107 torrE #j7] A ZAth o] &
EFS 98 BA7FAE 10-20m torrE FEEITH FY FAE 24dE7)
AMA, 2 252 28 JF AHE 2Es 30%, 60%, 90, 120%, 150

B3k Agsidnh. BEEE Z7h47]7] 98t 2= 350-380T =

Fig. 5. Ion plating apparutus(Hybrid, Artecsystem, Korea)

T T g9 ¥W XA H3tE ZAlE7] 95t FE-SEM(field

emission scanning electron microscopy)S ©]&3te] ¥THES EA51 T
2) ZH AAA=E =H

Scratch tester (Revetest, CSM Instrument, Switzerland)& o]&3f] v}Z

Aot & acoustic emission)E 4% ¥, A”Y T HFF=E SA 53



HFig. 6). 24 TFOIA 57le) AL TAAZ AEs ¥, UG 29 57
sk,

Fig. 6. Scratch tester (Revetest, CSM Instrument, Switzerland)

3) WrtEAd A¥
HEAIA7](R&B, Korea)E ©ol&3 72 2§59 WrtEA S SH33tHFig.
7). AlE3 Ad rFEA(Grade 5 titanium alloy)E vFEAE 7|9 A1 &4
olEd F&g F 1Kgo 3tsg 7FetH 20rpmlE I AAI AT wpRA ST}
TE S48t FdAHd WrtEAZES HUkskeith 2 aFelA 5

Aol ARG PR dus 5, 6T 15 ZHs

Fig. 7. Wear tester(R&B, Korea)

4) 9 A&A7I(Ra) A
AFM(Atomic Force Microscope, Dicp-II, Veeco Co, USA)E ©]-&3f
80 mX80 me =7 Alolz=E Z+ 289 EH AAVE =A3519HFig. 8).



2 agA 549 AAL RAAR A

Fig. 8. AFM (Dicp-1I, Veeco Co, USA)

5) FAEA

SPSS(Ver.10.0.7) Z21 3 o] &3 A9

ib)

IE A Ao 4 aFe
FAA 7942 one way ANOVAE o]&33, 72 257 ASEH AL
Duncan's multiple comparison testE %3



. 9+ A3

1. FE-SEMe| 3 3¥ ¥% 33
ATy L3 2H0E TINS Hdol¥(wafer)o] Z® 3+ F FE-SEM<
olg&s =Y FAE B 23, Group Av 0.5, Group BE 1.05/m,
Group CE 1.32tmm, Group DE 1.40umm, Group F+= 2.10m= SAHHAT
(Fig. 9). Fig. 102 =¥ XH-g 10000#], 20000we] sj&= 23k AR
o2 EE I59 IY HWINA poreE #EET F AT ZHALE =
B x2T FHLE scratch7t e FEE EAoH, Group A9 74
fzT FAFSE scratch 43S £ 5 AT 28 Group AE Al
I8 AgE yHA FE2 vy gt wfj#d 1He dEE

o).

i

AN

32 o o
¥ o 1

o (L (RN
061010-2 15.0kV 8.6mm x50.0k SE(UV) 10/11/08 1. TiN-0908 15.0kV 12.1mm x30.0k SE(V) 9/12/08 1.00um

Group A (30min) Group B (60min)

TiN-0912 15.0kV 9.0mm x30.0k SE(U) 9/14/08 1.00um TiN-0913 15.0kV 9.5mm x30.0k SE(U) 9/14/08 1.00um

Group C (90min) Group D (120min)



Thickness(tm)

TiN-0915 15.0kV 10.2mm x20.0k SE(U) 9/18/08 2.00um O T T T I I
Group F (180min) 0 3 60 9 10 10 1.0

Time(min)

Fig. 9. SEM micrographs showing Fig. 10. Coating thickness
coating thickness of each group according to deposition time

e
30 15.0kV 11.9mm x10.0k SE(U) 11/9/06 5.00um 30 15.0kV 11.9mm x20.0k SE(U) 11/9/06

Group A (30min)

I I
60 15.0kV 12.0mm x10.0k SE(U) 11/9/06 60 15.0kV 12.0mm x20.0k SE(V) 11/9/06 2.Cl(ll.|r;1 i

Group B (60min)



v LU
0kV 12.0mm x10.0k SE(U) 11/9/1 g 2.00um

' o O UL
120 15.0kV 12.2mm x10.0k SE(V) 11/9/06 5.00um 120 15.0kV 12.2mm x20.0k SE(V) 11/9/06 2.00um

Group D (120min)

V 12.2mm x10. ) 0 150 15.0kV 12.2mm x20.0k SE(U) 11/9/06

Group E (150min)
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[ D U UL
180 15.0kV 11.4mm x10.0k SE(V) 11/9/06 180 15.0kV 11.4mm x20.0k SE(V) 11/9/06 2.00um

Group F (180min)

(I B R R I U

n T
No-coating 15.0kV 12.1mm x10.0k SE(V) 11/9/06 5.00um No-coating 15.0kV 12.1mm x20.0k SE(U) 11/9/06 2.00um

Group G (none)
Fig. 11. SEM micrographs showing coating surface of each group
(Left : x 10000, Right : x 20000)

Table 2. Adhesion strength of each group

Group Adhesion_strength(N) S? P-value”
A 11.4+0.83 a
B 16.1£0.60 b
C 16.8%+0.45 b
D 23.2%0.63 c <0.01
E 24.7%£0.31 c
F 29.4%+1.19 d

1) Statistical significances were tested by oneway of variances among groups
2) The same letters indicate non-significant difference between groups based on Duncan's

multiple comparison test.
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2. =Y HABE 57
Fig. 11€ F8AWA, 2449 330 F7to] g sadAsret &vho o

A
st BT agiZolt. agZE A48 Z"HS5Y Ut dojve Al
< dS53sta, Fst dujF oz AA wert dojd A He AYE SH3l
YT Yt &, FE = HIAHPEE ZAA3T} Table 25 ZF Groupy
Y JAJAEE BT 54 249, 39 FA 7SS 39 5o A
HAE7 AR S B

3. YrtE A" (Wear resistance test)
Table 32 TIN F&FA o] WE vire] EAS BoFr, =4 Ay, 38
FAY F7k we YulRAgo] F7heE ¢
FAASZE F9A JE UrtRAZY S E

Table 3. Characteristic of wear according to deposition time

Group Cycle count SR P-value”
A 0
B 1025%39.1 a
C 1500£93.0 b
D 2800+34.3 C <0.01
E 2800%46.7 C
F 3000+91.8 d

1) Statistical significances were tested by oneway of variances among groups
2) The same letters indicate non-significant difference between groups based on Duncan's

multiple comparison test.

4. 598 A&7 FH

Table 4= AFME o]&3lo A3 Adolw, 7} Group® EH AZ7E
HolZErh FEAYE 84 FL Group G H]LA] Group AB,CE FE A
kol F7bel wel ¥ ARV 7S BH3ou, Group DE V|HOE &
AA7)ol 222 B, Group FE Group GETF ¢ & B A7
BT

T
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Table 4. Surface roughness of each group

Group Roughness (nm) S? P-value”’
A 82.1£0.96 b
B 104.2+1.14 d
C 203.9£9.11 f
D 114.9£9.33 e <0.01
E 92.8%£8.1 c
F 67.4%6.2 a
G 78.5%x12.2 b

1) Statistical significances were tested by oneway of variances among groups

2) The same letters indicate non-significant difference between groups based on Duncan's

multiple comparison test.

_14_
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T YAt Z®HE A5 miE AFAGo] wrd Adwiyge]l HA LAEH I
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Table 364 BT el o] 3® FA ] F7te] wet yrtRAdo] F
7t om, 53] Group Dol FAHSE /94 e dvizgde F4& &
T AT mEtA TINS A5 A 29 Al 243 EHE dbET o
A ete 2dHE S Ao o=zn Ae 2dEor HA nAA ] YAtd
I HES T 7 IS eE dodETh

Ed AZY

Asta T (settling effect) T, P4 AZAZIE 71 At 24 3l d=o] 7}
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