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C_

a - substrate
b . shutter e ! source material
¢ - ionization electrode f electron gun

Fig. 1. Schematic diagram of ARC discharge type high va-
cuum ian-plating system.

d : filament
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- E53AF Qo7 L* 3] HEFL 7310 +
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AYE BYgon o] gt type I, NV gold
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Table 1. Color characteristics of TiN ion-plated
specimens

NO. X Y Z L* a* b* c*
52.30 53.61 33.80 73.22 -0.67 23.92 23.93
51.92 53.21 3348 72.94 -0.65 23.89 23.89
52.10 5341 33.67 73.08 -0.68 23.88 23.80
52.15 5347 33.83 73.12 -0.69 23.87 23.88
5 5218 5349 33.76 73.14 -0.69 23.87 23.88
Mean 52.13 5344 33.71 73.10 -0.68 23.87 23.88
(£SD) +0.14 £0.15 + 0.14 + 010 +0.02 + 0.03 + 0.05

=W N

A Ao dojx Bl xlso wpE
Al o] BA Wale] A3E Table 29, :LE]JI
Fi

B, %4 g0 BE A9 2 Mow m}

A=
A& Fig. 59 Fig. 69 vteld /\}\I:]'.

Tin A9Ad d¥ToAME AA 1Y
HHA ke BA FE Bgul 2d A
A FE FA 7} 2] Al Eeke H3F 10
743 Al 356mge] FA AAE HIPo)
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Fig. 2. Colorimetric properties of TiN ion-plated films.

A 19 AFHA Fa23F Q) pitting corrosion
Ayt Aol FAAFEo] AW EW
A= o] 919 aL(Fig. 6-b), 2¢ 7 7 A] pitting
corrosion Aol TS HFESHA e

A Apsted, 39 A oA RE R A Ao 2 A
of ¥4 el AH(Fig 6-c).

F2 5 ol &

BA opare A7kl Aol mpet v 413 A

54, 7Y, 0¥ ® ZATE pittingd] A7V F

7bal g ar, sk ol FArE B YA EE

#2349l v (Fig. 6-d, Fig. 6-e, Fig. 6-0).
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AH 1 AANFTH &
Tug= B A4 2P wAS 1l TN
A HA ke thETo] W, 3

44 109
ARFAE FPHOT WA §1E DAY
F ¥ TiN o g E AEde A7k
Avbe] WE W4 A5 A4 TN 9
AeE Awe 4AH 4D 2ARAA de
L*, a*, b* & 73.10, —0.68, 23878 VEFLE
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Table 2. Weight changes(Wo-Wt) of specimens immersed in 1N HCI solution for 10 days

(Unit 5 mg)
Time(day) 2 3 4 5 6 7 8 9 10
Group
Experimental : TINP  -012 002 048 088 164 232 230 282 346 356
(Mean+ SD) +0.13 £027 +030 +040 +022 +022 +0.20 +026 +021 +0.19
Control : Non TiN-P 058 134 218 328 290 470 546 636 696 752
(Mean<+ SD) +0.20 +0.09 +030 +056 +0.60 +0.84 +096 + 124 + 140 + 150

Wo © weight of specimen before immersion
Wt : weight of specimen for each day

Table 3. Color differences(AE) of TiN ion-plated specimens immersed in 1N HCI solutio for 10

days
(Unit 3 mg)
Time(day) 1 2 3 4 5 6 7 8 9 10
AE 019 041 066 073 092 09 097 110 138 139
(Mean=+ SD) +0.02 +0.04 +0.03 £0.03 +0.04 +0.05 £0.02 +£0.09 +0.04 +£0.04
0.01 1.6+
-C:n_trot
00087 | ’
TiNp | -

Wo - Wt (gm)
o o
g g
» \\
»

- B Y
0.002 / e
(1] e—y o8
‘ 5
_ i TIME(day)
T3 4 5 & 7 8 § 10 _ _ - _
Time (day) Fig. 4. Color differences(A E) of TiN ion-plated specimens

Wo : weight of specimen before immersion immersed in 1N HC! solution for 10days.

Wt weight of specimen for each day after immer-
sion

Fig. 3. Weight changes(Wo—W,} of specimens immersed 1, A 389 += 0.66, 108 A= 1.392A
in 1N HCI solution for 10days.

AZve) Aol wpEt AEVF 7oy 1
#He % 15 HTto® uZR/EET ¢
Azt AEE T3le, Table 3% Fig. 49 A8 BAHA 223 (slight) FE9] ZolvhS
1238 E = Ho o0t} :

HA Jee IR 1944 2974A= A
E7} 019-0419) ¥ 2A 1) 2% (trace) 3t



CHA| WK 233 3%, 1993

V.1 &

A% wgE Am 2 ALY A
M7 A Ay 1A AT o] I
AR AL o, ofbHAA ol AEI %
,%_o]op 3 7AA W B A A A tl/u, t\ﬁ—u,
vE, WY T FAe B \_%}01 Hal
Ut & °q:rL°ﬂ*1“ olv] ¥PAoR de
o] & 531 Q1= ion-plating® & ©] &34, tita-
nium mtrldei}i Eele g4, 3%, W
T8, yntzE g U2 Ado] Hojd F3HESQ
TiNS w3 E§ ZFXE FWHA AHAHT
o224 TiNe 9 39L& o] &3t AL
FAEY AvAS A7 A s

TiN Fute] M]3 Ao B3|A HFHP=
Aol =& A7Z AHRHE Ag-n alloy, Ni-
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WS tﬂi‘r"]% F A, B dgdAMe=
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ol 7kx}] =@3}= pin-point pore’} EA|E

7%, TN 323 7|3 Az gd& A7 A -

=% 93 galvanic current’t 7122 2
s3] F2lo] f ZF dojuA "o,
Erdemir $%& € ¥ g] Wol B}
Ton-plating® ol &J3] ¥ojZ vj7to] B 2
3ol & A3 equi-axed structureE 714
W2 Ado) Sttt BRaustge. 2y o
21 Ion-platingd 22 Aojd TN ¥%9
WAAE O A 21 F 9 25 ¥
A, FAEE T A e dard
At YdwtAR oz s} Z2Ho =z Ao
uto] 73-%- pitting type corrosion®] Z WA
H 3% o] % pitting type corrosion< C1-
< F2AE o]2o] e FdA ¢S F
dAgY s e goeng B A
TiN 3 2ke] Y2148 doli 7] 93fo], A3
24 P Clreoleg #fste 1IN
HCIE S A3l 3, 3 259 BY3
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A A EL E A9 H AARE
AlA AAEHE 7M@) Agiies B {3
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TZAWANA 5 Nl A 5 dY R ng
Az AR FANAA Y B2 wg-§ Lo}
By @ Agte] HashA Hv, wakA
AL 7tE @] 4oz F2 P3n
Ak B AFAA AEEH F2AA N
HCIE & Cl ol F=7F ¢oF 3.7% 24,
Eld ] Clro]2 9] HH 552 0.05% o B3]
o oF 708 FE R4 AAE Z3AZ &
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Az AzEY, o)F Azt Ao wd
A9 ZAE jon-platingX e 23 AAE
TiN 38E 5 F4dd go} Jd EXAE
TiNo] @olA UrtAY £&, TiN %A
Al 9 AE g EA8tE 2A¥oly scra-
tch 29 ] shadow effect™® So.2 <3 I
w7t AR E3 HEeo o w
HAE TiNe] et F97p 2 Hufjol A
ZRANE FA3HA 5o] R} v g(less no-
ble) Z&#7}F Cl ol &l o)A =44 pit-
ting ¥A& Hol7] qFolzt AZ4dt 13
U Autzoz @ A FRE F4
G #BEY £ Utk lon-plating &
Hx ge dETd dodMe FFHF 1Y
A fd Clrojed W 5% o]0
wg-sle] FAH Aol AAHE FaEol
N#He FHA A3 BEHA2Y AW
o) RAE #F3 #adYen, o 4
B9 A&x Hd) ¥ 57 W2
g2l Aow ALHEG AJH HHLS A
7o) Ao wat g& AAe AFH
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~ABSTRACT —

DISCOLORATION AND CORROSION RESISTANCE OF TiN-COATED
ORTHODONTIC APPLIANCES PRODUCED BY ION-PLATING METHOD*

Jin-Hee Kim, D.D.S., Oh-Won Kwon, D.D.S., MSD. Ph.D. Young-Yun Choi, D.D.S.

Department of Orthodontics, Collage of Dentistry,
Kyungpook National University

The purpose of this study was to estimate the possibility of practical application of TiN ion-plating method
on orthodontic appliances.

TiN was coated on the surface of orthodontic stainless steel roll band by means of ion-plating method,
and colorimetric properties of its obtained TiN film were investigated by using color analyzer. Also its
corrosion and discoloration properties were compared with those of non ion-plated stainless steel roll band
by using immersion test, which was done in 1IN HCI solution for 10 days.

Both weight changes and surface corrosion appearances of specimens for each day were respectively
investigated by using electronic weighing machine and SEM(Scanning Electron Microscope). The discolora-
tion degress of TiN-coated specimens immersed in 1IN HCl solution were investigated by using color analyzer
and then judged by N.B.S.(National Bureau of Standard) Unit.

The results of this study were summarized as follows.

* TiN ion-plated films showed the hue of 5Y, the value of 7, and the chroma of 3 by Munsell notations.
- The weight losses and surface changes of TiN ion-plated specimens immersed in IN HCI solution were

Jess than those of non ion-plated specimens. It was shown, therefore, that the corrosion resistance was

significantly improved by TiN ion-plating.

- The discoloration degrees of non ion-plated specimens were too significant to be examined by color
analyzer, while those of TiN ion-plated specimens were slight when judged by N.B.S. Unit. It was also
apparent, therefore, that the anti-discoloration property was significantly improved by TiN ion-plating.

KOREA J. ORTHOD 1993 : 23(3) : 327-340.

Key words : TiN ion-plating, colorimetric property, corrosion, discoloration
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EXPLANATION OF FIGURES

Fig. 5. Scanning electron microscopic findings of TiN ion-plated specimens before and
after immersion in IN HCI solution.
(Original magnification X500, 20KV)
a ! before immersion ; As compared with Fig. 6-a, it shows more smooth and homo-
geneous surface.
b I after 1 day ; White deposits regarded as chloride compounds are shown on
the surface.
c : after 3 day 5 It starts showing pitting corrosion appearance at the center.
d : after 5 day s Locally it shows pitting corrosion, but any severe corrosion appea-
rance isn’t shown. ' '
e . after 7 day ; Same as Fig. 6-d.
. after 10 day s Locally it shows pitting corrosion, but totally it doesn’t show any
remarkable difference from Fig. 5-a.
Fig. 6. Scanning electron microscopic findings of non ion-plated spec1mens before and
after immersion in IN HCI solution.
(Original magnification X500, 20KV)
a ! before immersion ; As compared with Fig. 5-a, it shows more rough and scrat-
ched surface.
b : after 1 day ; Both a quantity of white deposits and local corrosion appearance
are shown.
. after 3 day ; It shows remarkable pitting corrosion on the surface.
. after 5 day ; Same as Fig. 6-c.
. after 7 day : Pitting is more grown.
. after 10 day ; On the whole surface it shows severe pitting corrosion appearance.
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Fig. 5.






