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Table 1. Composition of experimental wire

Stainless steel alloy (Tru-Chrome”)

Chromium 17.0~19.0%
Nickel 8.0~10.0%
Manganese 2.0%
Silicon 1.0%
Phosphorus 0.04%
Sulfur 0.03%
Carbon 0.08~0.20%
Iron balance

93k YRF o2 0016 1], 0.018 21xle] 43 XA
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stingS A3 & n-d 47 99.9% o &) 2z}t 3
A FAF g 8k 23 F3& 938kl 50~60
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Table 2. Composition and conditions of electroplating bath

/7 |==8 0133 AHRIM2 A8 MRe]
[

Rz Bl Bet MEE 6P

Table 3. Grouping of samples

Nickel sulfate(NiSOs.6H:0) 100g/L
Nickel chloride(NiClz . 6H:0) 60g/L
Boric acid(HBOs) 30g/L
Sodium chloride(NaH,Cl) 50g/L
Voltage(V) 1.7
Temperature(C) 25-29
pH 31-33

Classification Group

As received 0.016 inch stainless steel wire 016
Electroplated 016 016P
Electroplated and heat-treated 016 016HP
As received 0.018 inch stainless steel wire 018

(+) Platinu ——1_|(-) Stainlesg \)
H—] steel

Power supplier

7 Temperature
O C |/ controller

Fig. 1. Schematic diagram of slectroplating unit.
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“HFigs. 2, 3).
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Fig. 2. Schematic diagram of three point bending test.

Fig. 3. Threepoint bending test in universal testing machine.
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Table 4. Comparison of the results of three-point bending test

CHRIWAR 334 25, 20034

Grotp N Stiffness(Kg/m) Yield strength(Kg) Ultirate strength(Kg)
Mean SD Mean SD Mean SD
016 15 401.92 6.21 21251 14.31 510.18 3.29
016P 15 451.10 71.06 246.88 133.77 559.90 1855
016HP 15 456.18 29.95 262.53 115.89 595.29 21.59
018 15 642.71 10.36 346.10 32.65 793.74 735

016, ready-made 0.016 inch stainless steel wire ; 016P, electroplated 016 ; 016HP, electroplated and heat-treated 016 ; 018, ready-
made 0.018 inch stainless steel wire ; values connected by the same vertical line are not significantly different at the 5% level

by t-test.

I electrode

ted area

AH T BF Al FdA A wfelazvEz o
A7 & SA st 0.018 1o U3t 7k 29d H 7 <]
% Atetn B S Bt #dAS Hrlstdd
HFig. 4)

Hh AIA

SAS (Statistical Analysis System) A Az &
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A7 7S Al et S AEAE Al
gt =539 744 F7HE A8l A= Kruskal
-Wallis test® &3 #4242 Ao

g
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Load (k
900 (ka)

800 A
7007
6007
500 -
400 -
3001
200

1007

Detlection (mm)

Fig. 5. Comparison of the load-deflection curves between experimental groups when tested in

the three point bending.

10000

Plated metal

30 a0 50 50 70 80

Standard peak of nickel

30 40 50 2y 70 80

Fig. 6. Search results of plated metal by peak matching.

2. X Sl 24

20-0Wd o =g s\ A 20 3
oldl a3t 34 &= =5 JCPDS (Joint Com-
mittee on Powder Diffraction Standard) 7}=.¢] Y
@t dAE AnE vehfol = g0 YA
< #elatgd o (Fig. 6).

3. NI (2 & &2

of e A7 F/ES Lolry] 95t
- 01%6}0% AR g AF(N=285 R*=
0.00259 *+ 0.00004 mm7} Z7}+¢
=0.0001)(Fig. 7).

5 4 Diemeter (mm)
|

T T T T T T T T T T
1 z2 3 4 s B 7 8 8 {0 1t 1z 43 14 15 48 1T 18 19
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Fig. 7. Increasing ratio of wire diameter by time in the
electroplating procedure.
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o Kruskal-Wallis71 gl & 5AA Zole et
YAl @k (p=0.0703).
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- ABSTRACT -
An experimental study on diameter increase of orthodontic wire
by electroplating

Jin-Hyoung Cho”, D.D.S., M.S.D., Young-Eun Sung?, M.8.D., Ph.D.,
Ki-Heon Lee”, D.D.S., M.S.D., Ph.D., Hyeon-Shik Hwang"”, D.D.S., M.S.D., Ph.D.

v Department of Orthodontics, College of Dentistry, Dental Science Research Institute, Chonnam National University
2 Department of Materials Science & Engineering, Guwangju Institute of Science and Technology

The purpose of this study was to evaluate the possibile clinical application of electroplating to increase diameter

of an orthodontic wire, through examining the change of physical properties.
The diameter of stainless steel orthodontic wire was increased from 0.016 inch to 0.018 inch by electroplating
in a bath of nickel sulfate 100g/L, nickel chloride 60g/L, boric acid 30g/L, and sodium chloride 50g/L, under the
conditions of 1.7V, 25~29°C, and 3.1~3.3pH. During the electroplating, the rate of diameter increase was measured
every minute. To investigate uniformity, the diameter was measured at three different locations of each wire
specimen after electroplating. An X-ray diffraction test was performed to analyze the nature of the electroplated
metal. Following heat treatment to improve adhesion between the wire and electroplated metal, a three—point

bending test was conducted to compare stiffness, yield strength, and ultimate strength among four wire groups;
0.016 inch, electroplated 016, electroplated and heat-treated 016, and 0.018 inch wires. Through the comparison of

each wire group, following results were obtained.

1. In the load-deflection graph, the curve of the electroplated group was placed between that of the 0.016 inch group
In the electroplated and heat-treated 016 wire group, the values of stiffness, yield strength and ultimate strength

and the 0.018 inch group, and the curve was closer to the 0.018 inch group by heat treatment.
showed higher tendency than in the original 0.016 inch group. Stiffness and ultimate strength showed statistically

2.
significant differences between two groups.

Stiffness, yield strength, and ultimate strength of electroplated wire presented lower values than those of 0.018
than those of electroplated wire group, and ultimate strength showed statistically significant difference between

3.
inch wire group.
Stiffness, yield strength, and ultimate strength of electroplated and heat-treated wire showed higher tendency

two groups.

After electroplating, the difference in diameter between the three locations was within 0.1~0.3% variation, and
showed no statistical significance.
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Key words : Electroplating. Increase diameter of orthodontic wire, Change of physical properties,

Uniformity
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