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awte~a &4 §FAAMA 0.0167x0.022"
bule Elgiloy ZgdAAN (& )& AFAsz A
Bale] AAgelx] g AAME H=TFoz 3}
oA LE9 AE WEHAAN A3
28729 AAME AYPFog s 4 F9 1040
2 Z 290705 dukFQl 219 FHolol 3=
T % 12cmZolE Axtdte] AP oE A3}

Aom 7zt #& EE vre] AR S5
felell g Age A7 Al gssict.

°é7<131‘_ 5Fl o) Aelse As2E

AAA 7} 2% dental furnace® ]%ﬂ o

700, 800, 900, 1000, 1100, 1200, 1300°F
250 3, 6, 9, 1287 dxz]she] DHﬂ%l
Al W ZHA et

ol A& &-e  Universal Testing Machine
(Instron Ltd.,U.S.A.)& AM&3ke]  cros-
shead speed 0.5mm/min, Z &7 40mm,
245 extensometere] Eohullg 204, full
scale load 100kg o2 A|3fzjglew] of % l
H-wygFdonRy AdAAs, F5
(0.2% offset), AAl&2S T35,

ol Sl 20mlS-#9 borosilicate test
tube 14570% AAlez AHdL AFFT2
thA] Al ste] whEl ohg, A7he] &7l dlF
el (£ 2)20 18mly & %3, acetoneo® X%
He EFEEE AAT AAE 7-}491 tubeci]
vy Yo F4E a o[ EE 37°CellA A
FAEt A AFA A °é—’f—°é F 4
g 18mle] qlFelodo] Halsh AFF47F 10
59] w8 &%= £ (vol/vol) 42mlE ~7}3}
i o] hot plate(ek 180°C) Abell A} A &3] 10

PV‘ 01

Table 2. The composition of artificial saliva*

Nay$S 0.0008 gm
MazP20 0.0008 gm
CO (NHa }2 0.5gm
NaaHPO 0.3gm
CaCly 0.3gm
KCl ' 0.2gm
NaCl 0.2gm
distifled H9O 500 ml

* subtracted mucin from the Fusayama fomula, pH 6.4

Table 1. The orthodontic archwire used in the investigation.

Product Type

Manufacturer

Approx. composition (wt. %)

Elgiloy Co-Yar wire

Semiresilient

Rocky Mountain/Orthodontics
Denver, Col,, USA

Co 40, Cr 20, Ni 15, Fe 15
Mn 2, Mo 7, Co. 16
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mi7k HEE 553 3 o] faol g 1
A3 2FY FE & 39 AT 24
Varian A.A.—30(Varian instruments,
Sydney, Australia) & °]-&3te] AAFHFE
ez FA3gcP. oulk 1059 vjg2 &
TFE A4 AFFE A UAFFFY
22 2% ¥ 4719 Rol 238 ol 2
gsted FAH(FAIY) .

Tahle 3. Analytical conditions of metal by atomic
absorption spectrophotometry

Ni Cr
Wave length 351.5 nm 425.4 nm
Spectral band pass 0.1 nm 0.1 nm
Fusel acetylene acetylene

Support nitrous oxide nitrous oxide

LLamp current 3.5 mA 7 mA

m. A7

dAHEA g AN Hejeldts, %
e Y dAlERe B 49 3

gl e W A7ke] wE AAAAYE
E E 59 o, 1000Fse EelA:
HoAAREsL dxe] AZke] 7 AMnx
dxe exol wel FrlEe] 1000°FolA 9%
Sl dx2)d Aol 213.6kg/mm?E 7} *
okem 1100°Fe] Aol A& 288 zasisled
dxg Aztyoe 2EF F24E £5 oF
73t (£ 8).

gEse ¥ 63 Zow 10000Fe]she
ol de Hjolgrirel o] AR 7kE}
£ e exo o3 o$ AngHoR Frt
9 (HE 8), 1000°FolA 987 dA=Y&
wl 140.1kg/mm*E 7} 3k},

dAl-gel W3 378 Fow, AAER
Ay A7 8 x| Zrbe whel Fzdte
74 8¢ Yebg e 1000°FelA 94, 1247k
dAestg S W 8.6%2 b o el

ol dAlge 288 Frhe A%E v
dglen ozt ARHe dAel Azkithe
exol W% o dE4E dEhhn UNTHE
8).

Table 4. Mechanical properties of as-manufactured wires in tension (n=5)

Wire Tensile strength Yield strength Elongation
(kg/mm?) (kg/mm?) (%)

0.016"" X 0.022" 161414 106.6 +1.7 1286t 0.9

Table 5. Tensile strength of heat-treated 0.016" X 0.022' wire (kg/mmz) (n=5)

Temp Heat-treated time {min)

CF) 3 6 9 12
700 183.7 1.9 186.2 0.5 187.911.6 190.3 0.7
800 190.0 £3,0 191.7 2.1 192.0£3.2 193.2%1.6
900 196.1 £1.2 198.6 £1.6 200.7 £2.9 209.4 £0.4

1000 207.0 £2.3 200.2%14 213.6 0.9 2123%1.9

1100 2101 +2.6 201.9+2.8 197.6 £1.9 1943 %1.3

1200 190.8 £1.7 185.1 2.2 181.6 £1.1 180.7 £0.9

1300 1766 1.2 170.8 £0.5 168.3%1.0 165.6 £0.7
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Table 6. Yield strength of heat-treated 0.016'* X 0.022" wires (kg/mmz) {n=B)

Temp Heat-treated time {(min)

(°F) 3 6 9 12
700 120.3+22 121.9%13 1230%19 1244 1.2
800 1239%29 126.7 +2.1 126.1 %29 126415
900 127.56£1.6 130.0£2.0 131.4%29 1369 %1.0

1000 136.7£2.3 137.1£1.9 140.1 £1.5 139.6 £2.0

1100 137.9%23 132627 129.4 £2.2 127.4%1.8

1200 1249 +2.0 121.0+2.1 119.1£1.4 117.6%1.4

1300 1148 %15 111.4 1.2 110.2+1.4 108.0 £ 1.1

Table 7. Elongation (%) of heat-treated 0.016"" X 0.022" wires

Temp Heat-treated time (min)

CF 3 6 9 12
700 11.2%0.8 108 £0.2 108 £0.7 10.4 0.6
800 104 1.1 10.2+0.8 10.1 £0.9 9.9+0.6
900 99105 9.610.7 9.4 %07 9.11£03

1000 9.310.6 9.0+05 8.6 £0.3 8.6 £0.8

1100 8908 94108 98105 10.0+0.5

1200 102%1.1 10.8%1.2 11.120.7 11.3%£0.4

1300 11.810.9 121205 12.3%0.6 124 £0.5

Table 8. Correlation matrix among variables

below 100°F above 1100°F
Temp Time Temp Time

Tensile

strangth 0.916%* 0.277** -0.932** -0.324*
Yield

strength 0.895* 0.271* 0.919** -0.328*
Elongation -0.749** -0.262* 0.829** 0.247

. p < 0.08* p < 0.001**
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Table 8. The amounts of Nickel and Chromium released from as-manufactured 0.016"* X 0.022"" wire
{ug/em?) (n=6)

wire Nickel Chroamium

0.016" X 0.022"

0.098 £0.022 0.112+0.025

Table 10. The amounts of Nickel released from heat-treated 0.016°* X 0.022" wire (m/cmz) (n=5}

Temp Heat-treated time {min)
(°F) 3 6 9 12
700 0.208 £ 0.042 0.241 £0.025 0.285 £ 0.056 0.285 £0.025
800 0.208 £0.022 0.263 £0.035 0.263 £ 0.035 0.328 £0.056
900 0.318 £0.022 0.372 £0.043 0.438 £0.035 0.438 £0.065"
1000 1.601 £0.044 2.303 £0.056 2.906 £0.041 3.937 £0.074
1100 2.610 £0.056 3.126 £0.055 3.169 £0.035 4.81510.075
1200 3.202 £0.061 3.686 £0.062 4.409 £0.025 4,782 £0.071
1300 3.630 £ 0,062 4,245 +£0.055 4,508 £0.042 4.947 £0,055

Table 11. The amounts of Chromium {without Cr 6+) released from heat-treated 0.016" X 0.022"" wire

(pa/em?) (n=5)
Temb Heat-treated time (min)
°F) 3 6 9 12
700 0.316 £0.037 0.350 £0.043 0.384 £0.088 0.407 £0.097
800 0.327 £0.057 0.407 £0.036 0.429 £0.026 0.526 £0.049
900 0.373+0.022 0.429 £0.058 0.513%£0.057 0.542 £0.037
1000 1.210 £0.057 1.560 £0.078 2623 1£0.043 2.704 £ 0.056
1100 1.391 £0.057 1.787 £0.045 2.749 £0.057 3.032 £0.036
1200 1.481 £0.056 2.274 10,043 2.941 £0.064 3.054 £0.025
1300 1.606 £0.025 2.341 £0.043 2.930 £0.023 3,088 £0.077
B8 2 Az, dxgsA %2 ElgiloyAA 427 F7E A& 12). & AdolAE 6
2 2y S8 JIs) 289 ok 2 0.098 7t 2B A HAEEHA Fhenz 671 2E
ug/em?, 0.112ug/cm?(E 9)Qlel] Hbasl, <3 < A3 2F9 ks A5}

ls
B AAZFE fFeEE s 25 e
dHe) LR Ae) RAD 45 F&H)
F7tE 9o 1300FS5olA 1287 A2}
o

Table 12. Correlation matrix among variables

A< wW 2y s 25 e 47 4. Temp Time
947ug/cm?,  3.088ug/cm?E bR EQhTH(E Nickel 0.908** 0.222*
10,11) . w8 @9 o2 dAAzE Azt Chromium 0.824** 0.351**
£ 2 AL vetiden, 2E9 o

= 5‘7}' 57]’°“-‘— Zl'o] 7E]°’P§:]°“ "q'a}’ = p <0.08* p <o.001n
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o uistei 609% ZFbsldcii Mardlgl.owy,
29 A2 (.016"green  ElgiloyA ] &
dental furnace® o]-&3sle] dA g A3 3
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Aol 7} ofZ|® 4 Qlekan Az},
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blue Elgiloy =¥ A& dental furnaceol4
dA A 1200°F A 587 A3 A9 A
A=} 7b4 2A vElgten, 1200°F71A
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A Elgiloy Aol nmlx& dAeje] &
9} A7ke] ERE sl AdFER el A
Ay FEes S40leF UdHt 2%
8} k& =437 $3le] 0.016”x0.022” blue
Elgiloy AP AANE 202 o] dHE4A
FE Ao wE HulAAE, dEAE W
%-% TR e, dFelde dFUzt
1 FelE FEol ey dE FAT|A

2.9

E& A9l

< 4AHE At I &
E.oﬂ 1 -‘#_D} Addoez FItHUL
1000°F0M %%t dX=g Aol 213.6kg/
mm*& Ekend, 1100F olAbol A& 1000°F
of vl 287 7% vt

2. FEFeEe FHudAA=sd vtz o
Ay A ZkRcohE dxE Exol sid 2o
AdA ez Z71=95 1000°F2 9ol A 140.
lkg/mm2& 7}4 3k},

3, AdAlgL dAF A7 B 27t F7HEl
whe} gtaske AgE velde] 10000F9) 9%
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ol Ao A& dAEE 238 Frehlch.
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of dg AgAo] £Ag ol F&F7 F7et
e 1300°FollA 1287} dAeslg g o +
glg Jda 259 ke 77t 4.947ug/cm?,
3.088ug/cm?*E 7}A ESket.
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— ABSTRACT —

THE EFFECTS OF HEAT TREATMENT ON MECHANICAL
PROPERTIES AND METAL RELEASE FROM HEAT-TREATED
ORTHODONTIC ARCHWIRES

Choi Chul Min, Rhee Byung Tae

Department of Orthodontics, College of Dentistry, Pusan National University

The purpose of this study was to evaluate the effects of heat treatment on mechanical pro-
perties in 0.016" x 0.022" blue Elgiloy wires and to measure the amounts of nickel and chromium
released from the wires in artificial saliva.

Ultimate tensile strength, yield strength and elongation were measured with universal testing
machine (Instron). and the amounts of nickel and chromium released from the sample were
measured with atomic absorption spectrophotometer after one week immersion lin the artificial
saliva.

Ultimate tensile strength and yield strength were progressively increased below 1000°F, but
elongation was decreased. And the results were reversed above 11 00°F.

After heat treatment of the sample for 9 minutes at 1000°F, the maximum tensile strength
and yield strenggh were 213.6kg/mm2, l40.1kg/mm2, respectively., Both tensile strengrh and
yield strength were decreased progressively above 1100°F. Elongatioh was appeared the minimum
value (8.6%) after heat treatment for 9 minutes and 12 minutzs at 1000°F,

There was a pronounced increase in nickel and chromium liberation with increasing time and
temperature.

The maximum amounts of nickel and chromium released form the sample were 4.947;,Lg/cm2 y
3,088;.tg/cm2 , respectively after heat treatment for 12 minutes at 1300°F.

Heat treatment is applied to orthodontic wires, especially cobalt-chromium alloys, for the
purpose of stress-relievning and hardening. When the heat-treatment of orthodontic wires, the
heating procedure should be well controlled in order to have no effect on corrosion resistance

and mechanical properties.
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