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Corrosion resistance of orthodontic super stainless steel wire

Keun-Taek Oh, Kyoung-Nam Kim, Yong-Soo Park*

Research Institute of Dental Materials, College of Dentistry, Yonsei University
Department of Metallurgical Engineering, Yonsei University®

Conventionally used orthodontic wires are made of 302 or 304 stainless steel with the high
probability of localized corrosion, such as pitting and crevice corrosion. Therefore, in this study,
the orthodontic wire was made experimentally of super stainless steel (UNS No. $32050) with
high corrosion resistance by drawing process. Subsequently, stress relieving heat treatment was
applied to the orthodontic wires. Super stainless steel and conventionally used orthodontic wires
were heat-treated in an air, argon or vacuum environment, at 500°C, for 6 min, and were either
cooled in a furnace or a water bath, The properties, such as phase fraction, surface oxidation,

" corrosion resistance of the wires were investigated.

The conventionally used orthodontic wires showed twinned martensite by stress-induced
transformations in XRD patterns, but S32050 wire did not. S32050 showed the low passive
current density of about 1 WA/cm® and the stable passive region to a high potential in artificial
saliva, compared with conventionally used orthodontic wires which showed high current density
because of the pitting occurred at a certain potential. S32050 wires heat treated in either
vacuum or argon environment showed high corrosion resistance regardless of cooling method, but
$32050 wires heat-treated in an ambient showed relatively low corrosion resistance, Con-
ventionally used orthodontic wires heat-treated in an ambient or water-cooled wires after all
heat treatment, showed very low corrosion resistance in artificial saliva, due to the porous,
unstable and nonprotective film formation. Conclusively, S32050 wire with high corrosion
resistance to inhibit the release of metallic ions in an oral cavity where the localized corrosion
environment exists is considered to satisfy with a requisite of the orthodontic wire. It is
considered that S32050 wire has high corrosion resistance after heat-treated in vacuum or argon
environment and cooled in a furnace or even a water bath.

Keywords : Super stainless steel, Orthodontic wires, Stress relief heat treatment, Corrosion resis-
tance
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Table 1. Chemical' compositions of 832050 and conven-

Specimen | Cr | Ni | Si [Mo| N|cC | s C‘aft’.s‘f’m'
ion
s32050 |22:69|21.23( 080|621 | 028|003 |0g0s| SUP*
Grade
- Remanium |1875| 829 [113] - | - [o11]0006]302 s s.
Perma- 1,000 000 [156] - | - |o08|o0oa|304 s s,
chrome
Colboloy 11971] 865 |079] - | - loosfoooe[304 5. s,
Archwire |1945] 870 [177] - | - [o08]o004[304 5. 8.

XRD(D-Max Rint 2400 model, Rigaku, Japan)
& o3t Z MA F#Y ¥ FEEE A
Atk XRDE Cu target®] K. A& A3} scan
range 30"~ 95°, scan rate 4°/mino. 8 AHEAE
oAk JEE FH2 EPANe AFEA 9y
FolAd APuEYE Hesie Alg3igy, 22
UolEgt mE|AIE ol (200) 3EAE M9
ATk dAge] 9% HA B AAAxd wf
£ d¥gE F4s7 A8 43 HEACM-STw
model, Minolta, Japan)& ol43#d Az W ukA}
Tg 3 ¥4 F330
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¥E Ao YEIAL: FFEF 4¥L Poten-
tiostat(Model 263, EG&G, US)& AMg& gy, &
2] A (corrosion cell) ) BZE AF(auxiliary e-
lectrode) 2.2F& F 79 IR @4 AFE AR
9.2, 71¢ AF(reference electrode) 2.28% X
317+ % A3 (saturated calomel electrode, SCE)&
ARG A8 892 37C, 90F B (Table 2)
£ AMSEATh AW AL B A" A
gEolY ETEY A4%E AAs7 A8 -600mV
(SCE) 8l &5 AYE U7iske 1087 74 84
g Fol i HE A FHE 1087 fAE[ACT
S AEY 43I WYL T ImV/secd FAL &
T2 1.6 V(SCE)7A A€ S7HIFIEA A|8&
Pt Ztzte] o) s 3 Y dF B 4
H& 3t FFEFT HAE Fo AHL] Y
A g AAMEE7] 918 8tol A F = (Hiscope, Hirox/
KH 1000 model, Micro Hiscope System, Japan)
g o] g3t

Table 2. Constituents of anificial saliva

Constituent Concentration(g/ 1)
NaCl 0.40
Kcl 0.40
CaClz - 2H:0 0.80
Na,S - 5H:0 0.01
CO(NHz)2(Urea) 1.0
Distilled water 1000 mt
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Fig. 1. X-ray diffraction pattems of the orthodontic wires.
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Table 3. Resuts of spectrophotometer measurement on the super stainiess stoel wires after the stress relief heat

treatment.
= : .
Wire Type | Condition = urnacZ*Coohng -~ = Wateras,oolmg =
Control | 69.04+189| 068+018| 809+254
Remani Vacuum | 5757+341| 2474053 | 1578+349| 4738+1365| 430+042| 17.84+328
emanium Air 34874638 | 1381+198| 813+225| 3671+386| 815+124| 746167
Ar 45341462 | 778+121| 2058+451| 4622+485| 2374040 1241+282
Control | 7091+112| 056+006| 635+195
Permachrome| V2cuum | 5419%204 | 361£075| 1059351 | 56132397 306052 1730278
ma Air 35.22+478 | 1310+341 | 1379+198| 4513%752| 569165 17.11+256
Ar 5597+2.78 | 2911069 1895+345| 5047+243| 217+071| 1185+346
Control | 6492+193| 132+007| 1016316 :
Colbol Vacuum | 46274357 | 496+126| 19304234 | 4911+349| 519+165| 2354+264
oiboloy Air 3869681 | 1571058 | -332+149| 36.60+385| 894+239] 1033+272
Ar 4940+451 | 439+085| 19404246 | 4404+646| 221+078] 973+1.38
Contral | 7499+234| 067+003| 642+161
Archwi Vacuum | 54404256 | 3.15+113| 17.20£1.24| 68.07+628| 099+002| 863+164
fehwire Air 46754456 | 560+157 | 1964+257 | 4462+397| 553+123| 17.81+296
Ar 6152+234 | 239+050| 13224197 | 6324+425| 0954004 557+273
Control | 7001+152| 070%001| 7.11+0.042 |
siposo | Vacuum | 6844234 08840025 | 7390057 | 5584428 | 515£0052| 21.88+0.19
Air 3833+532 | 10.36+0.16 | 11394013 | 47.11+487 | 6.66+0089 | 19.87+0.67
Ar 58184335 | 097-0064 | 7.16+0049| 6049+395| 160+0072| 1147+008
py. — 832080 machrome AAE o 1 4/cm® o B2 AF
4} ——~RA i
" Permachrome 8 ¥4 7T ¢ 320 mV(SCE)9 T4AYE
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Fig. 3. Anodic polarization curves of 532060 and conven-
tionally used wires.
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Fig. 4. Anodic polarization curves of the wires heat-
treated In vacuum.

veltel Permachromes %2 $%5H 3§ 2%
£ HS5T, 240 mV(SCE)Y #4 A& R4k
Colboloy®] 7ZA4& % 12u/cm’ AES] 258 A
FUxs 281 mV(SCE)Y FAAHE #de A

2 JEyY, Remanium® %7t 713 & &
g HYF, AfSs o A& &8
Holg AcE Jeiwtt T dAE ¥ F
WE A¢(Fig. 4(b))E S32050 Aol 2Ee) A
FAE M @A veEsty, g4 38 Qe
Hoz veiygd AT AF EHE F ¥a A
Aol vjs HEe mge] EgAIE AE B F
21t} Permachromes® Archwired] %+ Z34¥
Ay F =g A9 vms] YL o w2
AFIYEE Holx Ao Ue®, HEe F7he|
=482 gE ALz Jexth & ZAL M
7b A g ¥ e9E A A Ao =

o
i
&

207 Air-Furnace Ceoting

4{——$§32050
-~ R amanium
................... Permachrome
1-—— Colboloy
Archwrie

»

© -
n o

E vs. SCE(V)
©
°
|

w0 10° 107 50° 10" 10 t0®  10* 10" q0'
Current Density(xA fenf)
(a) Furnace cooling

Alr-Water Cooling

| —— 832050
e R@manium
Permachrome
1.0 —— Colboloy
Archwire

E ve. SCE(V)

0.0+

10° 10" 10" 10° 10" 10°  10® 10t 10°  10°
Current Density(sh fent’)
(b) Water cooling
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Fig. 6. Anodic polarization curves of the wires heat-
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Fig. 7. Photographs of the wires after the anodic polarization test.
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AEY AFolA 532050 AAE MMMOIE 23
gho] EAFE ¥ Rl%li@ Remahumiﬂr Per-
machrome AAE QAvUlE ARgo]l A U
EHst 3, Colboloy# Archwire ub__ww E 348
&) ®A Ushdoh S320502 302, 304 2613
27ke] wa @2 %9 Cr, Ni, Mo, N7} &34
2 A=k gk 2 2HVolE s 949
Ni, N8| #%o] €48 Yz i 228
°lE 9%9& W T Ms(martensite ttansfovmatlon
starting temperature) 35-&- ‘Q'ﬂwmtﬂﬁ” A4
UuH(bee) TREO) WAE oAl s WEA 2
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Egy Agdd, Yk 7kge a4 &4 #71 0l
ZRAO|ES] Y42 FA L HAVE ANA §AYE
Rojgiey 2713 HAo Al o ALHE U
854 AR GYE F 5 7] Qe =7
A FAel FY FEY Y4F A7 olFoAe}
iy g

dNe 24 9 ¥ wyel & a4z Y 3
Hor, AAelg AULE F&A Beo] Alelxy,
82 MAE straw colorg Ze ALE e
<, oA dAle] A FAHE Fe0:9] A3HEo
os 7] Moz Azt gir|FdA dHE
AL AAs A4 JEo] A Uehis A B
F Uxth 283 ol AE e oOHE M3E
B9 AR o3 A4 Edo] JehlE AL ibs
g 283 A 59 od G224 Jeiyd, o1g2A
gxzlol ofs QP AEe AL AHE
ZAFH 324 we KM mgozM Hed F
e A7t AAFEL GAE S32050 A9 E9
2 straw color& ZHe ALE JeiEy, dAE o
e Fex03 B FeCroOstl Ao AZgnt 7|E
I3 E AAxT gAge] o# straw color§ T
Reg vebgA|9h S$32050 Aol EHo FAE
A3E Hute] sk e Aog QA oF
AsEe Fxo wi} dAMlg L A9 U
o] AAH7) wWE B dFdME $IFEF
AL 53l olF AANESY BEA 2 W4 F&
B 7Lt

Ewers$} Greener™ & 77 W §4o) #¢ 17
A HgF FH4Y A9 7Ee] He AU
A% -3¢ AYE -58 ~ 212 mV(SCE)°|Z, pH
6.1~79°19, HAFA etfe] i3-#d Y
-17 ~ 1525 mV(SCE)&#3 sg=d|, °|$ 7
Zole FAW, AF AAE ¥ FAEL 2
okoll wig} Fo|rl AUtk &l YyrHow AY
B B A Al g F7 W A2y HYE wA
&t} -300 ~ 300 mV(SCE)& 3t 48 y¢
th B d7oiMe $EAA dAsg A4 ¥

fo e rlr

A F9AAe] AHEFE YotEs] A -600 ~

1600 mV(SCE)7HA %3 #3¢ F4sath 2%
£ AAe %3 BF AYezyE $FY AF 2
=9} 24 A9 34 27 B 3 AA 9

g B517 2 ¥z vubgel o AL dA9 W
A FA WsE+s ASZE vgyth $32050 A
Ae d7iFeMe dxelg A3y A7 L o
2E dANEE B WAAE 24 e Aoz 4y
By, tf71FelM e @y § e HA k=
WE AARTG & JAe e Az Yy
o @A EHA &2 7E AL MAAEL FEF
WHAHE B8 e Rz JeigAT A2
dxg ¥ g MAE AYe 39 AA A=
g A yde) AgEE Ao dewt 1
23 S32050 MAe dAziel s FAY Aol
dojujA] gAY 71E AL HAE EF 24
o] HAIFNUT, 2 AF UE FJIE HAFAG
ozl g Aol AHQIEAY AA EHe ¥AHP
e Fzo] g AYHE A2 YzhEch $32050
AAE d4 o2z 22 FFA ol dd &2
AL Zre AYFRE 7RI AT, 9 AA
AR ALRE EA7INAM A3E A A 0§
AR FZ7E AW RAew ARHAW /& Z
AL MAE 302, 304 2EQEAA0E FTHH &
ol o] tigt Aol W& BN HAeLypZXE
JEA A glen, dAE 8 w2 IAF UE 7
£ ¥ol: ZoE Mo} YAHE MaE 727} OF
Aoln] B3 AoE AziE)

RE ZAHE Mol A3 QF A Yoy 53
AelH A AF UL E B9 REH 99 F
A sl BE AHHY AF QD=7 gREA
fAE = FE dAE] B2 # @7 g o
2 W3sEE AE Bo F37 g ol E HALL
XL AA mde] HAE vvte] B o3 A
AgE Aoz deiht A=A 4 A
AZ dAEY ¥ 8 AAE REH 77 ZE
Aoz JElg, oo Az F £dd AA9
A4E UiEe]l B 4F 48 HFL HE ¥
YAE 7o) EASAY, ¥ HF UYEE Ho
I U7 wEo) o HHE HEd gdog H7|
o fch

532060 AAY Fg4e AFAM EAH2E F =
W W SYE A 25 22 WAL 1iE
Z, d7eA e dHeld ¥ sEE A7 =99
AR & WAAHE 2= A Bol JIE FE
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9 A4 92A deiyrh HZAZ AHE
€ FHY 3% WA AT A doly
FYL dsop @t spAITk S32050 HAAE
HE F PPHE WA E A%E vAA
e AoZ Jehwth S32050 HAE AF 4
el W& A Aol s 4 dAol A
DA WGy, B B2 % 3z el o
i W44 Wt 71T AAd wE ofF A Y
e, ol S320509] Muhe] HPAS At
g F& Aol WAL A FANTE A
o2 Hzdc vEARZ AMRE HAe Ave T
Z W s34 AdedM 34 # Fd FHe ¥
B3 dojd + oEE dAE 47 ¢ W7
el Aol AFE 7dor & Aol

54 &

1. 9F ® velA U4 ZEAIYLF
(UNS No. S32050)2 &< WA4& 2o %=
B2 ZHA ok 1 w/em’ olEte] RE FFH A
F ASE HAL 34 G40 dE EY REH
F2& A YAk AT HEAES AY B
ol WE T4 LAoE & AR Y=E BT

2. 532050 AAE di7]AA FAedH w2 A
soll o3 WA Aol AFSHARL, kdE A
e HdARG 32 fa4E Zde AR dEk
ot AT d7IFAA A S32050 WA= 4
89 712 ALY g2 A4S FE Qo=
UERET, $32050 AAE tiriFeirMel dAg F
sz WA & A7t fle Aoz A7d
o

3. 832050 HAE AF R o= EAVAM %
S UdAde BRET AL, €48 F s A
Aol WAL A SGNAA dskn AT
ZAE Y7 el de Wadd & Holg Mo
T AUk $HAA QM) S32050 AAE T
W oAks-ge A9l FHel BAHA 942 A2
2 wedo vRAE A8 249 vt 7 W
dr g2 2 ALHA FAo] Y 5ol =
2 Aoz Yeiyt

1 2NAY Qa7 AAE B BANE

E_‘u

Hf3a 917l WEe 77 WA 34 R E¥4Y
T AL FE Fd ¥ o] &&0] JAH
i 24E HARA 773 AF R AFY ¥+
¥ §4e ze Aoz #dEth 532050 U449
At dAd o8 WHAde) W3t A ¥k
I AR HHE FASE ALE dEiTh

S

o] =E& 20009% FHIF 21 AIY ¥ =Z7HA
A4 Aol 23t A HHAE.
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