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= 3 Az o FHE MEE dETs A
&3t tH(Table I).

of 4ol FAo mAe AARE Hla HFdhe=
A BHOR o] AFolx ol AHdla e
YD 25UR T YF. 47 SALRE T D), 2. ABRIAL
UA-a§ g2, 18a 2LE-AE FEe T2
ks %Eﬂ w3 223 HolAgd AliE A F2RE g el (o] 3t as casta} ol ANEE iz
of, Had ol M 2 Al el 554 (potentiody- T2 W3 Al o)A g3 A S AETeR
namic polarization curve)< 71 &8t 14¥43ke] 9 sk9ith A9l 7l Table 119} 2t}
A2 34 ol f2jE 50| 2S HFHR &
ot AT 23 thae AWS A7 o8 1) 348 (Potentiodynamic polarization test)
Eastust g}, FAEES o AFE Fa-FAAE Wy
(ISO 1027D) 7oA et e BF4E 872
I &8 Az 3 U A AR A, A Hhel BAF 0.1 35
AN F SIEE A7 16m, A 1.5me] 9% St
148 M= Z2E R (FHA 2.01ar) 48715 E8)8H )
As cast AR 27 16m, T 15me] 98 S
EARIME 47 F B 48 =TS T @ 28Ry (1670) 2 2z Fxa0eH, 3 A9
F UA-AE 92 291 39E-AE 4 T A% 99 FaERg16h)e e BET
Z3lo] ALgStAth g vHEAQ] Fxe 2 Z 0.5m, #o] 0.7me] & #on ¥ W%ﬂ
FFE nlFIthe Ha g0 Fug dto] AlEA 2 AHE Aztetr] A3 EHAHEE(167)S 98

Table 1. Chemical composition(weight %), brand name, and manufacturer of used alloys

Name Alloy Manufacturer Composition
Type IV gold alloy  Pontor MPF Metalor, AuT2.0, Pt 3.6, Ag 13.7, Cu 9.8, Ir & Zn({1%)
Switzerland

Type IV Ceramic 71 pios 10 Jelenko, USA,  Au86.2. Pt 11.5. Zn 1.5. Ru 0.4, Ta 0.3, Mn 0.1
bonding gold alloy
Ni 65.0. Cr 22.5. Mo 9.5, Nb 1.0, Si 1.0, Fe 0.5,

Ni-Cr all Wiron99 Bego, G
i-Cr alloy iron ego, Germany Ce 0.5, C 0.02
. Co61.0,Cr26.0, Mo95 W50, 81.0, Fe0b
CoCr all Wirobond Bego, Ger ’ ’ ' ' ’ ’
o-Cr alloy irobon ego, Germany Ce 0.5 C 0.02
Table II. Number of specimens
Potentiodynamic polarization test Immersion test
As cast Solder Laser weld As cast Solder Laser weld
Pontor MPF 4 4 4 6 6 6
Jel-Bios 10 4 4 4 6 6 6
Wiron 99 4 4 4 6 6 6
Wirobond 4 4 4 6 6 6
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Solder

As cast Laser weld

unit: mm

Fig. 1. A schematic drawing of potentiodynamic
polarization test specimen.

o FERE Aol o g2 FHSTt
(Fig. 1).
7t dae] AxAt AFshe EAR St

FEAT. FEAS FEYo2NH EHsta

125m TS AL 018 E AASGE

2) A2 49 (Immersion test)
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7.2y 12708 S48}

FFAo Mg npR7A 2, as cast A1H-E 30mm
X 10mmx 1.5me] SSAE R (2470)8 I F
Zagon, g2 AlHS Azs] 93 SekaER
FNAE BER & 0.5m, Zol 0.7me] F&
o, HolAgd AlHE A A Zejad
28 (2470)¢ 30mmx 10mmx 1.5mm 7] B8e] A=
B2 Adhaled 15mmx 10mnx 1. 5mme] Fefg &
st th(Fig. 2).
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Ascast

Fig. 2. A schematic drawing of immersion test
specimen.
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Croen Kupferstabe, Wieland Edelmetal KG,
Germany)¥ A|H & #HolAgdstd AAsA.
Tl TEE 10mP =T F7]13L polyolefin



A 2 #(Schrumpfschlauch, Conrad, Hirschau,
Germany)< Tel4d 83l dr)|doz "
AlZTE Felda A48 £ gl 23|ln 2w
i &9 E 2715387 (Palavit G,
Heraeus Kulzer GmbH & Co. KG, Hanau,
Germany) 2.2 Frjtict, g A3l & =29 ¥
-2 Ant7] (Buehler Metaserv Grinder- Polisher,
Buehler UK LTD, Ceventry, England) & o]-&-&}o]
#320, 600 283 12009 S A2 &b o
dnteteith, s 2 9dE RS AAS] Yt
o 5% A de@eR 583 289 A F s,

AUEEF 9.0gF 950m 8] E5Hd A7\
1% #AHC3He0s3)E )43t pHE 7.410.1%
243 &, A4 $3)7k 1000n7} HES R4S
F7tetqd AsldE wHetdTh ol &% welg A
A 100mA & AHSIAT S48k Bt Mad
o] LEE 3TCE A AR, fel47]
= Parafilm(American National Can, Menasha,
USA) ez BE-35gie},

Counter electrode®2+ S92 reference electrode
2 23193k (Ag/AgCl) 2 AHE319 T} Potent-
iostat/Galvanostat Model 273(EG & G Princeton
Applied Research, NJ, USA)¥} Z 2 7138 (Corrosion
Software M352, KEG & G Princeton Applied
Research, NJ, USA)& Al&3l] ¥324 & 7|83

ATH.
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4 A Y PIHEIHE Zoh] Y8l 95%
o)A LA EAHEA (one-way ANOVA)
7} Duncan’ s multiple sequential range testZ Al

Pt

7t Al e A Aojz] A 2= Table el YeRL 2
B, 7158 £3 242 Fig. 34 99 Bt A
# o N34 & (Pontor MPF, Jel- Bios 10)0]
A5 4A g3 (Wiron 99, Wircbond)<l] B3] o &



o5 4-& EHh(Table 111, Fig. 3-9).

52149 (Ecorr) & 533 27, Pontor MPFe] &
Aol e Fad9e garA 71 vk,
202 Ho|ASHT, as castTe M Z T8t
Fou(p(0.05), 2T go| X &I ol Fo
27k AT, Wiron 999 7-foll= &3, glolA]
8T, 283 as cast? £LB FUFEIN o
(p€0.05), as castw® #o|A & ttollE o)zt
7} 12 tHp)0.05). Jel-Bios 103 Wirobondell 4 &

Table III. Comparison of corrosion parameters

Aol
e
300 ALjoAe AFUZ(i300w)= Pontor
MPF, Jel-Bios 10, 2.2) 12 Wirobondol| A& 43
o mE ke YERA %%tH(p)0.05), Wiron
99¢] Aol dalA 71 Eskon HolA g
T, as cast?Y €08 7HAsaA TH(p<0.05),
glo] A g as castT Il FA A7 91900

£21% Aol Yenix|

EREEE

lo

i

52 oo

Corrosion Breakdown Current density at Current density
potential (V) potential(#/)  breakdown potential(ud/c’)  at 300sV (ud/cn)
As cast 146.33£15.95 767.97+14.66 11.47+6.22 1.58+0.45
Pontor MPF Solder 77.25+47.03 771.20£7.01 8.9412.30 0.97+042
Laser weld 80.75+33.89 785.15+5.20 15731444 1.45+1.01
As cast 114.75+49.19 795.70+5.79 2.65+1.55 0.89+0.65
Jel-Bios10 Solder 129.25+74.30 766.60+30.12 0.55+0.39 0.43£0.00
Laser weld 114.00£52.33 806.98+18.88 5.59+2.95 2.22+0.49
As cast -156.25+5.50 662.53+25.82 12.74+3.28 5.36+1.06
Wiron 99 Solder -240.00£22.85 231.55+85.21 42.03+30.32 145.13+£144 58
Laser weld -194 25+57 89 728.63+23.14 73.31£30.83 42.01+10.94
As cast -200.75+16.64 649.15+24.50 6.69+3.89 3.98+1.52
Wirobond Solder -206.50+46 41 650.95+34.63 16.52£10.03 5.83+2.40
Laser weld -217.75+86.76 634.30+37.73 7.52+2.88 2.45+1.88

1200

1000 4

800 4

500 —o— Jel-Bios10

—o— Pontor MPF
—>— Wirobond
—&— Wiron 99

400

2004

E(mV, vs.SCE)

-2004

-400

T v T T —— 1
-9 -8 -7 -6 -5 -4 -3 -2
logi[A/em2]

Fig. 3. Potentiodynamic polarization scan curve record-
ed in as cast specimens.

E(mV, vs.SCE): Potential relative to reference electrode.
logi(A/em?): Log current density.
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Fig. 4. Potentiodynamic polarization scan curve record-
ed in solder specimens.

E(mV, vs.SCE): Potential relative to reference electrode.
logi(A/ar?) : Log current density.
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Fig. 5. Potentiodynamic polarization scan curve record-
ed in laser weld specimens.

E(mV, vs.SCE): Potential relative to reference electrode.
logi(A/e?): Log current density.
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Fig. 7. Potentiodynamic polarization scan curve record-
ed in Jel-Bios 10.

E(mV, vs.SCE): Potential relative to reference electrode.
logi(A/a) . Log current density.
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Fig. 6. Potentiodynamic polarization scan curve record-
ed in Pontor MPF.

E(mV, vs.SCE): Potential relative to reference electrode
logi(A/e?) : Log current density.
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Fig. 8. Potentiodynamic polarization scan curve record-
ed in Wiron 99.

E(mV): Potential relative to reference electrode.
logi(A/ar): Log current density.
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Fig. 9. Potentiodynamic polarization scan curve record-

ed in Wirobond.

E(mV): Potential relative to reference electrode.
logi(A/ew): Log current density.



oz 1 A go felE FEE ofdl,
a8 n Aggolden, Aals
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gol frel=Et. =, WaE FetE
F9}tHTable IV-VII).
FHolEE A 1dEt F2 FEHA o] F2 =
571 F3FAA%E, Wiron 99-garolA e
o] B2 {E2 At TYHE 149 Alo]oj
o] o] WUtHFig. 10-12).
As castoll X, Jel-Bios 10914 7F 28 24
o]2o] fuHdoen ©g&oZ Wiron 99,

po T

o
nis

Wirobond, Z12] 2 Pontor MPF2] elitt, ¢+
oA &= Wiron 9994 #-2l&e] 714 B3tom Jel-
Bios 10, Pontor MPF, 1] i Wirobond®| £=°]9]
o, dolAgTolME Jel-Bios 10, Wiron 99,
Wirobond, 2181 & Pontor MPF2] <=1 THp(0.05).

Pontor MPF-2&#2 as castw 3} #olAgd
o ]3| o] o] FEH N2 (p(0.05),

ole Fel9 frelolA] 71918 Aot as castw
#HolAgFT Atolol= &g zolst itk
(p20.05, Table IV). Jel-Bios 107 Wiron 994 &
gaT A 7t B F50lo] frejEglen, o
Loz golAFgegRE a81 as cast?d Foldth
(p<0.05, Table V, VI). Wirobondoll M &= t}& &4

o LA
B |y

Table IV. Total amount of released elements for Pontor MPF unit: ug/cm,
As cast Solder Laser weld
After 7 days  After 14 days  After 7 days  After 14 days  After 7 days After 14 days
Au N/d N/d N/d N/d N/d N/d
Pt N/d N/d N/d N/d N/d N/d
Pd N/d N/d N/d N/d N/d N/d
Ag 0.280 0.447 0.603 1.088 0.279 0.550
Cu 0.990 1.209 52.448 64.234 1.424 1.768
Zn 0.121 0.139 3.580 4870 0.149 0.248
Ir 0.103 0.173 5613 9.723 0.135 0.236
Total 1,494 1.968 62.244 79.915 1.987 . 2.802
N/d indicates non-detection.
Table V. Total amount of released elements for Jel-Bios 10 unit: ug/c,
As cast Solder Laser weld
After 7 days  After 14 days  After 7 days  After 14 days  After 7 days After 14 days
Au N/4 N/d N/d N/d N/d N/d
Pt N/d N/d N/d N/d N/d N/d
Pd N/d N/d N/d N/d N/d N/d
Ag N/d N/d N/d N/d N/d N/d
Ru N/d N/d N/d N/d N/d N/d
7n 22.131 23.507 95.683 102.388 71.890 72.553
Mn 0.166 0.171 1.518 1.687 0.653 0.660
Ta 0.013 0.013 0.029 0.057 0.025 0.025
Total 22.310 23.691 97.23 104.132 72.568 73.238

N/d indicates non-detection.
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Holl Hlate] FAREAA F&ol29] fE]7t B
¥ (p<0.05), as castw3} o] AFTE 7ol H2
2471 ST (p)0.05, Table VII).
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Table VI. Total amount of released elements for Wiron 99 unit: ug/e,
As cast Solder Laser weld
After 7 days  After 14 days  After 7 days  After 14 days  After 7 days After 14 days
Ni 5.276 6.041 100.797 211.045 5271 7.499
Cr 0.404 0.542 21.691 46.511 0.305 0.945
Fe 0.038 0.038 3.429 8.301 0.031 0.031
Nb 0.064 0.140 0.454 0.949 0.155 0.289
Mo 0.357 0.555 5.949 10.112 0.349 0.811
Ce 4.377 4.768 4.687 9.487 6.848 9.449
Si 0.497 0.742 3.524 8.336 0.812 0.982
Total 11.013 12.826 140.531 294.74 13.771 20.006
N/d indicates non-detection.
Table VII. Total amount of released elements for Wirobond unit: wg/.
As cast Solder Laser weld
After 7 days  After 14 days  After 7 days  After 14 days  After 7 days After 14 days
Co 1.262 1.446 28.491 28.933 1.201 1.391
Cr 0.114 0.149 1.602 1.677 0.113 0.156
Fe 0.028 0.028 0.113 0.113 0.032 0.032
Mo 0.090 0.126 2.357 2.431 0.094 0.133
W 0.112 0.151 3.429 3.497 0.087 0.119
Ce 1.673 2.144 1.125 1.427 1.848 2.259
Si 0.291 0.344 0.842 0.978 0.276 0.276
Total 3.570 4.388 37.959 39.056 3.651 4.366

N/d indicates non-detection.
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Fig. 10. Ton release as a function of time in as cast
group{ueg/cr?) .
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Flg 11. lon release as a function of time in solder
group (ug/cne) .
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Fig. 12. Ion release as a function of time of laser weld
group (ug/cn?) .

SAIT 15.0kV 9.8mm x5.00k SE{M)

Fig. 14. Wiron 99 _ Solder: After 7days.

SAIT 15.0V 11.1mm x10.0k SE(M)
Fig. 13. Wiron 99 _ Solder: Before corrosion.

SAIT 15.0kV 11.89mm x5.00k SE(U 10.0um

Fig. 15. Wiron 99 _ Solder: After 14days.
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ABSTRACT

THE EFFECT OF SOLDER AND LASER WELD ON
CORROSION OF DENTAL ALLOYS

Jin Baik, D.M.D., M.S.D., Yi-Hung Woo, D.M.D.,M.S.D.,Ph.D.,
Dae-Gyun Choi, D.M.D., M.S.D., Ph.D., Boo-Byung Choi, D.M.D., M.S.D., Ph.D.

Department of Prosthodontics, College of Dentistry, Kyung-Hee University

Statement of problem. Intraoral corrosion not only affects the esthetic and function of metal-
lic dental restoration, but also has biologic consequences as well. Therefore, corrosion is considered
a primary factor when choosing the dental alloy and laboratory technique.

Purpose. The objective of this study was to compare the effects of solder and laser weld on cor-
rosion.

Material and methods. Test specimens were made of 2 types of gold alloys, Co-Cr and Ni-Cr
alloy and fabricated 3 methods, respectively: as cast, solder, and laser weld. For the analysis of cor-
roding properties, potentiodynamic polarization test and immersion test conducted.

The potentiodynamic polarization scan curve were recorded in 0.9% NaCl solution(pH 7) using
Potentiostat/Galvanostat Model 273A.

All specimens were exposed to 0.9% NaCl solution(pH 2.3) during 14 days. Elemental
release into corrosive solution was measured by atomic emission spectrometry. Differences in cor-
rosion potential and mass release were determined using ANOVA.

Results and conclusion. Through analyses of the data, following results were obtained.

1. In Pontor MPF and Wiron 99, corrosion potential of the solder group was statistically low-
er than as cast and laser weld group(p<0.05), but there was no difference between corrosion
potential of solder group and laser weld group in Pontor MPF and no differences between as
cast and laser weld group(p)0.05).

In Jel-Bios 10 and Wirobond, there was no difference of corrosion potential according to join-
ing methods(p>0.05).

2. In all tested alloys, the amount of released metallic ion was greatest in the solder
group(p<0.05). There was no difference between as cast group and laser weld group in Jel-
Bios 10 and Wirobond(p)0.05).

3. In scanning electron microscopic examination, except soldered Wiron 99 specimens, it is impos-
sible to discriminate the corrosive property of solder and laser weld.

4, Under the this experimental circumstances, laser weld appears superior to the solder
when corrosion is considered.

Key words : Corrosion, Solder, Laser weld, Potentiodynamic polarization, Immersion
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