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Corrosion of the non-beryllium dental casting Ni-Cr alloys for
the denture base framework metal and the porcelain-fused-to-metal crown

Hong-Sik Kim, Jae-Sang Song, Soo-chul Park
Department of Dental Technology, Gimcheon University

[Abstract]

Purpose: This study examined the corrosion level by alloy type and pH, and used the corrosion levels as the dental
health data. The study utilized one Ni-Cr alloy for the full and removable partial denture metal frameworks and two
Ni-Cr alloys for porcelain-fused-to-metal crown, among the non-beryllium dental casting non-precious Ni-Cr
alloys.

Methods: The alloy specimens were manufactured in 10 ¢4 and stored in the corrosive solution(pH 2.2-4.4) in the
electrical water bath(37°C) for seven days. Afterwards, the metal ions were quantitatively analyzed using the ICP.

Results: Of the three metal alloys, Bellabond-Plus®alloy and SOLIBOND N®alloy, with 22% or higher chrome
chemical contents, had higher corrosion resistance than Jdium-100®alloy with 20% chrome chemical content. In all
three alloys, the corrosion of Ni was highest, and metal ion corrosion was higher in the pH 2.2 corrosive solution.

Conclusion: Although Ni-Cr alloy was not very corrosive, a Ni-allergic patient should not have Ni-Cr alloy
prosthesis. The Ni-Cr alloy for porcelain-fused-to-metal crown should be designed for the dental porcelain to cover
the whole crown.
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Table 1. Chemical composition of specimen Ni-Cr alloys (Wt%)

cempesitien
alley
Ni Cr Me Nis Ce Si Fe Mn Al Ti
Jdium-100® 590 200 8.0 Bal 3.0 2.0 - 2.0 1.0 Bal
SOLIBOND NP 627 245 10 - - 1.35 1 - - -

Bellabond—Plus® 622 225 95 Bal

- Bal Bal Bal - -

Bal: balance
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3% Tag UL 3TCOA B BAgoof F&
oleg FEAY Etxut AFEAIE ol8stol A
A3 A3} Jdium-100"%H3-2 pH 2.29] A&7} pH
4.49] AR} FApzo] otk YA RAREE
pH 2.2914 2|4 8,752 ug/erol A 231 10,821 ug/er ©]
Ak BAgglon] 22 A 2,982 ug/arollA i

4,282 ug/aro] B HAEAL, F
16.334 ug/ero A 2L 21.701 ug/enro] A EAE ),
pH 4.4014 YA BAA L= XA 0.187 ug/arol| A ]

3L 0.252 wg/ar ©] A HAEGOH, AF2 TH AR
&} 9l Ao M= S5 olsklaL 6/ 109 Al
A 0.003 ug/arro] A=F AL, T &0l A
0.238 ug/enrol Al ZaL 0.349 ug/aro] A HA et

(Table 2).
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Table 2. Elemental corrosion from Jdium—100® casting alloy fig /£m)

oH - Jdium—-100
Ni Cr Ce Me Nio Si Mn Al Ti Tetal

1 10.821 4282 1597 2752 0078 0327 0742 1018 0.084 21701
2 9875 3215 1.129 2312  0.052 0224 0624 0867 0.0711 18369

pH 2.2 3 8752 2982 1045 1924 0042 0189 0587 0752 0061 16.334
4 9153 3.0 1.121 2108 0055 0215 0631 0834 0075 17.213
5 10.254 3960 1309 2551 0062 0.321 0728 0958 0.086 20.229
6 0.2562 0003 0.021 0.035 ND ND 0.035 0.003 ND 0.349
7 0.187 ND 0.01 0.021 ND ND 0.019 ND ND 0.238

pH 4.4 8 0.224 0001 0.023 0.028 ND ND 0.024  0.001 ND 0.301
9 0.208 ND 0.015  0.025 ND ND 0.022 ND ND 0.270
10 0241 0.003 0.023 0.033 ND ND 0.030 0.004 ND 0.334

ND: none data

SOLIBOND N*&+2 pH 2.29] A|&7} pH 4.49] A& pH 4,404 YA BAHE = %A 0,018 ug/arol| A |
Hop BAzo] 29ron YA BAHE = pH 2,29 310,032 ug/are] A EA =Yoo F52 THY 9
Rl L 0,004 ug/are] Ak

Al ZA 2.575 ug/erollA] Z 1L 3.312 ug/aro] HwF EA A Ro|M= AESFE ol
Hoch 2288 pH 2.2 A 0.278 ug/arolA 2 A & S50 A 0.018 ug/arollA] il

0.302 wg/arro] A7 AU, F S50 A 0.037 ug/arro] A7 FAEOH, 7faet e B Al
3.094 ug/arroll A |31 3.943 ug/eno] 7 A= AT =M HE5<E ol5klthTable 3).

Table 3. Elemental corrosion from SOLIBOND N® casting alloy fig /fif)

oH . SOLIBOND N
Ni Cr Me Si Fe Tetal
1 3187 0.298 0.271 0.004 0.032 3.792
2 2.575 0.278 0.226 ND 0.015 3.094
pH2.2 3 3.312 0.302 0.285 0.003 0.041 3.943
4 2.987 0.281 0.254 0.001 0.024 3.547
5 3.012 0.285 0.260 0.001 0.034 3.592
6 0.032 0.004 0.001 ND ND 0.037
7 0.018 ND ND ND ND 0.018
pH4.4 8 0.028 0.003 0.002 ND ND 0.033
9 0.020 ND ND ND ND 0.020
10 0.025 0.001 ND ND ND 0.026

ND: none data
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Bellabond—Plus*3Ha-2 pH 2.22] A&7} pH 4.49]
NER Bzl Eoten], e RAHES pH
2.20l14 A 2.756 ug/emroll Al Z[IL 3,437 ug/erro] J7F

e i}

pH 4,404 YA RAHE= 24 0.019 ug/erofl A 2|
310,038 ug/aro] A BAEon 22 gy} 10
A7 = HEFFE olak3lal 3L 0.004 ug/aro] A

EAESA 252 pH 2.2 HA 0.275 wg/aroll A 2 BRI F S50l A 0.019 wg/arollAl 2L
0.342 wg/are] AT A=A, & 50122 A 0.045 ug/aro] Aek BAEQlom Uorel A A v
3.313 ug/emtoll Al Z L 4,229 ug/ero] A EAE Ak, e B ARoA AE5E olskithTable 4).
Table 4. Elemental corrosion from Bellabond—Plus® casting alloy fig /£)
Bellasend—Plus
pH Ne

Ni Cr Me Nio Si Fe Mn Tetal

1 3.231 0.321 0.287 0.034 0.001 0.039 0.030 3.943

2 3.245 0.310 0.295 0.031 0.003 0.028 0.035 3.947

pH 2.2 3 3.437 0.342 0.302 0.045 0.004 0.051 0.048 4.229

4 2.756 0.275 0.215 0.021 ND 0.025 0.021 3.313

5 3.023 0.298 0.252 0.029 ND 0.030 0.003 3.635

6 0.021 0.001 ND ND ND ND ND 0.022

7 0.038 0.004 0.003 ND ND ND ND 0.045

pH 4.4 8 0.024 ND ND ND ND ND ND 0.024

9 0.031 0.002 0.001 ND ND ND ND 0.034

10 0.019 ND ND ND ND ND ND 0.019

ND: none data

2. phPll = S 9
pH 2.29] §41§
R 3*«] o=

1=}
A

ﬂ%% 3.492 ug/ert, ZE|HES- 2 329 g/ ® LHE}
won Bellabond—Plus®@H#} SOLIBOND N*&Ho]|
HloH HE FEALEA 2o BAe2S HYon &

U‘ﬂ\_

AR oz g5t 2ol S HATHp0,001)(Table 5).

Table 5. Elemental corrosion from metal ions in pH 2.2 Solution {ig /£if)

Element pH 2.2 p—value
Jdium—100(N=5) SOLIBOND N(N=5) Bellal®end—Plus(N=5)
Ni 9.771£0.832 3.015+0.279 3.138+0.259° 267.811 .000
Cr 3.492+0.592° 0.289+0.106 0.309+0.025* 145,158 .000
Mo 2.329+0.332° 0.259+0.022 0.270£0.03¢6° 190.066 .000
Si 0.255£0.064° 0.002+0.002 0.002+0.002 77.984 .000
Total 18.770£2.193° 3.594+0.321° 3.813+£0.350° 225.418 .000
TuKey HSD=*
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pH 4.49) 341§ oolA] 34 S0l 20) 4ok #4  Bellabond-Plus™3HE-h SOLIBOND N“@Hae] vls) 2
A3 AE4E o3l FHULE Aol 359 el B A UdAT Belugl 3AUsN L HAS
B mgE F40l2 AW BAEA A 22 Rgon EAHom §odt xoE myr

=]
Jdium-100"gkgellA Yol 0.222 ug/er, =B (p<o.oo1)(Tab1e 6).
0.028 wg/crl2 YEPgon Jdium-100"g w2

Table 6. Elemental corrosion from metal ions in pH 4.4 Solution {ig /i)

Element ph 44 F p—-value
Jdium—100(N=5) SOLIBOND N(N=5) Bellalend—Plus(N=5)

Ni 0.22240.026° 0.025+0.006° 0.027+0.008° 253.026 .000

Cr 0.00240.002 0.001£0.002 0.001£0.002 0.024 977

Mo 0.028+0.006° 0.001+0.001 0.001+0.001° 108.686 .000

Total 0.298+0.046° 0.027+0.008° 0.029+0.011° 162.532 .000

TuKey HSD:a,b

v. o &t th oF 60Mf, Jdium—-100%H=9] YA 8-E% 9.771 ug/ar
EE}L oF 1808 9] W FAdS Yoy, & Atk
A AR R we AR S| HutEo] thoFst B Fe pHE 7]&2 2 A543 Muller 5(1990)-2 pH 5.0

AYRES 083t HHo| YAoA] ARGETL QoL T 4 AFEROA 15U & Yo 2|31 12,5 ug/aro] §&

o thfEt AT RE o] g3t HAEo] AlgtE T glo. S Balste], %2 4MIS Wole pH 2.29] FA89
U, @A7A = L]?ﬂ—a% TS o] 83t B HO| Azo] 4] SOLIBOND N*¢=# Bellabond—Plus“ &< U2
F2 olRox L glon] Ao UA-aE gge] d  SEFET oF 4Ml, pH 4.49] F48-0f A SOLIBOND
= HAA R Ed_?‘f& A(Lee et al., 2012; Kim,  N'&59 YA §&%F 0.025 ug/ar?t Bellabond—Plus”
2011; Cho, 19970l vla] A AT} B Y= gh2e] W UA 8% 0.027 ug/arEet oF 5008, Jdium-—
A AT BE Aol B, 5919 49 W“—i 10079 YA 5% 0.222 ug/arioh= oF 5009

£ k3o A7t ol RuElm glot R iy B RAME Borh ol Kol ¢l AT A
Sol 98 B8 Bl i 97 Fpsol ol 9 10k Sl clobarel Y8019] 2 Al 0 ¥
9B BREA e el e APl - sidom  A8S] W, RAGAS] £5, T A9
Bz ARt T3 245 Ho|2 BerEn

% %éOI oo A 2

3% g9 shehd AL YAo| 7 wgkom B o T3 B Lo A 3% ghae
& |

o FAAHENY] A& o] FARRE Kim o Ay} ®E AJHo| 4
Chung(201)9] TFupE27|2 o|gste] Fx3t Fwz A XS HAES 6‘3‘%1104’“741)4 °17}7lﬁ~ 00 ug/ent
oF 9.8 ar®] UA-38 FFAIES pH 2,004 15:7ke] = dA &%k SR Kim & Chung(201)& w2 Y
BANEAT} Yol 0.07ppmo] ZAHE o] thE F&Y B FACRE GRS Y 7hs/dol althal ot
Zof B3] 2o BAAS el AT SARH] B At i, Kim 5(2010) a&/d2o] o] HFA| 1jHoj
M= YA Balo] 7 24 Elglont B el pH  m&AEo] ol Fshet 3Ee] ARt Gag 2 ellA
2.20l41 SOLIBOND N*gh=2] Yz 8&F 3.015 ug/en’ + o W=7 olFE7| ujzol, YAo] xTE omAlE
7} Bellabond-Plus"3H=9] YA 8% 3.138 ug/ark I} 2|0 = 0] AR-S Tl gfjof gttt At ATt} 2 At
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3. pHoll W& 3F-9] 3ha FA4=52 pH 2.29] F4]&
Holq YA, 25, 25, T a5029 FAleaE2
Jdium—-100%%29] Bellabond—Plus®$r=¥} SOLIBOND
N*gFof Hlgl 2 FA¢-ES B30 SAXCRE &
o3t 2}o]E B o m(p<0.001), pH 4.42] FA-g-Hof A
Yz, BejBd, & 34 o] 29 AL Jdium-100”
3+20] Bellabond—Plus®3H#3} SOLIBOND N®gH=o|
Hlgl 2 A4S BHYom SAIX R (23 2o

£ H3Hp<0.001).

o AFtellA 3% UA-IF e AL AA= &
ohar HehEu, A1l R Bt oot s
& o83 AHE B FAHATY B2 dEE HEE
A7 SANA Aok RAES AR Al FAAA
o] 2 I AR FET 4 S o R 7 diHct
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