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Concentration of elemental ions released from
non-precious dental casting alloys
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[Abstract]

Purpose: This study was to assess the extents of the release of metals from the non-precious alloys used for dental
casting by measuring the differences in the extents of the release of metals by types of alloys, pH level and elapsed
time.

Methods: Uniform-sized specimens(10cnt each) were prepared according to the Medical Device Standard of the
Korea Food and Drug Administration(2010) and International Standard Organization(ISO22674, 2000), using
four types of alloys(one type of Ni-Cr and one type of Co-Cr used for fixed prosthesis, and one type of Ni-Cr and
one type of Co-Cr used for removable prosthesis). A total of 12 metal-release tests were performed at one-day, three-
day, and two-week intervals, for up to 20 weeks. The metal ions were quantified using an Inductively Coupled
Plasma-Atomic Emission Spectrometer.

Results: The results showed that the extent of corrosion was higher in the ascending order of Jdium-100€,
Bellabond-Plus®, Starloy-C®, and Biosil-F®. The lower the pH and the longer the elapsed time were, the greater the
increase in metal corrosion. At pH 2.4, the release of Ni from Jdium-100¢, a Ni-Cr alloy, was up to 15 times greater
than the release of Co from the Co-Cr alloy from two weeks over time, indicating that the Ni-Cr alloy is more
susceptible to corrosion than the Co-Cr alloy.

Conclusion: It is recommended that Co-Cir alloy, which is highly resistant to corrosion, be used for making dental
prosthesis with a non-precious alloy for dental casting, and that non-precious alloy prosthesis be designed in such a
way as to minimize the area of its oral exposure. For patients with non-precious alloy prostheses, a test of the
presence or absence of periodontal tissue inflammation or allergic reaction around the prosthesis should be

performed via regular examination, and education on the good management of the prosthesis is needed.
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Table 1. Chemical composition of specimen alloys
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composition
Alloy

Ni Cr Co Mo w Nb \Y Si Fe Mn Al Ti
Jdium—-100® 5.0 200 30 80 - Bal - 2.0 - 20 1.0 Bal
Biosil-F® - 285 648 53 - - - 05 - 05 - -
Bellabond-Plus® 622 225 - 95 - Bal - Bal Bal Bal - -
Staroy—C® - 245 54 10 100 20 20 10 01 - - -

BAI: balance.
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Table 2. Elemental release from Starloy—C® casting alloy in pH 2.4 solution(N=2)

(ppm)

Period

Starloy—-C”

Cr Co Mo W

Nb Vv Si Fe Total

1 day

3 day
2 week
4 week
6 week
8 week
10 week
12 week
14 week
16 week
18 week
20 week

0.120£0.007 3.450+1.060 0.192%+0.014 1.382+0.393
0.215£0.010 5.250£1.117 0.206+0.022 1.858%0.177
0.312£0.014 7.250£0.032 0.312£0.007 2.083%0.035
0.450£0.018 8570£1.343 0.339£0.006 2.167+0.054
0512+0.024 9.780+0.035 0.346x0.004 2.261+0.035
0.586%0.014 10.180£0.033 0.352£0.003 2.410£0.158
0.602+0.007 10.680£0.045 0.362+0.010 2.557£0.024
0.642+0.039 11.040£0.020 0.370+0.006 2.602+0.004
0.684+0.016 11.860+0.215 0.378+0.001 2.612+0.003
0.7012£0.007 12.640+0.526 0.386+0.007 2.649+0.027
0.721£0.010 13270+0.270 0.391£0.007 2.689%0.027
0.861£0.025 14.460+0.327 0.414+0.004 2.798x0.111

0.133£0.075 0.378+0.033 0.036%0.008
0.238£0.018 0.597+0.041 0.077£0.025
0.258+0.004 1.011£0.040 0.123£0.014
0.308£0.004 1.215£0.024 0.135+0.001
0.322£0.006 1.597+0.060 0.139+0.003
0.346+0.019 1.667+0.018 0.141£0.003
0.372+0.011 1.798+0.010 0.145+0.003
0.398+0.021 1.812+0.011 0.147+0.003
0.419£0.004 1915£0.035 0.158+0.010
0.443+0.017 2012+£0.016 0.167+0.007
0.499£0.019 2167+0.050 0.187+0.011
0.580£0.030 2.360+£0.024 0.212+0.014

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

5.691£1.501

8441141
11.349%0.147
13.184£1.451
14.957+0.168
15.682+0.248
16.516£0.109
17.011£0.104
18.026+0.286
18.998+0.607
19.923+£0.39%4
21.685£0.535

pH 4,604 Starloy—C* &=2] 4 o] &A% 2

¥ FREL 1Y 5 0,104ppm, 105 3 0.814ppm, 205
% 1.405ppm o 2 BAH-2 23 SHE 0.063ppm, 10

= 3

3 3 0.127ppm, 205 3 0.175ppm o2 AJ7to] 7 utak
5 5% F7tHE[MY. A5 27 $RH
0.002ppmolAl 205 ¥ 0.005ppm 2.2, HhHE2 3Y
SHE 0.00lppmollA 205 ¥ 0.007ppm o= A|7to]
AR &0 @A S e, EeEde 1Y

3 0.002ppmollA 205 & 0.102ppm &, Fite 45
SHE 0,005ppmollA 205 3 0.087ppm -2 A|7Ho]
BudeE 0] S a5 94 F &=
$2 19 % 0.106ppmell 4 105 ¥ 1.019ppm, 205
% 1.781ppm o= AJ7to] Aufekps §E7Fo] S7HE S
i, Yo Hel He HE 47 oISk tHTable 3).

pH 7.00ll4] Starloy—C" &= 54 o2 8548 2
W IHEE= 19 £ 0.043ppm, 105+ & 0.432ppm, 20
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Table 3. Elemental release from Starloy—C® casting alloy in pH 4.6 solution(N=2)

(ppm)

beriod Starloy—C®
Cr Co Mo W Nb V Si Fe Total
1 day ND 0.104£0.035 0.002+0.001 ND ND ND ND ND  0.106%0.037
3 day ND 0.133£0.013  0.004+0.003 ND ND  0.001%0.001 ND ND  0.138%0.017
2 week 0.002+0.001 0587+0.033 0.012£0.003 0.063+0.013 ND  0.003%0.001 ND ND  0.667+0.051
4 week 0.003+0.003 0.642+0.024 0.020£0.004 0.103£0.003 ND 0.004+0.001 0.005+0.003 ND  0.777£0.038
6 week 0.002+£0.003 0.693+0.030 0.031+£0.005 0.108+0.001 ND 0.004£0 0.009+0.004 ND 0.847+0.044
8 week 0.003£0.003 0.783+0.024 0.040£0.003 0.116£0.006 ND 0.003+£0.001 0.012+0.004 ND  0.957+0.041
10 week 0.003+0.001 0.814+0.017 0.046+0.001 0.127£0.006 ND 0.004+0.001 0.025£0.008 ND  1.019+0.035
12 week 0.004£0.003 0.834+0.008 0.051+0.003 0.134+£0.001 ND 0.005%£0.001 0.038+0.011 ND 1.066%0.028
14 week 0.004+0.003 0925+£0.049 0.059+0.003 0.142£0.003 ND 0.004%£0.001 0.051£0.003 ND  1.185%0.062
16 week 0.004£0.001 0.966+0.004 0.070+0.007 0.151£0006 ND 0.005+0.003 0.067£0.007 ND 1263+0.028
18 week 0.004+0.001 1.115x0.064 0.089+0.011 0.158+£0.001 ND 0.005%£0.001 0.075+0.003 ND  1.446+0.082
20 week 0.005+0.001 1405+0.045 0.102+0.004 0.175£0.017 ND 0.007+0.001 0.087+0.007 ND  1.781+0.076
F % 0.703ppml.2, YAE2 23 SHE 0.005ppm F5E 0.003ppmollA 205+ ¥ 0.017ppm =2 A7to]

olH 20% & 0.032ppmlE, ABL 4%

0.001ppm®IA] 205 3= 0.003ppm
5 &&%F° F7rE L,

Table 4. Elemental release from Starloy—C® casting alloy in pH 7.0 solution (N=2)

O 7 AJ7to] Zataa:
B E2 83 T
0.001ppmellA 20% % 0.006ppm o2, E2|=2de 1Y
3 0.001ppmollAl 205 & 0.049ppm o2, Fa= 125

el =

&1
T

S HE BEdeE &0 S7HE Sl
d 5 0.043ppmoll A 105+ % 0.470ppm, 205
% 0.810ppm & Al7to] Fupets §-E7F0] S7H= %l

| 3 et He gE SF o

RPN
o= &

Arel 85

|3} tHTable 4).

(ppm)

Starloy—-C”
Period
Cr Co Mo W Nb V Si Fe Total

1 day ND 0.043+£0.006  0.0010.001 ND ND ND ND ND  0.043£0.005
3 day ND 0.094£0.004 0.002%0.001 ND ND ND ND ND  0.096£0.003
2 week ND 0.102£0.004 0.003+0.001 0.005£0.001 ND ND ND ND  0.110£0.007
4 week 0.001£0.001 0.234£0.018 0.003£0.003 0.009+£0.004 ND ND ND ND  0.247+£0.024
6 week ND 0.312£0.018  0.009£0.003 0.012+0.004 ND ND ND ND  0.333%0.025
8 week 0.001£0.001 0.384%0.016 0.011£0.003 0.014+0.001 ND 0.001£0.001 ND ND  0411+0.023
10 week 0.001£0.001 0.432+£0.021 0.018£0.003 0.017£0.001 ND 0.002£0 ND ND  0470%0.027
12 week 0.002+£0.001 049410035 0.021£0.003  0.019+0 ND 0.002+£0.001 0.003+0.001 ND 0.540+0.036
14 week 0.001£0.001 0.524£0.004 0.025£0.006 0.025£0.003 ND 0.002£0.003 0.007£0.003 ND  0.584+0.014
16 week 0.002£0.001 0.564£0.010 0.038+£0.010 0.026£0.003 ND 0.003+0.001 0.012£0.004 ND  0.645%0.024
18 week 0.003£0.001 0.651£0.024 0.043+£0.006 0.028£0.001 ND 0.003+0.001 0.015£0.001 ND  0.743£0.297
20 week 0.003£0.003 0.703£0.025 0.049+0.001 0.032+0.001 ND 0.006+0.003 0.017£0.003 ND  0.810£0.030
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pH 2.40°l|4 Bellabond—Plus® $=9] &4 o] 4%
A A1 YAL 19 & 1.214ppm, 105 3 9.570ppm,
205 & 17.290ppmlz, =2 1Y & 0.158ppm, 10
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42 gagol FHYG. BuAe 19 ¥
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Abo] Aafehes o] S7HEA, YeHs 19

ARFag MRS B 35 85 47

o7 A7to] AupgE &0 7= w1
o 3 0.012ppmolA 207 2 0.137ppm O, Fak 2
HE 0.00lppmol A, 205 3 0.184ppm o2, 2
1€ % 0.001ppmollA] 20F 3 0.069ppm o= Al7to]

Batdes EEF0] S7HEAH 55 949 F 8=
2 19 % 1.551ppmoA 105+ £ 12.593ppm, 205
T 22.538ppm -2 A|7to] HifekpE gEo] S7tE
%AtHTable 5).

5
=2 T
=z &
T T

% 0.002ppm, 105 % 0.083ppm, 205 % 0.166ppm

Table 5. Elemental release from Bellabond—Plus® casting alloy in pH 2.4 solution(N=2)

(ppm)

Period

Bellabond-Plus®

Ni

Cr

Mo

Nb

Si

Fe

Mn

Total

1 day

3 day
2 week
4 week
6 week
8 week
10 week
12 week
14 week
16 week
18 week
20 week

1.21420.001
2578%0.177
3.052+0.441
4.125+0.646
5.512+1.001
7910£1577
9.570£0.454
11.460£1.563
13.540%0.293
14.170+0.356
16.780%0.020
17.290%0.264

0.158£0.033
0.243£0.021
0.350+0.024
0.400£0.038
0.604+0.247
1.490£0.154
1.945%0.148
211710126
2.567%0.011
2.717+0.081
2.918£0.161
3290£0.143

0.164%0.025
0.200£0.007
0.301+0.027
0.350+0.037
0.524+0,023
0.675£0.092
0.837£0.130
1.003£0.007
1.065£0.025
1.103£0.025
1.216%0.010
1.402+0.075

0.002£0.001
0.004£0.003
0.045£0.004
0.050£0.003
0.066£0.004
0.070+0.013
0.083£0.008
0.090£0.007
0.099£0.005
0.129£0.018
0.136%0.021

0.166%0.018

ND

ND
0.001£0.001
0.002%0.001
0.004£0.003
0.005£0.003
0.009£0.004
0.015+0.003
0.069+0.017
0.105£0.008
0.1568+0.018
0.184£0.007

0.001£0.001
0.020£0.001
0.044£0.004
0.046+0.001
0.047£0.003
0.050%0.013
0.051+0.008
0.057£0.003
0.061+0.004
0.063£0.001
0.063+0.003
0.069+0.003

0.012+0.003
0.030£0.004
0.045£0.006
0.069£0.010
0.076%0.007
0.095£0.004
0.099+0.004
0.101£0.001

0.104£0.004
0.118+0.008
0.132+0.006
0.137+0.007

1.551+0.042

3.075£0.199

3.838+0.477

5.042%0.709

6.8331£1.263

10.2951+1.855
12593%0.725
14.843£1.696
17.505+0.317
18.405+0.462
20.403£0.191
22.538%0.484

pH 4.6°14] Bellabond—Plus” g2 24 o] &&=
/Kl?‘;l 7513/,]- 1,]5412 101 _‘?‘_ 0. OO7ppm 10F _?;f_

z ANZ O 1
O T

0.002ppm, 205 % 0. OSpme] S=HU 25 ¢
2o %

3 0.007ppmollA 105 &

0.325ppm, 205 % 0. 930ppmoi 8L 93 SHE
0.002ppmellAl 205 & 0.008ppmo-2 Al7to] 7 et
F& §E&Fo] SUIEGAY. BB 3Y THE
0.002ppmollA] 205 & 0.104ppm .2 AJ7to] Z7}ska=
£ §E70] S/, = 25 $5E 0.002ppm
oA 20F % 0.013ppm =& Al7to] AeHeE g2k
o] Z7t= itk tae 85 $5H 0.001ppmollA 205
3 0.098ppmo 2, FL 10F THE 205714
0.001ppmo] &&=, YBE 185 FHE

0.348ppm, 205 ¥ 1.157ppmO.2 A|7to] ZHujste=
|=70] 571 tHTable 6).

pH 7.0014 Bellabond—Plus® ¥=9] &4 ol 4%
AlY A3 YA 19 5 0.003ppm, 105 % 0.053ppm,
205 % 0.326ppm o2 A|7to] Az g&eko] &
7FE AL, 252 85 $7E 0.001ppm, 205+ &
0.003ppmo] &= et EEUL 65 FHH
0.001ppmOllA] 205 % 0.029ppm 2.2 A|7to] 7:'40‘*
5 §&%0] Z7HEA, Wk 125 $HE 205 37t

X35 1% 20134 7



Table 6. Elemental release from Bellabond—Plus® casting alloy in pH 4.6 solution(N=2)
(ppm)

Bellabond-Plus®

Period
Ni Cr Mo Nb Si Fe Mn Total

Tday 0.007£0.004 ND ND ND ND ND 0.007+0.004
3day 0.018+0.008 ND 0.002£0.001 ND ND ND ND 0.020£0.010
2 week 0.020£0.003 0.002%+0.003 0.003£0.003 ND ND ND 0.002+0.001  00027£0.010
4 week 007810127 0.002+0.001 0.003£0.001 ND ND ND 0.002+0.002 0.085+0.018
6 week 0107£0.008  0.002+0  0.006+0.001 ND ND ND 0.002£0.001  0.117+0.011
8 week 0.257+£0.049 0.002+0.001 0.009£0.006 ND 0.001£0.001 ND 0.003£0.001 0.272+0.042

10 week 0325£0.368  0.002+0  0.015£0.007 ND 0.003£0.003 0.001£0.001 0.002+0.001 0.348%0.027
12 week 0.485£0.269 0.003£0.001 0.029£0.013 ND 0.006+0.003 ND 0.003£0.001  0.526%0.011
14 week 0.554£0.184 0.003£0.001 0.058+0.013 ND 0.014+0.004 0.001£0.001 0.004£0.001 0.634£0.003
16 week  0.641£0.226 0.004+0,003 0.098+0.004 ND 0.037£0.008  0.001x0  0.005+0.003 0.786+0.035
18 week 0.725£0.099 0.005+0.,001 0.102+£0.003 0.002£0.001 0.059£0.014 0.001£0.001 0.008£0.004 0.902+0.027
20 week 0.930%0.226 0.008+0.001 0.104%£0.001 0.003£0.001 0.098+0.027 0.001£0.001 0.013+0.003 1.157+0.580

7] 0.001ppme°] =%t 4= 18FFHH A & 0.003ppmolA 105 & 0.058ppm, 20F &
0.002ppm, 205 % 0.004ppm°] =51, YeB 0.363ppmo.& 7|7to] F7Igke)] &&7Fo] S7hE it

e e 72 ol 55 g4l F §E w521 (Table 7).

B

Table 7. Elemental release from Bellabond—Plus® casting alloy in pH 7.0 solution(N=2)
(ppm)

Bellabond-Plus®

Period
Ni Cr Mo Nb Si Fe Mn Total

1 day 0.003%0.003 ND ND ND ND ND ND 0.003%0.003
3 day 0.012+0.006 ND ND ND ND ND ND 0.012+0.006
2week  0.015+0.004 ND ND ND ND ND ND 0.015£0.004
4 week  0.025+0.004 ND ND ND ND ND ND 0.025+0.004
6 week  0.038+0.001 ND 0.001£0.001  ND ND ND ND 0.039+0.003
8 week  0.041+0.001 0.001£0.001 0.003£0.001  ND ND ND ND 0.045%0.004
10 week  0.053%0.006 0.001£0.001 0.004£0.001  ND ND ND ND 0.058+0.006
12 week  0.127£0.020 0.001£0 0.006£0.003  ND ND ND  0.001£0.001 0.135%0.024
14 week  0.167£0.013 0.002+0.001 0.006£0.001  ND ND ND  0.001£0.001 0.176£0.013
16 week  0.256+0.021 0.002£0 0.008+0.004 ND ND ND  0.002+0.001 0.268+0.027

1Bweek 0.278+£0.007  0.002%0.001 0.017£0.003 ND  0.002+£0.001 ND  0.001£0.001 0.300£0.014
20 week  0.326%0.021 0.003£0.003  0.029+£0.010 ND  0.004+0.001 ND  0.001£0.001 0.363£0.028

8 _oHoHI 7|2t x|



3. Biosi—F? &1=22] pHo|| [UE 2L 8§ & =
pH 2.4°|A4 Biosil-F* 32| G4 o] &4
7 FHEE 1Y 3 1.420ppm, 105 & 4.671ppm, 205
5 6.247ppmo®, L 194 ¥ 0.193ppm, 10F &

N
il

A2 vAIS T F

1p
&

$2

5 8570 S, W 1Y $ 0.009ppm, 10
= 3 0,091ppm, 205 3 0,125ppm.0.2 A|7o] AT}k
75§70 S/ e 25 $E 0.002ppm
of| Al 205 & 0.055ppm o2 Amo] Au)alag g ek

0.534ppm, 205 & 0.765ppm o2 A7to] AifskrsE
7= EeEde 1Y &
3 % 0.269ppm, 20 ¥ 0.397ppm &2 AJ7ko] 73tk

$&%0)

0.112ppm, 10

o] F7FHAUY. &%
1.734ppm@llAl 105+ & 5.583ppm, 205 ¥ 7.589ppm
O & AJ7to] Aufsteg §EFo] SV ch(Table 8).

dx9 & 8% $2L 19 F

Table 8. Elemental release from Biosil-F® casting alloy in pH 2.4 solution(N=2)

(ppm)

. Biosil-F*
Period
Cr Co Mo Si Mn Total
1 day 0.193+0.024  1420+0.420  0.112+£0.020 ND 0.009+£0.007  1.734x0.457
3 day 0.287+0.044  2150%0.471 0.126+0.003 ND 0.042+0.016  2.605£0.533
2 week 0.392+0.038  3.630+0.588  0.183%0.011 0.002+£0.001  0.057%0.011 4.264+0.651
4 week 0.425+0.006  4512£0.016  0.199+0.008 0.001£0.001  0.060+0.008  5.197+0.037
6 week 0.487+0.011  4534£0.004  0.219+0.010  0.008+0.004 0.074+0.007  5.322+0.037
8 week 0.502+0.004  4575+0.017 0.241£0.013  0.011£0.003  0.086+£0.006  5.415%+0.042
10 week  0534%+0.024  4.671£0.025 0.269+0.003 0.018£0.006  0.091£0.006  5.583%0.064
12 week 0578+0.014  4747+0.017  0.282£0.010  0.025+0.006  0.097£0.007  5.729+0.054
14 week 0.612+0.028  4.765+0.006  0.312+0.030  0.032£0.006  0.102+0.004  5.823+0.074
16 week 0.647+0.011 4837+0.028 0.346+0.013  0.037£0.003 0.110+0.004  5.997+0.059
18 week 0.702+0.021 5432+0.313  0.375+0.020 0.048+0.010  0.117+0.006  6.674+0.369
20 week  0.765+0.034  6.247+0.124  0.397+£0.003 0.055+0.003 0.125+0.008  7.589+0.173
pH 4.60l14 Biosil-F* &9 5 ol §&4d 2 0.015ppm &=, 7= 85 F5E 0.001ppmeol|A 20

B IIEE |

.20 F0.017ppmoE AJ7te] Aufsk2 gZeko)

57519l

d % 0.074ppm, 105 % 0.756ppm
2 B (). 856ppmOE A|7to] ATERE gETFo] 27}
Hlz, 3EL 25 THE 0.00lppmolA 205 &
0.006ppme 2 §=5drt, EgEdL 19 &
0.003ppm, 105 % 0.061ppm, 205 & 0.094ppm<
2, 40E 39 3HEH 0.00lppmoA 207 &

o 55 92 & 45 22 19 $ 0.077ppmol A
105 % 0.835ppm, 205+ 3 0.988ppm o= Al7to] 7
W5 FET°l S7H=EAHTable 9).

pH 70014 Biosil-F* 359 5% o] §&4% 2
I FHEE= 1Y F 0.025ppm, 1057 3 0.210ppm, 20
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Table 9. Elemental release from Biosil-F® casting alloy in pH 4.6 solution(N=2)

(ppm)

. Biosil-F*
Cr Co Mo Si Mn Total

1 day ND 0.074£0.007  0.003%0.001 ND ND 0.077+0.006

3 day ND 0.111+0.017 0.005%0.001 ND 0.001%0.001 0.117+0.014
2 week 0.001+£0.001  0.451£0.075  0.028+£0.004 ND 0.006£0.003  0.486%+0.078
4 week 0.002+£0.001  0.602*+0.018  0.038%+0.004 ND 0.008%+0.001  0.650%0.025
6 week 0.002+£0.001  0.697+0.027  0.042%+0.003 ND 0.009£0.003  0.750%0.034
8 week 0.001+0.001  0.724+0.007  0.049£0.003  0.001x0.001  0.011£0.003  0.786%0.010
10 week  0.002+£0.001  0.756+0.030 0.061+£0.003  0.003£0.001  0.013+0.004  0.835%0.031
12week  0.003+0.001 0.787£0.008 0.065+0.001 0.005+0.001  0.015£0.004  0.875%+0.014
14 week  0.004£0.001  0.812£0.014  0.074+£0.003 0.007+£0.003  0.014+0.003  0.911£0.024
16 week 0.004+0 0.835+0.006  0.079%0.001 0.011+£0.001  0.015%£0.003  0.944+0.011
18 week  0.005+0.003 0.847+0.007 0.087+£0.006 0.013£0.003  0.015+0.001  0.967£0.020
20 week  0.006+£0.001  0.856+0.001  0.094%+0.003  0.017+£0.003  0.015£0.003  0.988+0.011

T % 0.453ppm 2 & A7to] AufepE 50| S7t

3, 252 45 FHE 0.001ppmelA 205 &

0.002ppm°| §==%t}t, Se|2d2 1Y 3 0.002ppm,

105 % 0.048ppm, 205 ¥ 0.081ppm o2 Al7to] 7
gt

=5 §EFo] SIS, W12 105 ¥R E

0.002ppm, 205 & 0.005ppme| £&EH3L, 14
125 TFE 0.002ppmellA 205+ ¥ 0.008ppme°]| &=
Hurk 5% 949 F 85 52 19 F 0.027ppmell
A 107 % 0.261ppm, 207 ¥ 0.549ppm =2 A|7}o]
BarekE 850l 571 It Table 10).

Table 10. Elemental release from Biosil-F® casting alloy in pH 7.0 solution(N=2)

(ppm)

Period Biosil—F®
Cr Co Mo Si Mn Total

1 day ND 0.025£0.006  0.002+0.001 ND ND 0.027%0.007

3 day ND 0.037£0.006  0.003£0.003 ND ND 0.040+0.008
2 week ND 0.052+£0.008  0.018%+0.007 ND ND 0.070+0.016
4 week 0.001£0.001  0.098+£0.016  0.024%+0.006 ND ND 0.123+0.020
6 week 0.001£0 0.124+0.0177  0.032+0.001 ND ND 0.157+£0.018
8 week 0.001£0.001 0.150£0.011  0.036%0.006 ND ND 0.187%£0.016
10 week 0.001£0.001 0.210+£0.018  0.048+0.008 ND 0.002+0.001  0.261£0.030
12 week 0.002+0.001  0.267+0.030  0.056%+0.006  0.002+0.001  0.003%=0.003  0.330%+0.033
14 week 0.002%+0.001 0.312£0.016  0.062+0.004 0.003+£0.001 0.003£0.003  0.382%+0.017
16 week 0.002+0.001  0.378+0.024 0.069%£0.004 0.003£0.003 0.003+0.001  0.455%0.031
18 week 0.002+0 0.421£0.031  0.076+0.004 0.007£0.003 0.005+0.003  0.511%=0.035
20 week  0.002+0.001  0.453+0.006  0.081+£0.003 0.008+£0.003 0.005%£0.003  0.549+0.004

10 _chotx|at7| 2 ote x|



4. Jdium—100" &3 pHO|| [UE B 8E =&

pH 2.4014 Jdium—100" T=¢] a4 ol& 243
A3 U2 1Y ¥ 1.604ppm, 105 —f’} 54.870ppm, 20
+ ¥ 90.150ppm 2%, FF> 19 F 0.210ppm, 105
% 19.650ppm, 205 ¥ 43.160ppm &2 A|7to] ek
#% $5%0) SH. Felnde 19 ¥
0.182ppm, 105 ¥ 5.802ppm, 205 % 8.802ppm-2
2 IWUEE 19 $ 0.114ppm, 105+ ¥ 4.103ppm, 20
% & 6,236ppm o2 A7to] ATE4E SEeo] Z7)
Hch B2 19 & 0.114ppm, 105+ 3 3.096ppm,
205 % 5.077ppm o2, T4 39 THE 0.095ppm,

ABrzg vAFS 4R F

5%
A

$2

107 3 0.995ppm 2, 205 & 1.556ppm .2 Al7to]
Aaes 850l 7=,
0.113ppm, 105= & 3.602ppm, 205 ¥ 4.116ppm o=
Agro] AufeE 8E5ko) 57}5431@ HerE 39
S HE 0.018ppmoIA 205 ZF 0.943ppm .2, E|EHs
2 19 $HE 0.004ppm, 105+ & 0.465ppm, 205 5
0.607 ppmii Azro] A apeks g0l S7HE A,
o4 Y40 F §& 52 1Y $ 2.341ppmol A 1057
5 92, 998ppm 205 % 160.647ppm 2.2 AJ7to] 73}
HE 8E70] S71=9IthTable 11).

O]—E U]‘_él—_o 10] _‘?‘_

ot

moln

Table 11, Elemental release from Jdium—100® casting alloy in pH 2.4 solution(N=2)

(ppm)

Period

Jdium-100”

Ni Cr Co Mo

Si Mn Al Ti Total

Tday 1604£0286 0210£0028 0114+0024 0182+0018

ND 011440017 ON3+0016 0004+0001 23410390

3day 3300+02/6 2641£0461 0670£0256 06230199 0018+0008 0095+0006 0377+0035 0602+0007 0009+0004 842541252

2week 11820+2203 464040601

1790£0369 287210259 00860020 0387+0021 0802£002%5 11950127 00940021 2368543636
4week 1820011421 664010909 259810320 3452£00%2 0.271+0.031

00664£0045 18460035 309040143 0348+0024 371093021

Gweek 26780£1715 1062041960 32360377 3912£0180 032+0017 073610030 2281£0164 3403£0035 03890011 51678+4429

8week 3920044362 1568012069 3862+0246 466410604 0379+0024 0856+0020 26830147
10 week 5487014448 196502117 4103+0034 5802+0136 041620020 09%+0045 30960175
12 week 642503188 2637012854 462010286 642510406 049610030 1007+0034 345310106 3731+0.051

345240007 0412£0014 712487494
3602+0035 04650017 92998+7027
052310016 1109651690

14 week 7642014580 3524041772 510610168 766410348 05750034 129810004 3786+0124 38410005 0557+0007 1344877102

16 week 861301376 401601676

573%100% 82170200 0780+0025 13060003 4067£0.0%2 3902+0003

057240004 150869+3564

18 week 8307010583 420800416 587810024 852+0013 0841£0020 1349+0020 464810239 4002+0011 05890007 155979+1332

20 week 90150£0824 431600532 6236+0365 8802+0.112

09430038 15560060 5077+0088

41160010 06070008 160.647+2035

pH 4.6°14] Jdium-100" §=9 5% ol 4%
A3 YA 14 3 0.023ppm, 105 3 0.398ppm, 20
%3 0.632ppmOE, 22212 % 0.001ppm, 105 &=
0.005ppm, 205 3 0.008ppm o2 A|7to] Aujep=
S&5o| Z7HE EeEde 19 % 0.018ppm, 10
= 3 0.062ppm, 20F 3 0.086ppm o2, IHE= 1Y
3 0.004ppm, 105 & 0.024ppm, 205 3 0.029ppm
oF Wk 19 % 0.022ppm, 105+ F 0.063ppm, 20
Z B (,084ppm o2 A7ko] ATERE g ETo] 57}
otk 4= 8F FTHE 0.005ppm, 207 &

0.072ppm_‘1i Al7ro] ATFERAE G2eto] Z71E9T
AFujEe 25 SHE 0.004ppm, 205+ 3 0.008ppm
o] Q-Eﬂ‘lil’ HeHe} ]ﬂ]ﬂ"\‘fﬁ: 7&4% = olste
o, 54 929 F 85 52 19 F 0.068ppmoiA]
105 % 0.566ppm, 205 3 0, 919ppmﬁ§ A|zto] At
s EE70] S7HE Itk Table 12),

pH 7.00141 Jdium-100" 79| F ol §&43
7:‘34' yAe 19 3 0.002ppm, 105+ ¥ 0.172ppm, 20
T % 0.346ppm 2= AJto] Fifekes §50] 57}
HQa, 25E 65 FHEH 0.00lppmolA 205 &
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Table 12. Elemental release from Jdium—100® casting alloy in pH 4.6 solution(N=2)

(ppm)

Period

Jdium-100®

Ni Cr Co Mo

Nb Si Mn Al Ti Total

0.023£0,001  0.001£0

0.069£0.004 0.002+0.001
0.301£0.008  0.002+0

0.347£0,017  0.002+0.001
0.376+0.006  0.002+0.001
0.384+0.003  0.0030.001
0.398£0.010  0.005+0.003
0.415+0.006  0.005%0.001
0.433+0.006 0.007£0,003
0.452+0,004  0.007£0,001
0572£0,008  0.008+0

06320028  0.008+0.003

0.004+0.001
0.0050.001
0.021£0.001
0.023£0,001
0.022+0.003
0.022+0.,001
0.024+0,003
0.02620,001
0.026£0
0.027+0.003
0.027+0.001
0.029£0,003

0.018£0.003
0.019£0.003
0.039£0.006
0.042+0.004
0.049£0.004
0.05620.010
0.062%0.004
0.068+0.003
0.071£0.003
0.078+0,006
0.082+0,003
0.08620.004

1 day

3 day
2 week
4 week
6 week
8 week
10 week
12 week
14 week
16 week
18 week
20 week

ND ND

ND

ND

ND

ND
0.005£0.003
0.009+0.004
0.012+0.003
0.024+0.006
0.034£0,004
0.058+0.010
0.072+0.004

0.022+0.004 ND ND
0.030+0.003 ND ND
0.042£0.001 0.004+0.003 ND
0.057+0.003 0.004+£0.001 ND
0.059+0,001  0.005+0.001 ND

00580  0.004£0.001 ND
0.063£0.003 0.005£0.003 ND
0.067£0.001 0.006+0.003 ND
0.071+0.003  0.006£0.001 ND
0.078+0.004 0.006£0.001 ND
0.082£0,003 0.006£0.003 ND
0.084£0,001 0.008+£0.004 ND

0.068+0.010
0.125£0.013
0.409£0.020
0.475+0.028
0.513£0.017
0.532+0.020
0.566+0.030
0.599£0.018
0.6380.021
0.682+0.024
0.835£0.028
0.919£0.048

0.003ppme] &&=t dEd2 1Y
0.003ppm, 105F % 0.032ppm, 207 % 0.043ppm-2.
2 AUEE 653 $HE 0.002ppmolA 2057 F
0,0l9ppm2§ Al7bo] AufskprE @ 2ako] 271wl
U
o}

o o

Y7 19 F 0.004ppm, 105 ¥ 0.035ppm, 205
0.052ppm -2 A7t A48 gEuko] 2715 9)

T 165 35 0.001ppmeollA]l 205+ & 0.004ppm
o] &= Ut &Fu|E 273 ¥ 0.002ppm, 205
% 0.005ppme°] §=EE %L, ‘4239} Helg e &
= olstlen, 5% 949 F &5 o2 1¢
0.009ppmollA] 105+ & 0.251ppm, 205 3= 0.472ppm
o= /\]7}0] 7ﬂJ,].ol—_|_E L2=TFo| 7].Qoh;} Table 13).

o

Table 13. Elemental release from Jdium—100® casting alloy in pH 7.0 solution(N=2)

(ppm)

St Jdium-100°
Ni Cr Co Mo Nb Si Mn Al Ti Total

1day 0.002+0.003 ND ND 0.003£0.001 ND ND 0.004+0.003 ND ND  0.009+0.007
3day 0.060£0.004 ND ND 0.008+0.003 ND ND 0.009+0.003 ND ND  0.073+0.010
2week  0.113£0.007 ND ND 0.015£0.004 ND ND 0.014£0,003 00020001 ND 0.144£0.016
4 week  0.121£0,001 ND ND 0.021+£0.003 ND ND 0.022+0,004 0.002+0.001 ND 0.166£0.010
6week 013910006 0.001+£0,001 0.002+0.001 0.025£0.001 ND ND 0.027+0,006 0.002£0.003 ND 0.196%0.018
8week 0156+0006 00010  0005+0.001 0.028+0.003 ND ND 002910006 00020  ND 0.221£0.016
0week 01720010 0.002£0001  0.007+0  0032£0.001 ND ND 0.035£0,006 0.003+0.003 ND 0.251£0.018
2week 021620024  0.001£0  0.009+0.001 0.034+0.004 ND ND 0.038£0.003 0.003£0.001 ND 0.301£0.033
14 week 0.258+0014 0.001£0.001 0.015£0.003 0.038£0.003 ND ND 0.042£0.001 0.004+0,004 ND 0.358+0.025
16 week 0286+£0.011 0.002+0.001 0.017+0.001 0037+0.003 ND 0.001£0.001 0.046£0.003 0.005+0.003 ND 0.393+0.022
18week 0318+£0.008 0.003£0.003 0.017+0.001 0.039+0.001 ND 0.002+£0.001 0.049+£0.001 0.004+0.003 ND 0.432%0.021
20 week 0.346£0.016  0.003£0.001 0.019+0.010 0.043£0.001 ND 0.004+0.001 0.052+£0.003 0.005£0.003 ND 0.472+0.031
12 _Hobx|at7| 2 otel x|
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