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Quantitative Analysis of the Composition of Dental Alloys
by Inductively Coupled Plasma Emission Spectrometry
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Department of Dental Technology, Matsumoto Dental College.
(Chief. Prof. S. Takahashi)

Summary

Quantitative analysis of the composition of dental alloys was attempted by means of

inductively coupled plasma emission spectrometry. Small amounts of the alloys were
sampled as specimens, which weighed 2, 4, 8, 16, 32, 64, 120 and 240 mg. Each specimens was

dissolved in nitric acid or aqua regia solution. The specimens examined were 20 carat gold

alloy, 12 percent content gold-pailadium-silver-copper system alloy, indium-silver system

alloy, chromium-nickel system alloy, and chromium-cobalt system alloy.

Results are as follows

1. In the solutions, in which more than 64mg of the alloys were dissolved, the total weight

of detectable elements was equal to the original weight of the specimen, while in the

solutions dissolving less than 32mg of the alloys, it was less than the original weight.

2. In the solutions dissolving more than 8mg of the alloys, the content of each element
calculated from the detected values was the same with that obtained in the solution
dissolving more 64mg of the specimen. It is concluded that more than 64mg of samples

was necessitated to obtain the same accuracy for infinitesimal elements of the alloys.

#

BREFSEESE 7 5 A~RAeHmE T
ICP L BEED) &, (LEFHBRY, 1+ v{FEHA

ol

FAXDEFRIH TEIEARREBRTIYS (BM61E4 A2
H) 3 X UER2ERARBIAZEES (BR614E 6 A21H)
BWTRERELE, (19865 7 A16HZE)

Z& A ERL, ppb(part per bilion) v A E T
DEFMTETH D, REROEBERNE %
TLRORARTHINBTEDHERND D LichioT,
B-mHROBREXEIRELT ) BRTFRAETITE:
b o T, ToOREMIERD, BR2, #KY,
A0, KED, MO ESHETOFTCFIH SR
HBHDT5,

A#Ri2, ICP EOwBAGEOEKTITIERT



A% T

BZICAEBE L, REASE&OHERIT, F0Mm
I, MEEYVEFECELY Bb b, i,
BEYOBNTSOER Y ERCH S = &1,
BROLREYHEBTHARELERED S, 2D
L Rnt, BELRRFRL -T, BERR
HEECTH O ERLEESMTHRORILIL, 5%
DHRDEBFEETERLDEEL CILRE
+5,

7 #

SHCACLERRE43,2005 » + 884,
12%&H 1700 afE, B—1vSy AREE
&, =virr—rrald A L—=rurE
SOLSEETHS.2005» F&EE LA,
EREOWHBEORA X b SRR LRI L, &
ke, RUSPAS IV AES, =y rr—saa
&Lzt~ e rbé0, I@mﬂﬁﬁ%ﬁufbff
vy P XDORARERERLK,

Pl P

. AR OFERCHE o R
aﬂm%XLbfz%Ltmm7,bﬁuﬁ

B, Fr 2 ) 2R LTASHREIERL
7‘:. i, =vrA—rwafsd, aApn b=y
B ABBE, FVIRTYA—AL L FYART
HIL, ZoVEMELFERA L., thFhos
SBR, LEXFC2, 4, 8, 16, 32 64,
120, 240mg &L, %5aﬂdomﬁbﬁ.
2. AR OBMREE

2047 » FEEEBHEIZ, E%@%Mx+zk

Tablel: Instrumental operating conditions of
inductively coupled plasma (Simadzu
ICPV-1012) :

Grating 2160 groove/mm
Slite 30~50 g :
Frequency 27.12 MH:z
Power 1.2KW

Coolant argon 15£ /min
Plasma argon 1.5 /min
Carrier argon 1.02 /min
Sample nebulized 2.6 m¢ /min
Soluent rinse 60S

Sample rinse 60S

Observed height 15 mm
Integration time 205
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Table 2. Analytical Composition of Au Al-
loys(%)
8 16 32 64 120 240

83.7 83.6 84.3 84.4 84.1
) (1.7) (0.6) (0.4) (0.05) (0.08)
ave

3.0
2.0
Cu 9.6 9.4 9.5 9.2 9.5
RSO (2.1) (3.2) (3.2) (2.2) (
7.2
2.2
0.3

MRS (
9.7

0) (1.0)
Ag Ve 6.1 5.9 6.0 5.8 6.1

RSD (22.2) (26.2) (11.9) (6.7) (5.2) ( 0)

pt ave 0.8 0.9 0.5 0.3 0.1
RSD (133.3)(25.0) (11.9) (6.7} (5.2) ( 0)
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Fig. 1. Contents of copper in 20 carat gold

alloy: Latticed rods show analyzed

values calculated from weighed mass of

specimens, and obliquelined rods show

the content calculated from total qual-

ities of detectable contens.

T marks indicate relative standard

deviations.

CONTENT (%)

MASS OF SAMPLE (mg)

Fig. 2. Contents of gold in 20 carat gold alloy
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Fig. 3. Contents of silver in 20 carat gold alloy
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Table 3.
Pd Alloys(%)

Analytical Composition of Au-Ag-

CONTENT (%)

8 16 32 64 120 240
Aq 3Ve 49.9  49.9 506 49.2 50.5 50.2
9 RSD  (0.8) (0.8) (0.2) (0.6) (0.2) ( o)
pg ave 2.1 211 213 20.8 21.2 21.1
RSD (1.4) (1.4) ( 0) (0.3) (0.9) (0.5)
cgdve 14.8 148 148 13.9 14.2 14.3
RSD (1.4) (1.4) (0.5) ( 0) (0.7) (0.5)
ag Ve 124118 115 141 12.2 12.3
RSD (3.2) (7.6) ( 0) (2.1) (2.5) (1.6
mave 1.7 1.7 1.9 1.9 1.9 2.0
RSD (5.9) (5.9) ( 0) ( 0) ( 0) ( 0
lw’-
- fg
e 80
= wl
ut
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MASS OF SAMPLE (mg)

Fig. 4. Contents of silver in 12 percent content
gold-palladium-silver system alloy:
Latticed rods show analyzed values
calculated from weighed mass of speci-
mens, and obliquelined rods detectable
contents.

T marks indicate relative standard

deviations.

Pd

MASS OF SAMPLE (mg)

Fig. 5. Contents. of palladium in 12 percent
content gold-palladium-silver system

alloy
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Fig. 6. Contents of copper in 12 percent con-
tent gold-palladium-silver system alloy
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Fig. 7. Contents of gold in 12 percent content
gold-palladium-silver system alloy
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Fig. 8. Contents of zinc in 12 percent content
gold-palladium-silver system alloy
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ROV REE % Table4 &, Fig9, 10, 11iZ7s
T. WM LEE5&0 @RI, AgT70.9%, In
22.7%, Zn5.7%, Pd0.5%, Cu0.1%TH - 7.
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Table 4. Analytical Composition of Ag Al-

loys(%)

8 16 32 64 120 240
o dve 65.2 65.7 5.5 65.0 65.3 65.4
RSD (0.6) (0.3) (15.2) (0.09) (0.09) {0.1)
cpdve 27,7 27.2 21.4  27.7 21.6  28.0
RSD (0.7) (0.7) (0.7) (0.2) (0.4) ( 0)
wo ave 5.9 6.9 57 56 55 55
RSD (1.0) (1.0) (1.1) ( 0) (1.0) (1.3)
wn 2ve 0.8 0.8 09 1.0 1.0 1.0
RSD (7.5) (12.5) ( 0) ( 0) ( 0) ( 0)
Feave 0.4 0.4 03 02 0.2 0.2
RSD (15.0) (15.0) (20.0) ( 0} ( 0) ( 0)
y ave - - 0.4 0.3 -
RSD - - (15.0) (66.7)

CONTENT (%)

MASS OF SAMPLE (my

Fig. 9. Contents of silver in indium-silver sys-
tem alloy :
Latticed rods show analyzed values
calculated from weighed mass of speci-
mens, and obliquelined rods detectable
contents.
T marks indicate relative standard
deviations
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INEWEFENEL,120mg AT ET ST,
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2100 LTRDLETHEFEROEThI D b, 2
hkEdot, b, BRLEAHEENK
&3 L, RSD 2V W R B D, 2D Z &3,
Pd, Culz oW ThHEETH »7c, i, Tabled
DORHTHRBEXINE LTRDLETLEEIFED
RSD T, Ag 3B UILRAKEEN 8 mg T,
0.8%, In % 8 mg T1.3% TH - e DIZHET 5
L, Cuiz8 mgT33.3% L kXho7., 8 mg,
I6mgCEE S his ot Pdid, 32mg T
50.0%TH 7.
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Fig. 10. Contents of indium in indium-silver
system alloy
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Fig. 11. Contents of zinc in indiumm-silver sys-
tem alloy .
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Cr6.8%, Cud.9%, Sn1.3%TcH 7. Figl2 &
h Niiek\WTik, BELLERBEEX100L LT
ROLETHREHERIL, BELLAMEEH120 mg
T—E & o, Cr, Cu DTHEERIL64 mg
PEto—tinsi, ¥t, BRETEEE>100&
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BRLEANEEOKR/PEFRRLS —EL -
72.8ni3, 2 mg TREEShieh-7ch, 4 mg
DETis—2ls ic- 1o,

Ni, Cr, CultBWT, BRELL-ABEEY100
L LTRDAETLEESHERD RSD 12, B THRE
E%100&L LTROIETHEEEEREDORSD X b 3,
By kEhot, i, BRLERBEEENL

Table 5. Analytical Composition of Ni-Cr
Alloys(%)
2 4 8 16 32 64 120 240

ave 86.5 86.2 86.7 86.2 86.7 86.6

- 87.3 87.1
Mopso (0:3) (0:2) (0.7) (0.3) (0.5) (0.08)

(0.2) (0.1)
erdve 7.7 7.2 7.1 7.0 7.0 7.0 6.7 6.8
TRSD (2.6) { ©) (1.1) ( 0) (0.6} (0.6) (0.4} (0.6}
52 51 4.8 4.9
(0.8) ( 0) (0.7) (0.8)
1.0 1

cu dve 5.8 5.3 5.3 5.2
RSD (3.4} (0.9) (1.5) (1.0)

ave - 1.3 1.2 1.3 2 15 1.3
SRSD - (5.8) (33.3) (5.4) (40.0) (6.7) (3.3) (3.1)

CONTENT (2}

2 4 8 18 R 64 120 240
MASS OF SAMPLE (mg

Fig. 12. Contents of nickel in chromium-nickel
system alloy :
Latticed rods show analyzed values
calculated from weighed mass of speci-
mens, and obliquelined rods show the
content calculated from total qualities
of detectable content.
T marks indicate relative standard
deviations.

¥<7nizE, RSD AV < e BIEMAS 5. Sn
B, ZOEARRLREN T, BETEEEY
100& LTk aHED RSD i3, Ni, Cr, Cu ¢
BRELEABEE N dmgl bT, 1%UTFT
Hote, Nitd, 2 mgT50.3%TH - 7.

CONTENT ()

2 4 8 16 2 B 120 240
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Fig. 13. Contents of chromium in chromium-
nickel system alloy

CONTENT ()

MASS OF SAMPLE (mg)

Fig. 14. Contents of copper in chromium-nickel
system alloy
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27.7%, M05.6%, Mn1.0%, Fe 0.2%, W 0.4%
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EN240mg L7 -Th, —BEibithote, L
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KBRS, BE—ETH -T2, Wi, 8 mg,
16 mg, 32mg, 240mg, TEEIhich-7,
BRELULAMEE®I0E LTROLETREHR
RO RSD 12, MHTHFBELI00& LTRDAID
FEFEOLThI b KEr T, i, BHEL
RABEENAEL B E, RSDR/NELD
&4, Co, Cr, Mo, Mn, Fe T&Z®» 5 h %, Co,
Cr, Mo DR TEHBER100L L TRDETHE
EEXDRSD 2, BELL-AHMEEI S mgTh
1%LFTH -7, LrL, Mn i2 8 mg C7.5%,
16 mg €12.5%, Fe #'8 mg ©15.0%, 16 mg T

15.0%, 32mg T20.0% & K& o7z, Wi, 64

mg T15.0%, 120 mg T66.7%TH - 7=,

Table 6.  Analytical Composition of Co-Cr

Alloys(%)
8 16 32 64 120 260

ag Ve 71.4 71,5 70.7  70.5 70.9  70.5
9 RsD  (0.8) (0.6) (1.3) {0.7) (0.3) (0.6)

In dve 22.7  22.7 23.0 23.1 22.7 22.9
RSD (1.3) (1.3) (2.2) (1.3) (0.9) (1.7)

7n 2ve 5.5 5.5 5.6 6.0
RSD (3.6) (1.8) (3.6) (3.3)

5.7 5.7
(1.8) (3.5)

pg 2Ve - - 0.4 0.6 0.5 0.6
RSP - (50.0) (16.7) { ©0) (10.0)
cudve 0.3 03 02 01 01 0.1
RSD (33.3) (20.0) (30.0) ( 0) ( 0) ( 0)

CONTENT (%)

MASS OF SAMPLE (mg)

Fig. 15. Contents of cobalt in chromium-cobalt
system alloy :
Latticed rods show analyzed values
. calculated from weighed mass of speci-
mens, and obliquelined rods show the
content calculated from total qualities
- of detectable content.
T marks indicate relative standard
- deviations.

100

8 8 3

CONTENT (%)

=

MASS OF SAMPLE (my)

Fig. 16. Contents of chromium in chromium-
cobalt system alloy

CONTENT (M)

8 16 2 64 120 240
MRSS OF SAMPLE (ng!

Fig. 17. Contents of molybdenum in chromium-
cobalt system alloy
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