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ol AAE 3% obuztE QlFElfo] H
HAA dA 7175t obdztez Ry QlFE
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Tshle 1. Composition of Amalgam Alloys (wt %)

< Atomic absorption spectrophotemetry2}
Neutron activation analysisE- OI-S%I-&} =
A, vlasdn AFTE otuzte IHAAE
2 oAt AL FAAAFAR AL ol
A=A} E.D.X. (Energy Dispersive Micro
X-Ray Analyzer)2 ##3}o chte AAL
7)ol B3t ule]r,

II. d@xz ¥ 4y

¥ Aol AL opuztE 3F o024 159
A5 A4 (Cavex) & 259 Fobuhal &
dzAob g (Tytin) %  £AASY  oluzt
(Dispersalloy) & AF8-39c}(Table 1).

Aol z2FL 7 A=Al Ao uiz)
Ags YA o= IFHct,

Mechanical Amalgamator (Capmaster, S.
S.White) 2 47] ob#zt %3¢ 4¢3 A%
g ¥ W74 10mm, ¥o] 2.0mme] 4%Y F
430 Fste] dAF 4= (150kg/cm?) &
2 $FAA ofd AHE AFFSH.

Ay AHL ALoA dFU7 YA F
2353 AAZIZ 3087 A& g, o A4
of zAstd wHAE AAF  modified
Fusayama <13-Elel*®o)] 34 3}9)c}.

AR 7L 247 19, 79, 3049 & %z
Cugl <& 5437 948 20mlol, Zn, Ag,
Hg, Sn¢ <& A7 93 5Smlfdo) 3
H A3, Cavex, Dispersalloy, Tytino}bd7

Amalgam .
Cavex Dispersalloy Tytin
elermant
Ag 66.3 69.7 59.4
Sn 26.3 17.7 27.8
Cu 5.2 11.9 13.0
Zn 1.8 0.9 0.0
Hg' 0.0 0.0 0.0
Manufacturer Cavex Johnson & Johnson Kerr manufacturing :
US.A. Dental productor Co., US.A.
Co. EW. NJ. US.A.
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Ztzh 549 AlHE Algsigdon Ay
ghn¥ YEow Eojed Ab£ZTFL 3
=0 FA gk},

AFeteloz wlzd Cue %E =317
98 A= Absorption  spectro-
photometer (Shimadzu atomic absorption/
Flame emission spectrophotometer Model
AA-670, air-acetylene flame, 324.8nm, 2l
3t & 283tz Hg, Ag, Sn, Zn9 %%
%435l7] $8)lA+& Neutron Activation Analy-
sis: A&t  Neutron Activation
AnalysisE 3}7] 8 ofzzle] AA =
£ Aol A 1mlE polyethylene sheet$ o 4] 7
ZAA FFAE T4 YA Z (Triga Mark
I, Ax] dF4)el Y3 6X10'? neutrons/
cm?/sec®] FA RS (neutron flux) &2 484)
Zb 2A1Ele] S-S dogl H 149 Fob =

AlRe. 2 F 42EE yAle] Aarst
d WEH  AZEs]el HPGE(Z4E  Ge
detector, Ortec, UAAHWHA) = 1027
stleh. Alge yAFI FFAzo 44
vlasted 2 ok AlAlstgict. olw) ALEE s
T e o

Atomic

*%Hg(t 1/2=47d), *Zn(t 1/2=245d)
HmSn(t 1/2=14d), “*™Ag(t1/2=255d)

HE 2 olazh AHS 19, 7Y, 309 %9t
AAHAZD F & A AHLe 39 YAHES 25
KeVslo| 4] A4 dAv|Ade] ED.X. 9 o

Table 2. Release of elements of Cavex in artificial saliva.

A} AAA-S B2 (Hitachi X-640, 21 3keH) 8}
el Al A EHo| nAA

A o 3
A 39g odulgk & SEMY o)z AxAS
B34 ot

ol Felello] HAH FA2 (Cavex),
&4473H (Dispersalloy), LEwhdzRAT
Aotz (Tytin) 22 ¥¥ #&3 Cu, Hg,
Ag, Zn, Sn9 <k Table 2,3,4 % =27
1-59} 7t

IFerdEA ofzkal TytinelA Z7] 24
7t &<kel Hg, Sn, Ag®| %&E o] o oft
Zholl wla 9-53HA ke (Fig. 1,2,5).

Sne] WE#2 Aol Cavex’t 1%
ofutztel Dispersalloy®th ©f §gton] A 7
7toll ZAA  Tytin® Sn¥&ake] Cavex$t
Dispersalloy 2.t} ot} (Fig. 2).

Hgol &3 dAlZ Agohdzxt i 3
opub7toll A v worowm 30 Fekel A7
< A9 Ftae Azke] 7 Hgtel whe} FHAH
o} (Fig. 1).

A5 otsk7kal

3
7k
e

Cavex¥.t} sEolutztal
Dispersalloy, TytinollA] Age] ut
ok} (Fig. 5).

Cug) &2 Cu kol @ Disper-
salloy7} 2417k, 1%, 30%<9 AA7|7k bl
£ Cavex®tt o geo| AE=H3on Cavex,
Dispersalloy: 27| 247k 1%6ut &A o]

Y
o
o
i)

(Mg/mi)
duration
2 hours 7 days 30 days
element

Sn 273%167 3.10%1.97 2.97 £0.44 260%1.25
Hg 3.07 £1.06 1.37 £0.91 1.16 £ 1.67 0.34 £0.41
Ag 0.82+0.32 0.87 £0.90 0.34 £0.49 0.60 £ 0.97y
Zn 075%0.12 1.88 £0.26 0.26 £0.01 0.76 £ 0.29
Cu 0.30t0.14 0.45£0.32 0.11t0.10 0.00 £0.00

mean £S.D.



Table 3. Release of elements of Dispersalloy in artificial saliva.
(ug/ml)
duration )
h
element ours 1 day 7 days 30 days
Sn 2.11%1.85 2.01 0,78 1.80 £0.63 2.68 £0.97
Hg 378 £1.83 2.83%1.13 1.02 £ 0.61 1.99 £0.75
Ag 1.49 £0.67 2.24 £0.85 1.34£1.54 2192141
Zn 1.356£0.38 1.00 £0.06 0.64 £0.23 1.99£0.28
Cu 0.79£0.52 0.63+£0.43 0.02 £0.01 0.04 £0.08
mean £ S.D.
Table 4. Release of elements of Tytin in artificial saliva.
(ug/mi)
durati
uration 2 hours 1 day 7 days 30 days
element
Sn 10.15 £2.09 4,06 £0.77 6.83*1.78 9.90%1.34
Hg 25.94 £5,03 0.74 £0.43 0.99 £0.26 2.28 £ 1.66
Ag 11.71£4.18 0.61 £0.62 1.24 £0.99 2.01 £1.46
Zn 0.15+0.15 0.03 £0.03 0.10 £0.07 0.34 £0.37
Cu 0.21+0.25 0.45 £0.24 0.78 £0.22 1.18 £0.67
mean £ S.D
Holgle ofAS welFw (Fig. 15-20) E.D.
X.ol4 Cavext® A|zbo| 7zdtel wtel Sno
oko| ZslEl3 Cuk A4S+ ZHFoldov
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Fig. 3. Release of Zn in Artificial Saliva.
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Fig. 5. Release of Ag in Artificial Saliva.
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Fig. 4. Release of Cu in Artificial Saliva.
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ot At nFHARYTA obEelAe
S7tH e Cu &3t WwEdde
Bde . B AFAME
Dispersalloyst 4] Zkol]
I Tytindl A& A% Frhsle ofdol Bas
et

Johnsons*92 Zng {w3 opatztd
creep? ¥ ZA=E Mgz xagd,

O;

Lo
AT

WatsonSWe A5Y opdgol At Znohuzt
o] Wod® m¥ s} v Ao} mEF ojutzle)

A °]9+ F#sictan ¥ w3lgcl. Derand??
= AFY obuzre AS Zno]l ¢ A¥ud
Mz folo wlEEcty P31 Brune'®® Zn
< 4A °}“é71} 2 e wEsn] 3%3 o}
oA o ol W=t st :LE-]
Johansson——”"‘ AZPhA Znst v} o)
Zzlglon] Zng RAAIANS 71—/~x]7]_‘_l:_
A= etodx stgdcel. Sarkar$49-2 Znot
=7te] non- Zno}"a‘%}ib} B AR Ao o] =
2 o]f+= Zno| 7}A electroactive metal
°}7] “H"r‘°ﬂ HA A pAbe]d Cu-Snate] ¥4
< AAAI7l HEQd Aolepa Buadot.
Jensen*Voll 9}3lw amalgamationA] Zn<
FAAAL] dFol Fedte FA Aol mlA
Znol AR Zwoz e wst §
02 stz 2 FH 448 FAlo] dojyicin
3t9itl. Gjerdet$} Berge’?: CuwtZ =3} Zn
SEEAE Mz AdkEw ol Zno 93
cathodic protection®]-f-eolet slict. £ A
oAl Tyting 7)ol Ag, Hg, Sn¥3o
HA8 kot Znd w)¢ ==k, o] =
Tytinol| Zneo] dke] 42 5= A I
A5 Rez Agxd,

i

Hgat&ol 3 22 dA7s glov &4
W A8 Az o AYPzAd uwat
W2 ool vhepsba Az Ak odF A
%_ i —5—}_93\];]_19 —24,28-35,42— 44). Okabe42)_E_ _{L:.é'_
gk Yis Va2 ﬁla Azl & WEakg 4
g Az 7. B, ‘}’z-o’] FAE Hg«] ool ur&
Se Ae BARAG. p olBF AFY

292

40%-3- A Bt Qo) olgzto g RE WE
4 yo2¥RE e o 7% A

29| ~ N
_,_o]] 233l olE pozHE U} F2o)
W akA] e ozt FF 3 oAl whgEAY
EAQYEo] FA 5ol £ WEe AAA]Y
I, F4% pol otuzte]l Aol o FA4H
nioh ebgAlel v ¥ wiEeoletn Rusgl

ot
Habu5e ofizt A¥-o Wada 749
ZAagg va A7 A AFY ohEze

A 420 42 polAE Loluba geovl
#339 Hgt $4% pozde 48 Aol

BAE 49 Hgel 40%< °bd7 ol ¢
}deA Zon Pon FAH 52 FEHE
Snuto] €& 5 Hge ob%zt ulo] deot 3l
gz Aok, 2z 25Y ofEztdA s o
7322} (Alloy particle) 7} reaction zoneoll ¢]
A Dol QT prb 97 dEel poE FH
e Hge A9 A F535A ged 271
FA " e,

Brune*¥& static conditionol| A= A]7ke]
Z ol w2} Hgel &% (release rate)o] 3t
43921} dynamic conditionol| A& Fw ol
BaEgdd F4] AAdEe] Helx yrims
Hgol wW&o] F71sldctn 3gich. & Aol
Ae AFgAE EEAY A4 T3¢ A &
stew, Hge & A|7te] A#AZ ol wet 7
£3589 o]+ Brunes A3 Az} P},

$A3 $845 53 Heol 949 AT 44
2 2.5-5.2ugol HAZE %2 100ugol st
sch?. E AgelAd 343 Hgd 42
Tytin& 2417b&<t AH A7 HgwE%S A
slne ddHT AAFH v AY FA%
oh. oy oluzhs A X ol 45319
€ A% A7 T EE5AE T el
kA o] &, 4be] AF, AFA] ofuziel
7helAlE Al&AQl ¥31Z Qg Hgd #&¢&
223l ozt Hgel #WE2 EAHAol
AdE Re=2 A5 Hc. Schneider®9
Reinhardt‘®5- o}47t #5835 o, 4,
eloll, =k FolA Hgeol <ol 7o
2agc =3 Aol o 4R 4L0

lzl



Esto] A B e QA gt
ti$o] Hge vwl#Folgtxs AFHEE4
immunotoxic*®3l 22 o}ak7ke] 7
71 Aol 83 Aoz Az
XPS(X-ray Photoelectron
spectroscopy) = o|-&3le] F o] HAALEo

Hanawa 5492

A e ool Sn3t Zng }ABYEH ol
obuzt o o] HEEo| o]Fdle] Abas}

AZs 7] WFols] Znopdzte] Fwintl o}
<38 Oxide3t3rEo] ol tin and zincoxy-
hydroxide (SnO (OH) + ZnO(OH) - H,0) ol
non-Znol47r& F2 tin oxide(SnO) 7} #3
Aoz stgw, Agyd Cutx Snolut Znich 4}
535l7] ofF@ . FrIgte] W] wifol o
S A FHstnz Zadatel e Agel Cu
o] AAel == A Z4LsHA Hopn v
ekt =¥ Znotdztel = Z7]of Cust
AZH A ¢skevt non-Zn otEFeME 27
o Curt 4% #H&sl=d Znotdztel Znsty
o] FAL FHTE A Cuy HES
el shr] wFoleba Baslyet. B A
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Z7kslv Zno]l Y+ Cavex®t Dispersalloy+:
AZgFo| A= 9c),

Brune*VZ wHA|Zk el of#zt F o)A tin
oxide7} FA#<] Inme] Z=o] FA = ed
o] wh& ozt A3 wlas| Ew Ag, Zn
9 Cudl &32(%) #43la Snat Hged %
< F7F & Adolu, A|zko] Aol uwhe} Sn
7 Hge Z4sa Zne F7hske 4e
oAFm, AEAe] o8 Sn¥ Hgel w30
7tEe kg vebdde Y asigch.
HollA= BHE EDXEAH3 A3+ A
¥ opzkel CavexollA+ Sne o Fr7hslz
Ag, Cuw #4329 (Graph 1-3), Dispersal-
loy, Tytinolldl& Cavexoll ®|3] Sneo] <kl
74243} 2 (Graph 4-9) &3] TytinelA+ Cu
7t E7bske A% IR (Graph 7-9) .
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Fig. 6.

Fig. 6.

Fig. 7.

Fig. 8.

Fig. 8.
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Fig. 7.

SEI (secondary electron image) of the
polished low copper lathe-cut amaigam
surface immersed in artificial saliva for
1 day

SEI (secondary electron image) of the
polished low copper lathe-cut amaigam
surface immersed in artificial saliva
for 7 days

SEI (secondary electron image) of the
polished low copper lathe-cut amalgam
surface immersed in artificial saliva
for 30 days



Fig. 11.
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Fig. 10.

Fig. 9.

Fig. 10.

Fig. 11.

SEI (secondary electron image) of the
polished dispersed high copper amalgam
surface immersed in artificial  saliva
for 1 day

SEI (secondary electron image) of the
polished dispersed high copper amalgam
surface immersed in artificial saliva for
7 days

SEI (secondary electron image) of the
polished dispersed high copper amalgam
surface immersed in artificial saliva
for 30 days



Fig. 12, Fig. 13

Fig. 12. SEI (secondary electron image) of the
polished spherical high copper amalgam
surface immersed in artificial saliva
for 1 day

Fig. 13. SEI (secondary electron image) of the
polished spherical high copper amalgam
surface immersed in artificial saliva for
7 days

Fig. 14. SEI (secondary electron image) of the
polished spherical high copper amalgam
surface immersed in artificial saliva for
30 days

Fig. 14.
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Fig. 15. Fig. 16.

Fig. 17. Fig. 18.
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Fig. 19.

Fig. 15.

Fig. 17.

Fig. 19.

SEI (secondary electron image) of the
unpolished low copper lathe-cut amal-
gam surface immersed in artificial saliva
for 1 day

SEI (secondary electron image) of the
unpolished dispersed high copper amal-
gam surface immersed in artificial saliva
1 day

SEI (secondary electron image) of the
unpolished spherical high copper amal-
gam surface immersed in artificial
saliva 1 day
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Fig. 20.

Fig. 16.

Fig. 18.

Fig. 20.

SEI (secondary electron image) of the
unpolished low copper lathe-cut amal-
gam surface immersed in artificial saliva
for 30 days

SEI (secondary electron image) of the
unpolished dispersed high copper amal-
gam surface immersed in artificial saliva
30 days

SEI (secondary electron image) of the
unpolished spherical high copper amal-
gam surface immersed in artificial
saliva 30 days



— Abstract—

AN EXPERIMENTAL STUDY ON THE INITIAL AMALGAM
CORROSION IN ARTIFICIAL SALIVA

Mi Ja Kim, D.D.S., M.S.D., Myung Jong Lee, D.D.S., Ph. D.
Department of Conservative Dentistry, College of Dentistry, Seoul National University

The amounts of copper, mercury, silver, tin, and zinc released from conventional, dispersed
phase and spherical high copper content amalgam immersed in artificial saliva soln. for periods
of 2 hours, 1 day,7 days, 30 days has been measured using Neutron Activation analysis and
Atomic Absorption Spectrophotometry.

The second electron image and EDX of the surface of samples immersed in artificial saliva
were observed using SEM.

The following results were obtained.

1. The dispersed non-y, amalgam released more Hg, Ag than the 7y, - amalgams.

Later a decrease of the release rate could be observed.

2. The dispersed high copper amalgam released more copper than low-copper amalgam and the
release rate was decreased with time.

But the amounts of copper released from Tytin increased with time,

Zinc was released all the experiment time.

4. EDAX showed that surface was composed of CaP, Sn, Ag, Zn, and Cu, but C1 was not
detected.
5. The discontinued destructed surface was observed from the polished amalgam surface.

High copper amalgam was destructed more than low copper amalgam,



