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st &4, Bl AR F-A € ofFH e W
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yser(ESCA) & ©l&-3t9 FHsnen, #4
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Table 1. Amaigam alloys used in this study

Product Name Type Manufacturer (Batch No.

Cavex 68 | Low copper | CAVEX 911016
lathe-cut Holland
Caulk Low copper | L.D. Caulk 042280
Spherical | spherical USA. »
Dispersalloy| High copper | Johnson & 100492A
admixed Johnson
USA.
Tytin high copper | KERR 21168
single USA.
composition

Table 2. Composition of amalgam alloys (wt%)

alloy | Cavex Caulk
Dispersalloy | Tytin
element' 68 spherical .
Ag 68.0 |68.0~70.0 69.7 59.4
Sn 265 [260~280| 17.7 27.8
Cu 5.0 2.0~4.0 11.9 13.0
Zn 0.5 0.5~1.0 0.9 0.0
Hg 0.0 00 0.0 0.0

gamator(Capmaster, S.SWhite) 2 +&3
e ¥ WA 10mm, ¥°] 20mm9] 9EF
F& 339 FY39 F44 $F7= 150
kg/cm?e] dAE YFPog FE2AHA, 124
10708 ¥ 4070 9] o2z A WS A 2st A

AZE AHE A2oA 7830 HAd T
Z2LGAHZNE S/ A 3083 A3
g F olF Z7 10cc? modified Fusayama
A-E Y (Table 3o F A1 A1E AL PA-
RAFILMS 2 HE3 & H24. BA3}A
o ARAVNF EEAY AAE FFEHA
gstey. A3 71zke UlY, 3049, eHe=
stRon Z+ Fo 54 F 20709 AlEL
AF ez W& H Ag, Hg Sn, Cu, Zng
F= SAs A AR on, YR F
207§2] AlHL ESCA®} FARAAIEW 79
EDX$}  o&k AAF & WAl ARGe
obEd HAS #Fd=w AE-3A.

AF "HYoz &£38 Hg Sn, Cu, Zng
Z733}7] 9139 Inductivity Coupled Plasma
Atomic Emission Spectometry(ICPQ-1000,
Shimadzu, Japan)E AM43Y1 AgE =
317] 913} Atomic Absorption Spectrophoto-
meter(Atomic Absorption/Flame emission
spectrophotometer AA-670, Shimadzu, Japan)
& A&t

& Electron Spectroscopy Chemical Anal-
yser (ESCA PHI-558, PERKIN ELMER, U.S.
A)E o83l lY, 3/hY, 67143t 24
A7 opgze]l B AP ES EFH39om,

Table 3. Composition of artificial saliva
(Modified Fusayama Solution)

componerit amount(g/l)
NaCl ! 04
KCl 04
CaCly/2H,0 0.795
NaH:PO,/2H;0 0.78
Na:S/9H,0 0.005
Urea 10




54 BHE FAF AAF du|R Y olapH
A7 BrAb A 2 EDX(Energy Dispersed
X-ray Analysis) S MICROSPEC XL-20(PHI-
LIPS, Eindhofen, Holland)-& ©] &3t #&
a4t

m. A48 A

A5 A2y ol D (Cavex 68), AET4Y
o} 27+ (Caulk Spherical Alloy), X5 %47 3}
ol &7 (Dispersalloy) 3 ZEYHYZA Yo}
T (Tytin) oA QFeEldez g3g Ag,
Hg, Sn, Cu, Zn®] %2 Table 4,567 ¥ Fig.
1,2,34,59 2t}

Cu®l &332 Dispersalloyet@zo] 174

4, 3704, 6749 A HF B Fol &

3 =] 3L, Tytinob @ 3to] Cavex68otdztol Lt

Caulk Spherical Alloyo} @72}t &3 go)
Z At} Dispersalloyot 7ol Cufsl g
NE7A A&HQ] S3FS Holt} 3714
o] ¥ AP o Cavex68ot 2 7ol Caulk
Spherical Alloyol 272 Ul go]E AFELY
W &3l o] A3 I Tytinob 7S 371 €9
o] F o] ZHHA FUrH(Fig 1).
Sn®] &M FL 4F < bAoA 1Y, 3
N, 67hE FFHA & zo]7}t glo] H=F
Fo] &3 Ao A|7ke] Aol ula} 4%
ol 2% BiFe a3 H T (Fig 2).
Zn9 83e 7] 1/1¥& Cavex68o} 7+
% Dispersalloyo} @ gtoll A -3 gko] wWte
™, Caulk Spherical Alloyo}&7H& 7] 170
4] TS Aoy A&Ho g &7}
Ho} 670 Y FAA & FL s Bt
E3F Tytinob 2 A E X424 Zne &3

Table 4. Dissolution of elements from Cavex 68
amalgam in artificial saliva (ug/cm?)

duration
element™~_ 1 month 3 months 6 months
Ag 0.055 + 0.016 | 0.032 + 0.005 | 0.029 + 0.004
Hg 0.876 + 0.283 [ 0.338 + 0.255 | 0.294 + 0.041
SN 1451 +£0.094  0.754 + 0.114 | 0.690 + 0.038
Cu 0.043 + 0.011{ 0.011 + 0.001 | 0.038 + 0.013
Zn 1.073 +0.045 [ 1.407 £ 0.136 | 0.984 + 0,104
* Mean + SD

Table 6. Dissolution of elements from Dispersalloy

amalgam in artificial saliva (ug/cm?

Table 5. Dissolution of elements from Caulk
Spherical Alloy amalgam in artificial
saliva (ug/cm?

duration
1 month 3 months 6 months
element

Ag 0.042 £0.003 { 0.006 + 0.001) 0.001 + 0.001
Hg 0.562 + 0.061 | 0.255 + 0.097 | 0.369 + 0.141
SN 1.325 +0.0100.763 + 0.028  0.769 + 0.074
Cu 0.062 +0.005 [ 0.052 + 0.006 | 0.049 +0.018
Zn 0.635 +0.209 | 1.367 + 0.226 | 1.192 + 0.142

* Mean + SD

Table 7. Dissolution of elements from Tytin ama-
gam in artificial saliva (ug/cm?

w W
1 month 3 months 6 months 1 month -3 months 6 months
element element
Ag 0.034 + 0.010 0.015 + 0.002 | 0.004 +0.002 Ag 0.028 +0.005 | 0.019 + 0.003 | 0.012 + 0.002
Hg 0.732 £ 0.159 ( 0.553 + 0.163 1 0.296 + 0.097 Hg 0.331 £ 0.045 0.207 + 0.083 ( 0.150 + 0.017
SN 1.292 + 0.256 | 0.685 + 0.120 | 0.538 + 0.041 SN 1.343 £ 0.170 | 0.670 + 0.122 | 0.521 + 0.078
Cu 0.081 + 0.020 | 0.139 + 0.008 | 0.062 + 0.004 Cu 0.010 + 0.006 | 0.001 + 0.001 | 0.000 + 0.000
ZIn 1.555 +0.060 ) 1.197 + 0,510 0.762 + 0.190 Zn 0.749 +0.204 | 0.597 + 0.173 {1 0.341 + 0.100
* Mean + SD * Mean + SD
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7} A (Fig. 3).

Agst Hgd Z7] /1979 43 32 Cavex
6ot 7ol A 7} Bkl Tytinohdztol 7+
F AQon, & F AlTte] Al whek
4%9 0}‘2%} 2FAM a3 Agd 6
MY &3 FS Cavex 68°HL A 7HF &
%31 Caulk Spherical Alloyolt&zte] 748 &
2AtH(Fig. 4). Hgl 670 ¥ &3 F2 Tytino}
n7to) 7b g AP ow M A 359 &3 F

] 52319 ot (Fig. 5).

Tytinob2 e Hg, Cu, Znd AFEAY
g8 o] T& 3% oAAETY AU

ofutzhel AR AAES HES ESCAE
o] &3l 2% Ay VIY FAF 4F o}
7t R5o|A Sn0% Zn09 FAES #F

B9, 3/0Y BAF TytinobL g A
3% 9] ol&ztel A SnO, ZnOE #F3IHY o™
TytinobZ AN E SnO%HS #FE 5 U
o} 670D FAF 4F 9 opEzoM Sn0E
#as g oH(Fig. 6,7,89,10,11).

EDX&3 2% AFodgdre AJZtol
AT g wat opgzt ¥l Snol F7hst
929 (Fig. 12—19), Caulk Spherical Alloy
ot ztol A MY FAF FHAA ®H
Cwt %zt 7184 oh(Fig 16—19). LEFo}
B AE Snel 8L & Aol7t AN
Dispersalloy ot Z7olA 3/MEFE4F Cudl
2717} A Qe (Fig. 20—23). Tytinold3 &
Hol A ZnA o] v F &4 = Avh(Fig. 24—
27).
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Fig. 12. EDX spectrum of Cavex 68 amalgam be-

fore immersion in artificial saliva
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Fig. 14. EDX spectrum of Cavex 68 amalgam after
3 months in artificial saliva
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Fig. 13. EDX spectrum of Cavex 68 amalgam after

1 month in artificial saliva
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Fig. 15. EDX spectrum of Cavex 68 amalgam after
6 months in artificial saliva
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Fig. 16. EDX spectrum of Caulk Sbherical Alloy
amalgam before immersion in artificial sa-
liva

Fig. 17. EDX spectrum of Caulk Spherical Alloy
amalgam 1 month in artificial saliva
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Fig. 18. EDX spectrum of Caulk Spherical Alloy
amalgam after 3 months in artificial saliva

Fig. 19. EDX spectrum of Caulk Spherical Alloy
amalgam after 6 months in artificial saliva
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Fig. 20. EDX spectrum of Dispersalioy amalgam
before immersion in artificial saliva

Fig. 21. EDX spectrum of Dispersalloy amalgam
after 1 month in artificial saliva

RATE~= Z2711CPS TIME=~ 4aLSEC RATE= Z063CPS TIME= J43LSEC
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H Mo
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Fig. 22. EDX spectrum of Dispersalloy amalgam
after 3 months in artificial saliva
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Fig. 23. EDX spectrum of Dispersalloy amalgam
after 6 months in artificial saliva



RATE~ 1339CPS  TIME~ S@LSEC RATE= 1468CPS TIME~ 49LSEC
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Fig. 24. EDX spectrum of Tytin amalgam before
immersion in artificial saliva

RATE= Z2484CRPS TIME= ASLSEC

Fig. 25. EDX spectrum of Tytin amalgam after 1
month:in artificial saliva
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Fig. 26. EDX spectrum of Tytin amalgam after 3
months in artificial saliva
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Fig. 27. EDX spectrum of Tytin amalgam after 6
months in artificial saliva



ESCAS} EDXEA 23 4F9 ody &
Ao A CIZELS HEHA st

FAAARW B o] A A Cavex
68°1 272 1709, Caulk Spherical AlloyoH's
7+e 3704, DispersalloyotZ ol = 670
R Ao A B SndliEo] Ag-Hgd A BRI
Bz Aol #FH Ao, Tytinob 7ol A
HaZo] Rty AL #FAHAE &key
AL TS FAF3EA TIE IS #F
3193, Cavex68otE7HS 670 2] 3o A
FAY FAgo] EHS B Qe Ao
FEHog vegton EDXE #4% 23
Sn3ttE 2 &3 AH(Fig. 28—43).

WAL 2ol A Cavex68ot o] w| g
PAQ yAe] MAR A4S BHIIHIoH
(Fig. 44), Caulk Spherical Alloyol&7toll A
39 A3 /3ol WH Sn-Cud =71 v
28 Y39 Ag-CuFdHYAE BEF}AY
(Fig. 45). Dispersalloyo}Z3tell A Ag-Cu¥d 3
A2+ reaction zone@ Sn-Cu, Yy A+] -2
A8 B339 2.1 (Fig. 46), Tytinol & 7ol Al
Sn-Cug] #2448 #&39I(Fig. 47).

A o] uwkAlL ARG A Cavex68otE 7,
Caulk Spherical Alloyo}#7t34 Dispersalloy
otztzte] ¥ el Sn-Clo] A4S B3}
Q.01 (Fig 48~50), TytinobZ7telA C13}
FEe BF=A FUH(Fig 5D.

V. &% ¥ 1ot

AARE o v Fe 1A Fdo] F
i BAAo] e FoE AFHIHJL
o350 qFol izt Aol gl H2 A3 o]
Z7tH3 £33 AAE 439 HaR
B R go] FIFEQATHIL B ILE Frpiranuss,
olmrztel WHAR e FHAAZHEH
creep®] #do] QUi AT E QO msee
opztel E)Ad A, HAF KA, ¥4
&7 creepFe] A& Bt @ A7
A A THe2a2  Yrijhoefo} Letzel” & A5 old
7oA creep RAF BT ARl Jovt
agotg o FRHAZ v FF
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8921, Obornes*® ¥ Galed* = non-y:°}
L7t A creep? WAY- T d#e] 9l
o SHEEFPen, Sarkarsg® AAR
AYE creepTro 2 ¢ AY & QU Bu
a4t
otz w3 9] 714 (mechanism) < A7 3
7] 91314, 22 Ado] B RS 93y
=95 o] 5L saline, Ringer’s solution,
AFEL, F7]4 A5 S o]83lo FH
#e A7 E A
ofzte] R HEHE BALEL o}
27t 93 (fragment) &) A A E, He', Hg'',
Zn*, Cu*, Cu®*, Ag', Sn**, Sn** &] A fro|&
(free jon) 3 ©]E2] 3ol (complex ion)
2 HgCl, HgS, AgCl, CuST9 HAZEE
& & gon gaE o9 FHL Ato-
mic Absorption Spectrophotometry, Inducti-
vity Coupled Plasma Atomic Emission Spect-
rometry(ICP), X-ray Fluorescence Analysis$}
WHAlES ©]2 % Neutron Activation Analy-
sis®} Nuclear Corrosion Monitering(NCM) ]
Wol 9ty WA & ol&3te WY 7
=7t Eol FuFAA FBE + U,
NCM< background radioactivity®] *¥3E
Wz = AFol dou, WAbs AR T
Ase g o8 o}z AAIE WAool
4 121 Neutron Activation Analysist Cu
o} Na9] %2771 Hl%dtod Cud] &40 o
Ha w77k &L 94(5ns t 1/2=14d) =
713 AR FAo] oL @l UL
o zhe] B2 H7|58HH g 93|
dojymg tLd e §F-8(cathodic
reaction) ¥ %Zut-3-(anodic reaction) &2
Urold 4 St
Cathodic Reaction
4e” +0,+2H0—>4(0OH)~
Anodic Reaction
In—>Zn** +2e”
Sn—>Sn** +2e”
Cu—>Cu?* +2e”
Brune® & QFElAA RANES] HE
&< Nuclear Tracer Techniques ©]-8-3}



3% A, ANF otgAd nF B
3 olgztolA Zno] €AW FE FAE
olRom x7] RAGANAME ofEt v
o] R Eoln] 1Y o] FEEE A7)y
F2o] ¢ Wl Rtk Johanssons
We lactic acid §JHANA Zne o}
& A& Hs) 43wy ofgd BW
o2 By FIHJon 129 olF LA
AME SAHA ¥k I3 F AT obF
ZHol A o] Bgter Zno] oldzt HAe A
FAe AAEAINAE vkl Badidd.

Moberg”E 09% NaCl& oA Znd =
716 B F& wEIHPLn 355713 A
&Aoo BEHATGL LHIAY.

B AN Zn9 &3l 27] 9L Ca-
vex680t 73} Dispersalloyot @ 7ol A &3]
#o] W3te ™, Caulk Spherical Alloyo} &3-S
Z27] UNY9] $3%FL2 oy A&Fo 2
£3817} Hof /et S Fe /g g
AFGHLRAY Y Tytinol A= Znel £317}
AATE 4F 9] o}L BFE e/lHe] &AV)
Ztoll Zne] A& &317F UYL °]= Mo-
berg’e] A¥ I XS AEZY + AU

Habu%”2 Ags} Hge &3#%e 1% &
A8 Yol D AR T AF 74 opE el A
Btoy ol 1F opHZAA ndo] BA
02 vA% pFoE FAE ATTEE of
SRR Hgel feE7F A}J7] dFoletn
slgon, ndol FA8L e R4
ok 20%°]9 FotHze] AFolEAET
BARFHe] L olfE FAHIIAUL
Hers5%S AF Bl 84 73383 opz
Zrol AHF otuztrEt ¢ Be U9 Hg,
Cu, ZnS W&o B3¢ 29, Brunes
wwo P ol A7t Hgel WEHFE AT
oldzrT 50MjAE Egow, 10Y0]F
~ Hgel W&%Fe 433 FAasdvka B3}
@A th. Derand®, Derand®} Johansson™ & Ato-
mic Absoption Spectrophotometry & ©|-83}
3% A7 F& ol &3l =7 VN
A7 FF FA3F e Hge &2 1d
9] 247175 A& HJL nF o
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9] Hgd &dl= yAdA fedda B2y
3%tk Okabes?E v/d-& ol27e] 40% &
ARSI e olEFoeZRE BIHE
Hgel 42 v/3225 8 H&d ¢ 7%
E743om OE]}& Hg7} w¥h-8 4=t} A wt
SHAY 22 AR E 93 Hge &30t
W) e 7] wEolgtal Bl

E AgolAl Hgol &31Fe 27 1Hgz
Cavex 68°} oA 718 @k Tytinob
ol 7bE Aow, Azte] Figd) we)
4% 9] o7t B ol A g8l Fo] A )
6709 &3 FL TytinobE el 7Hg AR om
Uz 3% K FL HLIATE o=
Habu "¢ A3 43S #FF 5 A
At :
oq;ﬂ 05. :}3,13:23,31,36,37,44)0“ 943}.\:5 Cu_o,] HA—%E&:
& aF ofdze] AHUF opEyEYG o W
Srvbn WHEE RO, Gjerdet5* 3 Espevik
Ne Cud WEFLS olEHY Cuy I o
3R] o 74318 obdztol A Cu
o) W&ol 71 Bk aLFoldal A Ag-
Cu TA YA} Cus] W&o & F&S 3t
B335}l Palaghias?e 1% #417339
obdZe A CuE#HY JUsle Al7le
IngZEo] FAaE THE F71387) AFES
o o]RAL ZnBE o] £3E F Cud W
Zo] AF® Rolgd FH3A T} Moberg®E
AForEty AFotdzte]l HEH AS 1
Foladol A fElE Cu/l EH ] B4
o AFL F¢] g4 2 Cud P& A&
3til Znd] WEFS FUHEOA L E
HE Anldl otk RHARE 1A g
ob v}t wlw3S Cust Znd WEFo) #
A3 Bt

B AYPNAE Cud £33 FS Dispersal-
loyob&zhol 170€, 3704, 6MET &3 o

A OE 3%9 opngrt B o] &3

QI ©] AFHE Gjerdet 57} Espevik™ 2]
A7 X FE FFE 5 USUTh Tytinoh
4d7to]l Cavex68°td7olvt Caulk Spherical
AlloyolZ 7Rt} 22 g3Fo] 2HH Y}
Dispersalloyob 2 7He] Cugadll g2 371471%



A&AQ S FL Holt} 3744 o|F A
3t o™ Cavex68°+% 73 Caulk Spherical
Alloyol 272 1/1Y o] F ATty §-3)
o] A3 Pn nEHYXAH Y] Tytin oF
T2 37N Y o) F L& Fo] A H A et

B A9 4% 4% 9 obgztelA Sn# Zng
g3 Fe O FEd vE B2 Fol A
AYP7EL SAHANLY o] F AR
otatzlel RAo| 7} Be TS e A
oz 3 + 3.

AF otLol A FAH S

Sn—>Sn** +2e”

0:+2H,0+4e —>4(0H)~

o o]3] Sno] &35 Hge ©]23HH A
ga obdzhy A F4€ch wEkA AFot
B7o A B E y3olE 80% F =S Hgrt
a5 o o] Ro] AFotdzel A me-
rcuroscopic expansione YOItk L
7, AFoldZtelA Sne &3e yAol &
AEA] Formg wiolA 7]Ase).

Palaghias®¥ ammonia &olA Z7]|
olgzto 2 BE Be Cul £85HAUL Cue
NH. ¢ ¥+-g-3ted optzt o] uh& FA3
3 o] H(film)& 243 A A (corrosion
inhibitor) 2 F430tn BugRon, £§
Na;S &AWl A Cust Zno] SRR &%
o o] A& &3] = (solubility) 7} ¥ Cu-su-
Ifide$} Zn-sulfideE A 3}7] djFolghL B
asAch T x4 $2 Cu, Hg, Ag,
Sns 3 fHA €83, 74U sulfate-redu-
cing bacteriae °ot%zt EWA (OH)” &
A Adld depolarizertt & AsAZ Z§
3l IS doig®,

Reinhardt5%& o} 273 HA] Znd Cud
27 9Y HEFL 24 FEFE FHY
19 AR o Age 404 A3
F3} vsad, EozRE 19 Hge A
HFL 19 20ugP =2 ofTztol 93 Hgel
WEe A% gt o et o] %9
50% A =€ o}b%7t particleo]® o] AL A%
oA F7t HA e A

optzhe] B RAME AL A3
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g9 JEH AL pH| B IFS
u g 2o o] pHIF RO R o] FF s
s453%) g} el oL} Q14389 (phospate buffer
solution) o A& Q14+ o] who] o} 7t A
A= 0] o] ZHAHrhn AT FH TP,
EF ol zte] Bl {4t Be IS
wom WA acid-producing bacteria®l
o3 AAHEY hAMIEo] oldte] FAd
S 718 § AT

B golo Azte] Ao wel pHAY
Zo] dojuin o] AL kA9 #AF hydro-
xide®) BA WEoly, ojn7d EH I3
A HE Clol 29 #go] BAste L &9
9+= 22 (buffer action)o] HZ3E2E pHY
37 o] dojupA opE Ui FHo]
oo,

2ol Aol we} Ag-Cu, Ag-Cu-Sndl
2ol A Cu7t &= 3L Age v 3T vEE- 8
3ol pi(AgHg) o2 WA (transforma-
tion) v AL A3 &, Agty—pY
Hhg-o] dojdri

u] ¥kg- AL yAL 60T o]0l A v 3t
Bke-3te] g FAEH, vukg IAY ¢
Aol AAR AL AgE HEIY 1Y
¥ A (transformation) & Y2731 vl A K
Zd Snd FF(void)oly HA&E Ao
gago] 0,9 Clo FFES FAsta, o
23 y—p WAL o7 EEF A
qEFs = F Ao,

Lin5*"& Foldzhe] HAgFE& o4
o] HelFo g RN nFEAIEHY o}
U7t GUZRAY oL ARG ¢} BT}
t$ A8 Sne 4FskE o] Sn0,F F /332
o] Arz}Eo] F9 9 Ao} FFLE I
T8 AL #FA3AI, reaction zoned ol
2 %9 Cu’t EAHY {E Cust Snd
A8 CuSn, CuSnd SHFES FA
371 gk Histgrh

Hers5%2 2EolT7e p3e W& X
et gdon AgCuFAYAE F24o]
FFEHY yFo AL BFHA Gk

B o, Derand¥ Johansson®S iLFE



27rstgol Ao A Ag-Cu TAYAY v
HAR 228 #F39th Mobergs?
ol F3E 27 24AEL Sn-ClolAL
Aotz ERAFHL ydelA] AlZE
Iy QE8E FAR FAL 3 A
Ade 3ol g A7) Wi, 1%
otd ol A= v/33} e(CusSn) A, 078 Atol €]
HAZ A AN A Al & =] v opEzt B8] vt
BA R0 B2 Ao] L Cu-Snidol A23HA
doia rusgh

Brune®& X-ray3|d7|& o|&3td ¥
obZzhe) o)A CuCl,, Cu(OH),2 A2&
#FEL AR ot EHAAME Sn(OH)CI
o] o} N FEAX YHE AL A&
Lim&®& 59 o] ZA#3g ofdzolA Sn
A3ES EA3AL, KimS¥e o}d7e
A71R4 Ai AgCle] FAEe A&
B3

Derand®+ o}&7Hg 1d7F NaCl, NaS,
KHPO, &l A H2A1Z] A7 F 2ol
100~500pmel RN .7, 315 ol @zto] 2 Fo}
ARy FAdelrt ¥ 23 FER AA
Rom o]AL FolZAA CustEE ol
AAHAN BHo g HF=o E29 A
2 A3}, =3 EDX(Energy Dispersed X-
ray Analyser) 2 &3 % 23 B9 523 E2
Sn-C13# Cu-Cl®] Oxide, HydroxideZ T4 =
Atk Baskch

ofztel RAAELe EHE ol Ui
o= &AM, Egpevik”-& o}T7
oA SnOCIY] ¥4 ET 33 ¢ %
A #F3FoH ol R AsEL
227t EHAA WRE FiE o] RLAAE
< YA3E= Aolglx dFHPev, Mobergs
odén®& ol dzh Ui 2 HHe| HAAE9)
FAEHE AL APNFE " 2F 459
A 2} & Ak (intra- and transcrystaline atomic di-
flusion), €49 FF, 2o IF, BN
B S Fojol o3 JFE devin
4=

Jensen®& 1% NaCloll Al 17093t ob 2 7h&
FAAA Xray¥d7i2 78 23 Sn0,

o
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ZnSn(OH)., CuSn(OH)& AZ3dYriy =
23R

Hanawas*¥& XPS(X-ray photoelectron
spectroscopy) & ©]-83td F2E ofEe
EAL 3% 49, Znole7e EWL Sn-
Zn-OH €& oz FAHIL Znfree
ol 7t M= SnO, o2 FAHAOH H
A3 90nm A o]lA Sn, Znd] %ol EW
Ho} #X3] 4" AL FH3Jon o]
AL opgrzre] Alzte] ZH3te| wa}t obf
ZHEHA S Z Sn, Zno] o] F, AAIEHIL ) REL
Agtt CuBt} 0.9 Hkgo] ¢A dojdoe=
Sn, Zn9] 2t3}Eo] ) ASES FA3
Eoletal Fe At £ 2] opdol

N EH9 Hgel 2 W3 B9 54}

tPo Ajzto] A#HAgel wal Sn, Znol
BEHOZ o]lF FHitgo] Hge ¥=7) #a

HAoa Bastqny B AN ¥ 2

2EZ Sn0¢} Zn0E HEIIYew W
2| &t8o] Sn-Cle] A& #E3AT

B2 opgzte] Zng FFIAL Joy o
HE Znd o}EZ I AZA CuOY SnOE
AAE HHoz2 AEHUT & CuO4
SnOE ZnOE W XA A, o] & |A A|As}7]
Agoltt. Znd o} 279 creeps FAA 7L
BEE F7HA71H®, Jensen®™, Wilson™, Wat-
son®& Zno|] o} zte] R A3 FIHAZ
thal B 13893, Patsurakos® v Zng X33k
LFEANGEE old o] Zno] flv 1B Y
A=A opgztE Tt HAR I} HQctn
B339t} Jensen®& ZnotE o] Zn-free
ol T 27| el FA o g F24 A
Fol B2 71HE AFotgRAAN IndAE
olzh AsFE yYAo E4H(diffusion) ¥ I
YA} i AALol 9] AAR o]FH O] i8]
ANz G3EH ol Znd BA yiPA A
ofgztel ¥Ho R b0l Zn'e FH &
|AE F 39 o] dojtr] dfFojg
I F334rh

AFotd T AFordzte] WA vy
¥dL Zol3lt}. Habus"L AEolb=ztol
A 33 ydol XA o g §3FH A 32



ZZto 2 BAs i aFotd g A e F4 o]
A3 g UE=E AP F AAY
g 2202 974 (extensive fracture) &}l
LTRSS A=

T WelA ANz g& F50 HEFH
galvanic current® ¥ 271t} Moberg”+ ©}
o7+9 383 (gold alloy)©) HEF B¢ 1
Foluzto] AFoldAr & AFE H
Agota B389 09, Holland®& Aot
TN FEEH FEFEHH FAEFF
H 247D =(corrosion current density) 7}
ZF718t9 R nFolgRAME HEHH
FAGol AFetertt HAAF dEv}
wgron wely ST JFEF3e 7949
ofdz FEE nFotEol ¥ AHy@sgu
331391}, Fraunhofer$} Staheli®+ o} &zt
3 F3Fo] HE R A AFE ATt
el whek FAst ol F MFe #
AE FHNEY FHE guda 33
At

ozt HA# WAdR wH g 7
e fAd FHHA gon, opuzle
AE BE B84 A AR 339
A& 71 2 B2 B ALFHA A7)
R = S =

v.d g

A& 249 (Cavex 68), AF 743 (Caulk
Spherical Alloy), 315 #4733 (Dispersal-
o) @ 1F FARAH P (Tytin) 9 4F 9 o}
Z47+-& Modified Fusayama $1-5El<o] 1744,
3704, 671¥7F AFF ¥ AF YA
28 oftztezRE £3¥ Ag Hg Sn,
Cu, Zn€ Inductivity Coupled Plasma Atomic
Emission Spectometry (ICP)$} Atomic Abso-
rption Spectrophotometer (AAS) & ©]-& 3}
I %L ZA3ty ¥4 EAE Electron Spect-
roscopy Chemical Analyser (ESCA)$} FA}
AR @R o] AAAGH WALE ALY R
EDX(Energy Dispersed X-ray Analyser)Z
54, 48 49 de 2 A8S I
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L Cud &3Fe nFEAASE ofdzt
A 7t @gkoen, nFGURAA P L
& ATorEHEY HU

2. Zn3 Sne A 717 2A &3 HULH
Azte] BAEFF 1 Fo) FaHUH.

3. obdze) 27154 EL Zn0%} SnO°)
At

4. AFotERAN v e FHE BF
gten, 53 AFTAE LAY Ag-Cu
TR PR F4o] Ut

5. AFOFRAANA v, n @ #4E &
3y en, AFENAEY obLAeA Ag-
CuB A YA F40] AU,

6. Aot AFEGEHoldzte
FH3H- Sn-Clo] A3H A+
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Fig. 28. Second electron image of unpohshed sur- Fig. 29. Second electron image of unpohshed sur-
face of Cavex 68 amalgam before immer- face of Cavex 68 amalgam after 1 month
sion in artificial saliva in artificial safiva
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th 30, Second eectron \mage of unpohshed sur- Fig. 31. Second electron image of unpolished sur-

face of Cavex 68 amalgam after 3 months face of Cavex 68 amalgam after 6 months
in artificial saliva

in artificial saliva
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econd electron image Of unpolished sur- Fig. 33. Second electron image of unpolished sur-

aﬁée’ of Caulk Spherical Alloy amalgam be- face of Caulk Spherical Alloy amalgam af-
ter 1 month in artificial saliva

ore immersion in artificial saliva
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Fig. 34. Second electron image of unpol;shed sur- Fig. 35. Second electron image of unpolished sur-
face of Caulk Spherical Alloy amalgam af- tace of Caulk Spherical Alioy amalgam af-
ter 3 months in artificial saliva ter 6 months in artificial saliva
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Fig. 36. Second éle‘ctrommage of unpohshed sur- Fig. 37. Second electron image of unpollshed sur-
face of Dispersalloy amalgam before im- face of Dispersalloy amalgam after 1 mo-
mersion in artificial saliva nth in artificial saliva
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F'Q 38. Second electron image of unpolished sur- Fig. 39. Second electron image of unpolished sur-
face of Dispersalloy amalgam after 3 mon- face of Dispersalloy amalgam after 6 mon-
ths in artfficial saliva ths in artificial saliva
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Fig. 40 Second electron image of unpolished sur-
face of Tytin amalgam before immersion
in artificial saliva

F\g 42 Second electron image of unpohshed sSur-
face of Tytin amalgam after 3 months in ar-

tificial saliva

+Back-scattered image of polished surface

«of.Cavex 68 amalgam after 6 months in ar-

tificial saliva

23

F|g. 41; Second electron image of unpolished sur-
face of Tytin amalgam after 1 month in arti-
ficial saliva
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Fig. 43. Second electron image of unpolished sur-
face of Tytin amalgam after 6 months in ar-
tificial saliva
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Fig. 45 Back scattered image of pohshed surface
of Caulk Spherical Alloy amalgam after 6
months in artificial saliva
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Fig. 46 Back scattered image of polished surface Fig. 47 Back scattered image of polished surface
of Dispersalloy amalgam after 6 months in of Tytin amalgam after 6 months in artificial
artificial saliva saliva

Fig. 48 Back scattered image of cutting surface Fig. 49 Back scattered image of cutting surface
of Cavex 68 amalgam after 6 months in ar- of Caulk Spherical Alloy amalgam after 6
tificial saliva months in artificial saliva

il BSE ) s iﬁ
Fig. 50 Back scattered image of cutting surface Fig. 51 Back scattered image of cutting suface of
of Dispersalloy amalgam after 6 months in Tytin amalgam' after 6 months in artificial
artificial saliva ) saliva
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—ABSTRACT —

A EXPERIMENTAL STUDY ON THE DISSOLUTION COMPONENTS AND
CORROSION PRODUCTS OF SEVERAL AMALGAMS
IN ARTIFICIAL SALIVA

Seung-Joo Cho, D.D.S., M.S.D., Myung-Jong Lee, D.D.S., Ph.D

Deparitment of Conservative Dentistry, College of Dentistry, Seoul National University

The purpose of this study was to investigate the dissolution components during corrosion of amal-
gams and to identify surface corrosion products in the modified Fusayama artificial saliva. Four type
of amalgam alloys were used: low copper lathe cut amalgam alloy (Cavex 68), low copper spherical
amalgam alloy (Caulk Spherical Alloy), high copper admixed amalgam alloy (Dispersalloy) and high
copper single composition amalgam alloy (Tytin).

Each amalgam alloy and Hg were triturated according to the manufacturer’s direction by means
of mechanical amalgamator (Capmaster, S.5.White), and then the triturated mass was inserted ‘into
the cylindrical metal mold which was 10mm in diameter and 2.0mm in height and condensed with
compression of 150kg/cm® using oil pressor.

The specimens were removed from the mold and stored at room temperature for 7 days and
cleansed with distiled water for 30 minutes in an ultrasonic cleaner.

The specimens were immersed in the modified Fusayama artificial saliva for the periods of 1
month, 3 months and 6 months.

The amounts of Hg, Cu, Sn and Zn dissolved from each amalgam specimen immersed in the artificial
saliva for the periods of 1 month, 3 months and 6 months were measured using Inductivity Coupled
Plasma Atomic Emission Spectrometry (ICPQ-1000, Shimadzu, Japan) and amount of Ag dissolved
from amalgam specimen was measured using Atomic Absorption Spectrophotometry (Atomic Absorp-
tion/Flame emission spectrophotometer AA-670, Shimadzu, Japan).

A surface corrosion products of specimens were ‘analysed using Electron Spectroscopy Chemical
Analyser (ESCA PHI-558, PERKIN ELMER, USA.). ‘

The secondary image and back spattered image of corroded surface of specimens was observed
under the SEM, and the corroded surface of specimens was analysed with the EDX.

The following results were obtained.

1. The dissolution amount of Cu was the most in high copper admixed amalgam(Dispersalloy)
and the least in high copper single composition amalgam(Tytin).

2. Sn and Zn were dissolved during all the experiment periods, and dissolution amounts were

decreased as the time elapsed.
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3. Initial surface corrosion products were ZnO and SnO.

4. Corrosion of y and y: phase in low copper amalgams was observed and Ag-Cu eutectic alloy
phase was corroded in low copper spherical amalgam(Caulk Sperical Alloy).

5. Corrosion of ¥ and n’ phase in high copper amalgams was observed and Ag-Cu eutectic alloy
phase was corroded in high copper admixed amalgam(Dispersalloy).

6. Sn-Cl was produced in the subsurface of low copper amalgams and high copper admixed amalgam.
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