Amalgam FA{AM=0] HMEHM0

CH #txi o E &3 A] @ Vol. 16, No. 2, 1991

e
ok

4T

AMEtieta st AeResay

A=

= At
.4 £
0. AdA4g o a
m. Ag4s
V. &4 % 34
v.42a &

Frgd

AR5

A

I. M 2

A 2}& amalgame #AA 100 d%F A
o AL FAE FE53E FAANEAN A @
of A& AMaFo sfolct. AD.A FAMW
of 93t™ amalgame WA F2Fe) oF 759
of ©35lw] Moen#} Poetsch599 ¥mo] 23}
o o=l mhd <k 19 6XubAle] amalgam
Fio] AlgEn] ol wdAol £EE o
80%l =gteka 3ot

Amalgam £HEL Rlzlo] HAgo] ulz}
el yel okske} vl DAL HAlo] Yol
b Wolcotth: ofeigh aldel okshg
amalgame] WA FA2 ¥tz Wagriers’—“:—
PRl A7 FAAEe] HA¥E A
3, FEEe] SEHo] FAGed =&

Tt AZsgde. ==y Schoonoversd

Souder®+ amalgam¥$-2lo] FHAlel -1AH
AAE A St

Wagner”= #&°% amalgam® TS A
T wrdol FAle st 1 e, ¥
’51% FEEF FdolM A=l Hx |Fz

ol =t stgct. Jorgensen”S amalgamé:
E29 ddy B3IEF pad 43 duA
of, etell A&5 3+ amalgam¥Ed 3 7

d|

__.

¢

W x23% amalgamAlolol] AbAA E ko] A}o)
Sted AR7F sl 2 A7 8kehE Ha)o] o
dobn Sginh. o)Wl ehde]l AHZxEYE

amalgam &9 & +25 ereuc A7)
et o2 o anodic?shn ARA#105DG w7

Wgel A9 =37 amalgamsl ¥4o] 7}
£3tdoh. pael $AS FU 4oL

amalgamW 2 HF3 A yalo] AulLsled A
= amalgam< #3417k, BAH amalgam

< shuio 4 iéﬂﬂ A zete] . 3 eta
Jorgensen” & 239 vk,  Mahler,
Terklah, =3 Sarkarl:—“”‘: /‘14 L=

o] amalgam¥ ¥ =}do] F83 TG ¢
o A4s9%, Marshallsh Lint2110 2
g2 Kim¥} UmE9< amalgame] <lz%
A8 odFgut 9lom, Morberg59e A3
Ho g BAL amalgame| m|A|FZRE 9
H} elt}. Cheni} GreenerE'7& ol
QAT o] A=

?.
A

o oob g p

A
L8

o T
ATate Y2 Ao FAe

*E EEE AMgugtay

A 1990dE JFATHe] e ol RoiH .



amalgam®| AFB=7} oF 26%7HA H4ALBS
dctz R3dge. =3 Marek!'¥2 Q3 tE
F8AWelA amalgamo] FdArlE sl
AP=E SN S A7) o

2F amalgameo] £¥sA PN H4
¥ Aol EolAA gtk ¥ amal
game FAlol % A4S TIA Yoy
7’4& Z-&=ol. Sarkar$t Greener'V: ¥ 3
4% amalgame! Dispersalloyt y,4t0] 1S
22 RARAZAHe Fddcn oz,
Johnson'®, Takatsu?, Okabe?®, =&z
Um?2)5-9] oFola] AAME 31§ amalgam
<= rAol 9AY A atE v|gke] Ea)gte]
W8z, Sarkar$Me  Potentiodynamic
cyclic polarization technique-& AH&3te 4,
B3 gAY RAAGH L 2 AF 440
rdig YR ade A4 FHsEd.
Marek**2  AptEFEAMlN  F43
Y Y Y 7’8k e FAAFAHE A4 &
A% A3 ey ednoe 2oy g,
niges gon 39393, 274¢ A
TEHAY A9 S £ 202 5
B3t R4 7 2 A o] A 74d
< 2ok A 74 FH9 20| yA4EA
A ol JEgg vAdz HAdA. =t
A g el ARt e FAAGAS Boy
i amalgame] FA4 FolAde g F4
571 #¢Aolekx AR}, Lind Marshall
L 1F amalgamel EAAHNA Fo|
LdEE AeE BHsigen, Marekd
Okabe529%. p'Ao] L% amalgamolA 7}3
FAAGHel Ytn mamdgd, =3
Johansson, Mjor??, &]i Marshall5-2®-2
T3 745 AAAoz FAE AL
B4} gl

A 74 amalgame A2 & 439 Ao
¥ $74Y F2E Z$o2 amalgam?
FAASE 7 AEY A/ F5HE
3 ZA"t. =% amalgame] 4L
A3} el g TN B4 BgeA whgE
1 dojue HAYE A AARA HY
o0, wbebal Aol B old} dAFE

amalgam®] #4& FAAIIL +5EF9 A%
AL F7H el 843 84ty B4 9
o}, o
Cololl AAE & Ageld Aze] AR
Ao Ag-Bo] R AY THAES 275
< AdHolollA <k 5 30| A%l amigamE A
A&}ed, S.E.M(Scanning Electron Micros-
cope)® E.D.A.X.(Energy Dispersive
Micro X-ray Analyzer) & ©o|-&3led amal-
gam ZHY WFo] A3 A4 g9
Helld 7848 43 i AL
7)ol Bidl ulolet,

II. d8xiz o 2y

7t AgA s

SHA 2 AFEE a5t XofelA 51d0]
4 7435 amalgm 3070E AR
amalgam4 &80l €A% FAYA 317193
o AL AANA A5 amalgamA| g
83% Ethanolol °F 72417k &3t HAA|ZF
ultrasonic cleanser® <t 1047k A1 A 3tgct.
A% amalgamo] “|&E acrylic resing 4
484 9 =% rubber impression materid
(Provil® Bayer Co.)2 &7 1.8m ¥°] 1.0
cn®] moldE A3 x #AH amalgam?
€ 442 HAA acrylic resin(Dura Hue,
Reliance Dental MFG Co.) 22 A}83lo o
u}3l%it}.  Resin  block2 denture bur,
rubber cup =281 pumiced o| &3l dula}
fch. Resinol wH8% oix 549 AHe
duigle] ¥HE a2 AAEY .

Resinoll =&=A ¢+ 10719 amalgame
A" EE& £ ¥ wire-cutterd AH§3}4
23 AAA 2 JEEE A

471 30/Me} AME vacumm evaporator
(Polaron®) ol A carbono.Z < 20nm¢] F7
2 53 Az F/HA 24 449 3
2 2ol3A 3gict.

L 5 ] ,
7t A 2BKeVatold FAAAER 7



o

AAA4 (Secondary Electron Image) =
HkALA 24} (Back-scattered  Electron Image)
% 243, E.P.M.A(Electron Probe Micro
X-ray Analyzer ; JEOL Co.Superprobe
733%) 9] E.D.A.X. (Energy Dispersive Micro
X-ray Analyzer) & Al3oA] 7HZo] ojAls
7+ 14, % Ag, Hg, Sn, Cl, Cu, Zn, Ca,
P} S%& Hx=wE Mappingstz Spat
AnalysisE 53] S %99 TAYL Peaks
o) =38 sl

o

. 48 &2

b, mgdel B34 (Fig.1,2,3)

TEEe I g2 TP Foz A
dod AV =& dF R0 do Qe S-S
o7z Fch(Fig.1,2). o1& FAYY

%< F% Sn, Ca, Po} S2 745 Uz
(Fig.2,Gr.1) zt¥d o2 vz Cu, Ag,
Hg¢} Zn5= 374 Jelydoh(Fig.3,Gr.2). o
2l & cracke] TH-g EFH A FY3
< AT 4 AU (Fig.1).

o, odvbele) s
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B. 2% amalgam (Fig.22, 23, 24, 25, 26, 27)
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Figure 2.

Fig. 1.-SEI (Secondary Electron Image) of the
unpolished amalgam surface covered by
amorphous layer.

Fig. 2. SEI of the unpolished amalgam surface
partially covered by amorphous layer.

Fig. 3. The magnification of B in Fig, 2.
Graph 1. EDAX spectrum (X-ray intensity vs

energy, kev) from A in Fig. 2.
Graph 2. EDAX spectrum from A in Fig. 3.
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Fig. 4. Sn-Cl phase (A) in the polished surface
of conventional amalgam (SEI).

Fig. 5. Sn-Cl phase (A) & tin oxide (B) in the
polished surface of conventional amalgam
(SEI).

Fig. 6. BEI (Back-scattered Electron Image) of
the polished conventional amalgam sur-
face.
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Graph 3. EDAX spectrum from A in Fig. 6.
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Graph 4. EDAX spectrum from B in Fig. 6.

Graph 5. EDAX spectrum from C in Fig. 6.



Figure 7.

Figure 8.

Fig. 7. Tin-rich area (A) with some copper in
the polished surface of single composi-
tion high copper amalgam (BEI).

Fig. 8. Tin-rich area (A) with some copper in
the polished surface of single composi-
tion high copper amalgam (BEI).

Fig. 9. BEl of single composition high copper
amalgam.

Fig. 10. X-ray _distribution maps of Fig. 9.

Fig. 11. X-ray distribution maps of Fig. 9.

Figure 11.
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Graph 6.

Fig. 12. BEI of eutectic particle boundary in
the polished surface of admixed high

copper amalgam.

Fig. 13. X-ray distribution maps of Fig. 12.

Fig. 14. X-ray distribution maps of Fig. 12.

Fig. 15. BE!l of single composition high copper
amalgam.

Graph 6. EDAX spectrum from A in Fig. 15.



10.2 >

10.2 >

Fig. 16. SEI of the fracture surface including

occlusal area in conventional amalgam,
Fig. 17. X-ray distribution maps of Fig. 16.

Fig. 18. X-ray distribution maps of Fig. 16.

Graph 7. EDAX spectrum from A in Fig. 16.
Graph 8. EDAX spectrum from B in Fig. 16.

Figure 18.
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Fig. 20.
Fig. 21.

Fig. 22.

Fig. 23.

. SEI of the fractured surface in conven-

tional amalgam (A ;Sn-Cl phase of corro-
sion product).

X-ray distribution maps of Fig. 19.
X-ray distribution maps of Fig. 19.
SEI of the fractured surface in single
composition high copper amalgam.

The magnification of A in Fig. 22.
tetragonal (A) and octagonal (B,B in
Fig. 22) shapes in the fractured surface
are seen,



Figure 24.

Figure 26.
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Figure 27.

Fig. 24. SEI of the fractured surface in single
composition high copper amalgam.

Fig. 25. X-ray distribution maps, of Fig. 24.

Fig. 26. X-ray distribution maps of Fig. 24.

Fig. 27. SEI of spherical eutectic particle sur-
rounded by {y, matrix phase and tin
oxide crystals.

Graph 9. EDAX spectrum of corrosion products
in Fig. 22, 23, 24, 27.




— ABSTRACT —

A QUANTITATIVE ANALYSIS OF THE IN VIVO
AMALGAM CORROSION PRODUCTS

Byong-Mok Lim, D.D.S., Chung-Moon Um, D.D.S., M.S.D,, Ph.D.
Department of Conservative Dentistry, College of Dentistry, Seoul National Universily

The purpose of this study was to analyze the in vivo amalgam corrosion products qualita-
tively.

30 molars with large, intact amalgam restorations were selected. All the restorations were
more than 5 years old. Twenty of the removed amalgams were embedded in acrylic resin block.
The exposed surfaces of fifteen embedded amalgams were polished by amalgam polishing kit,
and the rest were observed without polishing.

The remaining 10 amalgams were fractured centrally and perpendiculary to the occlusal
surface with a wire-cutter.

After all specimens were cleaned ultrasonically in distilled water, each surface was examined
under S.E.M. and E.D.A X. (Energy Dispersive Micro X-ray Analyzer) to determine the morpho-

logy and chemical nature of the corrosion products.
The following results were obtained:

1. The surfaces of the unpolished amalgam restorations were covered with thin amorphous
layer of Sn-Ca-P-S complex with numerous cracks.

2. In the conventional amalgams, the major corrosion products were Sn-Cl phases however, tin
oxide phases were also observed.

3. Only tin oxide phase was identified in the high copper amalgam, but it was less frequently
observed than in the conventional amalgam.

4. It was easier to observe the corrosion product morphology in the fractured surfaces than
in the polished ones. The morphologies of the corrosion product crystals looked like a stack
of slightly bended plates in the Sn-Cl phases and polyhedra or polygonal prisms in the tin

oxide phases.
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