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opdzt ¥ AAHUNL HdR Ax$-4,
FXE9 AVEs), 3, WA R geneg
E & slen, Re Afz FEE B
A= AnE Hgg 7tA LM, piting H 8
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Aistel] #3te] AFIAL, P McTique %
<& IFotdzte] R @3, Sarkar™s} Mar-
shall $%7& oltziel B2 A2 E 43t}

AA AN o} THRFEES] AL A3
dupste fle} e RFAARFE AQ FL& #a
A7 glem Ao 3¢ =233 o). Kanai
9, Jorgensen 5%-& postcarved burnishing ©] o}
F EARY B £25 FA2A171, micropore &
Z29F03 13390 = May 9L A%
A4 oldze] 3¢ precarved burnishing T+ 3}
dx Hd A&AE NN 8908, preca-
rved burnishing® 7 postcarved burnishing &
339, polishing #3-& AFY &+ vtz 8
Ak 28 May 592 ngotde Fde
postcarved bumishing & 34 %otz YdHe=
d Xol7l §li, Svare 52 burnishing ©) poli-
shing Bt} op 2zt 818 J2& /MG
3t

Boyer 5*¥& opZze] dAntuye AoldA
Bto] ARt BIAIHNE FFF FH polishing &
opzto] Ko g Aol Y FoH car-
ving % g oA e B FAAFE UYL Bn
&t

oldl A= AlFol A|EHE 4F9 ol
3} polishing, burnishing, carving & 22t A&
H G444 Asdozde AAYREITITA
€ GolA] ofHzel F7Fe Aubye] ©E R
A9, peak AHTL A viIHI, T B3
FAF9) SEIE 9o oy A% 2AYzE B
At} thahe AAE VY ol Hide
Bholt},

Table 1. Amalgam alloys.

I, dExz o oy

1. AENE

ANHAFY Ag2e AN Asolnzd gve
2A Vivadent Ate] A218<Q  Amalcap alloy 9
Shofu AFe] 438 Shofu spherical alloy & AH&
[z, TFEd FF22A4 Johnson & John-
son A+9] Dispersalloy ¢} @ ¢Z/4 S.5.White A2
Tytin & AH&-3t ). (Table 1)

HzAZS UFHTOoR 3o, ZE A9 ¥
372 A AF(SCE) & 71€LE JebiATh. A3
A gdo 2= AREHE 09% AASF (T
F)E AH&-3kgth

2. AEH =

ANg 9 2FL AxPAE] Al wE AP
dH o2 3}, mechanical amalgamator (Samki
Co )2 A7 AFEE o3 E3dste AN F
W74 120mm, ¥°] 100mm ¥ #& F¥d F¢
I {4 &7 APAA W0kg/en o)
22 $FAZE olF ABE F& FHNA A
Astn FdAAEe wel A 3R &
B, A 1T A0 dFLET R F AW A
HE gilicone carbide abrasive paper (Deer Co.) 9}
#4008 #1200 7h4 A# 2 drfdtaL, o]ojA
Metallographic pregrinder (Marumoto Co.) ¥ i~
05um 9} 0.06um 48} LvlF F{-8&4& HstHA
HZ Avlagdn), A 2T oFEHE FFENA F
8l2 egg burnisher (No. 26-27) & ©]&3lo ¥
%<t burnishing 3 ¥ A2 4FAL FAA R},
A3 obE &5 F vlE Hollenback

Amalcap alloy

low copper lathe cut

Vivadent (o. \‘

Shofu spherical alloy

low copper spherical

Shofu Dental MFG Co.

Dispersalloy

high copper dispersed

Johnson & Johnson Co.

Tytin alloy

high copper single composition

S.S.White Co.




(No. 3) 717€ °l&39 carvinge NP3 4
29 4F L TG

3. algay

ofgtzte] tigt #2]AF (corrosion behavior)S
#&FE7] A3 AHAQA A8E 4o F Y&
Universal programmer (EG & Park model 175)E&
dZ2¢ AAYFA(EG & Park model 173)E A}
£3te FAGEISIAE ey, AA AF
5 E AFE 471930 Logarithmatic current conver-
ter (EG & Park model 376)& %33} X-Y 7154
(Kipp & Zonen) & 7|23} t}.

AYFAEEE 1mV/sec 2 FUT AsfAd
AR HE2HAo] 064ciY) specimen holder &
AHg-8ke] 37CAE A dF Ad Sl FFA

2] 4 9] (corrosion potentiaDE &3 315},

T3, Z} opAIHe FHAME) e B
2 AFe] ¥4 AHE Hlu £437] 39 F
A AAEY A Jeol JSM-35)22  SEl(secondary
electron image)E HAth.

m, &

0x
Jx

1. EHAOHE | OE FAI% 2| (corrosion pote-
ntial)

47 el gEiA gL ¥24H9E Table 2 9
gom, nFotEFY FHAYs HFolzte
HEAHYGRY ASA e,

2. A Adgalre JAJEITFA

graph 1 AEH4Y Amalcap o}Z7e] EW
dAvpbgel] e e AAYEITIAE Ve
Ao 2x 7t25 L AW & AF9 logFH ol
I Agse x3FtzdAaFe g3 AAE vE
Wt} polishing & AP AW BIFHNNE
2709 & A3} peak o} WG 1709 A3
peak 7} et —45mV(SCE)®ZNA 326
mA/cie] HUNAFLEE YA olF gt
#2387}, B +175mV(SCE)s] A 167 mA/ent ]
AFIAEE Byon, A 39 peakt AR} 2ol
5318 x gov}t +240 mV(SCE) 9l A} 1.75 mA/cni &}
AFAEE Yehidc). 1 ol AddMe A

Table 2. Corrosion potential of amalgams with sur-
face finish procedures.

Type of Finish Corrosion
amalgam procedure potential
(mV vs SCE)
polishing —330
Amalcap burnishing —431
carving —382
Shofu polishing 30
spherical burnishing - 407
carving —423
polishing —244
Dispersalloy | burnishing —328
carving —390
polishing —115
Tytin burnishing —427
carving —39%

FUxst & dsiglol A A F-ASA. burni-
shing & A3 AW EFFHANNE 1749 F
g 413} peak & E 3t guhgt 413 peak 7t
Vet —70mV(SCE) #4298 mA/cti<]
A AFLAEE HAFUDL o]F FaFAE B
ottt oAl AFEE FUHE H A #
A s FE BYY. carving g AP AW
AMe 23 F31F 1719 23} peak 7t Asled +
90 mV(SCE)Z A A 517mA/cii¢] H} AFLE
£ Bt o] peak & UM HH #AdUt
AdFHoz FAHAG :
graph 2= AETAE Shofu spherical o}&7+9
FHAvp o) ©E Ao FAGETIHE Y
Ebd T}, polishing & A1 33 A|H o] ESF M=
—75mV(SCE)$} +150 mV(SCE) 329 A Ztz} 2,
60 mA/ci T} 149mA/cde] AFILEE JeERE 2
Mol 243} peak 7} EASAE. FHA peak & A
UM E AFRZ7E Zasitr ga gurd FAs
%7134tk burnishing & A1P§ AlHeME 3
vhe] B33k 2k} peak 7} +280 mV(SCE)H-2 o)l A
veRdoen olge ARFLEE 101mA/iTt.
carving & A8¥ A|HAE polishing o] H==

A A FAE FPE BeiFPo} dw A



A AFILET polishing ] AFA=RT} ¥
oh. AWAA 33 peak= —~55mV(SCE)ol 4] 430
mA/cnie] FWAFYEE B FY3, FAR A
3} peak & +170mV(SCE)o1 A 236mA/crio] HH
U9x g HoFE.

graph 32 315 %1738 Dispersalloy o} 2de]

EAdopg e g 47t AAYEITHAL
EbA ), polishing & A 33§ Al B ZTAqAe
33 413 peak © oY FAAYE AU AS
AREE7L At e, o +440 mV(SCE)ZA
N HHAFEEY 265 mA/ciE HYTirt 7
e 8 A 4R AFIAEE FAA.
burnishing & A3 3 A|H M= ~90mV(SCE) ¢+
+140 mV(SCE) 9| 4] 7] k3t 413} peak & H P oW
77k o] MFLEE 0.08mA/cri S} 1.01 mA/erf o] R th.
FHA peak & AUAME A AFLEI 3t
7t | & dsiglol #AEAY. carving & A
B A HGM= 3709 243} peak 7} VeIt oH,
—200mV(SCE), +190mV(SCE)$}  +300mV
(SCE)#2 2] AYoA 242 0.94 mA/od, 221 mA/exl
a82 236mA/re] AFIEE Uy 2
o]/39 A+ polishing & burnishing &} < ¢}
AN ARHEEE A3

graph 4 & LFAYZEA Tytin obZ7e] ¥H4
e wE Zzbe) 5248 Jehdth poli-
shing & A& AW BEFTHL BAHANE A
Y 543 AFEx=s $718% +350 mV(SCE) ol
A AR 23} peak & JEMIQ T, oldle] BF
YT 259mA/i Gy, 2 o] 4e] MY ¢
WA AFAEst 74890} burnishing 2 Al
B A BN E +25mV(SCE)ZH A 220 mA/
crio] 43} peak & 7HA H 43 A F oA
D3 AFEEIF Z78G . carving S A8
g A e mlekgt 2709) A3} peak 7} UERS:
on, —75mV(SCE)$} +175 mV(SCE)¥oll A

peak 7} YET. 1 o]Ae] AYME Hx oA
FEZt FUkshe A BEY.

graph 5, 6, 7& Z o}z 5T L W
depirde] wEbA BlmE RO 2AM, polishing &
A& & graph 5914 BA LFPEZA Tytin
Dispersalloy ©F&7ro] o2zl Shofu spheri-

cal & Amalcap V2R T ¥AHAY7 A e
won ®3 FFIUEE ®A Ve Shofu
spherical & Amalcap o} 2 @A = AEHA AHF
obrzhel B2 F3E HAF Uk graph 6,
7% 217} burnishing & carving S AT F5F
A& v1g AR polishing = 28] AFHS
B34 s JdeEhA gsten, FAAENS
ARLERE opEzte] FF/d wat dolstirh.
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Graph 1. Polarization curves of Amalcap amalgam at

37C in Saline.
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Graph 2. Polarization curves of Shofu Spherical amal-
gam at 37C in Saline.
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Graph 3. Polarization curves of Dispersalloy amalgam

at 37C in Saline.
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Graph 5. Polarization curves of four Polished amalgam
at 37C in Saline.
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Graph 4. Polarization curves of Tytin amalgam at 37C

in Saline.
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Graph 6. Polarization auwves of four Burnished amal-
gam at 37C in Saline.

burnishing # carving & Al AH 74 HF
AH(Fig2, DA FHAE ol &3] 7 &
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Graph 7. Polarization curves of four Carved amalgam
at 37C in Saline.

2) Shofu spherical O}gHzt

polishing & A3 & A1H & AR (Figd) N A, #4
Fole FAYAE FHo2 E2E Iz 24y
BgEo] Yo, AL A g BANEE
#F&=E

burnishing & Al#9] £4H AP (Fig5-a) oA
= burnishing &2 1% 29 ¥ AFYEd
Eol¢ Feo XHE BFT. 324 & AL (Fig
5-blE AL & YAE Alol2 FHLe B4
BEo) £4ol BY¥oe AT YU}, carving
Al e AR BAF A (Fig6-b) e 439
FAEEo] 4dF oz e,

3) Dispersalloy opztzt

polishing & A3 AJH ¥AF AA(Fig. 7-
b AAE Ag-Cu FAYA F-HolA BAZEo]
A Yelgor nix 37 24 )R
t}. burnishing # carving €& A& AW AR
(Fig. 8,9 A ¥4 Auch B4 Folle EAo] ¢
ETdsta Addzen, B8 R4 34
2 EFORYTLE A W] B Ve
o}.

4) Tytin o2tz
polishing & Al e AJH ALA (Fig. 10-abh) A
4 Aoe g 2719 AT YERR L,

2 Fols FAYA FHo 2R E thEA g Fe
HYPEo] EMHE F& °IFAU. burnishing 3
carving & A3 3 AWML (Figl11,12) ¥4 Fd) 2
AP EHoREY FALEEC] & A
AHE Ateld] FHA dEitor B2 pitting E°l
#ZHAG.
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1 o}t s Fo] ARAIF ol 2
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Z3 oA AForHze]l nFotEFgHET e
AN E VeI, B AP SRS A9
e —115mV(SCE)lX —431mV(SCE)Ate] &
21 polishing S A1 AAEL AFolLy
BEAAY nFolgARg A veEhiN gE
AP Agst X FFreLd,

graph 1& 2% AEoPEQA Amalcap # Shofu
spherical amalgam & E3IHoz AWUA st
peak & v/ 39 §-2ld] g Aoz AgEHY, A
5192 EPMA £4 & §319] o] & &8 Art. Ma-
rek?& y/3e] BSFFAGEH Asorgay &
FAggo] FARBIER AForEH FAAFTL
v/l W A5t Qo). Sarkar T A
Solggoy FHA A8 peak = yAH vFY
22 710% Relg e, A F9& FHA
peak 7t F2 ¢yl R 23 Aol AT
EE 7 5 AFolTA & Fo 4 Mde
Yo v, Y1 LEI eolet FAHA.

graph 33 4 & 1% °}27H¢] Dispersalloy ¢+ Tytin
amalgam ¢ £SFAolth, Marek T7& UF ©
BAA AL EFAN AF e £5349
FAFRE A8l peak B BEBIAT. LFoER q
R JForTd v EHAFOl HAE AL
CueSns A1 24 o] TU}A X3 Sn o BAR
EAZREA0] F/HHAY] WELE FAHEY. E
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EAEE 5% 14 Ko ¢ @ RHdga
9. A F9L 19] AFolA Dispersalloy &
72 AEE Ag-Cu 34 974 v, yR v e
AP stPn, G424 TytindAE 1),
Yy Ry €22 FR3ARUY. & 4¥AN 1%
o7+l Dispersalloy & Tytin & A7 Y= (graph
340E ¥ w3, +200mV(SCE)E A ¥ HEH=
Tytin P22 RFHE Ho|Agn A% AFY
=7} 78l W, Dispersalloy ob2de AF
gdx7t A3 Zade Fg dehidd. ole
Tytin o} %72] A -0 25820l 3£3) A
23 A&Foz A3yt AYH7 dEo|n.

duiRo 2 opEz ¥ RARNA wAHR] &
AN HRF L qE7tA olfolA FaF Qdv|E
Zetg, ¢4 SEEF AQ Aole AT A&
AL B3y, Bid g AYHE w0l E
AR AxFd T IAPHE 2A V) gt
W, 2= burnishing &2 oL ERA f#
Fg0] AFHo £ Aoz AFHUoY, 2
Aol obzzre] B A Aol A w2} bus-
nishing ol ¢J3l ®AZ X7} FolAlo, porosity
AaFLo ZAHA, FALEEE T F
HA.

Kanai®$} Jorgensen-2 24 Y4l A precarved
burnishing & $H TN oA} HAR Y] £
2 #AA )3, micropore ® £9F & ATHAL ¥t
Attt May 522 precarved burnishing ©] #%3
Ay opztel WA A£4E AN U
&2jolgtn 331t

Boyer $2& ARAYET A¥EL B3 poli-
‘shing ¥ burnishing & A& & nFolEF-e wisE
£52 FHo] AWHY, carvingF VL 32
&7t wada .

ojd Aol Y& burnishing 3 EHL 7| X7}
ZaHn A7 2 yo} o Bt AR ] &
11 o] ol A=l FFog yo} nie] F
AH7) HEFojTpenn,

24P = Dispersalloy & Tytin & #3534
o] A} polishing & Al Zo] Y53 & F4d
912 H4goh. ol polishing§ SFTTAR A
Wiio] QatdlA gutF ez A4t dvpiygol
obd 1xo FHAEE AN WELE A

g2dd.

%8 Dispersalloy WX carving & ¥ R0 73
AY FAAYE HARL, Tytins BFAXE A
MA@ o] 2 burnishing 3 Al¥o] 7HF FE 74
AYE 7HF oY fdAdL YU,

Boyer 592 EwAz i wE AFTII
oburzre] 28334 ARANA burnishing & Al
Ho) 71 B AFE 7HAY, carvingF Al
"ol 713 44 A3 stHch. ©IE burni-
shing & A B3PS 3% porosity 7t FAHIL, =
B vyl B2 HEE EAgeR i 4A
passivation ©] @oiu}r) WdiELZ FR A

E A3dMe ¢4 5§ vl 2 polishing, bur-
nishing 223 carving& AW AFANA poli-
shing ©] 7H4 B4l & Aol A Vel
th222 pumishing 223 carving €22 YE
yo} AR 2 3559 A7 ¥ polishing &
A3 Aol AFLE7} 713 WA Yo 53
4%¢] opZZg polishing & ANHe EFITHE
vl Az, pgotEzto] AFodd Bt v
AFEEE Y.

4 opdte) RAMNNES FAZY] A
SEM % EPMA, EDX 5& AM&-3l0, 444 3%
B2 8443 s e oky o#$ol A
ol EDX To2 ¥A% o dAUII ve 7}
g A5 3 0] BrM5 5] W&oltth. Sarkar
9 FERR oY oty NFA FERT
obhg AFH4 AF, SEM 3 EDX & £43%
A, ¥E BF9 F23E¢] Sn(OH)Cl9 SnO
o7 dxIgon, SEMADGA Ao By
AHE2 Sn (OH)Clolg 3L, chaAe] 44t
& SnOTT 3¥t.

Marshall 5%& ofzte] AA et A 9
2480 A Sn(OH)CLS SnO7F 2F A
i stgen, o] Sn-ClBFEL v 3] HEdA
fx=so] A7z k. £ 1E Sn-Cl3HE
E2 AFTRAA F2 SAS aFotTdd
HE &% EAFLL A0k Espevik”e L5}
Do A AREHE FASFEL Sn(OH)CLot
SnO 2+ 3P Fob TR Sne o] A
& gopglow, Cut H9Q AFedUzE &
Jg& FFHYY Lin 59L& a5 HE I



ALde) FANAE BF, Sn07t M wA A
AEi, Cu07t 2 oo™, CuCL3Cu(OH),7t
vixlgte 2 AAEL k. =, Marshall 5%
& sFolRFZe RALPANA Cud X8 B
ABPEL Cu08 CuCLCu(OH),# IIRT 2
Aze 44 EL4% 224¢ 90, § 3%
olFo] FAHHEtn 3¢ivt. Brune® S X-ray A
AES 539 nFolIe EHAA CuCl, 3Cu
(OH) 7t EA) 2&H0] L BF3YT. &
AYAAE +800mV(SCE7HA HFEZ 39 A
HEHE SEMo2 BA3Y7¢, A8
FAE e Aol op B e o] Afo] 7h B
UARAE FFsE AL Bl o F
T FANNEY B4S BN sd O 3438
Tl FAYAE 3 & A}k

AFotee] B4 F Ao AT} b o
FAAZE] ¥ Uehta Qe bl o] A4
%°] Sm(OH)GCIZQ]' SnO ?:]—% %‘é‘@ ‘)F %U:]'- a
ForaFAARE HA] o2 PElo RAYAHE ]
Edgoz A ouFe F RANEe Sng
s JPE Aoz Agdd.

B 4% 278 A4z 4vE 0, 94
AX oleA+E ARzE TR FIFE 7}
T st A9 ZeAde HUd 29
FEE slojol 3n, £ FEFE ¥l poli-
shing# Z& HZF AvjAAL F3to AnAe
Mg =233 B4 9§ ofdztsy Ao
7188 AA2AF)E H FHetool gt}

v.g B
ATANYH ATTAE o} ugE 2dn 2
FEN FRYs ddzA ey L 44 o
EE F e 439 ogdg As= A3
F&F vgAIA A WL AZE 5, polishing, bur-
nishing 18] 3 carving T2 2 £ 3}o 37CA 2] 4
FFAM BALETIN EPZANE o) &89 A
AFAIEE 1mV/sec 2 #IFI4L 9993, ofg
Ze FR BRAnhEC we 7 A9 2y
A3 ¥ F9] SEIE o] vuR 4 dx o
<9 Ze AEL 4.
1. nFohdzte] RAA A7} Foldzte] 124

10.

11.

AET AR

obZz B AvMPHF polishing€ & Aol
FAo g Aol 73 2A ey,
polishing & & 2%, LFolEzto] AFopdt
ARG AFLET @A veEgd.
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Fig. 1. Secondary electron image of polished Amalcap amalgam before corrosion (a) and after
corrosion (b).

Fig. 2. Secondary electron image of burnished Amalcap amalgam before corrosion (a) and after
corrosion (b)

Fig. 3. Secondary electron image of carved Amalcap amalgam before .orrosion (a) and after
corrosion (b)



Fig. 4. Secondary electron image of polished Shofu spherical amalgam before corrosion (a) and
after corrosion (b).

A
Fig. 5. Secondary electron image of burnished Shofu
and after corrosion (b).

spherical amalgam before corrosion (a)

Fig. 6. Sécondary e]eon image of carved Shofu spherical amalgam before corrosion (a) and
after corrosion (b).



Fig. 7. Seoon electron
corrosion (b).

Fig. 8. Secondary electron image of burnished Dispersalloy amalgam before corrosion (a) and
after corrosion (b).

corrosion (b).
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Fig. 10. Secondary electron image of polished Tytin amalgam before corrosion (a) and after corro-
sion (b).

Fig. 11. Secondary elen image of burnished Tytin amalgam befo corrosion a) and after

corrosion (b).

Fig. 12. Secondary electron image of carved Tytin amalgaxﬁ befor corrosion (ay) and after corrosion

(b).
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— Abstract—

AN ELECTROCHEMICAL STUDY ON SURFACE
FINISH OF DENTAL AMALGAM

Chang-In Suk, D.D.S., Chung-Moon Um, D.D.S, M.S.D., Ph.D.
Department of Conservative Dentistry, College of Dentistry, Seoul National University

The purpose of this study was to observe characteristic properties of amalgam through the polarization
curves and SEM images from 4 type amalgams ( Amalcap, Shofu spherical, Dispersalloy and Tytin ) with
3 different surface finish procedures ( polishing, burnishing and carving) by using the potentiostats (EG
& GPARC) and SEM (Jeol JSM - 35).

After each amalgam alloy and Hg was triturated as the direction of the manufacturer by means of
mechanical amalgamator (Samki ), the triturated mass was inserted into the cylndrical metal mold which
was 12mm in diameter and 10mm in height and was pressed with 100 kg/cm’

4 specimens of each type amalgam were burnished with egg burnisher and another 4 specimens of
each type amalgam were carved with Hollenback carver.

Above 8 specimens and remaining untreated 4 specimens were stored at room temperature for about
7 days.

Untreated 4 specimens of each type amalgam were polished with abrasive papers (Deer) from #400
to #1200 and finally on the polishing cloth with 0.5um and 0.06um AlLQs powder suspended water.

Anodic polarization measurements was employed to compare the corrosion behaviours of the amalgams
in 09% saline solution at 37C.

The open circuit potential was determined after 30 minutes immersion of specimen in electrolyte.
The scan rate was 1mV/sec and the surface area of amalgam exposed to the solution was 0.64cn for
each specimen.

All the potentials reported are with respect to a saturated calomel electrode ( SCE). SEM images of
each specimen were taken after +800 mV (SCE) polarization.

The results were as follows :

1. The corrosion potential of high copper amalgam was more anodic than that of low copper amal-
gam.

2. The polished amalgam were more resistant to corrosion than any other burnished and carved amalgam.

3. In the case of polishing, current density of high copper amalgam was lower than that of low copper
amalgam.
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