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4 %edw et

Healey”, Seino5'-& o}tz S0 35 Aslg
A2 spdE F3 glon oy obuzty QA
E7b et F2 Aot AnE 4 glopw,

ol obutzhe] shalopabel distel 19651 As-
gars'-Z AFol= & A28 bending stressol
A3 FdAsHE AU YounisEWE %
opgztel] wdted AFSHL Sutfinye sy
e T2 A L4353k 43 Espevike®-&
SHHAY 2E S 9 LS 2HeAT OokisW &
FARNA A5l 42 obzrel SR e wH
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227 1md dF545EE 120kgd] HEL  }al
Al



Table 1. Selected Amalgam Alloys

Mercury to Major Elements )
Alloy Manufacturer Alloy ratio  Ag Sn Cu Particle Shape
Caulk 20th
Century Regular  L.D. Caulk Co. 53.5% 68-70 26-28 2-4 Irregular
Caulk Spherical L.D. Caulk Co. 46.2 68-70 26-28 2-4 Sphere
Dispersalloy Johnson & Johnson 50.0 72 0 28 Sphere (1/3)
68-70 26-28 24 Irregular (2/3)
Tytin S.S. White 43.0 60 27 13 Sphere
SEFARAY. $FA AFY AL 245FHAA T yAbe] ARokow sty Jdeg Ay £
AAT ] Aeol4 1597 AR F AHAntE et Fd-E FEvoid), rAh, yAHE Fatbsl

93 acrylic resindl] =&} A|HAYL-E  emery
paper #1000141 #12007}=) e}t 0.06x AkOs
Hfgolg AgaiA drtRelAd #HF antstgd
o}, dArtE AL acrylic resindl 4] Al A3 A}

oA UMY (oA vlgk 158 diametral tensile test4]
9} e wiy o2 Instron testing machineol] $|3|

A 7|3 0.05mm/min®] FFELER 5L sHehEA

=
recording graphol| 4 FA o] 735l 71 55L&
HEget. Al vehd FAAS FAlaiabe
W1 (JSM-35)& o] §3te] Ratsta EPMA (elect-
ron probe microanalyzer)® ol @zko] 4Rql Ag
Sn, Hg, Cu, Zn® 54 X -ray imageS i}
o Rt JEat A-E FAetgdct.

l LOAD

The arrows
indicate the
direction of
the tensile
stress.

m & & o4 %

MR ofrz (Fig. 1) : Fig. 1 -AL 59 %
A%, 1-BE oakislel vithd Fdarolch &
TA Roks) yAbe] Bolw F9 y /AW
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o 2 279 yUAE HEiHat Gy =2
© IHE Fasta glvh Ame) 9juksg) o
E ohg #9499 7bAl (branch) 7} yA WAEE S
3k gl Hol wAF Yk

TAOMYE (Fig. 2, 3) 1 T wiak g, it
S0l Hole FAroluztal A& A4HY opziol w]
s %719 okol Aglr). EPMAdA AMA 49
X —ray imagex, ALt A& HE A=
Vel 2.9 z23EA ge 3L g dio)
EAA G A gngdt. FAFAAY FA
< Ak w2 A3 AAY ) gA, void & F3
39w (Fig. 2) A=hEglol A Fdo] v W
HE Fagho] AU, (Fig. 3)

TEoletzre|Dispersalloy (Fig. 4, 5) : g4ty ¥
F=} (Ag~Sn)9} F4be RAbUAH (Ag—Cu)7t £
A AL vold pAL Bats A el =
Ag—-CuTAAF 9] Cu—Sne® FA435 reac-
tion ring®] A Slo} Uck. AW FAY (Fig. 4)
b 239 (Fig. 5) ol 4 Fd AL Wrhe o
= Polx §%eh #9-& A4Y UxH(Ag- Sn)
< &35k ik E4El2H(Ag-Cu) ol 4 & reacti-
on rings} F471 A2 AAEE Fast gol
FA= e

DSOIHZ2 Tytin(Fig. 6, 7) @ vhkdt 2714
Ag-Cu~Snoz FA TAYAL F4 713 (Ag
-Hg)2 T4=e] g 1 AAYE 33t g
Ahe Bolxl ggow FAQatE A P4 #(Cu,
Sng) A AEo] WAHTEE 718 MBS UE
<+ AT 5 ok, FLE A FAY (Fig
61 22491 (Fig. 7)ol 4 "ebE 2}bo) & vehy

R 1
ﬁ



A gores s AAFAe 7(CuSn,) 23
5 Abol9) /1% Bl AALE Fatabodeh.

V. &% % 1

2 A4 QAgHoR FdE uhEA 42
diametral tensile test W& 22 2| &3& o]f+, o}
ah7he o brittledt A Zo]7] wjFol] QAT
gripoll A2bA] shdo] 0.7 wl-Folch. =3I diame-
tral tensile test¥}¥]-& odnpad 9o vebd FdE
BAsE ol Folqt Ro2 A FdS WA
g o AR FAYe AEAR o] wAF
o], Mgl atFdFd FAueo s AT
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A3 optzh T2 W FAo] AR o o3
59 Ao T4 glon ope ¥
AL o] Ao 54 9 A5 zEe] A WA
g kg WA el 2 A AAREE By
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& nole dbd. pAHL JHA - AEAF et
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L BagapEslel HA R reaction ringol &(Cu,
Sn)4F o} g ¥ AEAE neln whdxAY
Al AL 7(CuSng Aol 74 2 AEAEZE A
o4& FAAs .

AAA A4S opbre) FEFAE nE AE v
AES} A 2 ol shddl A& A A
& & F drk. FARFANAE YAt 7 AR
512 AAXE St TEE vewl o 25
o] 243 RN HE rd WE-E T e
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Wl 4 ¢]Al 7+ A3} (intergranular crack propa-
gation) & FLsH A B AFolAe AHE et-
ching#) 71 =} ¢kgkom 2 =gt 2 3 8lA (grain bo-
undary)s 3o]x ¢rotet. &l Sutfins -2 shA
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sto} d2)she G Aol FAH Y}
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gHoes fopstet WAl pate] glon g4l
ACuSn) Aol §4=E Aol SHelch, 24Y 2
Fot#zal Dispersalloy ob g ztoll 4 Fod-& F4ks)
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ZAEAE Bolxul EA4Y2 %o H4A = reac-
tion ringe Ag-Cuil 3 Ag-Sniticl ¥4 =&
ZAEE 7HAc w2l #dL AE7 2 reac-
tion ring® 513} Aslslgl -l o}l2)d} reaction
ring> A ZSlob gz Bl A A A AA s
T Aew 3aAn. 226 A4 B4 obgg
o 7t Fdol y=HE s15he ke Disper-
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HEql Aog s}

tdz:A agobattal Tytinobyzlel 4= 7(Cu,
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AWl A AH3Fol A7l shAae] AR dAshe
A& gAsEA gt shAuk A<l shAds o)Al
Fzoe] RaAHel AT A7 & A F4 A A
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A STUDY ON THE FRACTURE OF DENTAL AMALGAM

Hyeon Do Huh, Chung Moon Um

Dept. of College of Dentistry, Seoul National University.

It was the purpose of this study to investigate the fracture mode of dental amalgam by observ-
ing the crack propagation, and to relate this to the microstructure of the amalgam.

Caulk 20th Century Regular, Caulk Spherical, Dispersalloy, and Tytin amalgam alloys were
used for this study.

After each amalgam alloy and Hg measured exactly by the balance was triturated by the
mechanical amalgamator (Capmaster, S.S. White), the triturated mass was inserted into the cy-
lindrical metal mold which was 4 mm in diameter and 12 mm in height and was pressed by the
Instron Universal Testing Machine at the speed of 1mm/min with 120Kg. The specimen removed
from the mold was stored in the room temperature for a week. This specimen was polished
with the emery papers from #100 to #200 and finally on the polishing cloth with 0.06uAl; O3
powder suspended in water.

The specimen was placed on the Instron testing machine in the method similar to the dia-
metral tensile test and loaded at the crosshead speed of 0.05mm/min. The load was stopped short
of fracture. The cracks on the polished surface of specimen was examined with scanning electron
microscope (JSM-35) and analyzed by EPMA (Electron probe microanalyzer).

The following results were obtained.

1. In low copper lathe-cut amalgam, the crack went through the voids and 7, phase, through
the 7y, phase around the 7 particles,

2. In low copper spherical amalgam, it was observed that the crack passed through the ¥, and
" phase, and through the boundary between the 7y, and 7 phase.

3. In high copper dispersant (Dispersalloy) amalgam, the crack was found to propagate at the
interface between the vy; matrix and reaction ring around the dispersant (Ag-Cu) particles,
and to pass through the Ag-Sn particles. '

4. In high copper single composition (Tytin) amalgam, the crack went through the y; matrix
between 77 crystals, and through the unreacted alloy particle (core).

..................................................................
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Fig. 1. Crack in Lathe-cut Amalgam.
a. vy phase
b. 7 phase

short arrow <y, phase
long arrow. void
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Fig. 2. Creack in Spherical Amalgam (center)
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Crack in Dispersalloy Amalgam (center)
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Fig. 6. Crack in Tytin Amalgam (center)
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Fig. 7. Crack in Tytin Amalgam (outer)



