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— Abstract

COMPARISON OF THE PHYSICAL PROPERTIES
BETWEEN GALLIUM ALLOY AND HIGH COPPER AMALGAM ALLOYS

Hyeon-Cheol Kim, Hee-Joo Lee, Bock Hur

Dept. of Conservative Dentistry, College of Dentistry, Pusan National University

amalgam and gallium restorative material.

change during hardening of each sample,

The results were as follows:

cohol(p)0.05).
no significant difference between Gallium Alloy GF II and Valiant(p)0.05).

at the 0.050 level.
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The purpose of this study was to compare the physical properties between high copper

In this study, the specimens for the 4 experimatal groups(Valiant, Valiant PhD, Gallium
Alloy GF 11, Gallium Alloy GF II triturated with some addition of alcohol) were prepared
in the manner of which stated in ADA specification No. 1 for amaigam alloy. And then,
measured and compared the value of compressive strength, creep, and dimensional

1. In the compressive strength, the Valiant-lathe cut type high copper amalgam-had the
highest value of strength(p<0.05), and the Valiant PhD-admixed type high copper amal-
gam-showed the higher value of strength than the Gallium Alloy GF I1I(p<0.05) but had
no significant difference with Gallium Alloy GF II triturated with some addition of al-

2. In the creep, the Valiant PhD showed the highest value of creep(p<0.05), but there was

3. In the dimensional change during hardening, no two groups were significantly different




4. There was no significant difference between Gallium Alloy GF II and the same material
which was triturated with some addition of alcohol{p)0.05).
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A}, Svare5?o] HIF % 7] (expired air)
9 & F7%Hd B3 AFINME wizA A
F&5 YeTh Richards®t Warrens9] R 7A)?
of w2, Wt FYo] HATOE AL EHE
739, oldel ot E FHE X otofA o5&
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U YT &3], 2aE ofgg FEEE
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T2 FEARE FFHL AT o) AEF
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AFSFEAT, Z4F EES Ag-Sn YAE Ga-Indl
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ok O A3, opg7te Asle] AMEEHE dAER
A9 2 4F(Ga-ln) 22 dAsh= Aol 715
3 H9 olE ARE L AFT Lol=
gallium alloys &2 gallium based restorative alloys
O] -E]_IO,H,IZ)'

o olg s F4E 7tay FEANEY ZF
F O 2 Gallium Alloy GF I(Tokuriki Honten,
Japan) ¢} 7 Galloy(Southern Dental Industries,
Australia) 0] AE S sjuslo] of2zte] AH
Al AEE AW " AREHT ok 2F =4
2 9 AN 8 HEL ofEAA S AY #
ARttE. 8, olE ZF Tl #% A4 R
U 9443 A7 HEE AR, 1SO standard




testell wel ZF ¥ (Galium Alloy GF, Tokuriki
Honten, Japan)3 X 3-& o}27(Dispersalloy
dental amalgam, Johnson and Johnson, USA)< H|
I E Blairse AFVAME ZF T3l ofg
< AT + e A5 E4E 7THAY 9A3F
22 9 AHEHI) fsiME 23] Lol
M=o ok 3k g Tth I3y, Okamoto}
Horibe®] 8%l 9J31H ZF IS AHe3le A4
S olTAE AHEEGE YETG A Jlgo] 7d
33 AjZke] HeHEE, HA npH 3ol A FHY
AFE ABsof sl Aol obs-S AT FB K
48 Aolglx Ik %, ZF ¥S(Galoy,
Southern Dental Industries, Australia)®] 7}A]1% A
A7 A 7559 eld 1d AR G F
3 (clinical performance)S % 7}8t Osborne}
Summitt®] @FVNNE Hrt 717 FEE0|
A3 BEE Aole JAATHY. BIIPHA A
g opZtel] st st ARZS 717 SRl A
ofZtzhe) ik thAIERE AT = S Aol
3Tt

optzt £EES Al EHE dEe] HI
Fo AREHY JE ZF T2 g 4o
7FIL Jou sldAe 2§ 329 =93 A
Ho] oAZhe UAE & US ATUR ) i A
F7b A& AAoitt. wWEHA E AdME
AAl g AHSEE IF ol #E ey
USHE, creep, 1B XL BstF AHWE F

Al
=
S

=23 J2< vHslo ZF FEol orEe o
AEEAE AHE 7He A€ H7t8sith

I A7xs o Wy

AHLE ABE Galium Aloy GF II(Tokuriki
Honten, Japan)$} Valiant(Dentsply, USA), Valiant
PhD(Dentsply, USA)9] $71A] IF obgzt &7
o]}, Gallium Alloy GF I+ 7]8] ¥%3¥ (precap-
sulated) Fejoln, o}ZtE E-onjel oo u}
£ 43 2aE £917] 8 vlE =AE e
olzrzt-g Mgt

Ol AEE AHE ofH FF the T
#2]A18 3] +2 A|13(American Dental- Associa-
tion Specification No.1)ol| u}z} AFe] A2 A
He HEReH HEAE, creep, A3t FA A
o A& WskF o] FHANA A3 Y= EE
A ZAE vAsA.

1. AlHe| K&

w2 AV G374 A15 9 ofEz IE Al
H AZ uhdol) wlit stainless steel2 FH L W
Iz A5 AEE AFSATHES IH 1-1:
T8 1-2:2Y5).

Z} A 859 A3l amalgamator (amalgamator-
D¥, Shofu, Japan)& A}2-3t49°™ Valiants}
Valiant PhD+ 10%7F 93131 th. Gallium Alloy

Table 1. Chemical composition of Valiant, Valiant PhD, Gallium Alloy GF, Gallium Alloy GF 1l 11,13,18)

Contents(weight %)
Metal ISO Standard Valian.t . Valiant PhD Gallium AH?y F}F Gallium Allos'f GF I
Powder Liquid | Powder Liquid Powder Liquid Powder Liquid

Silver 40 min, 495 52.7 50.0 60.0

Tin 32 max, 300 297 257 160 250 160

Copper 30 max, 200 174 150 13.0

Zinc 2 max, 0.0 00 03

Mercury max., 00 1000 00 1000

Palladium 05 05 9.0 20

Indium 1895 18.95

Gallium 650 65.0
| efc 0,05 0.05
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GF I+ AEe EA I AZYoIM 18] g3
¥ 28] A3t WEE AN AdeH, olE T
7HA el AEe] A vXe 4% A ¥
7¥et7] 3 TR Yy BREE A0 ARE-Eo
z}zre] A4S NPTOE sttt 13 93 uhy
9] 7% amalgamator2 1037F 934817, 2381 4
3} Wi el A9+ 527 amalgamatorZ A3 ¥
Hed 41 42 2 Aristd oA 527
Astsigich. ol Arsle EEL AEAL AN
o wat ol"d L= (ethyl alcohol) 2 H7l8HoH
224 49 ANE LA 9=S ThsE &
B WIS 13 A5 PEL 018 A% 2
F & dstEo] Feo B E FYstA 2
Ao, 23] Azt WS AES B9E dsEl
ol Aed ABIAS WAY FHLE WE
oz},

Z+ A5 AstES FEH WAl Y3 plunger
£ AU o E 29 A9 wat AEE A%
Ak Al A FH A G5 35 G
Al¥ 7] (Constant Load Compression Testing
Apparatus for Multiple Purpose, Type:A-001,
SEIKI, Japan)& AME-3le] 14MPa9) &L 7}3)
At

2. AFLE

Zt AR AW 10704 S ARt 37+£1CH B
#algot 93E 60289 W5 A€ 7] (Instron,
UK) & AHE3ld g2 g SN, o
A8719] crosshead £E& 0.25mm/min® Z &3

Table 2. Schedule for preparation of specimens

7 ARl 47 5L Fhskel AlHo| HaLuyr)
Aol A 5L SR

3. Creep

7+ BT 570 AHE ARl 37+£1C B
FE 7d AFHF creepd SAHFATE WA
micrometer(Outside micrometer, Mitutoyo, Japan) &
ALt ZH AlE e 3718 000lmm BHE 73
3L o]F 7]IF ZolE skt v, vEH A
3% 45 AY7IE AHEER 36£02MPad] &5
< A& 2 7M. 35S 71e 1A759 4
ol& SA3IaL T 4AIZEFe] ZolE A3 1
Zo]l Wgls FAE 7|53k 1A17H} 443
Atole] SAA] zpolE A 7IF Aol it
&2 A28 ceep = AA AT

4. 435 AH HEt

z+ Mg Hst5 AF W= ZF 45T 1070
Ao} Al Z ZA3T AlHE 37£1C B
A3t A3t 5EF UATF AJHY ZdolE mi-
crometer2 0,00lmm ©$7HA] &4 3] 1 o]
W3HE 0001%7HA] Al

5 &4 XE|

dEATe AdE: AFEstEe FAHUS
ANOVAE EA A, Scheffe's multiple
range testZ AME RS A EATt Creepd] &
A% Mann-Whitney testS $3) A@w7F v
£ 3t

The specimen shall not be trimmed.

specimens to an environment of 37+1C.

End of trituration 00 seconds
Place triturated mass in mold and apply 14 megapascals(2.030 psi) pressure 30
Release load and remove no2 spacer at 45
Replace load at 50
Release load at 90
Brush away mercury and eject specimen at 120

Transfer compressive strength, creep, and dimensional change
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HEFE, creep, 73tE AF W3 Frd B
A8 A74E ¥ 39 YERATH

. YELE

Y7k Ad 79 %r%ﬂi—b— o] =X 32 AL 5
TN e HA& 7)1ES W3 ROeZ2 YE
STHE 3). vi7HA] A829 4570 U §
AAEY A= E 49 e Ytk

ofEzto]l Z4F O g ¥ YFUTE Y
ERf=d, A 25 obgEl Valant7t 7+
2 ASUEE 2o UnA A2 {9
A%le Aol YERATH005). EFE 2F o}
T7HQl Valiant PhDE 428 H7MA ¢
Gallium Aloy GF IHT fFoASIA 2 JEE
7HR W H(p{0.05), GEFE 7MY A3He Gallium
Alloy GF 1I$} Valiant PhDS}= 9] &ghst xjo)

7t e 222 YERtH(p)0.05). Galium Alloy
GF 9] 7% 4E9) A/} f5Fo wE A= 3t
ol FAALE o4l FRATHPY0.05).

2. Creep

Al AHSS Z4F ol IF o BF
o] ALY 3] FF W creep 7S UEHTH
(% 3). €2 F7BIA ¥ Galium Aloy GF 1I
7} 7V %3 creep F< YERIAL HAY IF
ol%7t Valiant, ¢ZL 7}t Galium Alloy
GF I, 187 &8 1% o}z Valiant PhD&
2Z gho]l #A JEsth I3y ¥ 594 YE
Uxol ZF §F9 dshide] wWE creepd A
ol Aol floH(p)0.05), ZF T H4
3 IF obuzel ValiantZhl & f-2) 3Tt x}o]
7t RAH(pr005). 1Y Valiant PhDE ohE 4
AEET FARUA L creep TS EET
(PL0.05).

Table 3. Resuits of the Tests of Physical properties (Mean+S.D.)

Compressive strength Creep (%) Dimensional change Between
after 1 hour (MPa) 5 minutes and 24 hours (%)
ADA specification 80 Min. 30 Max. 0£020%
Valiant 339.1+14.237 0.068£0.026 0161+£0.122
Valiant PhD 189.6+16.965 0.184+0.049 0.132+0.099
GF I 168.2+15504 0.056+0,050 0.296+0.181
GF II-alcohol 180.6+13042 0.103+0.048 0.272+0.200
Table 4. Statistic Analysis of Compressive Strength(MPa)
B Subject Number Means SD. Prob,
Valiant 10 339.1 14.237
Valiant PhD 10 1896 16965 000
GF I 10 168.2 15504 )
GF H-alcohol 10 180.6 13.042
*indicated the statistical difference from the ANOVA at the significant level 05
Valiant Valiant PhD l GF I GF II-alcohol
Valiant
Valiant PhD *k
GF H k% *%
GF H-alcohol ok

**indicated the statistical difference from the Scheffe test with significant level 05
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Table 5. Statistic Analysis of Creep(%) by Mann-Whitney test

Valiant

| Valiant PhD

GF I

GF II-alcohol

Valiant

Valiant PhD

GF II

&k

GF II-alcohol

*

[

*indicated the statistical difference with significant level .05

Table 6. Statistic Analysis of Dimensional Change during hardening(%)

Subject Number Means SD, Prob.
Valiant 10 0.161 0.122
Valiant PhD 10 0.132 0.099 0608
GF 1I 10 0.296 0.181 ’
GF II-alcohol 10 0272 0.200

-There was no significant difference at the 0050 level from ANOV A
-No two groups are significantly different at the 0,050 level from Scheffe test

3. dEZE XA HEt

B3Ee] XA Hile S A /Y IF
ob2t7} Valiant PhD7} 7H3 W& W3lgS el
AL AAE 7F o} Valiant, ¢EE 713}
A & Galium Aloy GF I 1837 ¢Z¢ A7t
3 Galium Alloy GF 11¢] £2.8 B2 A& w3}
&8 YEITE €89 7t -5 BAfle] 7
F 59 4g2ME vFAGYARS R
o 22 A W3S JEAATH(E 3), olF
g AR A9 FARC] 4 AIZTNAME=
FAsE Zolg HolR &UtH(p0.05) (X 6).

V. &2 % 0

A3 T3, ZF T AFE oI
N AgelEE ZF 7Y 4 4L 9t
37] A3 F2e TR o pe A WY
of me A ¥ By & = 3k 1
#du, Bairs®2 248 ¥5< X¢ R ALl #
A7t F&e ERE ofTZE thAE] AT A
oli, AZAEER °] ZF FFE 728 XY
X g opizte] AER MASL 171 W&,
Hag o] ZF ol 1 98 EF7IE 7
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Wt e A, wetA ohaze] AY %
ol Z1Z3te] A ABENY FeaE Bk
£ R

o] A3ttty 3Lt

FEAEY 54 AFHE BE U7X ¥ B
T U FX]| ALY S FANA Ao 1A T
FHa AT ol AEE Uehfo] £8 A8
o A4 AL 23T YUy AUIEHFE 3). 11
Hu 7+ AP AEAEE VA E H(F 4)
Ay 75 of#7iel Valiant7} o RE FH
o SAASE {4 & 4EU=E e
Roem GFE F7EiE 238 AHE AHES
Galium Aloy GF I+ &£%3 31F opzZzdl
Valiant PhD$} H]&3 A5 ZEE YU
U 22E Ak &3 13 d3ye AeS
Galium Alloy GF I £33 g ol Hs)
FAAUA Fe YE2AEE Yo ¢S
7V 74 E93 Aol Ak Aolge Ads
= o0& 24E Jedth 28y €428 30t
3 3 WA &2 F Aloldle BAFLE &
YA UE ZFolE T Blairs™ o] &3 3t Disper-
salloy$} Gallium Alloy GF9] HIZANME Y& E
o 9lo} folgwtet Aol ATH(p0.05) X A
o} o]H e GEATo g% FE A5 Hrt



Al 944 gulE g€ Fo)7] s E nFH
A FHANM Ak 1M F9 AE &4
9o 24AIZF 39 HF 73 AR Hriw

2% 202 AISHH, Bairs¥e W] M=
A 1AZE 39 AxE Z2F §Fel 9 AT
UNT F FEE ofFzhe] ot A YElkt
© A€ 138 dast g4l

Ao G+ W] dAUA gS A=Y F2
35S 7HS o Yehds Zolg] W3l creep
< ofuze] A9 3%olH ok sl=w), £ Y 2
T u7kA] + BF A FEAFRE Yy,
7t AETE IS W EFY 1F orEAy
Valiant PhD7} A1Y & S Jelfio] o2 4d
o HlE fFAddE ZolE BAF(p0.05) &
25 FA71EHA ¥ Gallium Alloy GF HolA 7+
Lo 218 el o], Galium Alloy GFolA] A%
3] W creep 3 YERIATIY BT % Blirs
o] A+ AV} KA Mahlers} Adey”, 1
23 Sarker§”<] Aol oJ3tH R opTelA
UERE H 23 52 caeep B 01 ABo &
Adh= Y49 &4 W ¥ (plastic deformation) 3} &
HEOZ 3l Valiant PhDOA ] Aiaog
L ceep Yol B7] W2 AL BelY,
Chung®& o} 27t §3o) palladium F7}5HH
creep #to] 433 NAEHT 4FATI} EF3] F
7Vt Basldenl, £ Aol AR obt
3 g F2NE palladiumo] FHH(E 1)=o]
oBR o] A o3 U= it creep Ftol U
Eld Ao 2 Algdr)

7385 A W] U A¥AAINE 2 F
9 A3 wslgo] nFAHAYS o)A 3
NEEY A4 JEIRAS, F71A] 1% opizhe
A HREEE | FAFCE {F Ao

= 8= A (p005) 22 YEelg7] g’ ol #
A Z39] 9uj7t gl ¥ 4 itk Okamotos}

Horibe®] J79oME 2 &9 743 o] o}
D7 vlE geol] dojuATt I AxE I1S0%
ADAT®] BF 3ol 0t 3%tk A Blair
70| Galium Aloy GFZ & dHME 73
Z A3 W37} ISO specification?] 4H§H4¢1 3%
& Z33 Dispersalloy 9} H] 23S W {94
o] ATHpC0.02)X 3tAch &, ZF F5S & 9
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o=

ol AHEsteE 79, 53] g% 2FE 7H Ro}
AqAE Fdo| f&E £ X o 1
Y Gallium Alloy GF¢} &% Galium Alloy GF I
AA obdtT vWIAE o T3 o7t
glojzl AL 1 AE HsKE DA 7Ade A
olglyl F£0| 7hsdith I¥A T 3 £y =
A3 W3l 2o] F7131T Palladiumo] 74" A
Qo 1 o]fE F7I+ HY, o] TV AEH
Bl BEAFL W Zlul glod, o] F Hoj
#3 F7HAQ d77F ¥231t) 3, Navarro
L 18% 27 F9lA Galium alloy GF$}
Disper-salloy 2 83t ¥l¥ & 23 ZF 59
7338} WA o] 93] A X) 9} cracked teeth7} T4
& ¢ ATy BIFGT E o]E2 FA R 7
F F 78S AR A £F fuige] wig
s BIEHYR. F, $EE] BAEA &F
FRAE FEAY g3 2T HHS 2
g lve Aol vk, 2% 5 889 ¢
4 A7 AFHE JeEd Yamashitas o] AP A
+ Aot AFE o] UL BIFAE &
yig=a ,
W, o] AP AHEE Z2F Fa 2 27
o oj#go] Bt A4¥E AHE U=E 5o
T+l 3o} A2 stainless steel mold$t
plunger®] £X 3 31A gElEo] plungerg &3
o]7] FEAL WY AAZ A Gk AZ
A7t F3, T3 ZE EEY A4 1FE A
L3N T £, 3 A8 Hed 1)
Tl geHgo] ZFo] o fon, A AR
AL 71FE AME FA] ALE ok Ao ofgEy
AS AW &40 AFE ANy ZF
g9 AES AR = 3 Y AHE Az
& ¥ mold$} plungerg 7| R3HA 3= Aol ¥t
TA| wtol Yot Mash5*2 ZF g ol
7o) u]&) A3} 7} (placement and condensa-
tion)A] &) L-ojAo] ul¢ HEAATGY By
Al A AAe] o]FoF ok Yol Aie] A}
§o] $7H Ao, 27 59 T8 AMLEHE
73% stainless steel matrixll ZHF $HFol 35 o]
matrix®] AA7} o2& & JUTT AFIHA
Bhirs?< ZF ¥ d33ty 1835 Azt
o] A3E F FE3H Fo] foldriy B33}



Foy, o] W AleAZRE AFAFIAL FEt
5o} FEIFAIZHE GEATIEE AT 7}
A0 T, e el AE7T Folslol AF e
FHE 2T & e 2] Aok AFFHHT
olH T ZAAE NN 8 ¢EFL Fslke
23] Aol AAEHAL T W2 EA49] W3}
o #F AFE o]FoX L Ith HabuFed &
2ol o3t, ZF T HIAAFS - =
A& MAE7] 98 Frbste AR FY gL
BT A 9% FA 43 FHYS AAA
202 Gk £ AFdAME A7EA EEF
AAE NZEE W 4F HUL fFel BE 7
&eHg ol FANTHPI0.05) (F 4, 5, 6). I,
Momois-8] F@®e] 3IH, 5u 013t ¢ES 3
718k Ao] ASMEY RAGE AANA 23
o] AL 7HAE B o), 7IAH AES bt
A R 73N AF Wz E ZARTY 4
o £ dgME ¢FS HUHE A% AR
R Sl W Az PFo) FHA Jehehi(E
3). ZF el g 7= tHoE &
3 e 24 RS WA B8 4Ee A
AHE ANE7} o)F9A T Y T?, SiC whisker
9} titanium powderE F7HA1AH EA o] /AFHA
O Bug FUE Jler® Her 572 ZF &
79 FRE A7 o8 7EX wkEAE BaE
Aot N2 FeA 924 A8 ZF ¥F
& AHEE 7S ol vlE] BH5Yo] 3
I HATER Fues A7 A% BRuHT gl
o, B3] ZF3 AFY Ao 29 vlg &
A8 B AzheiA] ghol® oj™o|et A FAAL
EY FL 2FE AANE F OB opzh
o vl 98 7x] A& /R E ¥ ¢ Ut

o]l A A E v} Zo|, EH7FE 9} creep,
A3 AH WSS vINE W, 4F T
< ozt fAE BElH AAE v 453
59} creep WS ALY FHN AP &
AE YEMIR Y st BFe-L LA R <
7+ A JElgt 28y obgd v st
EAZHCE Fog Aol AT £ AFHAA Al
g A7EA ETH A i Hre s g
o] oldzte] YAERZ APty A ¢
T oy tiA 7FeAL e ALE HrkEA

Ok gAYl F23E 22p9] fo]Ad3} HAA
Mg AAY QA7 Gty AlgETh g8
ZE a9 24 AR g, mAFRY g%
A7 O FaEojof & Zojnt,
V.4 B

Z4E ST AT oldy 34 44 v
317] 93 AlEEl Haty 2 ofEel Valiant
(Dentsply, USA), €38 35 obZ7¢l Valiant
PhD(Dentsply, USA), 182 €& A7’ 4&F
a3 A g ZEF $E-Galium Aloy GF
I(Tokuriki Honten, Japan)-2 AM&-8ked w]=Xx]3}
A S 74 A1zl wel AP L AHE BE
I AEAE, creep, At AN A ] A W5
< &4 vw3He EA8E 24 43 oL
Ze AES AU

—

L k7= WHolA, A IF TR
Valiant7} T2 A7l 8 2 s
EPR O H(p<005), £FE 15 oFEzRl Valiant
PhD= 18] d3bgel 93 Galium Alloy GF I
o 58 AEE JUER(K005) ¢EFS
A7Vete 23] 933 Gallium Alloy GF II9H=
Freg@vrst olg UeRA] 2TH(p)0.05).

2. Creep 3 ¥| 234 S W, Valiant PhD7} o2
Ao B8] o B creep FAE YERY L
W(p<0.05), Gallium Alloy GF It} ValiantE £+
o @eret Apol & UEMA SkTH(p)0.05).

3. A3 A Hals BE A¥Fe] sy
& ztolE UEPRA 2 tTH(p)0.05).

4, Galium Alloy GF I+ 13] 32 23] 43y
ARR3lE Aol glo] EEld AEe Aol ¢l
T RLZ YEETHp0.05).
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