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1-1.

1-1-1.

0.2 0.2
JIS T 6116
65mass 75
4
1 2

3

4

20mass 2



1-2

3,4)

Table 1-1

Table

Table 1-1 Composition and properties of major dental casting gold alloys

(JIS T 6116)
Type Composition Mass Proof strength Elongation
Maker
Au Pt Pd Ag Cu Other (MPa (
YAMAMOTO 1 83 — — 10 7 — 175 34
ISHIFUKU 2 80 2 — 12 59 0.1 185-200 36
HERAEUS 3 74.5 — 35 95 115 1 280-450 21-31
YAMAMOTO 4 71 2 3 8 15 1 350-660 7.5-9.5
Table 1-2 Composition and properties of major dental casting carat gold
alloys
Maker Carat Composition Mass Proof strength Elongation
Au Pd Ag Cu Other (MPa (
ISHIFUKU 20 83.5 — 6 9 15 360-370 30-32
YAMAMOTO 18 75 2 7 15 1 330-515 12-40
YAMAMOTO 16 66.7 3 12 16.8 15 360-805 5-37
ISHIFUKU 14 58.33 5 172 18 1.47. 400-780 5-30
1-1-2.
2 JIST 6118
1 50mass
75 2
35



6)

7-9)

5)

Au-Pt-Pd Pd-
Ag 10) Table 1-3
Table 1-3 Composition and properties of major metal ceramic dental
restorative systems precious metals (JIS T 6118)
Composition Mass Coefficient of thermal
Hardness
Maker Type expansion (x10-6K-1
Au Pt Pd Ag  Other (HV
323-773K
YAMAMOTO 1 75 6.7 123 1.8 4.2 14.2 235
YAMAMOTO 2 35 370 19.8 8.2 14.5 265
ISHIFUKU 1 72 130 97 28 25 13.4 210
HERAEUS 2 39 1.0 35.0 19.0 6.0 14.3 235
1-1-3.
JIS T 6106
12mass 20% 40
2



11)

Table 1-4

Table 1-4 Composition and properties of major dental casting gold silver

palladium alloys (JIS T 6106)

Maker Composition Mass Tensile strength  Hardness
Au Pd Ag Cu Other (MPa (HV
YAMAMOTO 12 20 50 16.5 1.5 490-770 155-270
YAMAMOTO 12 20 56 10.5 1.5 530-815 150-260
GC 12 20 46 20 2 500-804 146-280
ISHIFUKU 12 20 51 14.5 2.5 540-880 155-270
1-1-4.
JIS T 6108
2 1 60mass 5
2 60mass
5 10 Ag-Sn-Zn
Ag-In-Zn-(Pd
12)  Table 1-5



Table 1-5 Composition and properties of major dental casting silver alloys

(JIS T 6108)

Type Composition Mass Tensile strength Hardness
Maker
Ag Pd In Sn Zn Other (MPa (HV
YAMAMOTO 1 65 20 15 170-180
YAMAMOTO 2 70 0.7 205 6.2 2.6 390-420 160-170
SHOFU 1 65 21 14 147
GC 2 72 6 9 13 405 145
1-1-5.
AuU-Si 13) Ag-Sn 14)
AuCu
1-2. AuCu
Au-Cu
1% Fig.1-1 Cu-Au 16) 1113



AuCusz AuCus AuCu AuCu AusCu Au-50at

Cu AuCu order disorder
17-19)
Tetragonal AuCu 658K Long period
ordered structure AuCu AuCu 683K
Face centered cubic fcc 19) Fig. 1-2
20,21) fCC
AuCu 002 AuCu
AuCu 1 0, 1/2, 1/2
AuCu 10 AuCu
22,23)
10 30 40 50 60 70 WT% 80 85 90 95
°c
1083
1063
1000 \\\\ /’/
] | ss9| ="
800
600
400
200 H St
AuCul [¢
0

0 10 20 30 40 50 60 70 80 90 100
Cu at% Au

Fig. 1-1 Phase diagram of Cu-Au binary system?6),



(a) Disordered lattice (fcc) 20. (b) Ordered lattice (AuCu ) 20,

o« 8" ° ° e 0 06 6 05 0

Telelolol 1111

@ O

(c) Ordered lattice (AuCu ) 2,

Fig. 1-2 Schematic illustration of lattice of fcc, AuCu and AuCu

Table 1-6 Table 1-7 24)
Table 1-8 fcc AuCu AuCu 2025)  fcc
ab c AuCu a c
cla 0.926 AuCu a c AuCu
b AuCu 10



Table 1-6 Atomic radius of Au and Cu?4.

Metal Radius
Au 1.44
Cu 1.28

Table 1-7 Lattice constants of Au and Cu?4 .

Metal Lattice constant
Au 4.0785
Cu 3.6147

Table 1-8 Lattice constants of fcc, AuCu 29and AuCu

Crystal phase AXis Lattice constant
fcc 3.915
a 3.966
AuCu
c 3.673
a 3.962
AuCu b 39.74
c 3.659
1-3. AuCu
AuCu X
(1) X
Obrien 29 X XRD

200 001 110
0.25u m

25)

200

Bando2?



Tanaka 28 623-653K XRD
623K 200

(2)
Hirabayashi 29  AuCu
101 X,Y,X,Y
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3 T'e Ts 648K 630K
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T'c Ts

Te Sachl

31)
3)

Hirabayashi3? AuCu - fcc 695K

Sima®) -

600-730K Landau 78R R
4)

Marques 34 AuCu -AuCu AuCu
- fcc 661K 684K Dienes®®

Kuczynski 3 Chandra 3) Hisatsune 38

)
Bonneaux 39 DSC

AuCu - fcc fcc - AuCu



Feutelais 49 DSC AuCu - AuCu AuCu

- fce
Battezzati 4V DSC AuCu - fcc
fcc— AuCu
(6)
42) 2
683K 703K 43)
1-4
AuCu
6 1 AuCu
AuCu
2 AuCu DSC

XRD DSC

DSC
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2-2-1.
AuCu 99.99 Au Cu

Au50.46at Cu49.54at%

10mmx 10mm

Fig. 2-1
fcc - AuCu 273K
N
(o] 0
49mm
(o] (o]
o
b Aéimm

N
N

24mm

Fig. 2-1 Shape and dimensions of the iron mold.

2-2-2.
(1) XRD X JDX 3500
30KV 100mA 0.006°
0.72sec 20 20 90° Si

15

Au-Cu

1323K



(2) bsC DSC8230
1,2,5,10,20,40 K/min 823K
(3) TMAB8310 1,2,5,10,
20,40 K/min 873K
1%
(4) HMV 2000 200gf
20sec
(5) 1500
( 3 1) ( )
5 PME3
2-3.
2-3-1. X
Fig. 2-2 AuCu XRD
fcc XRD 111 200
Fig. 2-3 111 200
oo hn boo  hn
0.2mm 0.2mm
3.8x 3.8x 20mm XRD
DSC 10,

100mg
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C:fce
T:AuCuI
1M1cT 2007200c g 002t
v v v v
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=k 0.793 4/\/R—
5 _J/& VAV N
> J\ 0.565 J\,\__
©
SN\
2 k 0.124
2 7\ 0.105—— N\ R
O
JL
_th 0.061——— "N ——
JL/\ 0.037 AN
0 A 0.016 ——
As-cast — "
T TN TN [N T TN NN TN T TN TN N TN (Y TN T AN N |
40 45 50

CuKa, 26/degree

Fig. 2-2 Variation of XRD pattern with various grinding depth.
(rod : 4.2x4.2x20mm ).

Io00/I111

o
~
|

0.2F

| I I I 1 1 1 1
0 0 0.2 0.4 0.6 0.8 1

Grinding depth, Di/mm

Fig. 2-3 Relation between the XRD intensity ratio /oo hu
and the grinding depth for the rod sample.
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fcc AuCu

AuCu 100y m
823K 1h
623K  2h XRD
Fig. 2-4 Fig. 2-5 XRD
fcc AuCu
| | 1|1'1 I I I I
| Si
2]
= | |
=
g I Si
= | Si
3 | 200 ! 220
o |
21
E- Si  Si
E 4
. ' :
P s o A i .
| | | l l l l
20 40 60 80

CuKa, 28/degree
Fig. 2-4 XRD pattern of the powder sample solutionized

at 823K for 1h , with Si powder (as reference).
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1 1 11]1 1 1 1 1
Si
Si
2| !
£ |
pe
5 s
E
8
> 200
@ 310
E | 202 Si \ gi
1 001 {440 002 L
LJ 201| 4, 220 L
M \
B Hw«-v]u J«-)LJ : . =
20 40 60 80

CuKa, 268/degree
Fig. 2-5 XRD pattern of the powder sample aged

at 623K for 2h, with Si powder (as reference).

XRD
2-1

Table 2-1 Lattice constants of AuCu alloy powder

Heat treatment Crystal phase Lattice constant
Solutionizing fcc a 3.875
Aging AuCu a 3959 ¢ 3.679
fcc - AuCu
ac fcc a at Ct
a c a®x ¢t 18 AuCu
{ a¥xce Wa 1}x 100 (2-1)

19
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2-1
0.3
{ adxc Y a 1}x 100 { 3.9592x 3.679)¥%/3.875 1}x 100 0.3

2-3-2.
Fig. 2-6 1,5, 40K/min Fig. 2-7 1, 2,5, 10, 20, 40K/min DSC
2 550K
Battezzati 9
DSC 373 623K
Mitsui  © CusAu  CusPt
1 2
AuCu
10, 100mg
1 AuCu
-AuCu 578) 2 AuCu -fcc
1 10K/min
AuCu AuCu 8)
9
510) 1 fcc - AuCu
fcc -~ AuCu fcc - AuCu
511) fcc—» AuCu 663K
12) DSC

fcc - AuCu
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Fig. 2-6 Variation of DSC curves with various measurement conditions.
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Fig.2-7 Variation of DSC curves with various rates : 40, 20, 10, 5, 2
and 1K/min.
Fig. 2-8

1K/min DSC

8,13 Table 2-2
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20K/min 1 2
20K/min
1 1
Fig. 2-6 40K/min 108mg
Table 2-3 Tc
Taa T2

658K AuCu - AuCu 683K AuCu -fcc

10)

0.5 T

1 [ I 1 I ] I T T
J 848K

664K 667K

B Dessk

/J . X / "\ Gr02x
T P 6]{’:5K -

I /
654K ]
K H |

637K

E691K

j=]
|

Heat flow, ¢/mW
3
-

Heat-cooling rate: 1K/min

F 694K
L L L L L l L

620 640 660 680 700 720 740
Temperature, T/IK

Fig. 2-8 Characteristic temperatures in the DSC curve

of the rod sample at the heat-cooling rate:1K/min.
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Table 2-2 Characteristic temperatures obtained from various DSC

measurement conditions

Heat-cooling Heating process Cooling process
rate K Endothermic peak (K (Exothermic peak K
1st 1st 1st 1st end 2nd 2nd 2nd

onset TC1 peak 2nd onset Tc2 peak end Onset Tc Peak End
1 664 667 675 686 691 694 702 661 654 648 637
2 663 667 678 686 691 694 701 656 649 645 625
5 663 669 680 685 691 693 703 657 643 639 613
10 650 668 682 684 691 693 706 651 637 632 603
20 — — — — 687 693 705 649 634 624 595
40 — — — — 682 693 708 644 624 616 580

Table 2-3 Alist of the transition temperatures ( 7c) with various DSC

measurement conditions

Scanning rate Ta K Tz K Tc K
Authors Mass
K Heating Heating Cooling

Feutelais® 200-300m 0.2,05 670.5+1 695.1+0.5 —
Bonneaux10 @ 5, 40-50pm 5 — 694.7 639
This study 10mg 1 667 691 654
10mg 2 667 691 649

10mg 5 669 691 643

10mg 10 668 691 637
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2-3-3. X
Fig. 2.9 1,10, 20K/min Fig. 2-10 1, 5, 10, 20, 40K/min
2-1

4 /_,

fe—20K/min
i

g ;;?J—10K;’m|n

0.5 :
S /
= ,
c
o
(=1
> of o
N

Start Py “«—1K/min

360 460 560 660 760 BfIJO QIOO
Temperature, T/K
Fig. 2-9 Comparison of thermal expansion curves of the rod

sample with various heat-cooling rates.
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Fig. 2-10 Changes in thermal expansion curve of the rod

sample with various heat-cooling rates.

Fig.2-11 1K/min Fig. 2-12
Table 2-4
DSC 1K/min AuCu —fcc
DSC
fcc—AuCu
AuCu —fcc fcc—AuCu
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DSC
DSC 10mg

3.8x 3.8x 20mm 59

1L Heat-cooling rate ; 1K/min -

~ 710K 1

%)

o
[4)

TO2K 7

Expansion (

300 400 500 600 700 800 900
Temperature, T/K

Fig. 2-11 Temperatures of break points in the thermal expansion

curve of the rod sample with the heat-cooling rate:1K/min.
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TO9K
Heat-cooling rate ; 1K/min Q F

0.005

AL /AT, um /K

_UDG: L L 1 L 1
300 400 500 600 700 800 900
Temperature, T/K

Fig. 2-12 Temperatures of inflection points in A | /AT curve of the rod

sample with the heat-cooling rate:1K/min.

Table 2-4 Transition temperatures ( 7¢) obtained from thermal expansion

curves and various DSC curves

Thermal expansion curve DSC curve
Heat-cooling AuCu -fcc fcc— AuCu AuCu -fcc fcc - AuCu
rate K Heating K Cooling K Heating K Cooling K
1K/min 710 657 691 654
2K/min 712 652 691 649
5K/min 714 639 691 643
10K/min 729 633 691 637
20K/min 748 620 687 634
40K/min 779 600 682 624
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2-3-4.
Table 2-5

1
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Fig. 2-14 Change in the break points of the thermal

expansion curve with heating rate.

XRD

fcc AuCu
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Table 2-5 Crystal phase and hardness of the as-cast sample and the rod

samples after thermal expansion measurement with various heat- cooling

rates
Vickers hardness
Heat- cooling rate Crystal phase
HV
As-cast fce (100%) 213
1K/min AuCu (100%) 312
5K/min — 320
10K/min fcc (20%) AuCu 317
20K/min fcc (30%) AuCu 323
20K/min — 320
2-3-5.
Fig. 2-15 Fig. 2-16
Fig. 2-17 Fig. 2-18 2

0.1mm

16)
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|«— Surface

200um

Fig. 2-15 Micro structure of near the surface in the casted rod.

oy

—

200um

Fig. 2-16 Micro structure of near the center in the casted rod.
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200um

Fig. 2-17 Micro structure of the rod sample after

1 cycle thermal expansion measurement.

Fig. 2-18 Micro structure of the rod sample after

2 cycles thermal expansion measurement.
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Fig. 2-19 Fig. 2-20 1K/min
DSC 1K/min XRD
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DSC
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3 B B B"
CD AuCu Bonneaux 17 @ 3mm
In-situ 1K/min 623K  AuCu
689K 689K  fcc 696K
DSC 2
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DSC
F fcc
G fcc fcc
DSC
fcc - AuCu GH
fcc - AuCu
G H
XRD AuCu
H I AuCu
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Fig. 2-19 Comparison of break points in thermal expansion

curve, A1 /ATand DSC curves on heating (1K/min).
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Fig. 2-20 Comparison of break points in thermal expansion

curve, A1 /AT and DSC curves on cooling (1K/min).

2-4-2. 3
AuCu 2 18)
3 19) 3
CusAu 2022)  CuPt 23,24)
3
3
E Kissinger 2 2-2

dIn(@IT2)dUT)=—El k  (2-2)
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/] T k Boltzmann 1.380662%x 1037 K<

Fig. 2-21 1 2 3 In(®/T? T
1 2 3 55.8 64.4 99.3 kJ/mol
Table 2-6
3 99.3
kJ/mol AuCu fcc 771-1059K  94-115
kJ/mol 26) 3 1 2
55.8 64.4 kJ/mol 3 1/2
CusAu CusPt 27)
Dienes?®) 3
873K 1min

Kuczynski 29 Chandra 30 Khobaib 39

1 Kuczynski 29
688K 20 h
923K 20h Chandra 30 923K 20 h

Kuczynski 29

3 Hisatsune 19
Stage Stage Stage Stage
2 1
1 Stage
1162K 14 10 ¢
30
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10} L ]
1st stage
55.8kJ/mol
11} ]
cﬁ:‘: 2nd stage
~ 64.4kJ/mol
-
= [ 3rd stage
— 99.3kJ/mol
=12} [} 1
-13 I 1 L 1 1 | I ] ] ] ]
1.4 1.6 1.8 2.0 2.2 2.4
T-17/103K"

Fig. 2-21 Kissinger plots for 1st, 2nd and 3rd stages

obtained from thermal expansion curves.

Table 2-6 A list of the activation energies related to ordering of AuCu.

Authors Method Temperature K Activation energy kJ/mol
Dienes29) Resistivity 523-633 122.2
Kuczynski 29 Resistivity 373-673 41.8-58.6
Chandra 30 Resistivity 423-573 38.5
Khobaib 31 Diffusion 573-623 44.9
Hisatsune 19 Resistivity 293-380 79.5

Resistivity 350-460 63.6

Resistivity 460-600 110

This study Thermal expansion 400-457 55.8
Thermal expansion 455-519 64.4

Thermal expansion 548-602 99.3
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2-4-3.

DSC
AH Jdlg 1
8 Fig. 2-22 1K/min DSC
1 2 AuCu - AuCu
AuCu —fcc fcc
- AuCu
A H AuCu - AuCu AuCu -fcc AuCu - fcc

A H fcc— AuCu

0.5 —T

T T T T l ] T 1]

Total : AH=11.25 J/g
AH=307J/g AH=8.18J/g

(AuCuI—AuCull) (ﬁgCuH—*&m)

AH=—11.20 J/g
{fcc—AuCul)

Heat flow, ¢/mW

0.5 Heat-cooling rate ; 1K/min

620 640

720 740

I I |
660 680 700
Temperature, T/IK

Fig. 2-22 Enthalpies obtained from endothermic and

exothermic peaks.

Table 2-7

20K/min 1
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Au AH 628Jlg Cu A H

206 J/g 32)
33)
1 AuCu - AuCu A H 3.09t+ 0.16 J/g
2 AuCu -fcc A H 7.91+ 0.26 J/g
1 2 AuCu -fcc A H 11.00+ 0.24 J/g
fcc - AuCu AH - 1155J/g
A H AuCu - AuCu Hirabayashi®® 17.6 J/g
Feutelais ® 2.5 J/g 3.09+ 0.16 J/g
A H AuCu -fcc Hirabayashi3® 13.8 J/g
Bonneaux 19 7.9 J/g 7.91+ 0.26 J/g

Oriani 9  AuCu -AuCu
Feutelais ® AuCu
AuCu AuCu - AuCu AuCu - fcc
A H AuCu -AuCu
A H AuCu -fcc Hirabayashi3® Orr3®)
A H AuCu -AuCu A H AuCu -fcc
A H AuCu -fcc
Hirabayashi3® 31.4 J/g Bonneaux 10 10.7 J/g
11.00+ 0.24 J/g Bonneaux 10
A H AuCu -fcc 10.7J/g A H AuCu —fcc 7.9J/g
A H AuCu - AuCu 2.8 J/g

Bonneaux 10

Li%® 2-3
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AH 0.228/0.7306 x RT:
R Tc
- AuCu 683K AuCu -fcc
A H fcc- AuCu
Bonneaux 10 - 11.8 J/g

41

(2-3)

14)

13.1 J/g

- 1155+ 0.39 J/g

658K AuCu
13.6 J/g



Table 2-7 Alist of the enthalpies related to transition of AuCu

AuCul —  AuCull = AuCul — feg—

Authors Method Mass Sr:?;'%g AuCull fee fco AuCu I
AHJfg)  (AHg)  (AH:Dg)  (AH:Jig)

Mystron®  Calorimetry 22.2
Hirabayashi®* Specific 17.6 13.8 314
heat
Oriani® Solution 6.8 12.3 19.1
calorimetry
Ors Solution 17.2 12.6 29.8
calorimetry
Tissot™® DTA 58 12 .4 18.2
Bonneaux'™ DSC G5, 1.25, 2.8 7.9 10.7
40-50pum 5
Bonneaux'” DSC @5, 5 12.5 -11.8
40-50um
Feutelais® Dsc 200-300mg 0.2, 25205 9405 11.9
0.5, 1
Battezzat® DSC ¢ 5, 1mm 1 21+1
This study DSC 10mg 1 3.07 8.18 11.25 -11.20
DsC 10mg 2 3.00 7.67 10.67 -11.66
DsC 10mg 5 2.97 8.07 11.04 -12.04
DSsC 10mg 10 3.32 7.71 11.03 -11.28

3.09+0.16 7.9140.26 11.00£0.24 -11.550.39
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2-4-4.

DSC
DSC
2-4-2. 3 Kissinger 29
2
1 fcc - AuCu 2 AuCu - fcc
AuCu - AuCu
1 fcc - AuCu
Fig. 2-23 In(@/T% 1T
DSC fcc - AuCu
Fig. 2-24 DSC
In(®@/T3) 1T
1 fcc» AuCu E 104.8 kd/mol
2 AuCu - fcc E 194.8 kd/mol
fcc - AuCu E 219.5 kJ/mol
DSC fcc - AuCu E 377.7 kd/mol
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Ln(g/T?)

-8 T - - ] |
1st break point
L (Heating process) i
104.8kJ/mol
=10 |
- Break point |
{Cooling process)
2nd break point \® 219.5kJ/mol
=12 - (Heating process) d
194.8kJ/mol
—14 F
! l | 1 1 |
1.1 1.3 1.5 1.7
T1/10-9K!

Fig. 2-23 Kissinger plots for heat-cooling break

points on thermal expansion curve.

Ln($/T?)

-8

Exothermic peak

377.7kJ/mol
—12+ |
@)
—14L : . L . . | . . :
154 156 1.58 1.6 1.62 1.64
710K~

Fig. 2-24 Kissinger plots for cooling exothermic

peaks on DSC curve.
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Table 2-8 DSC
AuCu —fcc E 194.8 kd/mol
fcco AuCu £ 219.5 kd/mol DSC
fcc>AuCu  E 377.7 kd/mol
Au E 177kJ/mol 1123-1323K Cu E 211 kJ/mol

971-1334K 39)
40 AuCu fcc E 94-115 kJ/mol
(771-1059K) 26) Au Cu
fcc Cu
2-4-2. 3
DSC E 377.7 kJ/mol
fcc—» AuCu 317 kJ/mol 9 10mg
Battezzati® @5 1lmm

DSC
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Table 2-8 Alist of the activation energies related to phase transitions

of AuCu

Temperature Activation energy

Method Sample Transition
K kJ/mol
Butrymowicz2e) Diffusion In fcc 771-1059 94-115
Battezzati®) DSC ¢ 5 1Imm fcc— AuCu 659-616 3177
This study DSC 10mg fcc—» AuCu 648-616 377.7
Thermal expansion ¢ 5, 20mm AuCu - fcc 710-779 194.8
Thermal expansion @ 5, 20mm fcc— AuCu 657-600 2195
2-5.
AuCu fcc
(1) bsC 2 AuCu - AuCu AuCu -fcc
fcc» AuCu
2)
fcc AuCu fcc
AuCu 0.21 -0.24 AuCu
0.3
3) fcco AuCu S AuCu - fcc
fcc - AuCu
4) 3 fcc - AuCu 3
1 55.8
kJ/mol 2 64.4 kJ/mol 3
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99.3 kJd/mol

(5) bSC AH Jlg
1 2 AuCu - AuCu AuCu -fcc

1 AuCu - AuCu A H 3.09t+ 0.16 J/g

2 AuCu -fcc A H 7.91% 0.26 J/g

1 AuCu -fcc A H 11.00%+ 0.24 J/g

fcc - AuCu AH - 11.55J/g
Bonneaux19 AuCu - AuCu AH AuCu -

fcc 10.7J/g A H fcc—AuCu -11.8 J/g
(6) DSC

AuCu - fcc E 194.8 kd/mol

fcc— AuCu E 219.5 kd/mol
DSC fcc—» AuCu E 377.7 kd/mol
DSC

1) 2000

pp.165-169.
2) 17(1968) 1.
3) 33(1966) 5.
4) 18(1977) 124.

5) L. Battezzati, M. Belotti and V. Brunella: Scr. Mater. 44 (2001) 2759.
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9) R. A. Oriani and W. K. Murphy: J. Phys. Chem. Solids 6(1958) 277.
10) J. Bonneaux and M. Guymont: Z. Metallk. 89(1998) 384.
11) M. Guymont: Z. Metallk. 88(1997) 452.

12) G. Van Tendeloo, S. Amelinckx, S. J. Jeng and M. Wayman: J. Mater. Sci.

21(1986) 4395.
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17) J. Bonneaux and M. Guymont: Intermetallics 7(1999) 797.
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22) 6(1960) 56.
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25) H.E. Kissinger: Anal. Chem. 29(1957) 1702.
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AuCu

3-1.
AuCu
AuCu
fcc— AuCu AuCu - AuCu -fcc
fcc - AuCu
fcc - AuCu 3
D AuCu
2) Cu
Au-Ag-Pt-Pd AuCu
3 AuCu
4 Au-Ag-Pt-Cu
3) 4
fcc - AuCu
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AuCu XRD

3-2
3-2-1.
AuCu 2-2-1.
Fig. 3-1
a Normal rod
b
Tensile rod c - shape standing
rod d - shape lying rod
a b 0.2mm 3.8x 3.8x
20mm C d 4.2x 4.8x 20mm
XRD - shape
423K

4.2x 4.2x 20mm

15

873K

1323K 873K
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Casting direction Casting direction

l 4.2mm
4223,- 42:&,_ e—>
= ~
30mm A 30mm 20mm
» ar_1mmi,¢|_1}
fe—> I' fe—>i
4.2mm 6.2mm
(a)Normalrod (b) Tensile rod

Casting direction

0.9mm
e

“-2'1'"/:/177

K

Casting direction

x
1 0.9mm
e
I4.2mm
30mm SR
/ . /

L
R 1 g il Pl 4.8mm
k—
4.8mm
(¢c) - shaperod (d) 3 - shape rod
(standing) (lying)

Fig. 3-1 Shape and dimensions of rod samples casted by iron molds.

3-2-2.
XRD 2-2-2.
Tensile rod 3.8mm

-shape rod 4.2mm 1K/min
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3-3.

3-3-1.
Fig.3-2 Normalrod 1K/min
2
2 AuCu
AuCu —fcc
1
Fig. 3-3

fcc—AuCu

AuCu —AuCu

1.5F  Rod by iron mold
— 1cycle
------ 2cycle
1 =
8
c
L
W
=
8 0.5
|
Start

—0.5

O

oy

B o i
ul
puc AL% : Linear shrinkage
with fec = AuCul .
300 400 500 600 800 900

Temperature, TIK

Fig. 3-2 Thermal expansion curves of the normal

rod sample with iron mold.
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1.5 Rod by cristobalite mold T

(8]

e
n
T

Expansion (%)

AL% : Linear shrinkage |
P with fcc = AuCul .

=05 300 400 500 600 700 800 900
Temperature, TIK

Fig. 3-3 Thermal expansion curve of the normal

rod sample with cristobalite mold.

Fig. 3-4 3-9 1K/min
A I Normal rod
2 Tensile rod
Fig. 3-5 Fig.
3-6 - Shape standing rod - Shape lying rod
Fig. 3-7 Fig. 3-8 - Shape standing rod

Fig. 3-9 - Shape standing rod - Shape
lying rod
Normal rod
400-600K fcc—AuCu
F 700K AuCu —fcc
G 650K fcc—AuCu Normal rod
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Casting direction
1.5 y 1

[ Measurement

’ direction
R
c
o
[*:]
& 0.5} 1
& As cast
ai start
0_ —
|
AL% : Linear shrinkage
—0.5 with fcc = AuCul .

300 400 500 600 700 800 900
Temperature, TIK

Fig. 3-4 Thermal expansion curve of the normal rod

sample measured in length direction.

Casting direction C o

1.5

Measurement
direction

0.51

Expansion (%)

ALY : Linear shrinkage
—05 with fee —= AuCul .

300 400 500 600 o0 800 200

Temperature, TIK

Fig. 3-5 Thermal expansion curve of the tensile rod

sample measured in length direction.
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!
1.5f [ | | Dt—ﬂasling direction 1

Measurement
direction

Expansion (%)

—0.5

AL% - Linear shrinkage -
with fec — AuCu 1.

300 400 500 &00 T00 800 Q900
Temperature, TIK

Fig. 3-6 Thermal expansion curve of the tensile rod

sample measured in vertical against length direction.

Casting direction
1.5

Measurement
direction

Expansion (%)

[ 4L% : Linear shrinkage
—=0.5 with foo — AuCul . 1

300 400 500 &00 700 800 900
Temperatura, TIK

Fig. 3-7 Thermal expansion curve of the - shape

standing rod sample measured in length direction.
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Casting direction
1.5F !

=

ME& sure ment
direction

.
T

0.5

Expansion (%)

—0.5)

AL% - Linear shrinkage
with foc — AuCu I

300 400 500

Gl 700 800 200

Temperature, T/K

Fig. 3-8 Thermal expansion curve of the

- shape lying

rod sample measured in vertical against length direction.

Measurement
il direction

0.5p

Expansion (%)

—0.5F

Casting direction

4 L% : Linear shrinkage
C With fec — AuCU T

300 400 500

G600 700 800 00

Temperature, T/K

Fig. 3-9 Thermal expansion curve of the

- shape standing

rod sample measured in vertical against length direction.
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Fig. 3-10

Table 3-1 Table 3-2
2-4-1.
Normal rod
Tensile rod B 396K
650K 1.7
F 696K Normal rod
Normal rod fcc—AuCu 3
2 B' (482K 3 B" 526K
AuCu —AuCu D 654K
- Shape standing rod B 400K
670K 11 Tensile rod
Normal rod Tensilerod 3
2 3 1
512K Tensile rod 2 3
fcc—AuCu 2
C 567K Normal rod  Tensile rod
- Shape lying rod 500K
650K 1.35 Tensile rod
fcc—AuCu 502K 538K
AuCu —AuCu D 658K Normal rod
Tensile rod - Shape standing rod
Tensile rod B 388K
600K 0.4
F 694K Normal rod
Tensile rod
- shape standing rod 504K
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460K 600K
fcc—AuCu 504K
Normal rod
fcc—AuCu
fcc
Tensile rod
G- H”
Tensile rod fcc—AuCu
Normal rod - shape rod
- shape
Tensile rod
- Shape rod 423K
5,6)
423K - shape rod
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0.5
608K
fcc—AuCu
Normal rod
fcc—AuCu
Tensile rod



Expansion (%)

_05_

300 400 500 600 700 800 900
Temperature, T/K
Fig. 3-10 Change of thermal expansion curve with each rod sample
condition.
Tensile direction (Tensile rod) Length direction ( -shape lying rod)
Length direction ( -shape standing rod) Length direction (Normal rod)

Vertical direction (Tensile rod)  Vertical direction ( -shape standing rod)
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Table 3-1 Comparison of phase transitions and break points on the

heating thermal expansion curve of each rod sample condition

AuCu -  AuCu
Transition fcc fcc— AuCu AuCu
AuCu - fcc
D
Inflection point A K BK B K B" K CK E K F K
K
Room
Normal rod 400 455 548 595 673 702 710
temperature
Tensile rod Room
396 482 526 588 654 692 696
Length temperature
Tensile rod Room
388 484 530 596 655 688 694
Vertical temperature
- shape
Room
standing rod 400 512 567 671 696 706
temperature
Length
- shape lying Room
502 538 658 688 692
rod Length temperature
- shape
Room
standing rod 504 608 710
temperature
Vertical
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Table 3-2

Comparison of phase transitions and break points on the

cooling thermal expansion curve of each rod sample condition

Transition fcc - AuCu AuCu
Inflection point G K H K H K I K
Normal rod 657 641 485 Room temperature
Tensile rod
648 636 484 Room temperature
Length
Tensile rod
643 631 484 Room temperature
Vertical
- shape standing
642 636 488 Room temperature
rod Length
- shape lying rod
650 640 492 Room temperature
Length
- shape standing
650 630 488 Room temperature
rod Vertical
3-3-2. X
Fig. 3-11 AuCu Fig. 3-12 Normal
rod XRD AuCu XRD 2-3-1.
X
AuCu Normal rod
fcc 111 200
AuCu

Normal rod



at 623K for 2hr 111 (Tetra)
a=3.059 A
c=3679A
AuCul
- (Tetra) 200 -
po1 110 002 202
—i\L 201 492 220} 521 310

(o

| at 823K for 1hr a=3.875A
200 290
fcc
(Cubic)
-.__—_-'-""‘—-._-J
ZID I 4ID I GID I SID

CuKa, 28/degree

Fig. 3-11 XRD patterns of AuCu alloy powder sample with
solutionizing at 823K for 1hr and ageing at 623K for 2hr.

depth=1mm
111
z
S
=
s 112 220°5 321310
3
a
= Before
9:3 111 depth=1mm
=
200
220
20 40 60 80

CuKe, 28/degree

Fig. 3-12 XRD patterns of the normal rod sample with

before and after thermal expansion measurements.
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Fig. 3-13 Fig. 3-14 Tensile rod
XRD fcc
111 200
Normal rod 0.2, 1.0mm
111 200
Fig. 3-15 Fig. 3-16 -shape rod
XRD fcc
Omm 0.45mm Tensile rod
AuCu
200 Tensile rod
Depth: 1.0mm
z 111 zﬁo
c
5
;g i i Depth: 0.2mm
8
= 220
5 i\
111 Depth: Omm
200 _zif
2I0 | 4I0 | 5'0 | BIO

Fig. 3-13 XRD patterns of the side tensile rod sample with

various grinding depths before thermal expansion measurements.

CuKa, 26/degree
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Intensity(arbitrary units)

001
110

001

110

Depth: 1.0mm
200

002 202
h201 112 220 ) 221 310

200

111

Depth: 0.2mm

002
t A 201 112 220 202 310

Depth: Omm

111

40 60
CuKao, 28/degree

80

Fig. 3-14 XRD patterns of the side tensile rod sample with

various grinding depths after thermal expansion measurements.

] | 1 ] | I |
Befaore
Depth: 0.45mm

200
) 111
c
|
P 220
O A
=
-}
2 Depth: Omm
W
3:3 111
£ 200

220
20 40 60 80

CuKa, 268/degree

Fig. 3-15 XRD patterns of the side

various grinding depths before thermal expansion measurements.
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3-3-3.

Fig. 3-17

2-3-5.

111 200
001 002

111

Intensity(arbitrary units)

001

110 201

002 201 445 220 )221 310

Depth: 0.45mm

112 202 310
Depth: Omm
202

20 40

60 80

CuKa, 28/degree

Fig. 3-16 XRD patterns of the side

-shape rod sample with

various grinding depths after thermal expansion measurements.

Tensile rod
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Fig. 3-18  Tensile rod



|«— Surface

Fig. 3-18 Miicro structure of near the center in the tensile

rod after thermal expansion measurement.
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3-4.
3-4-1.
Table 3-3 XRD
AL

Table 3-3 Comparison of the lattice constants () and line shrinkage(%)

at room temperature with each rod sample condition

foo AuCu I (Tetra)
Depth | cubic) : AL(%)
{mm) a a c ¥Yac
Powder
This study 3.875 | 3.959 3.679 3.864 |-0.310
Tanaka ?) 3.885 | 3.971 3.699 3.878 [-0.175
Nishimura3 3.866 | 3.956 3.663 3.856 |-0.264
Red 0.2 |3.884 | 3.973 3.691 3.877 |-0.180
Normal 1.0 |3.888 | 3.976 3.688 3.878 |-0.257
Rod
Tensile 0 3.879 | 3.967 3.676 3.868 [-0.283
02 | 3882|3951 3.699 3.865 |-0.438
1 3.879 | 3.974 3.683 3.875 [-0.103
Rod
J-shape
side 045 |3.889 | 3.982 3.695 3.884 | -0.13
Rod
J-shape
bottom 045 |3.874 | 3.974 3.688 3.876 |-0.051

Table 3-4 XRD 111 100
Normal

rod 100 200
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Tensile rod -shape rod Normal

rod 200 200
Tensile rod -shape rod
a
C
Tensile rod -shape rod 200
200
fcc—AuCu

AuCu —fcc

200

<100> 8,9)
AuCu

fcc—AuCu

fcc—AuCu c a

10) 10,11)

XYXY YZYZ ZXZX

12,13)
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Table 3-4 Comparison of the height of diffraction lines before and after

thermal expansion measurements with various rod sample conditions.

Depth  fcc (Cubic) AuCu I (Tetra)
(mm) 111 200 220 111 200 002

Powder 100 47 42 100 31 13

Rod 02 100 36 53 (100 16 10
Normal | 10 /100 22 18 |[100 59 16

Rod
Tensile | 0.2 100 93 44 |[100 397 159

1 100 3570 124 100 849 344

Rod

:I-:igaepe 045 100 150 22 |[100 108 52

Rod

J-shape | 045 100 210 4 |[100 115 33
bottom

3-4-2.
Fig. 3-19 Normal rod Tensile rod

ac fcc a a fcc—AuCu
AuCu a 2.17 Table 3-3
AuCu c AuCu
c 5.06
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|
|

o I
< | ]
5 |
5 I -
8 |
x 2} | i
w |
-3} | i
- |
Cr(%) = (a;% x100 |
-4r Cr1 | 1
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1 1 1 1 1 (m
300 400 500 600 700 800 900

Temperature, T/K

Fig. 3-19 Relation between thermal expansion curve and

expansion and shrinkage rate obtained from lattice constant.

Fig. 3-20 Tensilerod 593K 1
Normal rod

700K  AuCu —fcc

700K  AuCu —fcc 9 CuPt
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Vertical direction

Expansion (%)
-—

Start

- p\ucul

Tensile direction

-1}

300 400 500 600 700 800 900
Temperature, T/K
Fig. 3-20 Difference of thermal expansion curve of the tensile rod

sample at aged 593K for 1h with each measurement direction.

Fig. 3-21
a c
fcc 100 fcc—AuCu
AuCu a
C AuCu —fcc
fcc—AuCu
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OAu ® Cu

~Tensile direction -

710K <648K
RT fco) 396-558K > o AUCU
AuCu -0 0.0
3,0,2,0 303250 18 e e
e 0 12620000 (000000 [ 000
9036702 “ 0202050 | %6%%? LoD
07076’ V500%0%0 loteYede T JOUL
“~ac < ar Sac Yvr

a axis = ar> ac> v
C axis=a > 3/vr >Cr
Fig. 3-21 Schematic illustration of variations of crystal |attice with

anomal ous expansion and shrinkage in thermal expansion curves.

3-5.

AuCu fcc

(1)

2 100
3) fcc—AuCu

(4) a 2

(5)
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AuCu

4-1.
AuCu 3
AuCu Ag Pt Pd Ir Zn
AuCu Pt Pd
&) Pt
2 3 AuCu
3  XRD Ag Ni a
c c/a Ni Ag
Hisatsune 4  XRD Pt Pt
Pt Pt Cu
Araby 2 Pt
2 Pt
Ohta 9 Ga In Al Zn Ni Pd
310K In
Al Ga Pd In
AuCu
6)
Ag 573K
Ag
Ag
AuCu
AuCu 3
AuCu
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3, bat
Ir
0.1at%
4-2,
4-2-1.
AuCu Au Cu 99.99
Normal rod Tensile rod
0.2mm 3.8x 3.8x 20mm
3-2-1.
fcc— AuCu
4-2-1.
XRD 2-2-2.
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1K/min

H Pt

Ir

7

8)

Pt Ir 99.9

10mmx 10mm

1323-1373K

Normarod Tensile rod

273K

973K



4-3-1. X
Fig.4-1 Pt Normal rod 1K/min
AuCu Normal rod Pt
AuCu - AuCu AuCu - fcc
3at%Pt 640K
fcc -~ AuCu
Fig. 4-2 Pt Tensile rod 1K/min
AuCu Tensile rod Pt
AuCu - fcc

3at%Pt 864K 5at%Pt 920K Pt

fcc - AuCu
2 B T T T T T T T | i
Normal rod
----- AuCu
—— AuCu-3Pt
AuCu-5Pt
=
2
o
=
o
(=1
=
i
0 [ el

1 | I I | 1 I 1
300 400 500 600 700 BODO 900 1000

Temperature, T/IK

Fig. 4-1 Thermal expansion curves of the AuCu-3 and 5at%Pt normal rods.
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2F .
Tensile rod

—— AuCu-3Pt Y
AuCu-5Pt /
[

i

i

;’
1+ 1
I
r

Expansion (%)

1 I 1 I ] 1 I 1
300 400 500 600 700 800 900 1000
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Fig. 4-2 Thermal expansion curves of the AuCu-3 and 5at%Pt tensile rods.
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Fig. 4- 3 Thermal expansion curve rod of the AuCu-3at%Pt tensile rod.
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Fig. 4-4 XRD patterns of the AuCu-3at%Pt tensile rod

before thermal expansion measurement.
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Fig. 4-5 XRD pattern of the AuCu-3at%Pt tensile rod

after thermal expansion measurement.
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Fig. 4-6 Thermal expansion curve of the AuCu-0.1at%Ir normal rod.
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Fig. 4-7 Thermal expansion curve of the AuCu-0.1at%lr tensile rod.
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Fig. 4-8 Micro structure of the AuCu-3at%Pt tensile rod.
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Fig. 4-9 Micro structure of the AuCu-0.1at%lr tensile rod
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5-1.
AuCu 2
3
4 Pt
Ir
AuCu
Au-rich Cu-rich
1)
Cu  50at
Cu
Pt AuCu
2 Au Au
Cu 723 74.4at Pt
3.9 b5.6at
JIS 1-1-1.
50at Au 3)
Au-Cu-Pt Ag
4) Zn 4) Ir
56) 4-3-2
0.lat
JIST 6116 4
1273K 1173K
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5-2-1.
(1)

Table 5-1 Sample3 Au Au Cu
Product
Au Ag Cu Zn 99.99 Pt Ir 99.9
10mmx 10mm
Table5-1 Experimental composition (Above: mass% Below: a%)
Au Pt Ag Cu Other Au Au Cu
72 6 12.7 8 Zn,Ir 1.3 90
Sample 1
55.4 4.7 17.8 19.1 Zn,Ir 3.0 74.4
73 7 10.2 8.7 Zn,Ir1.1 89.4
Sample 2
57.3 5.6 14.6 21.2 Zn,Ir 1.3 73.1
73 5 13.7 7.2 Zn,Ir 1.3 91
Sample 3
56.8 3.9 19.5 17.4 Zn,Ir 2.4 76.1
71 4 12.3 12 Zn,Ir 0.6 85.5
Product
52.2 3 16.5 27.6 Zn,Ir 0.7 65.5

(2)
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15 873~973K
1323 1373K
7 1023K 15
723K10 723 423K 30
5-2-2
1)
@ 3mmxL45mm JIS T 6116
AGS-10kND
0.2 15mm
1.5mm/min
)
10x10x2mm JIS Z 2244
— HMV-2000
3009 15
3)
JIS T 6116
4)
10x10x2mm 1500
2-2-2.
(5)
@ 5mmxL20mm TMA8310
1123K 1173K 10

88



10K/min
(6)

0.9mass% 0.58mass%NacCl ISO 1562 Dental casting gold alloys
JIS T 6116 Eagle's
Minimum Essential Medium+ 5vol MO5 JIS T 0304
0.9mass% 0.58mass%NacCl
1000
0.1mm 33.8x12.8x1.3mm
0.9mass% 0.58mass%NacCl 10 L 310£1K
7+0.1
ICP-MS
MO5
1000 21x12x2mm
100mL @ 5mm
MO5 50ml 310£1K 7 150rpm
0.22pm

()
ISO 10993-5 Biological evaluation of medical devices-Part 5: Test
for in vitro cytotoxicity MO5
100 MO5 50 25 125 6.25
V79
200cells/ml 0.5ml
310K 5vol. CO:2
310K 5vol. CO:
4 10vol. 0.1vol.%
50
100
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5-3.

5-3-1
Table 5-2 0.2 Table 5-3
Samplel Sample2 Product
sample2 Experimental sample
Sample3 0.2
Au Au Cu

Experimental sample  Product

Table 5-2 Values of tensile strength, 0.2% off-set proof strength and

elongation
Tensile strength (MPa) 0.2% off-set proof strength (MPa) Elongation (%)
Treatment As-cast  Soft Hard As-cast Soft Hard As-cast  Soft Hard
Sample 1 688 544 708 523 354 547 17 38 21
Sample 2 748 545 752 554 363 629 21 42 23
Sample 3 639 508 610 460 330 457 23 40 16
Product 757 506 769 640 363 691 17 50 18

Table 5-3 Hardness and melting point

Hardness (HV) Liquidus Solidus

As-cast Soft Hard point(K) point(K)
Sample 1 227 169 269 1241 1174
Sample 2 239 167 275 1243 1179
Sample 3 211 167 251 1251 1179
Product 276 180 298 1199 1153
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5-3-2.

1)
Fig. 5-1 5-4 Fig.5-5
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Fig. 5-1 Tensile strength of the experimental sample and the product.
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Fig. 5-2 0.2% proof strength of the experimental sample and the product.
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Fig. 5-3 Elastic modulus of the experimental sample and the product.
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Fig. 5-4 Elongation of the experimental sample and the product.
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Fig. 5-5 Hardness of the experimental sample and the product.
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Experimental sample

Product Experimental sample

93



Hard treatment

100pm

(a) Experimental sample
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(b) Product  100um

Fig. 5-6 Micro structure of the experimental sample and the product.

3)
Fig. 5-7 5-8 Experimental sample Fig. 5-9 5-10 Product

10K/min Experimental sample

1123K  1173K

Product 1173K
1123K Product 1153K
550K AuCu Pt
Experimental sample Product
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Fig. 5-7 Thermal expansion curve of the experimental sample

with maximum temperature 1123K.
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Fig. 5-8 Thermal expansion curve of the experimental sample

with maximum temperature 1173K.
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Fig. 5-9 Thermal expansion curve of the product

with maximum temperature 1123K.
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Fig. 5-10 Thermal expansion curve of the product

with maximum temperature 1173K.
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(4)

Fig. 5-11 0.9mass% + 0.58mass%NacCl 7
Cu Zn Ag
NacCl Cu 0.5-20u g/cm?2 0.5-6
M g/cm?2 o-11) Fig.5-12 MO5 7
150rpm Cu Zn Ag Au

Experimental sample  product

Amount of released metallic ions ( ¢ g/cm?)
I

0 - [lhe

Experimental sample Product

Fig. 5-11 Quantity of released ions from the experimental sample and

the product in a 0.9mass% lactic acid and 0.58mass% NacCl solution.
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Fig. 5-12 Quantity of released ions from the experimental sample and

the product in MO5 solution.

(5)

Fig.5-13 Experimental sample Fig.5-14 Product MO5 7 150rpm
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Fig. 5-13 Plating efficiency of the experimental sample.
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Fig. 5-14 Plating efficiency of the product.
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5-4.

(1)
(@)

(3) 0.9mass% + 0.58mas%NacCl MO5

4) MO5 V79

(5)

(6) 17)

1)
14(1995)48
2) 2001) p.57.
3) D. C.Wright: Journal of Dental Research 60(1981) 60.
4) 2005 pp.196-198.
5) J. P. Nielsen and J. J. Tuccillo: J. Dent. Res. 45(1966) 964.
6) 9(1968) 86.
7) 200
pp.168-169.
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8) — , ,1981 p.122.

9) 14(1995) 68.
10) 30(1986) 5.
11) 11(1992) 515.
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2000 pp.171-176.

13) 2004 pp.137-143.
14) 2007 pp.138-139.

15) 18(1977) 124.
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