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ABSTRACT : Development of simple but reliable methods, besides electron—probe
microanalysis, by which the Ag-content of Au— Ag alloys can be determined has been of
interest among the applied mineralogists. As a first step to meet this goal, quantitative
mineralogical parameters such as cell constant, reflectivity, specific gravity and micro—
indentation hardness have been measured for the synthetic Au— Ag alloys prepared at appr. 5
at.% intervals, using the conventional sealed —capsule technique.

Chemical composition of the reactants, determined by electron microprobe analyser, reveals
that they are the same as those of mixtures and suggest homogeneous solid solutions may result
free from probable exsolution. The unit—cell parameter for each alloy has been refined by a
least —squares method, using X—ray powder diffraction data taken with a 114.6mm Debye—
Scherrer camera. The cell constants gradually become larger as Ag-—content increases. The
reflectivities of the Au— Ag alloys have been measured for two wavelengths 480 and 546nm,
using spec. pure platinum as a standard. The range and mean values have been determined
after 20measurements for each specimen. [t is suggested that use of 480nm is preferable for the
reasons that the range between R values for silver and gold at this wavelength is more than
twice that at 546nm and that R values are more sensitive to the composition of alloys. Specific
gravity measurements also illustrate gradual changes with Ag—content. However, Vickers
hardness numbers determined using 25 and 50gf are so variable regardless of the composition
that no apparent trend is seen
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Table 1. Properties of pure gold and silver(Mason
and Berry, 1968).

Gold(Au) Silver(Ag)
\
Color Yellow White
Bireflectance Not observed Not observed
Micro—indentation
VHN=41-94 VHN=46-118
hardness
N — —
M Point groups | Isometric,4/m 32/m | Isometric,4/m32/m
| Space group Fm3m Fm3m
LC\ell parameter(A) a=40789 a=40862
| Density 193 105
| Melting temperature(C) | 1063 960 B
66(at 550 nm)
Reflectance(%) 9095
35(at 470 nm) l
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Fig. 1. The binary system Au—Ag{(Hansen and
Anderko, 1958).
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Fig. 2. SEM microgragh showing outer surface of
polycrystalline Au—Ag alloy (69.8 at.% Au).

Fig. 3. SEM micrograph illustrating texture of a
polished surface of Au—Ag alloy (51.0 at.% Au).
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Fig. 4. Back—scattered electron image for a
polished surface of Au— Ag alloy (659 at% Au).
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Table 2. Compositions of Au—Ag alloys pre-
pared in this study.

Bulk composition(at.%) Run products(at.%)

Run no. Au Ag Au Ag
2 95.1 49 95.1 49
3 %00 100 89.8 10.2
4 85.1 149 853 147
5 80.5 19.5 81.1 18.9
6 756 244 759 24.1
7 700 300 69.8 302
8 654 346 659 341
9 60.0 400 593 40.7

10 548 452 546 454
11 506 49.4 510 49.0
12 45.2 548 45.7 54.3
13 400 60.0 395 60.5
14 348 65.2 344 65.6
15 308 69.2 310 69.0
16 260 740 36.2 738
17 199 80.1 19.7 80.3
18 14.6 854 145 855
19 106 894 110 89.0
20 5.1 949 5.3 94.7

Compositions of run products are determined by a
JEOL electron microprobe analyser.
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Fig. 5. X—ray powder diffraction patterns for Au—Ag series alloys. 114.6mn diameter Debye—Scherrer camera
and CoKa radiation used. Compositions(at.% Au): 1(100.0);2(95.1);3(89.8);4(85.3); 5(81.1);6(75.9);7(69.8);8(65.9);9
(59.3);10(54.6); 11 (51.0);12(45.7);13(39.5); 14 (344);15(31.0);16(26.2); 17(19.7) ; 18 (14.5); 19 (11.0) ; 20(5.3); 21 (0.0).
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Fig. 6. Unit—cell dimension of Au—Ag alloys.
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Table 3. X-—ray powder diffraction data for Au—Ag alloys.

1 2 3 4 b} 6 7

a=4.071 a=4.072 a=4.073 a=4.074 a=4.074 a=4.074 a=4.074
hk1 d d d d d d d
1 2.3502 23511 23518 23514 23521 2.3519 23521
200 20353 2.0361 20367 2.0363 2.0369 2.0368 20370
220 14392 1.4397 1.4402 1.4399 1.4403 1.4402 1.4404
311 1.2274 1.2278 1.2282 1.2280 1.2283 1.2282 1.2283
222 1.1751 1.1755 1.1759 1.1757 1.1760 1.1759 1.1761
400 1.0177 - - - 1.0185 1.0184 1.0185
331 0.9339 09342 0.9345 0.9343 0.9346 0.9345 09346
420 09102 09106 09108 0.9107 09109 0.9109 09110
8 9 10 11 12 13 14
a=4.074 a=4.075 a=4.076 a=4.076 a=4.077 a=4.078 a=4.078
d d d d d d d
11 2.3521 23528 23531 23532 23539 23547 23546
200 20370 20376 20379 2.380 20389 2.0392 2.0391
220 1.4404 1.4408 1.4410 14414 1.4415 1.4419 1.4419
311 - 1.2287 - 1.2290 1.2293 1.2297 1.2296
222 1.1760 1.1764 1.1766 1.1767 1.1769 1.1773 1.1773
400 - - 1.0189 1.0190 1.0193 1.0196 -
331 09346 0.9349 0.9350 0.9350 0.9353 0.9356 0.9356
420 09110 09112 09114 09114 09117 0.9120 09119
15 16 17 18 19 20 21
a=4.079 a=4.080 a=4.080 2=4.080 a=4.081 a=4.083 a=4.085
d d d d d d d
111 23543 23551 23554 23556 2.3560 23572 23583
200 20389 20396 20398 2.0400 2.0403 20414 2423
220 1.4417 14422 1.4424 1.4425 1.4427 1.4435 1.4441
311 12295 1.2299 1.2301 1.2302 1.2304 1.2310 1.2316
222 11771 1.1775 11777 1.1778 1.1780 1.1786 1.1791
400 - 1.0198 0.019 1.0200 1.0202 1.0207 1.0212
331 0.9355 - - 0.9360 - 0.9367 0.9371
420 09118 09121 09122 09123 09125 0.9129 09134

* 1;1,000, 2;950, 3;900, 4;850, 5:800, 6;750, 7;700, 8;650, 9,600, 10;550, 11;500, 12;450, 13;400, 14,350, 15;300,
16250, 17,200, 18;150, 19;100, 20;50, 21;0 fine. Fineness is expressed as the ratio 1,000 Au/(Au+Ag).
CoKe radiation(1=1.79026 A), 114.6mn diameter Debye—Scherrer camera.
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Table 4. Reflectivity values of Au—Ag alloys.

— 90 5
Wavelength 480nm(Blue) 546nm(Green) .
Composition | Min. |Max.|Mean | Min. | Max. |Mean <3 73‘{ 4

" - SEEIET R
Fineness of €o-| 595 | 3531 302 | 621 | 649 | 633 r158255¢t
mpounds 1000 Sé?f i 1}

951 300 | 338| 318 621 | 67.3 | 65.1 LS A 'y

898 3121 395] 338 634 | 705 | 618 -~ 1 _5:%< i
853 340 395] 372 688 722 706 s 1ii t

811 403 417] 412 687 | 721 | 712 = ¢

759 4441 479] 466 | 708 | 730 | 7123 607 l -
698 488 | 526 507 | 722 | 749 | 134 o

659 5571 574 569 724 771 | 749 =

593 620 | 637| 629 | 724 | 784 | 760 1 ¢ -
546 653 | 676 665 759 783 | 768 f

510 690 | 720 705 [ 759 | 7195 | 774

457 - | =1 = 1765|194 118 ! ¢ i
395 7321 717] 750 713 | 814 196 L{ 3 546nm

344 735 [ 785] 769 | 776 | 824 | 808

310 758 | 80| 779 | 799 | 822 816 ol !t $:480nm| |
262 768 | 80.8| 788 | 80.6 | 83.5 | 821

197 784 | 81.6] 80.1 | 809 | 843 | 827

145 7931 831 813 | 81.8 | 846 | 831

110 81.0 | 837) 828 830 85.5 | 839

53 810 | 856 836 829 | 869 | 852 oo se0 ' o
0 82.6 | 864 84.1 | 844 | 87.2 | 86.1 FINENESS OF GOLD

— :not determined.

Fig. 7. Plot of reflectivity against composition for
Au—Ag alloys.

Table 5. Vickers micro—indentation hardness data for Au—Ag alloys.

Weights Fineness of gold— silver compounds
applied |
in grams 1000 951 898 853 811 759 698 659 593 546 510
2 4354 68.12 93.14 89.23 104.60 66.93 94.59 7092 7169 96.63 83.17
(41.1—46.6) |(65.5—71.3)] (884—99.8) | (822—97.1) [ (1020—1070) {(64.1—71.3) | (92.2—98.9} | (68.3—73.0) | (74.5—84.3)| (94.5-989) ((792—86.5)
50 4535 76,56 92.88 81.70 100.58 6732 91.54 65.95 79.05 8953 8629
(41.5—51.8) [(68.5—85.7) | (88.6—101.0) | (79.5—85.4) | (984—103.0) [(62.7—71.7) | (864—95.6) | (65.2—66.8) | (75.8—81.4)| (82.1-98.1) [(83.1—89.7)
Mean value|  44.445 72340 93.010 85470 102.590 67.125 93.670 68435 78234 92990 84416
45% 395 34 310 262 197 145 110 53 0
2% 7991 79.31 10305 76.61 101.57 6333 9549 62.78 63.57 9359
(724—-832) |(76.6—82.9)1(96.7—108.0)| (72.1—80.5) | (94.1~107.0) |(57.7-742) | (91.6—989) | (609~66.5) | (58.5—70.7)| (89.2—989)
50 7827 78.77 11117 88.55 11170 56.93 101.30 65.090 69.810 91.780
(750—82.1) |(77.0—809) | (1100~ 1150)| (83.9—92.3) | (1500—116.0) | (542—59.6) |(99.3—1030)| (63.9—67.2) | (68.3—71.5)|(80.0—103.0)
Mean value| 62483 79.092 107.107 81.384 105.620 60.770 97.812 63.706 66.068 92.685
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Fig. 8. Plot of micro—indentation hardness data for Au—Ag alloys.

Table 6. Specific gravity for Au—Ag alloys.

20: Fineness of S.G.  Fineness of S.G.
o alloys alloys
I ’ 100 20,00 457 1339
15t 951 19.85 395 13.39
ot RN 898 19.31 344 1321
i e 853 1847 310 1281
2 [ 2 805 1806 262 1266
“ o 756 1747 197 1197
N T R ST S 698 1692 145 1175
ATOMIC % Au 659 16.56 110 10.44
593 17.00 53 1023
Fig. 9. Plot of specific gravity against comp- 346 1507 0 1043
510 1490

osition for Au—Ag alloys.
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Table 7. Comparison reflectivities for Au—Ag
alloys of similar compositons.

This study™ 470 491 541

nm  Eales(1967)*

Comp> | 470 491 541 480 546 480 480 546

100 364 398 716 302 633 120 131 LI3
95 1391 460 749 318 651 122 144 113
90 |435 532 779 338 678 128 157 Ll4
85 | 492 608 808 372 706 132 163 114
80 | 560 675 831 412 712 135 163 116
75 | 618 723 850 466 723 132 155 117
70 | 668 762 862 507 734 131 150 117
65 | 751 820 880 62y 760 L19 130 LIS
50 | 815 866 84 705 774 115 122 115

* pyrite used as standard.
* % platinum used as wiandard.

Z 7tk

o= 74x)9] AlRAel A AF S A F-&1E
o B3t Ao 2lahH (Groen et. al, 1990),
a1 713 & we 3 gl & uw(gold—
rich rim)7} B A E o] o] HAHUC. | 2
2 FAe #A3 HEY F-218A Yoldrt
sgdo] oz utH= HPoA dF 20] &
dEo] 22HYAY TS AU SaiAdE Y
Zol A A Az gAR = o 22 4
Baol faTzrt @4 F-SagAWlAM e
LAE A et

gt TL T4 A4 e PAL =Yt
dlol o}, w3 A AHY T8 F4 g

=
3
2438 250 uFAE A=A
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