
On the Ternary Silver AHoys 
I. The System of Silver, Copper and Zinc 

By 

Shuzo Ueno 

(Received October 23, 1929) 

The ternary system of silver, copper and zinc seems not to have 
been studied hith('rto and therefore an attcmpt was made, as dcscribPd 
below, to fill in the blank. 

I On the Binary Systems, Copper-Silver, 
Copper-Zinc and Silver-Zinc 

For the copper c>.nd silver system, T. Hirose's1 equilibrium diagram, 
and for the copper-zinc system, D. Iitsuka's2 one, were adopted with­
out any modification. With regard to the silver and zinc system, how­
ever, Petrenko's~ latest diagram had to be slightly modified, not in 
respect of the nature of the equilibrium but in the form of the curves 
representing the liquidus, solidus or solubility. These must naturally 
have resulted because of differences in the working conditions. The 
modifications so tried arc given in Fig. 1 in dotted lines, the data 
used being summarised in Tab. 27. 

II Preliminary Experiments 

The copper and the silver used as materials were both electro­
lytically pure, while the zinc was not so pure, yet of Merck's best 
quality. In order to avoid changes in the composition by volatilizc1tion, 
the silver was first fused under molten sodium chloride in a porcelain 

l Report of the Imperial Mint, O,aka, No. I, l (1927) 

2 These memoir.,, VIII, 180 (1925); Metallknnde 19, 396 (r927) 
3 Zeits. Anorg. C. 165, 297 (192 7) 
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crucibfo, and while it was kept at temperatures a little higher than 

its melting point, the zinc and the copper were thrown in piece by 

piece and wdl stim~d. The alloys thus prepared generally underwent 
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a very slight loss and were found on 

Zn short of the given compositions. 

the alloys as shown in Table 1. 

analysis to contain o 3 %-0.5 % 
The experiments were made on 

Tab. 1 
Metals taken Metals 

in % in 

Cu Ag Cu 

70 20 70,II 

40 50 40,09 
20 70 20.o6 
IO 80 10,02 

70 10 70.31 
IO 70 I0,04 
6o IO 60.38 

50 20 50.20 

40 30 40.22 
30 40 30.20 
20 ~o 27,15 
IO 60 I0,04 

55 5 55.30 
50 IO 50,29 

analysed 
% 

Ag 

20.20 

50.25 
70,22 
80.16 

I0,04 

70,36 
I0.04 
20.08 

30.17 
40.28 

50.37 
60.21 

5.o3 
I0.06 

Loss of 
Zn 

in% 

0,31 

0,34 
0,28 

0.18 

0.35 
0.40 
0.42 
0,28 

0,39 
0,48 
0,52 
0,25 

0,33 

0.35 

Through the microscopical 

examination of these alloys, the 

author came roughly to the con­

ception that there is no field 

consisting of three phases, but 

that the (3 solid solution of the 

Cu-Zn system unites with (3 of 

the Ag-Zn system, and e: of the 

Cu-zn·system with e of the Ag­

Zn system, so that there are 

formed two wide homogeneous 

fields, secluded by which there 

would remJ.in three heterogene­

ous fields in the trhngular base. 

Such a conception was confirm­

ed by further investigation, as 

will be described later. 
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Tab. 1 ( cnotinued) III Cooling Curves 

Each alloy weighed 20 gms, 
to which some more zinc was 
added to compensate for the loss 
through volatilization. No chemi­
cal analysis was made except 
for those given in Tab. I. All 
the alloys were directly fused in 
an electric furnace and thermal­
ly analysed by means of a Pt­
Pt. Rh couple carefully calibrat­
ed. 

taken f Metals 
% in 

Ag Cu 

20 40.26 

35 25.23 

45 15.19 

55 5.09 

40 ro.04 

15 35-13 

25 25.20 

30 15.09 

35 ro.06 

25 5.o4 

20 10.12 

IO 15.17 

IO 
i 

ro.13 

I" i 10.14 ~ l 
5 5.17 

70 5.03 

" i 5.o4 

" 5.o5 

" 5.07 

" 5.o3 

" 
5.1 I 

" 
ii 

5.o5 

" 
5.07 

" I 5.02 

" 
:1 

5.o9 

" 5.r5 

Analysed ! Loss of 
% Zn 

Ag in% 

20.14 0.40 

35-19 0.42 

45.28 0.47 

55.46 0.55 

40.16 0.20 

15.05 0.18 

25.18 
' 

0.38 

30.18 0.27 

35.23 0.29 

25.23 0.27 

20.23 0.35 
Io.I I 0.28 

Io.I 7 0.30 

I 5.2I o.35 

5.25 0.42 

70.28 ! 0.31 

70.28 0.32 

70.33 0.38 

70.26 0.33 
70.31 o.34 
70.25 0.36 

70.16 0.2! 

70.25 

I 
0.32 

70.33 
,I 

o.35 

70.28 0.37 

70.18 11 o.33 

IV Sectional-Diagrams 

In order to establish the 
ternary equilibrium diagram, it 
was necessary first to get a 
number of sectional diagrams. 
The results of investigation arc 
given below. 

1 10 ?b Zn-Section 

The alloys of the composit­
ions given in Tab. 2 were select­
ed along the sectional line of 
ro?» Zn. They were thermally 
analysed, the results of the analysis 
being given in Tab. 2. 

With these results, the sectional diagram, Fig. 2, is plotted, where 
the liquidus AC represents the primary separation of a, BC that of 
a, and in the solidus aa' Cb' b aa' stands for the complete crystallization 
of a, bb' that of a, and a' C and b' C that of the binary eutectic ( n: +a). 

The binary eutectic point C lies at r o ?b Zn, 6 3 '}b Ag and 2 7 ?o 
Cu, where the three phases a, a and the melt form a monovariant 

system. 

The solid phases with the composition marked with the black 
spots were annealed for a few hours at the corresponding temperatures 
and quenched, and were then microscopically tested for their structures, 
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Tab. 2 

Alloy -·------ _____ _ 
I 

Wt.-% I 
0 c 

No. , Ag Cu Zn Liqt1i-1 Soli-
---- -- __ I~~ 

90 IO 1040 I 1020 
2 2 88 1035 ! JOOS 

3 5 85 1022 999 

4 7 83 1013 733 

5 
6 

7 
8 

9 
IO 

II 

12 

13 

14 

15 
16 

JO 80 

20 70 

30 6o 
40 50 

50 40 
60 30 

65 25 
70 20 
80 JO 

85 5 
88 2 

go 

Tab. 3 

999 734 
948 735 

900 735 
845 728 

795 727 

735 725 
728 ' 720 

740 I 714 
785 

1 
695 

825 725 
850 800 

865 845 

I Wt.-% C0 

Alloy. --~-~-i~~-~~ 
No I Ag C I z Liqui-1 Soli-__ ._\ __ , -.u:_11_~i~ 
17 - 80 I 20 JOOO I 978 

I 

18 2 78 : " 990 960 

19 5 75 I ,, 975 945 

20 7 73 '1· " 966 690 
21 IO 70 ,, 952 692 

22 20 60 " 900 693 
23 30 50 ,, 844 I 689 

24 40 40 " 790 684 

25 50 30 " 742 688 

26 55 25 " 7JO 686 
27 60 20 " 681 680 

28 64 r6 ,, 698 676 

29 66 14 " 706 672 
30 69 II ,, 7 I 2 

1 
67 3 

31 ! 70 JO " 720 ' 680 

32 I 75 s ,, 745 700 
33 ! 78 2 : " 760 i 715 

~J 80 _ I ,, 772 [ 72s 

Shuzo Ueno. 
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and in accordance with those results the solubility curvPs were drawn 

as shown in the same diagram. 
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2 20 ~ o Zn-Section 

The alloys shown in Tab. 3 were used for the establishment of 
the 20% Zn-sectional diagram. The results of the thermal analysis 
are given with them in the same Table. ThC' sectional diagram, Fig. 
J. is drawn from the data just given. 

The liquidus ACB has the same meaning as that given in the 
ro?b Zn sectional diagram. The solidus aa'Cdb'b differs however from 
it in this:- I) Cd represents the crystallization of the binary eutectic 
a+ a, 2) db' represents the crystallization of the binary complex a+ fl 
The binary eutectic point C lies at 20~0 Zn, 60% Ag and 2o~b Cu, 
where the thrC'e phases a, a and the melt are in equilibrium. 

3 The Silver Corner containing over 70 ~b Silver 

The liquidus and the solidus were first determined, and the solu­
bility curves were then drawn according to the quenched structures. 

For the purpose of quenching, 30 gms. of each of the required 
alloys were prepared, cut in pieces, and annealed for a few hours at 
definite temperatures, at which each alloy was thrown into water. The 
temperatu,res of quenching 
and the corresponding· 
structures arc here omitted in 
order to make the paper 
not too voluminous, but 

according to these data, the 
silver-corner diagram was 
drawn as shown in Fig. 4. 

Though the homogene­
ous solid solution at the 
silver side in the silver-cop­
per system shows a ten­
dency for the eutectic to 
be segregated by the low 
temperature annealing, this A 
property is so markedly 
lessened by the addition of 
the zinc that the ternary 

Fig. 4 

-
I ' 1 

' > Cu, 

alloys containing over Io ~o Zn no longer show any tendency towards 
segregation, however long they may be annealed. The temperature 
of the binary eutectic of silver and copper is depressed from 776° to 



S/,,(iz6 Ueno 

670° in relation to the amount of zinc added. This relation is re­
presented by the curve LE along which the equilibrium of the three 
phases a, a and the melt is established. 

Now turning to the Ag-Zn system, these metals from a series of 
silver-rich solid solutions a, in which the copper comes to be dissolved 

to the amount of 7.79b and forms a series of ternar;y solid solutions 
also named a. The binary solid solut;on a reacts also with the melt 
at 71 o O along th~ horizontal line dB, where the binary peritectic re­
action, Liq +a~~' comes to proceed. This reaction is prolonged to 
the ternary melt, the temperature of ,vhich is depressed to 670° with 

the increase in the copper added. This relation is represented by the 
curve BE alo:1g which a, ~ and the melt are in equilibrium. The 
bim.ry eutectic curve CE and the peritectical line BE vanish at a 

point E: which was found to lie at 61.7% Ag, 15?1a Cu and 23 3?0 
Zn by combining a point d in the 20 ?lo Zn-section and another point 
d in 70 91a Ag-section, as will be described afterwards. The curve Eb 
is a boundary line between a surface abECa showing the binary 
eutectic reaction and a surface EbdBE showing the binary peritectic 
reaction. 

The microstructure of the binary eutectic field is easily to be 
distinguished from that of the binary peritectic field in so far as they 

are mutually remote from the line bE Cp. Photo 4: (a+Eutec.) and 
Photo ro: (a+~). Closer to the curve bE, both structures become so much 
more similar, that it is practically impossible for them to be discriminat­

ed, although cooling curves given in the 20 9o Zn-section show clearly 
the existence of such differences. The fields recognizable at ordinary 

temperatures arc therefore as follows : 

2 

3 

a' b' d' A' a' : the structure being 
a' b' E 1 C' a' : the structure being 
b' E' B' d' b' : the structure being 

a 
a+eutec. 

a+~ 

4 30 9& Zn-Section 

The alloys shown in Tab. 4 were used for the investigation of 
the 3091a Zn-section, the results of ,,:hich arc given in the s::i.rnc table. 
The sectional diagram, Fig . .5, is drawn on the basis of the data just 
given. 

The liqnidus consists of two parts, of which AC stands for the 
sep:tration of a, and BC for that of f The solidus consists also of 
several branches, of which: r) aa' stands for the complete cry-
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Tab. 4 

Alloy Wt.-% oc 
No. 

~I~ Zn L" 'd I S I'd Ip . . IT:an,for-1qm ns o I us entect,c, f 
I ma wn 

35 - 70 30 948 913 -
36 2 68 ,, 936 900 -
37 5 65 " 920 680 -
38 IO 60 

" 896 676 -

39 20 50 " 835 674 -
40 24 46 " 815 673 -
41 25 45 " 

810 671 -
42 27 43 ., 800 -- 775 
43 30 40 ,, 780 - 765 

44 35 35 ,, 750 - 743 
45 40 30 " 725 722 -
46 50 20 " 684 675 -
47 60; IO ,, 68'.l 675 -
48 65 I 5 " 690 682 -

49 70 - ,, 709 705 --

curves obtained with the alloys 
containing below 5 fo Cu. 

5 35 9b Zn-Section 

The alloys given in Tab. 5 
were used for the investigation of 
the 35 ?b Zn-section, the results of 
which are given in the column 
following the composition of the 
alloys in the same table. 

I 
I 

-
-
-
-
-
-
-
-
-
-
-
--
-
241 
242 

•c 
/Oo "A 

a.~ 
0 

oo 
a( 

0 

00 

0 

stallization of a ; 2) ti' b' 
stands for that of the 
binary eutectic a+ a ; 3) 
be stands for that of the 
binary complex a+ /3 due 
to the peritectic reaction 
Liq. + a~Liq. + /3 in the 
Cu-Zn system. 

The segregation of 
a from /3 takes place 
along the curve c' d due 
to the decrease in solu­
bility on the temperature 
being lowered. The 
curve gh corresponds to 
the transformation of /3 
into /3', which is percep­
tible through the cooling 

Fig. 5 
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The sectional diagram, Fig. 6, 

is drawn on the basis of these 
data. 

i<. JffULo. 
I : .. ·f f 

The binary peritectic reaction, 
Liq.+ a~Liq. + /1, in the copper­
zinc system is continued in the 
ternary system, in consequence of 

3D 
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which p is separated along the curve aC, the point C being at 1 7 ?b 
Ag, 35 91a Zn and 48 ?lo Cu, where the three plnses a, /3 and the melt 
arc in equilibrium. The curve a'a'' shows the solubility of /3 in a as 
was determined by the quenching method. 
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Tab. 5 

Alloy 
oc 

No. 
Wt.-% I 

Ag Cu Zn Liquirlus So!irlus Peritectic 
C I --~ - -

50 - 65 3.5 910 - 891 

51 5 60 
" 885 - 8iO 

52 IO 55 " 
860 - 850 

5~ 15 50 " 8.B 828 829 

54 20 45 " 
808 800 -

55 30 35 760 75 1 -" 
56 40 25 " 710 700 -
57 50 15 " 684 675 -
58 60 5 689 681 -" 
59 63 2 

" 697 689 -
6o 65 - " 705 700 -

-

though no such breaks could be 
observed in the author's cooling 
curves. 

7 45 % Zn-Section and 50 9{i 

Zn-Section 

The compositions of the alloys 
and their thermal data with regard 
to these two sections are given in 
Tables 7 and 8. 

The sectional diagrams, Figs. 
8 and 9 arc drawn on the basis 
of these data. 

Transfor-
mation 

~ 

-
-
-
-
-
-
-
-
-
245 
240 

------ -

cA 
0 

Q~ 

Bo 0 

D 

60 0 

0 

.!oo 

0 

6 40 °lo Zn-Section 

The alloys used arc 
given in Tab. 6, in which 
the results of the thermal 
analysis are co-tabulated. 

The sectional dia­
gram drawn on the basis 
of these data is shown 
in Fig. 7, where the 
dotted lines cd and c1 d' 
are provisionally drawn 
to show the transformat­

ion, p-/31-+/32 in the 
binary Cu-Zn system, 

Fig. 6 

~ 
.:\ ·~ 

~ E 

\· - ·, .. 

. .. 
.., The changes in solubility on 

the temperatures being lowered 
are represented by cd with respect 

i-- C-- a.c 
a" 

Jo .,.o ~0~7, 6~ 

to the segregation of (} from /3 in ..J-5 ?b Zn-section and (i' SS' with 
respect to that of r from /3 in 50 96 Zn-section. 

8 55 9{i Zn-Section 

The alloys used and their thermal data are given in Tab. 9, on 
the basis of which the sectional diagram, Fig. 10, is drawn. 

The liquid us AC and the solidus aS represent the separation of /3, 
while the liquidus BC and the solidus bS show that of r- The solidus 
be is due to the peritectic reaction, Liq.+ 0-;:_e, belonging to the Ag-
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Tab. 6 

Alloy Wt.-Yo oc 
No. 

Ag C,1 Zn Liquidus Solidus ]Trn!1sfor- Tra?sfor-
mat10n I rnatwn 2 --- ---- ---

6r - 60 40 890 884 460? 
62 5 55 " 870 862 -
63 IO 50 " 849 842 -
64 20 40 " 797 788 -
65 30 30 " 749 739 -
g6 40 20 

" 7°5 697 -
67 50 Io 

" 
684 678 -

68 55 5 " 689 781 264 
86 60 - " 695 585 260 

easily to be determined. The changes 

in solubility on the temperatures being 

lmvered are represented by a' S ,vith 

respect to the separation of r from J3 

and S S' with respect to that of /1 from 

-
-
-
-
-
-
-
-
-

"C 
y,,,, 

teo 

600 

r- The saturating-point of r in /1 is ~00 

shown by S, a point with the concentra­

tion of 5?b Ag, 55?i> Zn and 4o?i> Cu. 

Tab. 7 

Wt.-¾ 

800 

oc 

A 

Zn system, while the 

curve SC refers to the 

separation of r due to the 

per;tectic reaction, Liq. 

+J3~Liq. +r, in the Cu­
Zn system. The solid 

solution fJ becomes iden­

tical to r when the 

amount of copper attains 

a definite µroportion 

which is however not 

Fig 7. 

~ r4..· -•It 

:\ "' ~ B 

.:..j_ ·' 
.. 

~.-,.<J.,., f 
....p,_ 

,. -~ ,, 
,,_-

d0 •• .. 

Alloy 
No. Ag Cu Zn Liquidus Solidus Transfor-1Transfor-

mation Imation 2 ----- - - --- ---
70 - 55 45 883 8i3 471 460? 
71 5 50 " 860 852 - -
72 IO 45 ,, 837 827 - -
73 21 35 " 785 777 - -
74 30 25 " 733 724 - -
75 40 15 " 697 687 - -
76 50 5 " 678 672 - -
77 52 3 " 677 671 263 -
78 55 - " 679 670 261 -
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Tab. 8 

Alloy 
Wt.-'}{, oc 

No. Ag Cu Zn Liquidus Solidus Trnmfor- Transfor::-
mation l mation 2 ---- - -

79 - 50 50 868 862 . 471 460 
80 5 45 " 845 833 - -
81 IO 40 " 

820 805 - -
82 20 30 ,, 772 756 - -
83 30 20 

" 716 7°5 - -
84 40 IO 

" 
681 673 - -

85 50 - " 
668 656 - -

Fig. 8 Fig. 9 
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Tab. 9 Fig. 10 

Alloy Wt.-% oc 
No. Ag Cu Zn Liqnidus Solidus Peritectic 
------

86 - 45 55 853 841 -

87 2 43 ,, 831 825 -
88 5 40 " 825 808 -

89 IO 35 " 
800 783 79° >Do 

<JO 15 30 " 775 757 762 f' 1' r 
91 20 25 " 75° 735 745 't<>o 

92 23 22 
" 735 717 732 

:loo 
93 30 I 5 ,, 7°3 680 -
94 40 5 " 

66z 630 - .too 

95 43 2 
" 657 633 -

96 45 - " 655 635 - 0 Zo .ro 0 s 

--~-·- - - '<t.•J,A' 
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9 The Equilibrium-Diagram for 0-55 % Zn including 
the Copper-rich Side 

The thermal analysis as well as the quenching method was used 
m order to establish this equilibrium, as a results of which the diagram, 
Fig. 11, was drawn. 

The surface ABSEA represents the liquidus of a and the surface 
ab'SEa, the solrdus of a binary eutectic a+a. 

The copper-rich solid solut;on in the Cu-Zn system dissolves silver 
to the extent of 5.5 ?la and produces a ternary solid solution a, the 
solidus of which is represented by the surface Acbb' c' aA. 

The horizontal line bB stands for the peritectic reaction, Liq.+ 
a!=Liq. + /3, at 890° in the Cu-Zn system. The temperature of 

Fig. 11 

' I 
I 
I 

~ 
i' 

' ' , (, ' , ,, 
I • ,' I 

, t / I 

~ ... ~✓ t ~I 1 ~ !",, 1 

,(, I I 1 l' II 'I , ",f I ~=,._, ~,\" ,tL 
/~/ I ✓,,' 

I I , 1I / / ,:'(-~I 

the reaction is 
depressed on the 
addition of silver, 
as it finally at­
tains the posit­
ion of a point F 
on a curve BF 
representing the 
peritectical re­
action due to the 
Cu-Zn system, 
as the following 
equation shows:­
Liq. +a~Liq. + 
/3. This line 
vanishes at about 
38 % Ag, 32 ~6 
Zn and 30 ?6 Cu, 
where /3 dissolves 
a completely, as 
the surface bB-
Fq shows. 

The surface 
dd' o' od is a solu­
bility surface of 
/3 in a originating 
from the curve 

dd' in the Cu-Zn system. This fact is confirmed by the following 
experiment :-An alloy of .5 % Ag, 40 ?6 Z~ and 55 ?6 Cu, quenched 
at 600 °, was seen to have a bistructure consisting of a+ /3 (Photo I 3), 
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while, when quenched at 82::>°, it becomes homogeneous: (Photo q). 
The solid solution (3 becomes saturated with a along the curve do, 
which corresponds to the point d in the Cu-Zn system. The liquidus 
of f1 is shown by SBCH and the solidus by S qodcP, but they extend 
so much further that they can not completely be drawn within the 
space occupied by Fig. 1 1. 

The horizontal line cC represents the peritectic reaction in the 
Cu-Zn system at 830°: Liq.+ f1~Liq. +r. Its temp2rati1re falls on the 
silver being increased, as shown by the curve Cfl This peritectical 
line vanishes at about 36 ?1a Ag, I 3 ?i> Cu and 5 I ?1a Zn, where all comes 
to be dissolved in /1, as the surface cc-1IP shows. The r, which is 
produced by this reaction, solidifies at the surface cl{LPc: Cp. Photo 
22. The solid solution /3 segregates r along the surface cc'P'Pc on the 
temperature being lowered, due to the decrease in solubility. An 
alloy with 2 ?b Ag, 55 9b Zn and 43 ?i> Cu, when quenched at 600° 
shows the structure (3+r: Cp. Photo 20. vVhen quenched however 
at 820°, it turns homogeneous (=r), as may be seen from Photo 21. 

The /1 is segregated from r along the surface cf lf1Pc due to the 
decrease in solubility on the temperature being lowered. Thus, we 
get in this corner six fields at room temperature : 

a'C11b"qA'a': the structure being a 
2 a' c" b" S' E' a' : the structure being a t-- eutec. 
3 vb" d' 0 1 q' b" V: the structure being a + f1 
4 S' q' o' d' c' P' : the structure being /1 
5 e' P' lf:fj' c' : the structure being /1 + r 
6 Mj' I<L : the structure being r 

10 60 91a Zn-Section 

The composition of the alloys used and their thermal data arc 
given in Tab. 1 o. 

Alloy 
No. 

Wt.-% 

Ag I Cu Zn Liquidus 

~-=-40 ~ ~ 
98 2 38 " 830 
99 5 35 ,, 815 

!00 7 33 " 803 
IOI IO 30 ,, 785 
102 20 20 " 729 
103 25 IS ,, jOO 

!04 28 12 " 685 
!05 29 II ,, 680 
106 30 IO ,, 675 
!07 32 8 ,, 664 
!08 35 s " 65o 

Tab. 10 

Solidus 

825 
817 
Sor 
788 
ii7 
7°5 
660 
635 
6II 
6ro 

628 

oc 
Peritectic 'Seperation of e 

or y from o 
830 
826 
808 

627 
623 
622 

EutectoidJI 
transformation 

562? 

!09 40 ,, 637 - 636 ----~-------~~-~---~-~--'--------'-----~ 
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The sectional diagram drawn on the basis of the data is given in 
Fig. 12, where the liquidus AC stands for the separation of (1, and 

Fig. 12 BC for that of r- There take place two 
't 

,· ~-ot--+-.,.-1-------i.~r ---.j 

~•t--------t--+---W.--~ 

Soot--------t------+---+i;--~ 

binary peritectic reactions belonging to the 
Cu-Zn system, one of which is Liq.+ (1~Liq. 
+r, and as its result r is separated along 
the curve DC, while the other is Liq.+r~ 
Liq.+ a, and as its result a is separated along 
the curve be. There takes place also in the 
Ag-Zn system a peritectic reaction:- Liq.+ 
O~e, e of which is separated along the curve 
Be. The crystallization of r takes place along 
the solidus ab, that of a along a'g- and that 
of the binary complex r + e due to the binary 
peritectic reaction, Liq.+ O~e, in the Ag-Zn 
system alongBc. The curve of corresponds 
to the s0paration of r from a, and the curve 

dr: shows the eutectoidal transformation, J~r+e, in the Cu-Zn system. 

11 65 fo Zn-Section 

The alloys used and their thermal data are given in Tab. 1 1. 

Alloy 
No. 

Tab. 11 

Wt.-;¼ oc 

g u n 1qm us . o 1 m t· t· f , 
Eutectoidal 

transformation A C Z L . •a I S l"d Peritec- [ Peritec-1 Separ,1tion Lf y 
1c l [ ·c 2 or e rom o 

--l-I0-
1 

- 35 65 ~ ~ - ----1------=--1·---=._:--l---_---

II2 

113 

I 14 

115 

116 

117 

118 

120 

121 

122 

5 30 

Io 25 ' ,, 

15 20 

20 15 

22.5: 12.5. " 

25 IO 

26 

27 
9 
8 

800 no - - I -
I 

768 

627 
612 

611 

623 
622 

621 

624 

595 

595 

' 

595 

57°? 

57°? 

I 

On tlw basis of these data, the sectional diagram, Fig. 13, is drawn, 
in which the liquidus AC stands for tho separation of r and BC for 
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Fig. 13 

I 
•• ••• I 

I 

ho,_-~f---1--+-----c!--+-~ 

that of e. The solidus 111axhbCn consists of 
several branches, of which ma stands for the 
solidification of r ; ag for that of o ; gh for 
the binary peritectic rmction, Liq. +o~e, in 
the Cu-Zn system ; CJ1 for the solidification 
of e; and bC for that of the binary complex 
r + e due to the binary perit0ctic reaction, 
Liq.+ O~e. in the Ag-Zn system. The curve 
de results from the eutectoidal transformation, 
o~r + e, in the Cu-Zn system. The curve of 
corresponds to tlw separation of r and the 
cun·c gf to that of e from o. The thn·c 
phases r, o and e arc in equilibrium at the 
point f. 

12. 7090 Zn-Section · 

The alloys takc-n and thc-ir thermal data arc giYc-n in Tab. r 2. 

Tab 12 

Wt.-% 
Alloy 
N"o. ~ ·~ L' 'd , Ii S I'd -1 Peritec-1 Peritec- .1 Separation of -y 

1

1 Et1tectoidal 
---,~ _u_j~n ~ ~ ~ tic 2 or • from o transformation 

30 • ;o 800 i 695 I I 600? I 556 123 

124 

125 

126 

3 2j i j80 67i 690 
1 

I 587 II 557 

5 25 • ;65 665 682 580? 558 

12; 

128 

IO 20 ! ,, 

12.5 17.5' 

15 15 

73° 
710 

685 

129 18 12 657 I 

130 20 Io j 637 

625 

597 

I 31 22.5 7.5 627 596 

132 25 I 5 619 591 

595 

596 

594 

133 27.5 z.5 619 590 

-~4_~l__-____ 6_19 ___ -_,8_3 ____ _ 

57° I 559 

594 

The sectional diagram is drawn in Fig. r 4. It is quite similar to 
the previous diagram, except the µart /.;hit', along which e is separated 
due to the reaction, Liq.+ o~Liq. + e, in the- Cu-Zn system. The- data 
from the- cooling curves were however not sufficic-nt to fix the part hi.-, 
and thcrc·forc it is now provisionally shown with dotted lines. 
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Fig. 14 13 759b Zn-Section 

The alloys taken and their thermal data are 
given in Tab. 13, and the sectional diagram drawn 
on the basis of these data is given in Fig. 15. 

... 1-----t---~-i 

too\-----4--11------1 

The liquidus AC corresponds to the separat­
ion of r, CD to that of a, and BD to that of e. 

The solidus consists of two branches of which a'g­
stands for a and ffll for e. The a is separated 
along the curve aC due to the binary pcritcctic 
reaction, Liq.+ (~.Liq.+ a, in the Cu-Zn system. 
The point C lif-s at IO% Ag, 7 5 91; Zn and 1 5 91; 
Cu, where the three phases r- a and the melt an~ 
in equilibrium. Along the curve g-D, e is separat­
ed due to the binary peritectic reaction, Liq.+ a 

Tab. 13 

Wt.-% 1------------oc~----------Alloy -
No. I I I P<;ritec II P~ritec- Separation of, I Eutectoidal 

___ ,_A_g __ c_u __ z_n_l_L-iq_u_id_u_s l_s_o_Ii-dt-1S- ~-~ - l_t1_c_2_ l __ r_ro_n_1 _o __ : __ tr_a_ns_fo_r_m_a_ti_o_n 

135 

136 
I - 2s ;s 750 I 650 69s 1 -

! 2 2~ ,, I 742 1 6r5 

I 

5 20 

i-5 r7.5 " 

IO IS " 

IS 

20 

IO 

5 
I 2 5 -

675 
630 

592 

597 

600 

5c;8 

593 
585 

57° 
536 I 

691 
683 
680 

672 595 

595 

575? 

575 
576 

~Liq.+ e, in the Cu-Zn system. The point C lies 
at 189b Ag, 7.591; Zn and 7% Cu, where the thrc0 
phases r, e and the melt arc in equilibrium. The 
curve .fff shows the separation of e from a, while 
the dr has the same meaning as given in the previous 
section. 

14 80 9{i Zn-Section 

Th0 alloys used and the thermal data are given 
in Tab. 14, and the sectional diagram is shown in 
Fig. 16. 

This section is so similar to the previous one 
that it needs no more explanation. 

556 
556 

557 

558 

Fig. 15 

Joo t---tt---+--t 

:too t-----tt----1---+ 
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Fig. 16 Tab. 14 

Alloy Wt.-% oc 
No. Ag Cu I Zn Liquidus I Solidus I Peri tectic 

---

I 
I I 

143 - 20 
I 

80 700 580 .590 

144 2.5 I 7,5 
I 

I/ 685 581 591 
f'i>Ol--o------<>-">------i 

145 5 I 5 I/ 660 584 .593 
loo 1--------1----< 

.to O f----------1----< 

146 IO IO I/ 610 58.5 596 
' I 147 

I 

15 5 I/ .575 I 532 -
I 

148 20 - I I/ 57° 
I 

435 
I 

-I 

I ----·- --

16 98 ~ a Zn-Section 

The alloys taken and the thermal data arc given in Tab. 1 5, and 

the SPctional diagram is given in Fig. 1 7. 

Fig. 17 

to 

Soo 

• • ,, -, Vft ,.~7 

Alloy 
No. 

149 

150 

1.51 

I 52 

1.53 

Ag 

--

2.5 

.5 

I 
IO 

15 
I 

Tab. 16 

Wt.-% oc 

Cu I Zn Liquid us j Solidus jPeritectic 1[ Per:tectic 2 
-------! I I ~-- -

15 85 647 

12.5 
" 

620 
i 

480 59° 

480 592 -

IO 
" .595 - 592 426 

s " 557 

- " 544 

- -
- -

I 

428 

480 
------- ----- - --- ------

This section differs from the pn·vious only in the part bed, where 
e solidifies along be and r; is separated along ed due to thP binary 
peritPctic reaction, Liq.+ e-;:,.r;, in the Cu-Zn system. 

16 90~» Zn-Section 

ThP alloys taken and thP tlwrrnal data arc giwn in Tab. 16. and 
the sectional diagram is as shown in Fig. 18. 

The curve AB represents thP liquidus of e, and ab the curve of 

separation of r/ due to the binary peritectic reaction : Liq.+ e-;:,.r;'. 
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Fig. 18 Tab. 16 

Alloy Wt.-% oc 
No. 

Ag Cu Zn Liquidus Peritectic 
---------

154 - JO 90 570 422 
155 2.5 7.5 90 55° 424 
156 5 5 90 53° 426 
157 7.5 2.5 90 515 428 
158 IO - 90 501 43° 

17 The Zinc Comer 

In order to ('stablish this cornC"r-diagram, the cooling curves as 

Fig. 19 
well as the quenching 
data were used, as a 
result of which we have 
got the one givC'n in Fig. 

The horizontal l inc 
AB r£>fcrs to tlw pcritc-ct­
ic reaction, Liq.+r~Liq. 
+a, in the Cu-Zn system 
at 695°. The tempcraturc 
of this re-action is dcpn'ss­
ed by the addition of 
silver from 69:')° to 620°, 
in accordance with which 
the curve BC makes its 
appearance to r0pr0scnt 
the ternary peritC'ctical 

reaction. The horizontal 
line J) T rcprC"s0nts tlw 
binary pC'ritcctic reaction, 
Liq. + O~e, in the Ag-Zn 
system at 636°. Th0 t0m­
pcraturc is tlwn d0prcss0d 
to 620° by the addition 

of coppcr. tlw relation of which is traced by the Cllr\'(' nc. An alloy 
with 28 ?o Ag, 65 ?o Zn and 7 ?o Cu, which is a point in tlw Cllr\"C 



Shuzo Useo 

DC, was quenchl'd at .550°, the structure of which is r+c, as shown 
in Photo 28. Thl:'sc two peritcctical lines BC and DC meet at a point 
C with 2 6 ~6 Ag, 7 ~6 Cu and 6 7 ~ o Zn, which is the point of inter­
section of the peritectical line BCD and the curve BC connecting a 
point d in the 60% Zn and another d in the 6.5 ?6 Zn-section. Tlw 
surface ABCFA corresponds to the former reaction and the surface 
CFTDC to the latter, while the surface BGmcB is the liquidus of iJ. 

The horizontal line r·G shows the peritectic rl:'action, Liq.+ iJ~Liq. 
+ c, in the Cu-Zn system at 590°, the temperature being raiseJ to 
596° with the incrmse in copp0r. The ternary peritectical line on th0 
addition of silv0r is given by Gm, which fades away near the point 

of 22 ~o Ag, 5 ?6 Cu and 7 3 ~1> Zn. This reaction is shown by tho 
surface rGmhr, in which r:folzr· is the solidus of the binary complox 
i3 + c an-:1 .fGmo.f is the surface of the liquid which will solidify with 
the surface of .fpqof on the temperature being loworod. 

The surface AdzFA is the solidus of the ternary i3 which, being 
unstable, splits up on the one hand into r on the surface abdca, and 
on the other into c on the surface rbdflr. As to the field for the 
separation of r from iJ, an alloy with 6'70 Ag, 70'70 Zn and 24~0 Cu, 
quenched at 625°, becomes homogeneous (=iJ) as Photo 29 shows, but 
quenched at 56 5 ° it becomes heterogeneous ( =o + r) as Photo 30 shows. 
As to the separation of C from a' an alloy with 2 2 'jo Ag' 6 5 % Zn 
and I 3 9o Cu, lvhen quC'nchcd at 600° shows the a-structure (Photo 
26), but when quenched at 565°, it turns heterogeneous (Phot 27: 
a+c). 

The horizontal line a'f' shows the eutectoidal reaction,o~ r +c, in 
the Cu-Zn system at 555° the temperature being raised to 562° with 
the increase in silver as shown by the curve bd. Though the lin0 
a'.f corresponds to a nonvariant reaction in the Cu-Zn system, the 
curve bd in the ternary system does not, there being only the three 
phases a, r and c in equilibrium. The surface a'.f nga' corresponds to 
the binary eutcctoidal : the structure under the surface consists there­
fore of r+c: sec Photos 31 and 34. The surface GRSDCmG is the 
liquid us of c, and f PqDCo.f is its solidus. 

The horizontal line PR shows the binary peritectic reaction, Liq. 
+c~7,1, in the Cu-Zn system at 423°, while the horizontal lin~ qS 
shows the binary peritectic reaction, Liq.+ c~7,1, in the Ag-Zn system 
at -1-30°. The temperature of the former reaction is raised by the 
addition of silver, while that of the latter is lowered by the addition 
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of copper, so that both the ternary reactions will be united at the 
temperatures between 423° and 430°. These binary pcritectic reactions 
going on in the ternary system are shown by the surface PQSRP. 
The equilibrium between three phases, e, r; and the melt, is shown by 
the curve RS. The alloys at the zinc corner limited by a line con­
necting 4 ~o Ag in the Ag-Zn and 1.4 ~{, Cu in the Cu-Zn, must there­
fore form a homogeneous field (r;). In so far as this is concerned, we 
come to have four parts there at room temperatures : 

1) a"f 'D' T' a" : structure, r + e 
2) f"P'q'D'f": structure, e 

3) Pq'S'R'P': structure, e+r; 
4) R'S' I<' : structure, r; 

18 £0~~ Ag-Section 

The alloys, and the thermal data are given in Tab. 17 and tho 
sectional diagram in Fig. 20. 

Fig. 20 Tab. 17 

Alloy Wt.-% oc 

~~[~~ Liquidus Solidus 

159 90 IO - 875 iiS 

160 ,, 7.5 2.5 873 74° 

161 ,. 6 4 871 727 

162 
" 5 s 870 805 

163 ,, I 2.5 I 7.5 868 830 

Jo• 34 I Io 86.5 845 " I 
-

I 
->vvt-1.l.. 

In this section there occurs crystallization, AB standing for the 
liquidus of the solid solution a, ab for the solidus of the binary eutectic 

a+ a, and cbc' for that of a. 

19 80 ~{, Ag-Section 

Alloys and thermal data, and the diagram are given in Tab. 18 

and in Fig. 2 r. 
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Fig. 21 Tab. 18 
°CA 

80<> Alloy Wt.-_% oc 

'loo 
No. Ag I Cu I Zn Liquidus SolidtB 

-------
i 

600 

t;oo 

f<>v 

164 So i 20 - 807 776 
I 

165 " 

I 

15 5 797 728 

166 
" 

IO IO 785 6q5 

~ .. 16~ " I 
5 15 777 712 

16 ! - 20 772 725 " i 

Exactly the same explanation applif's here as in tlw previous section. 

20 70~<7 Ag-Section 

The alloys and the thC'rmal data are givC'n in Tab. I 9 and tlw 
diagram, in Fig. 22. 

Fig. 22 Tab. 10 

Alloy Wt.-_% oc 
No. Ag C,1 Zn Liqnidns S l" d j p . . I Trans-o 1 u, entect1c f . ormat10n -------, .. d 168 70 30 - 785 777 - -

Goo 

! a.•f I 
I ... 

169 
" 25 5 760 740 - -

12 
" 

20 IO 740 714 - -

170 " 15 15 726 - 688 -

1oo 31 " 
IO 20 720 - 680 -

: 
r -- I 71 " 5 25 712 - 700 -,,,. I 

172 ,. 2 28 7IO j07 - 240 

0 4') " 
- 30 709 7o5 - 242 

-+Wt.1, L.,_ -- -

AC is the liquidus of a, BC that of fl, ab the' solidus for the binary 

eutectic a+ a, Cc that for fl, and bC that for the binary complex a+ fl. 
The curve Cd shows tlw segregation of a from fl. 

21 6090 Ag-Section 

The alloys and thermal data arc givC'n in Tab. 20 and tlw diagram 
in Fig. 23. 
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Tab. 20 

Alloy Wt.-% oc 
~ ~ f ..... jf No. 

Ag I Cu I Zn Liquidm Solidus Trans-
formation 

• • f • 
~ .. 

600 173 60 40 - 815 776 -

IO 
" 30 IO 735 725 -

.,_.' f • 
27 

" 
20 20 681 680 -

1 74 " 17 23 672 670 -

I 75 " 13 27 675 671 -
Joo 

---- 47 " 
IO 30 680 675 -

.too 58 " 5 35 689 681 262 

69 " 
- 40 695 685 26o 

0 . 0 ? 

The liquidus is represented by AbCB, in which Abe is for a, and 
BC for fl The solidus consists of two branches, of which abc is for 
the binary eutectic a+a and cd for /3. At the point b there arc three 
phases in equilibrium, i. e. a, /3 and the melt, just as described in 
connection with the 20 ?17 Zn-section. 

22 50 ?17 Ag and 40 ?17 Ag-Sections 

The compos;tions of the alloys and the thermal data of these two 
sections are given in Tables 2 1, and 2 2. 

Tab. 21 Tab. 22 

Alloy Wt.-% oc 
Alloy Wt.-% oc 

No. Ag Cu Zn Liquidus Solidus 
No. Ag Cu Zn Liquidus Solidus 1Peritectic 

I ·-- - -- - ----- ---
176 50 50 - 851 776 178 40 60 - 887 776 -

8 
" 50 IO 84.5 728 -

9 " 40 10 79.5 727 24 " 40 20 790 684 -
25 " 30 20 742 688 179 " 32 28 735 - -

177 " 25 25 7°3 673 45 " 30 30 725 722 -

46 " 
20 30 684 675 

56 " 25 35 710 700 -
66 

" 
20 40 705 697 --

57 " 15 35 684 675 75 ,. 15 45 697 687 -

67 ,, IO 40 68,i 678 84 " 
IO so 681 673 -

76 " 5 45 678 672 
94 ,, 5 55 662 630 -

180 " 
2 ss 645 - 635 

85 " 
- 50 668 656 109 " - 60 637 - 636 
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The sectional diagrams. Fig. 24 and 25, arc drawn on the basis of 
these data. 

'c , .. 

• 
500 

So 0 

0 

Fig. 24 

A. 

"-
~ -~ '-...c fi'""'/f D r--... 

-, b ....., 

ol. ➔ < H i,Jio f 

• •• . , 
._ wr.-1. z,,. 

Fig. 25 

lcot---t--+-++---+--...-+-1 

:ic, r---+----+-+---+ 
I 

__ J 
() '7°C SC 

----)W"t .•J • .Zn 

The same explanation applies here as given in the previous section 
except only that there is a new, curve dB in the 409~ Zn-section, 
along which e is separated, due to the binary pcritectic reaction, 
Liq. +O~e, in the Ag-Zn system. 

23 30 % Ag-Section 

The alloys and the thermal data arc given in Tab. 2 3 and the 

Fig. 26 

•c A 

----oo 
"----,. "" ~ 

-t Wit, J t 
~~ 

-P~""'e. 
r--... ~-:. ~ 

700 ---.:b' ~. 

<oo 

t'oo 

,J.t~ h ~ .twu, 

·~ ' loo 

. 
•• . 

diagram in Fig. 26. 

l 

(, t"')o;.t/t 

:) 

The liquidus consists of frour 
branches, of which AB is for a, 

BC for {1, CD for r, and DE for 
e. The solidus consists also of 
several branches, of which ab' 
is for the solidification of the 

:;)~ft "''"-e.lt 
E binary eutectic a +a, bS for that 

I "' '~-
I 

' I 

I 

r iJ. 
I 

t I 
I 

' . 
E 

,o 

of the binary complex a+ f1 due 
to the binary peritcctic reaction, 
Liq. +a~/1, in the Cu-Zn system, 
Ss for {1, sd for r, Pq for a, 
and hd for the binary peritectic 
reaction, Liq. +O~e, in the Ag­
Zn system. Along sC, r is 
separated due to the binary 
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Tab. 23 

Alloy Wt.-% oc 
No. Ag I Cll Zn Liquidus Solidus Peritectic Separation I Eutectoi~al 

of e from o transfom,,t10n 
I 

181 30 I 70 - 934 776 - ·- -

7 " 
60 IO 999 734 - - -

23 " 50 20 844 689 - - -

182 
" 42 28 785 673 - - -

43 " 40 30 780 - 765 - -

183 " 38 32 767 - 765 - -

55 " 35 35 76o 75 1 - - -
65 " 30 40 749 739 - - -

74 " 25 45 733 724 - - -
83 " 

20 50 716 - 7°5 - -

184 " 
18 52 710 702 7°4 - -

93 " 15 55 703 680 - - -
185 " 

II 59 682 645 - - -
106 " 

IO 60 675 610 623 590? 562? 

186 
" 7 63 . 650 - 625 - -

187 " 
6 64 647 - 632 - -

120 
" 5 65 630 627 - - -

188 
" 3 67 629 600 - - -

134 
I - 70 619 583 - -" I -

pcritectic reaction, Liq.+ µ~Liq.+ r- Along gn, the binary complex 
r + e is separated due to the binary cutcctoidal transformation in the 
Cu-Zn system. Lastly, r is separated from a along the curve fl. 

24 20% Ag and 10% Ag-Sections 

The compositions of the alloys and the thermal data of these two 
sections arc given in Tables 24 and 25. 

The sectional diagrams, Figs. 27 and 28, arc drawn on the basis 
of these data. 

These two sections differ from the 30 9b Ag-section in the follov,ring 
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Tab. 24 

Alloy Wt.-% oc 
No. Ag Cn Zn Liqnidus Solidus Pcritectic I Peritecti.: 2 

Separation of Entdctoidal 
1l or, from 1l transformation 

----- --
189 20 80 .. 970 777 - - - --

6 
" 

jO IO 948 735 - -- - -
22 

" 
60 20 900 693 - - -- -

39 " 50 30 835 674 - -- ·- -
l')O 

" 48 32 824 - 810 - - -
191 " 47 33 817 - 808 - - -
54 " 45 35 808 800 - - - -
64 " 40 40 797 788 - - - --
73 " 35 45 785 777 - - - -
82 

" 30 50 772 756 - - - -
192 " 

28 52 762 749 751 - - -
193 " 

26 54 752 740 748 - - -
91 " 25 55 75° 735 745 - - -

102 
" 

20 60 729 705 - - - -
194 " 

16 64 700 635 638 - 585 560 
114 " 15 65 694 627 640 - 570? 561 
195 " 13.5 66.5 680 610 640 - 588 560 
196 " 13 67 675 - 636 595 - 561 
130 " 

IO 70 637 - - 594 - -
141 " 5 75 592 570 - - - -
148 " 

- 80 57° 435 - - - -
---·-- -----~ - --------- -- ------

Tab. 25 

Alloy Wt.-% oc 
-·----No. Solidus IPeritectic Separation of Entectoidal Ag Cu Zn Liqnidus I Peritectic 2 • or y from ll transformation ----- -- -----

197 Io 90 - 1028 777 - - - ·-
5 " 

80 IO 999 734 - - - -
21 

" 
70 20 952 692 - - - -

38 " 
60 30 896 676 - - - ·-

198 
" 59 31 886 673 - - - -

199 " 57 33 872 - 853 - - -
52 " 55 35 860 - 850 - - --
63 " 50 40 849 842 - - - -
72 

" 45 45 837 827 - - - -
81 

" 40 50 820 805 - - - -
200 

" 
36 54 805 - 791 - - -

89 " 35 55 800 783 790 - - -
201 

" 33 57 795 785 ·- - -- -
IOI 

" 30 60 785 770 - - - -
I 12 

" 25 65 768 730 - - - -
202 

" 23 67 750 665 674 - 590 557 
203 

" 
22 68 742 650 674 - 580 556 

126 
" 

20 70 730 625 674 - 57° 557 
204 " 19 71 715 - 675 595 565 558 
205 " 17 73 690 - 674 595 - 558 
139 " 15 75 675 593 672 595 - -
146 " 

IO 80 610 585 - 596 -- -
152 

" 5 85 557 - 428 - - -
158 

" 
- 90 501 - 43° - - -
--------- --- ------ - --- --- ------ --

points : - o is solidified along de, r separated from o along ft, e 
separated from o along et, the binary complex r+ e separated along 
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Eig. 27 Fig. 28 
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gh due to the reaction, o~r +e, in the Cu-Zn system, and, lastly, e 
separated along eE due to the binary peritectic reaction, Liq.+ o~ 
Liq.+ e, in the Cu-Zn system. The difference between the 1 o ?lo Ag 
and the 20 ?o Ag-section is, that a new curve Pq appears here, which 
corresponds to the binary peritectic reaction : Liq.+ e~r;-

25 A Part of 1 90 Ag-Section 

Finally, a part of 1 9{; Ag-section was investigated in order to find 
out the relation of r; in equilibrium. The alloys and the thermal data, 

Fig. 29 
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Tab. 26 

co 

Zn LiquidusJ Solidus Pedteclic 

80 697 580 590 
85 640 480 591 
88 59° - 423 
90 565 - 423 
95 482 -- 424 
97 44° - 425 
98 425 424 -
99 425 419 -

y 
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and the diagram arc given in Tab. 26 and Fig. 29. 
The curve CD is the liquidus and Ce the solidus of 'J· At the 

point C, three phases e, 'J and the melt. are in equilibrium. 

Tab. 27 

Wt.-% 
oc Peritectic oc 

- Crystallization Tramfonnation 
Zn Liqnidus Solidus Peritectic in Sec. Trausfo11nation 

in Sec. 

IO 865 845 - - - -
15 822 780 - - - -
20 772 725 - - - --

22 760 - 710 20 - -
25 730 - 710 60 240 JO 

27 715 -- 7°9 80 241 20 

30 7°9 7°5 - - 242 70 

35 7°5 700 - - 240 150 
36 7°3 700 - - 240 160 

38 700 697 - - 250 130 
40 695 685 - - 26o 120 

42 689 686 - - 263 150 

43 687 684 - - 262 100 

45 679 670 - - 261 loo 

47 668 665 - - - -
50 668 656 -- - - -

55 655 - 635 20 - -
58 647 - 636 60 - -
60 637 - 636 100 - -
65 633 6I! - - - -
70 619 583 - -- -- -
75 597 536 - - - -
80 57° 435 - - - -
83 555 - 43° 20 - -

85 544 - 43 1 50 320? -

'JO 501 - 43° 90 320 -

95 447 42 5 43° 30 320 -

97 430 420 -

I 

- 320? --

99 42 5 419 - - -- -
------- -- -------- --- -- -- ------ --~ ---- -- ---

28 The Complete Equilibrium-Diagram 

With all the data above given, we were able to draw the iso-thermal 
(Fig. 30), the spatial (Fig. 3i), and the projection diagram (Fig. 32). 
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Fig. 32 

Cu, 

In Fig. 32, the foll lines refer to the field boundaries at ordinary 
temperatures, while the dotted lines r,cfer to those at higher temperatures. 

In conclusion, the author desires to express his indebtedness to 
Prof. Dr. M. Chikashige for his kind guidance and valuable advice 
during· the course of the investigation. 

Institute for Chemical Research, 
Imperial University, Kyoto. 



P11oto l. l0%Ag, 10%Zn 
rmcl 809uCn. x v;o. 

Photo ii, 3%A7, 109cZn 
nncl S7O(Cu. AnnwJcd 
nt GOOO for two day:::. 

x l ,,O. 

PJ10t.o fl, 8796Ag1 1096Zn 
nnrl Z9QC1 1. Amwnhicl nt 
f,000 fo1· 1 clay. X 150. 

PJ~~l~f :i~~oc:r~A8:l(~~Zf1~~1 
nt HOOO aft.er bcin~ kept 
nt t.hnt. t.empernt.ure for 
n few minnt.cs. xl::,O, 

l"l}rnt.o 17 4;~9/2Zn, 39tSC11 
nncl fi::9QA~. Qucnclled 
nt. GG-0° after bei 11g kept 
nt. that t.emp<\rn t.ure for 
30 minntes. x ttiO. 
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Photo 2, fi096Ag, 10%Zn 
nnd .J.09',Ctt x 1;30, 

Photo 6. 6%A~1 10,;zn 
nml 8-1%Cn. A1111<!nlc,1 
nt. 700J, X 150, 

Pho to 10. 709QAg, 2096211 
aml 1096Cu. X 150, 

Photo 14, The same 
n l Joy qu<mcluid nt S:?0° 
nft.cr l>ei ug J;:ept nt. t.hnt. 
tcrnr,cmt.nrc for n few 
m i nut.(.'S, x 150. 

Photo 7. 20%Ag:i:20%Zn 
O.H<l GO%Ctt. x 1.'"">0. 

Pl10t.o lii, 1096Ag, 4096Zn 
nml 509QCu. x Ir>O. 

Photo lf.l. fJ09'6Zn 1 2096AJ? 
n.ncl M96Cu, Qocnchccl 
n.t. G00V n.ftcr being kept 
n.t thnt t.mnpcrnt.urc for 
30 mirnttC!s. x l iiO, 

Phot.o 4, SOJQAg, lfl%7.n 
nncl 10 ;,~Cn . x mo. 

PJJnt11 12. :W96Ag, 40967.11 
rm<l :J096Co. x t:-.O. 

P J1ot.o to, .Ji>967.11 1 f.96Cu 
nucl ;3:.::96A::,,. Qnem:l1e1l 
nt. -1000 aft.er beil1g lrnJ>t. 
nt. t.hnt. tmnpcn.1.tnrc fot· 
:·me> minute::::. x l ;10, 

Photo ~O. ~96A.t?, 5;3967.11 
nncl 4396C11. Q1rnnchel1 
nt. Gf)O,:i a.ft.er btiiug kept 
nt. t.1int. t.einpernt.11r~ for 
:W mirnttcs . x 1.-,o 



Photo ~1. The snmc 
alloy quenched nt. 820.J 
after bci ng l;:ept at 
that tmnperat.nrc for 30 
mhmtes. xl50. 

PJ1nto 25. The snme 
alloy qucnclicd nt. riJ0° 
a.ft.er lwi11g kept at 
Um,t. temperature for 30 
mi1111te:--. xl30. 

Photo 2fl. G96AJ?. 7096Zn 
u.nrl 2..i9~Cn. Qt'1cncJ1cd 
:it. 6:!:i J n.ft.er being kept 
at that tcmi:crat.nrc for 
30 111itmt.es. 9.ol=W. 

Photo :l3. 'l')Jc s:i.nw 
a.Ilt1y quenched nt. GOIJ0 
n.ftcr lJci ng kept. nt 
that t.emreraturn fnr 30 
mirn1t.cs, xljO, 
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Photo 22. :mo6Ag, 5096Zn 
nrnl 2096Cu: x 1 .o. 

Phot.o 26. 2~9QAg, 6;j96Z11 
a.11d 1:39(7<.:11, Qne11cl1cd 
at. that c.empcratnre for 
30 rniuntcs, x 150, 

Photo 30. 'l'J1c Sf\lllC 
nlloy quenched at 5n;p 
n.ft.er bci 11g kept at 
thn.t temperature for 30 
tnilllllCS. Xl,iJ. 

llJioto 3-1. The same 
alloy quenched at SOJO 
after being kcipt at 
that temperature for :m 
mitmtcs. x l50, 

l'hot.o 2:l. :96C11, .5:"::96Z11 
awl -1:";96Ag. xlf>O. 

Phot.o Tl. The same 
1il IDy q11e11clwd at rm.1° 
aft.er l>ci11g kept at. 
that tcmr,crat.nrc for :iO 
niinut.c:,;;. x l;"Jl.l. 

Photo :u. The :;.-nme 
tll Joy quenched nt. 5UO-l 
aft.er being kept at. 
t.lmt. t.empcrnt.urc for 30 
minutes. x1.?0. 

P hoto :i;, 596Af!, S4.96Zn 
n11cl 1196C11. Quenched 
n.t. ti.10" X1Gfl. 

Pl1nto 2-t- l!i96A!!, 6~96Zn 
nnd 1!196C1.1. Q11c11ched 
at G100 after being kept 
at. tliat tmnpcmt.nre for 
au milmt~. x1;,o_ . 

Photo 28, 2~96Ag, (i5'?6Zn 
:i.ml 796Cn. Q11c11C1u~d 
at. 5:,0'-'. X 150, 

Photo 32. ll96Air, 'i096Zn 
arnl 1_!'l96Cn. Qnunchcd 
at S8.i0 drtt!r lHdng kept. 
:\t, t.hnt. temperature for 
30 mhmt.c..--s. X 1GO. 

Ilhoto !lfi. 9096Zn1 iJ%Ag 
and .-.9oc11. X 150, 

Phot.o 37. 196Ag, 496Cn Photo 313. 0,396Vn, 9fl96Zn Ill10t.o ::9. 1G96Ag, rn;96Zn 
and OJ96Zn, xl50, 0,796Ag. · XlOO aurl 1996Cu. Quenched 

at !.iSO:, aft.er being kept 
at. that h!mJ;cmt.ure for 
a few milmte'3. 


