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

By
Shizo Ueno

(Received October 23, 1929)

The ternary system of silver, copper and zinc seems not to have
been studied hitherto and therefore an attempt was made, as described
below, to fill in the blank.

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

For the copper and silver system, T. Hirose’s' equilibrium diagram,
and for the copper-zinc system, D. litsuka’s® 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 are 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 volatilization,
the silver was first fused under molten sodium chloride in a porcelain

1 Report of the Imperial Mint, Osaka, No. 1, T (1927)
2 These memoirs, VIIL, 180 (1925); Metallkunde 19, 396 (1927)
3 Zeits. Anorg. C, 165, 297 (1927)
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crucible, and while it was kept at temperatures a little higher than
its melting point, the zinc and the copper were thrown in piece by
The alloys thus prepared generally underwent

picce and well stirred.
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a very slight loss and were found on analysis to contain 0.3%—o0.5%

Zn short of the given compositions.
the alloys as shown in Table 1.

Tab. 1

Metals taken || Metals analysed || Loss of

in % in % Zn
Cu Ag Cu Ag in %
70 20 70.11 20.20 0.31
40 50 40,09 | 50.25 0.34
20 70 20,06 70.22 0.28
io 8o 10,02 80.16 0.18
70 10 70.31 10.04 0.35
10 70 10.04 70.36 0.40
60 10 60.38 10.04 0.42
50 20 50.20 | 20.08 0,28
40 30 40.22 30.17 0.39
30 40 30.20 40.28 0.48
20 50 27.15 50.37 0.52
10 60 1004 | 60.21 0.2§
55 5 55.30 5.03 0.33
50 10 50.29 10.060 0.35

The experiments werc made on

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 8 solid solution of the
Cu-Zn system unites with 8 of
the Ag-Zn system, and e of the
Cu-Zn'system with ¢ of the Ag-
Zn system, so that there arc
formed two wide homogeneous
fields, secluded by which there
would remain three heterogene-
ous fields in the triangular base.
Such a conception was confirm-
ced by further investigation, as
will be described later.
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. 1 (cnotinued)

Metals taken

’ Metals Analysed ! Loss of

in % in % Zn
Cu Ag Cu Ag in %
40 20 40.26 | 20.14 0.40
25 35 25.23 | 35.19 0.42
15 | 45 1519 | 45.28 0.47
5 1 55 509 | 5546 | o035
10 40 1004 | 40.16 0.20
35 i5 35.13 15.05 0.18
25 23 25.20 25.18 0.38
15 30 "’ 1509 | 3018 | 0.7
10 35 | 1006 35.23 0.29
5 25 5.04 | 25.23 0.27
10 20 10.12 20.23 | 035
15 10 15.17 To.a1 0.28
10 10 10.13 Io.17 0.30
10 15 1 10.14 15.21 0.3%
5 5 | 5.17 5.25 0.42
5 70 503 | 70.28 || 0,31
" » | 504 | 70.28 0.32
” » 5.0§5 70.33 | 0.38
' . 5.07 70.26 | 0.33
' ’ 5.03 | 70.3L 0.34
’ wo | sII 70.25 0.36
» » ‘\ 5.05 70.16 | o021
»» » | 507 70.25 | 0.32
" w502 | 7033 H 0.35
ool \‘ 509 | 70.28 | 0.37
wo| w515 7018 | 033
With

system.

III Cooling Curves

Fach 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.

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 are
given below.

1 109 Zn-Section

The alloys of the composit-
ions given in Tab. 2 were select-
ed along the sectional line of
10% Zn. They were thermally
analysed, the results of the analysis
being given in Tab, 2.

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’Cé'b aa’ stands for the complete crystallization
of @, 68 that of @, and #'C and & C that of the binary eutectic (a+ a).

The binary eutectic point C lies at 10% Zn, 63% Ag and 27%
Cu, where the three phases a, a and the melt form a monovariant

The solid phases with the composition marked with the black
spots were anncaled for a few hours at the corresponding temperatures
and quenched, and were then microscopically tested for their structures,
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Tab. 2 Fig. 2
Allog | Wt.-% _ .°CS ] <l
o Ag Cu| Zn é?l:l dou: tooofm
I |— | G0 | I0 | 1040 | 020
2 21881 ,, !1035 ! 100§ oo \
3 5 85 » 1022 999 foo olitame {1 \ (/
4 | 7|83, |ro13| 733 o M‘é "
5 10180 | 999 | 734 e > ]
6 12070, | 948 735 g )
7 | 30|60 ., | goo| 735  ber .
8 |40 50|, | 845 728 ]
0 |50 a0l | gos | zar T | T
10 60 | 30 |-,, 735 725 oo o 7 &ww/uﬁ et e ‘::‘:&c 4 | &
I | 6525, 728 | 720 :
12 70 | 20 | ,, 740 | 714 200l ;
13 |8 | 10| , 785 | 695 ;
14 i 85 5 2] 825 ; 725 Roo :
15 188 2, 850 | 8oo E .
16 GOl — | » 865 ‘ 843 < o35 7% L ChN T ’I 7
I B B NG — WL Ag
Tab. 3 Fig. 3
Alloy | W% ce ,C
No. | aglCal zn it | Soli “ha
‘\ i) dus ‘\ us N"H
17 | — | 8o ! 20 | 1000 | 97 a0 ¢
18 2178, 9g0 | gbo .
9 | 5|75 . | ors| 045 N R
20+ 7|73, | 966| 650 et NG b lih
2t |10 |70 , 952 | 692 700 \: 8 waf‘
22 120 60! ,, goo | 693 o g
23 (3050 , 844 i 689 boo - ;
25 o030, 742 I
26 gs 25 L 7?0 686 oo < ‘"““7 putectec ag :rs,
27 | 6o | 20|, | 681 | 680 : "l a
28 |6q 16|, | 698! 676 200 . i
29 166 |14 , 706 | 672 .-
30 69|11l ,, 712 673 200 :
31 lyo 10, | 720 680 . ti .
32 |y T 745 1 700 76 Z6  §0 %6 36 %6 70 3
33 72 i I, | 760 T Wtk Ay
34 l 80 | — % » 772 ! 725

and in accordance with those results the solubility curves were drawn
as shown in the same diagram.
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2 20¢ 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. The sectional diagram, Fig.
3. is drawn from the data just given.

The liquidus ACA has the same meaning as that given in the
10% Zn sectional diagram. The solidus ad’ Cdb'b differs however from
it in this:— 1) Cd represents the crystallization of the binary eutectic
a+a, 2) d¥' represents the crystallization of the binary complex a+ j.
The binary ecutectic point C lies at 20% Zn, 60% Ag and 20% Cu,
where the three phases a, a and the melt are in equilibrium.

3 The Silver Corner containing over 709 Silver

The liquidus and the solidus were first determined, and the solu-
bility curves were then drawn according to the quenched structurcs.
For the purpose of quenching, 30 gms. of each of the reaquired
allovs were prepared, cut in pieces, and annealed for a few hours at
definite temperatures, at which each alloy was thrown into water. The
temperatures of quenching
and the corresponding
structures are here omitted in A
order to make the paper
not too voluminous, but
according to these data, the '
silver-corner diagram was L
drawn as shown in Fig. 4. .
Though the homogene- :|
1
1
[}
.

\
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A
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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 Aﬁ
property is so markedly

lessened by the addition of
the zinc that the ternary
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alloys containing over 10% Zn no longer show any tendency towards
segregation, however long they may be annealed. The temperature
of the binary cutectic of silver and copper is depressed from 776° to
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670" in relation to the amount of zinc added. This relation is re-
presented by the curve CZ along which the equilibrium of the three
phases a, ¢ and the melt is established.

Now turning to the Ag-Zn system, these metals from a series of
silver-rich solid solutions @, in which the copper comes to be dissolved
to the amount of 7.725 and forms a serics of termary solid solutions
also named «. The binary solid solution @ reacts also with the meclt
at 710° along the horizontal line @B, where the binary peritectic re-
action, Lig +a>f3, comes to proceed. This recaction is prolonged to
the ternary melt, the temperature of which is depressed to 670" with
the increase in the copper added. This relation is represented by the
curve BE aloag which @, 8 and the melt are in equilibrium. The
binary eutectic curve CF and the peritectical line BZ vanish at a
point £, which was found to lie at 61.7% Ag, 15% Cu and 23 3%
Zn by combining a point & in the 202 Zn-section and another point
d in 70% Ag-section, as will be described afterwards. The curve £6
is a boundary line between a surface @béECae showing the binary
eutectic reaction and a surface Z46dBE showing the binary peritectic
rcaction.

The microstructure of the binary eutectic field is casily to be
distinguished from that of the binary peritectic field in so far as they
are mutually remote from the line 4£ Cp. Photo 4: (a+ Eutec.) and
Photo 10: (¢ + ). Closer to the curve ¢, both structures become so much
more similar, that it is practically impossible for them to be discriminat-
ed, although cooling curves given in the 202% Zn-section show clearly
the cxistence of such differcnces. The fields recognizable at ordinary
temperaturcs are therefore as follows :

1 dd'd’ A : the structure being «

2 dVECd : the structure being e+ eutec.

3 VEBJY : the structure being a+f

4 302 Zn-Section

The alloys shown in Tab. 4 were used for the investigation of
the 30% Zn-section, the results of which are given in the same table.
The sectional diagram, Fig. 5, is drawn on the basis of the data just
given.

The liquidus consists of two parts, of which AC stands for the
separation of e, and AC for that of 8. The solidus consists also of
several branches, of which: 1) as’ stands for the complete cry-
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Tab. 4 stallization of a; 2)&'é
Alloy| Wt-% °C stands for that of the
No. 1 agfcalzn Liquidus‘ Solidus |Peritectic/- -21sfor- binary eutectic atea; 3)
- | bc stands for that of the
35| — (70130 o8 | 913 - ~  binary complex a+ 8 due
36 2|68 , 936 goo — — . . .
to the peritectic reaction
37 5 65 ” 920 680 - - T + __)I . + . h
3 1060 ., 806 676 - o Lig.+aZLig.+8 in the
1 |25, | 85 674 . _ Cu-Zn system.
40 |24 |46, 815 673 - _ The segregation of
41 | 25043 ,, 810 671 — — a from B takes place
42 127143 . 800 - 775 —_ along the curve ¢/ duc
43 |30 |40 , 780 - 765 — to the decrease in solu-
44 | 35135 » 750 — 743 — bility on the temperature
45 |40 30| , 725 722 - being lowered. The
46 | 50) 200 | 684 675 - curve gk corresponds to
47 |60 ;10 ,, 68> 675 -— — .
: the transformation of 8
48 | 65| 51 , 690 682 241 . , hich i
49 |70 — |, | 709 | 705 24z nto B, which is percep-
tible through the cooling
curves obtained with the alloys .
.. p Fig. 5
containing below 5% Cu.
/a;g A
5 359 Zn-Section
?oos-"
The alloys given in Tab. 5 N
. . - oo \
were used for the investigation of erd
. el ' L ™
the 35% Zn-section, the results of 00 : e M
. . . " Y =
which are given in the column T : vl
following the composition of the ¢ 1 ; ) d
alloys in the same table. P .
The sectional diagram, Fig. 6, . o d"'e“r‘f E““F £ -
» 3 0 [)
is drawn on the basis of these ‘ -
data. oo +
t
The binary peritectic reaction, 200 ! Bi e
Lig. + o 2Liq.+3, in the copper- : F
zinc system is continued in the 7 X6 F5 %o 56 ¥56 7

ternary system, in consequence of

—swt.% Ay

which 8 is separated along the curve aC, the point C being at 17%
Ag, 35% Zn and 48% Cu, where the three phases @, # and the melt
arc in equilibrium. The curve a@'e” shows the solubility of 8 in a as
was determined by the quenching method.
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Tab. 5 6 409%Zn-Section
Alloy| W% °C The alloys used are
No. Ag | Cu|Zn 1Liquidus Solidus PeritecticTIrri?ég;r' given in Tab. 6, in which
s0 | — 165 _g; 910 ~ 801 "~ __ theresults of the thermal
51 5|60, 885 — 870 —_ analysis are co-tabulated.
52 | 10|55 » 860 — 830 — The sectional dia-
53 | 15150 | » 833 828 829 — gram drawn on the basis
54 | 20145 | » 808 8oo — - of these data is shown
55 | 30135 » 760 751 - - in TFig. 7, where the
56 |40 25| » (7);0 200 - - dotted lines ¢d and ¢/’
5; (5)0 5w 68; 6;‘15 - - are provisionally drawn
0 2y - -
5 ; to show the transformat-
59 63 2 ” 697 689 - 245 . - . h
60 {65 | — | , 705 700 — 240 1on, p—’ﬂl_’32 in the
—_— — — - binary Cu-Zn system, .
though no such breaks could be Fie. 6
. [
observed in the author’s cooling .
C
A
curves., e
73
7 45% Zn-Section and 507 200 %
Zn-Section \ \\ B
7¢o
The compositions of the alloys .. \ ) &
and their thermal data with regard Soo
to these two sections are given in o0
Tables 7 and 8.
The sectional diagrams, Figs. #oo
8 and g are drawn on the basis S0
of these data.
The changes in solubility on e

the temperatures being lowered l_u L -L“"W L
are represented by ¢4 with respect > Wk Ay

to the segregation of 6 from B in 45% Zn-section and o’5.5" with
respect to that of p from B in 50% Zn-section.

8 559% Zn-Section

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

The liquidus .AC and the solidus .5 represent the separation of §,
while the liquidus BC and the solidus 45 show that of y. The solidus
bc is due to the peritectic reaction, Liq. + 0, belonging to the Ag-
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Tab. 6 Zn system, while the
Al Wt—% oc curve .SC refers to the
oy .
No. Ag| Ca| zn | Liqui dus! Solidus | Lrausfor-Transfor- separation of y due to the
* = 1 " |mation Ijmation 2 . . . -
— - peritectic reaction, lig.
o S lel ] e | s | 7| T AUty in the Cu-
or | 1 25 " 8;9 842 Zn system. The solid
)3 o 50 » - - .
64 | 20| 40 207 788 _ _ solution & becomes iden-
65 {30030, | 749 | 739 — —  tical to y when the
g6 | 40| 20| ,, 705 697 — — amount of copper attains
67 |50 10| 284 678 - — a definite proportion
68 ' 8 281 26, — . .
" Zi 5 692 ;85 , 6: which is however not
Fig 7.
casily to be determined. The changes acp
in solubility on the temperatures being . % e
lowered are represented by .5 with N 5
. 700 —e
respect to the separation of y from . A
ott
and .$\8” with respect to that of 8 from oot
7- The saturating-point of y in 8 is  seo >
Srpd,
shown by .S, a point with the concentra-  ,,,[ ‘ ¢
tion of 5% Ag, 55% Zn and 40% Cu. wrfy
<l 9
o 7
-
%o 3 L

Tab, 7
+ 9, [y

Alloy| V% CT , -
No. :‘X_g— _(Ei Zn | Liquidas| Solidus m;at?gnorl. ;flz?gno";
7o | —|55(45| 883 873 471 460?
71 | 5|50l .| 80 | 852 | — —
72 L I0 b a5t o 837 " 827 — —

73 120135 » | 785 77 - -

74 |30 25|, ] 733 724 — —
75 |40 15 | o 697 687 _ -

7 501 51 » 678 672 — —
77152 31 » 677 671 263 —
78 55 - I’ 679 :70 261 .-




Tab. 8
-9 °C
Alloy| % Transtor-[Lransfor-
No. | Ag| Cu| Zn |Liquidus | Solidus m,;ﬁ?;nor; m;atﬁnorz-
9 | — | 50 | 50 868 862 | . 471 460
8 | 5045 . | 845 833 - -
81 10| 40 | ,, 820 8og — —
82 (20|30 , 752 756 — —
83 [ 30|20 ,, 716 705 - -
84 |40 10 ,, 681 673 - —
85 | 50| —1, 668 656 - —
Fic. 8 Fig 9
« c
poo A Qoo
o /
P S 300 -
TN A
700 S~ 700 e T

So00 , "{ £o0
TEEES / . ‘:: f“' 4 k

400 ¥o0

&oo oo

200 a 200

t " S,
7. 7] 72l r’] z s 7 ~Z& o [T 0
—.)wf,’,’.ﬂy — wt.%Ay
Tab. 9 Fig. 10
Alloy We-% °C TA frmlest
N £
O | Ag | Cu | Zn |Liquidus| Solidus | Peritectic Todf-=t
3 AR ¥ \ Trmelt

86 | — | 45 55 853 41 — 700 <<
87 2 43 » 831 825 -
88 5 40 ” 825 808 - foe
89 10 35 s 8oo 783 790 500 I
go | 15 | 30 | 775 757 762 £y r
91 | zo | 25 » 750 735 748 #oo
92 23 22 ’ 735 717 732 200 i
93 30 15 . 703 680 —
94 | 40 5 662 630 — 200
95 | 43 2 » 657 633 — X
‘)6 45 - s 655 635 _ & o so o s

—3 Nl A7
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9 The Equilibrium-Diagram for 0-552 Zn including
the Copperrich Side

The thermal analysis as well as the quenching method was used
in 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’SEz the solidus of a binary eutectic a+a.

The copper-rich solid solution in the Cu-Zn system dissolves silver
to the extent of 5.5% and produces a ternary solid solution @, the
solidus of which is represented by the surface Acdd'c’aA.

The horizontal line 68 stands for the peritectic reaction, Iig.+
aZLiq.+8, at 890’ in the Cu-Zn system. The temperature of

the reaction is
Fig. 11 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:-
Lig. +a 2 Lig. +
B This line
vanishes at about
38% Ag, 32%
Zn and 309 Cu,
where Bdissolves
a completely, as
the surface 4.5-
Fg shows.

The surface
dd'd'od is a solu-
bility surface of
A in aoriginating
from the curve
dd’" in the Cu-Zn system. This fact is confirmed by the following
experiment :—An alloy of 5% Ag, 40% Zn and 55% Cu, quenched
at 600°, was seen to have a bistructure consisting of a+8 (Photo 13),
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while, when quenched at 825°, it becomes homogeneous : (Photo 14).
The solid solution g becomes saturated with a along the curve oo,
which corresponds to the point & in the Cu-Zn system. The liquidus
of B is shown by SBCH and the solidus by .Sgodel, but they extend
so much further that they can not completely be drawn within the
space occupied by Fig. 1.

The horizontal line ¢C represents the peritectic reaction in the
Cu-Zn system at 830°: Liq.+A2Liq. +y. Tts temperature falls on the
silver being increased, as shown by the curve C/. This peritectical
line vanishes at about 36% Ag, 13% Cu and 51% Zn, where all comes
to be dissolved in 8, as the surface e¢c/P shows. The y, which is
produced by this reaction, solidifies at the surface e AZPe: Cp. Photo
22. The solid solution 8 segregates y along the surface ce/p’pe on the
temperature being lowered, due to the decrease in solubility. An
alloy with 220 Ag, 55% Zn and 43% Cu, when quenched at 600°
shows the structure f+7: Cp. Photo 20. 'When quenched however
at 820°, it turns homogeneous (=), as may be scen from Photo z1.
The B is segregated from 7y along the surface ¢fA/FPe due to the
decrease in solubility on the temperature being lowered.  Thus, we
get in this corner six fields at room tempcrature :

a C"y g A’ : the structure being «a

a'c"o" S"E'e : the structure being  a t+ eutec.
20"d'0'g'¢" T« the structure being a+f
S'g'd'd'e! P i the structure being

P MFe : the structure being B+7

M KL : the structure being 7y

(@) N R S SO N

10 609 Zn-Section

The composition of the alloys used and their thermal data are
given in Tab. 10.

Tab. 10
_ 0,
Alloy We-2% ‘ °C
~ . . . . . € 1
No. Ag Cu Zn |ILiquidus | Solidus | Peritectic Segfr.?tlg‘r;]s fﬁ trglustff)cr[rg:t‘;im
7 — | 40 | 6o 838 825 830 - -
98 2 38 ,, 830 817 826 — —
99 g 35 » 815 8o1 808 — —
100 7 33 » 803 788 — — —
1ol 10 30 » 785 777 - - -~
102 20 20 » 729 705 - - -
103 25 15 ' 700 660 — —_— _,
104 28 iz " 685 625 ~- — _—
10§ 29 II ' 680 611 627 - —
106 30 Io ’ 675 610 623 560 ? 562 P
107 32 8 " 664 - 622 — —
108 | 35 51 » 650 628 — —
109 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 3, and

Fig. 12 BC for that of y. There take place two

o binary peritectic reactions belonging to the

u@j be T Cu-Zn system, one of which is Liq.+8Liq.

ool ‘S\{-« TS +7y, and as its result y is separated along

. ‘\'\‘ the curve DC, while the other is Liq.4+7
B

Lig. + 90, and as its result J is separated along
e b the curve dc. There takes place also in the
Ag-7Zn system a peritectic reaction :— T.iq.+
0e, ¢ of which is separated along the curve
Be.  The crystallization of y takes place along
the solidus @8, that of 8 along &’¢ and that
of the binary complex y+e due to the binary
_ peritectic reaction, Liq.4+ 6, in the Ag-Zn
R > system alongBe.  The curve of corresponds

o to the separation of y from 4, and the curve
de shows the cutectoidal transformation, 6 Zy+e, in the Cu-Zn system.

n

s

o

5
e R B S e e S

11 652 Zn-Section

The alloys used and their thermal data are given in Tab. 11.

Tab. 11
W% | °C

Alloy | | . . . .
N e ol an pigiae soiaes | PO [T S ) B,
1o | — | 35168 827 8o - - | — —
111 5130 , 8oo 770 — — — —
112 | 1o | 25.; 768 730 —- — - —
113 | 15 | 20 | ,, 730 — 650 — 595 560
113 |20 )15, | 6og | 627 | 640 | — 5702 561
115 |22.5 12.51. ’ 675 615? | 635 . — 570 ? 561
116 | 25| 10 | ,, 659 600 623 — — 560
117 26| 9| 650 — 622 595 — —
18 27| 81|, 642 — 621 595 — —
119 |28.5 6.5/ ,, 635 — 624 —_— — —
120 |30 §5 o 630 627 - — — _—
121 (32| 31 4 633 612 —_ = — —
122 35 =] 633 | 611 —_ \l - | — { —

On the basis of these data, the sectional diagram, Fig. 13, is drawn,
in which the liquidus «4C stands for the separation of y and BC for
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that of e. The solidus maghbéCn consists of
several branches, of which a stands for the
solidification of y; ag for that of 0; g% for
the binary peritectic reaction, l.iq.+60e, in
the Cu-Zn system; Cu for the solidification
of e; and &6C for that of the binary complex
r+e duc to the binary peritectic reaction,
Liq.+ 8¢ in the Ag-Zn system. The curve
de results from the cutectoidal transformation,
02y e in the Cu-Zn system. The curve of
corresponds to the separation of y and the
curve gf to that of ¢ from 6. The three
phases 7, 6 and e arc in cquilibrium at the

point £

12. 709 Zn-Section

The alloys taken and their thermal data are given in Tab. 12,

Alloy
No.

123
124
125
126
127
128
129
130
131
132
133
134

Tab 12
Wt.-% °C
e | o] 7n iqidn | Sota | Pt | et Spuston o | Eetoitl
— (30, 70 800 —_ 1 bos | — ‘ 600? 1 556
3farl | 780 | 657 600 . — 587 ‘ 557
5025 ., 765 | 665 ;. 682 | — 580? 558
o200, | 730 | 625 | 60 | — | 50 | 550
125175 ,, | 70 | so7 . 665 . — 504 560
15115, | 685 .~ | 658 | 595 | - 560
812, 657 | — 650 506 — ‘ —
20 Ioi » 637 1 — — 504 | — —
22875, | 627 | 596 - - ‘ — N —
25| 5|, | 619 | 5o - = - | —
27.5 2.5 1‘ ” 619 590 — - — ‘ —
300 ~ |, | 619 | 383 — — | - -

The sectional diagram is drawn in Fig. 13. It is quite similar to
the previous diagram, except the part g/, along which e is separated
duc to the reaction, Liq.+062Liq. +¢, in the Cu-Zn system. The data
from the cooling curves were however not sufficient to fix the part /4,
and thercfore it is now provisionally shown with dotted lines.
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Fig. 14 13 752 Zn-Section
27y The alloys taken and their thermal data are
Soo \ given in Tab. 13, and the sectional diagram drawn
":L\ on the basis of these data is given in Fig. 15.
.— c;d_, E"%,E KB The liquidus .AC corresponds to the separat-

e Lt ion of y, CD to that of 6, and B/ to that of e.
st ] The solidus consists of two branches of which o'¢
stands for ¢ and g for e¢ The 0 is scparated
along the curve aC due to the binary peritectic
%00 rcaction, Liq.+y2Tiq.+6, in the Cu-Zn system.
- The point C lies at 10% Ag, 75% Zn and 15%
Cu, where the three phases ¥, 6 and the melt are
in equilibrium. Along the curve g/), e is separat-
ed due to the binary peritectic reaction, Liq.+0

Tah. 13
Wt.-9% °C
Alloy ‘
No. s . Peritec | Peritec- | Separation of ¢ | Eutectoidal
Ag | Cu | Zn 'Liquidus| Solidus tic 1 ]‘ fc 2 from & transformation
— y |
135 | — 25|75 750 | 60 | 605 | — 5752 556
136 2|23 , 742 615 691 ’ — 575 556
137 5|2, 714 600 683 — 576 557
138 i r5l17.5 697 568 680 ’ — — 558
|
139 | 10| 15| o 675 593 672 595 - -
140 15 | 10 | ,, 630 585 — 595 — —
41 | 20 5 ”” 592 570 - b — —
I
14z |25 [ — | » 597 53 1 — 1 — — —
2Lig.+¢, in the Cu-Zn system. The point C lies Fig. 15
at 18% Ag, 75% Zn and 7% Cu, where the thrce s
. oep N A
phases 7, ¢ and the melt are in equilibrium. The »;{'\‘*‘“
curve fg shows the scparation of & from 6, while roe ¢
the dr has the same meaning as given in the previous sool oy \D g
T
section. CELR ey
14 809 Zn-Section rooltzt
€
The alloys used and the thermal data are given oo
in Tab. 14, and the sectional diagram is shown in
Fig. 16. o0
This section is so similar to the previous one il RLO_T;‘

that it needs no more explanation. TR A
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Fig. 16 Tab. 14
3 Wt.~9 °C
oot Alloy %
;:}‘\ No. Ag Cu Zn Liquidus | Solidus | Peritectic
éco hC -
S = o |
" . 1 — 20 8o 700 580 590
. 43 5
A 144 2.5 17.5 7 685 581 591
e 145 5 15 7 660 584 593
8o 146 | 10 10 ” 610 585 596
oo 147 i 15 5 ” 575 532 -
148 20 — ” 570 435 ‘ -
70 £ H
— Wf.‘/o‘? ———— L

15 9825 Zn-Section

The allovs taken and the thermal data are given in Tab. 15, and
the sectional diagram is given in Fig. 17.

Fig. 17 Tab. 15
. 7o °
LIy N Alloy Wt—~% C
boolPl No. Ag Cu Zn | Liquidus| Solidus [Peritectic IIPerItectic 2
29 — e
on E+maft 4
T 149 7 — | 15 | 85 647 ' 480 590 —
400 150 25 | 125 | 620 ’ 480 592 —
£4.
o0 £+ 151 5 10 ’s 505 ‘ —_ 592 426
152 10 S ” 557 i — — 428
o 7E
—rwthhy 153 | 15 | — | » 544 ‘l - - 480
)| - ! _ e

This section differs from the previous only in the part dcd, where
e solidifics along éc and 7 is separated along ¢d duc to the binary
peritectic reaction, Liq. +eZ2, in the Cu-Zn system.

16 90% Zn-Section
The alloys taken and the thermal data are given in Tab. 16. and
the scctional diagram is as shown in Fig. 18.

The curve AZB represents the liquidus of e, and 2b the curve of
separation of » due to the binary peritectic reaction: TLig. 42y
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Fig. 18 Tab. 16
o X Alloy Wt~% °Cc
No. Ag Cu Zn | Liquidus | Peritectic
frmert 154 — 10 [s1e} 570 422
00| ] . 135 2.5 7.5 9o 5§50 424
o0 156 5 s | 9o 530 426
157 75| 25 | 9 515 428
R w”‘:’ 158 io — 90 501 430

17 The Zinc Corner

In order to cstablish this corner-diagram, the cooling curves as

Fig. 19

well as the quenching
data were used, as a
result of which we have
got the one given in Fig.
1g.

The horizontal line
AR refers to the peritect-
ic reaction, Lig.+7yLiq.
+6, in the Cu-Zn system
at 695°. ‘The temperature
of this reaction is depress-
ed by the addition of
sitver from 695’ to 620,
in accordance with which
the curve BC makes its
appearance to represent
the ternary peritectical
reaction. The horizontal
line /7 represents the
binary peritectic reaction,
Liq. +02¢, in the Ag-Zn
system at 636°. The tem-
perature is then depressed
to 620" by the addition

of copper, the relation of which is traced by the curve 72C. An alloy
with 2895 Ag, 652 7Zn and 795 Cu, which is a point in the curve
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DC, was quenched at 550°, the structure of which is y+e¢, as shown
in Photo 28. These two peritectical lines BC and DC meet at a point
C with 26% Ag, 7% Cu and 679 Zn, which is the point of inter-
section of the peritectical line £C/ and the curve BC connecting a
point & in the 60% Zn and another & in the 65% Zn-section. The
surface ABCEFA corresponds to the former reaction and the surface
CFTDC to the latter, while the surface BGwuc B is the liquidus of 6.

The horizontal line ¢G shows the peritectic reaction, Liq. +021L.iq.
+e¢, in the Cu-Zn system at 590, the temperaturc being raised to
5096° with the increase in copper. The ternary peritectical line on the
addition of silver is given by Gz, which fades away ncar the point
of 22% Ag, 5% Cu and 73% Zn. This reaction is shown by the
surface cGuwike, in which ¢/fo/ke is the solidus of the binary complex
0 +¢ ani fGmof is the surface of the liquid which will solidify with
the surface of fpgof on the temperature being lowered.

The surface AchFA is the solidus of the ternary & which, being
unstable, splits up on the one hand into ¥ on the surface abdca, and
on the other into ¢ on the surface cbdhe. As to the field for the
separation of y from &, an alloy with 6% Ag, 70% Zn and 24% Cu,
quenched at 625°, becomes homogeneous (=0) as Photo 29 shows, but
quenched at 565° it becomes heterogencous (=6 +y) as Photo 30 shows.
As to the separation of ¢ from 4, an alloy with 22% Ag, 65% Zn
and 139 Cu, when quenched at 600° shows the é-structure (Photo
26), but when quenched at 565°, it turns heterogeneous (Phot 27 :
0 +e¢).

The horizontal line @’/ shows the eutectoidal reaction,0%5 r +e, in
the Cu-Zn system at 555° the temperature being raised to 562° with
the increase in silver as shown by the curve éd. Though the line
@'/ corresponds to a nonvariant reaction in the Cu-Zn system, the
curve 04 in the ternary system does not, there being only the three
phases 08, y and ¢ in equilibrinm. The surface a'f22ga’ corresponds to
the binary eutectoidal : the structurc under the surface consists there-
fore of y+e: sce Photos 31 and 34. The surface GRSDCmG is the
liquidus of ¢, and fPgDCof is its solidus.

The horizontal line PR shows the binary peritectic reaction, Lig.
+e2y, in the Cu-Zn system at 423°, while the horizontal line 7.5
shows the binary peritectic reaction, Lig. +¢ 27, in the Ag-Zn system
at 430°. 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 peritectic reactions
going on in the ternary system are shown by the surface PQOSRP.
The equilibrium between three phases, ¢, % and the melt, is shown by
the curve RS. The alloys at the zinc corner limited by a line con-
necting 4% Ag in the Ag-Zn and 1.4% Cu in the Cu-Zn, must there-
fore form a homogeneous field (). In so far as this is concerned, we
come to have four parts there at room temperatures :

1) a’f'D' T structure, 7+e

2) fUPGDf!: structure, e

3) P¢.S'R'P': structure, e+7

4) R'S'K: structure, 7

18 €09 Ag-Section

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

Fig. 20 Tab. 17
‘c
s00 Wt—2% °C
Alloy <
l smeTLRC No
s00 \a\ : Ag 1 Cu Zn Liquidus | Solidus
|
o0 L 159 | 9 \ 0 | — 875 775
sool 6o | \ 75 | 25 873 740
6 -
mg o 161 " l 6 4 871 727
162 w | 5 5 870 8og
400 }
L 163 ' \ 25 | 7.5 868 830
o 34 ” \ — ; 10 865 845
-
et

In this section there occurs crystallization, A8 standing for the
liquidus of the solid solution @, @ for the solidus of the binary eutectic
a+a, and céc’ for that of a.

19 809 Ag-Section

Alloys and thermal data, and the diagram are given in Tab. 18
and in Fig. 21,



366 Shiizé Ueno

Fig. 21 Tab. 18
CR
S0 D# Alloy Wt-% oC
. .
700 1;«/6‘ No. Ag ] Cu i Zn Liquidus Solidus
oo 164 8o j 20 — 8ay 76
ress
oo Liatead] 165 " 15 5 797 728
400 166 . ‘ 10 10 785 695
16; | . ‘ 5 15 777 712
Feo |
16 » - 20 772 725
. |
[ 2o
WL Xn

Exactly the same explanation applies here as in the previous section.

20 709 Ag-Section

The alloys and the thermal data are given in Tab. 19 and the
diagram, in Fig. 22.

Fig. 22 Tab. 19
a o
@ Latmef Wt-—% °C
Ll : —
¥ . [P . Py . . . rans-
\l?./‘ ﬁ Cua| Zn | Liquidus | Solidus | Peritectic formation
I T4 4 168 | jol30 ) —| 785 | 777 ~ -
&0 ; 169 | ,, 25| 51 760 740 — _
“'Wug asf 1z | ,, | 20] 10 740 714 _ _
$oo[—ealhr—T 170 | 5 |15 ] 15 726 — 688 —
)
300 H 3t |, |10]20 720 — 680 _
)
Pt~ 171§ 5 | 5|25 712 — 700 —
o o pr
o o 172 w| 2128 710 707 — 240
g 49 | o |— 30| o9 205 — 242
N L 2y - e —

AC is the liquidus of @, BC that of 8, @b the solidus for the binary
cutectic @ +a, Cc that for 8, and &C that for the binary complex a+ f.
The curve Cd shows the segregation of a from g.

21 602 Ag-Section

The alloys and thermal data arc given in Tab. 20 and the diagram

in Fig. 23.
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Fig. 23 Tab. 20
‘R
oo i\zszf Alloy Wt—2% - oC
700 \\\ < e No. Ag | Cu | zZn | Liquidus| Solidus ff)rrizgtsi‘on
673 .
so00 1 ’ 173 60 40 — 815 776 —
10 . 30 10 735 725 —
O el | 27| , | 20 | 20| 681 | 68 -
200 174 ” 7 23 672 670 —
o 175 wo | 13| 27 675 671 —
N 47 . 10 30 680 675 —
200 58 . - 5 35 689 681 262
69 » — 40 695 685 260
¢ 7 %

Jo
— Wt. 9 Zn

The liquidus is represented by A6CB, in which Aébc is for a, and
BC for f. The solidus consists of two branches, of which abc is for
the binary eutectic #+ae and ¢d for f. At the point & there are three
phases in equilibrium, i.e. a, 8 and the melt, just as described in
connection with the 20% Zn-section.

22 509 Ag and 40% Ag-Sections

The compositions of the alloys and the thermal data of these two
sections are given in Tables 21, and 22.

Tab. 21 Tab. 22
7 o, o
Alloy W% °C Alloy W% ¢
No. Ag| Cu| Zn | Liquidus| Solidus No. Ag | Cu| Zn | Liquidus| Solidus 1Peritectic
176 | 50 | 50 | — 851 776 178 | 40 | 60 | — 887 776 —_
8| , |50l 10 845 728 —
- oy
91, |40]|T10] 795 727 sl Lol 20| 790 | 684 o
25| 5 [ 30] 20} 742 688 179 | ,, | 32| 28 7358 — —
177 | » |25 ] 25| 703 | 673 45| m | 30] 30 725 722 -
56| 5 | 2535 710 700 —
68
46| ,, |20 30 4 675 66| . | 20140 703 697 .
570 » | 15| 35 684 675 75 1 5. | 15 | 45 697 687 —
67 , |10 | 40| 684 678 8| » (10| 50| 681 | 673 -
94 132 5 55 662 630 -
/6 3 5 45 618 6/2 180 . 2 58 645 . 635
851 ,» | — |50 668 656 1009 , | — | 60 637 — 636
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The sectional diagrams. Fig. 24 and 25, arc drawn on the basis of
these data.

Fig. 24 Fig. 25
K3 . P
(3
9o Iy ”» \'
#oo o \
%m\ . L oLtme g c
700 —— c F'"U'g; \ x jrmet
<1‘\’lb 700 \‘«

1 I NN
boo P :,Fh
So0 P

.,(14"«“4:0,1!44&0. P 1 oy el £
4o0 4
o ot
20| 200 f’
co | J
e % o F ¥ 7 lfo L s sl

—— WL Y% 2w

The same explanation applies here as given in the previous section
except only that there is a new, curve &2 in the 40% Zn-section,
along which ¢ is separated, due to the binary pecritectic reaction,
Lig.+602e, in the Ag-Zn system.

23 309 Ag-Section

The alloys and the thermal data are given in Tab. 23 and the

Fig. 26 diagram m hg 26. .
The liquidus consists of frour
“la branches, of which 458 is for a,
q00 ~ BC for B, CD for r, and DE for
1oq /\ - e. The solidus consists also of
M ol . B *we .
N( ‘ 5&%”  loert several branches, of which ad’
700 3 . «qip .
I N D is for the solidification of the
600 ' 4 R'" binary cutectic a+a, &5 for that
91'1“{ " of the binary complex a+ 8 duc
£o0 ! . . .
' to the binary peritectic reaction,
oL 'RM/’7 dect . . - . 4
#a : Liq. +a2p, in the Cu-Zn system,
* nagian | Ss for B, sd for y, Pg for 9,
Y e and 44 for the binary peritectic
oo . reaction, 1iq. +-0 e, in the Ag-
! Zn system. Along sC, 7 is
0 P %0 ¥ ] o

—— W2 separated duc to the binary
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Tab. 23
Alloy We-% °¢
No. Ag ‘ Cu Zn | Liquidus| Solidus [Peritectic] SO?PE a;’art(t)ilgnal trfrl:stt?cfr;o:tii:gn
181 30 Z 70 — 934 776 - — -
7 . 60 10 999 734 — - -
23 ” 50 20 844 689 — - -
182 ” 42 28 785 673 — — —
43 " 40 30 780 — 765 — —
183 " 28 32 767 — 765 — —
55 » 35 35 760 751 - — -~
63 ” 30 40 749 739 — - —
74 . 25 45 733 724 — - -
’83 " 20 50 716 — 705 — -
184 . 18 52 710 702 704 - -
93 v 15 55 703 680 — - -
185 ’ I1 59 682 645 — — —
106 " 10 60 675 610 623 560 ? 562°?
186 ’ 7 63 . 650 — 625 — —
187 » 6 64 647 — 632 ~ -
120 » 5 65 630 627 — — -
188 » 3 67 629 600 — - —
134 ’ — 70 619 583 - - -

peritectic reaction, lLiq. +821ig.+7y. Along g7, the binary complex
r+e is separated due to the binary cutectoidal transformation in the
Cu-Zn system. lLastly, y is separated from 0 along the curve fZ£.

24 209% Ag and 10% Ag-Sections

The compositions of the alloys and the thermal data of these two
scctions are given in Tables 24 and 2.

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

These two scctions differ from the 30% Ag-section in the following
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Tab. 24
Alloy Wt-% °C
No. «A_g Cua -Z—n— Liquidus| Solidus [Peritectic 1|Peritectic 2 ?‘Zi":"’gg;‘]%ftr:i:ftg;;ojg“gn
182 20 | 80| -- 97§ 7y — — — a-
» | 701 IO 94 735 — - — —
22 ” éo 20 900 693 — — — —
39 | w5013 3835 674 — - —_ —
160 » | 48] 32 824 — 810 — —_
191 ” 47 33 817 — 808 - —_
54 ” 45 35 808 8oo b - - —
64 ” 40 40 797 788 - - g
g3 ;85 ;72 — — — —
2 I 30 | 50 72 5 . ha —_ —_
192 | ,, | 28 | 52 762 749 751 — — -~
193 | 5, | 26| 54| 752 740 748 — — —
‘)I " 25 25 ;50 73? 745 - _— —_—
102 s | 20 o] 29 70 —_ — _ —
194 , | 16 | 64 700 635 638 — 58¢ 560
114 » | 15 | 65 694 627 640 —_ §70 7 561
195 » | 13.5/66.5 680 610 640 — 588 560
196 | ,, | 13167 ) 675 — 636 595 — 561
130 | , | lo|jo| 637 — — 594 — —
141 ” 5(75 592 570 — - — —_
148 s | — | 80 70 435 — — — -
Tab. 25
Alloy | Wt-2% °C
No. Ay ,Ci Zn | Liquidus| Solidus [Peritectic 1/Peritectic 2 ?;‘;d;‘}t:;); gf tr];sstf;::jfg:m
197 | Io go — | 1028 ;77 — —_ — —
5 » 0 | 10 999 34 — — —
21 » | 70| 20 952 692 —_ — — —
38 ., | 60| 30 896 676 — — — —
198 | ,, | 59|31 886 673 — - — —
199 |, | 5733 3872 — 853 — — —
52 |, | 55]35]| 860 — 850 — — -
63 » | 50| 40 849 842 — — — —
72 | 5 14545 837 827 — — — —
81 " 48 50 gzc; 805 7— — _— —
200 » | 30| 54 05 — 91 — — —
89 |, [35/55) 8oo 783 790 — — —
zol | ,, 33757 795 785 — — -— —
101 » | 30 go 72;3 770 —_ — — —
112 » | 25|65 7 730 — — — —
202 . 123167 750 665 674 — 590 557
203 , | 22 | 68 742 650 674 — 580 556
126 | ,, 20|70} 730 625 674 — 570 557
204 |, |19 ] 71 715 — 675 595 565 558
205 | ,, |17 73| 690 — 674 595 — 558
139 |, 15[ 751 675 593 672 595 — —
146 , | 10 ] 80 610 585 — 59 — —
152 | ,, | 5|85 557 — 428 — — —
158 | ,, 1 —|go}| Sor - 430 — — -

points : —
separated

0 is solidified along de, y separated from & along /4, ¢
from & along ¢f, the binary complex y+e separated along
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gk due to the reaction, 0 2y +e, in the Cu-Zn system, and, lastly, e
separated along eZ due to the binary peritectic reaction, Liq.+02
The difference between the 102 Ag
and the 209 Ag-section is, that a new curve Pg appears here, which
corresponds to the binary peritectic reaction: Lig.+e27.

Lig.+¢, in the Cu-Zn system.

25 A Part of 126 Ag-Section

Finally, a part of 1% Ag-section was investigated in order to find
out the relation of 7 in equilibrium. The alloys and the thermal data,

Fig. 29 Tab. 26
”.c” Fomklt - Alloy Wt-2% ce
cood | No. Ag ‘ Cu Zn Liquidus} Solidus | Peritectic
_ z,--t\ 206 | 9 8o 697 580 590
¢ 207 , | 14 85 640 480 591
vool—1 . 208 " ] 1t 88 590 — 423
) € ey, E,’ 209 » 9 | 9o 565 — 423
i ' 210 » o 4 95 482 — 424
. : 211 ” 2 | o7 440 - 425
5 212 ’ ] I g8 425 424 —
G %0 ‘71 213 » ; — 99 425 419 —

——WT.F
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and the diagram are given in Tab. 26 and Iig. 2¢.
The curve CD is the liguidus and Ce the solidus of 7. At the
point C, three phases ¢, 7 and the melt, are in equilibrium.

Tab. 27
o I °
\V‘l;% — | C ll;setrﬁlel"/tj.flon ¢ . T m?jf grélcl.ution
Liquidus Solidus | Peritectic in Sec. Trausforation

10 8635 845 — — — —
15 822 780 — — _ —
20 772 725 - — — _
22 760 — 710 20 — .
25 730 — 710 60 240 10
27 7t5 — 709 8o 241 20
30 709 705 - - 242 70
35 705 700 - — 240 150
36 703 700 — — 240 160
38 700 697 - — 250 130
40 695 685 — — 260 120
42 689 686 — . 263 150
43 687 684 — — 262 100
45 679 670 - — 261 100
47 668 665 — — — -
50 668 656 — — _ -
55 U — 035 20 — —
58 647 — 636 6o — _
6o 637 — 636 100 — —
63 033 611 - — — —
70 619 583 — — — _
75 597 536 — — — —
8o 570 435 - — — —
83 555 - 430 20 — —
85 544 431 50 3207 —
4o 501 — 430 go 320 —
95 447 425 430 30 320 —
97 430 420 — — 320? —

99 42 419 — — — .

28 The Complete Equilibrium-Diagram

With all the data above given, we were able to draw the iso-thermal
(Fig. 30), the spatial (Fig. 31), and the projection diagram (Fig. 32).
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In TFig. 32, the full lines refer to the field boundaries at ordinary
temperatures, while the dotted lines refer 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.
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Photo 1. 10%Ag, 10%Zn  Photo 2,
%150,

Phoio 3, 2%Ag, 17%7n ’I’hntn 4, 80%%5Ag, 1nd/ln
and 802,Cu,

%Ag, 10%7Zn
%150, and 739 (‘u %150, and 107Cu’ X150,

and 409 Cn .

Photo 5, %Ag, 10%:Zn - Photo 6, 6%Ag, 10%Zn  Photo 7, 20%Ag,320%Zn  Photo 8§, DAz, 209%7n
and 879 Cn Anno‘ll(-d and $4%Cu.  Annealed and G(W/Cu % 150, and 14006\1 Quouc 1ed
at 6000 fm' two days, at 700°, x 150, at 6009, x 150,

%150,

Photo 0 ST%Ag, 1095Zn
and 295Cu, Annml(-d at

5000 to) l(hv %150

Photo 10,
and 1090(41 *x 150,

%A g, 20057Zn

Photo 11,
and 5095Cu,

"OU’Ag, 30 7n

Photn 12, 3095Ag, 40 b7n
and .)OO’Cu x )0.

Photo 13 BAg, 40%7Zn  Photo 14, The same Photo 15, 1095Ag, 409 7n Photo 16, 45957n, 29Cu
and 5594 Qucnchod alloy quenched at 8209 and 5095Cu, % 150, and 5.9%Ag. Quenched

at 6000 nfte)' being kept
at that tempemmre for

after being kept at that
temperature for a few

at 4009 after being kept
at that temperature for

a few minutes, %150, minutes, X 150, 30° minutes, x 150,

Photo 17 4 3947n, 3%Cu
and 52%Ag. Quenched
at 650° after being kept
at that temperature for
230 minutes, 50,

Phnto 18, 1395 Ag, 339%Zn
10

Photo 19. 50%7n, 2095Ag - Photo 20, 205Ag 53971
and u“a’(,u X 150,

and 30%0!1 Quonchod and 43, (,u Qn(‘nchod
at 600° after being kept at 6009 M‘tor being kept
at that tompommr(‘ for at that teinperature for
30 minutes, x150, 30 mimates, %150
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Photo 21, The same Photo22. 3095Ag, 5095Zn  Photo 23, 295Cn, 53%7Zn  Photo 24 1695A e, 6:957n

alloy quenched at 8202 and 71)0’(?11 %x1.0, and 479%Ag. x150, and 199%Cu, Quenched
after being kept at at 6109 after being kept
that temperature for 30 at that temperature for
minutes, x150. 30 minutes, X130,

Pnoto 25. 'The same Photo 26, 2295Ag, 659%Zn  Photo 27. The same letn"’* 2805Ag, 659%7Zn

alloy quenched at 5000 and 13%Cu, Quenched alloy quenched at 565° and 1 (,u Quenched
after being Xkept at at thm. temperature for after being Xkept at at 550 x 150,
that temperature for 30 30 minutes, X150, that temperature for 30

minutes, x130, minutes, X130,

Photo Qﬂl (‘U’Ag 76%7Zn  Photo 30, The same Photo 381, The same Photo 32, 11%Ag, 70970

and Qucm,hul alloy quenched at 5652 alloy quenched at 500° and 1‘)0’(,u Qnonclwd
at *nﬁer being kept after being kept fu. after being kept at at 5352 (lm'r being kept
at that t.(:mpern.mrc for ths tmnpontnw for 3 that temperature for 30 at that temperature for
30 winutes, 95150, minutes, X150, minutes, X150, 30 minutes, %150,

Photo 33. The same Photo 34 The same Photo 35 'iU’AQ, 849%7Zn  Bhoto 36, 9%Zn, 5%Ag

alloy quenched at 6002 alloy quenched at 5000 and 1195 Qlwn(hcd and 29%Cu. X190,
after being kept at after being kept at at 5509 x 150,

that temperature for 30 that temperature for 30

wminmtes, x150, minutes, x 130,

Photo 37. 19%Ag, 4 Cn Photo 38, 0 306(,11, 99 '/n Bhoto 79, 169%Ag, 6595Zn
and 959%%Zn, %1 0.7%Ag. and 190/(,11 Quenchcd
at 58097 .lﬁ’(‘l‘ being kept
at that temperature for

@ few wminutes,



