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THE RATE OF PRECIPITATION

OF CmJ.A~2 IN THE SILVER RICH Mg.-Cn-AlL ALLOYS

INTRODUCTION

Age- hardening was first observed by Wilm. (1) in
1911. He discovered that Aluminum, when alloyed with
3.5% Cu,0.5% Mg,and 0.5% Mn, and quenched from a tempera-
ture of 5000 C possessed the property of hardening ap-
preciably if it were allowed to remain at room temperature
for a few days. Subsequent investigation showed that not
only was the hardness increased, but the tensile strength
greatly increased by this "ageing" process. Aluminum al-
loys of this type, known generally as duralumin, have
been widely used during the past twenty years, especially
in aeroplane, dirigible, and automobile construction •. The
light weight and high tensile strength of these alloys
make them especially desirable for such construction.

Not only has the use of these alloys been extensive,
but the discussion of the cause for this age-hardening
phenomenon has been hardly less so. Merica, Waltenberg,
and scott(2)first advanced the opinion that the hardening
was due to a finely dispersed precipitate of CuAl2' It has
been definitely shown by X-ray analysis that precipitation
actually occurs, and this theory of critical dispersion
of the dissolved substance along the slip planes of the
metal increasing the hardness has been adopted generally
by Jeffries & Archer,(3) Harder,(4) and other leading
.metallurgists of today.
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(8) .Corson, ln 1925, successfully age-hardened alloys
other than those of aluminum. He succeeded in hardening
copper containing percentages of Iron-, Coba~t-, and
~ickel-§ilicides up to 5%.

Various other investigators have since confirmed
the observations of Corson and considerable work has been
done on other metals. Precipitation hardening has opened
up a wide field for investigation, fraught with possibili-
ties of commercially important alloys.

More recently, investigation of the age-hardening of
silver alloys have been carried on, and some encouraging
results have be~n.obtained. With a sterling silver con-

taining 7.5% CuAl2that was quenched from 650°C and subse-
quently annealed at 3250C, Wise(5) obtained a tensile
strength of approximately 80,000 lbs. in 2. Gregg,(6)

with a silver alloy containing 3% OuA12that was quenched

from 8750C and annealed at 3710C obtained a maximum hard-
ness of 95 on the Rockwell "E" scale. (7)

The most favorable results in the age-hardening of
silver have been obtained with the use of CuA~as the
alloying material. In view of the low price of silver,
an increased use of this metal in industry may be anti-
cipated and with this, further research for age-hardening
alloys of the metal.

The work sub~itted in this paper was done to deter-
mine the rate of precipitation of Cu~in the silver-rich
Ag-Cu-Al alloys. It is generally recognized that the
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electrical conductivity of aee-hardening alloys changes
as precipitation takes placei and by the change in elec-
trical conductivity of the alloy, the minimum age-harden-
ing temperature was determined., The rate of precipitation
was also investigated by the change in conductivity of
the alloy when annealed at different temperatures.

In order to determine the best annealing temperature
at which to age-harden the alloys, harnness tests on speci-
men annealed for different lengths of time at different
temperatures were made. The results of all these experi-
ments are submitted herewith.
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ExpERnr.Jl~ TAT I ON

The purity of the silver used in these experiments
was found to be 99.9% and of the aluminum 99.t7~. Elec-
trolytic copper was used and no analysis of it was made.

To facilitate the addition of copper and aluminum
to the silver in the right proportions, a compound of
Cu~ was prepared by melting together 46 parts by weight
of aluminum and 54 parts by weight of copper, in a graphite
crucible in an electric furnace. The crucible was kept
covered, and to prevent oxidation of alu,minum, the metals
were covered with powdered charcoal. The compound was
cast and used in the preparation of the silver alloys to
be investigated.

Two separate alloys were prepared for the electrical
conductivity t est s, one w i t.h 3% CuA~and one with 4% CUA~2.
In the preparation of these alloys the CUA~was placed
in the bottom of a graphite crucibleJthe silver was placed
on top of the CuAl and the mass covered with powdered

"2
charcoal. The crucible was kept covered until the metals
were molten, when it was removed for two half minute in-
tervals while the molten metals were stirred with a silica
tube to insure a homogenous mixture. These melts were cast
into wire bars, in carbon molds. The bars, approximately
3mm square and 5cm long, were hammered and drawn through
a succession of dies to give a wire about 0.6 romin dia-
meter. Frequent annealing was found to facilitate botn
drawing and hammering. Without annealing,the alloy
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showed e tendency to scale and split.
The wires were wrapped around e i in. silica tube,

4i in. long and fastened by a nickel wire. The ends of
the silver wires were left free to enable connections to
the ~usbars to be made direct. For quenching this wire,~
wrapped tube was heated in an electric tube furnace. A
reducing atmosphere was maintained by dipping the wire in
lubricating oil, and by placing charcoal in each end/of
the furnace tube and sealing the ends with glass wool to
prevent excessive circulation of air through the tube.
Ko oxidation or etching was apparent on the surface of
either wire. The quenching was done in water at about
20°0. Annealing at temperatures above 250° was done in
the electric tube furnace, with similar precautions against
oxidation. All temperatures in the tube furnace were read
with a nickel-iron thermocouple. Annealing at temperatures
below 2500C was done in an oil bath, the temperatures being

All electrical resistance measurements were made with
measured by means of a mercury thermometer.

a Wheatstone bridge, fitted with brass busbars and copper
connecting wires, attached directly by means of two way
clamps to the ends of the silver wire. The temperature
at which the resistance was read was kept constant at
2400 by means of an insulating oil bath.

In the hardness tests, the alloy containing 3% C.uA~2
was prepared in the same way as the alloys for wire, but
was cast in carbon mold into a bar 2 n~ thick by 1.5 cm
lide. This bar was cold rolled to give a thickness of
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1 mm. It was then cut into 33 specimens and these were
heated in the electric tube furnace for 1 hour at 800°C

and quenched in water.
Specimen were annealed for various lengths of time

at temperatures of 3000, 4000, and 500°C. The hardness
tests were made on a Rockwell machine, "E" scale, using
a 100 Kg load and a 1/16 in.ball.
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TABLE I

rt
The change in Electrical Resietance of the 3%

CuAl2 alloy, ~uenched from 800°C.
Length of wire 100 cm
Diameter of Wlre - 0.06 cm

Tlme of Heating
(Minutes)

Resistance
( Oh111 ' s)

Change in Reisistance
(%)

Cold Worked
15
45
60

.864

.804

.690

..690
6.9%

20.1%
20.1%

TABLE II

The cha.nge in the Electrical Resistence of the

3% CuAl2 alloy, annea.1ed at 225°C.
Length of wire 100 cm

Diameter of 'wire 0.06 cm :~enched from 8000C.

.._ --- _._--_._-----
Time of Heating

(l1inutes)
esistance
(ohm's)

Chenge in ?esistonce
(~t)

o
30
60
90

120
150
180
210

• 90
,,1)'75
.~'72
.664
.663
.660
.656
.656

MONTANI r. -l' ...,.r ..•·
&....._ M._ ....10 .' ,_ 1. a. .)., ~-~

BUlT£.
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TABLJ~ I I I

The Change in the Electrical 'l.esistanceof the
3% CuAl2 alloy, annealed at 250°C.
Length of vtire 100 cm
Diameter of 'lJd.re 0.06 cm ~uenched from 8000C

Time of Annealing
(Min'J.tes)

Hesis Lanc e
(ohm's)

Change in Resistance
(~~)

o
30
60
90

120
180

.680

.647

.645

.634

.637

.639

TABLE IV

The Change in the Electrical Resistance of the
01 .lloCl4;3 CuAl21,,,annealed at 650°C.

Length of wire 70 cm
Diameter' of wire 0.06 cm ~uenched from 800°C.

Time of Heating
(Minutes)

Resistance
(ohm's)

Change in Resistance
(%)

30
90

120
150
210
240
270,
300
360
420

.768

.605

.575

.536

.518

.500

.482

.474

.461

.445

.434

21.3%
25.0%
30.1%
32.5%
34.9%
37.2%
38.3%
40.0%
42.0%
43.5%



-9-

TABLE V

The Change in the Electrical Resistance of the

4% CuAl alloy, annealed at 200°C.2
Length of wire 65 cm.
Diameter of wire 0.06 cm. uenched from 800oC.

Time of Annealing
(Minutes)

Resistance
(ohm's)

Ghange in rtesistance
(%)

30
60

~90
120
150
180

.420

.405

.400

.395

.392

.390

.388

TABLE VI

The change in hardness of the 3% CuAl2 alloy at
various annealing temperatures.
uenched from 8000C.

Annealing Temperature Annealing Temperature Annealing Temp._ 300oc. = 400°C. • 500oC•
Annealing Annealing Anneal~ng
Time Hardness Time Hardness Time Hardhess
(Minutes) (Minutes) (Minutes)

'..uenched 12 uenched 12 uenched 12
5 45 5 63 5 52

25 67 15 60 15 39-
35 60 30 63 30 45
45 64 60 68 60 44
60 71 90 59 90 43
90 75 135 62 120 42

150 71 180 57 180 38
210 73 210 61 240 36

1290 40
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DISCUSSION
The three binary alloys Cu-Ag, CU-Al, and Ag-Al

are sho~~ in Fig. 1, with the pseudo-binary series in-
dicated by the line connecting the Ag and CuAl2 poin t a
on the equilatera.l triangle. No definite pseudo-binary
equilibrium diagram has been worked out for the Ag-cuAl2
series, but from the two branches of the binaries Ag-CU
and Ag-Al in the Ag-rich field, the diagram as shovm
in'Fig. 2 has been constructed. This diagram indicates
that the solubility of CuAl2 in sil~e~ increases with
temperature.

In order to drive all of the CuAl') into solid
t::..

solution in both the 3% and 4% alloys, a quenching tem-
perature of BOOoC was chosen. The resistance of the
cold-worked and annealed wires are tabulated in Table I,
where it is shown that the increases in resistance due
to cold work has been removed. The decrease in resistance
due to precipitation annealing is tabulated in Tables
II, III, IV, and V, and shown graphically in Figs. 3
and 4.

These results show that annealing decreases the
resistance of both the 3% and 4% cuAl2 silver alloys.
Figure 4 shows that the resistance decreases very
rapidly at first at 650°C, and that it is still gradually
decreasing at the 'end of 7 hours annealing, although the
rate of decrease ~ecomes less.
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Figure 4 also shows that there is a gradual decrease
in eLec t r i caL resistance in the 4% CuAl2 alloy when it

is annealed at 200°C, indicating a slow precipitation
of CuAl2 at this temperature. The 3% CuAl2 alloy~ when
annealed at this temperature showed no change in resis-
tance, but a slight change at 225°C (Figure 3). From
These results, it appears that the minimum annealing
temperature for a 3% CuAl2 silver alloy would lie some-
where between 200°C and 225°C, and minimrun annea.ling
temperature for a 4% CuAl9 silver alloy slightly below...,

200"'C. This would seem to indicate that the higher the
percentage of CuAl2, the lower will be the minimum
annealing temperature. 'Phis is what one would naturally
expect since the greater the degree of satllration of .
silver w i th CuAl2, the greater would be the tendency of
the CuAl2 to precipitate.

Considerable difficulty was encountered in getting
the CU_12 back into solution after it had been once
precipitated. Long heating at 800°C with as many as
8 ~uenchings were necessary to obtcin a constant resis-
tance. In no case was the resistance increased to its
original value, although in all cases the resistance
was appreciably increased comllared to that in the
ann ee.I ed s t a t e, The f a'iLure to ob t a in a z-esIstanc e
eq ~l to thet bef ere the wi re \ 8 S anne aL ed may be
~ttribated to oxidation or to crBin Growth.
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investigation of th8 effect of either of these f&ctors
wa s attempted.

The maximum hardne~s obt&ined with the 3% CUA12
alloy W8.S 75 on the Rockwe Lk "B" scrLe , Thi e hardness
was obt~ine~ in a s~ecimen that was annealed ior 11 hours
8t 3000C. The results of annea.ling at this t emue rat ur-e,
as ahown in 'Tj1igu.re5 Lnd icat.e that the hardness of this
alloy Lncree.ae s gradually up to It hours and rema in s about

constant up to 3t hours annealing. The specimen anriea.Led
at 4000C shovs a more or less const&rt hardness, \ ith a
very gradual decrease in hardness with protracted anneslM

ing at this temperature. \lith the alloy annealed at
5000C? the maximum hardness 'Would seem to be reached
within a time of less than 5 minutes. No ?eriod of an-
nealing shorter than 5 minutes was trieJ. The hardness
of this alloy decreases a ~rcciably with a longer
anne~ling time at this temJerature.
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CO!JCI.lJSIONS

In view of the above results, it rna' be aa i.d that

critical dispersion and. precipitation of CuA12 in the 3%

CuA12 - silver alloy vii 11 take nLac e at tempera.tures

below 3000C but that no evidence of agglomeration of

these dispersed particles a t temperatures below 300°C

is ah own, The minimum c~ge-hardening t emper-s.t.ur-e of this

°alloy is between 200 C and 225°C. From these results~

the most sui table t.emper et u r e for age-cha.r-den Lng would

seem to be about 3000C.

TO attempt W8S made to d.et e rmtn e the effect of an-

nealing upon the grain size of the alloy, althouGh this

may h.ave h=.d some effect up on the final hsr-dn e ee ,

partic~larly with those specimens annealed at higher
o

tem)eratures. Annealint, at temperatures above 400 C

eives a rapid precipitation of CuA12, as is shovn by the

decrerse in Blectric~l ~eBistLnce (Figure 4). but is not

au t t ab l.e r;~s an anne e.Li ng t.emper at.ur e , since s:)ecimens

'annepled at t noae ter.1~eratureC' o.r e nuch softer than those

ann eaLed at Lowe r t emper a t ur e a (Fi{",lre 5). rnis 1S

p r e eumabLy due to agg l omere.t Lon of pr-e cLp i t s t ed :perticles,

which does not SCPIll to t rke J.. ''''~P, <t Lowe r t empe r c t ur-e n ,
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