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DV&LrOPMD4T OF A HIGH-STRENGTH STRES-CROPOSION-RESISTANT ALLOY

WITH AN AlZnMg BASE

Part II: Influence of Chemical Composition on Artificial Age-Har'ening

and Stress Corrosion of High-Strength A1ZrMgCu Alloys

by

W. Rosenkranz, Meinerthagen

Aluminium. Vol 39 (1963), No 12.
pp 741-752

The experimental results described in Part I of this report (Aluminium
Vol 39 (1963). No 5. pp 290-297, and No 10, pp 630-637) demonstrated.that
it would be necessary to overcome the stress corrosion in high-etrength
alloys of the AlZnMgCu type also in the critical vertical direction of large
extruded bars. It was found that the "chromJ effect" in the aforementioned
direction, which is generally considered to be v~ry favorable, may be super-
posed or even made ineffective by the presence of lines of undissolved inter-
metallic phases. The question as to whether in this connection the aluminide
of iron, chromium and manganese, or a copper-containing phase were particularly
harmful could not yet be answered. Worthy of note was the very good behavior
of alloys of the 4-3435 type, in which the usual copper additive was wholly
or partially replaced by silver. By using age-hardening temperatures of above
1400 C, the stress corrosion would be eliminated in this kind of alloys also
in the vertical direction.

These results were the starting point of a new experimental series
with seven different alloys, having the chemical compositions shown in Table
18. They were supposed to give an answer to the following questions:

1. Influence of chemical composition on course of age hardening;
2. Static strength in the longitudinal and vertical direction;
3. Stress-corrosion behavior in the vertical direction; and
4. General stress-corrosion behavior, in the weathering test, of T-

section samples which have been bent (i.e., subjected to strong plastic de-
formation).
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Using alloy A2, and according to the studies of Strawbridge, Hume-
Rothery and Little 17] mentioned in Part I of this -eport, we attempted to
bring the largest possible amount of copper into solution by raising the Zn
content at the upper tolerance limit of alloy W 3435, as well as by re-
duction of the Mg content at the lower tolerance limit of the same alloy.
The same objective was carried out with alloy Al; however, in this case,
a part of the Cu was replaced with silver. The influence of strong lines
of an insoluble iron-containing phase was to be determined by means of
samples of alloy A3. Alloy A4 corresponds approximately to the prescription
for W 34)35. In the case of alloys A5 to A? we have to do with alloys of type
W YI25 with low iron- and manganese contents. A5 exhibits a normal Cu content,
£6 an increased Cu content, while in the case of At an additional silver
component is provided.

The alloys described were again present in the form of chill-cast
blocks having diameters of 300 and 125 -m. To achieve different proportions
of dissolved ardundisoolved copper in the final state, the chemical compo-
sition wus varied, and in addition the casting was subjected to different
annealing operations prior to extrusion. The blocks used in the study were
subjected to one of the following preliminary treatments: a) no preliminary
annealing; b) 30 hours at 440°C; a) 16 hours at 4600 C followed by 14 hours
at 48OC. The 300m blocks were extruded, under co dition already used
in earlier studies, to large flat rods 200 x 85 m, and the 125.m blocks
to Tseoctions or round bars of 15 = diameter.

1. Influence of Chemical Composition on Course of Age Hardening

In the case of experimepts with the above-mentioned 15-n round bars
(block homogenizing at 460- 48C), a uniform solution treatment at 465
in a salt bath for 15 minutes was employed; all samples were quenched in
water at 6009 thus at a temperature which is possible under plant-operation
conditions without arW risk of causing lower strength in certain semi-
finished products. The duration of storage at room temperature between
quenching of the samples and the start of age-hardening was 1.5 hours to
61 days. The age hardening proper was carried out in liquid baths at 100,
120. 140, 160 and 1800C. The result of these experiments for alloys Al. A2,
A5 and A7 are contained in Figs 16 to 19.

These data demonstrate the well-known fact that the tensile strength
and the elastic limit became lover as the age-hardening temperature in-
creases, while the strain at failure increases a little. The overaging,
I.e.. the laering of tensile strength and elastic limit, occurs earlier
the hign:-z the age-hardening temperature. In addition to these normal facts
the data further reveal that the magnitlde of age-hardening in the case of
the two Ioer temperatures, 100 and 120 , In the four alloys represented is
either depondent of the room temprature, or Is dependent on it only to a
very subodimnate extent. At higher age-hardening temperatures (140-180C),
bowevr, there exits - as shown in the figures for the two Ag-free alloys
£2 and A5 - a considerable region of dispersion of the values of elastic
limit and tenilsc strength. In :ensral one may say at first that the values
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of the lower limit of this spread are attained in the case of age hardening
following Immediately after quenching, and the upper limit in the case of
a go hardening after storing at room temperature for 61 days. By comparing
Fig. 17 and 18 with Figs 16 and 19 it is possible to ascertain a very marked
effect of the silver addition. This effect consists in the fact that the known
spread found only in copper-containing alloys A2 and A5 (also A3, A and A6)
which is a consequence of different periods of storing at room tmperature,
disappears at high age-hardening temperatures.

Table 18. Chemical Composition of the Alloys Investigated, in Percent.

Legitrungs- C u Ag F e Mg Mn S Z ' T,
bezelthnung

A1 124 042 014 2 11 003 008 S92 0 22 00 5

A2 1.80 - 0 17 2IN j 0 1 0 5? 025 00S
A) 1,50 o- 080 2 42 001 0 10 560 0 26 0 05

A4 1.1$ - 012 238 002 0.09 575 022 0065

AS 082 - Oil 3 46 002 007 4,78 021 005

A6 1.43 - 011 340 002 0.07 .66 021 0,065
A 7 0.61 04S 016 364 002 00 4 7% 0 21 007

,,g t Alvm num

1) Designation of Alloy 2) Rest Aluninum.

In Figs 20 to 23 the age-hardening curves for 1600C (see Figs. 16 to
19) are again drawn individually in order to show that quite marked differences
in the values come about even by adhering to a given duration of storing at
row temperature - above all in the region of the age-hardening tines used
in actual practice, up to 10 hours, whose cause lies in an age-hardening
mechanism present in these alloys which is not yet fully understood. As can
be s> from Figs. 20 and 23, these differences, too, are decreased to a
practical1y Insignificant level by on addition of silver.

A further evaluation of the experiments involved the lovering of the
maxim tonll*.strength- and elastic-limit values in the cause of rising
Mae-hardonng teperatures. According to the investigation of I.J. Palnear

in which, in accordance with the presentation made in the work cited, the
4g-freo and A4g-containing samples to be tooted wore age-hardened immediately
after quenching, one of the advantages of the addition of Ag is in the re-
duction of the decrease of strength in the case of high age-hardening temper-
atures which have been found to be very favorable for stress-corrosion be-
havior. As Is shown by the practical evaluation of the experiments in Figs.
2a and 24b, this effect of the Ag addition is very great in the case of age
hardenig begun immediately after quenching; as the length of the intermadate
storage at room temperature inoreaes it becomes smaller -- the extent of
decrese varying with the different alloys -, so that, in the case of 61
days' storage thero are no largo differences with respect to the A4-fre
alloys.It Is worth noting that this equalisation of the strength values takes
place In the following mannor: They are displaced by the Ag addition &lso in
the case of an imediat age hardening to a high value w ch in the case of
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Ag-free alloys oan be attained only upon age hardening after long periods
of preliminary storage at room temperature. The described effects of the Ag
addition which cannot as yet be satisfactorily explained, are of consider-
able practical importanco, since they permit age-hardening at high temper-
atures to any desired length of time after quenching without thereby
causing any marked dispersions and decreases of the strength values attained.

As was shown by comparative experiments with the Ag-free alloy A5
and Ag-containing alloy A7, the Ag addition eliminates the influence of
storage at room temperature on the strength properties attainable at high
age-hardening temperatures also in the case of a recrystalizsed structure
brought about through strong drawing of the rods prior to solution treatment.

These same experiments enable one to make another, apparently very
important observation, namely that in the presence of the press effect.
high age-hardening temperatures cause a considerably greater contraction
of the tensile-strength specimens than lover temperatures. Table 19 contains
the strength properties including the measured reduction of avea at break,
taken from the age-hardening curves; in principle these properties are of
the sae order of magnitude for all alloys tested.

In addition to the effects of the elimination of the press effect
in drawn rods which consist, as is well known, in a decreesd of strength
and elastic limit as well as an increase in strain at break and reduction
of area, one can derive from the above data the following:

a) The reduction in area at break, which may be considered a measure
of the deformation ability of a material [161 remains more or less constant
in the case of samples which were only stored at room temperature and
those which were age-hardened at 1000 (valid up to about 1250), although
at 1000 the elastic limit and strength rise considerably. In reality,
however, In the presence of the press effect to which particular attention
should be paid, no area reduction In the .oper sense of the term takes
place, only a cross-ection reduction caused by a proportional expansion.

b) The reduction of cross section, linked witli a very genuine re-
duction of the area at break, is increased more than twofold in the presence
of the press effect by increaiing the age-hardening temperature to 1600 C.

c) An increase of area reduction at break of about the sase order of
magnitude Is achieved also by a full or partial elimination of the press
effect.

d) In the absence of thg press effect the area reduction at break,
shardening at 160 C, Is even further increased when compared

ith 0oC.

e) The view that the elastiA limit is a meaaure of the brittleness
of a material is only valid when no rductiAon of area at failure is present.
W ae o* comsidere the so-ealled *true stress,' that Is, when odo relates



the load present in a tensile-strength experiment to tne individual sample
cross section, then the elastic limit calculated under these conditions
is more favorable at 1600'° than at 1000C, particularly when the press
effect is present.

f) The lowering of the elastir- limit at 160C vs 1000 C takes place
in this case only in the Ag-free allcy, as wat already described above,
and only in the presence of the press eff-ict, while in tho case of a
recrystallization texture no lowering of the elastic limit values is
recorded.

The above observations point to tho fact that the age-hardening
processs occurring at temperatures between room temperature and about
125 0 C are dependent on the direction, that ia., that in tl.t cr,
a press effect structure they take place to a g.eater extent in the longi-
tudinal- than in the transverse direction.

Above the mentioned temperature limit another directon-idepondent
age-hardening mechanism sets in, one that has a marked structural difference
for consequence, as was described in Part I ,f this report; It also leads
to a notably groat increase of the area redu'ALon at break, that is, a
higher plasticity of the material. It is certaln that this favorable effect
of the high age-hardening temperature, which is to be discussed in greater
detail after the conclusion of a series of experiments still in progress,
is identical with experimental results deocrP ead ty H. Richter and z.
Wassermann (18] for AlCuMg alloy.i. It was to 1e assumed that the greater
plasticity achieved through high artificial age-hardenin% temperatures would
play an important roie with reference to th, 5trea,-corrorion behavior of
the material in ,qu9stion.

2. Stress-Corrosion hrper:L-ents wth Forked ;amples of Etruded Flat 200z85
an Rods in 0.01 N HCI Solution

Since the stress.corroslon .eharjor is most unfavorable in the
vertical direction, the invostigatio.is descritbed &ow were limited to
forked samples taken in this direction, ac.:oraing to Figs 7 and 3 of Part I
of this report, from the nuclear and rim strucures of ths rods. The hest
j bth att was lk9wis9 carred out accordina~ &2L, 3jthod descrIted to

Laptins to Figs. 16 through 19 (See following pagos)j Key refers to all

GA,16. Effect of Storage at Room Temperature cr. the Age hardening of A-
Containing Alloy Al at Age-Hardening Temperatures of 10', 120, 140, 1V0. l0 0 C

Effect of ,torage at Room Temperature on the Age Hardening of Ag-
Reelly A2 at Age-Hardening Temperatures of iN, 120, 140, 160, 180 0 C.

Ma3 Effect of Storage at Room Twunperature on tl.e Age P.ardening of Ag.
Free Alloy A5 at A4.-Hardening Temperatures of 10"'. 1,2. 140, 1t, 1800C.

2, fct of Storage at Room Teperatur, on the Age MardeAng of Ag-
Contaiing Alloy A? at Age-Fardeninf Temperatures o* 10C, 12C, 140, 160, 1800C.
Ky:1I Ae-Hardening Temper&ture;Z) Length of Storage at Room Temperature;
3) a0ues; 4) ?iine in hours; Std aHours; Tg = Days'.
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part I of this report. The solution treatment lasted 15 minutes at 46fC
in the salt bath; the quenching water had a uniform temperature of 60°C;
after 10-14 days' storing at room temperature the samples were ago-
hardened in liquid bathis at 1200 and 1600 C. In establishing the duration
of age-hardening it was attempted, on the basis of suitable preliminary
experiments, to attain, as much as possible, equal strength properties
in the longitudinal direction of the nuclear structure. This attempt has
been thoroughly successful, as shown by the graphs of Figs 25a and 26a.
which include, in addition to the longitudinal values, also the values
for the vertical direction, investigated for strgss corrosion. Only alloy
A? gives somewhat lower strengths at 120 and 160 C, as was assumed alrady
from the above-mentioned results of the prellinary experiments; the values
of alloy A2 compared with the Ag-containing alloy Al are a little lower
only at 1600C, for reasons which Lave been discussed above.

Table 20 below contains the age-hardening times employed with
the d!fferent pretreated samples, The average life durationsof 5 forked
samples are to be taken f--3m Figs. 25b and 26b, for 120 and 1600C,
respectively.

Table l. Strength Values of Pressed and Drawn Rods of Alloys A5 and A7

Age-Hardenin: a) 20 days cold-hardened; b) 20 days cold-hardened, 48 hrs
at 1000C; c) 20 days cold-hardened; 6 hours at 1600 C.

Lege- Verfor- A.,har- ,, . Ar .0- [
rtnj murgl- 1-9S f, , e~t g-ete dchnunq $ u.

zustond iuo hp v i ,6m
m  

% ung

I--- - -- (
A S gepre

8 
I h .1', S '1 S 115 17

17 00C 6#15 5S 9 0 16
160 C s05 o S 611 0 36

gerogen 6ult 49 R I1 2 24 0 31

10'C 52.5 45 0 180 '35

1601C 54.0 48 2 15 5 48

A 7 gepren &aUt 54 2 9 0 12 0 17

100C 62 0 54 9 0 1 ,
160*C 59,6 545 11 0 1S

gelogen 6I"l 47 S )0 2 240

1001C 55 0 45 0 17 o 2

160"C 520 475 14 46

1) Alloy 2) State of Deformation 3) Ago-Hardening State 4) Tensile
Strength 5) Elongation at Break 6) Reduction of Ares at Break 7) Pressed
8) Drawn 9) Cold 10) Elastic Limit

The following results were obtained:

a) The static strength values play only a quite subordinate role in

the investigated alloy group. compared with the differences in chemical
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composition and texture. The attempt to establish a life duration vs.
tensile strength-, or a life-duration vs elastic limit curve fails because
of the overwhelming influence of the other factors. The same holds true
for the elongation at failure which is reduced in tho vertical direetion
in alloy A3 by strong FeAl 3 bands, and especially in the case of alloy A6
by residues of an undissolved Cu-containing phase; while the PeAl bands
produce no noteworthy lowering of the life expectancy which is particularly
great in the case of the presence of residues of the Cu-containing phase.

Table 20. JAta Regarding the Type of Age Hardening of the Different Pro-
Treated Samples

Leg,ervg te 120'C 1 - 60'C
.n h f ,z

A2

A 4A4 5

A'6

1) Alloy 2) at 1200 C, hours 3) at 1601C, hours.

b) It is possible to attain a practically complete elimination of
the susceptibility to stress corrosion in alloys Al to A4 - particularly
in the critical vertical direction of the nuclear and rim temperatures
by age hardening at 1600 C. when the strength values are about the same.

c) The markedly favorable effect of a combines Cu-Ag addition
is noted alaso in this case, as was observid in the results described in
Part I of this report. At any event it is noticeable only in those alloys
or states which are not characterized by long life duration for other
reasons. In all those cases it can be seen that the two CuAg-containing
alloys Al and A7 give the most favorable resulte.By comparing the two
alloys Al and A2, the slight drop in strength at 1600 in the longitudinal
and vertical direction caused by the Ag addition is again noticed, as has
already been described in another connection.

d) Alloys Al to A4, exhibiting a higher Zn- reap. Cu content but a
lower Mg content, behave better in a vertical-direction test than alloys
A5 to A7 with a lower Zn content but a higher Mg content. Particularly un-
favorable Is alloy A6 in which no solubility exists for the relatively
high proportion of copper, duo to the high Hg content. The tendency that
the stress-corroaion behavior is improved by an as high proportion of
soluble copper as possible, but that residues of undissolved primary Cu
phase have a very unfavorable effect, is observed upon comparing the dif-
ferent alloys, in agreement with the above- mentioned studies [171 on the
slubility of Cu in AlZnft alloys; the same holds true in this regard for
the two preliminary annealing temperatures of 4400 and 4800C, used for the
blooks.

11
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Figs. 20 and 211: Effct of Storing at Roomi Temperature on the Course of'Age Hardnivq of (Fig.20) Silvr-Contai-ng Alloy Al (Fig 21) Silver.Irroo Alloy A2 ; Age-Hardening Temperature in both cases 1600C. 1) Timea

in Hours 2) Storing at o Temprature; St H..ours; Tg a Days.

o) It was found that the stress-corrosion behavior Is onlyslhtly impaired by the heavy F9A13 bands present In alloy A3.
3. Strss-Corrosion Experiment@ with bent T-Scuins in Weathering

The extruded block* of 125 = diaeter from alloys Al through A7used In thoese experiments, wore heated prior to extrusion as follow:

& go prelimianry annealng.
b 0hours at 4400 ,

a) 16 hour# at 4600C. 14 hours at OC.
They were pressed Into Tosootions under the oo=Utions described in Part I

of ti's report. anNaled for 15 mte at 6oC In a salt both, and
quenched In watr at 600 . The ageamrdenisj was carriedl out at 1200 and1600 following & period of 10 to 14 dayst room temperature. In order
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?P. 22 and 22: g'fect of" Storing at Roo n Tauperaur on the Course of'

Ago Hardening of (Fig.22) Silver-Free Alloy A5 (Fig.23) Silver-Containing
Alloy P7; Age-Hardenirn Temperature in both cases 1600C. 1) Time in Hours;
2) Storing at Room Temperature; Std = Hours; Tg a Days.

to achieve the same stresses in the stress-corrosion testa, the duration
of age.-hardening was again chosen in such a manner that the samples of
the different alloys, and the states, were characterized by approximately
identical strength properties. As rhown by the graphs of Figs. 2? and 28.

this asm was achieved to a great extent; In Individual cases, however,

no agreement of the values Is possible duo to reasons which will not be

discussed here any further; this circumstance, however, plays a/Ali* also

in this case . as in that of the experiments with forked samples just

described. After age hardening the sections were bent by 80 around the wet,
thus subjected to a strong plastic deformation, and exposed to the weather-
ing test in this state; here we have to do with a very sharp stre.s-
corrosion test which has aiready been described in great detail elsewhere
E512 - -

(For oaption, to Figs. 24a and 24b on next page. see top of p 15.1
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Figs. 24a and 24b: Effect of Storing at Room Temperature on the Age
Hardening of Different Alloys of the AlZnMOg Type. 1) Temperature cf
Tempering 2) Storing at Room Temperature Leg. = Alloy; Std. = Hours;
Tg. aDays.

The average life duration of 5 samples is rupresented in te lwtr
part of Figs 27 and 28. Tne experimental results obtained in the weather-
ing test practically agrees with the results ot tained with forked .4ples
from large experimental flat rods. Hrr, too, we succeeded under the chos"'
conditions for a whole series of alloys resp. states, to eliminate th-.
stress corrosion, above all after plastic deformation of the age-hardened
state. Particularly great effects could be obtained by means of high
age-hardening temperatures, with the combined addition of Ou and Al, as
well as by avoiding a high Mg content which decreases the solubility of
copper. By using the critical but heretofore quite usual age-hardening
temperature of 1200 the favorable effect of silver is clearly observatle
in the case of both alloys Al and A7. To be noted, in addition, is the
fact that the sections from non-pre-annealed cast rods behave worse in
the case of an age-hardening at 120o than those made of pro-annealed
casting. This is to be attributed above all to the greater tendency rof
such sections during inductive heating to rerystallization during the
solution treatment.

To conclude this second part of the report wo would like to ba,,
a few words on the testing method employ.d in the experiments dvscr4. <.

The forked sample permits the testing of a largt, ;iumber of alloys and
states, particularly the dependen,:e on direction .n heat-deformied -eri-
finished products, usin. simple muris. 71e disadvantage I.lLtly attr ..'t

to this test, to wit, that it dou, not allow the ttstit* of a aefinu

stress state, can be eliminated ty the .reaticn of nuarl ojal streu;th
values to such a great extent that the Load differences still occurrrig
have a completely subordinate signifioance In comparlson with other
factors which have an Influence on stress corrosion; the accuracy of
this view is clearly expressed hy the experimentaX results Corwuriilto.
The same can be said also about th,- t*;t1,n o:" t.;nt T-se't .

F( A, of of the corr,-tn.)s-_ o: th" vi ,w r-tpresvted we woAL. 1.-
to communicato a few experimuntal results oltairnd in tte woather1i
test with a large number of samples with a lefinite stress. Fero w* ha,.
to do with the so-called rirnd: saiiples taken from thiCK-walle, extruded
pipes: such a sample is shown in Fig..Q. 1t has b-ion used for .lulte somss
time for production control. The results of this sample fully agree with
those described in the previoas report. In the case of tre first exyeri-
ment to be describod here the pipen. 112 x 10 mm, wore 1,f an alloy of
type W-425. After solution treatment at 4'' V,. wero lu)n-he4 'n
water and then age-hardened, partlb for 12 hours at i ant partly 'or
4 hours at 1450 .. 'ro the diffirant rreased pireq preseni ir. t1. two
different states ten samples each were tak-en; on thu ririr sample ave.-
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hardened at 1459C we deterained the load at which a plastic def'zmation
set In, and then all samples were subjected in the same manner to a
stress amounting to 8% of this load. The static str#Agth values of the
two sample groups in the logitudinal dircticn, and the lif, durations
of the ring samples tre amarized in TablA 21.

/

//

//

//

Fig.29. Ring Saple From a Thick-Wallod fttruded Pipe

Again it can be soon fr these results that the effect of high-
age-hardening tempratures is very favorable. Group B does not exhibit
any break after 1275 days, despite the fact that these samples were
stressed with 80% of the elastic limit, while the stressing of the
samples of Group A with an average life duration of 371 days consisted
of only about 55% of the elastic limit. The described method of carrying
out the experiment - i.e., the same stressing of both groups of samplo
despite actually existing, different elastio-lluit values .. was chosen
for the reason that the construction engineer bases his calculations not
on the attained or attainable values bat the guaranteed values.

Table 211 Uporient. 1 Results with Ring Samples from W )425. in Weathering

Grv!)vie Worm jui Fe fgke,1terte ,n 8 "'0 nokh AAt#e,

TagonLebont-h'r',n Langtrc{hI.,ng I tlt

" 0 ? j 1 Y daver Ci
kp mM kp mm n

A 12 h 12VIC 600 546 '0 20 40 O 171

0) 360 420

59 4 54 4 10 480 480 4A0
4R0

4h 145-C S2 5 462 11 '275 8 , PS
j 2 4 4 1 1

1) Group 2) Age-Hardening 3) Strength Values in Longitudinal Direction
4) Break after .... Days 5) Average Life Duration in Days 6) N
Break
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In the same manner we used ring samples of pipes of the above.-
mentioned alloys Al, A2 and A5. The pipes made of alloy A5 exhibited
after age-hardening at 120oC, elastic-limit values of about 50 kp/m;
those &as of alloys Al and A2, after age-hardening at 1700 C, about
45 kp/m . After an experimental period of 270 days - up to the time
of writing - about 60% of all samples of alloy A5, which had been
stressed with 80% of tLm elastic limit of Al and A2, are broken, while
in the samples of alloys Al and A2 no break has as yet occurred.

Smary

The experiments described in Parts I and II of this report,
relating particlarly to the stress-corrosion behavior of extruded
sections of greater or lesser dimensionsmade of high-strength A1ZnMgCu
alloys in an acid corrosion medium (0.01 N HC1) and in the atmosphere,
have first led to the result that there exists in the "fine-grain zone"
at the edge a considerably smaller dependence of the life duration of
the sample on direction than in the Inuclear structures' stressod with
the press effect. The durability of the fork samples in the very critical
vertical direction was very small; as may be seen from Tables 9 through
11. Tho addition of chromium which otherwise has such a favorable effect
on the stress-corrosion behavior has no noteworthy improving effect.
It was found that residues of an undissolved Cu-contain~g phase cover
up and n~arly inactivate the "chromium effect' while 7eAl bands have a
surprisingly small effect. By acovrate adjustment of the In.. g, and
oompoeents of the alloy as well as by means of homogenisation of the
castirg VwcL ahich brings the copper present to complete solution
the "chromium effect' may be made to exert its full activity also in
the vitical directioa of the nuclear structure; in these measures the
ma&gitude of the magnesium content which has a particularly injurious
offect on the solubility of Cu acquires a very great significance.
A grater certainty is assured when a part of the copper is rep.aced
with silver, since the solubility of silver is not reduced as strongly
by nmagaium as that of copper. By resorting to this type of measure
the possibilily is created for setting the magnesium content, which
improves the static and dynamic properties of the alloyto such a Level
that no deterioration in these propmrties sets in compared, e.g. with
those of material W 3435.

Under the preconditions described above we may consider the problcm
of stress corrosion of alloys of the AlZnMg type, when using age-harcenlng
teperature., between 140 0-17C,." practically solved also for the
critical vertical direction. Further, the intentional and unintentional
plastic deformations in the age-hardened state, which have so far been
rightly judged to be very critical, are also to be considered, on the
basis of the suggestions made, as substantially less risky in thejLr
effects, as was shown by the experiments with bent T-sections.

In addition to the Immediately favorable effect on the str.ss-
corrosion behavior, produced by the addition of silver, the latter has
two other advantages:
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One consists in the fact that it markedly retards the lowering
of the static strength values occurring with increasing age-hardening
temperatures, when the usual periods of storage at room temperature are
employed between quenching and age-hardening, and that in this indirect
manner it contributes to the elimination of stress corrosion by making it
pos, ,ble to use higher age-hardening temperatures.

The second advantage of the addition of silver consists in the
fact, important for the mar.afacturing process, that the influence of
the duration of storiag at room temperature on the values attainable
throu7h age hardening, present in silver-fre. Altn%'. Cu alloys, are
eliminated. This means that the hitherto customary periods of storage
at room temperature may be abolished, and that dispersion effects brought
about as a function of the length of age-hardening due tc the no readily
understandable overlapping of different age-hardening mechanisms, are
also prevented.
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