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ABSTRACT

The tensile properties and hardness of aluminum-zinc-
magnesium-copper 2lloys containing approximately 0.25 per-
cent chromium and 0.15 percent titanium have been investi-
gated over a range of O to 1.75 percent copper, 3 to 13
percent zine, and 0 to 1.0 percent magnesium, The chro-
mium and titanium were added for their specific effects
on resistance to corrosion and grain refinement, resvec-
tively. Aluminum ingot which contained approximately
0.15 percent iron, 0.08 percent silicon, and 99,75+ per-
cent aluminum was used as a base. In sand castings, ap-
proximately 0.4 percent copper, 6.6 percent zinc, 0.33
percent magnesium, 0.25 percent ciromium, and 0.15 percent
titanium aprear to give a good combination of strength and
ductility together with satisfactory resistance to corro-
sion. Suehk an alloy azges at room temperature without any
previous heat treatment and attains nigh tensile propser-
ties, endurance limit, resistance to failure by impact,and
good resistance to corrosion in the accelerated tests
utilized in this investigation. Castings of this type of
alloy, Lowever, have tine disadvantage of being somewhat
"hot short." 1Its tensile properties at elevated tempera-
tures are relatively low, and it overages with the conse-
guent loss of tensile strength and hardness when exposed
for a few month's at temperatures as low as % ol SRR
300° P this overaging effect is rapid with consequent
marked deterioration of the tensile prroperties and hard-
ness.




ALUMINUM-ZINC-MAGNESIUM~COFPER CASTING ALLOYS

By L. W. BEastwood and L. W. Kempf

Aluminum-base alloys contasining a high zinc coantent
were among the first aluminum alloys used for castings.
Beczuse they were used in the early years of the aluminum
casting industry, particularly in Europe, their history
presents an interesting chapter in the commercial develop-
meat of this metal, The principal early investigation of
binary and more complex aluminum-zinc alloys was done by
Rosenhain and Archbutt (reference 1) in 1912. An excel-
lent review including an extensive bibliography of the
early development of aluminum-zinc alloys was published
by the Bureau of Standards (reference 2) in 1927,

The high zinc-sluminum alloys most widely used in
Europe contained 10 to 14 percent zinc and 2 to 3 percent
copper, largely as a result of the work of Rosenhain and
Archbutt. In the United States, Zay Jeffries and William
A. Gibson (reference 3) developed an alloy containing 10
to 12 percent zinc, approximately 2 percent copper, and 1
to 1.75 percent iron, which was used quite extensively
during tre decennium 1920-30. In addition to aluminum-
copper-iron-zinc alloys, these investigators in 1919 also
patented aluminum-copper-iron-magnesium-zinec alloys, a
preferred composition of which was given as 7 percent zine,
3 percent coprer, O to 1.5 percent iron, and 0.1 to 0.3
percent magnesium,

Early in 1921, the production of heat-treated cast-
ings began (reference 4) in the United States, and their
continued development and use has been accompanied by the
gradual displacement of the high zinc-aluminum alloys.
This replacement by the heat-treated alloys occurred be-
cause of their higher tensile properties, lower specific
gravity, better casting characteristics, and greater re-
sistance to corrosion,

Aluminum alloys containing zinc and magnesium as the
principal alloying ingredients have also been in commer-
cial use. At an early date, William Guertler and Wilhelm
Sander (reference 5) investigated and proposed the use of
aluminum alloys containing magnesium and zinec in the pro-
portions in which they occur in the compound MgZn,.
Alloys of this tyre have been used commercially for a num=-
ber of years. (See reference 6.) For example, an alloy
known as "Constuctal 8" containing 7 percent zine, 2.5
percent magnesium, and 1 percent manganese was first
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produvced in Germeny about two decades apo. A similar
alloy developed by

William Guertler for castings, con-
tainivg 7.6 percent zine ~nd 1.7 percent magnesium, hes
been Gesignated G.W,32. Another contdining 6 nercent
zinec, 1.2 percert magnresium, and 2 wercent iron wes de-
veloned by T. 3. Fuller and Davig Bq.bh (reference 7) in

the United States.

In 1937 aund 123G a saries of United States patents
was issued to Yonosukes Majuennga (raf :rence 8) on
alloys containing zine, magnesium, and coper &
cipal alloying constituents. A‘umlnun—71uc mas
loys having a nreferred composition of 8.0 ?ercvn e st
O 5 percent chromium, 0,&9 percent marnesium, 0.10 narcent

itanium, less than 0.3 parcent conner, silicon or manga-
ness and less than 0.8 mercent iron have H:en »Hromosed by
Geor;e ¥, Comstock. . (83se .refesr=nce 9.) There heave bren
many other investigations of aluminun slloys containing
zinc and magnesium as the wrinciral 1130v1r' constituents,
but a complete reviev here is unnecsesssary.

1l mrowerties
anse in =ine,
¢ data on

This paver contains date on the mechanica
f gsand-cast tzst bars havinf g congidorable r
magnesium, and conrner content sad more detail
the pronsrties and fourdrr cheracteristics of an aluminum-
~inc-nagnesivm-copper =lloy having a wreferred comnosition
for high strensth and ductility, The »nrincinal mortion of
the data is on alloys which also contain awmroximately (.15
nercent of titanium and 2,25 nexcent clromium., The tita-
nivm and chromium wWwers “4d d bscause o) found to
effect groin refinement and imnrove resistance to corro-
sion, re

i)
m
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EXPERIMEETAL PROCTDURE
Preparation of the Alloys

Aluminum iangfgot containing 99.75 percent aluminum and
the alloy componants Were carefully Wcleh ed. Thes magne-
sium and zinc Vers addsd as guch, but the chromium, tita-
nivm, &nd copprer vwsre added in thﬂ form of aluminunmn-base
riches prsnared with 3.8 percent aluminum. The melts

vere mafe in plumbago crucibles in gas-ifired furnaces.
First the aluminum wng meltcu down, “and thzn the dllioying
material; sxcent the magnesium, was add:d and melted.



The melt was fluxed with chlorine for 10 to 15 minutes,
and then the magnesium was added, If a variation in the
cortent of magnesium, zinc, or copper was desired, these
metals were successively added in the proper amounts after
esch set of the test castings had been poured. Each set
of castings in the series was then given the same heat
number, with the letters A, B, C, etec., attached in the
order of pouring.

rr

Test Castings

Cast-to-size test bars were made using a 6-bar cast-
ing, a photograph of which ig shown in figure 10 Thesge
tect bars are 1/2 inech in djameter at the test section.
The test-bar castings used for corrosion tests were cast
somewhat oversize and machined to 1/2 inch diameter at the
test section. A casting having heavy sections was used to
determine the effect of section size. This casting is
shown in figure 11 with the gates and risers attached.
Bach section is 6%4 inches long, 4 inches wide, and 1, 2,
and 4 inches thick. Test bare 0,505 inch in diameter at
the test seetion were machined from this casting. All
castings were poured from 1350° F unless otherwise noted,
and all were made in green sand molds.

Aging Treatment

After the castings were made, they were aged as in-
dicated by the data in the tables or figures. Usually the
castings were aged for 30 days at a room temperature main-
tained at about 85° F, In some instances an equivalent
aging treatment was effected bty using a shorter time at a
slightly elevated temperature., This subject is treated
more fully elsewhere in this paper.

Corrosion Tests

Corrosion tests were made on separately cast test
bars., The investigation of the corrosion of test bars
under an applied stress was conducted by using the ex-
perimental procedure described by E. E. Dix, Jr. (See
reference 10.)

The general corrosion characteristics of unstressed
bars were determined in salt-spray exposures in a manner




deseribed by E. H. Dix, Jr. and J. J. Bowman. (See refer-
ence 11.) The eguipment used is illustrated by figures 1
and 3 of their paper "Salt Spray Testing." Hard rubber
spray nozzles were employed, and the salt-spray boxes con-
tained six vents each., The air at 40 pounds per sguare
inch was passed through a cleaning tower and then through
a water column maintained at 85° F to saturate it at the
test temperature before it entered the boxes. The salt=-
spray exposures, maintained at 85° F, were of two types,
continuous and intermittent. A 20-percent-salt solution
was used for the continuous exposure and a 3Y%z-percent -
salt solution for the intermittent exposure, Morton's
Flake Butter Salt being used for both types. The inter-
mittent cycle comprised 16 hours with the box closed and
the spray operating, and 8 hours with the box open and

the spray not operatinag,

Six cylindrical test bars made in green sand and ma-
chined to 0.5 inch at the test section were suspended from
glass rods for each type of exposure, In order to remove
dust and grease which might have interfered with the test,
the bars were cleaned in petroleum ether before starting
the exposures.

Tensile and Hardness Tests

Except those made on heavy sections, all tensile
tests were made on separately cast test bars without ma-
chining the gsge section. Yield-strength values were ob-
tained at the point of Q.2-percent deviation from the mod-
ulus line.

Brinell hardness was obtained by using a 500-kilogram
load and a 10-millineter ball.,

Elongation values were determined on a 2-inch gage
length,

EXPERIMENTAL RESULTS

The experimental results obtained are presented in
the accompanying tables and figures, The effects of 2106,
magnesium, and copper content on the tensile and hardness
properties of cast test bars have been investigated over




s considerable range. The resistance to-corrosion of
these alloys under an externally applied stress also has
been investigated. A relatively narrow concentration
range of zinc, magnesium, and copper has been more thor-
oughly iavestigated in respect to aging characteristics,
effects of exposure to elevated temperatures, high-temper-
ature tenszile properties, tensile properties in heavy sec-
tions, foundry characteristics, and physical properties.

The Effect of Zinc, Magnesium, and Copper Content

The effects of the magnesium content on the tensile
strength, percent elongation in 2 inches, yield strength,
and Brinell hardness of alloys containing & to 13 percent
zinc and approximateiy 0.4 percent copper, 0.25 percent
chromivm, 0.15 percent titaniuwm, 0.15 percent iromn, and
0.08 percent silicon are shown by figures la, 1b, lc, and
ld, respectively, Data on similar alloys containing 1,0
percent copper instead of 0.4 percent are graphically rep-
resented by figures 2a, 2b, 2¢, and 24, respectively. A
third set of data on a series containing 1.75 percent cop-
per is represented by figures 3a, 3b, 3c, and 34,

By the use of curves which represent the tensile
strength and percent elongation, it is possible to deter-
mine the maximum and minimum amounts of magnesium at each
zinc content which will give desired minimum values of
tensile strength and elongation. This has been done for
certain values, and the results are represented graphi-
cally by figure 4., This figure shows the range in zinc
and magnesium content at which minimum tensile properties
of 36,000 pounds per square inch and l0-percent elongation,
and 34,000 pounds per square inch and 7-percent elongation
were attained under the experimental conditions utilized,
The former minimum values of tensile properties are rep-
resented by the inside area bounded by full lines, and
the latter values by the entire area bounded by the dashed
lines.

Examination of figure 4 shows that the higher the
zinc content, the lower the magnesium content for maximum
combinations of strength and ductility. The shape of the
areas representing the zinc and magnesium concentrations
for minimum tensile properties of 35,000 pounds per sguare
inch and 10-percent elongation is gquite similar at each of
the three values of copper content represented, However,



inereasing the copper content decr=2aces the size of areas
representing the range of magnesium and zinc for these
minimom properties; and for a given zinc content, increas-
ing the copper requires decreasing magnesium concentration.

Tadle I shows, for three series of alloys containing
0.4, 1.0, and 1.75 percent copper and 4 to 13 percent zinec,
the magnesium content reguired for the attainment of 35,000
pounds per square inch tensile strength and 10 percent elon-
gation.

As indicated in figure 5, increasing the zinc content
increases the tensile and yield strengths and hardness,
but decreases the elongation of alloys containing approxi-
mately 0.3%5 percent copper, 0,15 percent iron, 0.08 per-
cent silieon,; 0,13 percent titanium, 0,25 percent chromium,
0.27 and 0.29 percent magnesium,

The Effect of Iren and Silicon Content

Iron and silicon may be regarded as impurities since
they do not improve the gechanical properties. These ele-
ments invariably occur as impurities in aluminum. Accord-
ingly, it is desirabdble.to know the effects of these impur-
ities on the propertiee, The available data listed in
‘table 1I, though not extensive, show the effects of iron
and silicon seperately and in combination. Figure 6 also
shows that increasing concentrations of silicon have a
very adverse effect on the tensile strength and ductility
of alloys containing 0.38 percent copper, 0,15 percent
iron, 6.6 percent zine, 0.13 percent titanium, 0.2 percent
chromium, and 0.08, 0.13,-and 0.33 percent silicon. Iron
alone has only a slightly adverse-effect on the tensile
properties even when 0.5 percent is present. When irom
and silicon are increased simultansously, the tensile
strength and duetility are reduced to about the same ex-
tent as thney would be if the-silicon alone were increased
The adverse effect of silicon is probably due to. the for-
mation of Mg,Si. which depletes the effective magnesium

content .and forms a. . .brittle grain boundary-constituent..
With the aluminum at present commercially available, it
“probably is not practical to specify silicon concentra-
tions lower than about 0.25 percent, The mechanical prop—
erties .of commercial castings might be-expected to be

lower than those obtained in this investigation on_alloys
containing. about 0.08 percent .silicon.in about the.-ratio-
indicated in table II,.




Resistance to Corrosion

Four alloys were exposed in salt spray in the manner
described above. Two of these alloys contained approxi-
mately 7 percent zinec, 0.3 percent magnesium, 0.1l5 percent
iron, 0.08 percent silicon, 0.15 percent titanium, 0,35
percent copper, and 0.00 percent chromium. One of these
was prepared from 99,99+ percent zinc, and the other from
99.5 percent zinc. The other two alloys were similar in
composition to the first two described, but both were made
with 99.99+ percent zinc and both contained 0.25 percent
chromium. One of these two contained 0.35 percent copper
and the other, 1.0 percent copper. The results obtained
after one year of exposure of unstressed cast test bars
to continvous and internittent salt sprays are as follows:

1) The resistance of the alloy containing 0.25 per-
cent chromium is superior to that of the chro-
mium-free alloy.

2) The alloy containing 1.0 perceat copper appeared
inferior to that containing 0.35 percent copper.

3) The resistance to this type of corrosion is not
noticeably affected by the degree of purity of
the zinc.

4) An alloy containing approximately 0.35 percent
copper, 0.15 percent iron, 0.08 percent silicon,
7.0 percent zinc, 0.15 percent titanium, and
0.25 percent chromium has good resistance to
this type of corrosion; it is about equivalent
to the well-known Alcoa no. 43 alloy consisting

\ of aluminum with 5 percent silicon.

It has also been found that bars stressed at 75 per-
cent or less of the yield strength are not subject to in-
tergranular corrosion when continuously immersed in a solu-
tion of NaCl and E,0,, provided the zinc does not exceed

about 7.0 percent and the copper is not less than 0.25 per-
cent or more than 0.6 percent. .

Preferred Composition
On thie basis of the results on tensile properties and

resistance to corrosion discussed above, an alloy contain-
ing approximately 0.4 percent copper, 0.15 percent iron,




0.08 percent silicon, 6.6 percent zinc, 0.33 percent mag-
nesium, 0,15 percent titanium, and 0.25 percent chromium
was selected for more detailed investigation.

Agiang Characteristics

Table III and figure 7 show the chan~es in tensile
properties and hardness of cast test bars of an alloy con-
taining 0.38 percent conper, 0.17 percent iron, 0.08 per-
cent silicon, 6.8 percent =inc, 0.12 percent titanium,

0.27 percent magnesium, and 0,23 percent chromium. Three
diffsrent aging temperaturss were used, that is, 85°,
1659, and 2129 F., The curves of figurs 7 show that the

&,

best combination of tensils strength and ductility is at-
‘tained by aging at 85° F. It will be noted that 1 week

at 165° F is ap roximately eqguivelent to 1 month at 859 F,
This alloy overages even at 212° F when the time at tem-
perature is of sesveral months' duratior. Cverasing mani-
fests itself by a greatly reduced ductility and some drop
in yield strength and hardness. After 7 months at 165° F,
there is no softering noticeable, but the ductility as
measured by the percent elongation is greatly reduced.
This might be comnensated by starting out with a lower
magnesium content and higher initial ductility. ki

Tensile Pronerties in Heavy Sections

Table IV contains data on the tensile nronarties in
heavy sezctions of an alloy having about the preferrsd com-
position referred to above., These data clearly show that
a very high percentage of the nroperties obtained in sep-
arately cast test bars is obtained in bars machined from
this 18-nound casting having sections 1, 2, and 4 inches
thick,

High-Temperature Tensile Provertics

. The tensile strength and elongation of an alloy con-
taining 1,06 percent copmer, 0.16 parcent irony 50,08 peprs
cent silicon, ©.89 percent winc, 0.13% percent titanium,
0.26 vercent magnesium, and 0.27 percent chromium at 2000,
3000, 400°, 500°, and 600° F are shown by the Aata in
table V. The elongation at room temmeraturs for the par-

ticular. lot of test specimens used for the determination




of these data and those of table VI, referred to in the
next paragraph, is lower than normal for some unkunown
reason. Nevertheless, the conclusion is probadbly jus-
tified in that the high temperature nroperties of this
type of alloy are somewhat inferior to those of many pres-
ent day commercial aluminum-casting alloys

Prolonged Zxposure at 300° and H00° F

Table VI shows the E of prolonged exposure at
300° and 400° F on the ns i and hardness nroperties of
the alloy referred to in } eceding paragrsoh. Thess
data show that exmosure ¢ . temneratures has an ad-
verse effect on the room-temperature tensile properties
because of the overaging eff iy

Zxposure to a Temperature

&

the Melting Point

Aluminum-zinc-magnesiuvm-copper slloys can be reheated
to temperatures near the melting point without a marked
adverse effect on tensile pronerties. Table VII shows the
effects of rJJuatlnG a specific alloy to temperatures from
90?0 to 1120° F, air cocoling, and re-aging at room temper-
ature: These data show that resheating to 900° T has a
slizhtly adverse effect on the tensile properties, whereas
rSAVPthz to 1090o to 1120° T does not affect the tensile
properties, Of course, 'hen this alloy is reheated to
such temperatures, the tensile properties are about equiv-
alent to those obtained immediately after casting, and re-
aging 1s necessary to restore them. The amen;*'lltv of
these alloys to reneating to a high tempsrature makes them
attractive for use in furnacs-brazed assemblies

Mechanical and Physical Properties

; ntal conditions omtlined, an sllow
containing ar imately 0,35 percent covdner, C.lE rercent
Trens 0508 silicon, €,6 mercent 71nC, 0.15 percent
titanium, 3 perce magsnesium, and 0,25 mercent chro~
mium may be exp 37 have approximately the following
mechanical a | cal properties in separats 1/ cast test
bars poured ; sand and aged 30 days at ?5 I}




Yield strength 21,000 pounds per souare inch

Tensile strength }6,00( pounds per sduare inch

Zlongation 10 percent in 2 inches

Brinell hardness 66 to TO

Endurance limit 7500 pounds per sauare L salelial

Charpy impact value 3.5 foet pounds¥®

Solidificablon range £52° C (1266° P) 1o 6£10° C
flign”. )

Specific gravity 2lg &1

Blectrical conductivity 29.5 nercent I gl LS

Inasmuch as iron and silicon concentrations of @5 15
percent and 0.08 percent, resnectively, mrobably cannot
be maintained in ordinary foundry practice with aluminum
of the purity at present generally availnble, it is to be
expected that minimum specification values for mechanical
propsrties of this typse of alloy must be considerably
lower than those given in the foreroing. The hiszhest-
purity aluminum-casting nlloys at present in commercial
use are produced to maximum silicon concentrations of
shout 0.25 percent. Under similar ciond 3 b ons . it st ebie=
jeved that this typs of alloy oovld be mroduced to mini-
mum tensile specifications of 30, N0-pounds—-ner-square-
tnch tensile strength and 5—pqrcent clongation., The prop-
ertiss of the alloy are much less sensitive to iron con-
centration, and » maximum somewhere between 0.5 percent
and 0,75 mercent probably will be found permissible.

i-‘ 1"

)

Microstruvecture
The microstructure of the aluminum-zinc-mngnesium-
copper alloys are illustratcd by tha nhotomicrographs

*R, R, VYoore rotating beam tyne of machine, 500, 000,000
s

**i{odified Cherpy impact machine, 10 mm X 10 mm keyhole
e, drilled and sawved, notched snmecimens, section
back of the notch 5 mm X 10 mn, 5.07-pound hammer,
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(figs. 8a, 8b, 8¢, and 8d). The compositions of the alloys
photographed are given in the captions to these illustra-
tions. TFigures 8a and 8b show similar specimens cut from
the cope side of 4~-inch sections of the step casting illus-
trated by figure 10. The alloy shown in figure 8a con-
tained 1.05 percent copper, while that in figure 8b con-
tained 0.34 percent copper. In figure 8a the dark areas
brought out oy Relleris etch (reference 13) are rich in
copper and they also contain light particles of CuAl,
precipitate. The lower copper allcy shown by figure 8D
does not have a noticeable amount of copper segregation,
Such structures are msuslly accompanied by surerior tensile
properties in heavy sections or in castings otherwise sub-
jected to abnormally slow solidification. This type of
structure also appears more resistasnt to corrosion than

one exnibiting particles of copper constituent. There is

a considerable differeuce in the grain size between the

two specimens of figures 8a and 8b, probabdly due in part

to the higher titanium in the finer~-grained specimen and

in part to the inevitable variations in the structure of
castings. However, the specimens illustrated are fairly
typical of the effects of the amount of copper content on
the microstructure in heavy sections. In chilled sections
or light sections where solidification is more rapid, this
type of copper segregation is less pronounced.

In general, the high-purity alloys of the composition
photographed consist essentially of a solid solution whiech
is subject to precipitation hardening at low temperatures.
Only a very small amount of visible undissolved microcon-
stituents occur. The principal microconstituents which
form visible particles in alloys of the composition photo-
graphed are the Al-Te-Si constituent which usnally oc-
curs at the grain boundary, but it may not occur in the
typical "Chinese script" form, probably because of its
small amount. A very small amount of CuAl, particles

occur within the grain or at the grain boundaries where
the final solidification took place. Some Ng,5i parti-

cles, recognized under the microscope by their bluish
color, occur as isolated particles or in conjunction with
the other constituents. The constituents in the alloy
have been identified by the methods outlined Oy B H,
Dix, Jr. and F. Keller. (See reference 13.)



12

Foundry Characteristics

Althouvgh the foundry experience obtained on an
aluminum-zinc~magnesium-copper alloy having the preferred
composition mentioned above is not extensive, some esti-
mete of their foundry characteristics can be made.

It has been well established that the tensile prop-
erties of test bars or of bars machined from 1l-inch sec-
tions are not affected by pouring temperatures between
1300° and 1450° F, TWhen the pouring temperature is low-
ered to 1250° F or raised to 15009 ¥, a very slight de-
crease in tensile properties occurs.

The fluidity at 1350° and 1450° F has been determined
in the manner formerly described (reference 12) and found
to be somewhat inferior to many aluminum alloys now in use.
However, this difficulty can be offset by employing a
slightly unigher pouring temperature since no adverse ef-
fect is encountered by this procedure.

Data on tensile properties in heavy sections have al-
ready been presented, and it was previously noted that a
high percentage of i{est-bar properties is obtained.

The alloy must be well risered to prevent shrinkage,
but in this respect it does not differ from some alloys
now in commercial use.

The foundry characteristic which probably would
cause the most trouble is hot-shortness, In this respect
it is about as subject to hot-cracking as some of the
aluminum-copper alloys now in use., Therefore, very intri-
cate types of castings might be expected to be difficult
to produce in this alloy.

Welding and Brazing Characteristics

It has been pointed out that the alloy having the
preferred composition is not adversely affected by heat-
ing to a temperature near the melting point if it is al-
lowed to re-age subseguently. Furthermore, the high-ten-
sile properties of this alloy are attained without heat
treatment so that, in conseguence, it can be welded as
readily as the other as-cast alloys and will still retain
its high-tensile properties. The alloy also is readily
furnace-brazed, since a brazing temperature up to 1100° F




can be used. Accordingly, this aluninum-zinc-magnesium-
copver type of alloy presents the possibility of utiliz-
ing welded and brazed assemblies of castings having ex-

ceptionally high strength, toughness, and resistance to

corrosion.

SUMMARY

The tensile properties of aluminum-zinc-magnesium-
copper alloys have beer deterwmined over a range of O to
1.75 percent copper, 3 to 13 percent zinc, and O to 1,0
percent magnesium. An alloy containing O.4 percent cop-
rer, 0.15 percent iroun, 0.08 percent silicon, 8.6 percent
zinc, 0.33 percent magnesium, 0.25 pmercent chromium, and
C.15 percent titanium appears to have the maximum combi-
nation of strength, ductility, and resistance to corro-
sion and has been investigated in greater detail.

Aluminum Research Laboratories,
alnminun Company of Awmerica,
Cleveland, Okio
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Tables 1,6

TABLE 1

THE MAGNESTIUM CONCENTRATION AT VARIOUS ZINC AND COPPER CONTENTS
FOR ATTAINMENT OF 36,000 PSI. TENSILE STRENGTH AND 10% ELONGATION

l O.L%Cuo K 1.0% Cu | 1.75%Cu
4 70 ptimum Maﬁ;ium Content

5 0.54 = =

6 0.42 0.41 -

7 0.31 0.29 16
8 0.20 0.15 .07
9 0.12 0.06 .02
10 0.07 0.02 .01
11 0.04 0.005 .005
12 0.005 = =

TABLE W1

i THE EFFECT OF EXPOSURE TO 300°F AND 1,oo°r ON THE ROOM TEMPERATURE
= TENSILE PROPERTIES OF CAST TEST BARS ‘OF AN ALLOY CONTAINING
1,06% Cu, 0.16% Fe, 0.08% S1i, 6.89% Zn, 0.13% T, 0.26% Mg
AND 0.27% Cr
. -Properties
Treectment y - T,‘g,i %YL, BEN
6 Mo, at R.T. 27800 38400 | 5.5 | 82
ar " 4+ 100 days at 300°F + 2 mo at R.T.** 20200 [28050 | 5.7 | 60
) " " o4 50 w " [,OOOF + 3 " " " 13700 26600 7_7 SL

~ "Mp. = Months
*$p.T. = Room Temperature
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TABLE T

THE EFFECT OF TRON AND SILICON CONTINT ON THE TENSILE PROPERTIES
OF TEST BARS OF Al-Zn-Mg-Cy-Ti-Cr ALLOYS

Section A
Effect of Silicon Content
Heat
No. Aging Time Cu Fe si Zn T Mg Cr X.8; T.S. | %El1, | BEN
555 30 days at 85°F 0.32 [ 0.14 |0.08 [ 6.65[0.13]0.33]|0.24 | 21700 | 38200 12.8 73
556 . " 0.37 | 0.14 | 0,19 | 6.58 | 0.13 | 0.32 | 0.20 | 21600 | 34900 0.2 70
557 " " 0.37 | 0.15]0.33]|6.51|0.13]|]0.33]|0.22 | 23100 | 33950 6.2 74
063A " " 0.003] 0.24 |0.08 | 6.80| 0,18 | 0.31 |0.00 | 21800 | 35200 9.5 74
B w " * * 0.18 | * * . 0.00 | 20000 | 31800 8.2 69
c " " . * 0.30 | * * * 0.00 | 19800 | 30000 6.3 70
Section B
Effect of lron Content
0624 30 days at 85°F 0.003| 0.29 |0,10 | 6.91|0.15]|0.28 |0.00 | 22000 | 36200 10.2 74
B " " . 0.46] * - * * 0.00 | 21600 | 36600 10.7 7%
> " " - 0.56 | * * * * 0.00 | 20400 | 35300 9.0 73
Section C
Effect of 1ngot Puritx
067 30 days at R.T.**| 0.01 | 0.11 |0.12 | 7.06 | 0.16 | 0.37 [0.00 | 23100 | 36300 9.0 7%
} 069 n " 0.01 | 0.33|0.16 |7.13]|0.16 |0.36 [0.00 | 22300 | 34100 7.3 74
| 409 " " 0.30 | 0.16 |0.07 |16.98 | 0.18 | 0.26 |0.23 | 20300 | 36600 13.3 69
| 113 " " 0.27 | 0.23 |0.10 |7.00 | 0.18 | 0.26 |0.25 | 20200 | 35350 117 69
| 410 " " 0.32 | 0.30 | 0.14 |6.96 | 0.19 | 0.27 |0.24 | 20300 | 34900 9.8 69
% 412 - " 0.32 | 0.32 | 0.14 |6.95|0.23|0.30 |0.24 | 21000 | 35200 9.2 70

*The chemical analysis may be assumed to be approximately the same as the A sample except as moted.
*¥Room temperature.
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NACA

TABLE I
THE CHANGE IN TENSILE PROPERTIES OF CAST TEST BARS OF AN

Al~Zn-Mg-Cu-Ti-Cr ALLOY WITH AGING TIME AT
VARIOUS TEMPERATURES

Table 3

Heat
No.

559*
”
”
"
"
"
"

"
"
”
"
”
"
"
"
"
”
"
"

"
" .
"
”
"
"
"
n
"
"
"
"

*The analysis of these bars was

%
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Aging Treatment Y,8, T.8¢

1 hour after casting| 6550 | 20875

3 days at 85°F 15375 | 30425
AR o 17575 | 33350
31 ¢ “ 20325 | 35575
60 * L 21250 35800
90 " " 21925 | 35925
182 ™ " 23100 37850
307 ™ - 23200 37800
1 hour after gasting| 6550 | 20875
2-1/2 * at 16533 10675 | 24675
19 ™ i 17100 31500
68 " " 20975 | 33550
6 days i 23675 | 35850
0 v " 24,600 | 36250
) R " 26600 | 37375
28 " « 26600 37700
31 " Lid 28000 37100
Su = a 284,50 | 37900
4] i/ Lo 28800 38500
90 " = 30000 38525
1 hour after gasting 6550 | 20875
3 1 at 2128r" 10825 | 23875
20 " o 17125 28725
69 i 21525 | 31975
6 days " 25325 | 34800
10 = 26825 | 34725
) » 27550 | 35425
21 L L 26300 35300
c,: SN " 29025 | 35350
» *» » 29050 | 34900
60 " " 28600 | 35800
70 - » 28650 | 34600

as follows:

0.08%S1, 6.88%Zn, 0.12%Ti, 0.27%Mg, 0.23%Cr.

**These test bars were placed in boiling water.
extremely slight corrosion after long exposure probably has
contributed to the apparent adverse aging effect under these
conditions.

0.38%Cu, 0.17%Fe,

The resulting
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TABLE IV

THE TENSILE PROPERTIES OF AN Al-Zn-Mg-Cu-Cr-Ti ALLOY®
IN SEPARATELY CAST TEST BARS AND IN HEAVY SECTIONS POURED
FROM 1350°F AND AGED 1 YEAR AT 85°F

YOVN

RR

5‘0
o

]

x

E

Section

Heat Thickness Y8 _ _ SRRk
No, | Aging Treatment | Casting | Inches Min, | Ave, Min, | Ave.
366 1 year at 85°F 6-bar 0.5 24,600 | 24750 | 36000 | 37600
step 1.0 22000 | 22300 | 26750 | 30450

2l 2.0 20600 | 21500 | 34200 | 37200

o 40 14550 | 18600 | 22500 | 32900

365 1 year at 85°F 6-bar 0.5 25400 | 25600 | 38300 | 39450
step 1.0 23300 | 23550 34700 | 35800

" 2.0 16850 | 17900 31700 | 32900

= 4.0 13400 | 17500 | 16150 | 30400

&l) 60 days at 85°F 6-bar 0.5 19100 | 19600 35800 | 36100
step 1.0 18900 | 19500 | 32100 | 33400

= 2,0 18500 | 20100 33100 | 36600

g 4.0 18900 | 19900 32800 | 35700

*The analyses are as follows:

Heat

Mo, | #cu | %Fe | #8i |%Zn | %ri | Bz | £Cr
366 0.33 0.17 0.08 7.08 0.16 0.30 0.26
365 0.3, | 0.17 | 0.08 | 7.02 | 0.18 | 0.33 | 0.26
413 0.27 | 0.23 | 0.10 7.00 | 0.18 | 0.26 | 0.25
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NACA Table 5§
TABLE V
THE HIGH TEMPERATURE PROPERTIES OF CAST TEST BARS OF AN ALLOY
CONTAINING 1.06% Cu, 0.16% Fe, 0,08% Si, 6.89% Zn, 0,13% Ti,
0,26% Mg and 0.27% Cr ‘
Time at

Temperature Temperature Y.8. TS, FEL o BHN*
Room 6 months 27800 38400 55 82
200°F 1/2 hour 32100 | 10.5 66

" 3 days 33450 8.5 71

x 10 days 35800 5.0 79

w 25 ¢ 37900 4.5 86

" 60 * 37800 3.5 86

" 100 36400 35 o1
300°F 1/2 hour 25800 9.5 58

“ 4 days 29100 6.5 78

" 9 days 27000 8.0 68

" 25 " 23700 8,0 62

o 50 = 22200 9.5 59

- 100 * 20700 8.0 49
400°F 1/2 hour 19700 | 1045 56

" 2 days 14570 | 13.5 49

° 5 days 13650 { 16.5 48

" 10 ¢ 12500 | 1845 45

" 25 " 12250 | 18.0 45

" 50 " 11800 | 15.5 41
500°F 1/2 hour 11300 | 23,0 49

" 3 days 8700 | 3340 43

“ 5 days 8300 | 20,60 43

& 100 8550 3040 41

" g5 © 8050 | 2840 43

. 50 7800 { 33,0 40

600 °F 1/2 hour 6400 | 29.0 42

» 1 day 6000 | 41.0 40

7 S da 5500 3260 41

" 10 * 5500 | 38.0 40

» 18 5400 | 39.0 39

- g5 v 5500 | 39.0 42

‘Bginell Hardness tests were made at room temperature, after the
high temperature treatment indicated in the table.




TABLE VI

THE EFFECT OF EXPOSURE TO BRAZING TEMPERATURES AND REAGING AT ROOM TEMPERATURE.
TESTS MADE ON CAST TEST BARS CONTAINING
0.38% Cu, 0. Fe, O Zn, 0.,11% T4, 0.26

VOVKR

Treatment Yab, 2.5 %El. | _BHN
31 days et 85°F 20300 | 35600 | 10.5 66
26 days at 85°F, 2 hours at 900°F, + 30 days at 85°F 19500 | 33600 9.0 84
nowow wow w og5e0p W ow w W 19500 | 33450 | 9./ 63
" o oo wow  w3Q00%F, v " W v m 19500 | 32700 8.0 67
o ow woow  w3050%F, M v om w  w 19600 | 34650 | 11.0 68
o o . woom w3300%F, " v v e w 19900 | 35800 | 12.9 67
"o ow o ow woow o ow1200F, " v ow W 19300 | 35200 | 13.1 66
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PERCENT MAGNESIUM

Figure la.- The effect of magnesium content on the tensile
strength of alloys containing approximately

0.4% copper, 0.15% iron, 0.08% silicon, 0.25% chromium,

and various amounts of zinc. All alloys as cast and

aged 30 days at 850F,
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PERCENT MAGNESIUM

Figure 1b.- The effect of magnesium content on the

percent elongation in 2 inches of gage
length of alloys containing approximately 0.4%
copper, 0.15% iron, 0.08% silicon, 0.25% chromium,
and various amounts of zinc. All alloys as cast
and aged 30 days at 850F.
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Figure lc.- The effect of magnesium content on the

yield strength of alloys containing
approximately 0.4% copper, 0.15% iron, 0.08% silicon,
0.25% chromium, and various amounts of zine. All
alloys as cast and aged 30 days at 850F.
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PERCENT MAGNESIUM

Figure 1d.- The effect of magnesium content on the

Brinell hardness of alloys containing
approximately 0.4% copper, 0.15% iron, 0.08% silicon,
0.25% chromium, and various amounts of zinc. All
alloys as cast and aged 30 days at 85°F.
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RERICENT MAGNESIUM

Figure 2a.- The effect of magnesium content on the

tensile strength of alloys containing
approximately 1.0% copper, 0.15% iron, 0.08% silicon,
0.25% chromium, and various amounts of zinc. All
alloys as cast and aged 30 days at 850F.
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PERCENT ELONGATION IN 2 INCHES

PERCENT MAGNESIUM

Figure 2b.- The effect of magnesium content on the

percent elongation in 2 inches of gage
length of alloys containing approximately 1.0%
copper, 0.15% iron, 0.08% silicon, 0.25% chromium,
and various amounts of zinc. All alloys as cast and
aged 30 days at 859F.
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Figure 2c.- The effect of magnesium content on the

yield strength of alloys containing
approximately 1.0% copper, 0.15% iron, 0.08% silicon,
0.25% chromium, and various amounts of zine. All
alloys as cast and aged 30 days at 850F.
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Figure 2d.- The effect of magnesium content on the
Brinell hardness of alloys containing

approximately 1.0% copper, 0.15% iron, 0.08% silicon,

0.25% chromium, and various amounts of zinc. All
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alloys as cast and aged 30 days at 85C9F.

VOVN

8314

p‘oz



45000

40000

35000
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30000

Figure 3a.- The effect of magnesium content on the
tensile strength of alloys containing
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PER CENT MAGNESIUM

approximately 1.75% copper, 0.15% iron, 0.08% silicon,

0.25% chromium, and various amounts of zinec. All
alloys as cast and aged 30 days at 850F.
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PER CENT MAGNESIUM

Figure 3b.- The effect of magnesium content on the

percent elongation in 2 inches of gage
length of alloys containing approximately 1.75%
copper, 0.15% iron, 0.08% silicon, 0.25% chromium,
and various amounts of zinc. All alloys as cast
and aged 30 days at 859F,
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PER CENT MAGNESIUM

Figure 3d.- The effect of magnesium content on the

Brinell hardness of alloys containing
approximately 1.75% copper, 0.15% iron, 0.08% silicon,
0.25% chromium, and various amounts of zinc. All
alloys cast and aged 30 days at 850F.

PER CENT MAGNESIUM

Figure 3c.- The effect of magnesium content on the

yield strength of alloys containing
approximately 1.75% copper, 0.15% iron, 0.08% silicon,
0.25% chromium, and various amounts of zinc. All
alloys as cast and aged 30 days at 850F.
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Figure 4.- The inside area represents the range in magnesium Figure 5.- The effect of zinc content on the tensile

and zinc contents of cast test bars which will properties and hardness of cast test bars of
generally attain, after aging 30 days at 859F, a minimum tensile aluminum alloys containing approximately 0.35% copper,
strength and elongation of 36,000 pounds per square inch. and 0.18% iron, 0.08% silicon, 0.13% titenium, 0.28% chromium,
10 percent respectively. The composition represented by the and 0.27% and 0.29% magnesium. All alloys aged 30 days
outside dashed lines will generally produce a minimum of at 859F,
34,000 pounds per square inch and 7 percent elongation. These
data are for aluminum alloys containing 0.15% iron, 0.08%
silicon, 0.15% titanium, and 0.25% chromium and the copper,
magnesium and zinc contents indicated on the chart.
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PERCENT MAGNESIUM

Figure 6.- The effect of magnesium content on the tensile

properties and hardness of cast test bars of
aluminum alloys containing approximately 0.38% copper,
0.15% iron, 6.6% zinc, 0.13% titanium, 0.22% chromium, and
0.28, 0.19, and 0.33% silicon. All alloys aged 30 days at
859F,
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Figure 7.- The effect of aging time at 85°F, 115°F, and
2120F on the tensile properties and hardness of
cast test bars of an aluminum alloy containing 0.38% copper,
0.17% iron, 0.08% silicon, 6.88% zinc, 0.12% titanium,
0.27% magnesium, 0.23% chromium.

54

36

YOVN

BRINELL HARDNESS

L'9 *891g



NACA Figs.8a,b

W-31

FIG, 8a Photomiorogreph at X100 of an alloy contain-
ing 1.05% Cu, 0.15% Fe, 0.13% Si, 7.02% Zn, 0.14% Ti,
0.29% Mg and 0,30% Cr. Keller's etch.
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FIG, 8b Photomicrogreph at X100 of an alloy contain-
ing 0.34% Cu, 0.17% Fe, 0.08% Si, 7.02% Zn, 0.18% Ti,
0.33% Mg and 0.26% Cr. Keller's etch.



NACA Figs.8cd
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FIG, 8c Photomicrograph at X500 showing the elongated
irregular gray constituent gAl-Fe-8i, The rounded
light gray constituent is CuAls rosettes. Unetched.,
Composition similar to that illustrated by Fig. 8b,

FIG, 84 ©Same as Fig. 8c. Etched with 10% NaOH
solution in water. The CuAly rosettes are light
and the aqAl-Fe-Si constituent 1s black.



FIG, 9 The Six Bar Casting with Gate and Risers
Attached.

FIG. 10. The Step Casting with Gate and Risers
Attached.




