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1
METHOD FOR MAKING ALUMINUM ALLOY
PRODUCT

This invention relates to improved wrought products
and to a method of their production. This is a continua-
tion of application Ser. No. 121,056, filed Mar. 4,
1971, now abandoned, which, in turn, was a divisional
of application Ser. No. 60,343, filed Aug. 3, 1970, now
abandoned. The invention herein described was made
in the course of or under a contract or subcontract
thereunder with the Department of the Navy.

BACKGROUND OF THE INVENTION

Aluminum alloys containing 3 to 8 percent Zn, .5 to
4 percent Mh and 0.75 to 2.5 percent Cu are known for
their high strength to weight ratio which renders them
highly suited for use in applications such as structural
components for aircraft. Alloy 7075 is an example of
this type of alloy and has achieved wide spread use in
aircraft because of its very high strength and other de-
sirable properties. Alloy 7075 contains 5.1 to 6.1 per-
cent Zn, 2.1 to 2.9 percent Mg, 1.2 to 2 percent Cu,
0.18 to 0.40 percent Cr, the balance being aluminum
together with incidental elements and impurities. In rel-
atively thick members such as forgings a few inches
thick, 7075 develops typical tensile and yield strength
levels of, respectively, 80 and 68 ksi when artificially
aged to its highest strength, which aging treatment usu-
ally contemplates an extended period of 20 hours or
more at a relatively low aging temperature of about
225°F. In this temper which is often referred to as a T6
temper, however, alloy 7075 and similar alloys are
sometimes objectionable because of susceptibility to
stress corrosion cracking which is improved by a two-
step aging cycle as described in U.S. Pat. No. 3,198,676
where, in addition to the lower temperature aging treat-
ment the members are subjected to a second treatment
at a higher temperature of about 350° but for a compar-
atively short time which is usually under 15 hours. This
treatment, which produces what can be termed a T7
type temper, markedly improves resistance to stress
corrosion cracking but results in a 15 percent loss in
strength which, for many applications, is acceptable.
This loss in strength is due to the fact that during the
second, higher temperature, aging treatment while re-
sistance to stress corrosion cracking is increasing up to
the desired level, the strength is being diminished at a
substantial rate as the second step proceeds. Attempts
to optimize the strength and resistance to stress corro-
sion cracking by the most exacting controls during the
second aging step have met with varying degrees of suc-
cess. Guarantying the best strength levels together with
high resistance to stress corrosion cracking often in-
volves very high rejection rates which are obviously ob-
jectionable and which equally obviously increase the
cost of the acceptable products.

The foregoing disadvantages of existing 7000 series
alloys are overcome by the practice of the invention
wherein special composition controls together with a
higher temperature aging treatment which may or may
not be preceded by a lower temperature aging treat-
ment combine to produce very high resistance to stress
corrosion cracking together with a very high strength
level. In fact the improved products in accordance with
the invention exhibit their maximum strength levels at
the same temper at which they demonstrate high resis-
tance to stress corrosion cracking which is a unique
property in 7000 series alloys.
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2
DESCRIPTION

In this description reference is made to the drawings
which are all graphs plotting various properties for the
improved and for comparison products, and specifi-
cally in which:

FIG. 1 is a graph of aging time versus strength;

FIG. 2 is a graph of forging thickness versus longitu-

dinal yield strength;

FIG. 3 is a graph of yield strength versus notch tensile
strength/yield strength ratio; and

FI1G. 4 is a graph of cycles to fatigue failure versus ap-
plied stress.

In practicing the invention the desired combination
of properties is achieved by carefully controlling the
composition of the aluminum alloy which consists es-
sentially of, by weight, 4..5 to 8 percent Zn, 1.7 to 3.25
percent Cu, 1.4 to 2.6 percent Mg, the balance being
aluminum and impurities and incidental elements. The
copper to magnesium ratio must be at least 0.85 and
preferably at least 1.0. The alloying elements are some-
what interrelated and the following further limits also
apply thereto. The weight percent of Mg plus Cu
should not exceed 5.4 percent and Mg plus 0.2 times
Cu is at least 2. The total of all three principal alloying
elements, Zn, Cu and Mg, is between 8.75 percent and
12.25 percent. In addition to the foregoing, the alloy
contains 0.05 to 0.25 percent Zr. The invention also
contemplates additions of both Zr and Mn. In this latter
case the maximum for Zr is 0.20 percent and the Mn
range is 0.15 to 0.5 percent. It is important in practic-
ing the invention that chromium be carefully controlled
and be present only in amounts of up to but not to ex-
ceed 0.04 percent. Impurities are preferably limited as
follows: 0.35 percent Fe, 0.25 percent Si, 0.06 percent
Ti and 0.02 percent V. The foregoing alloy surprisingly
develops its maximum strength during relatively high
temperature artificial aging treatments needed to de-
velop high resistance to stress corrosion cracking in di-
rect contrast to other commercial 7000 series type al-
loys of high strength which have their high strength lev-
els diminished considerably during that thermal treat-
ment.

The improved alloy is especially useful in the form of
forgings, which may be of the hand or die forged type,
rolled products such as sheet or plate or in the form of
extruded products. The improved material exhibits a
surprising lack of yield strength sensitivity to quench
rate which enables the realization in members of sub-
stantial thickness of the same general strength levels
achieved in members of relatively thin cross section.
This is in contrast with other 7000 series alloy materials
which exhibit substantial decreases in yield strength
with increasing thickness in section.

In fabricating improved products there are no espe-
cially cumbersome or intricate procedures required. A
body of the desired composition is provided which may
be a continuously direct chilled cast ingot. The ingot is
subjected to an elevated temperature of about 860°F
for a period sufficient to homogenize its internal struc-
ture and provide an essentially uniform distribution of
the alloying elements. The alloy body is then subjected
to hot working and, if desired, cold working operations
to produce the desired product. As mentioned above
these working operations may include forging, rolling,
extrusion and other known metal working procedures
useful in producing aluminum alloy products. Of
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course the conventional intermediate annealing or re-
heating operations can be employed if they facilitate
ease of fabrication. The products may be of relatively
thick cross section, for example, two to four inches or
more in thickness, or they may have relatively thin sec-
tions of less than % inch. Irrespective of thickness the
members will exhibit a uniformity of high yield strength
foreign to other 7000 series alloy products where
strength diminishes considerably with increasing thick-
ness which strength loss is attributed to the quench sen-
sitivity of these alloys.

The product is typically solution heat treated at a
temperature of 860°F or higher for a sufficient time for
solution effects to approach equilibrium and then
quenched. Quenching may be accomplished in @ num-
ber of ways in view of the surprising lack of quench sen-
sitivity possessed by the improved products. For in-
stance, the products can be quenched by spraying with
cold water, immersion in room temperature water or
immersion in relatively hot water of, for instance,
180°F or even boiling water.

The solution heat treated and quenched product is
then aged to develop its strength and other properties.
Aging is accomplished by heating to a temperature of
between 300° and 380°F for a period of at least one
hour but preferably not over 70 hours. To develop the
best combination of properties, mechanical and stress
corrosion performance, the minimum aging time is de-
termined in accordance with the equation shown below
although the minimum time never is less than one hour.

10°

Team 46

Logt=119 X

where 1 = time in hours and

T = temperature, °F
While the invention contemplates a relatively high tem-
perature aging treatment, this treatment may or may
not be preceded by a lower temperature treatment at
a temperature of, typically, between 200° and 270°F.
This is & two-step aging treatment of the type described
in U.S. Pat. No. 3,198,676 may be employed provided
the second aging step is in accordance with the above
set forth equation with respect to time and tempera-
ture. However, the earlier aging step is not necessary
and. surprisingly, the improved product ¢an be aged to
its optimum properties in a single aging step of rela-
tively modest time which results in obvious economics
in furnace utilization.

To illustrate the benefits of the invention and the im-
portance of the herein described careful composition
control and aging treatment the following examples
proceed.

EXAMPLE 1

Two-inch thick plates of varying alloy composition
were produced by casting large ingots which were hot
rolled to produce the two-inch plate products. Before
rolling. the ingots were homogenized at a temperature
of about 880°F and after rolling, the plates were solu-
tion heat treated at temperature around 890°F and then
quenched by immersion in room temperature water.
The plates were first aged for 24 hours at 250°F and
then subjected to a second aging step at a temperature
of 325°F for varying amounts of time. The composi-
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4

tions of the materials tested are listed in Table [ and the
long transverse yield strength values are plotted versus
the aging time at 325°F in FIG. 1. The curve identifi-
cations in FIG. 1 correspond to the composition desig-
nations in Table [.

TABLE 1
Material Zn Mg Cu Zr Mn Cr
A 5.52 2.52 2.47 — 0.01 .21
C 5.96 2.45 2.49 0.11 0.01 —
D 5.55 2.52 1.6} — 0.01 0.21

Referring to Table 1 and FIG. 1, material D is conven-
tional 7075 alloy and it can be seen that the highest
yield strength occurs with no aging time at 325°F. As
the 7075 plate is exposed to the higher temperature
aging treatment its strength decreases at a considerable
rate. Material A would be in accordance with the in-
vention except that it contains excessive chromium and
it too exhibits a decrease in yield strength during the
higher temperature aging treatment with its maximum
strength level being realized before any higher temper-
aturc aging treatment. Material C, on the other hand,
is in accordance with the invention and, it is readily ap-
parent from curve C in FIG. 1 that maximum strength
values are achieved and maintained between 5 or 6 and
12 hours in the 325° clevated temperature aging treat-
ment, with quite high strength levels being maintaincd
up to 24 hours and longer. This corresponds to the
equation which indicates a minimum aging time of 5.6
hours for the 325°F treatment to achieve the best com-
hination of properties. It is during this higher tempera-
ture aging trcatment that high resistance to stress cor-
rosion resistance is achieved in all the materials listed
in Table 1 although, it is quite clear, that this property
must be traded off against strength for materials A and
D, which are similar in this respect to the prior art, but
not for material which is representative of the inven-
tion.

EXAMPLE 2

2-% inch thick plate was produced in the general
manner described in Example I and aged for 24 hours
at 250°F plus 18 hours at 325°F. The alloy composi-
tions tested and the long transverse and short trans-
verse yield strength, Y.S., properties together with the
results of stress corrosion cracking tests are listed in
Table ll. In the stress corrosion tests, samples were
tested at stress levels of 25, 30 and 35 ksi by alternate
immersion in a 3.5 percent aqueous solution of NaCl.
The stress level at which failure occurred after 84 days
is shown in the Table. Sustaining a stress level of ap-
proximately one half yield strength was considered as
indicative of high resistance to stress corrosion crack-
ing. From Table 11 it can be scen that material E in ac-
cordance with the invention exhibits a very high
strength level together with no failures at approxi-
mately 50 percent vield strength stress levels in stress
corrosion testing whereas material F, not in accordance
with the invention, exhibits considerably less strength
and cannot sustain the alternate immersion testing at
the 35 ksi stress level. Material F falls outside the in-
vention on two counts, the Cu content and its ratio to
the Mg content together with an excessive amount of
Cr. The performance of material F correlates with pre-
vious experience, especially with alloy 7075, where it



3,881,966

5

was considered absolutely essential to include substan-
tial amounts of Cr to improve resistance to stress corro-
sion cracking.

6
quenching show either no improvement in elongation
or an improvement only if accompanied by a marked
loss in strength, typically 25 percent or more.

TABLE 1
Composition Transverse YS, ksi

Matcrial Zn Mg Cu Zr Cr Cu/Mg long short Stress Corr.

E 596 230 237 012 — 1.03 75 71 None at 35 ksi

F 6.35 2.3y 1.63 — 0.17 0.68 66 63 Fail at 30 ksi

EXAMPLE 3 TABLE IV

Hot rolled plate ranging in thickness from 2 to 2-% Yield
inches was fabricated from several alloy compositions (s Composition Strength ksi % Elongation
in accordance with the general procedure, including Zn Mg Cu Zr  CWQ HWO
solution heat treating and quenching, as outlined in Ex- WO wQ
ample 1. The plate was artifically aged for 24 hours at 554 199 195 011 72 0 9 12
250°F plus 18 hours at 325°F. As in Example 2 the vari- 567 225 227 010 72 715 10.5

20 576 232 29 0.1 74 71 35 1]

ous materials were tested for longitudinal and short
transverse yield strength together with resistance to
stress corrosion cracking by the alternate immersion
technique. In this latter test short transverse specimens
were tested at a stress level of 35 ksi, about 50 percent
yield strength. The compositions tested and the test re-
sults are shown below in Table Ill together with the
data for material E taken from Table Il for comparison
purposes. In Table 11l comparing materials E, G, and J
versus H illustrates that materials E, G and J in accor-
dance with the invention all exhibit good strength and
demonstrate no failures in stress corrosion tests. Mate-
rial H is below the defined limit for the Cu:Mg ratio and
exhibits rapid failure in stress corrosion tests. Materials
K, L and M are all in accordance with the invention and
verify that the advantages according to the invention
are realized throughout a comparatively broad range of
zinc content.
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To illustrate the low quench sensitivity with respect
to yield strength exhibited by the improved products,
reference is made to FIG. 2 where average strength lev-
els for forgings are plotted against forging thickness for
the improved and for two commercial materials. The
comparison materials are alloys registered with the
Aluminum Association and their nominal compositions
are set forth in Table V.

TABLE V
Alioy Zn Mg Cu Cr Mn
7075 56 2.5 1.6 0.30 —
7079 43 33 0.6 0.20 0.20

FIG. 2 includes properties for 7075 alloy in two tem-
pers, the higher strength of T6 type and the more stress

TABLE 1l
Compasition Transverse YS, ksi
Material Zn Mg Cu Zr Cu/Mg long short Stress Corr.
E 5.96 2.30 2.37 0.12 1.03 75 71 None (30 days)
G 5.76 2.32 2.96 0.11 1.28 75 73 None (30 days)
H 5.77 2.30 1.94 0.1 0.84 74 72 Fail (8 days)
J 5.54 1.99 1.95 0.11 0.98 70 69 None (30 days)
K 4.60 2.26 2.42 011 1.07 72 68 None (30 days)
L 5.67 2.25 2.27 0.10 1.01 72 69 None (30 days)
M 6.53 2,10 2.46 0.11 1.17 72 72 None (30 days)
EXAMPLE 4 corrosion resistant or T7 type. From the figure it can

To illustrate the effect of quench rate, several alloy
compositions in accordance with the invention were
fabricated into thick plate and were aged for 24 hours
at 250°F plus 18 hours at 325°F. Prior to aging some of
the members were quenched by immersion in water at
room temperature, CWQ, whereas others were
quenched in hot water at 175°F, HWQ. Table IV sets
forth the compositions tested together with the yield
strength and long transverse percent elongation for
each quench condition. In viewing the table the surpris-
ing improvement in elongation accompanied by mini-
mal decrease in strength achieved with hot water
quenching appears to be peculiar and unique to the im-
proved product. This contrasts with the usual behavior
of high strength aluminum alloys which with hot water

55

65

be seen that the improved products exhibit strikingly
less sensitivity to quenching as revealed by the highest
strength levels in the thickest sections.

Thus, the improved material exhibits a minimum det-
riment in strength properties with a decreasing quench
rate which can be termed a lack of quench sensitivity
in strength properties. Moreover as the quench rate is
reduced the improved product exhibits an improve-
ment in elongation which is highly useful and unique
characteristic and the invention contemplates in one
embodiment the utilization of this inherent property
wherein the improved material is quenched at a slow
rate commensurate with immersion in hot water, such
as water at a temperature of at least 150°F, to achieve
significantly improved elongation. The quench rates
contemplated in this embodiment are normally not
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over 10°F per second while the metal temperature ex-
ceeds 550°F.

EXAMPLE 5

Another property of substantial importance in the
more critical applications for aluminum material is that
of toughness or resistance to stress in the presence of
a notch or stress raiser. FIG. 3 is a plot of longitudinal
yield strength versus notch tensile strength to yield
strength ratio. Notch tensile strength is the breaking
stress of notched tensile specimen and the ratio plotted
is a measure of a material’s ability to deform plastically
in the presence of a stress raiser. In FIG. 3, line « typi-
fies the improved material and is representative of a
number of tests on specimens removed from one-inch
and two-mch thick plate. Line b typifies the properties
for a number of commercial alloys, including alloys
7075 and 7079 the nominal compositions of which are
set forth in Table V in Example 4 together with alloy
7178 containing nominally 6.8 percent Zn, 2.7 percent
Mg, 2.0 percent Cu and 0.30 percent Cr. Line b should
be considered as representing the median property
level as individual property levels vary with temper and
other factors. It can be seen from FIG. 3 that in the im-
portant notch toughness property the improved mate-
rial exceeds the performance of the previous materials
especially at the higher strength levels.

EXAMPLE 6

Still another characteristic of importance in the more
critical applications for aluminum materials is that of
fatigue properties under cyclic stress application. FIG.
4 is a plot comparing the improved plate material with
alloys 7075 and 7079 plate both in the T6 temper
where maximum strength properties are exhibited. The
composition of the improved material tested was 6.23
percent Zn, 2.40 percent Mg, 2.24 percent Cu, 0.13
percent Zr, the balance being aluminum and incidental
elements and impurities and it was, of course, in the
stress corrosion resistant temper having been aged at
250°F for 4 hours followed by 325°F for 9 hours. The
particular type of fatigue test employed was of the ten-
sion type where a specimen is subjected to an initial or
applied tension load which is relaxed to a level of one-
fourth the initial load to constitute one cycle. In FIG.
4 the number of cycles to failure is plotted versus the
value of the initial or applied stress. From FIG. 4 it be-
comes apparent that the fatigue properties of the im-
proved material are significantly higher than those of
the comparison materials. For instance, at an applied
stress level of 60 ksi where each cycle constitutes an
applied load at 60 ksi followed by a relaxed load at 15
ksi, alloy 7079 can withstand approximately 25,000 cy-
cles and alloy 7075, about 32,000 cycles. The im-
proved material on the other hand withstands 70,000
cycles, more than twice the best of the comparison ma-
terials. This two to one life applies to stress levels of
about 55 ksi and higher. Because of the shape of the
curves at lower stress levels the life differential be-
comes even greater.

From all of the foregoing it can be seen that the im-
proved material exhibits superior properties in a num-
ber of areas. It has tensile properties which equal or ex-
ceed other high strength aluminum materials in thinner
sections. It exhibits low yield stength quench sensitivity
and accordingly exhibits much better strength levels in
thicker sections than other high strength aluminum ma-
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terials. The improved material can be aged to its high-
est strength in a single step treatment where it also
achieves resistance to stress corrosion cracking. This
assures a yield strength which substantially always ex-
ceeds 65 ksi and more typicaily a yield strength in ex-
cess of 70 ksi. Other high strength materials containing
aluminum, zinc, magnesium and copper generally re-
quire a two-step aging treatment in order to achieve
high resistance to stress corrosion cracking. This, how-
ever, significantly decreases the strength of these mate-
rials which must be traded off to achieve high resis-
tance to stress corrosion cracking. The improved mate-
rial exhibits higher toughness and higher fatigue prop-
erties than existing high strength commercial aluminum
materials. It thus becomes apparent that the improved
material is unique among high strength aluminum al-
loys and it is very surprising that within the narrow
ranges defining the improved material’s composition
such a unique combination of properties can be
achieved.

What is claimed is:

1. A method of producing an improved aluminum
alloy product comprising

1. providing a body composed of an alloy consisting
essentially of 4.5 to 8 percent Zn, 1.7 to 3.25 per-
cent Cu, 1.4 to 2.6 percent Mg, the total of Zn +
Cu + Mg being from 8.75 percent to 12.25 percent,
Cu + Mg being 5.4 percent maximum with 0.2 Cu
+ Mg being 2 percent minimum, the Cu/Mg ratio
being at least 0.85, and 0.05 to 0.25 percent Zr,
chromium not to exceed 0.04 percent, the balance
being aluminum and impurities and incidental ele-
ments,

working said body to produce said product,
solution heat treating said product,

quenching said product,

subjecting such product to an artificial aging treat-
ment which includes an exposure at an elevated
metal temperature to develop resistance to stress
corrosion cracking.

2. The method according to claim 1 wherein the said
alloy contains 0.05 to 0.2 percent Zr and, additionally,
0.15 to 0.5 percent Mn.

3. In the method of producing a solution heat treated,
quenched and artificially aged aluminum alloy wrought
product in an aluminum alloy of the type containing
zinc, magnesium and copper as the major alloying addi-
tions wherein the alloy is worked to a wrought condi-
tion, solution heat treated, quenched and artificially
aged, the improvement wherein said alloy is provided
as a composition consisting essentially of 4.5 to 8 per-
cent Zn, 1.7 to 3.25 percent Cu, 1.4 to 2.6 percent Mg,
the total of Zn + Cu + Mg being from 8.75 percent to
12.25 percent, Cu + Mg being 5.4 percent maximum
with 0.2 Cu + Mg being 2 percent minimum, the
Cu/Mg ratio being at teast 0.85, and 0.05 to 0.25 per-
cent Zr, chromium not to exceed 0.04 percent, the bal-
ance being aluminum and impurities and incidental ele-
ments, said improvement imparting to the wrought
product so produced the ability to achieve high resis-
tance to stress corrosion cracking substantially in the
condition of maximum strength and low sensitivity in
strength to quench rate and good toughness.

4. In the method according to claim 3, the further im-
provement wherein the artificial aging treatment in-
cludes exposing said alloy to a temperature of between

bl
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300° and 380°F for at least one hour, the minimum time
being further determined by the following equation;

10*

Trase 146

Logt=119 x

where ¢ = time in hours and

T = temperature in °F

5. In the method according to claim 3 wherein the
alloy composition is further controlled such that Fe
does not exceed 0.35 percent, Si does not exceed 0.25
percent, V does not exceed 0.02 percent and Ti does
not exceed 0.06 percent.

6. In the method according to claim 3 wherein the
alloy composition is further controlled such that Zr
range from 0.05 to 0.2 percent and Mn is included in
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amounts of 0.15 to 0.5 percent.

7. In the method according to claim 3 wherein the
alloy composition is controlled such that the ratio
Cu/Mg is equal to at least 1.

8. The method according to claim 1 wherein said arti-
ficial aging treatment exposure is at a metal tempera-
ture of between 300° and 380°F and for a time of at
least one hour the minimum time being further deter-
mined by the following equation:

3

(¥
Logt=11.9x T T 4507 —14.6
where 1 = time in hours and

T = temperature in °F.
* %k * * *



