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This application is a continuation-in-part of our appli 
cation Serial No. 277,097, now abandoned, ?led May 1, 
1963, which was a continuation-in-part of application 
Serial No. 107,313, ?led May 3, 1961, now abandoned. 

This invention relates to the thermal treatment of arti 
cles composed of aluminum base alloys containing zinc, 
magnesium and copper as the principal added elements, 
and more particularly, a treatment of ‘such articles which 
produces the combination of high resistance to stress cor 
rosion cracking, resistance to tearing and high tensile 
properties, particularly in the short transverse direction 
of thick wrought sections. The expression “short trans 
verse direction” applied to wrought products refers to the 
direction which is normal to the direction of metal work 
ing or ?ow and in the shorter dimension of a cross sec 
tion taken in a plane normal to the direction of metal ?ow. 
The expression has no application to castings. 

It is recognized in the aluminum base alloy ?eld that 
alloys containing zinc,v magnesium and copper in the 
proper proportion develop high strengths at room tem 
perature when they have been worked and then subjected 
to a thermal treatment consisting of a solution heat treat 
ment, quenching to ‘a much lower temperature, usually 
room temperature, and ?nally precipitation or age hard 
ening by reheating to a relatively low temperature for a 
period of time. Although the resistance to stress corro 
sion cracking of alloy products treated in the foregoing 
manner has been satisfactory for many applications, it 
has been ‘found to be inadequate under severe conditions, 
especially in the short transverse direction of articles of 
relatively thick cross section. With the development of 
new products made from extrusions, forgings and th 
like and with more severe demands for performance un 
der adverse conditions, prior thermal treatments have 
‘been found to be de?cient in developing a high resistance 
to stress corrosion cracking even though the strength is 
at a desired level. ' ' 

Another property which has become important in the 
utilization 'of high strength aluminum base alloys is that 
known as Qresistance to tearing. This is a measure of 
toughness, i.e., resistance to fracture or rapid propagation 
of cracks in articles under stress. This property can be 
measured for comparative purposes by a form of the Kahn 
tear test as described in The Welding Journal, published 
by the American Welding Society, volume 27, page 169-8 
(1958). In this test an autographic load-deformation 
curve is ‘obtained while a crack is initiated in and propa 
gated across the test specimen. The area under the load 
deformat-ion curve is a measure of the energy required to 
initiate and propagate a crack, conveniently expressed as 
inch-pounds per square inch, and the energy values thus 
obtained indicate the relative performance of different al 
loys and the effect of different thermal treatments. Tests 
such as these have shown that the conventional thermal 
treatments of aluminum-zinc-magnesium-copper type of 
alloys have not produced as high a resistance to tearing as 
is desired for some applications and ‘consequently there 
has been a demand for improvement in this property as 
well as providing adequate strength and a high resistance 
to stress corrosion cracking. In referring to a high re 
sistance to tearing, this means that the unit propagation 
energy exceeds 50 inch-pounds per square inch. 
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It is an object of this invention to provide a combina 
tion of thermal treatments which are effective in develop 
ing not only a high resistance to stress corrosion cracking 
but also a high strength and improved resistance to tear 
ing in articles of particular aluminum-zinc-ma'gnesium 
copper alloys, especially in articles having a relatively 
thick cross section. Another object is to provide a com 
bination of solution and two-step precipitation treatments 
which produces a highly corrosion resistant condition, a 
high resistance to tearing and a high strength in articles 
made from particular aluminum base alloys containing 
zinc, magnesium, ‘copper and one or more hardening ele 
ments as the essential added alloying components, and 
more particularly in articles which, before treatment, ex 
hibit directional stress corrosion properties. Still another 
object is to provide a sequence of' aging treatments of 
solution heat treated articles made of those aluminum 
zinc-magnesium-copper type alloys in which the amount 
of zinc exceeds the magnesium and copper contents, 
wherein the resistance to stress corrosion cracking is con 
trolled to a large extent by the last aging treatment of the 
sequence and the minimum time at temperature is deter 
mined by the alloy composition and thickness of the arti 
cle. 
We have found that these objects and other advantages 

can be achieved vby solution heat treating and aging in 
two steps articles made of aluminum [base alloys consist 
ing essentially of aluminum, 4.5 to 14% by weight of zinc, 
1.5 to 3.8% by weight of magnesium, 0.75 to 2.5% by 
weight of copper, and at least one hardening element se 
lected from the group composed of 0.05 to 0.4% chro 
mium, 0.1 to 0.75% manganese, 0.05 to 0.3% zirconium, 
0.05 to 0.3% vanadium, 0.05 to 0.3% molybdenum and 
0.05 to 0.3% tungsten, the ratio of magnesium to zinc 
being 0.2 to 0.5 part of the former to 1 part of the latter. 
Although the ‘combination of high strength, high resist-, 
ance to stress corrosion andtearing can be developed in 
1both chill cast and wrought articles of these alloys, We 
have found that the sequence of aging treatments is espe 
cially effective in wrought articles having a relatively thick 
cross section and in the short transverse direction. We 
have discovered that the response of the articles to the 
aging treatments is closely connected with the propor 
tion of alloying elements and the cross-sectional thickness, 
‘of the article particularly as it affects the resistance to 
stress corrosion cracking. Even small di?erences in com 
position of the alloys and thickness of section of the 
article affect the minimum time and temperature that will 
produce, a high resistance to stress corrosion cracking. 
In referring to a high strength it is to be understood that 

- this refers to tensile, and yield strengths that usually ex 
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ceed 60,000 and 50,000 p.s.i., respectively. Also, it is to 
be understood that the strength attained by our method 
does not represent the maximum that can be achieved 
under different aging conditions, but the strength is still 
adequate for the required structural purposes. This level 
of strength plus substantial freedom from stress corrosion 
cracking and a high resistance to tearing offers a com 
bination of properties not heretofore obtained in the de 
?ned alloys, , 

Cur method consists of initially subjecting the alloy 
articles to a solution heat treatment which involves heat 
ing them to a temperature within the range of 750 to 
1000“ F., but below the temperature of incipient fusion, 
and holding them within that range for a length of time 
sufficient toobtain substantially complete solution .of the 
zinc, magnesium and copper components. Generally this 
can be accomplished within a period of .from 3 or 4 min 
utes up to 10 hours depending on the thickness of the 
article being treated and whether the surface of the arti 
cle is directly exposed to the heating medium, thus, an 
article having a thickness of 1/2 inch can be treated in a 
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shorter time in an air atmosphere than one which has a 
thickness of 2 inches and a sheet 1/16 inch in thickness 
can be treated in less time than a plate 1/2 inch in thick 
ness in the same heating medium. At the conclusion of 
the solution heat treatment the articles are rapidly cooled 5 
to substantially room temperature, as by quenching in 
water at temperatures below 160° F. Cooling in this 
manner serves to ‘retain a substantial portion of the dis 
solved components in a state of solid solution. However, 
by employing hot water instead of cold water it is possi 
ble ‘to minimize stresses induced by quenching. 
The articles which have been so quenched are then 

subjected to a two-stage precipitation hardening treatment, 
the ?rst stage of which consists of heating the articles to 
between 175 and 275° F., the minimum temperature that 
can be used for a particular alloy being dependent upon 
the zinc content thereof. Thus, for alloys containing less 
than 7.5% zinc, the minimum temperature should be 
200° F., while for alloys containing more than 7.5 % Zinc 
the minimum temperature is 175° F. Moreover, those 
alloys containing ‘less than 7.5% zinc should be held 
within the speci?ed temperature range for a period of 5 
to 30 hours but in the case of the alloys containing more 
than 7.5% zinc the minimum holding time can be as 
short as 3 hours. At lower temperatures and for shorter 
periods of time the precipitation is insufficient to provide 
the proper metallurgical condition for the application of 
the succeeding precipitation hardening step. At higher 
temperatures and for longer periods of time precipitation 
is carried too far which adversely affects the precipita 
tion produced in the second stage or step. 

Following the ?rst stage, the articles are heated to 
a higher temperature within the range of 315 to 380° F., 
the minimum length of time for holding at a given tem 
perature to attain substantial ?reedom from stress cor 
rosion cracking being determined by the zinc and harden 
or element content of the ‘alloy and the thickness of the 
articles as de?ned below. The holding period should not 
be less than 2 hours nor more than 100 hours, it having 
been discovered that a slightly shorter as well as a much 
longer period also yield the desired results as compared 
to the shorter period stated in our preceding application. 
The minimum time and temperature limits essential to 
develop the desired freedom from stress corrosion crack 
ing are expressed by the equation 

k 

‘*2'0+(T—2s0)4 
where t is the time in hours, T is the temperature in ° F. 
and k is a constant related to the zinc and hardening ele 
ment content of the alloy and thickness of the article be 
ing aged. The values of k for different alloys and for 
different thicknesses of the article are set forth in the 
following tabulation. ‘It should be noted that in alloys 
containing 7.511 to 14% zinc, chromium is regarded as a 
separate addition and is not included in the group of hard 
eners zirconium, tungsten, molybdenum and vanadium. 
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Hardening elements 
present 

Percent Zn Thickness of K 60 
Section. inch value 

Mn Cr r, W, M0, 
V and/or Cr 

4.5-7 5 X 
4.5-7.6-.. X 
4.5-7 5 X 
4. 7 5 ____ __ X 

151-14-- X 
7.51-14- _ 

7.51-14 X 
751-14-- 4 
7.5144- _ __ X 

7.51-14 ____ -- X 

7.51—14__ X 
7.51-14 ‘ X 
151-14-- .... _. X 

Where manganese and one or more of the other harden 
ing elements are present and the k value for one is lower- 75 

£5. 
than the others, the lowest value should be employed in 
calculating the minimum temperature and time values. 
There are no k values for articles having thickness of 
less than 1%; inch which are made of alloys containing less 
than 7.5 % zinc since the improvement in the resistance to 
stress corrosion cracking in the short transverse direction 
in articles having a thickness greater than 1/1. inch is of 
primary interest and the two stage age hardening treat 
ment, as applied to articles of the commercial alloys con 
taining less than 7.5 % zinc, does not afford any worth 
while improvement over the conventional single stage 
treatment in respect to attaining a satisfactory strength 
and increasing the resistance to stress corrosion cracking. 
The response of the alloys to the two staging treatment 
changes as the zinc content exceeds 7.5% and hence this 
is used as a dividing line in selecting the proper treatment. 

Although values can be calculated which extend to 
fractions of an hour, as a practical matter it is advisable 
to go beyond the minimum and use a full hour’s exposure 
or more thereby assuring substantial freedom from stress 
corrosion cracking. 
The minimum time limits established by the equation 

that are essential to achieve freedom from stress corrosion 
cracking are based upon a large number of accelerated 
tests wherein the specimens were stressed to a value equal 
to 75% of their yield strength and exposed to alternate 
immersion in a 31/2% NaCl solution according to estab 
lished procedure for this test. Specimens that remained 
intact after 30 days of exposure were considered to be 
satisfactory. Likewise, if specimens of other alloys with 
in our range survive such a test, the allow articles repre 
sented by the specimens would be considered to be sub 
stantially free from stress corrosion cracking. In our pre 
ferred practice the alloys containing less than 7.5 % zinc 
are treated at 320 to 350° F. while those which contain 
more than 7.5% Zinc are preferably treated at 320 to 
360° F. Also in our preferred practice the second stage 
temperature should be at least 75° F. above the tempera— 
ture used in the ?rst stage. Although it is usually con 
venient to go directly from the ?rst to the second 
stage, the articles can be cooled to room tempera 
ture at the end of the ?rst stage and reheated to the second 
stage temperature. 
As mentioned above, shorter times and lower tempera 

tures for the second stage lower the resistance to stress 
corrosion cracking. On the other hand the use of tem~ 
peratures above the maximum stated limits and longer 
periods of time result in excessive reduction in tensile and 
yield strengths. 
The quenched articles should not be cold worked before 

the precipitation hardening treatment other than whatever 
working may be required to straighten them and remove 
any warpage and does not involve a reduction in thick 
ness of more than about 2%. . 

While we are not able to offer a precise explanation of 
what occurs during the second stage of aging, it neverthe 
less appears that the precipitation differs from that pro 
duced in the ?rst stage of precipitation hardening and the 
second stage creates a condition that distinctly improves 
the resistance to stress corrosion cracking and tearing. 

In referring to stress corrosion cracking it is to be un 
derstood that this refers to the failure of the alloy article 
under the combined action of stress and corrosion whether 
the stress is applied externally or is in the nature of a 
rgiidual stress. It is to be distinguished from corrosion 
which occurs in the absence of stress and is manifested 
in a general attack of the metal surface or causes pits to 
develop. 
The alloys which respond to our novel thermal treat 

ment and develop a high resistance to stress corrosion 
cracking, a high strength and high resistance to tearing 
contain from 4.5 to 14% by weight of zinc, from 1.5 to 
3.8% of magnesium, 0.75 to 2.5% by weight of copper, 
and at least one hardening element selected from the 
group composed of 0.05 to 0.4% chromium, 0.1 to 0.75% 
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manganese 0.05 to 0.3% zirconium, 0.05 to 0.3% vana_ 
dium, 0.05 to 0.3% molybdenum and 0.05 to 0.3% tung 
sten, as stated hereinabove. The magnesium in any 
case should be present within the proportions of 0.2 to 
0.5 part to 1 part of zinc and to attain a maximum strength 
and resistance to stress corrosion cracking we have found 
that in alloys containing less than about 10% zinc the 
ratio of magnesium to zinc should be 0.25 to 0.5 part of 
the former to 1 part of the latter. In alloys containing 
more than about 10% zinc the ratio should be 0.2 to 0.35 
part of magnesium to 1 part of zinc. In addition to the 
foregoing relationship of magnesium to zinc, it is essen 
tial that the copper content of the alloy should not exceed 
the amount of magnesium. The composition limits and 
proportions between the alloying elements must be ob 
served in order to secure the desired combination of prop 
erties yet provide an alloy that can be cast and worked. 
The presence of hardening elements within the stated 

limits is also essential in the aluminum-zinc-magnesium 
copper alloys to assist in attaining the desired properties. 
vAlthough these elements are substantially insoluble in solid 
aluminum they nevertheless affect the response of the 
alloy to thermal treatment, especially the precipitation 
treatment, and tend to hasten precipitation as compared 
‘to the same alloy without such elements. In addition, 
these elements improve the resistance to stress corrosion 
cracking. 
The alloys just described may also contain one or more 

of the group of grain re?ning elements consisting of 0.01 I 
to 0.2% titanium, and 0.0005 to 0.002% boron. These 
elements serve to produce a ?ne grain size in the cast form 
of the alloy which is generally advantageous to the me 
chanical properties. In addition, to minimize oxidation 
of the molten alloy it may be helpful to add 0.001 to 
0.005% beryllium. 

Iron and silicon are always present as impurities. Up 
to 0.3% iron can be tolerated and the silicon content 
should not exceed 0.2% and thus avoid the formation of 
any substantial amount of the intermetallic compound 
MgZSi. 
Our thermal treatment serves to provide a high strength 

and improve the resistance to stress corrosion and resist 
ance to tearing and still attain a high strentgh of wrought 
products made of the above-stated alloys, the bene?ts of 
the treatment being controlled by the zinc content and 
thickness of section of the article being treated as stated 
above. The articles which are particularly bene?ted by 
the thermal treatment are those which have a relatively 
thick cross section such as often found in forgiugs, extru 
sions, pressings and rolled plate or shapes. A thickness 
of more than 14 inch is considered to be relatively thick. 
In all of these cases the articles possess de?nite direc 
tional properties as a result of the type of hot working 
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employed. As a consequence the tensile properties are . 
higher in the direction in which the article is worked, 
usually referred to as the longitudinal direction, than in 
the transverse direction, i.e. normal to the longitudinal di 
rection. The difference is particularly evident in the short 
transverse direction. In addition, the resistance to stress 
corrosion cracking is also lowest in that direction. The 
combination of thermal treatments described above greatly 
improves the resistance to stress corrosion cracking in the 
short transverse direction and brings it close to that in 
the longitudinal direction, i.e. parallel to the working. 
We have found that the thermal treatments described 

above are also bene?cial to sheet products (less than 1A. 
inch in thickness) of alloys containing more than 7.5% 
zinc. Zinc contents of such a magnitude generally have 
an adverse elTect upon the resistance to stress corrosion 
cracking in sheet products that are precipitation hardened 
by a single step, often referred to as isothermal aging. 
This adverse effect of zinc appears to increase with the 
zinc content and hence although high strengths may be 
achieved, resistance to stress corrosion is reduced. By 
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6 
means of our series of treatments both high strength and 
resistance to stress corrosion cracking are obtained. 

In addition to improving wrought articles having a rela- ' 
tively thick cross section our novel thermal treatment is 
also bene?cial to improving the resistance to stress cor 
rosion cracking of thick drastically chilled cast ‘bodies 
made from the above-described alloys. Drastica'lly chilled 
cast bodies refers to ingots, either solid or hollow, which 
have been cast by the direct chill or similar casting proce 
dures as distinguished from sand and permanent mold 
castings. To obtain the desired improvement it is usually 
necessary to employ a higher temperature or a longer time, 
or both for solution heat treatment, to produce the requi 
site solution of the soluble components than'in the case of 
the wrought articles. After the solution heat treatment 
and quench, the same two-stage precipitation hardening 
treatment should be used as employed with the wrought 
articles. 
The improvement gained by the use of our novel process 

in respect to strength and resistance to stress corrosion 
cracking is illustrated in the following examples. The 
composition of the alloys employed in the tests is given 
in Table I below. 

Table I.—C0mp0sz'tion of alloys 

Alloy Percent Percent Percent Percent Percent Percent 
Zn Mg Cu Mn Cr Ti 

5. 69 2. 53 1. 67 0. 00 0. 22 0. 05 
5. 75 2. 58 1. 67 O. 50 0. 00 0. O4 
6. 91 2. 72 1. 48 0. 10 0.27 0; 05 
5. 92 2. 63 1. 62 0. 04 0. 17 0. 02 
8. 25 2. 89 1. 39 0. 5 ______________ __ 
9.1 2. 16 1. 5 O. 5 
10.1 3.0 2 O. 5 
12. 5 3. 68 1.59 0. 5 
12. 1 3. 09 1. 54 0. 5 
11.9 3. 42 1. 52 0 0. 24 ______ ._ 
12 3. 5 1. 52 0 ______________ __ O. 26 Zr 
11.9 3. 48 1. 5 0 ______ .. 0.02 0.24 Mo 
10. 50 2. 95 1. 95 ...... _. 0.21 Zr 

Alloys A, B and C were melted, cast into ingotsand 
forged to ‘bars having a cross section of Zinches by 4 
inches by conventional practice. The bars of these alloys 
were solution heat treated at 870°’ F. for 6 hours and 
quenched in water at a temperature of 70°- F. .Alloy D 
was cast in the form of an ingot for plate and sheet rolling 
rolled to 2 inch thick plate solution heat treated at 870° F. 
and quenched in a water spray in customary manner. 
Alloys E through L were melted, cast into ingots and ex 
truded into rod 3%; inch in diameter in accordance with 
usual practices. Alloy M was also extruded into a sector 
shaped bar, each side of which was'a‘bout 2 inches in 
length. Samples cut from the rods and the bar for test 
purposes were heated to 870° F. and held for 2 hours 
and quenched in water at 75° F. ' , 
The precipitation hardening treatments applied to the 

bars or rods of each of the alloys are given in Table II 
below. 

Table Il.—Precipitati0n hardening treatments 

First stage treatment Second stage treatment 
Alloy 

Temp., ° F. Hours Temp, ° F. Hours 

225 6 350 8 
250 12 375 6 
270 6 375 6 
230 7 370 7 
240 13 375 8 
270 7 370 7 
225 6 350 8 
225 6 375 4 
250 24 325 48 
225 6 350 8 
225 6 350 8 
225 6 350 8 
225 6 850 8 
225 6 350 8 
225 6 350 8 
225 6 350 8 
225 6 350 8 
225 6 315 96 
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Tensile test specimens were cut from the forged bars 
of Alloys A, B and C in the short transverse direction, 
that is, in the 2 inch dimension. Short transverse speci 
mens were also cut from the Alloy D plate and Alloy M 
extrusion. The average tensile properties of these speci 
mens are listed in Table III. 

Table IIl.—‘Tensile properties in short transverse 
dlrectzon 

Treat Tensile Yield Percent 
Alloy ment strength strength, elongation 

p.s.i. p.s.i. 

A __________________ __ 1 72, 000 61,000 9 
2 68,900 55, 600 12 
3 67, 200 54, 300 8 

B __________________ __ l 70, 900 60, 400 8 
2 69, 500 56, 100 12 
3 70, 700 58, 900 8 

o __________________ -- 1 72, 100 so, 500 s 
2 69, 300 57, 300 7 

D ______________________________ __ 69, 500 58, 700 2. 5 
M ______________________________ _. 73, 600 65, 700 6. 5 

These results clearly indicate that a high strength was 
obtained as compared to a typical short transverse ten 
sile strength of 80,000 p.s.i. and a yield strength of 68,000 
p.s.i. for Alloy A in the conventionally solution heat 
treated and precipitation hardened condition. 

Tensile test specimens of standard size were cut from 
the extruded and heat treated rods in the longitudinal di 
rection and the tensile properties determined. The aver 
age values for each of the alloys are given in Table IV 
below. 

Table IV.——Tensile properties of extruded rods’ 

Tensile Yield Percent 
Alloy strength, strength, elongation 

p.s.i. p.s.i. 

83, 000 75,900 11 
75, 400 66, 700 13 
85, 800 79. 100 10 
82, 600 76, 800 10 
S2, 300 75, 600 10 
80, 700 74, 300 11 
81, 400 77, 100 10. 5 
82, 400 76, 200 10 

The foregoing tensile properties compare favorably 
with the typical properties of extrusions of the commer 
cial alloy having a nominal composition of 5.6% zinc, 
2.5% magnesium, 1.6% copper, 0.3% chromium, and 
balance aluminum that have received solution heat treat 
ment at 870° F. and have been'aged 24 hours at 250° F. 
The typical properties of such extrusions are: 90,000 
p.s.i. tensile strength, 84,000 p.s.i. yield strength and 12% 
elongation. The presence of chromium, zirconium and 
molybdenum, respectively, in Alloys 1, K and L had 
about the same effect upon the tensile properties as man 
ganese in Alloys H and I where the same sequence of 
precipitation treatments were employed. 

Additional short transverse tensile test specimens of 
Alloys A, B and C were subjected to an accelerated stress 
corrosion test which consisted of applying a stress to the 
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hours failed in 3 to 5 days in the same test. 
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specimens equal to 75% of the yield strength and ex 
posing them to an aqueous 31/z% to NaCl solution by 
the alternate immersion method over a period of 84 days. 
Three specimens were used in each case. No failures 
occurred during the entire period. In comparison, test 
specimens of the same alloys solution heat treated at 870° 
F. and aged in one step by heating at 250° F. for 24 

It is there 
fore evident that the two-step aging treatment produced 
substantial immunity to stress corrosion cracking in the 
short transverse direction. 

Transverse specimens from the extruded rods, the sec 
tor-shaped bar and the rolled plate were subjected to the 
same stress corrosion test for a period of 30 days and 
all survived the test thus demonstrating a high resistance 
to stress corrosion cracking. 
The examples of improved resistance to stress corro 

sion given above demonstrate the value of the two-stage 
precipitation treatment as compared to the conventional 
aging practice of heating at 250° F. for 24 hours. It is 
also important to observe the minimum conditions for 
the second stage treatment as de?ned by the equation 
stated hereinabove. This is illustrated in the treatment 
of transverse specimens cut from the 3%: inch thick wall of 
an extruded tube of an alloy having the nominal compo 
sition of 5.6% zinc, 2.5% magnesium, 1.6% copper, 
0.3% chromium and balance aluminum. The extruded 
tube was solution heat treated at 870° F. and quenched in 
cold water. Sections were cut from the tube for precipita 
tion hardening by two different practices. One group was 
heated 3 hours at 225 ° F. and then for 4 hours at 325° 
F. A second group was heated 7 hours at 225° F. and 
then 9 hours at 350° F. When subjected to the stress cor 
rosion test described above the specimens from the ?rst 
group failed in 6 to 8 days whereas those from the sec 
ond group remained intact at the end of 84 days. In the 
?rst group the time at temperature was too short while 
in the second group the time at temperature exceeded 
the minimum. 
The effect of our treatment upon the resistance to 

tearing is illustrated in the following examples wherein 
ingots of the different alloys containing more than 7.5% 
zinc were rolled to sheet 0.064 inch in thickness accord 
ing to conventional practice. Specimens were cut from 
the sheet in both longitudinal (L) and transverse (T) 
directions to provide samples for the Kahn type of test. 
The samples were solution heat treated at 870° F. for a 
period of 30 minutes and quenched in water at 75° F. 
One set of samples (1) was precipitation hardened by 

, heating them to 250° F. and holding for 24 hours, the 
conventional type of treatment, While a second set (2) 
was given a two-step treatment consisting of heating to 
225 ° F. and holding for 6 hours and then heating to 350° 
F. and holding for 8 hours. The sheet samples were 
tested and the unit crack propagation energy was calcu 
lated in terms of inch pounds per square inch. The com 
position of the alloys used for making the sheet and the 
unit propagation energy in both longitudinal and trans 
verse directions are given in Table V below. 

Table V.—-All0y composztzon and reslstance to tearing 

Alloy composition, percent 
Direction Aging Unit prop. 

treatment energy, inch 
Zn Mg 0 u Zr Cr lbs/sq. in. 

7.95 3.46 1. 52 0.22 ____ L 1 0 
7. 95 3. 46 1. 52 0.22 T 1 0 
7 95 3. 46 1.52 0.22 L 2 295 
7. 95 3. 46 1. 52 0. 22 T 2 110 
9. 98 2. 98 1. 50 0.17 ____ L 1 0 
9. 98 2. 98 1. 50 0. 17 ____ T 1 0 
9. 98 2. 98 1. 50 0. 17 ____ L 2 345 
9. 08 2. 98 1. 50 0. 17 ___. T 2 200 
11.90 3. 46 1.52 0.21 __-_ L 1 0 
11.90 3.46 1.52 0. 21 ____ 'I‘ 1 0 
11. 90 3. 46 1. 52 0. 21 ____ L 2 105 
11. 90 3. 46 1. 52 0. 21 ____ T 2 75 
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It is apparent that the two-step precipitation hardening 
increased the resistance to tearing although the treatments 
were not equally effective in each case. The improvement 
is signi?cant, however, and is particularly useful in the 
design and us of highly stressed structures. The presence 
of zirconium is not essential to gaining the improvement, 
its bene?t being con?ned to improving the structure of 
the ingot from which the sheet was rolled. 
The bene?t of our novel process as applied to a dras 

tically chilled cast body is illustrated in the following ex 
ample. An alloy having the nominal composition of 
5.6% zinc, 2.5% magnesium, 1.6% copper, 0.3% chro 
mium and balance aluminum was cast by the direct chill 
procedure in the form of an ingot having a thickness of 
4 inches. Test bars cut from the ingot were solution heat 
treated at 960° F. for 24 hours, quenched and aged in 
two steps, 6 hours at 225° F. and 8 hours at 350° F. 
The average tensile strength Was 74,100 p.s.i., the yield 
strength 66,200 and the elongation 4.5%. Bars sub 
jected to the alternate immersion corrosion test referred 
to above and stressed an amount equal to 75% of the 
yield strength showed no failures over a period of 133 
days. 
Having thus described our invention and certain em 

bodiments thereof, we claim: 
1. The method of thermally treating articles composed 

of an alloy consisting essentially of aluminum, 4.5 to 14% 
zinc, 1.5 to 3.8% magnesium, 0.75 to 2.5% copper and 
at least one hardening element selected from the group 
composed of 0.05 to 0.4% chromium, 0.1 to 0.75% 
manganese, 0.05 to 0.3% zirconium, 0.05 to 0.3% vana 
dium, 0.05 to 0.3% molybdenum and 0.05 to 0.3% tung 
sten, wherein the proportion of magnesium to zinc is 
within the range of 0.2 to 0.5 part of magnesium to 1 part 
zinc and the copper content does not exceed that of mag 
nesium, said treatment comprising 

heating said articles to a temperature between 750 and 
1000“ F., but below the temperature of incipient 
fusion, for a suf?cient length of time to produce 
substantially complete solution of the soluble com 
ponents, 

quenching said articles to substantially room tempera 
ture, 

precipitation hardening said quenched articles in two 
steps according to the following schedule: 

?rst step: for alloys containing less than 7.5% 
zinc, heating the articles to 200 to 275° F. and 
holding for a period or" 5 to 30 hours; 

for alloys containing more than 7.5 % zinc, heating 
the articles to 175 to 275° F. and holding for a 
period of 3 to 30 hours; 

second step: heating the articles to 315 to 380° F. 
for a period of 2 to 100 hours, the minimum 
time and temperature relationship to achieve 
high' resistance to stress corrosion being ex 
pressed by the equation: 
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where z‘ is the time in hours, T is the precipita 
tion temperature and k is a constant that varies 
with the zinc and hardening element content of 
the alloy and the thickness of the article being 
treated as follows: 

Hardening elements 
present 

Percent Zn Thickness of K 
Section, inch value 

Mu Cr Zr, W Mo, 
V and/or Cr 

cooling said articles to room temperature, 
whereby the treated articles acquire a high 

strength, a high resistance to stress corrosion 
cracking and a high resistance to tearing. 

2. The method according to claim 1 wherein the solu 
tion heat treatment is applied to wrought products over a 
period of 3 minutes up to 10 hours. 

3. The method according to claim 1 wherein the sec 
ond stage of precipitation hardening for articles of alloys 
containing less than 7.5% zinc consists of heating the 
articles to between 320 and 350° F. and for alloys con 
taining more than 7.5% zinc, the articles are heated to 
between 320 and 360° F. 

4-. The method according to claim 1 wherein the sec 
ond stage of precipitation hardening consists of heating 
to a temperature at least 75° F. above that of the tem 
perature used in the ?rst stage. 

5. The method according to claim 1 wherein the alloy 
also contains at least one of the grain re?ning elements 
of the group composed of 0.01 to 0.2% titanium and 
0.0005 to 0.002% boron. 

6. The method according to claim 1 wherein the alloy 
also contains from 0.001 to 0.005% beryllium. 

7. The method according to claim 1 wherein the arti 
cle to be treated is in wrought form and possesses direc 
tional properties. 

8. The method according. to claim 1 wherein the arti 
cle is in the form of a drastically chilled casting. 
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