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ABSTRACT OF THE DISCLOSURE 
A composite aluminous article having a core consisting 

essentially of from 0.2 to 2.8% magnesium, up to 1.0% 
silicon, up to 0.3% copper, up to 1.0% iron, from 0.10 
to 1.5% manganese, up to 0.5% zinc, up to 0.5% chro 
mium, said core clad with a dissimilar alloy consisting es 
Sentially of from 0.5 to 3.0% magnesium, up to 0.3% 
Zinc, up to 0.4% silicon, up to 1.0% iron, up to 0.3% 
copper, up to 0.2% manganese, up to 0.3% chromium. 

The present invention relates to composite metal ar 
ticles. More particularly, the present invention resides 
in composite metal articles having an aluminous core and 
an aluminous cladding, said composites having improved 
corrosion resistance and improved mechanical properties. 
Composite aluminum articles are widely known and 

have been used extensively in various applications. For 
example, composite aluminum articles are particularly 
well Suited for uses involving exposure to supply waters 
because of their lightweight and good corrosion resistance. 

It is known to provide a composite having a high 
strength aluminum alloy core, clad with either high purity 
aluminum or an aluminum alloy in order to provide a 
more corrosion resistant coating than the core alloy itself. 
For example, U.S. Patent 1,997,165 discloses composite 
aluminum articles having a cladding more electronegative 
than the core alloy in a sodium chloride-hydrogen per 
oxide solution in order to provide galvanic protection to 
the core material. It is a finding of this patent that various 
alloying additions to the cladding material, such as silver, 
gallium, bismuth, tin, zinc, etc. will provide an alloy 
having a more electronegative potential in a sodium 
chloride-hydrogen peroxide solution than most aluminum 
base alloy core materials and thereby improve the corro 
sion resisting properties of the composite. 
A typical aluminum alloy composite based on this prin 

cipal uses an aluminum plus zinc alloy cladding to pro 
tect the core from corrosion. One such clad composite 
has a 6061 aluminum alloy core and 7072 aluminum alloy 
cladding (throughout the specification, aluminum alloy 
numbers represent Aluminum Association designations). 
Aluminum alloy 6061 is a heat treatable wrought alumi 
num-magnesium-silicon alloy having nominal composition 
1.0% magnesium, 0.6% silicon, 0.25% copper, and 0.25% 
chromium. Aluminum alloy 7072 has a nominal 1% zinc 
content in a comercial purity aluminum base. These com 
posites do not give satisfactory service in many sections 
of the country. For example, the addition of zinc to 
aluminum decreases general corrosion resistance of alumi 
num in salt environments and in acidic conditions, such 
as industrial atmospheres. Accordingly, aluminum alloy 
7072 is attacked by many atmospheres and becomes 
etched and disfigured by the accumulation of corrosion 
products. In addition, aluminum alloy 7072 is not par 
ticularly strong nor abrasion resistant and thereby de 
tracts from the strength of many cores on which it is clad 
and provides a surface which is easily disfigured by 
abrasion. 

Furthermore, alloy 7072 is sufficiently electronegative 
so that when tiny pits penetrate to the core-clad interface, 
the pits rapidly broaden by galvanic corrosion of 7072 
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and Soon detract from the appearance of the clad surface. 
The Zinc content of the clad alloy also presents a scrap 
recovery problem. 
The foregoing disadvantages are true generally with 

cladding materials containing greater than 0.8% zinc. 
More noble core alloys, such as aluminum alloy 2024, are 
protected with relatively pure aluminum alloys. However, 
commercially available aluminum core materials contain 
ing magnesium as one of the major alloying elements are 
normally clad with high zinc containing alloys, such as 
7072. 

Accordingly, it is a principal object of the present in 
vention to provide an improved composite alloy having 
an aluminous core and an aluminous cladding. 

It is an additional object of the present invention to 
provide a composite material as aforesaid having im 
proved corrosion resistance and improved mechanical 
properties. 

It is an additional object of the present invention to pro 
vide an improved composite as aforesaid wherein the 
core material contains magnesium as one of the major 
alloying elements and the cladding has a low zinc content. 

It is a still further object of the pres2nt invention to pro 
vide an improved composite as aforesaid which composite 
is strong and abrasion resistant and is not easily disfigured 
by abrasion. 
A still further object of the present invention is to pro 

vide an improved composite as aforesaid which presents 
minimal scrap recovery problems. 

Further objects and advantages of the present invention 
will appear hereinafter. 

In accordance with the present invention it has now 
been found that the foregoing objects and advantages are 
readily obtained. The composite alloy of the present in 
vention has a non-heat treatable core containing from 
0.2 to 2.8% magnesium, from 0.10 to 1.5% manganese, 
up to 1.0% silicon, up to 0.3% copper, up to 1.0% iron, 
up to 0.5% zinc, up to 0.5% chromium, others 0.5% 
each, total 0.15% balance essentially aluminum, clad with 
a dissimilar alloy containing 0.5 to 3.0% magnesium, up 
to 0.3% zinc, up to 0.4% silicon, up to 1.0% iron, up to 
0.3% copper, up to 0.2% manganese, up to 0.3% chro 
mium, others 0.5% each, total 0.15%. The cladding 
should preferably contain more magnesium than the core 
and preferably at least 0.5% more magnesium than the 
core. In addition, the core should preferably contain more 
than the cladding of one or more of the following ele 
ments: copper, manganese and chromium. 
The cladding material represents from 1.0 to 20% of 

the total thickness of the composite. The cladding may 
be on either one or preferably both sides of the core. 
Where the cladding is on both sides of the core it is 
preferred that each cladding represent from 1.0 to 10% 
of the total thickness of the composite per side. 

It has been found in accordance with the present in 
vention that the foregoing composite material readily 
overcomes the disadvantages of the art. The addition of 
magnesium to the cladding material provides stronger 
and more abrasion resistant composites than heretofore 
available. Furthermore, the aluminum magnesum clad al 
loys of the present invention are more corrosion resistant 
than zinc containing claddings, such as aluminum alloy 
7072. In the composites of the present invention the clad 
ding galvanically protects the core but does not overpro 
tect the core and waste the cladding. Hence, the cladding 
will have a longer life than zinc containing claddings, 
such as aluminum alloy 7072 and will maintain a better 
general appearance without unsightly broadening of pits 
through rapid and unnecessary galvanic corrosion of the 
cladding. 

Furthermore, the aluminum-magnesium clad alloy of 
the present invention is totally acceptable for recycle, as 
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scrap, into production of those core alloys which also 
contain magnesium. Normally, composites having Zinc 
containing aluminum alloy claddings, such as aluminum 
alloy 7072, suffer from the disadvantage that the zinc 
content of the cladding is incompatible with the produc 
tion of many core alloys with which it is used. 
The core material is any alloy falling within the fore 

going compositional ranges. The core material contains 
magnesium in an amount from 0.2 to 2.8% and prefer 
ably from 0.8 to 1.1%. The core material is a non-heat 
treatable alloy and the cladding should preferably con 
tain more magnesium than the core, with the cladding 
preferably containing greater than 0.5% magnesium than 
the core. 
The core alloy may also contain the following in 

gredients in the following ranges: silicon up to 1.0%, 
preferably 0.15 to 0.7%, copper up to 0.3%, prefer 
ably 0.10 to 0.25%, iron up to 1.0% preferably 0.5 to 
0.7%, manganese 0.1 to 1.5%, preferably 1.0 to 1.5%, 
zinc up to 0.5%, preferably up to 0.25%, chromium up 
to 0.5%, preferably 0.08 to 0.12%. In addition, it is de 
sirable that these elements remain in solid solution in the 
aluminum alloy. 

In addition, the core should preferably contain more 
than the cladding of one or more of the following ele 
ments: copper, manganese, and chromium in order to 
obtain a protective galvanic current between the cladding 
and the core alloys. 

Typical core materials which may be employed include 
for example, aluminum 3004, 3105 and 5052. 
The cladding material contains magnesium in an 

amount from 0.5 to 3.0%. In addition, the cladding may 
contain the following other materials. Zinc up to 0.3%, 
preferably up to 0.25%, silicon up to 0.4%, preferably 
up to 0.2%, iron up to 1.0%, preferably up to 0.5%, 
copper up to 0.3%, preferably up to 0.05%, manganese 
up to 0.2%, preferably up to 0.10%, chromium up to 
0.3%. 

Typical cladding materials include the following al 
loys: 5050, 5252, 5005 and so forth. 
The method of forming the composite of the present 

invention is not particularly critical and any desired 
method for obtaining a metallurgically bonded composite 
may be employed, such as conventional casting, Spray 
ing or rolling techniques. For example, the core and clad 
ding may be rolled together at from 800 to 1000 F. fol 
lowed by rolling to finish gauge without an intermediate 
anneal at a temperature under 600 F. 
The present invention and the improvements resulting 

therefrom will be more readily apparent from a consid 
eration of the following illustrative examples. 

EXAMPLE 

The following example describes the preparation of 
the typical composition of the present invention. Alumi 
num alloy 5050 was clad 5.8% on both sides of alumi 
num alloy 3004. The following steps were performed. 

Step I-An ingot was cast of aluminum alloy 3004 of 
the size 16’ x 45' x 85’ and of the composition: silicon 
0.22%, iron 0.62%, copper 0.14%, manganese 1.11%, 
magnesium 1.00%, zinc 0.03%, others less than 0.05%, 
total less than 0.15%. 

Step I-The ingot was homogenized, and approxi 
mately 0.25' was scalped from each side. 

Step III-A liner ingot was cast of aluminum alloy 
5050 of the size 16’ x 45' x 150' and of the composi 
tion: silicon 0.06%, iron 0.50%, copper 0.04%, manga 
nese 0.02%, magnesium 1.53%, chromium 0.01%, Zinc 
0.03%, other less than 0.05% each, total less than 0.15%. 

Step IV-The ingot of aluminum alloy 5050 was 
sclaped, heated to 800 to 850 F., hot rolled to 1.00' 
gauge and sheared to provide two 1.00' x 43' x 83' 
slabs. 

Step V-One liner slab of aluminum alloy 5050 was 
placed beneath the ingot of aluminum alloy 3004, An 
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4 
additional liner slab of aluminum alloy 5050, as de 
scribed above, was centered and placed upon the ingot. 
The total composite was heated for hot rolling at a ten 
perature in range of 700 to 750 F. 

Step VI-Metallurgical bonding of the 5050/3004/ 
5050 composite was accomplished by hot rolling in a re 
versing mill which reduced the thickness to 0.702' gauge. 

Step VII-While still hot, the composite was further 
reduced in a 3-stand mill to 0.2175' gauge. The hot mill 
sheet was slit to a 42' width, coiled and allowed to cool 
to room temperature. 

Step VIII-The 5050/3004/5050 sheet was further re 
duced by cold rolling in three passes to 0.050' gauge. 

Step IX-The cold rolled sheet was further slit into two 
coils together with the appropriate removal of scrap from 
the edges. One coil was 25.5' wide. 

Step X- The 25.5' wide coil was flattened and sheared 
to provide flat sheets each 25.5' wide x 80' long x 0.050' 
gauge. 

Step X-Some of the sheets described in Step X were 
stabilized to the H-36 temper by a 2-hour soak at 300 
325 F. 

Step XII-The above stabilized sheets were then 
stretcher straightened. 

Step XIII-One of the sheets from Step X was annealed 
to the 0 temper. 

EXAMPLE I 

The mechanical properties of the composite aluminum 
article, described above in Example I, are shown in the 
following table. 

TABLE I 

Percent 
0.2%. Offset Ultimate, Elongation 

Material Temper Yield, p.s.i. p.s.i. in 27 

From Step X------- H-6 42,210 43, 450 2.8 
From Step XII---- H-36 39,950 41,980 5.8 
From Step XIII--- 0 0,420 25, 130 20.6 

EXAMPLE II 

Flat sheets of clad aluminum alloy 3004 (7072/3004/ 
7072) were produced in a manner after Example I. The 
aluminum alloy 7072 cladding was of the composition: 
<0.10% silicon, <0.20% iron, <0.04% copper, 30.01% 
manganese, <0.02% magnesium, <0.01% chromium, 
1.00% zinc and <0.030% titanium. The aluminum alloy 
3004 core was of the composition: 0.21% silicon, 0.48% 
iron, 0.10% copper, 0.97% manganese, 0.91% mag 
nesium, 0.003% chromium, 0.02% zinc and 0.015% 
titanium. 
The mechanical properties of the above clad aluminum 
E. 3004 in the 0.051 gauge are shown in the following 
table. 

TABLE I 

Temper ----------------------------------- H-36 
0.2% offset yield, p.s. i. --------------------- 36,834 
Ultimate p.S.i. ----------- ------------------ 39,818 
Percent elongation in 2'' -------------------- 6.3 

Typical mechanical properties of clad aluminum alloy 
3004 (7072/3004/7072) produced with this equipment 
are shown as the following average values from several 
lots of 0.500' gauge sheet. 

TABLE III 
Temper----------------------------------- H-36 
0.2% offset yield, p.S.i. ---------------------- 37,500 
Ultimate p.S.i. ------------------------ ----- 40,000 
Percent elongation in 2'' -------------------- 5.0 

EXAMPLE IV 

The composite aluminum article described in steps I 
through XII of Example I was sheared into 4' x 6' x 
0.050' gauge panels, 
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Three of these panels were exposed for 1000 hours to 
neutral salt spray. This exposure was carried out by a 
procedure described in ASTM Designation B117-57T 
which requires a fog of 5% sodium chloride at 95 --2 to 
-3 F. It was found that the composite aluminum article 

6 
copper, up to 1.0% iron, from 0.10 to 1.5% manga 
nese, up to 0.5% zinc, up to 0.5% chromium, others 
each 0.05%, total 0.15%, balance essentially alumi 
num, said core being a non-heat treatable alloy; 

(B) clad with a dissimilar alloy consisting essentially 
was significantly more resistant to this environment than 5 of from 0.5 to 3.0% magnesium, up to 0.3% zinc, up 
bare (unciad) aluminum alloy 3004 panels exposed dur- to 0.4% silicon, up to 1.0% iron, up to 0.3% cop 
ing the same test. per, up to 0.2% manganese, up to 0.3% chromium, 
Three additional panels of the composite aluminum others each 0.05%, total 0.15%, balance essentially 

article were exposed for 392 hours to acidified salt spray. O aluminum; 
This exposure was carried out by a procedure described (C) wherein the cladding represents from 1.0 to 20% 
in ASTM Designation B287-57R which requires a fog of the total thickness of the composite; and 
of 5-- Sodium chloride Solution, adjusted to a pH of 3.1 (D) wherein Said core contains more than said clad 
to 3.3, at a temperature of 95 --2 to -3° F. During this ding of a material selected from the group consisting 
test it was found that aluminum alloy 5050 galvanically 5 of copper, manganese and chromium. 
protected the underlying aluminum alloy 3004 core where- 2. A composite aluminous article: 
by pits were confined to a depth at or near the clad-core (A) having a core consisting essentially of from 0.2 
interface (the cladding thickness was 0.00289' on both to 2.8% magnesium, up to 1.0% silicon, up to 0.3% 
sides). Considerable protection was afforded by the alu- copper, up 1.0% iron, from 0.10 to 1.5% manga 
minum alloy 5050 clad compared to bare (unclad) alu- 20 nese, up to 0.5% zinc, up to 0.5% chromium, others 
minum alloy 3004 on which the average pit depth was each 0.05%, total 0.15%, balance essentially alumi 
found to be 9.6 mils and pits as deep as 18 mils were num, said core being a non-heat treatable alloy; 
found during the same test. (B) clad with a dissimilar alloy consisting essentially 

of from 0.5 to 3.0% magnesium, up to 0.3 zinc, up 
EXAMPLE V 25 to 0.4% silicon, up to 1.0% iron, up to 0.3% cop 

The above Example IV shows that aluminum alloy per, up to 0.2% manganese, up to 0.3% chromium, 
5050 cladding will protect a core of aluminum alloy 3004 others each 0.05%, total 0.15%, balance essentially 
in accelerated test conditions. Galvanic protection was aluminum, said cladding containing more magnesium 
also found when equal areas of aluminum alloy 5050 than said core; 
and aluminum alloy 3004 were immersed in a 0.1 molar 30 (C) wherein the cladding repesents from 1.0 to 20% 
sodium chloride solution at temperatures of 25-32° C., of the total thickness of the composite; and 
coupled outside the solution through suitable current (D) wherein said core contains more than said clad 
measuring devices. The direction of current was such ding of a material selected from the group consisting 
that aluminum alloy 5050 behaved electrochemically as of copper, manganese and chromium. 
an anode and aluminum alloy 3004 as a cathode without 35 3. A composite according to claim 2 wherein the core 
reversing direction of flow during 1.40 hours of measure- is clad on both sides. 
ment. The galvanic current was initially high and slowly 4. A composite according to claim 2 wherein said core 
decreased to a steady state value within about 120 hours. contains from 0.8 to 1.1% magnesium, from 0.15 to 0.7% 
The total current expressed in coulombs, during 140 silicon, from 0.10 to 0.25% copper, from 0.5 to 0.7% 
hours and the steady state current are shown in Table 40 iron, from 1.0 to 1.5% manganese, up to 0.25% zinc, 
IV as Cell Number 3. and from 0.08 to 0.12% chromium. 
Table IV also shows that even higher protective cur- 5. A composite according to claim 2 wherein the clad 

rents can be obtained by increasing the copper content ding contains greater than 0.5% magnesium than the 
of the aluminum alloy 3004 cathode (Cell No. 4) or CO 
increasing the chromium content (Cell No. 5). 45 6. A composite according to claim 2 wherein said alloy 
The galvanic currents found with other aluminum alloy ing ingredients in said core are in solid solution. 

clad-core combinations are shown as Cell Nos. 1, 2 and 7. A composite according to claim 2 wherein said 
6 in Tabe IV. cladding contains up to 0.25% zinc, up to 0.2% silicon, 

TABLE IW 

Steady 
Percent State 

Cell No, Electrode Alloy Si Fe C Mn. Mg Cr Zn Ti Coulof: Sys: 

5050 0, 12 0.48 KO. 03 <0.03 1. 53 KO. O. KO.02 0.018 E: is is 85 S S 82 SE "E) 0.66 
SE 88 B.S. 8:8; 8:8; 33 86 8S. S. 1.83 1, 5 A. A. A. .9 K0,03 0.01 
5050 O. 12 0.48 <0.30 <0.03 .53 <0.01 <0.02 0.018 
3004. 0.25 0.78 0.10 19 1.19 ---------- 0.24 ---------- 2. 2 
5050 0.12 0.48 KO.03 <0.03 1. 53 K0.01 <0, O2 0.018 

Cathode------ 3004 0.24 0.70 O, 21 1.22 16- 0.25 ---------- 2.08 3 

5---------------- &Sigi: E 3, 8: 898 -99; ; ; ; (; ; I00is 2.69 3.5 08 0.123 0.24 ---------- 
6---------------- ASE: SE 89: 8% 8.9; sh; is 0.02 ago,005 5. 16 4.5 19 19 ---------- 0.24 ---------- 

Total coulombs during 140 hours. 
2 Galvanic current after 140 hours, micro-amperes per square inch. 

This invention may be emboddied in other forms or up to 0.5% iron, up to 0.05% copper, and up to 0.10% 
carried out in other ways without departing from the manganese. 
spirit or essential characteristics thereof. The present em- References Cited 
bodiment is therefore to be considered as in all respects 
illustrative and not restrictive, the scope of the invention UNITED STATES. PATENTS 
being indicated by the appended claims, and all changes 1,805,448 5/1931 Frary ------------ 29-197.5 
which come within the meaning and range of equivalency 70 1,997,166 4/1935 Brown -------- 29-197.5 
are intended to be embraced therein. 2,726,436 12/1955 Champion -------- 29-197.5 
What is claimed is: s 
1. A composite aluminous article: HYLAND BIZOT, Primary Examiner 
(A) having a core consisting essentially of from 0.2 U.S. C. X.R. 
to 2.8% magnesium, up to 1.0% silicon, up to 0.3% 75 29-197.5 

  


