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This invention relates to a novel process for the manu 
facture of a strongly bonded composite of aluminum or 
aluminum base alloys and stainless steel. More particu 
larly, the invention concerns a novel method of the clad 
ding of aluminum sheet, plate or strip with stainless steel 
by means of cold or hot rolling. 

There has long existed a need for a dependable and 
economical process of preparing aluminum sheet clad on 
one or both sides with stainless steel sheet, or conversely, 
of stainless steel sheet clad on both sides with aluminum 
or aluminum alloy sheet. The di?iculty of obtaining a 
strong bond between these two'metals has lOng retarded 
progress in this ?eld. Methods heretofore proposed in 
the prior art have included casting of molten aluminum 
upon steel sheet surfaces, conditioning of the steel sur 
face by heat treatment in an atmosphere of nitrogen, and 
dipping or spraying of molten aluminum upon an inter 
mediate metal interlayer placed on the steel, as well as 
hot rolling of metal sheets, and pressure welding. 

In the prior art processes, there has existed a general 
recognition of the importance of the in?uence of the 
presence of oxide ?lms upon both the aluminum and the 
cladding metal upon the strength of the ?nal bond of 
the clad composite. Accordingly, it was customary to pro 
duce a roughened surface both on the steel and upon 
the aluminum by mechanical means, such as abrasion of 
the aluminum and base metal surface by wire brushing, 
grit blasting, sanding, and thelike. However, even where 
such mechanical conditioning methods were used, it was 
frequently necessary to employ a cumbersome and costly 
vacuum sealing step to improve bonding. Moreover, in 
known processes for bonding aluminum to stainless steel 
by rolling, it has been the‘ practice to roll the two metals 
together in such manner that both sheets or plates were 
at the same temperature, whether cold or hot rolling was 
employed, followed by reheating of the composite to per 
mit recrystallization of the aluminum to strengthen the 
bond. 
Where both metals to be bonded are at the same tem 

perature, virtually entire dependence for removal of metal 
oxide layers or ?lms which may interfere with bonding 
is placed upon prior preparation or conditioning of the 
metal surfaces, for example, by abrasion. Metal deforma 
tion occurring during rolling tends to break up oxide ?lms 
or layers to a limited extent and thus to enhance metal-to 
metal contact. In US. Patent 2,753,623 there is pro 
posed the heating of at least one of the metals to be 
bonded without appreciable oxidation to an elevated tem 

10 

15 

20 

25 

30 

35 

45 

50 

55 

perature having as its upper limit the temperature at _ 
which the metal would pull apart when worked, or at 
which brittle compounds or liquid phase material would 
form at the surface. However, this patent suggests that 
if the temperature of one of the metals is below approxi 
mately 500° F., additional surface preparation to remove 
barrier ?lms from that metal should be used. 

In accordance with the present invention, it was found, 
surprisingly and unexpectedly, that aluminum or alumi 
num base alloys can be successfully bonded to stainless 
steel by rolling to achieve a bond strength heretofore un 
attainable, when the aluminum or aluminum base alloy 
is maintained during the rolling at a temperature sub 
stantially higher than the temperature of the stainless 
steel, speci?cally at a temperature at least 450° F. higher. 
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runowing the bonding step, the process of the inven 

tion employs a thermal post-treatment, comprising a re 
heating bond strengthening operation which also serves to 
anneal the aluminum or aluminum base alloy. 
The aluminum which may be employed for cladding 

purposes in accordance with the invention includes not 
only pure aluminum, e.g. of purity 99% or greater, but also 
both non-heat-treatable and heat-treatable alloys. The 
common or non-heat-treatable alloys which are suitable 
are those containing elements which remain substantially 
in solid solution or which form constituents which are 
insoluble, and include, for example, the high purity alloys 
(99.75%, 99.5%), wrought aluminum greater than 99.0%, 
and the alloys 1100, 3003, 3004, 5005, 5005, 5050, 
5052, 5056, and 5154. Among heat-treatable aluminum 
alloys which can be used are included magnesium-con 
taining alloys such as 6061 and 6062, and zinc-containing 
alloys such as 7075. The numerical designations given are 
those of the Aluminum Association System. Where a mag 
nesium-containing alloy is used, it is desirable to clad the 
core alloy on the side to be bonded with a thin layer, 
e.g. a 10% thickness of an aluminum base alloy such 
as type 1100' or higher purity aluminum alloy, preferably 
an alloy not containing magnesium. This avoids unde- , 
sirable oxide formation when heating prior to the bonding 
step. 
As employed in this application, the term stainless steel 

includes ferrous metal alloys containing a substantial 
amount of chromium or of chromium and nickel having 
high strength, hardness, and toughness, combined with 
good ductility, such as, for example, 18% chromium-8% 
nickel, types 302, 304, and 305. 

Stainless steel-bonded aluminum is of importance for 
the manufacture of cooking utensils, automotive trim, 
food processing equipment, storage tanks, and highway 
tankers and trailers. It provides the advantages of both 
metals. In connection with cooking utensils, such as pans, 
it permits employing the stainless steel on the cooking side 
of the vessel, while simultaneously allowing utilization of 
the heat transmission qualities of the aluminum on the 
heating or fore side of the pan. Where the composite is 
employed in transportation equipment and the like, an 
important weight saving is achieved by reason of the low 
density of the aluminum, coupled with economies result 
ing from saving of costly stainless steel. 

In accordance with the invention the aluminum or 
aluminum base alloy may be clad on one or both sides 
with stainless steel. Or the aluminum may form the center 
of a sandwich between two layers of stainless steel, if 
desired. 

In carrying out the process of the invention, the sur 
face of the aluminum or aluminum base alloy, which may 
be previously annealed if desired, is degreased, and is 
then roughened by wire brushing, sanding, grinding, or 
like methods, in order to remove any ?lm or thin layer 
of aluminum oxide present which would interfere with 
bonding. If desired, a chemical dip may also be em 
ployed. 
An advantage of the process of the present invention is 

that, owing to the maintenance of the temperature differ 
ential between the heated aluminum or aluminum alloy, 
and the stainless steel, which is held at the lower tem 
perature, the stainless steel may be bonded without prep 
aration of its surface, and with very little appreciable 
loss of bond strength in the ?nal composite. However, if 
desired, the surface of the stainless steel may be condi 
tioned or roughened by mechanical or abrasion methods, 
such as wire brushing, and the like. The stainless steel 
is also ?rst subjected to degreasing by any conventional 
method, and may also be annealed if desired. 
The prepared metal sheets, strips or plates are then 

brought to their respective temperatures, so that there is 
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established a temperature differential between the alumi 
num or aluminum base alloy whereby the latter is at a 
temperature at least 450° F. above the temperature of the 
stainless steel. The working upper limit of temperature 
for the aluminum member will ordinarily range between 
about 600° F. and about 1200° F., and preferably be 
tween about 900° F. and 1100“ F. The stainless steel is 
maintained at ambient or room temperature, or at a tem 
perature higher than room temperature up to about 450° 
F., the temperature differential between the aluminumand 
the stainless steel being at least 450° F. In accordance 
with preferred procedure, the aluminum or aluminum 
base alloy is heated to about 1000° F. and rolled against 
the stainless steel sheet at room temperature. 

After attaining their respective temperatures, the metals 
are placed in contact and pressed together by rolling or 
other suitable means, employing a force such that the 
aluminum is reduced from about 5% to about 90%, and 
preferably about 20% to about 40%, of its original thick 
ness in a single pass. The amount of reduction necessary 
for bonding is dependent upon the temperature of the 
aluminum or aluminum base alloy, its surface prepara 
tion, and the surface condition of the stainless steel. In 
the process of reduction the stainless steel is also reduced, 
but to a lesser extent than the aluminum. Bonding in this 
manner results in a deformation of the two metals where 
by, owing to the temperature differential present, oxide 
?lms or layers are ruptured to produce excellent metal 
to-metal contact and ?rm preliminary bonding. The ex 
tent of this bonding depends upon the type of aluminum 
or aluminum alloy employed, its surface treatment, its 
preheat temperature, the surface of the stainless steel, 
and the amount of reduction employed in making the 
bond. 

Following the preliminary bonding step, the process of 
the invention employs a reheating bond strengthening op 
eration which also serves to anneal the aluminum base 
alloy. This is performed by reheating the bonded compos 
ite in a furnace at a temperature between about 500° F. 
and about 975° F., preferably between about 750° F. 
and about 950° F., for at least 5 minutes. Generally a re 
heating temperature of 850° F. and a heating of about 30 
minutes effectively strengthen the bond produced in the 
rolling operation. The rate of heating, temperature, and 
time of heating are not critical and may be varied within 
wide limits. During this treatment, the bond strength is 
considerably increased, and no embrittlement of the metal 
occurs. 

In accordance with a modi?cation of the invention, the 
stainless steel bonding surface may be covered with a 
tightly clinging sheet of aluminum foil, being interleaved . 
in the coil of stainless steel prior to rolling as by feeding 
‘in from a separate coil. The aluminum leaf provides an 
improved as-ro-lled bond, and upon reheating, a still 
higher bond strength is attained. Thus, excellent bonds 
were obtained when the stainless steel surface was covered 
with a tightly clinging sheet of aluminum foil of 99.7% 
purity, 0.003” thick. In this manner an excellent bond can 
be obtained when the stainless steel surface is in contact 
with the aluminum or aluminum base alloy, the aluminum 
being at an elevated temperature, after the aluminum has 
been given enough reduction to rupture the oxide surface. 
The success of the bonding operation where stainless 

‘steel at room temperature is rolled against aluminum at a 
temperature in the vicinity of 900° F. depends upon keep 
ing the stainless steel from heating above about 400° F. 
until it is actually bonded. To measure thermal character 
istics during roll bonding, thermocouples may be inserted 
in the aluminum and stainless steel to be bonded and their 
cooling and heating rates observed. Thus, where rolling 
together 304 grade stainless steel at room temperature, 
and 3003 aluminum alloy, at 900° F., the aluminum 
cooled about 60° F., while the stainless steel temperature 
rose to about 360° F. immediately before contacting the 
rolls. The use of aluminum foil wrapping on the stainless 
steel serves to control the temperature rise of the latter. 
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4 
The strength of the preliminary bond obtained by the 

method of the invention is indicated by a stripping test 
which permits a quantitative measurement of bond 
strength. In accordance with this test a one-inch wide, 
gauge thickness strip is cut from the composite perpendic 
ular to the rolling direction. The stainless steel and alu 
minum components are each gripped and pulled at a con 
stant speed so that the load necessary to strip is a measure 
of bond strength. When stripped in a standard tensile 
strength testing machine, the typical load necessary ranged 
from 7 to 45 lbs. in the as-rolled condition. After the 
reheat on bond strengthening treatment, the stripping load 
was 75 to 150 lbs., as shown by the data in Table 1: 

TABLE I.—STRIPPING RESISTANCE 

After Heating 30 
Sample No. As-Rolled, (lbs) Minutes at 850° F., 

(lbs) 

7 120 
45 75 
30 150 

The following examples serve to illustrate the perform 
ance of the novel process of the invention, but are not to 
be considered as limiting: 

Example 1 
A composite was prepared from sheets of annealed 

aluminum base alloy 3003, 0.070 inch thick, and ‘stainless 
steel type 304, 0.015 inch thick. Both pieces were rec 
tangles 4" x 8" in size, and were ?rst degreased and sub 
jected to wire brushing to condition and roughen their 
surfaces. The aluminum alloy piece was then heated to 
900° F. and rolled against the stainless steel piece which 
was at room temperature in a 5" x 8", two high rolling 
mill, using a roll setting of 0.024 inch, in a single pass. 
After rolling the thickness of the aluminum alloy was 
0.042”, representing a reduction of about 40%, while the 
stainless steel piece had a thickness of 0.012 inch, repre 
senting a reduction of about 20%. The bond strength was 
7 pounds per inch to strip. The composite was reheated 
at 850° F. for 15 minutes, whereupon the bond strength 
increased to 150 pounds per inch to strip. 

Example 2 

A composite was prepared using pieces of a size 
12" x 12", respectively, of annealed aluminum alloy 3003, 
0.080" thick and stainless steel type 304, 0.015” thick, 
both pieces being subjected to degreasing and wire brush 
ing for preconditioning. The aluminum alloy piece was 
heated to 900° F. and rolled against the stainless steel 
piece which was at room temperature, in a four high roll 
ing mill, having 81/2" X 20" work rolls, setting 0.032". 
After rolling the thickness of the aluminum alloy was 
0.063", representing a 21% reduction, while the thickness 
of the stainless steel layer was 0.0135”, representing a 
13% reduction. The composite was reheated for 30 min 
utes at 850° F. and was readily drawn to form a pan. 

Example 3 

A composite was prepared which was a sandwich of 
aluminum base alloy between two stainless steel pieces, 
all pieces being of a size 12" x 12". The pieces of stainless 
steel, each 0.015" thick, were ?rst degreased and wire 
brushed. The aluminum alloy piece, 0.090" thick, was de 
greased and wire brushed on both sides. The aluminum 
piece was annealed alloy 1100, the stanless steel was type v 
304. 
The aluminum alloy was heated to 1050° F. and rolled 

between the cold stainless steel pieces in a 4-high rolling 
mill, setting 0.014”, to form a composite of aluminum 
alloy clad on both sides with stainless steel. The thickness 
of the aluminum alloy was 0.058”, representing a reduc 
tion of 35%, while the thickness of the stainless steel 
pieces ‘was each 0.014", representing a reduction of 6%. 
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The composite was reheated for 30 minutes at 850° F. 
and then readily drawn to form a pan. 

Example 4 

A composite was prepared of stainless steel between 
two aluminum base alloy pieces, all pieces being of size 
4” X 8". The stainless steel was type 304, preconditioned 
by degreasing and wire brushing, and was 0.015” thick. 
Both aluminum alloy pieces were of annealed all-oy 3004, 
0.067” thick with 10% cladding of 3A aluminum on both 
sides, and were degreased and wire brushed. Both alum 
inum alloy pieces were heated to 900°- F. in a furnace 
during a period of 15 minutes and rolled in a 5" x 8” 
two high rolling mill, setting 0.023", against the stainless 
steel piece which was at room temperature. After rolling, 
the thickness of the aluminum alloy pieces was 0.041” 
each, a reduction of 39%, while the thickness of the stain 
less steel was 0.0125”, a 21% reduction. The bond 
strength of this composite was 15 pounds per inch to 
strip. The composite was reheated 15 minutes at 900° F., 
whereupon the bonding strength increased to 75 pounds 
per inch to strip. 

Example 5 

A ‘composite was prepared from pieces of annealed 
aluminum base alloy 3003 and stainless steel type 304, 
each piece 4" x 8". The aluminum alloy piece was 0.069" 
thick and was degreased and wire brushed. The stainless 
steel piece was 0.015" thick and after degreasing and 
brushing was wrapped with 99.9% aluminum foil 0.003" 
thick. 
The aluminum alloy was heated to 900° F. and rolled 

in a 5" X 8", two high rolling mill, setting 0.015", against 
the stainless steel piece which was at room temperature. 
The composite was immediately put back into the furnace 
at the same temperature for 5 minutes and then rerolled 
with the mill setting 0.006". After the second rolling, the 
thickness of the aluminum alloy was 0.037”, a 49% re 
duction, while the thickness of the stainless steel was 
0.0135", a 14.5% reduction. 
What is claimed is: 
1. Method of bonding aluminum or an aluminum base 

alloy to stainless steel to ‘form a composite, which com 
prises treating the bonding surface of the aluminous metal 
to effect removal of aluminum oxide ?lm, heating the 
aluminous metal to a temperature between about 600° F. 
and about 1200" F., and rollingv said treated surface 
against the stainless steel while maintaining the stainless 
steel at a temperature between ambient temperature and 
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6 
about 450° F., the temperature differential between the 
metals being at least 450° F. 

2. Method of bonding aluminum or an aluminum base 
alloy to stainless steel to form a composite, which com 
prises treating the bonding surface of the aluminous metal 
to effect removal of aluminum oxide ?lm, heating the 
aluminous metal to a temperature between about 900° F. 
and about 1100° F., and rolling said treated surface 
against the stainless steel while maintaining the stainless 
steel at substantially ambient temperature. 

3. The method of claim 1 in which said treatment of 
the aluminous metal surface includes mechanical rough 
emng. 

4. The method of claim 1, in which the composite ob 
tained by rolling is bond strengthened by heating at a 
temperature between about 500° F. and about 975° F. 

5. The method of claim 4 in which the composite is 
subjected to a drawing operation after heat treatment. 

6. The method of claim 1 in which two webs of alu 
minum base alloy are bonded to opposite sides of a core 
of stainless steel. . 

7. The method of claim 1 in which two Webs of stain 
less steel are bonded to opposite sides of a core of alu 
minum base alloy. 

8. The method of claim 1 in which the rolling pressure 
is su?icient to cause a reduction in thickness of the alu 
minous metal of from about 5% to about 90% of its 
original thickness. 4 

9. The method of claim 1 in which the aluminum base 
alloy surface is clad with high purity aluminum prior to 
rolling. 

10. The method of claim 1 in which the stainless steel 
bonding surface is covered with aluminum foil prior to 
rolling. 

11. The method of claim 1 in which the initial thickness 
of the aluminous metal is approximately four times the 
thickness of the stainless steel. 
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