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l | 7 Claims.

~This invention relates to the art of bonding

aluminum alloys to iron group base metals, and,

more particularly, to a method of bonding alu-

minum alloys having good bearing properties o
steel. | B -

It is an object of the invention to improve
methods of bonding aluminum base materials to
metals of the iron group. . |

It 1s another object of the invention to provide
a novel and improved method of bonding alu-
minum alloys having good bearing properties to
Iron’ base metals, particularly steel, whereby a2
strong, fatigue-resistant and permanent bond is
obtained. -

The invention also contemplates g bearing of
improved character comprising a steel backing
member, a lining constituted of an aluminum
alloy having good antifriction properties, and a
silver interlayer bonding the backing member

- and the lining together.

Other and further objects and advantages of
the invention will become apparent from the fol-
lowing description taken in conjunction with the
accompanying drawing which is a diagrammadtic

- llustration of an apparatus for carrying the

method of the invention into practice.
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tween the iron base metal and the aluminum base
metal and that such bond will remain unaffected
by subsequent mechanical forming or moderate
heating of the bimetal. Certain difficulties, how-
ever, have been experienced when applying this
procedure to bonding aluminum alloys of specific
characteristics to a steel or similar iron base
metal backing. Such difficulties were particu-
larly accentuated when it was attempted to bond
aluminum alloys having good bearing properties
to steel. Aluminum bearing alloys generally com-
prise a number of various alloying elements such

- as silicon, cadmium, tin, copper, nickel, and the

20

like. For example, a typical aluminum base bear-
Ing alloy having excellent antifriction properties
consists of aluminum 85 to 96% 9%, silicon up to
10%, and cadmium up to 5%, the preferred com-
position consisting of 4% silicon, 4% cadmium,
and the halance aluminum. Another typical alu-
minum base bearing alloy consists of 6.0% tin,
2.9% silicon, 1% copper, 0.5% nickel, the balance
aluminum. When it was attempted to bond these

~ aluminum base bearing alloys to a steel backing,
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The present application is related to co-pend- |

ing applications Serial Nos. 097,703, 579,992, and
607,993 of Franz R. Hensel, filed October 7, 1944,
February 27, 1945, and July 31, 1945, respectively.
In the above-entitled co-pending applications
there is disclosed that a strong, ductile and fa-
tigue-resistant bond may be obtained between a.
layer of iron group metal and a layer of aluminum

~ base metal by providing a bonding layer between

the two metals. One method of making overlay
metals of the described character comprises coat-
ing a layer of silver on the surface of the iron
group metal, cleaning the surface of the alumi-
num base metal, and then bonding the layers

‘together by the application of heat and pressure.

The preferred method of applying the silver to
the iron group metal is electroplating, although
other methods may also be employed such as silver
vapor deposition, pressure bonding, or fusion
bonding. The clean silver-coated surface of the

‘iron group metal and the cleaned surface of tha
- aluminum base metal are then placed in contact

and heated in a non-oxidizing atmosphere to a
temperature which may be in the range of 350°
to 550° C. and the two sheets are then placed

- between pressure rolls or other pressure applying
means to complete the bond.

Experience has demonstrated that the fore-

going procedure provides an excellent boz;d be-
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it was found that the bond formed was relatively

. weak and that it did not stand up under the con-

ditions present in forming and operating the
bearing.

An investigation directed to this problem re-
vealed that the difficulty was due to the presence
of the alloying ingredients of the aluminum base
bearing metal in the bonding regions. Thus, for
example, it was found that during the preheating
process the silicon contained in the alloys would
seriously interfere with the formation of the alu-
minum-silver alloy in the interlayer. The other
alloying ingredients, particularly those of low
melting points, such as tin and cadmium, would
be fused during the preheating process and would
likewise interfere with the formation of a good
and strong bond. Since aluminum bearing alloys
having good bearing properties have only rela-
tively low mechanical strength and have to be
reinforced with a strong backing layer, this situ-
ation seriously interfered with the practical and
commercial use of these otherwise excellent bear-
ing materials.

It has now been discovered that the outstand-
ing problem may be solved in a remarkably sim-
ple manner by removing the alloying ingredients
from the bonding surface of the aluminum hase
alloys. The cleaning treatments heretofore em-

“ployed preliminary to the bonding process and

generally comprising a hot alkaline_ dip did not
accomplish this result and, as a matter of fact,
aggravated the situation by dissolving some of the




| aluminum from the alloy and thereby increasing o
the silicon content in the bonding surface. This
- difficulty is completely eliminated in accordance

~ with the principles of the present invention by

following the hot alkaline dip with a treatment
with strong mineral acids, capable of dissolving

" practically all of the alloying ingredients, includ-

ing the silicon, from the bonding surface. In this

' 9‘539,949 o
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~manner, the bonding surface of the aluminum

| ~ base alloys will be converted into a surface con-

found that a mixture of nitric and hydrcﬂucric
acids provides particularly good results.

10
sisting of substantially pure aluminum Wthh
will readily bond to the silver bonding layer pre- .

. viously provided on the steel backing. It hasbeen -

15
| The. invention will be best understood by re-
- ferring to the drawing in which there is diagram-

" matically illustrated a preferred form of appara-

tus for carrymg the method of invention into '
20

 practice. A strip of steel sheet 10 is unwound

from roll {1 and passes through a cleaning and
electroplating apparatus 12 which applies first
a copper strike or any other suitable metal strike

-eapable of producing a good bond to steel and '

then a layer of silver plate to one surface of the
be between 0.000025°’ and 0.001”’,
~ thickness in the order of 0.0001’’.

- simultaneously unwound from roll 4 and passes

through a chemical cleaning and treating ap-
paratus 15 to clean and to prepare at least one

~ of its surfaces in such a manner that the alloying

“ingredients of aluminum are dissolved therefrom

and a subsequently pure aluminum surface is
- provided. The silver-plated steel strip 16 and

- the clean and pretreated aluminum alloy strip
I3 are then brought together with the silver-

- plated face of the steel in contact with the cleaned

25
steel strip. The thickness of said silver layer may
best results
being obtained with a silver depcsat having a
A strip 13
 constituted of a suitable aluminum base alloy is

30
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and pretreated face of the aluminum alloy and

led through a hydrogen furnace 16 which heats

- them to pressure bonding temperature in a hydro-
‘gen atmosphere.

500° C. The contiguous strips emerge from the
furnace through a hydrogen chamber (7T and

then pass between pressure rolls {8 and {9 which

“apply sufficient pressure to cause at least some

~ reduction of the strips and bonding the silver

surface of the steel with the pretreated surface

_ 2, The preheating temperature
may be between 350° and 550° C., the preferred
- preheating temperature being in the order of

~used.

o0

of the aluminum, thus completing the bimetal

strip 20, which emerges from the apparatus.

and fatigue-resistant bond, it is desirable to ad-
just the rolling pressure to such a value as to

produce at least 10% and up to about 30% re-' N

duction of the strips.

~ In order to give to thcse skilled in the art a .'60-- |
better understanding of the invention, the fcl- o

lowmg illustratlve example may be gwen
' " Exnummn o ,
A steel strip is provided with an. electrcde-

| ' posited coating of silver having a thickness in the

It
has been found that in order to obtain a strong .

|
Gl
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To plate on a rolled steel suri'ace*-

'1 Degrease in an organic eclvent

2. Electro-clean anodically,. |
A phosphate or silicate cleaner may be used

' “such as “Anodex” or “Oakite #80.”

15

o Cleaner.._-_...._._.-_...i__._';__.._._..___'._. 60 grame per liter -
CTemperature oo e e e ee e . juat below bolling
Current density__..;..-_.__'_.-.-.'..;-.._..... 40 to 50 A. 8. F.
3. Rinse o
4. Sulfuric acid dip |
- 10% acid by vclume.
- Time—1 minute o
5, Rinse
6. COpper ﬂash
_‘Sclution-- S N
. Copper cyanide ot ——— .0Z. /gal_._. 1.4-2.0
- Freesodium cyanide oo eeee . 8-1.1
~ Potassium hydroxide ... ... 45-5
- Tri-sodium phosphate ... 2
R COpper anodes: R .
o ‘Temperature .- .oo.o-.°F._ 170—1'75 |
- Current density ..____A. 8. P._ 45
- Time cmemmmeemmom e -iNUtES__ 2
| '7 Rinse : :
8. Sodium cyanide dip
40 grams per liter
9. Sllver strike
o Sclutlcn-—- T | S
. Bilver cyanide ..__-grams per liter.... 2.’25'-2.5,
__Potassium cyanide —________do____ 160-175
Potassium carbonate ————————im
- Temperature ..coceme oo <F_
- Current density .._....-..__...-A. S F._
N TiImMe e _seconds..
'_-10 Silver plate o
Solution~—
- Silver cyanide ...,..._....._....grams per liter_.. 36
- Total potassium cyanide - v ..
- Potassium carbonate e eeenevc—-. 38
- Temperature — oo °C.. 30
Current density - e A S.PF__ 15
: Br1ghtener cf the carbon disulﬂde type may be |
| At this current density, silver will be depcsited
- at the rate of .0001’/ in 3.5 minutes. |
‘The aluminum alloy must also be carefully
cleaned and prepared by using for instance the N
following method: | . :
Prepamtzon cf the aluminum allcy surface
1. Degrease with a suitable volatile solvent.
2. Dip in hot alkaline solution, siuch as 5% to
20% sodium hydrcxide scluticn at 50" tc 80° C.
- for 20 to 60 seconds. | T
‘3. Rinse thoroughly. |
4, Acid dip for 10 to 60 seconds at 15“ to 35" o
The type of ac1d dip employed is determined. o
by the- ccmpcsmion of the aluminum base alloy.
~ For example, for 99.8% aluminum or for an alloy
- known as 2S aluminum and consisting of 99.09%
-aluminum, and for other alloys free from silicon,

~ the‘acid dip may comprise 20% to 100% by vol-

order of 0.0001’" by one of the methods disclosed

in the co-pending applications referred to in
the _Io_regcmg A suitable method is the follow-
- SzZver platmg on steel o

Fcr an adherent plate of silver on steel surface

- condition is of prime importance. The 1dea1 sur-
face is a chemically clean mirror finish.,

ume 40° Bé. nitric acid. - For alloys containing

~ silicon, such as the aforesaid aluminum base
 bearing alloy consisting of 92% aluminum, 4%

70

silicon and 4% cadmium, or the aluminum base

- bearing alloy consisting cf 89.5% aluminum, 2.5%

silicon, 6.5% tin, 1% copper,’and 0.5% nickel, the

acid dip may comprise one volume of hydrofiuoric.

acid (48% to 52%) and one to four volumes 40° -

'75 Bé. nltric acid

90-95
30
20

52
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5. Rinse thoroughly and dry with a blast of
clean air, or in an oven at elevated temperature.
The foregoing chemical treatment, which is a
combination of alkaline and acid dips, removes all

the surface impurities and dissolves all of the

alloying ingredients of the aluminum base alloy
from the treated surface thereby providing a
clean bonding surface consisting of substantially
pure aluminum.

Bonding

The silver-plated steel strip and the pretreated
strip of aluminum base alloy are preheated in a
‘suitable non-oxidizing or reducing atmosphere to
& temperature in the order of 500° C. so that the
silver coating of the steel strip is in contact with
the clean surface of the strip of aluminum base
alloy, constituted of substantially pure aluminum.
The strips are now passed between a pair of rolls
to cause a reduction of at least 109% and bond-
ing of the strips to produce a bimetal of desired
characteristics.

The method of the invention eliminates the det-
rimental effect of the alloying ingredients of
aluminum base alloys upon the bond strength.
Silicon, if present in the bonding surface, pre-
vents the formation of a strong bond. In the
case of aluminum-tin alloys, the removal of tin
from the bonding surface is very important be-
cause of the low melting point of the tin which is
232° C. Since the bonding process is generally
carried out at temperatures between 450° to 550°
C., the tin particles in the aluminum alloy are in
& molten condition thereby segregating within
the bond and decreasing the strength of the bond.

The same is true in the case of cadmium.
Aluminum and cadmium are substantially insolu-
ble in each other and at temperatures above 321°

2,530,248
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C. two phases are present, namely aluminum and .

liquid cadmium. Therefore, the pressure applied
during rolling would force any free cadmium near
to the bonding surface into the bonding layer
thereby creating a cadmium-silver phase which
‘would have a deleterious .effect on the bond
strength.

It will be noted that the present invention pro-
vides a number of important advantages. Thus,
the method of the invention makes it possible to
provide a composite strip comprising a layer of
an aluminum alloy having excellent antifriction
properties and relatively low mechanical strength
which is reinforced by means of a steel backing
having high mechanical strength. The bond be-
tween the aluminum base bearing alloy and the
steel is of such character as to stand up under
all conditions encountered in the manufacture
and applications of aluminum base bearings.

It is also to be observed that the method of
the invention is very simple and may be carried
out quickly, efficiently and at a low cost for the
manufacture of aluminum alloy-steel bimetals or
aluminum alloy-steel bearing blanks on a quan-
tity production scale.

Although the present invention has been de-
scribed in connection with a few preferred em-
bodiments thereof, variations and modifications

40

overlay metal from strips of aluminum alloy and
steel which comprises electroplating a silver de-
posit having a thickness not exceeding 0.001’’
on one face of the steel strip, subjecting the face
of the aluminum alloy strip first to an alkaline
and then to an acid treatment to remove there-
from impurities and the ingredients alloyed with
the aluminum base thereby to provide thereon sa
bonding surface of substantially pure aluminum,
preheating hoth of said strips in a non-oxidizing
atmosphere to raise their temperature to a weld-
ing temperature in the range between 350° and
000° C. and appreciably below the melting point of
silver, and passing said strips between pressure
rolls with the surface of the said silver deposit
in contact with the said bonding surface of pure
aluminum to weld said strips together.

2..The continuous method of making alumi-
num alloy-steel overlay metal from strips of
aluminum alloy and steel which comprises pass-
ing the steel strip through a silver plating bath to
deposit a silver coating thereon having a thick-
ness not exceeding 0.001’’, passing the aluminum
alloy strip through an alkaline and through an
acid treating bath to remove from the surface
thereof impurities and the ingredients alloyed
with the aluminum and to provide thereon a
bonding surface substantially constituted of pure
aluminum, passing both of said strips through a
furnace containing a non-oxidizing atmosphere

1o raise the temperature of said strips to a weld-

ing temperature in the range between 350° C.
and 550° C., and then applying rolling pressure
to said preheated strips with the silver coating
on one strip in contact with the pure aluminum
surface of the other thereby to cause reduction
of the strips by at least 109% and welding of said
strips together.

3. The method of making overlay metal from
strips of iron base metal and of an aluminum

- alloy containing silicon which comprises electro-

depositing a coating of silver having a thickness
not exceeding 0.001’’ on said strip of iron base
metal, subjecting the aluminum alloy strip to an
alkaline cleaning treatment, treating said

~ cleaned aluminum alloy strip with a mixture of

60
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may be resorted to by those skilled in the art

without departing from the principles of the in-
vention. All of these variations and modifica-~
tions are considered to be within the true spirit
and scope of the present invention, as disclosed
in the foregoing description and deﬁned by the
appended claims.

What is claimed is:

70

strong mineral acids including hydrofiuoric acid
to dissolve from the surface thereof the silicon
and other alloying ingredients and to provide
thereon a bonding surface of unalloyed alumi-
num, preheating said strips in a reducing atmos-
phere to a bonding temperature in the range be-
tween 350° and 550° C., placing said preheated
strips in contact with the silver coating in face
to face position with the said bonding surface of
unalloyed aluminum, and then passing said
strips between a pair of bonding rolls to cause
bonding and at least some reduction thereof.

4. The method of making an overlay metal
from a strip of high-strength iron base metal
and a strip of aluminum alloy having good anti-
friction properties and containing alloying in-
gredients such as silicon, cadmium, tin, copper,
nickel, and the like, which comprises electrode-
positing a thin coating of silver on said strip of
Iron base metal, subjecting the aluminum alloy
strip to a preliminary cleaning treatment in s
hot alkaline solution, subjecting the pretreated
aluminum alloy strip to & supplementary clean-
ing treatment in a mixture of nitric and hydro-
fluoric acids to dissolve from the surface thereof
the silicon and other alloying ingredients and to
provide thereon a clean bonding surface of pure
aluminum, preheating said strips in a non-

‘1, The method of making alumlnum alloy-steel 75 oxidizing atmosphere to the bonding tempera-




o -9,5,.39,948

' ture"'of-' silver, placing. said nre'heated. strips in -

contact with the silver coating facing the bond-

ing surface of pure aluminum, and then passing
said strips between a pair of rolls to cause at
~ least some reduction and strong bonding ef the-

strips together.

5. The method of making beanng blanks from-

& strip of steel and a strip of aluminum base

bearing a]loy containing about 4% of silicon and
about 4% of cadmium which comprises electro-
depositing a thin coating of silver on said strip

of steel, subjecting the aluminum alloy strip to a

'iabout 0001” on said steel strip, subjectlng the .
aluminum alloy strip to a preliminary cleaning

~ treatment in a hot alkaline solution, subjecting

surface thereof the residual impurities and the
alloying ingredients and to provide thereon a -

the pretreated aluminum alloy strip to a supple-
mentary cleaning treatment in a mixture of
nitric and hydrofiuoric acids to dissolve from the

- clean bonding surface of pure aluminum, pre-

10

preliminary cleaning treatment in a hot alkaline

solution, subjecting the prefreated aluminum al-

- Joy strip to & supplementary cleaning treatment

in a mixture of nitric and hydrofiuoric acids to

heating said strips in a reducing atmosphere to
a temperature of about 450° to about 550° C.,
placing said preheated strips together with the
silver coading facing the bonding surface of pure

- aluminum, and then passing said strips between

18

dissolve from the surface thereof the silicon and

- cadmium and also the residual impurities there-

by providing thereon a clean bonding surface of -

pure aluminum, preheating said strips in a re-

ducing atmosphere to the bonding temperature

of silver, placing said preheated strips in contact

a pair of rolls to cause reduction of about 109% to
about 30% and bonding of said strips together.

| | . WILLIAM E. LYNCH.
ROBERT M. STRA_IN

REFERENCES CITED |
The fellowing references are. of record m the

. file of this patent:

“with each other with the silver coating facing

‘the bonding surface of pure aluminum, and then

passing said strips between a pair of rolls to cause

bonding of the strips together 1nto a relnforced )

composite bearing blank strip.

6. The method of making bearing blanks frem
g strip of steel and a strip of aluminum base
bearing alloy containing about 6.5% tin, about
1 2.59% silicon, about 1% copper, and about 0.5%

30

nickel, which comprises electrodepositing a thin

. coating of silver on said strip of steel, subjecting
the aluminum alloy strip to a preliminary clean-

ing treatment in a hot alkaline solution, subject-
~ing the pretrea.ted aluminum al'oy strip to a sup-
plementary cleaning treatment in a mixture of

nitric and hydrofluoric acids to dissolve from the
surface thereof the alloying ingredients and the
residual impurities thereby providing thereen a
clean bonding surface of pure aluminum, pre-

‘heating, said strips in a reducing atmosphere to

the bonding temperature of silver, placinz said
- preheated strips in face to face position with the
~ silver coating opposite to the bonding surface of
~ pure aluminum, and then passing said strips be-

~ tween a pair of rolls to cause bonding of the

individual strips together 1n_to a remforced com-

- posite bearinz blank strip.

7. The method of making a remferced com-

- pcsite bearing strin from a strip of steel and a

- strip of a’'uminum bearing alloy containing alloy-
ing ingredients selected from the group con-
sisting of silicon, cadmium, tin, copper and nickel.
which comprises electrodepositing a coating of
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