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ThlS inventmn has to do with compound meta.l’
bodies and method of making the same, and it
" relates particularly to bodies composed of ferrous.

metal and copper. A compound metal body pro-
& duced in accordance with the invention may take
the form of a body composed largely of ferrous

metal having a coating of copper over all or some - !
- metals into intimate contact is that of electro-

~depoe1tmg the copper constituent upon a body

of its surfaces.
The invention is directed particularly toward
10 the provision of a copper coating for a body of
- ferrous metal, wherein the coating is of an im-
vervious nature, so that it forms a protective
covering for the ferrous metal resisting corrosion,
and wherein the metals are strongly united one
15 with the other toc the end that the copper coating
is substantially non-peelable, or in other words,
will not strip off the ferrous metal, with the com-

pound body comprising substantially an integral .

mass. While the invention contemplates particu-
20 larly a compound metal body comprising ferrous
metal with a copper coating, wherein the coating
msay ke relatively thin, the copper element may
“have appreciable thickness. The compound metal
bodies may comprise sheets, strips or wire with a
25 copper coating; or plates, billets or the like with a
copper element of a thickness such as to con-
stitute more than a coating. 'The sheets or strips,
for example, may be suitably shaped and worked
into finished articles, and the plates or billets may
80 be worked or drawn as desired. Also shaped
articles such as machine elements, shafts, and
divers articles of manufacture may be copper
coated by the method.
The ferrous metal employed may be iron with
35 little or no carbon content, or different grades of
steel with varying ca}bon content, or alloy steels

among which may ‘be nickel steel, manganese.

steel, vanadium steel, and others. Likewise, the
copper constituent may comprise an alloy when
40 and if desired; such alloys may be brass, bronze,
copper-nickel alloy and others. However, in the
following detailed description of the invention
and in the claims, the terms iron and copper are
employed for the purpose of simplifying the
45 description, and it is to be understood that these
terms are used in a broad sense so as to include
iron, steel and alloy steels, copper in its com-
mercially pure form, or copper alloys.
The method of tLis invention comprlses,

‘50 principally, bringing iron and copper into in-

timate contact, and while in such relation sub-
jecting the same to heat under such conditions
and for such length of time as to effect a desired
diffusion of the mefals and a desired condition
55 in the copper constituent. In carrying out the

’ heatmg step the saime may be governed or con-

trolled in such wise, particularly as regards the
temperature and time period, to control the
diffusion of the metals into each other and to also .
control the back precipitation phenomsena in- gg
cident to the subseqgiuient cooling of the metals.

An advantageous manner of bringing the

of iron. ' The copper constituent may be in the gg
form of a relatively thin copper plating, Elec-
tro-deposited copper plate, however, is of a porous
nature and capable of being peeled or stripped
off the iron. The electro-deposited ccpper, ac-
cordingly, does not provide an efficient corrosion~ gp
resisting covering, as corrosion of the iron may

-start in the pin holes afforded by the porous na-

ture of the copper. Actual salt spray tests have
shown this fact to be true. However, the body

of iron with ifs electro-deposited plating is sub- 4g
jected to a heating, or what may be termed an
annealing step in the process, to strongly unite
the metals and to render the electro-deposited
copper substantially impervious. This is prefer-
ably done by placing the same in a furnace and, 89
during the heating step preferably ‘maintaining
the same under conditions precluding oxidation.
For this purpose a neutral or reducing atmos--
phere may he employed. Various gases are
available for such purpose, as for example, ordi- 85
nary city ﬂlummatmg gas, hydrogen, and carbon
monoxide.

As regards the controlling of the heating step to
obtain the desired diffusion, and to control back
precipitation; it is advantageous here to refer to 90
the transformation of the iron from alpha to

‘gamma, and the upper critical temperature of the

ferrous metal commonly called ac3. In the case
of iron with no carbon content the \ransforma-
tion from alpha iron to gamma oceurs at 900° C.
‘With carbon steels transformation from alpha to
gamma occurs over a range; the lower critical
temperature, that is the lower temperature de-
fining the range, is 725° C.; as the carbon content
increases the upper- cr1t1cal temperature, that is 100
the temperature.at which the transformation is
complete, decreases from 900° C., until the car-

. bon content in the steel is about 0.9%, where the

upper critical temperature and lower critical
temperature meet at 725° C. At this point the jg5
alpha iron changes to gamma iron at constant
temperature. :

It is believed that, In this heating step the
metals diffuse one into the other and form a solid
solution, and in this manner the iron and copper 110
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slements are tenaciously united. In this regard
the solubility of copper into iron is to be con-
sidered. A% ordinary room temperature the pos-
sible soluhbility of copper into iron is relatively
low, and according to the available information
at present, is less than 0.2%. That is to say,
iron is saturated with copper at ordinary room
temperature when it contains this percentage of
copper. As the temperature is increased the
solubility of copper into iron increases very slow-
1y up to about 500° C. As the temperature fur~
ther increases the solubility of copper in iron
rapidly increases. At about 600° C. the solu-
bility is about 0.45%, and at T00° C. the solu~
bility is about 1%. Whereas the transformation
temperature for pure iron from alphs iron to
gamma iron is 900° C., the presence of the cop-
per lowers this critical temperature. The tem-
perature at which the gamma-alpha transforma-
tion of the iron takes place is gradually lowered
by increasing the amount of copper in solution
in the gamma iron, this temperature decreasing
from 900° C. for pure gamma iron to 810° C. for
5.5% copper in solution in gamma. At this tem-
perature the solubility of copper in alpha iron
reaches 3.4%, and by the absorption of further
heat at this temperature of 810° C., which absorp-
tion does nub increase the temperature during
transformation, the solubility of copper into iron

., suddenly jumps to 5.5% in gamma iron. As a

matter of fact, the transformation occurs at con-
stant temperature with 3.4% of copper in alpha
jron at 810° C. with absorption of heat. This
jump in the solubility of copper in iron occurs

. as the alpha transforms to gamma. Upon still

further increase of temperature the sclubility
of copper in gamma, iron rapidly increases and at
about 1100° C.is about 8%. Itisapparent,there-
fore, that the solubility of copper in gamma iron

. is materially greater than the solubility of copper

in alpha iron as a sudden increase occurs upon
the transformation of alpha iron to gamma iron
with a continued increase as the temperature
raises beyond the transformation. An explana-
tion of this may be that the structure of gamma
iron erystals and copper crystals are similar, and
the attraction between copper atoms and gamma,
iron atoms is higher than the attraction between
copper atoms and alphsa iron atoms.

Now considering the solubility of iron in copper.
From ordinary room temperature up to about
810° C. the solubility of iron and copper is, gen-~
erally speaking, about 0.2% and is fairly con-
stant. At 810° C., as the saturated alpha iron
changes into gamma iron, the solubility of iron in
copper begins to increase more rapidly and is

“about, 4% at 1100° C. The above figures of solu~

bility \of copper in iron and iron in copper are
given for iron without carbon content. It is be-
lieved that these solubility figures do not change
to a great extent in steel of very low carbon con-
tent.

I have found that it is preferable to so regu-
late and control the heating of the metals, to
control the diffusion so that the diffusion of cop-
per into the iron does not exceed, at any point,
3.49% at which percentage alphs iron is satu-
rated with copper at 810° C. By this same token
a control is effected for minimizing the diffusion
of iron into the copper with the result that the
copper coating is not contaminated with an un-
desirable amount of iron. For example, let us
take a strip of sheet steel, say of 0.1% carbon,
with an electro-deposited covering of copper

1,049,624

thereon and place this in a furnace in neutral or
reducing environment.

The temperature is now increased; and it may
be maintained below the upper critical peint
which, in the case of 0.1% carbon steel is about
880° C., in the absence of copper, and about 810°
C. with 3.4% copper in solution in the alpha iron.
Suppose, for example, that the temperature is
raised to 750° C. At this point the solubility of
copper in alpha iron reaches about 2%. The
copper atoms become diffused in the ferrous
metal forming a solid solution therewith, uniting
the copper constituent and the ferrous metal con-
stituent. At this temperature the solubility of
iron in copper has not increased materially with
the result that there is more diffusion of copper
atoms in the ferrous metal than iron atoms into
the copper. This may be a satisfactory condition
in some instances as the copper coating becomes
united with the iron while at the same time the
copper coating is not contaminated or rendered
impure by the presence therein of an undesir-
able amount of iron. I have merely picked out
the point of 750° C. to express this example, but
it is to be understood that other temperatures
may be employed. The higher the temperature
the more rapid the diffusion and the less time
required in the heating process, whereas the
lower the temperature the longer the time required
to obtain the desired diffusion.

Satisfactory results have been obtained by
maintaining the compound metals in a furnace
for a period of ten hours with a temperature of
760° C., and the iron in this case was low carbon
steel of about 0.1% carbon.
ciated that by using a lower temperature the
time period may be extended, and by using a
higher temperature the time period may be
shortened. Both however may be varied to pro-
duce desired results. Although the time period
is lengthened the percentage of copper diffusing
into the iron will never exceed the saturation
point for a given temperature, but, the depth of
the diffusion into the iron increases with time.

For example, if the union between the metal con- ;

stituents is desired to be stronger, the tempera-
ture may be raised and the time period extended;

It will be appre- ;
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on the other hand, only one of these factors may .

be varied. If the union need not be so efficient in

the resultant compound metal, depending upon -

the desires of the one practicing the method or
upon. the desired nature of the finished product,
either the temperature may. be lowered or the
time period shortened, or both temperature and

time period lowered and shortened, respectively. .

Tt has been found that when the copper coating
has thus been applied to ferrous metal that it
becomes strongly bonded to the ferrous metal
and is of dense impervious nature. Actual sall

spray tests have clearly indicated that the pin
holes in-an electro-plated layer of copper result- -

ing from its porosity, are efficiently closed when
thus subjected to the heat treatment.
It may be pointed out that if the temperature

is raised to a point sbove transformation tem- - ;-

perature with the alpha iron transformed to
gamma iron, and the time period be sufficiently
long to resulf in more than 3.4% copper going
into solid solution with the iron, the resultant

copper coating appears inferior to the copper ;.

coating obtained where 3.4% or less of copper
diffuses into the iron. It is thought that as the
gamma, changes to alpha upon cooling, the cop-
per in the gamma iron in excess of the satura-
tion point in alpha is precipitated back and that

L
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_exceeding 3.4%.
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this copper is precipitated back in & cutectoid
form. This back precipitation apparently favors
corrosion. If the temperature is raised sbove the
transformation point the solubility of iron into
copper increases, resulting in a high iron content
in the copper coating, if the time period is suffi-
ciently long, which is undesirable and aids cor-
rosion.

Accordingly, a point of prime importance is
that of controlling the heating step so that the
copper which enters into solution with the iron
does not exceed at any point 3.4%. Where the
temperature of the heat treatment is maintained
below the upper critical temperature .this con-
dition is assured. However, the effecting of the
diffusion of the metals, one into the other while
in s solid state, is not a rapid process. Accord-
ingly, the heat treatment may be carried out
with temperatures higher than the upper critical
temperature of the ferrous metal involved. In
such a case the diffusion of the copper into the
gamma, iron takes place more rapidly than the
diffusion of copper into alpha iron, but as the
metals are yet in a solid condition, the diffusion

; on the whole is not rapid. Therefore, tempera-

tures above the alpha-gamma transformation
may be employed, but the time element may be
controlled to the end that copper in excess of
3.4% does not enter into solution with the gamma,
iron. In short, this means that the time element
may be shortened. Of course, when the tem-
perature exceeds the alpha-gamma transforma-
tion it is possible that the gamma iron will take
into solution copper in excess of 3.4% when suf-
ficient time is allowed, but in accordance with
this invention the time period is controlled to
prevent this. Likewise the control of the time
period is such as to prevent an undesirable amount
of iron entering into solid solution with the cop-
per. Accordingly, in the subsequent cooling step,
even though the alpha-gamma transformation
temperature has been exceeded, the alpha iron
can hold in solution all the copper which has
been diffused as the time element has been con-
trolled to prevent diffusion of more than 3.4% at
any point, and accordingly in this cooling step
there is no excess copper precipitated back in
eutectoid form upon the gamma-alpha transfor-
mation,

Accordingly, the invention lends itself to rela-
tively rapid treatment as time may be saved by
utilizing temperatures higher than the alpha-
gamma transformation. In this regard the in-
vention contemplates a method wherein a strip
‘of metal may be run through a furnace with a
continuous movement, and the utilization of a
higher temperature and shorter time facilitates

‘such a process.

It will be appreciated that when the two metals
disposed in intimate contact are thus heat treat-
ed to effect diffusion of the metals, that there is a
resulting zone where the copper penetrates the
iron, but the copper content diminishes with zone
depth. For example, there may be 3.4% of cop-
per diffused immediately adjacent the surface

of the iron, but this percentage diminishes with

zone depth into the iron, and it is preferable
that no place in the zone has a copper content
Likewise, there is a zone where
the iron penetrates the copper, and the iron
content diminishes with zone depth into the-cop-
per. Where the copper element has material
thickness there is little or no opportunity for
diffusion of iron through the copper to its ex-
posed surface, but theoretically this is possible

-

3

with a long time period. It i3 accordingly pre-
ferred when securing a thin copper coating to a
ferrous metal base that the control of the method,
particuiarly the temperature and time period be
such tuniat the iron does not penetrate through
the copper layer, thus leaving the outer regions
of the couper coating substantially free of iron

conteat so that it is not contaminated and, as.

& result, may effectively resist corrosion.

If, as set forth ahove, the amount of copper
diffused in the iron exceeds at no place 3.4%
there will be no back precipitation of copper in
eutectoid form upon gamma-alpha transforma-
tion. However, as the metals cool from a tem-
perature, for example, just below the gamma-
alpha transformation, there is a tendency for
the alpha iron to precipitate copper due to the
decreasing solubility caused by decreasing tem-
perature., It is preferred that this cooling of
the metals, speaking now of the cooling which
takes place below the transformation, be rela-

&

tively rapid so that such copper as may be pre- -

cipitated back is very finely dispersed and with
the particles of copper substantially sub-micro-
scopic. If the cooling is unduly long, the sub-
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microscopic particles coalesce and grow in size

and thus may become visible under a microscope.
As mentioned above, it is preferable to prevent
this by effecting a relatively rapid cooling. This

cooling rate may, however, be such as to obtain ;

the desired annealing of the ferrous metal, and
it may be pointed out that the desired results
relative to the diffused metals and back precipi-
tation, may be obtained while at the same time

obtaining the desired annealing of the ferrous ::

metal,

In the production of compound metals of cop-
per coated ferrous bodies in accordance with the
method it may be desirable to first subject the

metals to a rolling process, as such would serve - ¢

to initially densify and compact the copper. 'This
is applicable to ferrous metal stock having an
electro-deposited- layer of copper thereon, as
such rolling initially compacts and densifies the

electro-deposited copper. Then in the subsequent _ :

heating step imperviousness of the copper is ob-
tained to a high degree.
A finished article, accordingly, may have a body

" formed primarily of ferrous metal provided with
This copper coating when - ;

a coating of copper.
applied in accordance with the method is sub-
stantially impervious thus offering an efficient re-
sistance to corrosion. Moreover, between the cop-
per coating and the body of ferrous metal there

is a zone in which the metals are diffused in solid ;.

solution. Accordingly, there is a zone of copper-
bearing iron underlying the copper coating which
in itself affords resistance to corrosion so that not
only is an efficient corrosion-resistance coating

provided, but underlying the coating is the cor- -

rosion-resisting copper-bearing iron which per-
forms the further function of tenaciously uniting
the iron and copper.

I claim:

1. A compound metal article comprising a body H

of ferrous metal and a body of copper brought
into intimate contact by electro-deposition and
united by a zone in which copper is in solid solu~
tion with the ferrous metal with the total amount
of copper in said zone not exceeding the possible
solubility of copper in alpha iron.

2. A compound metal article oomprismg a body
of ferrous metal and a body of copper brought
into intimate contact by electro-deposition and
united by a zone in which copper is in solid

14k
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solution with the ferrous metal -with -the total
amount of copper in said zone not exceeding the
possible solubility of copper in alpha iron, said
compound metal article being substantially free of
back precipitated copper.

3. A compound metal body comprising a body
of ferrous metal and a body of copper brought
into intimate contact by electro-deposition and
united by 2 zone in which the metals are diffused
in solid solution effected by the application of heat
with the metals in solid state and with the ferrous

‘metal in alpha form.

4. The method of uniting a ferrous metal body
and a copper body which comprises bringing the
metals into intimate contact, subjecting the same
to a heat treatment at a temperature higher than
the alpha-gamma transformation of the ferrous
metal, and controlling the time period of the heat

. treatment to obtain a diffusion of copper into the
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iron to an extent not exceeding the maximum pos-
sible saturation of alpha iron with copper.

5. The method of uniting a ferrous metal body
and a copper body which comprises bringing the
metals into intimate contact, subjecting the same
to a heat treatment at a temperature higher than
the alpha-gamma transformation of the ferrous
metal, limiting the time period of the heat treat-
ment to obtain a diffusion of copper into the iron
to an extent not exceeding the solubility of cop-
per in alpha iron at the eutectoid temperature,
whereby in the subsequent cooling through the
gamma-alpha transformation precipitation of
copper in eutectoid form is prevented, and then
cooling the metals relatively rapidly from & point
below the gamma-alpha transformation to pre-
vent substantial precipitation of copper by the
cooling alpha iron.- :

6. The method of copper coating a ferrous
metal body which comprises electro-depositing a
copper coating upon the ferrous body, ‘subjecting
the same to heat to cause the metals to diffuse
one into the other in solid solution, employing a
temperature in the heat treatment above the al-
pha-gamma transformation of the ferrous metal,
and. controlling the time period of the heat treat-
ment to obtain a diffusion of copper into the iron
to an extent so that the total amount of copper
diffused does not exceed the possible solubility
of copper in alpha iron.

7. The method of copper coating a ferrous
metal body which comprises electro-depositing a
copper coating on a ferrous body, subjecting the
same to heat to cause the metals to diffuse one
into the other in solid solution to form uniting
alloy zones, employing a temperature in the heat
treatment above the alpha-gamma transforma-
tion of the ferrous metal, and limiting the time
period of the heat treatment to limit the amount
of copper diffusing into the iron, whereby in the
subsequent cooling through the gamma-alpha

transformation, back precipitation of copper in’

eutectoid form is prevented.
8. In the method of fixing a copper coating to

a ferrous metal body wherein the copper coating

is electro-deposited upon the ferrous body and
wherein the copper coated ferrous body is sub-
jected to heat, the steps of selecting a tempera-~
ture below the alpha-gamma transformation
temperature of the ferrous metal at which tem-
perature the maximum possible solubility of cop-
per in alpha iron does not exceed the desired
solubility of copper in iron in & finished product,
maintaining the heat treatment at such selected
temperature for diffusion of the copper in solid
solution with the alpha iron, terminating the heat
treatment at a definite time to obtain a definite
depth of diffusion of the copper into the ferrous
metal, and then cooling the metals relatively rap-
idly to substantially prevent back precipitation
of copper in solid solution with the iron.

9. A compound metal article comprising a base
of ferrous metal, a continuous body of copper
positioned over at least some of the surfaces of
the ferrous metal and constituting a coating, said
bodies being united by a heat effected alloy zone
in which the copper is in solid solution with the
iron and in which ferrous metal is in solid solu-
tion with the copper, said metal article being
substantially free of back precipitated copper and
the zone in which the iron is in solid solution
with the copper having a depth less than that of
the thickness of the continuous copper body con-
stituting the coating whereby the exposed sur-
face is substantially pure copver.

10. The method of copper coating a ferrous
metal body which comprises disposing a contin-
uous body of copper over at least some of the
surfaces of a ferrous metal body which continu-
ous copper body is to constitute a coating, sub-
jecting the metals to a heat treatment the tem-
perature of which is below the melting point of
either metal involved and above the transforma-
tion range of the ferrous metal involved to cause
the metals to diffuse in solid solution, and limit-

-ing the time period of the heat treatment to

obtain a diffusion of the copper into the ferrous
metal which does not exceed substantially 3.4%.

11. The method of copper coating a ferrous
metal body which comprises, ‘electro-depositing
a coating of copper upon the ferrous body, sub-
jecting the same to a heat treatment the tem-
perature of which is below the alpha-gamma
transformation range of the ferrous metal in-
volved to diffuse the metals one into the other
in solid solution to form zones of the metal in
solution uniting the ferrous metal and copper,
and discontinuing the heat treatment when the
metals have penetrated one into the other to a
substantially predetermined depth.

BERT L. QUARNSTROM.
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