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The present invention Trelates to the produyc-
on of composite meta] stock comprising g, fer-
rous body or backing to
preferably by fusion, a cuprous

: body or facing,
& Dreferably copper silicon alloy.

Industri

which there is bonded, -

The specific method of uniting the ferrous body,

and the cuprous

body

body or stock, particularly during roliing,
It appears that the presence of silicon at the
bond above a certain concentration tends to have.
a deleterious effect upon the strength of the bond
25 if the said bond is subjected to temperatures
above a critical valye for periods of time.
In my copbending applications -above' referred
to, I have di

35 con, the material is sensitive to certain critical
temperature ranges and treatment which must
be avoided if g strong inseparable bond in the
rolled product isto he secured,

, Although I have shown how to reduce or elimi-

40 nate these critical temperature ranges, there are
certain applications of copper alloy clad stee]
where such analyses of the cuprous metal and of
the steel as will be subject to critical temperature
Tanges during working are desirable.. In such

45 cases, the combination of temperature
which would be Injurious may,
pbresent invention, be successfully avoided, and
a good bond in the finished product secured. The

60 ticularly to heating,
cold rolling of the type
analyses are such as to entaii the critica] time-
temperature combination, .

The present invention is based upon the dis-

and time .
according to the -

. 656 covery that for each particular union of ferrous

es, Inc.,

Chicago, I, a
15, 1937,
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backing and copper silicon facing a definite valye
of temperature-tlme is required to form the ob-

Jectionable crystalline structure which destroys
the strength of
the product of
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Or more of the factors of the combination. That
is to say, by limiting the silicon concentration
at the bond, the temperature ghovye a certain crit-
ical minimum value to which the bond is sub-

Or the time over which the bong is maijn- 25

may be avoided or reduced below on objection-
able value,

Given a certain analysis of the metals at the
bond, the time and temperature combination
within which operations must be.held to avoid
objectionable decrease in the strength of the
be accurately ascertained very readily
by running test bieces through g range of tem-
peratures for different intervals of time,
I have done, ang the following Specification
three factors and the
generalizations that may be employed in gov-
erning practice of the Invention,

It is the desideratum in forming g composite
] S character to make the phys-
lcal characteristics of the bonded metals substan-
tially identical throughout the operations of roll-
ing or other working. The simplest- way of at-
taining this is through the use of silicon alloyed
with the. copper with or without other alloying
" There is also the advantage in the use
of silicon that it has a desirable effect upon the
surface of the cuprous alloy when the same is
. mold upon the face of the fer-
rous backing, It is well known that g small
amount of silicon greatly increases the strength 55
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of copper and increases fts resistivity to corro-
sion by certain reagents. o - o
Since the alloying medium of silicon s desir-
able in the copper facing or the copper portion
5 of the composite stock, and since its presence at
the bond appe&ss to be the cause of the forma-
tion of & certain crystalline structure under cer-
tain conditions of time and temperature, it will
be seen at once that the successful production of
- 8 composite metal stock employing silicon in
relatively high concentration at the bond pre-
sents a difficult problem which it is the object
of the present invention to meet. B
1 have found that after securing & good bond
in the “as bonded” state or in slab form, between
the ferrous backing metal and a silicon copper
facing metal” certain practices in heating,
rolling, annealing, and cold rolling are- neces-
sary. to maintain 2 good i
rolled product. These practices are definitely
related to the analyses of metals bonded or more
accurately speaking,’ to the analysisrof the alloy
created at the union.
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I find that the pond at the union of the two

metals in the “as ponded” state is substantially
inseparable, and has a tensile strength of ap-
proximately 60,000 pounds per square inch, and
is actually stronger than the silicon copper’falloy
as-cast. : L

Test specimens taken from such 2 slab usually
break through the copper 2lloy at some distance
from the bond. =

1n spite of the perfect bond secured in the
slab “as bonded”
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show a good bond after hot

definite temperature range, but _separate easily

if rolled at temperatures outside this range, par--

ticularly with cold rolling of two or more passes
below the minimum of the critical temperature
range. Other combinations will continue {0 show
a good bond during hot rolling and cold rolling
with intermediate anneals between cold rolling
if the cumulative time and temperature of heat-
. ing after hot rolling are held within certair
limits, but will:show a poor bond if these limits
are exceeded. = L ’

The difference in the strength of 4£he bond
pefore and after processing at ;;emperatures out-
side the critical range:is very apparent. Por in-
stance, 2 bond that cannot be separated before
processing wiil tear apart easily after processing
if that is don2 at temperatures out_slde,the eriti-
cal ranges for a given analysis. )

This change in the strength of the bonded
union appears to be_due to the formation of an
embrittling constituent and is prohebly similar
to the phenomenon i
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of precipitation hardening.
The weakened pond separstes easily and the
60
ing up of a very hard material. A study of the
conditions &f production of specimens subjected
to ‘microscopic examination shows that the for-
métion of this brittle constituent is related to a
certain combination of time and tempersture,
and the reduction in strength of the bond is re-.
lated to the extent of this formation. T
An exaggerated exampie of what probably
. takes place at the bonded section is shown by
70 what occurs during the bonding;'operation when
the siliconn cOPPEL- alloy in molten state is main-
tained o the ferrous slab for an excessively long
period of soaking. Large irregular clusters of
about one eighth of ‘an inch in diameter are
75 formed and suspended in {he copzer silicon alloy.
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alloy. after it has solidified. ‘These

finished

) some combinations of metals -
will separate during initial hot rolling. Others .
rolling within 2 .

action on separatior: is very much like the break- .

= ponded to steel
:and temperature
.in fact,

are sometimes partly visible
surface of the silicon copper

formations
are very hard and brittle. They cannot be cut
with a chisel, and do jn thickness §
during rolling but are forced down through the
steel: backing. If the composite slab is rolled
to a.thin enough gauee, the formation is rolied
through the steel as well as the - copper and
shows on- both sides of the composite sheet. The
section including this formation has: practically
no elongation and breaks with a slight bending.

These formations

* Chemical analyses of these formations show that
_ these consist mostly of insoluble 'n'on’;-and copper
with a trace of silicon. However,
 tions do not occur under the same conditions with

these forma- 15

silicon free cOPDEr, but are apparent in modified
form from~longer soaking and higher tempera-
tures. Also, the formation above referred to
occurs much more readily with higher silicon
content in the copper. .

These critical temperature ranges are definite-
ly related to thesilicon content of the copper
alloy, and are, jn°my opinion, the result of the
of iron silicides produced at union
during bonding and subsequent reheating for hot
rolling and annealing. The iron from the back~ ~
ing material and the silicon from the facing ma- N
terial form the silicides. When nickel is present

i alloy.or as an inter-
mediate bonding alloy, or in the ferrous backing
metal, nickel silicides are also formed and may
have a bearing on the brittle constituent formed
at the union. However, I have discovered that
nickel definitely tends t0 correct for these critical
temperature ranges. Excessive iron diffusion
from the backing ferrous metal into the copper
of the facing alloy 0T insoluble iron in copper
has, in my opinion, an effect on: forming the brit-
tle compound. Nickel being soluble in iron and
copper at all temperatures and in all proportions
corrects for this, and makes & more ductile and
workable alloy at the union. ) )

T have found that the composite metal stock
composed of & high silicon copper alloy or copper
alloys containing from 2% 10 3.5% silieon, ponded
to a ferrous backing metal are much more difficult
to roll and maintain a good bond than the lower
silicon copper alloys bonded to steel such as 1.8%.
silicon or less. . ) '

Composite slabs of these high silicon copper
alloys and & ferrous metal are pretty much lim-
ited to hot ¥ lling within the temperature range
of '1,600° F. to g50° ¥. If the upper limit is
exceeded, even for a short time and only to 1.,650°
F., the bond is weakened, so that the slab either
separates in rolling or the ﬁ_nished rolled product
will have a weakened bond which can be pulled
apart readily. Usually if given two or more passes
at temperature below 900° to 850° F. the bond
is weakened sO that it separates readily, but if
rolled within the limits of 1,600° F. to 850° F. the
wond is inseparable. The material having & good
bond after’ hot rolling within this. temperature
range will not cold roll to any extent even after
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" annealing without separating at the pbond. Cold

rolling after annealing is limited:
per cent reductions and to two or
passes. . . )
Composite stock comprising the jower silicon 7
copper :alloys of less than two ‘per . cent silicon
are much less sensitive to time
in hot or cold rolling practice;
these combinations are not subject to -
They 75,

to .about ten
three cold

the minimum hot rolling tenfaperature.
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can be hot rolled froma higher maximum tem-
perature of near 1,700° P\ and passed without
regard for minimum temperature, until the ma-
terial hardens to the extent that further reduc-
tion is impractical and no injurious effect on the
bond is apparent. This material can also be
reheated numerous times for hot rolling or an-
nealed and cold rolled to any extent that the mill
can reduce it in thickness without any apparent
weakening of the hond. For instance, the ma~
terial has been 'cold rolled after annealing to
better than 70 per cent reduction without any
noticeable effect on the strength of the bond.
However, I find that all heating of the composite
stock within the temperature range of 1,150°
F. to 1,700° F. tends to form the embrittling
constituent af the union which if formed to ex-
cess is very destructive to the bond strength, and
if care is not taken to avoid certain practices or
combinations of time and temperature within
this range that this compound is created at the
union to the extent that the two metals will sepa-
rate in rolling or can be pulled apart after roll-
Ing. The intermediate temperature range near
1,400° F. is particularly destructive and T believe
that in this range of approximately 1,350° B, to
1,450° F. that precipitation of the elements form-
Ing the brittle bond is much more rapid than in

the lower range of approximately 1,150° F. to

1,325° P,

The higher temperature range of 1,500° to
¥. apparently tends to redissolve the em-
brittling compounds and maintain them in solid
solution. For example, samples taken from the

‘same sheet of 1.34 per cent silicon copper clad

steel after hot rolling from .the bonded slab
showed perfect inseparable bond. One of these
Specimens was annealed for one hour at 1,425°

- F. and after cold. rolling the copper alloy and

40

steel separated easily. Other specimens from
this same sheet heated for one hour at 1,550° F.

. andat 1,200° F. and cold rolled showed good bond,

4B

5

However, heating for longer periods of one and
one-half hours and two hours at 1,550° . showed
fellure af the bong, whereas. the longer periods
at 1,200° P. were not injurious. Shorter periods
at the most critica] temperature ‘ of 1,425° m,
were not so destructive
8o than at 1,550° or 1,200° P. It is therefore
obvious that this particular ‘temperature range
of 1,350° P-1,450° P should be avoided as much
8s possible. Also the total time and tempera-
ture of heating for hot rolling and annealing
for cold rolling is Important, and that a prac-
tice must be established depending on the analy-
sis and size of the slab to Successfully convert
the cast composite slab into finished rolled prod-
ucts. The soaking period for all heats in the
furnace after the material has reached tempera-
ture should be held to a minimum and in all
cases only sufficient to soften the metal without
undue precipitation of the elements during total
heating so that the formation of the brittle com-

. pound is held to a minimum and insufficient to

G8

Yo

cause brittle bond. .

Generally, the preferred practice for treat-
ing steel clad with a silicon copper alloy of 1%
to 2% silicon is to heat for hot rolling in.the
renge of 1,500° F. to 1,700° F., and hot roll until
material hardens to the extent that further re~

" duction is not practical, reheat within same

range for subsequent hot rolling, taking care to
limit the soaking period at maximum tempera-
ture to approximately fAfteen minutes; anneal
for cold rolling within the range of 1,100° F. to

but appreciably more’

3
1,350° F. The higher the annealing temperature,
the shorter should be the soaking period after
metal has reached temperature. The initial
anneal after hot rolling can be at the maximum
of this range or 1,350° but the length of time
in the furnace after the metal is soaked through
should be limited to twenty minutes. Subse-
quent anneals between cold rolling should be at
the lower part of the range of 1,100° to 1,350° P.
At 1,200° F., one and one-half hours soaking has
been found satisfactory and at 1,100° F. up to
two hours soaking has not produced a brittle
bond. ' The exact detail of the heating or an-
nealing practice is dependent on the original
thickness of the composite slab, the number of
anneals necessary or the extent of total ‘reduc-
tion to finished gauge, and if a great many an-
neals are scheduled to reduce the material to
finished gauge, then care should be taken to work
to the minimum time and temperature combina-
tlons, so that the accumulation is still within the
maximum limits.

For instance, the detail of the preferred prac-
tice for.rolling composite material composed of
a ferrous backing metal and a silicon copper
alloy, which forms an analysis at the copper al-
loy side of the bond union of approximately 1.4
per cent silicon, .65 per cent nickel, 0.8 per cent
iron, 0.2 per cent manganese with small amount
of carbon is, heat in a furnace to 1,550° ¥, un-
til the slab is heated through and limit soaking
to twenty minutes after saturation; hot roll un-
til material hardens to the extent that further

reduction is not practical; reheat within' same

bractice for subsequent hot rolling; anneal ini-
tially at 1,325° F. for not more than forty-five
minutes after metal hag reached temperature;
cold roll to any extent that is practical for the
rolling mill; reanneal after cold rolling at 1,175°
F. for not more than two hours after reaching
temperature; repeat this for Intermediate an-
neals between additional cold rolling.

If heating for hot rolling is limited to three
heatings for not more than
heat after metal has reached temperature, an-
nealing for cold rolling at 1,550° F. is satisfac~
tory, but soaking time should be limited to ten
minutes per heat after metal is heated through,

The silicon copper alloys may contain from
0.1 per cent to 3.5 per cent silicon and such other
elements as nickel, for facilitating bonding, and
nickel and iron for increasing the compression
resistance of the copper alloy or small amounts
of manganese, zing, tin, aluminum or phos-
bhorous to generally Improve the alloy. The
ferrous base metal may be any of the carbon
steels, low alloy steels or high alloy steels, such
as high nickel steels. ’

I do not intend to be limited to the precise -

ranges of time or temperature above disclosed,
except as the same are specifically recited in the
appended claims,

I claim:

1. Method of working, such as rolling, a com-
Dosite -metal stock comprising a 0.1% to 3.5%
silicon copper alloy and a ferrous alloy which
includes heating the metal for hot rolling or
annealing the metdl for cold rolling sufficiently
to soften the metal but without causing the
formation of a brittle constituent at the union
of the two metals. . S

2. Method of working, such as by ‘rolling, an
inseparable slab of a. 0.1% to 3.5% silicon cop-
per alloy bonded to a ferrous alloy which inicludes

fifteen minutes par.

10

15

20

25

30

40

45

&0

66

66

85

70

the method of heating the slab for hot rolling 75
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and annealing the slab for cold rolling. whereby
the bond is maintained in inseparable state in
the finished rolled product. Co

3. Method of reducing the. thickness and in-

g creasing the area of a composite metal stock
comprising a 2% to 3%% silicon copper -alloy
bonded to a ferrous alloy which includes heating
the slab to a maximum temperature of 1,650°
F. and hot rolling until the slab has reached

10 & minimum temperature of 850° F.

4. Method of claim 3 further characterized by
the presence of nickel in the copper alloy in
amounts less than-the silicon content.

5. The method of claim 3 wherein the silicon

16 copper alloy is characterized by the presence of
iron in the copper alloy in the amount of less
than 3%. AU

‘6. The method of reducing the thickness and

. inecreasing the area of composite metal stock

99 comprising & silicon copper alloy of 2% or less
silicon bonded to a ferrous alloy’ which includes
heating the slab to & maximum temperature of
1,700° F. and hot rolling ‘without regard for
minimum temperature. .

g5 1. The method of claim 6 further characterized
by the silicon copper alloy being initially bonded
to the steel by fusion of the silicon copper alloy.
8. The method of reducing the thickness and
increasing the area of a composite metal slab

go comprising a silicon cobber alloy of less than 2%
silicon bonded to a ferrous backing metal which

_ includes heating the slab between 1,500° F. and
1,700° F., hot rolling without regard for minimum
temperature, annealing at temperatures between

a5 1,100° F. and 1,300° ¥, and cold rolling.

9. Method of claim 8 further characterized by
‘the. presence of nickel in the copper alloy in
amounts less than the silicon content.

10. The method of reducing the thlgkness»and

4o Increasing the area of a composite metal slab
comprising a silicon copper alloy of less than 2%

- silicon, bonded to a ferrous backing which in-

cludes heating the slab between 1,500 F. and -
1,700° F'., and hot rolling-annealing initially be~

‘tween 1;500° F. and 1,700° F., and cold rolling
with subsequent intermediate anneals between
cold rollings in a temperature range of 1,100° F.
“and 1,300° F.. . -
11. The method of’ claim 10 further character-
50 ized by the presence of nickel in amounts. less
than the silicon content, iron in amounts less
than 3%, and manganese of approximately .25%
“in the copper alloy. :
%12, The method of reducing the thickness and
increasing the area of composite metal stock
comprising a copper alloy of approximately. 1.4%

silicon, .65% nickel, 8% iron, and .2% manganese, ’

bonded to a ferrous alloy which includes heating
the slab to substantially 1,550° F. for not more
than twenty minutes after saturation, and hot
tolling-annealing initially at 1,325° F. for not
more than 45 minutes after saturation and cold
rolling-re-annealing at 1,175° F. for not more

than two hours after saturation for additional an-

neals between cold rolling.
13. The method of claim 12 wherein the ferrous
alloy is a nickel steel and a% least part of the

nickel content and iron content of the copper
alloy is diffused from the nickel iron alloy.

14. Method of treating composite metal stock
consisting of a ferrous backing and a 0.1% to

3,59, silicon copper alloy facing bonded thereto

by fusion of the alloys which comprises heating
the stock to a temperature which will soften the
same suitable for rolling and limiting the time
during which such temperature is maintained to
less than that in which embrittlernent of the bond
betweeri backing and facing. occurs, and then
rolling the stock to reduce the section. -
15. Method of preventing injurious crystallize

tion at the fusion bond between a ferrous backing
and a 0.1% to 3.5% silicon copper alloy facing
during processing which comprises limiting the
product of the temperature to which the bond is

. subjected and the time during which it. is heated
to u value below that at which injurious crystal-

lization will occur: ‘

16. Method of maintaining & tenacious bond
petween a ferrous backing and a 0.1% -to 3.5%
silicon copper alloy facing during the process of
rolling which comprises maintaining the product
of time and temperature below that value which
is required for the formation of a brittle crystal-
line structure at the meeting faces of the backing
and facing. ‘ .

17. Method of maintaining in & composite
metal body a tenacious bond formed by fusion
between a ferrous backing .and a 0.1% to 3.5%
silicon copper alioy which comprises heating the

_body to a temperature and for a time less than
" that required to form crystal silicides at the meet-

ing faces of the backing and facing.

18. Method of reducing by rolling a composite
slab consisting of a ferrous backing and a 0.1% to
3.59% silicon copper facing with the presence of
nickel at the bond, which comprises heating the

slab to a temperature of substantially 1,550° F. '

and hot rolling to reduce the thickness of the

- slab until the metal hardens.

M Method of claim 18 further characterized by
limiting the soaking while heating to said tem-

"perature of substantially 1,550° F. to a period of
substantially 20 minutes.

20. Method of claim 18 further characterized

by reheating for further hot rolling again o sub-

stantially 1,550° F. and limiting the soaking to
20 minutes. . ‘

21. Methed of claim 18 further characterized
by annealing before cold rolling by heating to
substantially 1,325° F\. and then cold rolling.

22. Method of claim 18 further characterized.

by annealing before cold rolling by heating to
substantially 1,325° F. and then cold rolling, and
subsequently reannealing at substantially 1,175°
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P. for not more than two hours after reaching

temperature for further cold roiling.

23. Method of claim - 18 further characterized
by limiting the heating for either hot rolling or
for annealing prior o cold rolling to a combina-
tion of time and temperature which will be less
than that required for the formation of an In-
jurious crystalline structure at the bond.

THOMAS B. CHACE.



