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The invention relates to the provision of an 
alloy coating or ply on suitable base metal ma 
terial, such as strip, Sheet, wire, Or articles, and 
more particularly to a new and improved pro 
cedure for providing an alloy coating on con 
tinuous strip; and this application is a continua 
tion in part of my co-pending application, Serial 
No. 311.930, filed December 30, 1939, and entitled 
Production of alloy coating on base metal mate 
rial, and of my prior applications, Serial N0. 
55,917, filed December 23, 1935, and Serial No. 
127,776, filed February 25, 1937, now Patent No. 
2,266,330, granted December 16, 1941, of which the 
aforesaid application, Serial No. 311,930, was a 
continuation-in-part. Applications Serial NOS. 
55,917 and 311.930 are now abandOned. 
In one aspect, the invention deals with the pro 

duction of an alloy coating or coatings on base 
metal material having improved characteristics. 

I haV? determined that a number of factors and 
limitat?bns hinder the provision of a satisfactory 
type of alloy coating. In the first place, the 
provision of an alloy coating by direct electro 
plating has not been entirely satisfactory from a 
COnnercial standpoint. Taking brass as an ex 
ample I Will Consider SOme factors in VolVed in 
plating it as an alloy On a suitable base metal. 
An alkaline bath containing the two metals, 

namely, COpper and Zinc cyanide, is employed. 
Such a bath can only operate at low current den 
sitles and also at low cathodic efficiency. As a 
result, the operation takes an extremely long time 
for coating an ordinary thickness of brass and 
even then the characteristics of the coating are 
far from Satisfactory. 

I am aware that the Rubin Patent No. 
2,115,749 discloses electroplating separate coat 
ings of desired metals on a ferrous article and Sub 
sequently heat treating the coated article in a 
reducing atmosphere to alloy the coated metals, 
but Said patent teaches heat treating a copper 
Zinc coating at temperatures anywhere between 
700° F. to 1500° F. for a period of about 10 to 30 
minutes. 

I have determined that heat treating Such a 
c0ating by starting at a temperature within the 
giVen range, say, at: 850° F., and maintaining 
that temperature for 10 to 30 minutes, produces 
a rough and unsatisfactory surface because the 
Outer layer of Zinc starts to melt before alloying 
can take place. Moreover, I have determined that 
if the proportions of copper and Zinc are such 
that the fìnal alloy contains more than 60% zinc, 
as the heat treating temperature approaches 
1500° F), the coating will melt on the surface of 
the base metal and produce a rough surface. 

I anh likewise aware that the Rubin Patent No. 
2,304,799 discloses electroplating separate coat 
ings of Copper and tin on a ferrous article and 
then heat treating to alloy the coating metals, but 
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Said patent teaches that the heat treating can 
be started and maintained at a temperature any 
where from 400° F. to 2000° F. I have deter 
mined that heat treating a copper-tin coating at; 
temperatures anything like 2000° F., according to 
the teaching of this latter patent, will produce a 
rough coat?ng due to the melting of the outer 
coating layer of t?n. 

Since neither of these Rubin patents mentions 
Obtaining a smooth coating, and the heat treat 
ing temperatures given obviously cause melting of 
the coat?ng, it is apparent that the said Rubin 
patents were not concerned with the production 
of a smooth alloy coating. 

It is an object of the present invention to pro 
Vide an improved method of producing alloy coat 
ings which are smooth, homogenous, and ad 
herent. 
Vhen the heat treatment is carried out over 

too long a time period, or at too high tempera 
tures, or both, the inner copper layer of a copper 
alloy coating forms a copper-iron alloy with the 
base metal, and this lessens the effective thick 
neSS Of the base metal and reduces the ability of 
the coated metal base to withstand subsequent 
Working Or drawing Operations. 

Therefore, another subject of the present in 
Vention is to provide an improved method of pro 
ducing alloy coatings on ferrous material with 
Out reducing the effective thickness of the base 
metal or disadvantageously affecting its charac 
teristics, … 

I have discovered that in order to produce sat 
isfactory, Smooth, homogenous alloy coatings from 
Separate layers, it is absolutely necessary to pro 
Vide proper proportions of the alloying metals, to 
Correlate the thickness of the layers and the 
time of heat treatment, and to correlate the heat 
treating temperatures, patricularly starting tem 
peratureS, t0 the melting point of the lowest melt 
Îng point coating metal, and to the lowest melt 
ing point of the alloy being formed in the coating, 
Furthermore, I discovered that under such time 

conditions, the intermediate or inner layer of 
c0ating forms a copper-iron alloy which thus 
leSSens the effective thickness of the base metal 
material and further destroys desired character 
istics of the product in that this additional alloy 
layer has its own distinct characteristics. An 
important point is that the thickness of the base 
metal which must withstand the strain during 
the after-working or drawing operation is mate 
rially leSSened and weakened. The time period 
involved tends to increase the size of the crystal 
structure of the base metal. 

Accordingly, it is another object of the present 
invention to provide an improved method where 
by two or more layers of two or more metals can 
be completely diffused to form a smooth and high 
ly Satisfactory alloy coating on a ferrous metal 
base material or strip, 





2490700 
ature below the lowest melting point allOy being 
formed in the coating until the coating metals are 
diffused into a homogen0us alloy. 
Although any suitable means fay be employed 

for accomplishing the alloying action, I prefer to 
move the strip coated in accordance with the 
present invention, through a reducing atimOS 
phere furnace, or through suitable liquid or oil 
treatment bath of a non-oxidizing or preferably 
reducing nature. 
In the drawings, 10 indicates the base metal 

material and in Fig. 1 the first or inner coating is 
indicated at I I and the Outer Coating at I'2. For 
example, the inner C0ating It may be copper ap 
plied electrolytically from a copper cyanide bath 
to a thickness of the order of .00005°, and the 
outer coating I2 may be an electrolytically ap 
plied coating of Zinc of the Same thickness. 
Such a coating can be heat treated in accord 

ance with my invention in a relatively Short time 
to produce complete diffusion of the copper and 
Zinc layers and form a copper-Zinc alloy Coating 
of approximate composition 55.6% cOpper and 
44,4% Zinc. 
As distinguished from the Old proceSS Of using a 

cyanide bath to produce the alloy coating directly 
by an electroplating operation, I have been able 
to greatly increase the current densities for a cop 
per plating operation, for example, to Substan 
tially 75 to 200 amperes per Square foot in an acid 
bath, as compared to Very much lower densities 
for a braSS alloy Cyanide bath. 
The Same applies with equal force to a Zinc acid 

bath wherein a current density of 100 to 1000 am 
peres per Square foot may be employed. 
In addition, the resistance of an acid Solution 

is lower than that of a cyanide Solution, providing 
reduction in power consumption for equal cur 
rent densities, and acid Solutions can be Operated 
at lower temperatures to keep the heat down and 
minimize fumeS. 

I have been able to SolVe the various problems 
involved in obtaining a successful and practical 
commercial alloying treatment of electroplated 
layers by applying Very thìn individual layerS Of 
the metals to be alloyed to a base metal or con 
tinuous metal Strip in the proper proportions de 
Sired in the alloy coat?ng; and by starting and 
maintaining the heat treating temperatures be 
low the melting point of the lowest melting point 
metal and of the lowest melting point alloy being 
formed, the thickness of each individual coating 
layer is maintained at a minimum, and increased 
thicknesses of bimetal coatings are obtained by 
providing alternate coating layers of the metals. “ 
Thus a complete diffusion or alloying operation 

Can be carried olit continuously and in a mini 
mum of time so as to produce a smooth, homog 
en0uS and adherent coating without deleteriously 
affecting the base metal. 

* In applying alternate coatings of two different 
metals, I prefer to apply the higher melting point 
metal coat?ng to the base material, then apply the 
lower melting point metal layer to such coating, 
and then apply another coating of the higher 
melting point metal, to in effect form a Sandwich, 
with the lower melting point metal between the 
two layers of the higher melting point metal; 
although the reverse order of plating can be used 
with certain limitations. Thus in forming an 
.glloy such as brass, for example, I preferably form 
at least three layers of the metals with a layer 
Of the lower melting point zinc sandwiched be 
tween the layers of the higher melting point cop 
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per, and with the higher melting point copper . 
first plated on to the base material. 

It will be apparent that this sequence can be 
continued indefinitely, depending upOn the de 
sired thickness of the resulting alloy_COating, and 
the order will continue copper, Zinc, Copper, Zinc, 
copper, preferably with the higher melting point 
metal constituting the outer or exposed layer of 
the coating. In the case of bronze, the Order 
preferably will be copper, tin, copper, tin, COpper, 
Referring to Figs. 3 and 4, of the drawings, the 

inner coating layer 13 may be copper, the next 
outer coating layer l4 t?n, the next Outer coating 
layer 15, copper, the next outer coating layer 16 
tìm, and the last Outer coating layer l'Î COpper, 
constituting five relatively thin layers which after 
proper heat treatment prOVide a copper-tin alloy 
coating indicated at I8 in Fig. 4, which is thicker 
tham the bimetal coating Î9 in Fig. 2, but which 
becomes completely diffused in a relatiVely Short 
time because of the intimate contact between the 
relatively thin layers of the coating metals. 

Also, the amount of diffusion of the inner layer 
13 into the base is kept at a minimum because Of 
the short time of heat treating, whereas if two 
layers only of the two coating metals were em 
ployed, haWing increased thickneSS, the required 
increased time of heat treatment would cause 
greater diffusion of the inner layer into the base 
metal. 
The heat treatment, according to my inVention, 

in the case of a copper-tin alloy, coating for ex 
ample, is carried out at temperatures determined 
by the copper-tin constitution diagram Shown in 
Fig. 9. The melting point of pure copper is repre 
Sented at A and the melting point of pure tim is 
represented at the other end of the curwe. There 
fore, in heat treating a coating composed of cop 
per and t?n layers, the heat treatment must start: 
at a temperature below 449.5° F., which is the 
melting point of pure tin, and immediately 
dropped to below 440.6° F., which is represented 
by the line I, J, and which is the eutectic or low 
est melting point temperature of the alloy being 
formed, in Order to maintain the coating in a 
Solid state. 
As the heat treatment progresses, the tin and 

COpper diffuse and form alloys which are richer 
in COpper, represent?ng the whole curve from 
A to J. 

If the layer next to the base stock is tin and 
the outer layer is tin, the alloy first formed next 
to the base stock and on the outer surface con 
tains a high percentage of tin, but as the heat 
treatment progresses further the temperature 
may be increased in accordance with the curve 
as the metals difuse further and the percentage 
of tin in the alloy being formed decreases. 
Between the line or curve A, B, C, D, E, F, G, 

H, I, and J, Or A to J, and the line A, K, J, the 
alloys are in a mushy or Semi-liquid form, so that 
if the layers of tin and copper are very thin and 
the tin is Sandwiched between an inner and outer 
copper layer, then the heat treating temperatures 
nay safely be carried between the lines A to J, 
and A, K, J, without danger of distortion, be 
cause the thin sandwiched layers of mushy alloys 
Will be held in position between immer and outer 
Solid layers of the higher melting point metal. 

If the outer layer is tin and the heat treatment 
at any time exceeds the lowest temperature on 
the curve A to J represented by the alloys present 
in different percentages of copper and tin, a por 
tion of the coating will melt and become rough. 

7? Accordingly, while the heat treating tempera 



tures may vary during the a?loying of the Coati?ng 
layers, the temperatures are determined by the 
constitution diagram and should not be ra?Sed to 
points such as to melt the coating metals of the 
ailoys being formed and cause distortion aññ 
other disadvantageous resultS. 
In the case of high melting point metal coa? 

?ng layers, such as copper and nickel, a furthe? 
consideration is that the heating inüs? not be 
for a long period within the temperatul?e Taif3ge, 
since the range for thickel and copper TiSeS ab{}78 
the Critical temperature of a steel base rnateñal. 
The heating is preferably carried out in a Gon 
tinuous furnace with a reducing atimOSphete 
wherein the temperature of the piece Can bG 
quickly raised above and lowered below about 
1750° F. to 1800° F. The ferrous base materiaä 
if it were subjected to protonged heating above 
its critical temperature, would be Subject to 
Crystaitization and other tiíadeSirable ºffeciS. 
Thus the Sheet would be brittle aiad apt; $C break 
when subsequently cold drawn or worked. 

l?it is apparent; that in aCCOrdance with finy in 
vention a rapid rate of heat alloy?ng treatment 
can be effected with thin coating layers of the 
metals to be diffused or alloyed, and Conser?uently, 
where heating above the Critical temperature for 
the base metal is required by the alloying inetals, 
Such heating need be carried out for a short time 
only so as not to substantially affect the base ma 
terial. 
As indicated in FigS. 5 and 6, invention may be 

applied to a plurality of layers of different rnetals. 
For example, in Fig. 5 the inner coating 20 may 
be tin, the next coating 2# antimony, the next 
Coating 22 lead, and the outer coating 23 Copper. 
These metals are applied in proper pTOportions to 
forñn the desired alloy coating and - then heat 
treatment is carried out in accordance with the 
Constitution diagram of the metals in Volye?, $hat, 4 
is, the heat treatment is started below the rnel#- 
?ng point of the lowest melting point metal, and 
{2Ontinued aß teImperatures beloy the äneiting 

ints of the alloys being formed. 
Any desired inti?nbe?' of layers of any desired 

tàuñaber of metals may be heat treated to produce 
a, Satisfactory alloy coating which is coñapietely 
diffused, as long as the r?netals are in thì?n laye?S 
in the correct proportions of the totai weight of 
the alloy coat?ng desired, and the heat treatment 
is started and Imairatained at temperatures beloy7 
the lowest melting point (netal and the lowes; 
:inelting point alloy being formed. 

Thtis I have determined that a complete a?ioy 
diffusion may be a?Complished between two or 5 
imore layers of two or more CCating g?aetals b? 
employing Suitable thicknesses and Telationships 
of the coating imetals, and relationships between 
the hea?; $reating temperatit(res and heat t#ea?ng 
time periods with reSpect to each other azºã ?išh 
reSpect to the base meta}; aäd further, thai; a, 
quick heat, treatment will be Sufficient to dift:Se 
Such metals into an alloy, and will not be suffi 
cient to form any t?aaterial armount of SC-calied 
**baStar?i alloy” between the base metai azhd the 
COating. 

in accordance with my in Vention, Such coa? 
i:3gS may be applied and heat, treated in a Gon 
t?Knuous line operation. 

if hard, unannealed Strip is empioyed, ?t rnay 
be deSirable to annea? or normalize the Strip after 
the alloying operation, or where the ºsaetting 
points of the alloying metals are sufficiently high 
the annealing of normalizing imay be eflected 
during the a}loying Operation, arid Such agnºleai 

8 
?ng Iña? be catfied out by coiling lengths of the 
S#?p and box 3m?ea?ng the coils in a weti Knowgì. 
rnanner, or $he norrnalizing may be caäried otit 

- ?n a continuous fürnace. 
$ V/here the lower (melting point metai, Such as 

tin, constitutes the outer layer, care must be 
taken, Particularly in a continuous operation, to 
avoid Contact, with any Solid materiat uratii -the” 
outer layer has cooled sufficiently to avoid 
Scra?ch?ng or other injury. However, as pre 
Viously pointed out, 3 $2refer to provide an outer 
layer of the ºhigher meiting point metal, and { 
?haye determined that where a coiled plated strip 
?S aÎloyed, Stich aia order of plating is preferable 
in order #aat the coils will not fuse together in 
the a?anea.jing box. 
ThüS when coating maeta?s are being alloyed, 

2:ìf? Crie C? thešim has a Telatively low #mel?ing 
}}O?nt, eithes coratinuous or coii anneal?ng can be 
e?ngÎOyed; and in the case of higher melting point 
t:1etaiS COii axì Khea.jing is usually preferable be 
Cat:Se the alloying treatment requires more t?me 
and Caia be accomplished during the annealing 
operation. 

2 5 

As an example of the rnethod of carrying out 
I?ay invention to produce a copper-t?n alloy coat 
ing on ferrotis base Stock to give a total coating 
weight of 995 ounce per square foot of surface 
with the Copper and tin in the proportions of 
83% copper and 37% tin, I first plated a layer 
.009080 inch thick of copper from a copper cya 
tì?de bath at: 48 amperes per Square foot on the 
baSe Stock. I then plated a layer of t?a -060057 
inch thick from an acid tin bath at 60 amperes 
XJet Square f00?, Ont:0 the copper layer. These ºyo 
layers were electroplated in accordance with 
reg?lar practice. 
The thus coated Stock was heated up in a hy 

drogera atmosphere by raising the temperature 
18° to 48° F. ger (ninute to a temperature of 440° 
F., then Inaintaining the temperature of 446° 3". 
fC? Oñe half hour, and then raising the temper 
B?ure 36° to 48° F. per minute to 900° F. Vyhere it 
Vas held for about ten minutes, after which the 
tet?petatü?e w8S ?ropped to room temperature 
at the rate of 38° to 25°F. per minute. 

3'he resulting coating was a completely diffused 
Sraooth copper-tin alloy, with ao blistering or 
?#S$ortion of the coating, and no substantial alloy 
beü7een the copper and base stock so as to weaken 
of affect; the characteristics of the base stock, 

It is apparent; that the heating was held beloy 
the eutectic (440° F) for a sufficient time and 
öhe?a “a?Sed in accordance with the copper-tin 
co?Sfftition diagra?m as the melting point of the 
lowest Copper-tia alloy being formed increased, 
$he heating terrºperatures always being main 
ba?ned below that represented by the fine which 
??Vides the liquid and solid state of the ajitoy being 
foñed. 

30 

US?ng the sarne $hicknesses of two layers of 
Copper a:3?i ?in electropiated on ferrous base stock, 
aS ?rì ºxañple 1, the coated stock was heated in 
B. hydrogea attriosphere by increasing the tern 
Peratu?'e Î6° to Î8° 5”. per minute to 440” and 
hold?ng that temperature for ten thinutes. The 
teinperature was then increased 16° to 48° F. per 
trì?aute to 800° 8. and held there for 20 minutes, 
3rad then cooled at: 48° to 25° per minute to room 
tegaperature. 

*? The 3'esuitting costing ta this instance was only 
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partially alloyed, and a copper layer was eXpOSed 
when the coating was sanded, Showing that the 
heating time and temperatures were not Sufi 
cient to form complete diffusion of the two coat 
lng layerS. 

BTample 3 
A ferrous base stock was electroplated first with 

a layer of t?n. 000028 inch thick, then with a layer 
of copper .000080 inch thick, and then with a 
layer of tin 000028 inch thick according to regu 
lar practice, to give a coating having a total 
weight equal to that of the coatings in Examples 
1 and 2, and in the same proportion of copper 
and t?n. 
The thus coated Stock was then heated accord 

Îng to the exact times and temperatures given in 
Example 2. 
The resulting coating was Smooth and con 

pletely diffused into a copper-tin alloy So that no 
copper showed on Sanding of a part of the coat 
ing, and the coating Showed no blistering or dis 
t:Ortion. 
Thus, it is apparent that by using thinner coat 

ing layers, of the alloys desired, and by using 
three or more alternate layers of two desired 
coating metals, the heating time can be decreased 
and the temperatures lowered. 

Erample 4 
A steel strip .010 inch thick was electroplated 

first with a layer of copper at .325 pound per base 
box, then electroplated with a layer of tin .350 
pound per base box, and then electroplated with 
a layer of copper at 325 pound per base box, : 
making a total coating of 1 pound per base box. 
The strip was then loosely wound in a 300 pound 
coil and placed with Other like coils in a bell type 
furnace with a reducing atimOSphere. The tem 
perature in the furnace was raised from T00m 
temperature to 1100° F. in eight hours at a rate 
of 2° to 5° per minute, then held at 1100° F. for 
two hours, and then cooled at a rate of 10° to 15° 
per minute to room temperature. 
The resutling coating was smooth without any 

blistering or roughness and the coating metals 
were completely alloyed to produce a 65% c0p 
per and 35% tin bronze coat?ng. 

Bärd.Triple 5 
A steel strip .010 inch thick was electroplated 

first with a layer of nickel at 30 pound per base 
box, then with a layer of tin at 40 pound per 
base box, and then with a layer of nickel at .30 
pound per base box, making a total coating of 1 
pound per base box. The Strip was lOOSely WOund 
in a 300 pound coil and placed with Other like 
coils in a bell type furnace with a reducing at 
mosphere. The temperature was raised from 
room temperature to 1100° in eight hours at the 
rate of 2° to 5° per minute, then held at 1100° F. 
for two hours and then cooled to room tempera 
ture at a rate of 10° to 15° per minute. 
The resulting coating was smooth without any 

blistering or roughness, and the coating metals 
were completely alloyed to produce a 60% nickel 
and 40% tin all0y C0ating. 

Kºtample 6 
Low carbon annealed steel strip was electro 

plated with a layer of copper 0000340 inch thick, 
then with a layer of tin 0000534 inch, then with 
alternate layers of copper and tin each 0000340 
and .0000534 inch thick respectively until Seven 
coating layers were produced with the Outer and 
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?nner layers being copper. The thus coated strip 
was heated slowly ffOm room temperature to 
440° F. at a rate of 16° to 18° F. per minute, and 
held at that temperature for ten minutes. The 
temperature was then raised at a rate of 16° to 
18”, per minute to 900° F. and held at that tem 
perature for ten minutes after which the tem 
perature was dropped at the rate of 18°. to 25° F. 
per minute to room temperature, 
The resulting coating was smooth without any 

blistering or roughness and the copper and tin 
Were Completely alloyed to provide a bronze alloy 
approximately 55% tin and 45% copper. This 
example Shows the advantage of multiple alter 
nate.coatings providing a bimetal alloy of in 
Creased thickness without increasing the heating 
time and temperatures required during the heat 
treatment. 
Other combinations of other metal layers can 

be Similarly treated according to my invention 
to produce a variety of alloy coatings, because 
each pair of metals alloyed has a constitution 
diagram from which the temperatures can be 
determined So as to always heat below the melt 
ing point of the alloy being formed. The time 
Of heating at any temperature should be suffi 
cient to alloy the metals without melting any 
appreciable part of the coating, and the heat 
ing times will obviously vary somewhat depend 
ing upon the thickness of the coating layers and 
the particular metals present. Hard steel un 
annealed is plated with COpper, nickel, copper, 
nickel, copper, in continuous Succession. The 
Strip is then coiled without interrupting its 
movement and placed as a coiled length in an an 
nealing furnace having a reducing atmosphere 
and held at a temperature of approximately 
1100-1800° F. for a sufficient length of time to 
anneal the base Stock. The number and thick 
ness of alternate layers of nickel and copper 
Should be such that these two metals are.com 
pletely diffused to form a honogeneous alloy by 
the time the annealing of the base stock is com 
pleted. 
Where one of the metals being plated to form 

the alloy has a melting point below the annealing 
temperature Of the base metal, I preferably 
Sandwich this metal in between layers of the 
higher melting point metal, and the annealing 
of the base stock is then carried out concurrently 
With the formation of the alloy coating, as ex 
plained abOVe. 

A. hard unannealed Steel strip is plated with 
nickel, tin, nickel, tin, nickel, tin, nickel, wound 
into a coil, and placed with other coils in an 
annealing furnace haVing a reducing atmosphere 
and a temperature approximately 1100-1800° F., 
for a sufficient length of time to anneal the base 
metal strip or Stock. The number and thick 
nesses of the plated layers Should be such that 
the diffusion between the layerS is completed by 
the time the annealing is completed. 

If the reverse order of plating is employed (not 
preferred), that is, a Sequence of tin, nickel, tin, 
there is danger of fusing adjacent layers of the 
Strip together if its temperature is raised to a 
point above the melting point of the lowest melt 
ing point metal, namely, tin, but I have dis 
cowered that the heat treatment in Such case can 
be carried Out at a temperature below the melt 
ing point of the tin for a suficient length of 
time to alloy the outer layer of tin With its ad 
jacent layer of nickel and then after this has 
been accomplished, the temperature will be in 
creased to quickly anneal the base stock or strip. 



in such a case, 1 preferably provide a relatively 
thin layer of tin immediately adjacent the baSe 
metal strip whose thickness is less than the Other 
?ayers of tin so as to limit the formation of a 
Steeì-tita alloy. 

Moreover, where one of the metals forming the 
alloy coating has a melting point below the an 
nealing temperature of the base fºletal, and 
another metal or metals has a melting point 
higher than the annealing temperature Of the 
base metal, 3 preferably Sandwich the lower finelt 
ing point metal between layers of the higher 
3 neiting point metai, so that the annealing of the 
base Stock can be carried out concurrently With 
the heat treatment of the C0ating. 

3f the melting point of the alloy being formed 
ia the coating is below the required a?nnealing 
$emperature of the base stock, then the base 
Stock must be annealed before the coating lay 
ers are applied. \ 
?n the case of applying coating layers to hard 

unannealed base stock, not only are the änetals 
selected which will form an alloy having a melti 
?ng point above the required annealing tempera 
ture, but the number and thickneSS of the coat 
ing layers is such that complete diffusion takeS 
place in the coating by the time the annealing is 
complete. . * 
From the foregoing description, it will be ap 

parent that there are a number of factors to be 
controlled in order to obtain the impr0Ved re 
sults desired and to accomplish the objects of the 
present in Vention, as follows: 

1. The sequence of an application of the metals 
that are to form the completely diffused alloy 
c0ating; 

2. The number of layers or alternate layers of 
the different metals applied in SucceSSiOIì aS 
electroplated coatings to the base metal; 

3. The time and temperature conditions of heat 
treatment which Vary in accordance with the 
melting points of the coated metals and the alloyS 
being formed in the coating; 

4. The thickness of each layer and the thick 
tness of the total coating as related to the time : 
and temperature of heat treatment; and 

5. The Selection of hard (unannealed) or Soft 
{annealed) base metal strip or stock upon con 
Sideration of the requirements of the heat treat 
ing operation and of the melting points of the 
individual plated metals and the melting pointS 
Of the alloy being formed therefrOm. 
The invention is applicable to continuous strip 

base stock and also to other Suitable ShapeS Such 
as wire, Sheets, etc. • 

3’Or deep drawing, Stamping and forming Stock 
? g>refer to use steei Strip with a carb0m. Cora 
?ent of 0.Î5% or leSS. fin prowiding a, COating of 
copper-tin alloy, l? obtain best reSults by keeping 
the total coating weight between % and 10 pounds 
per base box and also if i? keep the copper COn 
tent between 80% and 35% and the tin content; 

| between 20% and 65% of the total coating weight. 
Î?kewise, when producing a coating of nickel 

ti?à alloy, 3 obtain best results by keeping the 
total coating weight between /4 and i0 pounds 
per base box, with the nickel content between 
80% , and 35% and the tin content between 20% 
and 65% of the total coating weight. 

Similarly, when producing a coating of lead-tin 
8lloy 0m steel Strip of 0.15% carbÔn or less for 
deep drawing Stock, I obtain best results by keep 
?ng the total Coating weight between 3/4 and 10 
}}0ündS per base bOX, With the lead content be 
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tween 92% and 40% and the tin con?en? betweeta 
8% and 60% of the total coatigng we?g?a?. ? 
While certain coating raetals and alloys have 

been Specifically referred to for the purpose of 
Îllustrating m? invention, it w?ì? be a2.parent that 
Stich finetals and alloys are representative of tay 
invention and that other combinations of other 
3?hetals and alloys may be used, and while ferrous 
Or Steel base metal has been referred to in the 
exanpies, it will be apparent; that other 3ase 
Xºnetal may be coated with appropriate ailoy with 
Cüt departing from the scope of ºhe invention 
defined Î:ì the clairns, as kong as the "7arious fac 
tiOTS eatlinerated are oroperly determined. 

3. Tin a I??ethod of ?orrning a s?aooth horno 
geneous alloy coating on ferrous meta? base stock, 
the steps of electroplating at least three laye:S C? 
at least two a?ioying imetais On the base Stock, One 
of which finetals has a ineiting point above the 
annealing temperature of the base stock and the 
other of which Imetals has a melting temperature 
below the annealing temperature of the base 
Stock, and in Such proportions that the higher 
meiting point metal is in exceSS and is interposed 
between the lower Imelting point metal and the 
base stock, then heat treating the th?S piated 
metals to start diffusion of the Sarne by Subjecting 
the plated strip under non-oxidizing Conditions 
to an initial temperature below the rnetting point, 
of the lowest melting point metal and then grad 
ually increasing the heat treating ter?perature to 
a higher point above the melting goint of the 
lowest melting point coating rnetal to the point of 
complete diffusion between the i?aeta? layerS and 
to a temperature sufficient to araneai the base 
stock but maintaining the temperaüüre below the 
melting point of the a?loy formed. 

2. Tin a method of forming a Sm?0üh h03?30= 
geneous alloy coating on ferrGustraetal base Stock, 
the steps of electroplating at ?east three ?ayefs 
of a? least two a?oying metais on the base Stock, 
Cne of which rnetals has a melting goint above 
the aianealing temperature of the base Stock and 
the other of which tmetals has a ineiü?ng te?1pera= 
ture below the anneal?ng temperature of the base 
Stock, then heat treating the thus plated I?aetals 
to start diffusion of the Sarne by Subject?ng the 
piated Stock under non-OXidizing conditions to 
an initiai temperature below the ?neiting goirai? 
of the lowest melt?ng point metal and theia gradu 
3}}y {{hcreasing the heat treat?ng te?n?2eratºjire to 
a, higher point above the rneiting point of the 
lowest I::elting point coating Sºnetai to the point 
of coñ?p!8?e diffusion between ?he filetal layers 
a.zad to a terraperattire. Suficient to ajaneal the base 
stock but maintaining the tempe?ature below the 
melting point of the alloy formed. 

The following references are of record in the 
file of this pa?ent: 
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1,54'i,394 *oyt --------------- Jt?y 28, 1925 
1578,254 $3ennett ----------- Îy?af. 30, 1926 
1820,204 Wilkins ------------ ?}}g. 23, 1931 
2,496,002 Whitney et al.-------- ??>f. 2, 1940 
2,304709 *übin -------------- Î 28c. 8, 1942 
2,335,740 Sch00nmaker et al. --- Apr. 6, 1943 
2,428,033 NaChtinan --------- Sept. 30, 1947 
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