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This invention relates to the manufacture of 
metallic articles, having relatively, thin metallic 
coatings of a different material than that con 
prising the body of the article and in particular 
to the manufacture of metallic articles which 
may be formed from billets, or slabs by rolling, 
forging, or similar operations and which have a 
part or all of their SurfaceS, COvered by a pro 
tective metallic coating. 

It has long been the practice to protect me 
tallic Surfaces from the effects of corrosive me 
diums by coating them. With various materials of 
corrosion resistant properties Superior to those of 
the metallic Surfaces. Since the commercial ad 
Went of pure metals, and alloys, such as chro 
mium-iron, chromium-nickel iron, etc., of Su 
perior corrosion resistant properties the tendency 
has been to use such high corrosion, resistant 
materials in place of the prior coating materials 
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because of their longer life, their greater strength, 
and other very highly desirable properties. This 
tendency has been especially pronounced in the 
processing arts because of the drastic conditions 
generally employed. This tendency has been SO 
pronounced in Some arts that equipment may be 
found made up entirely of high corrosion resist 
ant materials. In general Such equipment is 
not practical as it is always Very expensive and 
hard to fabricate and sometimes lacks strength 
and other necessary qualities. . . . . 
AS Stated, the more general tendency is to use 

the high corrosion resistant materials as coat 
ings. Warious WayS have been proposed for coat 
ing metallic Surfaces With the high corrosion re 
sistant materials, for instance (i) by applying 
a thin sheet to the metallic Surface and attaching 
it thereto at spaced points as by Welding, rivet 
ing, etc., (2) by electro-plating, (3) by spraying 
the high corrosion resistant material on the me 
tallic Surface while the high corrosion resistant 
material is in the molten condition, as in the 
“Schoop' process, (4) by welding, either by gaS 
welding or electric welding, the high corrosion 
resistant material on to the metallic Surface, and 
(5) by fabricating, by rolling Operations or by 
casting and rolling operations, veneered plate 
that includes a thin sheet. Or layer of the high 
corrosion resistant material attached to the thick 
base metal. 
The first proposal is at best of very limited 

application as the coating is subject to rupture 
at the bonds if even moderately elevated tem 
peratures are involved due to the stresses set up 
in the coating by reason of poor heat exchange, 
temperature gradients, and diverse coefficients of 

(CI. 29-189). 
expansion. The second proposal is very expen 
sive and can only be applied successfully to 
Small articles of more or less regular pattern. 
The third proposal is not. of general application 
for obvious reasons and in any case it is ex- 5 
tremely difficult to obtain a truly impervious 
coating of uniform thickness that can withstand 
even a modicum of abuse and mechanical wear. 
The fourth proposal, since it necessarily is en 
tirely manual and since only a narrow bead can 
be deposited at one time, is very slow and ex 
pensive and has not even been commercially at 
tempted with articles of large exposed area. 
The fifth proposal is probably the most promis 
ing of the prior proposals but it too has limita- s 
tions which disqualify it from numerous applica 
tions. In the first place, veneered plate of heavy 
gauges has not been, and probably never will be 
made by the present processes due to manufac 
turing limitations. Thus veneered plate is not 20 
available for articles, such as large pressure ves 
sels and the like, that for strength must be of 
heavy wall thickness. In the second place, by 
reason of its mode of manufacture, veneered 
plate generally includes areas at which the coat- 25 
ing is not attached to the base metal. By reason 
of this inherent defect veneered plate is subject 
to the same disadvantages as the linings of pro 
posal One and cannot safely be used to fabricate 
articles subjected to elevated temperatures. 
In the processes of the prior art for making 

veneered plate with which I am familiar the 
union between the base plate and the sheet of 
Coating metal is secured only by reason of the 
rolling operations. It is necessary that a high 85 
preSSure be attained at the interface between 
the plates accompanied by a high degree of 
Working to force the surfaces into intimate con 
tact and, obviously, the operation must in addi 
tion be carried on at a welding temperature. In 4 
One Such process, for example, a pair of veneer 
ing plates are separated by insulating material, 
edge welded, placed in the center of an ingot 
mold and base metal cast about them. After 
rolling to gauge the edges are sheared and the plates separated, the insulating material acting 
as the parting plane. The surfaces to be welded 
are thus located in a plane substantially midway 
between the rolling surfaces. In accordance 
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with the well known fact that pressure exerted so 
along localized portions of the surface of such 
a body, as for example, by the rolls, is distributed 
internally in the mass and decreases in intensity 
to a minimum at the zone midway between the 
rolls, the pressure at the interfaces to be welded 
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2,191,470 
One side, or part thereof, or it may be desired to 
coat the slab on two opposite sides, or the entire 
periphery may be coated and the ends may also 
be covered. 

Fig. 2 shows a section of a slab f3 which has 
been coated on one side by layer f4 preparatory to 
rolling to a thinner plate, Veneered on One side as 
shown in Fig. 3. As shown, the base slab 8 of 
Fig. 2 has been reduced in thickness to plate 3' 
of Fig. 3 and the coating surface has been reduced 
proportionately as shown at 4. Similarly Fig. 4 
shows a still thinner sheet rolled from the original 
slab 3 of Fig.2 and again the reduction in thick 
ness of the base metal 3' and the veneer ' is 
proportional. 
The desired thickness of the finished veneer f4 

and that of the base plate 3' are the factors 
which determine the thickness of the Original slab 
3 to be veneered. The veneering operation, 
when carried out under conditions now preferred, 
produces a coating from 36' to A' thick. 
These values are not limiting values but are 
merely those obtained under conditions at pres 
ent considered preferable, although the veneer 
may be produced within wide limits of thickness 
under other conditions. However, Consideration 
of the fact that there is some preferred thickness 
for the original veneer will readily lead to the 
understanding that the proportions of the final 
rolled article determine the thickness of the orig 
inal slab. By way of example, but not of limita 
tion, it may be desired to produce a final plate 3' 
thick with a coating of s' of protective veneer. 
If under preferred operating conditions an origi 
nal veneer 3%' thick is to be deposited, then the 
rolling operation is seen to cause a reduction of 
the original veneer to one sixth of its original 
thickness. Since the reduction of the veneer and 
the base slab have been found to be proportional, 
then the original base slab must be six times as 
thick as the desired final plate, that is, it must be 
18'' thick. Similarly if the final plate is desired 
to have 3' of base plate and say 6' of veneer 
then the original slab should be 9' thick, where a 
34' veneer is to be deposited. The same rule 
applied to the production of intermediate and 
thin plates. For example it may be desired that 
the final sheet shall have a base metal thickness 
corresponding to what is known in the trade as 
it 10 gauge sheet approximately .14' thick, on 
which it is desired to have a protective coating 
.01' ' thick. If the original veneer is to be 38' 
thick, as in the previous example, then the reduc 
tion in veneer thickness by rolling is seen to be 
37.5 fold, and the original base slab must be 37.5 
times as thick as F10 gauge sheet or 5.25' thick. 
By veneering both sides of the slab a plate 

coated on both sides is produced. The veneer on 
one side may be of a different composition from 
that on the other side, as for exampie for the 
fabrication of a container exposed to the corro 
sive action of some material on the inside and 
perhaps exposed to the weather or corrosive 
fumes on the outside. Moreover the veneer on 
one side may be of different thickness from that 
on the other side. 
depositing the veneering material in a thicker 
layer on one side than the other, or by veneering 
one side of a slab and partially rolling it to size 
before veneering the other side after which the 
rolling operation may be completed. The method 
just described is in connection with the produc 
tion of coated flat plate. The same method may 
also be applied to the coating of other forms of 
plate. For example, a highly successful method 

This may be accomplished by . 

3 
for the fabrication of cylindrical pressure vessels 
comprises piercing billets and rolling the pierced 
blets out to form seamless cylindrical rings 
which are assembled and joined to form a cylin 
drical vessel free from longitudinal seams. My 
method of coating may be applied equally well to 
the coating of this form of plate. The layer of 
coating material may be deposited on the ring, 
either on its external or its internal surface, or 
both, at any intermediate stage of the operation. 
For example the billet may be externally coated 
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before or after piercing, or, it may be internally 
coated after piercing, or the ring may be partially 
rolled to size, as desired, and then coated. The 
subsequent rolling operation, as in the case of the 
flat slab, is employed to achieve the desired reduc 
tion in thickness of the base metal and the coat 
ing as well as the desired refinement of grain of 
the coating. 

Fig. 5 shows sectionally a billet 5 of square 
cross section which has been veneered on the four 
surfaces parallel to the longitudinal axis of 
the billet. Fig. 6 shows a section of a square bar 
rolled from the composite billet of Fig. 5. The 
bar consists of the base metal core 5' and the 
complete coating 6' and here, as in the case of 
rolling sheets, the reduction of area is of the 
same order for both base metal and veneer. 
Any desired shape may be rolled from such a 
billet as shown in Fig. 5. The billet itself may be 
of any suitable section, such as round, polygonal, 
rectangular and so forth, best suited to the rolling 
operations to follow. By this means, as already 
pointed out, any shape which may be produced 
by well known rolling operations may be pro 
duced as a veneered product, the great desirabil 
ity of which in numberless uses is at once appar 
ent. w 

Fig. 7 shows an axial section of a cylindrical 
billet and Fig. 8 is a cross sectional view of the 
same billet. Billet T is coated on its cylindrical 
surface 8 and on the ends 9 with a suitable 
coating material. The coating 8 may be de 
posited directly on the cylindrical billet T by the 
method disclosed in my Copending application or 
the billet 7 with its cylindrical veneer 8 may be 
formed by rolling or forging a previously coated 
billet as described in connection with Figures 5 
and 6. The veneered billet, after being cut to 
proper length for the operation to follow may 
then have deposited on the ends the coating 9, 
the deposition being accomplished by my coating 
process. 

Fig. 9 shows sectionally an example of a forged 
article produced from the billet of Figs. 7 and 8. 
The example illustrated herein is the forged blank 
from which a pipe elbow may be produced. The 
body 20 of the elbow is of base metal derived from 
the body of the billet of Figs. 7 and 8 and this 
body 20 is externally covered by coating 2 derived 
from veneer 8 and 9. The example herein 
shown consists of an article produced preferably 
by a forging or extruding operation performed by 
inserting the coated billet f into a die and 
exerting pressure thereon to form the desired 
article. In this type of operation it is readily 
seen that all portions of the surface of the origi 
nal billet are not necessarily deformed to the 
same extent and thus an original billet covered 
with a uniform thickness of coating material 
may not necessarily result in a finished article 
coated with a uniform thickness of protective 
material. Depending or the shape of the original 
billet, the shape of the resulting article, and the 
method by which it is produced it is, however, a 
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4. 
relatively simple matter to proportion the coating 
of the billet to give a satisfactory protective coat 
ing to the surface of the finished article. 
The original billet f need not be of cylindrical 

form but may be of any form suitable for the 
production of the desired finished article. The 
forming operation may consist of hammer forg 
ing, drop forging, extruding or similar operan 
tion or combination thereof as desired. Also 
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when desired only a portion of the surface of 
the billet may be covered to produce a finished 
article having a coating on only a desired por 
tion of its external Surface. 

Cone of the outstanding features of my inven 
tion lies in the fact that the perfection of the 
bond between the base metal and the Veneer is 
not dependent upon the amount of rolling or 
working resorted to, nor upon the magnitude 
of the pressure used, nor is it necessary to en 
ploy welding temperatures during the forming 
operation for the purpose of forming the bond. 
As has already been clearly pointed out the bond 
between the base metal and the coating is 
formed as a completely integral union of the 
component materials before the forming opera 
tions have been initiated and the forming does 
not change the nature of the bond. 
I have fully described my invention in connec 

tion with numerous examples of the application 
thereof whereby anyone skilled in the art is en 
abled to apply my process as desired. It is to 
be understood that the Scope of my invention is 
not limited to the cited examples but includes all 
applications of my process as fall within the 
scope of the appended claims. 

I claim: 
1. The method of manufacturing metallic ar 

ticles coated with a layer of metal of different 
composition which comprises coating the Sur 
face of a body of metal with a layer of metal 
of different composition integrally fused to said 
surface throughout by electrical arc deposition 
under a blanket of flux, mechanically reducing 
the thus coated body of metal to work refine the 
metal of the coating layer and to form the de 
sired coated article. 

2. The method of manufacturing metallic ar 
ticles coated with a layer of metal of different - 
composition which comprises integrally fusing 
a layer of metal of uniform character to the sur 
face of a body of metal of different composition 
by electric arc deposition, maintaining a blanket 
of flux on said Surface and over and around the 
sarc during the deposition of said layer of metal, 
and mechanically reducing the thus coated body 
of metal to work refine the metal of the coating 
layer and to form the desired coated article, 
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3. The method of manufacturing. metallic ar 
ticles coated with a layer of metal of different 
composition which comprises coating a portion 
of the surface of a body of metal with a layer of 
metal of different composition by electrical arc 
deposition under a blanket of protective flux, 
mechanically reducing the thus partially coated 
body of metal to work refine the coating metal, 
similarly coating a further portion of the Sur 
face of said body of metal, and mechanically 
reducing the thus coated body of metal to work 
refine the coating metal and to form the desired : 
coated article. 

4. The method of manufacturing metallic ar 
ticles coated with a layer of metal of different 
composition which comprises striking and main 
taining an arc between a fusible metallic elec 
trode and the surface of a body of metal, intro 

2, 19470 
ducing constituents of a desired layer of metal of 
different composition to be fused by the arc, 
effecting relative notion between the electrode 
and the body of metal to deposit the molten 
metal as a band on said surface, similarly de 
positing a band adjacent said first band, re 
peating said band depositing operation to cover 
a desired portion of the surface of said body of 
metal with a continuous coating of metal of de 
sired composition wherein said adjacent bands 
are fused and merged to one another and to said 
body of metal, maintaining during said band de 
positing operation a blanket of flux on said sur 
face of said body of metal in the path of the 
electrode and mechanically reducing the thus 
Coated body of metal to work refine the coating 
metal and to form the desired coated article. 

5. The method of manufacturing metal plate 
having base metal coated on one side with a 
layer of work refined metal of one thickness and 
COated on the other side with a layer of Work 
refined metal of different thickness from said 
obverse layer which comprises coating one side 
of a slab of metal with a layer of metal of 
different composition by electric arc deposition 
under a protective blanket of flux to form a con 
tinuous layer of metal integrally fused to the 
surface of said slab, reducing the thus coated 
slab to desired intermediate dimensions, sim 
ilarly coating the uncoated side of the partially 
reduced slab with a layer of metal of composi 
tion different from that of said slab, and reduc 
ing the thus coated partially reduced slab to 
the desired dimensions to form a plate coated 
on One side with a layer of work refined metal of 
one thickness and coated on the other side with 
a layer of work refined metal of a different 
thickness from said obverse layer. 

6. The method of manufacturing a metallic 
cylinder internally coated with a layer of work 
refined metal of different composition which 
comprises, coating the internal surface of the 
cylinder with a layer of metal of different com 
position by electric arc deposition under a pro 
tective blanket of flux to form a continuous layer 
of metal integrally fused to the internal surface 
of said cylinder, passing one of a pair of rolls 
through the hollow cylinder, and reducing the 
coated cylinder to form a cylinder of the desired 
wall thickness and diameter and to work refine 
the coating metal, 

7. The method of manufacturing a metallic 
hollow cylinder internally coated with a layer of 
metal of different composition which comprises, 
passing one of a pair of rolls through the cylin 
der to some intermediate thickness and diameter, 
coating the internal surface of the partially 
formed cylinder with a layer of metal of differ 
ent composition by electric arc deposition under 
a protective blanket of flux to form a continu 
ous layer of metal integrally fused to the surface 
of said cylinder, and further reducing the coated 
cylinder to the desired wall thickness and diam 
eter whereby the cast metal is work refined. 

8. The method of manufacturing rolled me 
tallic shapes coated with a layer of work refined 
metal of different composition from that of the 
core of said rolled shapes which comprises coat 
ing the surface of a metal body with a layer of 
metal of different composition by electric arc 
deposition, maintaining a blanket of flux on 
the surface being coated and around and over 
the arc during said deposition to form a con 
tinuous layer of metal integrally fused to said 
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body to the desired 'shape and dimensions to 
form the desired coated rolled shape and to re 
fine the coating metal. 

9. The method of manufacturing forged me 
tallic articles externally coated with a layer of 
work refined metal of different composition which 
comprises coating the surface of a metal body 
with a layer of metal of different composition by 
electric arc deposition, maintaining a blanket of 
flux on the surface being coated and around and 
over the arc during said deposition to form a 
continuous layer of metal integrally fused to said 
Surface of said body, and forging the thus coated 
body to the desired form and dimensions to form 
the desired externally coated forged article and 
to refine the coating metal. 

10. The method of manufacturing forged me 
tallic articles externally coated with a layer of 
metal of different composition which comprises 
coating the surface of a metal body with a layer 
of metal of different composition by electric arc 
deposition under a protective blanket of flux to 
form a continuous layer of metal integrally fused 
to said surface of said body, forming the thus 
coated body to desired cross sectional dimensions 
and shape for Subsequent forging, cutting the 
thus formed billet to desired length for subse 
quent forging, similarly coating the thus exposed 
surfaces of the ends of the cut billet with a layer 
of metal by electric arc deposition, and forging 
the thus coated billet to the desired form and 
dimensions to form the desired externally coated 
forged article. 

11. The method of manufacting metallic arti 
cles which comprises the steps of coating por 
tions of the surface of a body of metal with 
cast metal of different composition, said coating 
being deposited by electric discharge under a 

blanket of flux, and mechanically reducing the 
thus coated body of metal to form the desired 
article, sadd electrically deposited metal forming 
a surface of the article. 

2. The method of manufacturing which com 
prises coating a portion of a slab of metal with 
a layer of metal of different composition by elec 
tric arc deposition to integrally fuse the coating 
to the slab and mechanically reducing the thus 
coated slab to the desired dimensions, said elec 
trically deposited metal forming a surface of 
the article. 

13. The method of manufacturing which com 
prises coating a portion of a slab of metal with a 
layer of metal of different composition by elec 
tric arc deposition to integrally fuse the coating 
to the slab and mechanically reducing the coated 
slab to the desired dimensions, said electrically 
deposited metal forming a surface of the reduced 
coated slab. 

14. A method of manufacturing coated metal 
articles in which the coating is of different com 
position than the article, comprising the steps 
of integrally bonding a metal layer, deposited by 
a submerged electric discharge, with the metal 
to be coated, and reducing the coated metal to the 
desired form, said electrically deposited me 
forming a surface of the article. 

15. A method of manufacturing coated metal 
articles in which the coating is of different con 
position than the article, comprising the steps of 
successively depositing by electric discharge un 
der a blanket of flux and over zones of the metal 
to be coated molten metal to form an integrally 
bonded continuous layer, and reducing the coat 
ed metal to the desired form, said electrically 
deposited metal forming a surface of the article. 
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