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To all whom it may concern: 
Beit known that I, JoHN FERREOL Mon 

NOT, a citizen of the United States, residing 
at New York, in the county of New York 
and State of New York, have invented cer 
tain new and useful Improvements in the 
Art of Hot-Working Metals; and I do here 
by declare the following to be a full, clear, 
and exact description of the same, such as 
will enable others skilled in the art to which 
it appertains to make and use the same. 
This invention relates to improvements in 

the art of working metals, and particularly 
in working metals which are subject to ex 
cessive oxidation or other deterioration when 
worked hot in the presence of air, products 
of combustion or other contaminating sub 
stance, such for example as sulfur in fuel 
or in products of combustion. Such metals 
I will term generically “sensitive. metals'. 
A familiar example is nickel, which is so 
subject to deterioration when exposed to the 
air at or about a red heat that in practice 
it is at present usually worked in a neutral 
or indifferent atmosphere, or in an atmos 
phere of producer gas. Operating in a neu 
tral or indifferent atmosphere, or in an at 
mosphere of producer gas, is both disadvan 
tageous and exceedingly expensive and is 
not free from danger to the workmen; 
furthermore nickel is quite sensitive, under 
certain conditions, to the action of carbon 
monoxid, present in large quantities in pro 
ducer gas, and is even sensitive to nitrogen; 
so that the so-called “neutral” atmospheres 
are, in many cases at least, not neutral at 
all, but merely less objectionable than air. 
I avoid the necessity of employing such an 
atmosphere in the working of “sensitive 
metals', by incasing the ingots, bars or 
slabs of such metals with a relatively thin 
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dense impervious hermetically sealing coat 
ing of a less sensitive ductile or malleable 
metal, such coating being thoroughly welded 
at all points to the ingot, bar or slab of 
sensitive metal, and covering the entire sur 
face thereof, or at least substantially the 
entire exposed lateral surface thereof so that 
the coating may be extended down with the 
said body of sensitive metal, which I will 
speak of hereafter as the “core' or “base', 
without rupture. In this way the said core 
or base is thoroughly sealed against the en 
trance of air or other contaminating sub 

stance and may be worked hot between rolls, 
in a press, or under the hammer, with the 
same freedom from injury as if worked in a 
neutral atmosphere but without the exces 
sive difficulties attending working in a neu 
tral atmosphere. At the conclusion of the 
operation the coating or envelop of less 
sensitive metal which is generally a mere 
film may be removed by the action of chemi 
cals or in any other suitable manner. 
My invention consists in coating all ex 

posed lateral surfaces of a base or core of 
Sensitive metal, such as above referred to, 
with an impervious, envelop of less sensi 
tive metal firmly weld-united thereto, and 
in working or “coextending both core and 
coating jointly, finally removing the coating 
if such be necessary or desirable. Specific 
cally, my invention consists in coating nickel 
or allied metal, (such for example as co 
balt), with copper or other less sensitive 
metal and working the compoundingot thus 
produced, finally removing the coating. 

In the accompanying drawings I illus 
trate one method of carrying out my proc 
ess, also, diagrammatically, apparatus such 
as may be used in carrying out the process. 
In said drawings, Figure 1 shows, dia 

grammatically and invertical section, appa ratus for covering the sensitive metal with a 
welded-on coating of less sensitive metal; 
and Fig.2 shows, diagrammatically, a pair 
of rolls, indicating the working of the coated 
object with the protective coating thereon. 
I will describe my invention with par 

ticular reference to the working of nickel 
and nickel alloys, but it will be understood 
that practically the same description applies 
to cobalt, which for metallurgical purposes 
possesses the same properties and acts in 
the same way as Nief and may be consid 
ered for the purpose of this specification as 
the equivalent of nickel. Much of the com 
mercial metallic" nickel’ contains large 
amounts of metallic cobalt, as I am advised. 
Likewise the process may be carried out 
with other metals as the core or base-for 
example high carbon steel, such as tool steel, 
which at present is usually worked at the 
lowest possible temperatures, hardly rising 
above low red heat, in order to avoid burn 
ling. 
Nickel is peculiarly sensitive to the action 

of many metalloids and gases when in a 
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heated condition and particularly at tem 
peratures above a red heat, and for that 
reason is unduly expensive and difficult to 
manipulate. If worked in the air at or 
above a red heat it seems to crumble and 
becomes practically worthless; this being 
due doubtless to oxidation. For this reason 
it is the practice to work nickel in an indif. 
ferent atmosphere, or one less active than 
air, as already mentioned. But as stated 
heretofore, both nitrogen and carbon mo 
noxid, usually present in considerable quan 
tities in any atmosphere employed, are not 
inactive with respect to nickel. For carbon 
monoxid metallie nickel has a strong and 
peculiar affinity manifesting itself at vary 
ing temperatures in varying reactions. At 
One range of temperatures, it combines di 
rectly forming a volatile compound, the so 
called nickel carbonyl, which breaks up in 
another higher range, depositing its con 
tained metal as dust or films, while at still 
another and higher range, the gas dissolves 
in the metal, making it spongy. By reason 
of these reactions, working nickel in ordi 
nary reducing flames is more or less imprac 
tical. Nicke is even sensitive to the action 
of nitrogen. Carbon and silicon it takes up readily in reducing atmospheres and loses 
again almost as readily, so that the composi 
tion of a Worked article is always uncertain 
as regards these two important substances. 
As a result of these reactions, pure nickel 
articles are almost unknown in the arts; 
and such as are made are usually produced 
by the relatively difficult and costly proc 
esses of cold working. Nickel working to 
day is therefore to be ranked among the 
difficult and expensive arts; and the metal 
is not used for many purposes to which its 
beauty and its resistance to atmospheric in 
fluences at common temperatures and to 
chemicals would well adapt it. Neither is 
it used as a covering for other and cheaper 
metals as generally as its properties would 
indicate, and for much the same reason. It 
is often, applied as an electrocoating, but 
Such coatings suffer from the same defect as 
other electroplatings, viz., that of being 
relatively expensive and porous; and also 
from a defect peculiar to this metal, that 
of being thrown down by the current in a 
condition of peculiar tension, often de 
Scribed as one of “surface tension, which 
causes the metal to have more adherence to 
itself, so to speak, than to the base metal, 
and to be in a condition of internal stresses 
and strains. This fact limits the thickness 
of nickel electroplatings to a certain limited 
amount; attempts at producing greater 
thicknesses causing the metal to curl up and 
away from the base metal. And when the 
base metal, as in the case of iron, oxidizes 
by penetration of moisture through the in 
evitable pores of the electroplating, the 
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nickel tends to detach and roll up in the 
familiar curly pellicles. 
Many attempts have been made to plate 

hot, or to anneal the electroplatings, to ob 
tain coatings free of this condition of strain 
and of this porosity, but they have not been 
particularly successful. The stated sensi 
tiveness of nickel in mass of course also ob 
tains with nickel films and in a greater de 
gree. Plating from nickel carbonyl atmos 
pheres gives good coating in Small experi 
ments where the conditions can be carefully 
controlled, but on the practical scale it does 
not work so well. The operation is expen 
sive and uncertain, and moreover gives por 
ous coatings. 
that by the use of certain expedients I can 
any temperature and with any tools without 
fear of contamination; manipulating it very 
much as mild steel is worked, and with equal 
ease, certainty and cheapness, while using 
no more than ordinary tools and avoiding 
the use of the expensive and uncertain non 
oxidizing atmospheres mentioned. Further, 
by this method the nickel in the original 
bloom, billet or ingot can be rolled and 
stamped down to the thinnest articles or in 
plements, preserving exactly its original 
properties and composition. If the original 
ingot contained a certain per cent. of carbon 
or of silicon, the finished article will show 
the same analysis. This is done by placing 
On all exposed surfaces, or at least on sub 
stantially the entire exposed lateral surface, 
of the Original ingot or bloom a sealing coat. 
ing of a malleable, less sensitive metal, her 
metically separating the nickel from the ac 
tion of air, gases, carbon, silica, etc., and ac 
companying it throughout its working. As 
particularly suitable for this purpose, have 
found copper, bronze and aluminum bronze. 

prefer to apply the coating in certain 
manners described in my co-pending appli 
cations Ser. Nos. 265,508 (Patent No. 
851,684, dated April 30, 1907), 281,680, and 
333,570, (Patent No. 853,716, dated May 14, 
1907), although I do not limit myself to 
these methods. The process therein de 
scribed depends upon the fact observed by 

have however, discovered 
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me that while nickel and other ironlike met- . 
als have no special affinity or disposition to 
unite with unlike metals of the type of cop 
per or silver at common casting tempera 
tures of such unlike metals, yet if the cop 
per, etc. be raised far above its melting point 
and be in what may be called a supermolten 
condition, a union with the ironlike metal 
may be instantly effected by contacting the 
latter in a clean condition there with, produc 
ing a welded-on film of metal derived from 
the molten bath. To this film may then be 
welded any desired amount of said unlike 
metal at a more convenient casting tempera 
ture, producing an autogeneous, permanent 
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union of the ironlike and the unlike metal, 
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in the nature of a weld, and one which re 
sists tools and heat. To utilize this discov 
ery in coating nickel, etc., for the purposes 
stated, any of a number of methods may be 
used. One which is convenient, is to thor 
Oughly clean the surfaces of the ingot, as by 
Sandblasting; heat it under circumstances 
precluding oxidation, for which purpose a 
plunge bath of a non-alloying metal, such as 
molten lead, or a molten flux like borax, 
fluorspar, cuprous chlorid, sodium silicate, 
etc., may be used; remove it from this bath 
when sufficiently heated and momentarily 
plunge it into a bath of melted copper 
heated far above its melting point or in the 
"supermolten” condition. Upon withdrawal 
from this bath, it will be found coated on all 
exposed surfaces with a layer of copper co 
hering, as distinguished from E; to : 

O the base and resisting stripping there 
by the action of cutting tools or violent 
changes of temperature. To this copper 
layer, more copper may be attached in 
amount sufficient to give the thickness de 
sired by casting on at a more convenient 
temperature, such as the ordinary casting 
temperature of copper. The coated billet 
may then be worked with tools to compact 
the copper, if necessary. A portion of 
molten flux may be conveniently kept float 
ing on the metal in the supermoltenbath to 
protect it from the air. In removing from 
the flux bath, a portion of the flux will ad 
here to or glaze the surface, protecting it in 
transit, through the air to the supermolten 
dip. A portion of flux is also conveniently 
kept floating on the metal in the super 
molten dip. 

Fig. 1 illustrates the method just de 
Scribed of welding a coating of pro 
tective metal to the sensitive metal to be 
worked 1 designating the preliminary heat 
ing bath, of molten lead, flux or the like, 
located within a suitable furnace 2 by 
which heat may be imparted to said bath 
without contact of the article to be heated 
With the furnace gases. 3 designates a bath 
of “supermolten” protective metal, 4 a layer 
of flux on the surface thereof, and 5 a bath 
of protective metal from which the main 
portion of the protective coating is to be 
formed; both of these baths 3 and 5 being located within a suitable furnace 6. 
designates a body of sensitive metal, Sup 
posedly one which has just received a film 
coating in the supermolten bath 3;8 desig 
nates a suitable bottom plate secured to said 
metal body 7, and 9 designates a casing 
adapted to be dropped over said body 7, into 
engagement with the bottom plate 8, So as 
to inclose against the sides of the film 
ceated object 7 a layer of the molten metal 
of bath. 5. 10 designates a suitable porter 
bar by means of which the billet 7 may be 
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handled. After a layer of molten protective 
metal has been inclosed, around the billet 7, 
by the dropping of casing 9, the billet, casing 
and all are raised, out of the molten metal, 
and the molten metal within the casing is 
permitted to solidify, and when solid it 
hermetically seals substantially the entire 
lateral surface of the billet against the ac 
tion of air or other gases. The coated billet 
may then be removed from the casing, and 
worked hot between rolls (as for instance 
the rolls 11 and 12, of Fig. 2) or in any 
other Suitable manner; the sensitive metal 
being protected, throughout this working, 
by the welded-on envelop of less sensitive 
metal. In Fig. 2, 7 designates the sensi 
tive metal, and 13 the protective envelop of 
less sensitive metal. In Figs. 1 and 2, the 
thickness of the coatings is exaggerated. 
When the ingot is of small size and is not 

to be extended or worked to any great extent, 
the Supermolten dip alone is often sufficient 
without casting on more copper, but if the 
ingot is to be much reduced in size to form 
the finished articles, the cast-on coating 
should also be applied. In either case, the copper will be found to accompany the 
nickel through its subsequent manipulation, 
co-extending therewith and forming a pro 
tective coating shielding it absolutely from 
air, carbon monoxid, sulfur, silicon, carbon, 
ets. If the original coating be 3 per cent. 
of the thickness of the ingot, that in the 
finished article will also be 3 per cent. 
Another and very convenient method, 

also more fully described in one of the ac 
knowledged co-pending applications, is to 
cast the whole amount of copper desired in 
a supermolten condition around the ingot 
centered in a mold, after preferably first 
heating in the manner described. The first 
contacting, layer of the Supermolten copper 
will form the weld film and as the rest of 
the copper cools and shrinks on, the nickel 
and coating will be found to be permanently 
and indissolubly united, so far as heat or 
the action of tools is concerned. With an 
ingot of nickel so protected, all the ordinary 
operations of hot metal working, such as 
rolling, drawing and stamping may be per 
formed without fear of contamination and 
at the operator's leisure; re-heating and an 
nealing being done as often as desired and in 
any heating apparatus desired. 
The nickel of the compound billet being 

hermetically sealed-in by the cohering pore 
less copper coating and being firmly welded 
to such coating, the compound billet may be 
safely handled like a simple copper billet 
and in much the same way. 
After the finished article has been made, 

the copper may be simply dissolved off, as 
by the action of a nitric acid strong enough 
to make the nickel passive; by electric solu 
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nid, etc. For example in making a dish of 
pure nickel for use in the laboratory or the 
household, the nickel ingot may be brought 
to heat by plunging in a bath of fused cryo 
lite; momentarily dipped in a bath of super 
molten copper protected from oxidation by 
a surmounting covering of cryolite; removed 
and either with or without casting on more 
copper according to the size of the ingot, 
heated and rolled down into a plate, and 
finally stamped into shape. This will pro 
duce a nickel dish with a thin adhering 
coating of copper which may be removed by 
plunging into nitric acid solution, or other 
Suitable solvent, leaving the surface of the . 
nickel bare, ready for polishing. Pure 
nickel wire may be produced the same way 
by substituting wire drawing mechanism for 
the rolls and stamps. 

Nickel plated ware of any size, shape or 
kind may be cheaply and economically pro 
duced by substituting for the pure nickel 
ingot a compound ingot with iron or steel 
core, and the core may be tubular, the nickel 
coating being applied both inside and out 
side. The compound film-protected ingot is 
drawn, rolled, spun, stamped or otherwise 
treated exactly, as in the case of the pure 
ingot, producing wire, plates, articles, tub 
ing, etc., consisting of steel or iron with a 
coating of nickel as thin or as thick as may 
be desired, perfectly adherent, perfectly non 
porous and free from any condition of in 
ternal stress or strain. Bicycle and boiler 
tubing may be very conveniently produced 
this way. 

Besides nickel and steel-cored nickel, there 
are many other industrial metals which may 
be treated in the same way with advantage. 
Among them is cobalt which in nearly every 
respect behaves as does nickel and is equally 
advantageous for laboratory ware and for 
plating, and which, since new sources of co 
balt have been discovered, is likely to become 
industrially important in such metallic 
forms. Much of the commercial “ nickel' 
now contains greater or less amounts of co 
balt. Such metals as chromium, manganese, 
tantalum and tungsten, whose inordinate re 
activeness with metalloids has hitherto pre 
cluded their industrial use, in the pure state 
and, to a large extent, in that of definite 
alloys, may also be so worked when protect 
ed in the manner described. 

Nickel steels and other steels, offer a very 
important field for my invention. As is well 
known, after attaining a steel of a definite 
composition and therefore definite proper 
ties, it is very hard to maintain it of definite 
composition and definite properties through 
out the extensive manipulation niecessary to 
form a chisel or a watch spring therefrom. 
The high carbon steels lose more or less car 
bon and silicon, the metalloid burning out 
in superficial layers and equalizing to sup 

extension. 

ductile and malleable, enabling 
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ply the loss in underlying layers. In a 
thin article like wire or a chisel, this is se 
rious. Similarly, chromium, manganese, 
tungsten, vanadium, and similar alloying, 
readily oxidizable metals, also tend to burn 
out. This is a very serious matter in making 
and tempering tools of the modern special 
steels. By, however, covering the bloom or 
billet of steel with copper or other suitable 
material in the manner described, the original 
composition of the bloom can be maintained 
throughout all the operations necessary to 
form a finished article. This renders it pos 
sible to make tools of very exact properties 
and it also much facilitates working. For 
instance, in ordinary tool making the copper 
coated steel can be worked at much higher 
temperatures than the comparatively low 
temperature it is now thought necessary to 
use, with resultant ease and economy of working. 
In the case of tools and similar articles 

where the appearance of the shielded metals 
is not a consideration, as it is in the case of 
nickel articles, it is unnecessary to remove 
the coating of copper in most cases, al 
though this of course may be done. 
coating of copper on a chisel for instance, 
"and especially when merely the alloy 
described is applied, does it no harm what 
ever, but on the other hand is even desirable 
as protecting it from rusting and enhancing 
its appearance. The copper coated steel 
works well under the blacksmith's hammer, 
the copper following the steel through its 

Copper is made possible for use 

The 
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as a protecting envelop in the process here 
in described, by the fact that it is not par 
ticularly sensitive to the action of metalloids 
at high temperatures and is indefinitely 

it to follow 
the base metal throughout its working. 
To recapitulate, my method consists in 

covering the entire surface of, or at least 
substantially the entire lateral surface of, 
bodies of metals sensitive to contamination 
or outside influence at high temperatures, 
with a sealing coating of a less sensitive 

105 

10 

metal, before using ordinary hot manipula-. 
tions; in employing such hot working and 
finally, where desired, removing the coating. 

I employ the term “ferrous metals' in 
the following claims as a term generic to 
iron, the various steels, including nickel 
steel, cobalt steel, manganese steel-chrome 
steel, tungsten steel, etc., and also to the 
metals nickel, cobalt, manganese, chromium, 
tungsten, vanadium, titanium, etc., all of 
which metals are somewhat allied to iron 
chemically. I employ the term “nickelous 
metals” as a term generic to nickel, cobalt, 
and others of the metals mentioned which 
are closely allied to nickel, as is cobalt for 
example. 
I employ the term “ sensitive metals” as 

5 

20 - 

25 

30 



5 

10 

5 

20 

25 

30 

35 

40 

972,558 - 5 

a term generic to metals which are extremely 
subject to contamination or deterioration at 
high temperatures, such for example as 
nickel, cobalt, tool steel, etc., and as distin 
guishing from metals which may be worked 
readily at high temperatures, and without 
material contamination or deterioration, as 
for example, mild steel, copper, etc. 
What I claim is:- 
1. The process of hot-working sensitive 

metals susceptible to oxidation or other con 
tamination or deterioration at high tem 
peratures which consists in enveloping sub 

tly the entire exposed lateral surface 
of a body of such a sensitive metal with a 
hermetically sealing, cast-on coating of a 
less sensitive metal, before such surface has 
been exposed materially to the action of a 
hot contaminating gas, and then heating the 
coated object and working the base and 
coating jointly while hot. 

2. The process of hot-working metals sus 
ceptible to oxidation or other contamination 
or deterioration at high temperatures, which 
consists in enveloping bodies of such metals 
With a hermetically sealing cast-on coating 
of a less sensitive metal, and then heating 
the coated object and working both base 
and coating jointly while hot, and finally 
removing the coating. 

3. The process . hot-Working sensitive 
ferrous metals susceptible to oxidation or 
other contamination or deterioration at high temperatures which consists in producing a 
clean metallic surface on a body of such a 
sensitive metal, enveloping substantially the 
entire exposed lateral surface of such body 
after such a metallic surface has been pro 
duced with a hermetically sealing, cast-on 
coating of an unlike and less sensitive metal 
before such surface has been exposed mate 
rially to the action of a hot contaminating 
gas, and then heating the coated body and 
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Working both base and coating jointly while 
Ot. 
4. The process of hot working sensitive 

ferrous metals susceptible to oxidation or 
other contamination or deterioration at high 
temperatures, which consists in enveloping 
substantially the entire exposed lateralsur 
face of a body of such sensitive metal with 
a hermetically sealing, cast-on coating of 
copper before such surface has been exposed 
materially to the action of a hot contami 
Jnating gas, and then heating the coated ob 
ject and working both base and coating 
jointly while hot. 

5. The process of hot-working sensitive 
ferrous metals susceptible to oxidation or 
other contamination or deterioration at high 
temperatures, which consists in enveloping 
bodies of such sensitive metals with aher 
metically sealing cast-on coating of copper, 
and then heating the coated object and 
working both base and coating jointly while 

hot, and finally removing the coating with 
a solvent. - 

6. The process of hot-working nickelous 
metals which consists in enveloping sub 
stantially the entire exposed lateral surface 70 
of a body of nickelous metal with a hermeti 
cally sealing, cast-on coating of a less sen 
sitive metal before such surface has been 
exposed materially to the action of a hot 
contaminating gas, and heating and work- 75 
ing such nickelous base and the coating jointly and finally removing the coating. 

7. The process of hot-working nickelous 
metals which consists in covering a body of 
such metal with a welded-on, hermetically 80 
sealing coating of a less sensitive metal, 
heating and working such nickelous base 
and the coating jointly, and finally remov 
ing the coating. 

8. The process of hot-working nickelous 85 
metals which consists in covering a body of 
such metal with a hermetically sealing cast 
on coating of a less sensitive metal, heating 
and working such nickelous base and the 
coating jointly, and finally removing the 90 
coating by the action of a solvent. 

9. The process of hot-working sensitive 
metals susceptible to oxidation or other con 
tamination or deterioration at high tem 
peratures which consists in welding to sub- 95 
stantially the entire lateral surface of a 
body of such sensitive metal, before such 
surface has been exposed materially to the 
action of a hot contaminating gas, a com 
pletely enveloping, impervious, cohering, 100 
hermetically sealing coating of a less sensi 
tive metal, and then heating and working 
such base and its coating together. 

10. The process of hot-working nickelous 
metals which consists in welding to sub- 105 
stantially the entire lateral surface of a 
body of such metal, before such surface has 
been exposed materially to the action of a 
hot contaminating gas, a completely en 
veloping, impervious, cohering, hermetically 110 
sealing coating of a less sensitive metal and 
working such body and its coating together. 

11. The process of hot-working nickelous 
metals which consists in producing a clean 
metallic surface on a body of such a metal, 115 
forming an impervious, cohering coating of 
copper completely enveloping and hermeti 
cally sealing NE the whole . of 
such surface by contacting such surface 
with molten copper at a temperature, much 120 
above the melting point of copper, before 
material contact of such surface with hot contaminating gas, and then working the 
body and the coating jointly while hot. . In testimony whereof I affix my signature 125 
in the presence of two witnesses. . . 

JOHN FERREO, MONNOT. 
Witnesses: . . . . 

J. B. HANNUM, Jr., 
W. E. ScHAFFER. 


