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The invention relates generally to the application of 
metal to an object, and more particularly to metallic 
coatings, bonds and the like. 

In the past homogeneous metallic coatings and the like 
have been applied by several methods, as for example, 
electrolytic deposition and molten application by suitable 
dipping processes and the like. Likewise bonding opera 
tions have involved the liquifying of metal at the bonding 
area by the application of sufficient heat to raise the 
temperature of the bonding metal to its melting point. 
Obviously in all of these cases the surface of the object 
to which the metal is applied must be suitably prepared 
by means of a fluxing or wetting agent or the like to in 
sure proper adhesion of the metallic coating to the surface 
to which it is applied. In the last several years a process 
has been developed for applying a high nickel, low phos 
phorous alloy on metallic surfaces, called the "Niphos' 
process, in which an oxide of nickel is reduced on the sur 
face to be coated. In this process which is described in 
the April 15, 1954 issue of the magazine, “The iron Age," 
diabasic ammonium phosphate, nickel oxide and water are 
made into a paste and applied to the surface, the latter 
being degreased by suitable means before the coating is 
applied. The material and objects to which it is applied 
is then heated in a suitable furnace or the like, utilizing 
atmosphere control, to bring the mixture up to a firing 
temperature dependent upon the ratios of the materials, 
which will normally vary from two to one, to twenty to 
one, oxide to phosphate, with an increase in phosphorous 
reducing the temperature required. Atmosphere control 
is effected by employing a suitable reducing gas, as for 
example, hydrogen. 
The reactions involved are alleged to occur in two main 

presentations, the first being a reaction of diammonium 
phosphate with nickelous oxide and the hydrogen reducing 
gas to produce the eutectic alloy of nickel and phosphor 
ous, and resulting in the formation of the side products 
of ammonia, water vapor and phosphine. In the second 
reaction, the phosphine apparently reacts with some of 
the nickelous oxide, which is present in excess to that re 
quired in the first reaction, to produce a mixture of nickel 
and a nickel phosphorous alloy. It will be apparent that 
in this type of operation the nickelous oxide is reduced 
by the reducing gas, with the additional element of phos 
phorous being introduced to form an eutectic alcy, there 
by reducing the melting temperature required. Obviously 
this process also results in the formation of additional 
compounds such as ammonia and water which have no 
functional or other value. 
The present invention is directed to a novel method of 

applying metal to an object, either for the purpose of 
coating the surface of the latter or for creating a bond 
between the object and another member or the like, with 
both the metal coating and the fluxing or wetting agent 
being released at the site in their nascent state, resulting 
in a degree of surface preparation heretofore unobtain 
able, and resulting in bonds and coatings having greatly 
improved characteristics over other known methods. 
Another object of the invention is the development of 

a method of bonding by means of which accurate control 
of the amounts of bonding or coating materials may be 
effected, a factor of particular importance in connection 
with the application of materials having a high cost, 
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A further object of the invention is the development of 

Such a method, by means of which, coatings of a single 
metal, of extremely high purity may be achieved when 
desired, or additional elements or components may be ef. 
fectively utilized to provide desired constituents in the 
applied metal, or impart desired characteristics in the 
Wetting or bonding action. 
A further object of the invention is the development of 

Such a method which, due to the nature and operation 
thereof, may be employed to coat or bond non-metallic 
objects, as for example, ceramics and glass. 
A further object of the invention is the development of 

Such a process which is extremely flexible, enabling the 
utilization of desired metals in combination with various 
acids or similar fluxing or wetting agents, as may be best 
suited for the particular material to which the metallic 
coating is to be applied, insuring maximum efficiency in 
the operation. 
A further object of the invention is the development 

of such a method by means of which in certain applica 
tions, a metal may be applied to an object at temperatures 
below the melting point of the applied metal, or the base 
metal of an object to which it may be applied, whereby 
the process may utilize atomic and molecular activity 
rather than a mass activity, and under some conditions 
may be of value in providing an extremely light, more or 
less flash coating. 
The present invention broadly contemplates the utili 

zation of a metal-containing compound such as a me 
tallic salt, which is adapted to undergo a chemical re 
action at the site of the coating or bonding operation to 
release free metal from the compound and at the same 
time provide a suitable fluxing or wetting agent at such 
site. In one form of the invention, the metal salt or salts 
may be of an acid having the desired characteristics for 
use as a fluxing or wetting agent on the material to 
which the coating is to be applied, so that upon release 
of the metal, the products of the reaction would include 
such acid, thus available as a wetting or fluxing agent. 
it will be apparent that as the metal and the acid are 
released in a nascent state, they will have properties of 
affinity, purity, etc. not achievable by other processes. 
in one of its simplest forms, where a single metal is to 
be applied, the metal may be merely in the form of a me 
tallic salt of an acid having the desired fluxing or wet 
ting characteristics in connection with the metal to which 
the coating is to be applied. Thus in the case of stainless 
steel, for example, the acid may be one of the halides such 
as hydrochloride which will etch stainless steel, and as 
suming that the metal to be applied was silver, the salt 
may be silver chloride. Cn the other hand, if the ma 
terials to which the metal is to be applied indicate, for 
exampie, the use of sulphuric or nitric acid, the salt might 
be a sulphate or nitrate, respectively. As hereinafter 
described in detail, the salt may be suitably applied to 
the object and a reaction with hydrogen effected to lib 
erate the metal from the salt, the hydrogen combining 
with the acid radical to produce the desired acid. 
At the present time there has been and is a definite need 

in industry, of a scope which may be deemed critical, for 
an improved method of applying metal to an object, par 
ticularly in connection with bonding a plurality of mem 
bers into an integral structure, by means of which a uni 
formly perfect bond may be achieved with techniques 
and equipment within the range of practicability of the 
average plant, particularly in view of the increased use 
of structures for high temperature applications in nuclear 
aviation and other fields. 
Assuming for example that it is desired to apply silver 

to stainess steel or to utilize silver to bond two stainless 
steel members together, hydrochloric acid, which will 
etch stainless steel, may be employed for the fluxing or 
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wetting agent and in accordance with the invention, a 
silver salt of chlorine, namely silver chloride, may be 
employed. The salt may be applied, for example, with 
water as a slurry, or in any suitable vehicle, to the object 
at the desired points in sufficient quantities to ultimately 
provide the desired amount of silver at the designated 
points. 

In some cases it may be desirable to spray merely a 
relatively thin solution of the salt on the object to be 
coated or the desired portions thereof. 

Similarly, assuming that nickel were to be deposited 
on a metal on which nitric acid would give the desired 
fluxing or wetting action, nickel nitrate could be utilized, 
and in like manner assuming that aluminum were to be 
deposited on a metal on which sulphuric acid would 
give the desired fluxing or wetting action, aluminum sul 
phate could be employed. Following the application of 
the material to the object, the latter may be placed in a 
suitable furnace or oven in a hydrogen atmosphere and 
brought up to a suitable firing temperature which will 
depend to a large extent on the specific materials em 
ployed. In the first example given, the hydrogen gas of 
the reducing atmosphere would displace the silver from 
the silver chloride salt, with the hydrogen and halide com 
bining to produce hydrochloric acid. In the second ex 
ample given, the hydrogen would combine with the ni 
trate, forming nitric acid and liberating the nickel, while 
in the third example the hydrogen would combine with 
the Sulphate radical to form sulphuric acid and liberate 
the aluminum. 

In all of these examples both the free metal and the 
acid are liberated in a nascent state at the desired site of 
the application of the metal to the object. Obviously, as 
the metal and acid are being produced in a nascent state 
the increased activity of the same results in considerably 
greater efficiency of fluxing and wetting of the surface 
as well as the adhesion of the applied metal thereto over 
ordinary types of application. This action is quite ap 
parent in the bonding of elements together wherein the 
bonding metal even forms a flash coating on the elements 
well beyond the physical location of the original com 
ponents, which flashing exhibits substantially perfect wet 
ting and adhesion between the substances. 

While I am unable at the present time to explain in 
detail and with certainty the Successive steps and reac 
tions, etc., which take place in the practice of the method, 
it is believed evident that metallic atoms and acid form 
ing molecules are in all probability simultaneously re 
leased, the latter providing a surrounding acid vapor 
within which the metallic atoms or molecules coalesce 
and are deposited on the adjacent metal Surface, the nas 
cent acid providing exceptional wetting action and the 
metal having apparent very high affinity for the metal 
Surface as evidenced from the fact that the flash coating 
referred to may extend for a considerable distance be 
yond the immediate proximity of the pre-placed salts and 
the uniformity and extent of the action considerably ex 
ceeds any other brazing operation heretofore observed. 
Experiments indicate that the process is adaptable in con 
nection with the application of other metals, in addition 
to those heretofore referred to, and is believed applicable 
to most if not all metals. In this connection it will be 
noted that of all of the specific metals mentioned, silver 
is the only one which is below hydrogen in the chemical 
activity or electromotive series of the metals. Thus in 
the normal low temperature chemical reactions, while 
hydrogen would normally displace silver from compound, 
metals such as nickel, tin, aluminum and Zinc would tend 
to displace the hydrogen from the acid, so that the libera 
tion of such metals in the present process is the reverse 
chemical action to that which would normally be expe 
rienced at lower temperatures. It is believed that the 
reaction, particularly in the case of those metals which 
are above hydrogen in the electromotive series, is con 
troiled by the factors involved relating to chemical equi 
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librium, chemical affinity, and the chemical force and 
resistance associated with reaction velocity. 

It is of course well known that the velocity of chemical 
changes increases rapidly with an increase in tempera 
ture. The reaction velocity is usually designated as the 
ratio of chemical force to chemical resistance and at very 
low temperatures, such as in the immediate vicinity of 
absolute zero, there is no equilibrium but every chemical 
process advances to completion in one or the other direc 
tion. The chemical forces therefore act in one direction 
toward complete consumption of the reacting substance, 
but since the chemical resistance is then immensely great, 
they can produce practically no appreciable result. At 
higher temperatures the reaction proceeds, at least in 
homogeneous systems, to a certain equilibrium, and as 
the chemical resistance at such time has finite values, the 
equilibrium will always finally be reached after a longer 
or shorter time. Finally, at very high temperatures the 
chemical resistance becomes very small, and the equi 
iibrium is almost instantaneously reached, while at the 
same time the affinity of the reaction may very strongly 
diminish and the chemical reaction may then take place, 
not because the chemical resistance becomes very great, 
but because the chemical force becomes vanishingly 
small. 

It would appear that the reactions here involved may 
be somewhat analogous to the action of many other com 
pounds, as for example, acetylene which is stable at or 
dinary temperatures, inasmuch as it decomposes slowly, 
but at the same time it is explosive, for the decomposi 
tion when once started is rapidly propagated on account 
of the heat evolved by the splitting up of the gas into 
carbon and hydrogen. At very high temperatures, how 
ever, acetylene acquires real stability, since carbon and 
hydrogen then react to form acetylene. It will also be 
appreciated that in the present process, as the reactions 
take place in an atmosphere of hydrogen, the hydrogen 
is present in vast excess to the other elements involved, 
with the hydrogen tending to reduce the salt to the me 
tallic state and the formation of the acid in a vapor state. 
Likewise, as the hydrogen is usually being circulated, 
there could be a tendency for the acid vapor to be with 
drawn from the reactive area, which would prevent the 
formation of a condition of equilibrium. 

While, as previously mentioned, the displacement of 
silver by the hydrogen would be a normal reaction, with 
the metals of higher activity than hydrogen the reverse 
Would normally be true and it is believed that the process 
may in many cases be satisfactorily carried out by the 
use of temperatures which are merely above that required 
to reverse the reaction. This conclusion is supported by 
experiment and it has been found, for example, that the 
nickel salt may be reduced and the metal freed at tem 
peratures around two thousand degrees Fahrenheit, 
whereas the melting point of nickel is approximately 
twenty-six hundred and forty-five degrees F. The other 
metals apparently behave similarly at temperatures be 
low their melting points, indicating that the basic reaction 
is molecular or atomic as distinguished from a mass action 
such as melting. While subsequent investigation may 
vary present considerations with respect to operating tem 
peratures, it would appear that the probable temperature 
range for those metals that would commonly be used 
would be approximately 1300 F. to 2300° F. 

While it would appear that excellent results may be 
attained with the process in connection with the appli 
cation of coatings and the like at temperatures below 
the normal melting point of the metal, when the process 
is used for bonding, it would appear that best results may 
be obtained by utilizing an ultimate temperature slightly 
above the melting point of the metal being applied to 
permit the metal to flow, whereby an efficient and uniform 
fillet along the juncture of the members being bonded is 
obtained. Obviously, where the process is carried out at 
the lower temperatures, the deposited metal normally will 
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not form a well shaped fillet as the metal not being liquid, 
is merely deposited from a nascent state, and thus will not 
flow or otherwise possess capillary characteristics, etc. 
The results obtained by use of the process herein de 

scribed indicates that a dense, non-porous bond or coat 
ing is achieved, which in part may be due to the greater 
affinity of the substances in their nascent state. The 
process may be of particular importance in coating metals, 
as for example, to aluminize or aluminum coat steel, 
and in view of the high degree of wettability afforded by 
the present process it might be used to coat copper brazed 
structures of low carbon steel to provide a protective 
aluminum coating on the steel and converting the ex. 
posed copper bond to an aluminum bronze surface. Sim 
ilarly, in view of the nature of the process and the high 
degree of wetting, the process might have application 
where an extremely light flash coating somewhat similar 
to vacuum plating might be desired, the atomic or mo 
lecular action, as distinguished from a mass action, en 
abling the production of extremely thin coatings which 
probably may even be of single molecular thickness. 

It also will be apparent that the process provides a 
means of obtaining metal, either as a coating or as a 
bond, of extremely high purity, as well as alloys, in very 
exact ratios, with no loss of metal, which would be of 
particular value in connection with coatings of the noble 
metals and the like. Likewise it would appear that the 
atomic nature of the process enables the coating and 
bonding of non-metals, as for example ceramics and 
gass, which normally cannot be effectively achieved by 
present methods, as well as enable the formation of 
alloys of metals which otherwise could not be alloyed 
by present techniques. Similarly, in addition to these 
advantages, the ability to coat or bond at temperatures 
below the melting point of the metal applied may enab'e 
the coating and bonding of materials by metal, which 
could not be accomplished if it were necessary to bring 
the applied metal up to its melting point. 

It would appear that in some cases it might be possible 
to provide some degree of control of the application of 
the metal to the object by means of a suitable electric 
field. 

Having thus described my invention, it is obvious that 
various immaterial modifications may be made in the 
same without departing from the spirit of the invention; 
hence I do not wish to be understood as limiting myself 
to the sequence of steps or the exact form, construction, 
arrangement and combination of parts herein shown and 
described, or uses mentioned. 
What I claim as new and desire to secure by Letters 

Patent is: 
1. The method of bonding two members of a metal 

which can be etched by an acid selected from the group 
consisting of hydrochloric acid, hydriodic acid, hydro 
bromic acid, nitric acid and sulphuric acid, which com 
prises the following steps: applying by preplacing a 
chemical composition selected from the group consisting 
of a silver chloride, silver iodide, silver bromide, a nickel 
nitrate, and an aluminum sulphate at the juncture of the 
two said members to be bonded in a sufficient amount 
to provide adequate free metal to form a desired bond 
between the two said members, and heating said two 
members and the chemical composition selected from 
the aforesaid group in a hydrogen atmosphere to a tem 
perature operative to free the metal of the selected 
chemical composition for bonding purposes and simul 
taneously provide the acid of the selected chemical com 
position as the metal of the selected chemical composi 
tion is freed, for etching the said members being bonded 
with the freed metal. 

2. The method of silver bonding two stainless steel 
members which comprises the following steps: applying 
by preplacing a silver chloride composition at the junc 
ture of the two stainless steel members to be bonded in 
a Sufficient amount to provide adequate free metal to 
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6 
form a desired bond between the two stainless steel men 
bers, and heating said two stainless steel members and 
silver chloride composition in a hydrogen atmosphere 
to a temperature operative to free the silver for bonding 
purposes and simultaneously provide the acid of such 
chloride as the silver is freed, for etching the stainless 
steel members being silver bonded with the freed silver. 

3. The method of nickel bonding two members made 
of a metal that can be etched by nitric acid which com 
prises the following steps: applying by pre-placing a 
nickel nitrate composition at the juncture of the two said 
members to be bonded in a sufficient amount to pro 
vide adequate free metal to form a desired bond be 
tween the two said members, and heating said two mem 
bers and nickel nitrate composition in a hydrogen atmos 
phere to a temperature operative to free the nickel for 
bonding purposes and simultaneously provide the acid of 
such nitrate as the nickel is freed for etching the two said 
members being nickel bonded with the freed nickel. 

4. The method of aluminum bonding two heated metal 
members upon which a resultant acid from the reaction 
of a metallic sulphate in a hydrogen atmosphere would 
provide a fluxing or wetting action which comprises the 
following steps: applying by pre-placing an aluminum 
sulphate composition at the juncture of the two metal 
members to be bonded in a sufficient amount to provide 
adequate free metal to form a desired bond between the 
two metal members, and heating said two metal members 
and aluminum Sulphate composition in a hydrogen atmos 
phere to a temperature operative to free the aluminum 
for bonding purposes and simultaneously provide the acid 
of such sulphate as the aluminum is freed, for etching 
the two metal members being aluminum bonded with 
the freed aluminum. 

5. The method of aluminum coating an object of steel 
to provide a protective aluminum coating thereon which 
comprises the following steps: applying to a surface of 
the object an aluminum sulphate composition in a suffi 
cient amount to provide adequate free metal to form the 
desired coating and heating said object and said com 
position in a hydrogen atmosphere to a temperature 
operative to free the aluminum for coating purposes and 
simultaneously to provide sulphuric acid for etching the 
said surface of the steel object so that a protective 
aluminum coating is provided on the said surface of the 
steel object, 

6. The method of coating a copper brazed steel struc 
ture to provide a protective aluminum coating on the 
Steel Surface and an aluminum bronze surface on the ex 
posed Surface of the copper brazing material which com 
prises the following steps: applying to the surface of said 
Structure an aluminum sulphate composition in a sufficient 
amount to provide adequate free metal to form the desired 
coating and heating said structure and said composition 
in a hydrogen atmosphere to a temperature operative to 
free the aluminum and simultaneously to provide sul 
phuric acid for etching the surface of said structure, said 
freed aluminum providing a protective aluminum coating 
on the exposed steel surface and an aluminum bronze 
Surface on the exposed surface of the copper brazing 
material. 

7. The method of metal coating a surface of a mem 
ber made of a metal that can be etched by an acid se 
lected from the group consisting of hydrochloric acid, 
hydrobromic acid, hydriodic acid, nitric acid and sul 
phuric acid, which comprises the following steps: apply 
ing to said surface a composition selected from the group 
consisting of silver chloride, silver bromide, silver iodide, 
nickel nitrate and aluminum sulphate in an amount suffi. 
cient to provide adequate free metal to form the desired 
coating and heating said member and said composition 
in a hydrogen atmosphere to a temperature operative to 
free Said coating metal and simultaneously to form the 
acid for etching the surface of said member. 

(References on following page) 
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