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This invention relates to a general method for fusion 

bonding a metal coating having desired special physical 15 
and/or chemical properties in controlled uniform thick 
ness onto any desired surface of a higher melting point 
base metal. 

This application forms a continuation-in-part super 
Seding two copending applications and consolidating the 20 
subject matter thereof with new matter disclosed for the 
first time in the present application. 
The earlier of my copending applications, Serial No. 

742,208 filed on April 17, 1947, and now abandoned, dis 
closed the general coating process of the present appli- 25 
cation including steps of applying a thin liquid film of 
adhesive to the surface of the base metal to be coated, 
the application of an excess of granulated coating metal 
over such liquid film, removing all but the single layer 
of granulated coating metal retained by such liquid film, 30 
and heating by suitable medium to a temperature below 
the melting point of the base metal at which the granulated 
coating metal will fuse, displace the adhesive and bond 
to the base metal. 

Whereas the preferred method of heating disclosed in 35 
such earlier copending application comprised a controlled 
nonoxidizing furnace atmosphere, the second of my co 
pending applications, Serial No. 83,288, filed on March 
24, 1949, and now abandoned, was directed primarily to 
an improvement in the method of heating in the fusing 40 
step of such process consisting in the use of a liquid bath 
and more particularly the use of a fused boric oxide heat 
EE which produced remarkably improved results 
rom the standpoint of smoothness of coating, perfection 
of uniform fusion bond, complete protection of coating 45 
particles and base metal from oxidation, and freedom 
from distortion. 
The present application adds the disclosure of a par 

ticular method for applying the particles of coating metal 
over the film of liquid adhesive which makes it possible to 50 
use a substantially finer particle size than that retained 
by a 325 mesh screen, which had been taught by my 
earlier copending application to define the lower limit of 
particle size which could be satisfactorily applied in a 
uniform layer. This new method of application is 
characterized by a gradual sprinkling of coating metal 
particles, as through a screen or sieve, over the film of 
liquid adhesive in contrast to the earlier disclosure of a 
sudden pouring of an excess of coating metal particles 
onto such surface. 

v The coating process and materials used therein forming 
the subject matter of this consolidated application are 
particularly directed to provide a method for producing 
a "fusion bond' between coating and base metals as char 
acterized by a solid solution or alloying of the base and 65 
coating metals at the contact surface; to provide a method 
for binding particles of refractory or relatively high melt 
ing point materials such as tungsten carbide, chromium 
boride or diamond particles to the surface of a base metal 
in a coating matrix capable of fusion bonding at a tem- 70 
perature below the melting point of such base metal; 
to provide for surface coating of entire objects or of any 
desired limited surface areas thereof whether such sur faces be horizontal, vertical, lower, irregular, remote, 
internal or external, or whether they be broad in area or 75 
limited to a thin edge; and they are particularly directed 
to provide an exceptionally uniform coating with ex 
tremely accurate control of coating thickness anywhere 
within the range of .001 to .025 of an inch. 
The basic steps of the process as applied to plain coat- 80 

ings comprise the application of a thin film of liquid ad 
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hesive (preferably water soluble proportions of water 
glass and borax into which a fine metal powder is mixed 
with sufficient water to provide a paint consistency) to 
any surface of the metal article to be coated, the ap 
plication to the thin film of adhesive of a substantially 
single layer of granulated noneutectic alloy coating metal 
having a particle size exceeding the thickness of the ad 
hesive film, and the heating of the coated surface to a 
temperature below the softening point of the base metal 
whereat the coating metal becomes plastic, displaces the 
nonmetallic ingredients of the adhesive and fusion bonds 
with the base metal. 
Where it is desired to bond refractory particles in the 

surface coating, the basic steps include the application of 
the adhesive film followed by the application of a mix 
ture of the refractory particles with the granulated bind 
ing metal and the heating of the coated surface to the 
bonding temperature; or where a denser coating of re 
fractory particles is desired or where differences in the 
size and/or specific gravity of the refractory particles 
and the binder metal make it difficult to obtain a uni 
form mixture, the process may be varied by applying to 
the ahesive film a layer of refractory particles alone fol 
lowed by the drying of the adhesive, the application of a 
second coating of adhesive, the application of the granu 
lated binding metal and the heating of the coated sur 
face to the bonding temperature. Depending on the ma 
terials used, the latter procedures may result in a fusion 
bond between the base and binder metals alone with 
the refractory particles merely embedded in a matrix of 
the binder metal or the binder metal may alloy or fusion 
bond with the refractory particles as well as the base 
metal; and depending on the relative size and quantity of refractory particles and binding metal particles the 
refractory particles may be completely embedded or 
caused to project from the surface of the binding metal 
to any desired extent. 

In each of these cases the adhesive, other than the 
metallic powder mixed therein for purposes hereafter 
described, forms no part of the final coating but is dis 
placed and floated to the surface of the plastic coating 
metal as a result of the relatively greater affinity between 
the base and coating metals. 

After the film of liquid adhesive has been applied to 
the base metal by any commercial painting technique, 
the preferred method of applying the particles of coating 
metal onto the film of liquid adhesive, particularly where 
a particle size fine enough to pass through a 325 mesh 
Screen is employed, consists in sprinkling the coating metal 
particles gradually over the surface to be coated as by 
Screening it through a sieve. The preferred method 
of heating, where the fusion bonding temperature is over 
1500 F., consists in submerging the article, with the 
coating metal applied and the adhesive dried, into a fused 
liquid bath of boric oxide having a controlled temperature 
corresponding to the fusion bonding temperature for the 
particular coating metal employed. 
The novel scope of my invention is believed to com 

prehend the basic process as used in the two general 
classes of application indicated above, namely plain coat ing and refractory particle coatings, the particular pre 
ferred adhesive used in such process, the preferred method 
of applying particles as used in such process, and the 
preferred method of heating as used in such process. 

I am aware of numerous patented and unpatented 
processes for coating base metals which involve the use 
of powdered coating metals and nonmetallic vehicles for 
applying them. Among these are a number of processes 
in which nonvolatile constituents of the vehicle form a 
permanent part of the coating and in which no fusion 
bond takes place between the coating and base metals. 
A number of other prior processes are known wherein 

the vehicle does not form a permanent part of the coat 
ing but wherein it is premixed into a paste with powdered 
coating metal. Thus, a process has been developed for 
fusion bonding tin to a base metal such as black iron 
wherein powdered tin is mixed in suspension in a lacquer 
or resin binder and thereupon applied to the iron base 
metal. After oven drying to drive out the lacquer 
solvents, the surface is heated to the fusion temperature 
leaving a film of carbon which may be scrubbed off. 
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In another early process, powdered copper is mixed 
in a heavy paste of sodium fluoride, sodium silicate and 
borax and applied to flat iron plates as by a printing 
roller, the paste vehicle serving to completely envelop 
and protect the powdered copper from oxidation as it 
Settles down against the iron plates during heating; or as 
a variation the powdered copper may be applied on top 
of the other paste constituents. 

Still another process involves the mixture of hard 
refractory particles such as tungsten carbide with particies 
of a relatively low melting point bonding metal in a 
Sodium silicate paste which may be applied to earth en 
gaging tool surfaces subject to abrasive wear and heated 
in an atmosphere controlled furnace. 

However, in none of these processes is a thin film of liq 
uid adhesive first applied which is suitable for retaining 
only a single layer of subsequently applied granulated 
coating metal, nor is any method disclosed for applying 
a uniform substantially single layer of granulated coat 
ing metal such as to provide for accurate control and 
uniformity of thickness. In the first class of processes 
mentioned above wherein the vehicle forms a permanent 
part of the coating, the physical characteristics of the 
surface are necessarily limited to those of the vehicle. 
The second class of processes wherein the powdered coat 
ing metal is first mixed with the vehicle is either limited 
to the production of very thin coatings in the order of 
.00 inch because of the limited quantity of powder 
which may be mixed into any vehicle while retaining a 
consistency which will permit it to be uniformly applied, 
or else involves a heavy thick paste which is not sus 
ceptible to uniform application or accurate control of 
thickness by any production method. In contrast, the 
present process is adapted to produce accurately and 
uniformly any desired thickness of coating within ex 
tremely widelimits (.001' to .025) through a proper 
selection of the size of granules which are applied in a 
uniform single layer to the adhesive. Furthermore, either 
the suspension of powdered metal in a vehicle or the ap 
plication of a powdered metal to a relatively thick paste 
such as would provide complete envelopment of the metal 
powder as it settled through the paste and onto the base 
metal, is believed to result in a fundamentally different 
type of bonding action than is obtained in the present 
process as will be hereinafter explained in detail. 

While the process disclosed in my earlier copending ap 
plication Serial No. 742,208 was not specifically limited to 
any particular method of heating to the fusion bonding 
temperature, torch or furnace heating, the latter either in 
a plain or controlled atmosphere, were the only methods 
which had been employed at the time of filing or sug 
gested in such application. Although coatings of com 
mercial quality for soome purposes can be obtained in a 
special reducing atmosphere such as hydrogen or by care 
ful application of a suitable protective flux such as boric 
oxide where an oxidizing atmosphere is encountered, 
there are numerous practical difficulties in obtaining uni 
formly smooth and imperforate coatings with such heat 
ing methods. 
One imperfection which was frequently encountered 

is the formation of small depressions or "pock' marks 
in the coated surface which have the appearance of being 
formed by small trapped gas bubbles creating localized 
pressure points on the plastic surface of the coating metal 
while it is being fused. It has been found that careful 
control of the protective flux to preserve it in an anhy 
drous condition helps to minimize the appearance of these 
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depressions. However, my numerous attempts to meet this 
problem in an economical and commercially acceptable 
manner were of limited success in applications requiring a 
uniform high quality surface until I employed the liquid 
fused boric oxide bath which served both as a heating 
medium in raising the temperature of the coated products 
to the fusion bonding point and to completely protect 
Such parts from oxidation during the heating operation. 
As mentioned above, the process as disclosed in my 

prior copending applications was subject to a limitation in 
the minimum size of coating metal which could be used, 
a 325 mesh screen size being taught as marking the lower 
limit of particle size. It has been my experience that if 
finely divided coating metal of a particle size which would 
pass through a 325 mesh screen is poured onto the ad 
hesive film on the surface of a base metal and the excess 
is then removed by gravity and jarring, the coating metal 
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4. 
tends to adhere in irregular lumps rather than in a uniform 
or single layer as required by the process. 

While I do not completely understand the cause for such 
lumping of finely divided coating metal it may be that the 
capillary action obtaining in the case of finely divided par 
ticles is such as to cause the liquid adhesive to rapidly soak 
up into the excess of material applied and thereby cause 
hills or piles of the coating particles to adhere together 
whereas in the case of granulated particles of a size ex 
ceeding that which will pass through a 325 mesh screen, 
the individual particle size is of a thickness sufficiently 
greater than the thickness of the film of adhesive such as 
to inhibit such capillary action beyond the substantially 
single layer of particles which directly contact the adhesive 
film. In any event, all attempts to extend the range of 
particle size in the direction of finer particles, such as 
would pass through a 325 mesh screen, by thinning the 
consistency of the adhesive or by attempting to spread it 
out into a thinner film were unsuccessful. 
On the other hand, while very finely powdered metal 

(under 20 microns) could be mixed directly into the 
adhesive and spread onto the base metal in a uniform 
paintlike film either by brush or spray gun, such method 
has been found to be impracticable with a particle size 
exceeding 20 microns since the resulting mixture departs 
from the required paintlike consistency with solid particles 
that are not adaptable to uniform spreading with paint 
brush, spray gun, or other painting techniques. Thus, 
until recently there was a range of coating particle size 
(20 to 44 microns, the latter corresponding to a 325 mesh 
screen size) for which no suitable method of applica 
tion was known consistent with desired accurately con 
trolled uniform thickness coatings and with feasible 
production methods of application. 

Coating metal particles in the size range of 20 to 44 
microns may be successfully applied to the film of liquid 
adhesive on the surface of a base metal if screened on 
through a 100 mesh sieve to an excess which is then re 
moved by rapping or jarring the base metal article. The 
effect of so screening the particles on appears to be such 
as to use up the absorption or capillary spreading prop 
erties of the film of liquid adhesive with the first layer 
of coating particles to fall over the surface of the film 
as they gradually descend onto such surface from the 
sieve. In any event the excess particles applied by such 
method fail to adhere in lumps or irregular thicknesses, as 
when such particles are poured on suddenly in excess 
quantity, but instead all but a smooth uniform layer are 
readily removed by gravity when the part is rapped or 
otherwise jarred to impart vibration thereto. 
Thus the present disclosure of what may be termed 

a "screen on' method of applying the coating metal 
extends the range of particle size to which my process 
is applicable substantially below the former 325 mesh 
limitation and to a particle size less than half of that 
formly thought to be the minimum, closing the gap be 
tween the very small particle size (under 20 microns) 
which may be uniformly applied directly in the adhesive 
and the size of 325 mesh and over disclosed by the process of my prior copending applications, and making 
it possible to apply uniformly and accurately controlled 
thicknesses of coating metal of any size ranging from 
the finest "bag powder" up to 30 mesh representing the 
complete output of conventional mills for crushing metal 
into granulated and powdered particles. 

Accordingly, it is the principal object of the present 
invention to provide a new process for surface coating 
any base metal with a uniform and accurately controlled 
thickness of one or more metals, as in providing special 
physical characteristics not possessed by the base metal 
Such as wear resistance, hardness, high tensile strength, Special appearance, resistance to low or high tempera 
ture oxidation, corrosion, abrasion or acid. 
Another object is to provide a process for binding 

a uniform layer of refractory particles onto the surface 
of a base metal. 
Another object is to provide for uniform coating thick ness through a single layer application of granulated coat 

ing particles. 
Another object is to provide for accurately controlled 

thickness of coating through single layer application of 
granulated coating particles which are preselected and 
graded in size. 

Another. object is to provide for exceptional range of 
coating thickness through the use of noneutectic alloy 
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coating metal having a substantial plastic temperature 
range between liquidus and solidus points. 

Another object is to extend the range of heavy coating 
thickness through the use of a metal powder in the ad 
hesive having solid properties at the fusion bonding tem 
perature to inhibit slipping of the plastic coating metal 
on inclined surfaces. 
Another object is to provide an adhesive for use in 

this process which may be distributed on the surface to 
be coated in a uniform thin liquid film by conventional 
painting techniques. 

Another object is to employ an adhesive which will 
include a minimum of nonvolatile, nonmetallic residue 
to be displaced and gotten rid of in the fusion bonding 
and succeeding steps. 
Another object is to employ an adhesive having ade 

quate holding power to firmly retain relatively large 
granules of coating metal throughout all steps of the 
Ris leading to the fusion bonding of such coating 
metal. 
Another object is to employ in such adhesive an in 

hibitor to prevent running of the containing metal on in 
clined surfaces when it reaches a fused state. 

Another object is to provide a heating medium for 
use in a process of this type which will also serve to 
completely protect the part heated from oxidation as 
well as from the formation of irregularities in the surface 
encountered with furnace and torch methods of heating. 
Another object is to provide a liquid bath for this 

purpose which will provide protection against oxidation 
both during the period of heating and during the period 
s poling after the article is withdrawn from the liquid 
ath. 
Another object is to provide a liquid bath which is 

inert with regard to any chemical action with the parts 
submerged therein, nonvolatile at the temperatures em 
ployed, which may be readily removed from the part 
after it has served its purpose, which is both stable and 
nontoxic at the fusion bonding temperatures, and which 
is economical and can be recovered conveniently for 
else. 
Another object is to provide a heating medium per 

mitting a more rapid heating than is possible with a gase 
ous heating medium, which will facilitate the uniform 
heating of all surfaces of any parts introduced therein, 
which will adhere to parts removed therefrom in suffi 
cient quantity to promote even cooling and to minimize 
distortion as well as to protect the part from oxidation 
during cooling, and which may be readily removed from 
the parts submerged therein and leave the surfaces clean 
and bright. 
Another object is to provide a general surface coating 

process applicable to a wide range base metals, coating 
metals and commercial requirements. 

Another object is to provide a surface coating process 
adaptable to automatic methods for quantity production. 
Another object is to provide a surface coating requir 

ing no special skill on the part of the operator and 
s is economical with respect to time, materials and 
a)0. 
Another object is to provide for the use of any and 

all particle sizes of coating metal extending from the 
finest powder up to as large as 30 mesh by a method 
which will accommodate the application of the uniform 
layer of such coating particles and the accurate control 
of thickness over entire surface areas of any extent, con 
tour, and inclination. 
These and other objects will be apparent from the fol 

lowing more detailed description of the process, the ma 
terials used therein and specific examples of proven ap 
plications. 

Plain coatings 
There are certain inherent requirements which to the 

best of my knowledge form the only limitations for de 
fining the scope of the process in its application to plain 
coatingS. 

1. The base metal must be capable of retaining its 
shape at the bonding temperature and must have suit 
able fusion bonding properties with the coating metal 
at a temperature below the melting or softening point 
of the base metal. 

2. The coating metal is preferably a noneutectic alloy 
having a substantial plastic range between liquidus and 
solidus points below the melting or softening tempera 
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6 
where coatings of substantial thickness (in excess of one 
or two thousandths) are to be made on inclined surfaces 
since pure metals or eutectic alloys with abrupt melting 
points producing a sudden transition from solid to liquid 
state will invariably either run off or fail to properly 
bond under such conditions. 

3. The adhesive must have a liquid paintlike consist 
ency capable of thoroughly "wetting” and covering the 
surface of the base metal in a thin film when applied 
thereto by conventional painting techniques such as brush 
ing or spraying so that the resulting film has a smaller 
thickness than that of the particles of coating metal ap 
plied thereto; must be capable of retaining substan 
tially a single layer of granulated particles of coating 
metal when applied thereto in excess; must be capable of 

- holding such layer of granulated coating metal both 
during the preliminary handling of the article and dur 
ing heating to the bonding temperature; must provide 
necessary fluxing action to promote bonding and its dis 
placement from contact with the base metal by the 
coating metal when the bonding temperature is reached. 
The base metal may be prepared for the process by 

merely cleaning the surface of any grease or dirt such as 
would interfere with proper bonding or which might 
form inclusions tending to weaken the bond. It is not 
necessary that the base metal be shot blasted to roughen 
the surface as is the case with certain flame spraying 
processes but it is rather preferable that the surface 
be smooth where it is desired to have a smooth finished 
article. This fact permits the use of hard base metals 
not adaptable to conventional spray welding processes. 
The adhesive which I have found most satisfactory for 

a wide range of applications consists of equal parts by 
volume of general purpose commercial SEE (waterglass-approximately 40 Baumé; approximate 
alkali-silica ratio 1:322) with a saturated solution of commerciaf"soidfifi borate (borax approximately two 
grams per 100 cc. of water) in solution with three parts 
by volume of water. The use of sodium silicate by itself 
is not adequate regardless of the extent of dilution in 
water since it lacks desired wetting properties making it 
difficult to apply in a uniform thin film and since when 
applied in such thin film it does not have sufficient elastic 
properties to permit it to expand with the base metal upon 
heating to the fusion bonding temperature and as a con 
sequence tends to crack, spall and flake off during heat 
ing with resultant irregular and undependable coatings. 
The recommended water soluble proportion of borax in 
the adhesive imparts flexibility thereto which overcomes 
this cracking during heating, as well as to add fluxing 
properties tending to promote a uniform and excellent 
fusion bond between base and coating metals without 
unduly weakening the adhesive holding properties for 
which the sodium silicate is relied upon. 

While I have attempted to use the above adhesive, 
which may be termed "plain adhesive,' on applications 
limited to horizontal or nearly horizontal surfaces, it 
is not entirely satisfactory even for such limited purposes 
due to the fact that it is waterlike in appearance and has 
to a limited extent the same tendency as water to gather 
on the surface of metal in pools rather than thoroughly 
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"wet" the surface in a thin uniform unbroken film, and 
its colorless transparency makes it difficult to tell from 
appearance what areas are thoroughly and properly 
wetted. Accordingly, such plain adhesive by itself has 
been found in practice to be difficult to control with de 
pendable results and the addition of a fine metal powder 
(in the order of 20 microns and under) mixed into 
the adhesive in sufficient quantity to give it a dark appear 
ance and a paintlike consistency is greatly preferred and 
recommended for all applications. This metal powder 
serves a second important function where it is desired 
to coat inclined surfaces in appreciable thicknesses where 
even a noneutectic plastic coating metal may have a 
tendency to slip at the fusion bonding temperature. 
By using a metal powder in the adhesive which has a 
higher melting point than the fusion bonding tempera 
ture, such powder has the effect of providing anchoring 
points against the slippage or flow of the inain coating 
metal when it reaches a plastic state. In this connection 
it has been found that the same alloy as employed in the 
main granular coating may be employed in powdered 
form in the adhesive for the purposes mentioned since 
the melting point of the same material in powdered for: 

ture of the base metal, such plastic range being essential 85 appears to be appreciably higher than in the larger 
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granulated form and at least to the extent required to 
prevent slippage serves substantially as well as the powder 
of a different metal having a much higher melting point. 
The powdered metal in the adhesive may be chosen to 
serve certain other purposes such as to lower the ten 
perature at which a fusion bond will take place, to pro 
mote the alloying of two or more metals used in the 
coating, to add to the hardness or abrasive resistance 
of the coating metal proper, etc. 

Experiments varying the proportion of silicate and 
borax from those set forth above in the formula for my 
preferred adhesive have demonstrated that superior re 
sults can be obtained only when soluble proportions of 
these ingredients are used and that the adhesive is 
rendered inadequate in holding power if the one part 
of saturated solution of borax is increased to more 
than four parts. 

Since the adhesive in my process is relied upon to 
hold relatively large granular particles greatly exceeding 
in thickness that of the applied film of adhesive, not only 
during preliminary handling and against the wash of 
submersion in a viscous liquid bath, but also to continue 
to hold such particles throughout the heating to the 
fusion bonding temperature, my adhesive is to be dis 
tinguished from any volatile or organic vehicle, any hold 
ing properties of which would necessarily disappear dur 
ing E. to temperatures of 1750 to 2300 F. within 
which range my process is most frequently used. 

It has been found desirable to use as dilute a solution 
of adhesive as is possible consistent with the proper hold 
ing of the coating material since the smaller the quantity 
of nonvolatile materials in the adhesive the more easily 
and quickly such materials will be floated to the surface 
when the bonding between coating and base metals takes 
place. While variations in the proportions of sodium 
silicate and sodium borate may be made with satisfactory 
results within the range indicated above, no change from 
the equal proportions of my preferred adhesive has been 
found necessary in any application involving bonding 
temperatures ranging from 1750 to 2300 F. If more 
than four parts of borax solution for one of sodium 
silicate are used a heavy precipitate results which destroys 
the paintlike consistency of the adhesive, interferes with 
its uniform application in a thin film as required and 
unduly weakens the holding properties of the decreased 
proportion of adhesive sodium silicate. If as much as 
eight parts of borax solution are used the entire mixture 
will in less than one minute turn into a solid mass of 
jelly totally unfit for application as an adhesive film. 

In general any adhesive used in the process should 
meet the following requirements: 

1. It should be readily applicable in a uniform thin 
liquid film by hand or automatic painting techniques, as 
distinguished from a paste or jelly which does not lend 
itself to thin or uniform application, especially on broad 
and irregular surfaces; 

2. It should have the quality of thoroughly and evenly 
wetting the base metal; 

3. It should be capable of collecting and holding a 
single layer of granulated particles of the coating metal 
when the same are poured or sprinkled onto the ad 
hesive and to continue holding such particles during 
ordinary handling at room temperature as well as against 
the washing action of submersion in a viscous liquid 
heating bath and throughout the heating of the surface 
to the bonding temperature; 

4. It should be capable of so holding the coating metal 
on irregular, vertical and lower surfaces in order to have 
general application to articles of any form or contour; 

5. It should be capable of expanding with the base 
metal during the heating operation without spalling, 
blistering or flaking off before the bonding temperature 
is reached; 

6. It should provide a fluxing action in promoting the 
fusion bond between the base metal and coating metal; 

7. It should have a viscosity and surface tension low 
enough at operating temperatures to permit it to free 
itself from the base metal and allow the coating metal 
to make a fusion bond with the base metal; 

8. It should comprise materials haying inert chemical properties to avoid compounding with either the base 
metal or coating metal and any nonvolatile residue should 
be readily removed from the coating surface after the 
fusion bond has taken place and the surface is cooled to handling temperature; 

O 

5 

20 

25 

30 

40 

45 

5 5 

60 

65 

70 

75 

80 

85 

8 
9. It should have volatile properties which are non 

toxic and inoffensive; and 
10. It is of course also desirable that the adhesive 

should be inexpensive, readily prepared from available 
materials without special skill and free of deteriorating qualities. 
The preferred adhesive described above fully meets 

each of these requirements in every application tested 
to date and forms a highly important factor in the uni 
formly successful results obtained, although it is recog 
nized that having demonstrated the successful use of 
an adhesive of this type in the present process and having 
explained the specific requirements of such adhesive, a 
search for substitute ingredients might well reveal other 
Eactory materials which could be used in the ad 
eSWe. 
The coating metal is prepared in a granulated form, 

preferably somewhat coarser than will pass through a 325 
mesh screen when applied in excess by pouring over 
the film of liquid adhesive or by any other sudden means. 
However, as mentioned above, if particles of coating metal 
are sprinkled on gradually, as through a 100 mesh sieve, 
a "through 325 mesh' particle size may be employed 
including particles within the range of 20 to 44 microns. 
The coating particles should be irregular in shape, 

particularly where the larger sizes are employed, in order 
to avoid any tendency to roll during their application 
to the adhesive. When applied in the form of round 
shot such tendency to roll has been found to result in 
incomplete and nonuniform coverage. Furthermore, the 
production of granulated material in shot form which 
is ordinarily accomplished at high temperatures usually 
results in a thin oxide coating around each particle which 
interferes with proper fusion bonding. If initial steps 
of refinement of the coating metal involve a shot process, 
the shot should accordingly be crushed to break up any 
oxide coating as well as to provide irregular particles. 
With particles coarser than 325 mesh, a single layer is 
readily applied and the size of such granules will ac 
cordingly determine the ultimate thickness of the coating. 
Final smooth coating thicknesses ranging from one 
thousandth to twenty-five thousandths of an inch have 
been successfully obtained in the various applications 
made to date. 

It is to be noted that the use of relatively coarse 
granules rather than fine powder results not only in a 
uniform single layer but in each granule projecting above 
the surface of the adhesive since the adhesive forms a 
relatively thin film over the surface of the base metal. 
The surface tension of the adhesive in wetting each 
granule produces a surface tension meniscus having a 
resultant force tending to pull such granules into contact 
with the base metal. Since the greater affinity of the 
base and coating metals is depended upon to cause the 
coating metal to displace the adhesive at bonding tem 
peratures and since such affinity necessarily depends upon 
a very close association if not actual contact between 
the base and coating metals, it is believed that the sur 
face tension forces mentioned have an important func 
tion in producing the complete and excellent fusion bond 
characteristic of all applications. 

Furthermore, the relatively large exposed surface area 
of metals in a powdered state greatly augments the 
oxidizing property of such metal and the difficulties of 
securing a thorough and perfect fusion bond. It is well 
known that most metals when exposed to the atmosphere 
even at normal temperatures acquire an oxide film at 
the surface. While such film may be imperceptible to 
the eye its existence even in the slightest degree is recog 
nized as an obstacle to securing uniform and perfect 
fusion bonds in any kind of welding process, as in the 
case of aluminum which acquires an oxide film almost 
instantaneously upon exposure to atmosphere. Where 
a metal coating is prepared in a finely divided or powdered 
state, any oxide which forms at the surface of the pow 
dered grains necessarily comprises a much greater pro 
portion of the total mass of coating metal than where 
the same metal is prepared in the form of relatively 
coarse granules. For example, the exposed surface area 
of particles of one thousandth of an inch diameter is 
ten times as great as the exposed surface of the same 
quantity of material in the form of particles ten thou 
sandths of an inch in diameter. By using single layer 
granules of the largest size consistent with the ultimate 
coating thickness requirements, a minimum surface area 
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is exposed and the tendency and effect of any oxidation 
is accordingly likewise minimized. 

In this connection the us;2 of a liquid heating bath, 
preferably of fused boric oxide, has been found to be of 
the utmost importance. By using such liquid bath com 
plete protection against oxidition during heating is pro 
vided for the exposed surfaces of the coating particles 
projecting above the surface of the adhesive film which 
promotes the uniformity and excellence of fusion bond 
characteristic of the process, as well as to keep the en 
tire base metal and final coating surface completely free 
of oxidation during and aftar heating. This has made 
possible, for example, the coating of heat resisting metals 
such as used for jet engine parts which even in a dry 
hydrogen atmosphere acquire a deep discoloration and 
tarnishing, while such metals are left completely bright 
and clean in every respect when heated in fused boric 
oxide. It has also made possible the hard facing of air 
hardening steels which have been found to crack under 
other methods of welding. 
The preparation of a liquid heating bath employing 

fused boric oxide is accomplished merely by heating 
boric acid (H3BO3) in a heating pot to a temperature 
1 of 300 F. until all boiling ceases. The resultant 
boric oxide (B2O3) forms a clear liquid of high viscosity, 
completely inert and nonvolatile within the temperature 
range of 1500 to 3000 F. 

Coated articles may be directly plunged into the liquid 
bath of boric oxide after such bath has been brought to 
a temperature corresponding to the proper bonding tem 
perature for the particular coating involved. If the 
heat transfer to the articles substantially reduces the 
temperature of the bath as a whole, they must necessarily 
be left in the bath for a sufficient time to permit the 
temperature of the bath to come up to the bonding tem 
perature. If, on the other hand, the bath is of a suffi 
cient volume in comparison with the coated articles sub 
merged so that the temperature of the bath is not ap 
preciably lowered it is only necessary to leave the part 
in the bath for a sufficient time to permit its temperature 
to rise to the fusion bonding point. The time required 
for such temperature rise has been found to be substan 
tially less in the case of the present liquid bath than in 
the case where furnace heating is employed. 
On the other hand, while the difficulty of preventing 

oxidation made it deisrable in the case of furnace heating 
to remove the part as soon as possible, the protection 
from oxidation in the case of the present liquid bath is 
so complete that the parts may be left in the bath at 
the fusion bonding temperature for an indefinite period 
of time without ill effects. In fact, it has been found 
desirable in applications where extremely smooth and 
non-porous coatings are required to permit the part to 
remain in the liquid bath at the bonding temperature for 
a protracted period to permit surface tensions operating 
to smooth out the coating metal in its plastic fusion 
bonding state to perform their maximum smoothing func 
tion. 

Accordingly, the only vital requirements in achieving 
successful results with this liquid bath are that the tem 
perature of the part at some time after it is introduced 
into the bath be raised to the fusion bonding point and 
that where other than horizontal surfaces are being coated, 
the temperature should not exceed that at which the fusion 
bonding takes place by a sufficient amount to cause slip 
page or running off. While the plastic range of the par 
ticular coating metal will of course determine the plus 
or minus temperature tolerances I have found that in most 
applications, a plus or minus ten degrees is consistent 
with satisfactory results. 

In order to achieve rapid heating the bath may be 
agitated either through the movement of the part to be 
coated or through some other mechanical agitating mears. 
However, in all commercial applications for which the 
bath is being used at present, no agitation of the bath 
has been found necessary. 
The viscosity of the boric oxide at 1500 to 1800° F. 

is like that of a heavy syrup while at a temperature of 
about 2000 it achieves a viscosity of a thin syrup. Thus, 
when any part is removed from the bath after the fusion 
bonding temperature has been reached a substantial quan 
tity of the liquid boric oxide adheres to the surface of the 
part offering complete protection against oxidation while 
the part is cooling, which may be either rapid or slow de 
pending upon the heat treatment of the part desired. 
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10 
When the part has cooled to the room temperature, the . 

boric oxide will have completely hardened and may be 
readily flaked off any smooth surface. Substantial quan 
tities may be jarred off of even rough surfaces. Thus a 
major portion of the boric oxide adhering to the part may 
be recovered in an anhydrous state and put back into the 
bath for further use. Any quantity of the boric oxide 
which continues to adhere to the surface of the part may 
be readily dissolved in warm or boiling water. Since 
the solubility of boric oxide is very high in boiling water 
and very low in cool water a further recovery of the boric 
acid may be made by merely cooling the water whereupon 
recrystallization of the boric acid takes place. This may 
in turn be calcined and again used in the bath. 

It will be noted that no fumes are given off by the boric 
oxide bath as frequently encountered in conventional 
salt baths and that the bath does not in any way deteriorate 
upon continuous use. For example, one bath has been 
used in commercial operation for two and one-half years 
without servicing in any way except by replenishing the 
boric oxide dragged out through removal of the parts 
heated therein. 

This method of heating readily lends itself to con 
tinuous conveyor operations wherein parts are auto 
matically lowered into one end of a liquid bath tank and 
raised out of the other end. 
While the liquid heating bath of boric oxide is much 

preferred over any other as a medium of heating and 
constitutes a highly important step in improving the re 
suits of my process as well as in broadening the com 
mercial possibilities thereof to numerous fields which 
otherwise would be excluded, it is possible where extreme 
smoothness of surface and complete protection from 
oxidation are not critical requirements to obtain com 
mercial results with other heating mediums. Thus it is 
possible to perform the heating operation in an atmos 
phere controlled furnace in which case the article may be. 
placed in the furnace as soon as the adhesive has been 
properly dried. If, on the other hand, the heating is 
accomplished by torch or a furnace having an oxidizing 
atmosphere, it is desirable to apply protective flux prior 
to heating to the bonding temperature. A satisfactory 
flux for this purpose is the same boric oxide employed in 
the bath which is preferably applied in anhydrous 
powdered form after the adhesive has been warmed in 
drying so as to permit the flux to melt and thoroughly 
cover the coated surface. (It is to be noted that this 
method divorces the holding function of the adhesive 
applied before the granulated coating metal, from the 
protective function of the flux, applied after the coating 
metal, as distinguished from the process for applying 
copper powder mentioned at the beginning of this specifica 
tion wherein a protective paste having no adhesive func 
tion is either employed as a vehicle for applying the copper 
powder or else is applied before the powder so as to 
depend upon the powder settling through the protective 
paste under the influence of gravity to achieve envelop 
ment and protection from oxidation forming the principal 
object of such process.) 

Heating to the fusion bonding temperature may be as 
rapid as desired and the temperature held no longer than 
necessary to permit the particles of coating metal to dis 
place the adhesive and bond with the base metal. For 
most operations one to two minutes at the fusion bond 
ing temperature is adequate to secure the completion of 
such bond. The article may then be removed and air 
cooled or quenched or may be oven cooled depending on 
the particular heat treating requirements of each case. 
The nonvolatile residue of the adhesive which will 

have been floated to the surface of the coating metal may 
be removed by washing or scrubbing in warm water. 

Refractory particle coatings 
Where it is desired to bond refractory particles such 

as tungsten carbide, chronium boride, diamonds or other 
particles having a high melting point to the surface of a 
base metal such particles may be applied directly to the 
primary coating of adhesive followed by drying, the ap 
plication of a second coating of adhesive and the applica 
tion of granulated particles of a suitable binding metal; 
or as an alternative the refractory particles and granulated 
binding metal may be mixed together and applied to the 
primary coating of the adhesive. The former method is 
preferred where it is desired to get a dense coating of 
refractory particles since a continuous layer may be 
thereby obtained, or where it is desired to completely 
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cover over the hard particles with the binder metal. The 
size of the granulated particles of the binding metal will 
determine the extent to which the refractory particles are 
embedded and may be chosen to permit the refractory 
particles to project beyond the binding metal to any ex 
tent as might be desired in the manufacture of abrasive 
tools. 
The refractory particles employed in a surface coat 

ing should be of a size exceeding 325 mesh, or else ap 
plied gradually as in the case of plain coating metal par 
ticles in order to secure a uniform smooth layer distribu 
tion. Where relatively large refractory particles are used 
it may be desirable to increase the proportion of sodium 
silicate in the adhesive as well as to provide a somewhat 
stronger solution by decreasing the water content in order 
to develop stronger adhesive qualities than required for 
normal coatings. 

It is also possible where particularly smooth coatings 
are required, or where a substantial thickness of relatively 
fine refractory particles is desired, to build up multiple lay 
ers of relatively fine particles by repeating the successive 
application of adhesive, refractory and binding metal par 
ticles, the refractory and binding metal particles being 
either mixed or applied in separate layers, and the ad 
hesive being applied in each case between successive ap 
plications of individual layers, all layers being fused in a 
single heating. In following this multiple layer procedure 
it is usually necessary or desirable to provide binder metal 
for each layer of refractory particles rather than to ap 
ply successive layers of refractory particles followed by 
a single layer of binder metal in which latter case the 
penetration and distribution of binder metal may prove 
inadequate to satisfactorily bind all refractory particles. 
In following this procedure it is also frequently desirable 
to thin the adhesive applied to the outside of particle 
layers by adding plain adhesive to that in which the metal 
powder has been mixed providing a consistency of thin 
paint since the consistency desired for initial application 
directly to the surface of the base metal may be irregularly 
soaked up into the pores of the under layer causing it to 
dry and pile up before it can be properly smoothed out, 
as where applied by brush, the thinner consistency pro 
viding a better uniform film over the irregular surface of a prior layer of coating particles. 

Specific applications 
The above described process has been successfully used 

in actual commercial production to coat the following 
representative base metals: 
All common grades of carbon steel; 
Air hardening steels; 
Hot worked die steels; 
Oil hardening steels; 
High speed steels; 
Cemented tungsten carbide; Molybdenum; 
Cast iron; 
Semisteel; 
Cobalt base alloys; 
Nickel base alloys; 
Stainless steels, including straight chromium and 18-8 types; and 
Various complex "jet engine alloys' such as S-816 and 

Nimonic 80. 
In such applications the following coating or binder 

metals have been used: 
Various chromium-boron-nickel alloys (particularly well 

adapted to the process because of characteristic long 
plastic ranges, suitable bonding temperatures and de 
sirable physical properties); 

Bronze of the 90% copper, 10% tin type; and 
Brass of the 70% copper, 30% zinc type. 
In a large number of the above applications involving 

extreme wear resistance requirements refractory particles 
of either tungsten carbide or chromium boride have been incorporated in the coatings. 

In all of the above applications a fine metal powder 
has been employed in the adhesive, the following being representative: 
Tungsten carbide and chromium boride of the same types 

as used in the refractory coatings except in a finely 
powdered form under 20 microns; 

High melting point chromium-boron alloys with small 
amounts of iron or nickel; 
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12 
Chromium-boron-nickel alloys of the same type as em 

ployed in the coating metals; 
Pure nickel; and 
Pure iron. 

In addition to the above representative commercial 
applications the process has been successfully demon 
strated experimentally to have numerous other applica 
tions. For example, copper has been coated with a rela 
tively lower melting point hard alloy of chromium, boron 
and nickel; steel has been coated with very high percent 
age nickel alloys; and diamonds and boron carbides have been employed in refractory coatings. 
Such applications have involved fusion bonding tem 

peratures largely within the range of 1750 to 2300 F., 
depending in each case upon the plastic temperature of 
the particular coating or binding metal used. 

It will be clear to anyone skilled in the art that in 
numerable other applications can be made by following 
the general requirements set forth above which may be 
summarized as follows: 

1. The base metal should be capable of bonding with 
the coating metal at a temperature below the softening 
point of the base metal; 

2. The adhesive should be as thin as possible consistent 
with proper holding qualities and may be adapted to hold 
larger, heavier granules on inclined or lower surfaces by 
using a more concentrated solution and/or by increasing 
the proportion of silicate used, may be adapted to bond 
ing temperatures under 1750 by increasing the pro 
portion of borax, should include a high melting point 
finely divided metal powder aggregate preferably having 
a particle size under 20 microns mixed into the adhesive 
to a paint consistency which will permit the same to be 
applied to the surface of the base metal in a uniform, 
thin, liquid film by conventional painting techniques, 
which powdered metal aggregate may be the same ma 
terial as the coating metal itself or as the larger granulated 
refractory particles to be bound into the surface of the 
coating metal or some other metal chosen to provide 
special alloying, hardening, or other properties in addi 
tin ot the main functions of providing a paint consistency 
and wetting property and preventing slippage of fused 
coating metal; 

3. The coating or binding metal should be granulated 
in a size larger than will pass a 325 mesh screen and such 
as will result in a desired final coating thickness, or if 
through 325 mesh particles are employed in the range of 
20 to 44 microns, they should be gradually applied as 
through a 100 mesh sieve; should be a noneutectic alloy 
having a substantial plastic range; should have fusion 
bonding properties at a temperature below the melting 
point of the base metal; and may be selected for any desired physical properties; and 

4. Heating should preferably take place in a fused 
boric oxide heating bath, having a temperature corre 
sponding to the fusion bonding temperature of the par 
ticular coating or binding metal used, although somewhat 
less perfect but commercial results may be obtained for 
certain applications in an atmosphere controlled furnace 
or in the presence of a protective flux where a plain at 
mosphere or heating torch is employed in fusing and the coating. 
While the preferred process and adhesive used therein 

have been described above in detail as applied to both 
plain and refractory types of coatings, it is understood 
that numerous modifications in details might be resorted 
to without departing from the scope of my invention as 
set forth in the appended claims. 

I claim: 
1. A process for fusion bonding a metal coating onto 

a metal article having a relatively higher melting point 
which includes the steps of applying to any surface of 
said article desired to be coated a film of liquid adhesive 
consisting essentially of water soluble proportions of 
water glass and borax into which a metal powder having 
a maximum particle size in the order of 20 microns and 
a melting point above the fusion bonding temperature 
has been mixed in sufficient quantity and with sufficient 
water to provide a paint consistency, applying to said 
liquid adhesive film an excess of a noneutectic metal alloy 
coating in granulated particles exceeding the thickness of 
said adhesive film and within a range of through 30 re 
tained on 325 mesh having a substantial plastic tem 
perature range between liquidus and solidus points below 
the melting point of said metal article and within a tem 
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perature range of 1500 to 2500 F., removing from said 
article the excess of granulated coating alloy other than 
the substantially single layer retained by said adhesive 
film, drying said adhesive, and heating said surface to 
a temperature within said plastic range at which said 
coating alloy will displace the nonvolatile water glass and 
borax ingredients and fusion bond with said metal 
article by submerging said article in a fused bath of boric 
oxide having a corresponding temperature. 

2. A process for fusion bonding a metal coating onto 
a metal article having a relatively higher melting point 
which includes the steps of applying to any surface of said 
article desired to be coated a film of liquid adhesive con 
sisting essentially of water soluble proportions of water 
glass and borax into which a metal powder having a 
maximum particle size in the order of 20 microns and a 
melting point above the fusion bonding temperature has 
been mixed in sufficient quantity and with sufficient water 
to provide a paint consistency, applying to said liquid 
adhesive film an excess of a noneutectic metal alloy coat 
ing in particles within the range of 20 to 44 microns hav 
ing a substantial plastic temperature range between the 
liquidus and solidus points below the melting point of 
said metal article and within a temperature range of 
1500 to 2500' F. by gradually sprinkling the coating 
alloy over the liquid adhesive film by screening it on 
through a sieve, removing from said article the excess of 
coating metal particles other than the substantially uni 
form layer retained by said adhesive film, drying said 
adhesive, and heating said surface to a temperature within 
said plastic range at which said coating alloy will displace 
the nonvolatile water glass and borax ingredients and 
fusion bond with said metal article by submerging said 
article in a fused bath of boric oxide having a corre 
sponding temperature. 

. A process for fusion bonding a coating onto a 
metal article which includes the steps of applying to 
any surface of said article desired to be coated a film 
of liquid adhesive consisting essentially of a volatile liquid 
A. a nonvolatile nonmetallic inorganic S ith plastic holding properties at the fusion bond 
ing temperature, applying to said liquid adhesive film an 
excess of a noneutectic metal alloy coating granulated 
to a size exceeding the thickness of said adhesive film 
within a range of through 30 retained on 325 mesh hav 
ing a substantial plastic temperature range between 
liquidus and solidus points below the melting point of 
said metal article and within a temperature range of 1500 
to 2500 F., removing from said article the excess of 
granulated coating alloy other than the substantially 
single layer retained by said adhesive film, and heating 
said surface to a temperature within said plastic range 
at which said coating alloy will displace said nonmetallic 
adhesive material and fusion bond with said metal article. 

4. A process for fusion bonding a coating onto a 
metal article which includes the steps of applying to 
any surface of said article desired to be coated a film 
of liquid adhesive consisting essentially of a volatile 
liquid vehicle, and a nonvolatile nonmetallic inorganic 
adhesive material with plastic holding properties at the 
fusion bonding temperature, applying to said liquid ad 
hesive film an excess of a mixture of a noneutectic metal 
alloy coating having a substantial plastic temperature 
range between liquidus and solidus points below the melt 
ing point of said metal article and within a temperature 
range of 1500 to 2500 F. with a refractory material 
which remains solid at the fusion bonding temperature, 
said coating alloy and refractory material being granul 
lated to a size exceeding the thickness of said adhesive 
film within a range of through 30 retained on 325 mesh, 
removing from said article the excess of granulated mix 
ture other than the substantially single layer retained by 
said adhesive film, and heating said surface to a tem 
perature within said plastic range at which said coating 
alloy will displace said nonmetallic adhesive material 
and fusion bond with said metal article binding said re 
fractory material in said coating. 

5. A process for fusion bonding a coating onto a 
metal article which includes the steps of applying to 
any surface of said article desired to be coated a film 
of liquid adhesive consisting essentially of a volatile 
liquid vehicle, and a nonvolatile nonmetallic inorganic 
adhesive material with plastic holding properties at the 
fusion bonding temperature, applying to said liquid ad 
hesive film an excess of refractory particles granulated 
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14 
to a size exceeding the thickness of said adhesive film 
within a range of through 30 retained on 325 mesh hav 
ing a melting point above said fusion bonding tempera 
ture, removing from said article the excess of said gran 
ulated refractory particles other than the substantially 
single layer retained by said adhesive film, applying to 
the exposed surface of said layer of refractory particles 
an additional film of said liquid adhesive, applying to 
said latter liquid adhesive film an excess of a noneutectic 
metal alloy coating granulated within a range of through 
30 retained on 325 mesh having a substantial plastic 
temperature range between liquidus and solidus points 
below the melting point of said metal article and within 
a temperature range of 1500 to 2500 F., removing from 
said article the excess of granulated coating alloy other 
than that retained by said second adhesive film, and 
heating said surface to a temperature within said plas 
tic range at which said coating alloy will displace said 
nonmetallic adhesive material and fusion bond with said 
metal article at least partially embedding said refractory 
particles in the resultant coating. 

6. A process for fusion bonding a coating onto a 
metal article which includes the steps of applying to 
any surface of said article desired to be coated a film 
of liquid adhesive consisting essentially of a water solu 
tion of soluble proportions of water glass and borax in 
which is mixed to a paint consistency a metal powder 
having a particle size smaller than retained on 325 mesh 
and having solid characteristics at the fusion bonding 
temperature, applying to said liquid adhesive film an 
excess of a noneutectic metal alloy coating granulated 
to a size exceeding the thickness of said adhesive film 
within a range of 325 to 30 mesh having a substantial 
plastic temperature range between liquidus and solidus 
points below the melting point of said metal article and 
within a temperature range of 1500 to 2500 F., remov 
ing from said article the excess of granulated coating 
alloy other than the substantially single layer retained 
by said adhesive film, and heating said surface to a 
temperature within said plastic range at which said coat 
ing alloy will displace said nonmetallic adhesive mate 
rial and fusion bond with said metal article. 

7. A process for fusion bonding an accurately con 
trolled thickness of metal coating onto a metal article 
which includes the steps of applying to any surface of said 
article desired to be coated a film of liquid adhesive con 
sisting essentially of a volatile liquid vehicle, a non-volatile 
nonmetallic inorganic adhesive material with plastic hold 
ing properties at the fusion bonding temperature and a 
metal powder smaller than retained on 325 mesh having 
solid characteristics at the fusion bonding temperature 
mixed therein to a paint consistency, applying to said liq 
uid adhesive film an excess of a noneutectic metal alloy 
coating granulated in uniform particle size and within a 
range of through 30 retained on 325 mesh a single layer 
of which uniform size particles when fused into a continu 
ous smooth layer will correspond to said desired thick 
ness, said metal coating having a substantial plastic tem 
perature range between liquidus and solidus points below 
the melting point of said metal article and within a ten 
perature range of 1500 to 2500 F., removing from said 
article the excess of granulated metal coating other than 
the substantially single layer retained by said adhesive 
film, and heating said surface to a temperature within 
said plastic range at which said metal coating will dis 
place said nonmetallic adhesive material and fusion bond 
with said metal article smoothing out through surface 
tension to a continuous surface coating of said desired 
thickness. 

8. A process for fusion bonding a particulate metal 
coating having a minimum exposed superficial area con 
sistent with the final desired coating thickness onto a 
metal article which includes the steps of applying to 
any surface of said article desired to be coated a film of 
liquid adhesive consisting essentially of a volatile liquid 
vehicle, a nonvolatile nonmetallic inorganic adhesive 
material with plastic holding properties at the fusion 
bonding temperature and a metal powder smaller than 
retained on 325 mesh having solid characteristics at the 
fusion bonding temperature mixed therein to a paint 
consistency, applying to said liquid adhesive film an 
excess of a noneutectic metal alloy coating granulated 
to a size exceeding the thickness of said adhesive film 
within a range of through 30 retained on 325 mesh and 
of a uniform maximum particle size consistent with said 
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final desired coating thickness, said metal coating hav 
ing a substantial plastic temperature range between liq 
uidus and solidus points below the melting point of said 
metal article and within a temperature range of 1500 
to 2500 F., removing from said article the excess of 
granulated metal coating other than the substantially 
single layer retained by said adhesive film, and heating 
said surface to a temperature within said plastic range 
at which said metal coating will displace said nonmetallic 
thesive material and fusion bond with said metal ar ticle. 
9. A process for fusion bonding a coating onto a 

metal article which includes the steps of applying to 
any surface of said article desired to be coated a film 
of liquid adhesive consisting essentially of a water solu 
tion of soluble proportions of water glass and borax in 
which is mixed to a paint consistency a metal powder 
having a particle size smaller than retained on 325 
mesh and solid characteristics at the fusion bonding 
temperature, applying to said liquid adhesive film an 
excess of a mixture of noneutectic metal alloy coating 
having a substantial plastic temperature range between 
liquidus and solidus points below the melting point of 
said metal article and within a temperature range of 
1500 to 2500 F. with a refractory material which re 
mains solid at the fusion bonding temperature, said 
metal coating and refractory material being granulated 
to a size exceeding the thickness of said adhesive film 
within a range of through 30 retained on 325 mesh, 
removing from said article the excess of granulated 
mixture other than the substantially single layer re 
tained by said adhesive film, and heating said surface 
to a temperature within said plastic range at which 
said metal coating will displace said nonmetallic ad 
besive material and fusion bond with said metal article 
binding said refractory material in said coating. 

10. A process for fusion bonding a coating onto a 
metal article which includes the steps of applying to 
any surface of said article desired to be coated a film 
of liquid adhesive consisting essentially of a water 
solution of soluble proportions of water glass and borax 
in which is mixed to a paint consistency a metal powder 
having a particle size smaller than retained on 325 mesh 
and solid characteristics at the fusion bonding tempera 
ture, applying to said liquid adhesive film an excess of 
refractory particles granulated to a size exceeding the 
thickness of said adhesive film within a range of through 
30 retained on 325 mesh having a melting point above 
said fusion bonding temperature, removing from said 
article the excess of said granulated refractory par 
ticles other than the substantially single layer retained 
by said adhesive film, applying to the exposed surface 
of said layer refractory particles an additional film 
of said liquid adhesive, applying to said latter liquid 
adhesive film an excess of a noneutectic metal alloy coat 
ing granulated within a range of through 30 retained 
on 325 mesh having a substantial plastic temperature 
range between liquidus and solidus points below the 
melting point of said metal article and within a tem 
perature range of 1500 to 2500 Fremoving from said 
article the excess of granulated metal coating other than 
that retained by said second adhesive film, and heating 
said surface to a temperature within said plastic range 
at which said metal coating will displace said non 
metallic adhesive material and fusion bond with said 
metal article at least partially embedding said refrac 
tory particles in the resultant coating. 

11. A process for fusion bonding a coating onto a 
metal article which includes the steps of applying to 
any surface of said article desired to be coated a film 
of liquid adhesive consisting essentially of a volatile 
liquid vehicle, a nonvolatile nonmetallic inorganic ad 
hesive material with plastic holding properties at the 
fusion bonding temperature and a refractory metal pow 
der less than retained on 325 mesh having solid char 
acteristics at the fusion bonding temperature mixed 
therein to a paint consistency, applying to said liquid 
adhesive film an excess of a noneutectic metal alloy 
coating granulated to a size exceeding the thickness of 
said adhesive film within a range of through 30 retained 
on 325 mesh having a substantial plastic temperature 
range between liquidus and solidus points below the melt 
ing point of said metal article and within a temperature 
range of 1500 to 2500' F., removing from said article 
the excess of granulated metal coating other than the 
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16 
substantially single layer retained by said adhesive film, 
and heating said surface to a temperature within said plastic range at which said metal coating will displace 
said nonmetallic adhesive material and fusion bond with 
said metal article. 

12. A process for fusion bonding a coating, onto a 
metal article which includes the steps of applying to 
any surface of said article desired to be coated a film of liquid adhesive consisting essentially of a volatile 
liquid vehicle, a nonvolatile nonmetallic inorganic ad 
hesive material with plastic holding properties at the 
fusion bonding temperature and a metal powder smaller 
than through 30 retained on 325 mesh having solid char 
acteristics at the fusion bonding temperature mixed 
therein to a paint consistency, applying to said liquid 
adhesive film an excess of a noneutectic metal alloy coat 
ing granulated to a size exceeding the thickness of said 
adhesive film within a range of through 30 retained on 
325 mesh having a substantial plastic temperature range 
between liquidus and solidus points below the melting 
point of said metal article and within a temperature range 
of 1500 to 2500 F., removing from said article the 
excess of granulated metal coating other than the sub 
stantially single layer retained by said adhesive film, and 
heating said surface to a temperature within said plastic 
range at which said metal coating will displace said non 
metallic adhesive material and fusion bond with said 
metal article. 

13. A process for fusion bonding a coating onto a metal 
article which includes the steps of applying to any sur 
face of said article desired to be coated a film of liquid 
adhesive consisting essentially of a water solution of sol 
uble proportions of water glass and borax, applying to 
said liquid adhesive film an excess of a noneutectic metal alloy coating granulated to a size exceeding the thick 
ness of said adhesive film within a range of through 30 
retained on 325 mesh having a substantial plastic tem 
perature range between liquidus and solidus points below 
the melting point of said metal article and within a tem 
perature range of 1500 to 2500 F., removing from 
said article the excess of granulated metal coating other 
than the substantially single layer retained by said adhesive 
film, and heating said surface to a temperature within 
said plastic range at which said metal coating will dis 
place said nonmetallic adhesive material and fusion bond with said metal article. 

14. A liquid adhesive specifically for use in a metal-to 
metal fusion bonding process carried out at temperatures 
in the order of 1500 to 2500 F. substantially as de 
scribed consisting essentially of soluble proportions of 
commercial water glass and a saturated water solution 
of borax diluted in the order of three parts by volume of 
water for each part of water glass and having a metal 
powder smaller than retained on 325 mesh with solid 
properties at the fusion bonding temperature mixed there 
in to substantially a paint consistency. 

15. A liquid adhesive specifically for use in a metal 
to-metal fusion bonding process carried out at tempera 
tures in the order of 1500 to 2500 F. substantially as 
described consisting essentially of soluble proportions of 
commercial water glass and borax in a water vehicle, the 
ratio of borax to waterglass not exceeding eight grams 
of borax per 100 cc. of waterglass-40 Baumé. 

16. In a process for binding refractory particles hav 
ing a relatively high melting point onto an exposed sur 
face of a relatively high melting point base metal article 
with particles of a relatively low melting point metal 
binder fused onto said surface at least partially embed 
ding said refractory particles, the method of heating to 
a fusion bonding temperature over 1500 F., consisting 
in submerging said article with the refractory particles 
and metal binder applied with a thin film of liquid ad 
hesive to said surface in a fused boric oxide bath having 
said desired fusion bonding temperature. 

17. In a process for fusion bonding a metal coating of 
particles of relatively lower melting point onto an ex 
posed surface of a relatively higher melting point metal 
article, the method of heating to a fusion bonding ten perature over 1500 F., consisting in submerging said 
article with the metal coating applied with a thin film 
of liquid adhesive to said surface in a fused boric oxide bathhaving said desired fusion bonding temperature. 

18. A process for fusion bonding a coating onto a metal 
article which includes the steps of applying to any sur 
face of said article desired to be coated particles of a 
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metal coating capable of fusing at a temperature over 
1500 F. and below the melting point of said article, uti 
lizing a water glass adhesive applied in liquid form and 
thereafter dried for holding a uniform coating of said 
particles during heating, and heating said surface to a 
temperature at which said metal coating will displace 
said adhesive and fusion bond with said metal article, 
said heating being effected by submerging said article in 
a fused bath of boric oxide having a temperature cor 
responding to said fusion bonding temperature. 

19. A process for fusion bonding a coating onto a 
metal article which includes the steps of applying to any 
surface of said article desired to be coated particles of 
a metal coating capable of fusing at a temperature over 
1500 F. and below the melting point of said metal ar 
ticle, utilizing essentially a sodium silicate adhesive in 
cluding a water soluble proportion of borax applied in 
liquid form and therefore dried for temporarily retaining a 
uniform coating of said particles, and heating said surface 
to a temperature at which said metal coating will displace 
said adhesive and fusion bond with said metal article, said 
heating being effected by submerging said article in a 
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fused bath of boric oxide having a temperature corre 
sponding to said fusion bonding temperature. 

20. In a process for fusion bonding a particulate metal 
coating onto the surface of a metal article wherein a 
liquid film of adhesive is employed to retain a uni 
form application of metal coating on said surface, the 
method of applying metal coating comminuted within 
the range of 20 to 44 microns consisting in first applying 
to the surface to be coated a uniform film of said liquid 
adhesive prepared with a paint consistency, and then 
gradually sprinkling said metal coating over said liq 
uid film to an excess by screening on through a sieve, 
and then removing the excess of said metal coating other : 
than the substantially uniform layer retained by said 
adhesive film drying said adhesive, and heating to the 
fusion bonding temperature. 

21. A process for fusion bonding a coating onto a metal 
article which includes the steps of applying to any sur 
face of said article desired to be coated particles of a 
noneutectic metal alloy coating capable of fusing at a 
temperature over 1500 F. and having a substantial plas 
tic range below the melting point of said metal article, 
utilizing essentially a liquid sodium silicate adhesive in 
cluding a water soluble proportion of borax for tem porarily retaining a uniform coating of said particles, 
drying said adhesive, and heating said surface to a tem 
perature within said plastic range at which said metal 
coating will displace said adhesive and fusion bond with 
said metal article, said heating being effected by sub 
merging said article in a fused bath of boric oxide hav ing a temperature corresponding to said fusion bonding 
temperature. 

22. A process for fusion bonding a particulate coating 
onto a metal article which includes the steps of apply 
ing to any surface of said article desired to be coated at 
least one application of a film of liquid adhesive consist ing essentially of water soluble proportions of water glass 
and borax into which a metal powder having a maxi 
mum particle size on the order of 20 microns and a melt 
ing point above the fusion bonding temperature has been 
mixed in sufficient quantity and with sufficient water to 
provide a paint consistency, applying to each film of 
iquid adhesive an excess of coating material in gran 
ulated particles exceeding the thickness of said adhesive 
film and within a size range of through 30 retained on 
325 mesh, at least one application of said coating ma 
terial including a least a substantial proportion of a non 
eutectic metal coating alloy having a substantial plastic 
temperature range between liquidus and solidus points 
below the melting point of said metal article and within a temperature range of 1500 to 2500 F., removing 
from said article after each application of granulated coat 
ing material the excess other than the substantially single 
layer retained by said adhesive film, drying, said adhesive 
after such excess removal, and heating said surface to a temperature within, said plastic range, at which said non 
eutectic metal coating alloy will displace the nonvolatile 
water glass and borax ingredients and fusion bond with 
said metallic article by submerging said article in a fused 
bath of boric oxide having a corresponding temperature. 

23. A process for fusion bonding a particulate coating 
onto a metal article which includes the steps of applying 
to any surface of said article desired to be coated at least one application of a film of liquid adhesive consisting 
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18 
essentially of a volatile liquid vehicle, a nonvolatile, non 
metallic inorganic adhesive material with plastic holding 
properties at the fusion boilding temperature, applying 
to each film of liquid adhesive an excess of coating ma 
terial granulated to a size exceeding the thickness of said 
adhesive film within a size range of through 30 retained 
on 325 mesh, at least one application of said coating 
material including at least a substantial proportion of 
a noneutectic metal coating alloy having a substantial 
plastic temperature range between liquidus and solidus 
points below the melting point of said metal article and 
within a temperature range of 1500 to 2500 F., re 
moving from said article after each application of gran 
ulated coating material the excess other than the sub 
stantially single layer retained by said adhesive film, and 
heating said surface to a temperature within said plastic 
range at which said noneutectic metal coating alloy will 
displace said nonnetallic adhesive material and fusion 
bond with said metal article. 

24. A process for fusion bonding a particulate coat 
ing onto a metal article which includes the steps of ap 
plying to any surface of said article desired to be coated, 
a film of liquid adhesive consisting essentially of a vol 
atile liquid vehicle, a non-volatile, non-metallic inorganic 
adhesive material with plastic holding properties at the 
fusion bonding temperature, applying to said film of liq 
luid adhesive an excess of coating material granulated to 
a size within the range of through 30 mesh to 20 microns, 
said coating material including at ieast a substantial pro 
portion of a non-eutectic metal coating alloy having a 
substantial plastic temperature range between liquidus 
and solidus points below the melting point of said metal 
article, removing from said article the excess other than 
the substantially uniform layer retained by said adhesive 
film, and heating said surface to a temperature within 
said plastic range at which said non-eutectic metal coat 
ing alloy will displace said non-metallic adhesive ma 
terial and fusion bond with said metal article. 

25. A process for fusion bonding a particulate coat 
ing onto a metal article which includes the steps of ap 
plying to any surface of said article desired to be coated 
a film of liquid adhesive consisting essentially of a volatile 
liquid vehicle, a non-volatile, non-metallic inorganic ad 
hesive material with plastic holding properties at the 
fusion bonding temperature, applying to said film of 
liquid adhesive an excess of particulate coating material 
including at least a substantial proportion of non-eutec 
tic metal coating alloy having a substantial plastic tem 
perature range between liquidus and solidus points below 
the melting point of said metal article, removing from 
said article the excess other than the substantially uni 
form layer retained by said adhesive film and heating 
said surface to a temperature within said plastic range 
at which said non-eutectic metal coating alloy will displace 
said non-metallic adhesive material and fusion bond with 
said metal article. 

26. The process set forth in claim 25 wherein the liq 
uid adhesive on said article is dried before heating and 
wherein a fused boric oxide heating bath is employed for 
heating said article to the fusion bonding temperature. 
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