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This invention relates to the flame spraying of sub 
strates with metallic coatings, to the novel method and 
means for accomplishing the same and to the novel prod 
ucts resulting ltherefrom. 
More particularly, the present invention relates to the 

flame spraying of a substrate which may be a planar, angu 
lar or curvilinear base of heat-resistant character such as 
bodies of metallic, ceramic or mineral-liber character, 
with a coating of metal of a new and improved character, 
and it is an object of the present invention to provide 
metal coatings of the character aforesaid having in-clu 
sions of discrete particles of modifying metal dispersed 
therein. 

In general, the objects of the present invention are ac 
complished by providing novel composite flame spraying 
wire composed of a solid metal tube having disposed 
therein solid wire of relatively soft and lower melting 
point metal modifying material preferably substantially 
filling the contines of said tube, the contained wire being 
also substantially insoluble in the tube metal under llame 
spraying conditions. The said contained solid wire is dis 
integrable under ñame spraying conditions concommit 
tantly with the tube metal, the latter, together with an air 
or other gap between the two, in the preferred embodi 
ment of this invention, providing a barrier against sub 
stantial alloying thereof with the tube metal. _ 
The composite flame spraying wire of the p_resent in 

vention is adapted to be sprayed by conventional llame 
spray guns at a temperature and at a rate to atomize first 
the solid metal tube and then contained wire and to 
me-chanically trap the atomized modifying particle mate 
rial resulting from the wire inclusion without appreciable 
alloying or solution lof the solid metal components or their 
appreciable degradation. _ 

It is presently known to employ llame spraying tech 
niques `and to provide composite deposits of materials 
such as, for example, ceramics and metallic materials by 
separately llame spraying the metal from a solid wire 
with the conventional wire llame spray or metallizing gun, 
and at the same time spraying lthe ceramic particle ma 
terial from a different point and at an angle to the llame 
sprayed from a powder gun. In such operation the metal 
and the separately sprayed particle material are projected 
adjacent to each other and not in admixtures except pos 
sibly in the overlapping areas of the sprayed -cones re 
sulting from the llame spraying technique. 
As distinguished from the prior practices and when 

employing the composite flame spraying wire of the pres 
ent invention, greater eñ’iciencies are obtained, that is, 
loss of sprayed metal and particularly loss of the softer 
modifying metal, is materially reduced and more uniform 
mixtures are obtained. 

In the present case the spray has a surrounding coat 
ing -or conical zone of metallic particles resulting from the 
metal tube of the composite, and the modifying particles 
resulting from the wire disposed within the tube tend to 
be retained within said zone and adjacent the axis of the 
spray. Thus with the employment of the composite flame 
spraying wire of the present invention Ibetter and truer 
mixtures are obtained in an easy and more positive man 
ner as distinguished from layers, since even when spray 
ing two materials simultaneously at an angle to each other 
it is difñ-cult to have both meet, and one component tends 
to blow the other away, resulting in wastage. This is dis 
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tinguished from the practice of the present invention in 
which use of the composite wire provides an enveloping 
and trap-like spray of metal formed from the tube around 
the sprayed particle material resulting from `the metal 
wire ldisposed within the hollow of the tube. 

Moreover, employment of ̀ conventional spray guns can 
be «operated at a controlled feed rate and temperature such 
as to melt and atomize the metals, the llame and feed 
rate being regulated so as to be insuñicient to appreciably 
degrade the contained modifying wire metal or to sub 
stantially alloy it with or dissolve it in the metal of the 
tube. 
The provision of the composite llame spraying wire 

of the present invention is particularly conducive to the 
production of densified deposits as distinguished from the 
relatively porous character of the deposits resulting from 
the flame spraying of solid unitary composition metal 
tubes. This is believed to result from the fact that the 
heat generated at the nozzle of the spray gun goes through 
the wall of the `tube rapidly as distinguished from the 
requirement to travel through a solid rod, and results 
in a more uniform distribution of the heat into and 
through the metal tube. The metal which is atomized and 
propelled by gas under pressure at substantially the same 
time that it is melted, due to its having been uniformly 
heated, apparently has a more plastic flow when the par 
ticles thereof land on the substrate enabling these sprayed 
particles to become deposited in a dense even though 
mechanically interlocked mass of particles and to pro 
vide better anchoring and interlock of the contained 
softer modifying metal particle material which is simul 
taneously deposited. ~ 
The tube component of the composite wire of the pres 

ent invention may be composed of metal such as prin 
cipally of copper, aluminum, or iron, the latter including l 
steel. 

Although in all instances the metal of the tube is of 
relatively harder, higher melting point than the metal 
disposed within the confines thereof, where the contained 
metal is to serve as a lubricant for the relatively harder, 
higher melting point of the tube, the tube metal should 
generally comprise at least 50% and preferably 60% and 
upwards of the total volume of the metals and form the 
matrix in the deposit. 

In some instances the reverse may be the case. Thus, 
where for example it is desired to obtain the high elec 
trical and heat conductivity of for example copper, and 
to provide therein reinforcing metal therefor such as iron 
particles, the tube will be a minor amount by volume of 
the ferrous metal with for example a continuous length 
of copper disposed therein forming the major amount by 
volume, the copper forming the matrix metal in the 
sprayed deposit. 

In the preferred practice of the present invention it is 
desirable to have a gap, which can remain as an air gap, 
between the tube and the filling metal to provide an added 
shield during the flame spraying operation for the rela 
tively softer metal of the contents of the tube. This may 
be readily accomplished by employing a solid metal wire 
of lesser diameter than the inside diameter of the metal 
tube within which it is disposed. As an alternative, the 
gap may be employed and filled with for example hydro 
carbon oil lubricant or a ñller of a thickened aqueous 
material such as a rubber or resin latex or aqueous vege 
table gum, sodium carboxy methyl cellulose, an aque 
ous dispersion of colloidal graphite or the like. Similarly 
thickened or thixotropic aqueous compositions of mate 
rials such as colloidal alumina (Du Pont Baymal), ben 
tonite, china clay and the like may be employed either 
alone or as a carrier for inorganic modifying particle 
material, for example 600 mesh silicon carbide. 



3,332,753 
In a non-fully equivalent alternative, the tube may be 

entirely filled by casting molten metal such as lead, bab 
bitt metal, silver solder, etc. therein. In such instances the 
tube should also be heated to prevent solidification of the 
metal cast within the hollow thereof during filling so as 
to insure complete filling of the tube. 

Thus, for the purpose of improving the machinability 
of the deposit, a ferrous metal tube, such as one com 
posed of iron, steel, stainless steel and the like, there may 
be disposed within the tube a minor amount by volume 
of a relatively softer metal or alloy such as copper, 
bronze, brass, babbitts, aluminum, and the like, and pref 
erably lead. 
As another example, the tube forming the major amount 

of the metal by volume can be of copper and the metal 
disposed therein similarly may be lead, babbitt metals, 
silver solder or silver brazing alloys, soft solder such as 
lead and tin alloys, and the like, to provide good bearing 
metals. In this instance the copper tube may in itself be 
a copper alloy such as of bronze or brass. Tubes of alu 
minum forming the major amount of the composite metals 
may also be employed, for example, in bearings where the 
metal disposed within the aluminum tube is for example 
tin. The aluminum tube may of course also contain modi 
fying amounts of metals. For example, the aluminum tube 
may be composed of an alloy of 7% tin, 1% copper, 
1.6% nickel, 0.6% silicon, 1% magnesium, 0.6% iron 
and the balance aluminum. Disposed within this tube can 
be a solid tin wire. 
As another specific example illustrative of the present 

invention, a babbitt wire composed of 88% tin, 6% anti 
mony and 6% copper and having a diameter of .050 inch 
was disposed in a copper tube of a 1/s inch outside diam 
eter and a 1/í6 inch inside diameter, the copper tube being 
l82% and the babbitt wire 18% by weight of the total 
metal. This composite was fiame sprayed from a metalliz 
ing gun onto a substrate consisting of steel to provide it 
with an in situ formed bearing surface. The resultant de 
posit consisted of small islands of babbitt metal uniform 
ly dispersed in a strong matrix of copper. In service the 
babbitt plasticizes as a film providing the low friction of 
babbitt backed up by the rigidity of the copper. The 
manufacture of such ̀ bearings has in the past been limited 
to expensive and complicated sintering processes employ 
ing sintering technology and has precluded the use of 
many lubricating materials such as the aforesaid, the 
lubricating metals in bearings produced by sintering being 
limited to metals insoluble in the matrix. 
The composite flame spraying wire of the present in 

vention is particularly adapted to facilitate the produc 
tion of bearing surfaces of the aforesaid character and 
other metallic overlays wherein the inclusions are of 
lower melting character than the tube or are unstable 
compounds at the 5000-6000° F. temperature generated 
by the Oxy-acetylene or other chemical ñame of the spray 
gun, in that firstly the fillers are protected by the metallic 
sheath, and secondly by the air or other gap, in the pre 
ferred form of the present invention. 
Thus in dame spraying, the metallic tube melts first and 

is atomized and hurled at the target piece or substrate 
along with the atomized filler material which has been 
in part protected from the heat by both the outer shield 
of the metal tube which melts first, and the embracing 
medium or air gap. The method of the present invention 
thus also permits the inclusion of metals which may 
alloy with the tube meta-l but because of the short time 
that the filler metal is exposed to the fiame little or no 
alloying will take place. 

In all instances due to the flame spraying technique 
employed and the protection and rapid cooling of the par 
ticle material on leaving the gun in its passage to the sub 
strate, no appreciable alloying is encountered and the 
fidelity of both the tube metal and the contained metal 
wire is substantially retained. 

In the accompanying drawings: 
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4 
FIG. 1 diagrammatically indicates the spraying of a 

composite flame spraying wire of the present invention 
onto a fiat substrate. 

FIG. 2 is a longitudinal section of the composite ñame 
spraying wire of the present invention. 

FIG. 3 is a relatively enlarged view of the end of the 
nozzle of the ñame spraying gun and of the composite 
wire as it issues therefrom as it is atomized, illustrating 
the enveloping conical effect of the outer cone of atom 
ized metal and the inwardly disposed issuing cone of 
atomized modifying metal wire inclusion. 

Thus, referring to the drawings, the fiame spraying wire 
10 of the present invention comprises a metal tube or 
jacket 11 which can have an outside diameter of 1/8 inch 
to fit a standard wire flame spraying gun and suitably 
has an inside diameter of about já@ inch containing the 
modifying wire material 12. Spraying of the composite 10 
which desirably is flexible and fed from a conventional 
reel, not shown, is diagrammatically shown in FIG. 1 by 
means of the nozzle generally indicated as 13 having an 
air cap 14 together with passages therein comprising the 
compressed air passage 15 between the air cap 14 and the 
nozzle part 16. The combustion gas 13 passes between 
the nozzle parts 16 and 17 which provides an axial orifice 
for supporting the composite wire 10 while being fed 
through the nozzle. The sources of combustion gases and 
compressible propelling gas, i.e. the air supply being part 
of conventional metallizing guns is well understood and 
therefore not shown. 
The resulting atomized spray 19 initially comprising an 

outer cone 20 and an inner cone 21 impinges at a right 
angle to the substrate 22 with high velocity and efficiency 
and with a better and truer mix than when separately 
spraying particle material and metal rod at angles con 
verging to the work. In the latter practice one spray tends 
to blow the other away, whereas in the present method 
and with our novel composite wire, an enveloping trap 
like spray of metal from the tube 11 envelope the atom 
ized particle material of wire 12 to provide a high and 
stable yield and a substantially homogeneous mixed sur 
face coating 23, as distinguished from layers of the com 
ponents. Although the substrate 22 is shown to be flat 
it will be understood that it may be curvilinear for parts 
such as bearings, brake shoes, brake drums, shafts and 
other curvilinear or cylindrical surfaces, and with such 
curvilinear surfaces it will be understood that the spray 
is to be in a general radial direction to the work, such 
radial projecting -being generally comprehended by the 
terminology in the following claims and being in a direc- » 
tion normal to the work. 

It will be understood of course that when spraying 
metallic substrates, they are conventionally pre-heated 
before spraying and suitably cleaned or abraded. 
As a further aid in anchoring the sprayed deposit to a 

tie-ply, i.e. an underlay or dash of spraying metal is first 
applied to the substrate. An example of this is a silver 
solder known as Easy Flo 46 which has a melting point of 
1160o F. and a flow point of 1175 ° F. and has the fgllow 
ing composition in per cwt. by weight: 50 silver, 15.5 
copper, 16.5 zinc and 18.0 lead. 
The tie-ply spray wire may contain flux such as borax 

or the coating may be painted with a coating of a flux 
after spraying. The desired overlay is then sprayed to the 
desired thickness. The entire composite may then be 
heated to a suitable temperature which, with Easy Flo 
46, is between 1200 and 1400° F. to improve the bond. 
It is sometimes desirable to have a transition area between 
the tie-ply and the body of the overlay. This can be ac 
complished by laying down a fiash of the final overlay 
onto the tie-ply followed by a secondary flash of tie~ply. Y 
This produces a gradation of the analysis above the tie 
ply and tends to make the final overlay compatible with 
the tie-ply. 
As an example of the production of hard but rela 

tively machinable deposits, a steel tube of SAE 1080 
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material, having M3” O.D., 1/16" I_D. is provided with an 
inserted lead wire of .040” diameter. This produces a 
composite analysis of 

Percent 
Iron _____________________________________ __ 93.7 

Lead _____________________________________ __ 6.3 

Another example is silver solder wire in copper tubing 
to improve bond strength. (Heated to 12001400° F. 
after spraying.) 

Percent 
1A” X 1/L<;” copper tube _____________________ __ 84.0 
.050 Easy Flo 46 wire insert ________________ __ 16.0 

An example of an aluminum :bearing material which 
is particularly adaptable for use as applied to aluminum 
`backing materials or substrates is as follows: 

Tube Ms" O.D. X .040 LD. analyzing 1% cu, 1.6% Ni, 
.5% Si, 1% Mg and balance aluminum. 

Wire insert tin .032" in diameter. 
Aluminum alloy tube ________________ __percent__ 86 
Tin _________________________________ __do____ 14 

Another example is an aluminum tube as above of 
Ms" O_D. x .0625 I.D. with ten wire insertion of .032” 
diameter, threaded with a film of colloidal alumina 

10 

25 
(Baymal) and 600 mesh crystalline alumina to produce an 
ultimate analysis of 

Percent 
Aluminum alloy _ 84 
Tin __ ______ __ 15 

Alumina 1 
30 

6 
We claim: 
1. Composite ñame spraying wire comprised of an 

inner metal wire and an enveloping metallic sheath, said 
wire being of smaller diameter than the inner diameter of 
sheath providing a gap filled with an aqueous fluid com 
position between said components. 

2. The composite of claim 1 wherein the gap is filled 
with an aqueous colloidal dispersion. 

3. The composite of claim 1 wherein the gap is ñlled 
with an aqueous colloidal dispersion having suspended 
therein inorganic modifying particle material selected from 
the group consisting of ceramic oxides and carbides. 
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