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11 Claims. (Cl. 117-54) 

This invention relates to a novel method of coating 
objects with molten copper or copper alloys and more 
particularly for spraying such objects with molten cop‘ 
per or copper alloys and effecting thereby a metal to 
material bond heretofore unknown in the art. 

I-Ieretofore copper has been sprayed in a molten state 
on objects and materials bythe use of a technique where 
in pure or alloyed metal in the form of wire was melted 
in the ?ame of a flame gun and atomized by compressed 
air into a ?ne spray. This prior art process is known 
as the Schoop process, and is disclosed in Schoop Patent 
1,128,058. In accordance with the Schoop 4 process, 
although the metal is molten when it leaves the gun, 
the blast of cool air cools it so that by, the time it im 
pinges on the surface of the material or object to which' 
it is applied, it is in the form of “cool” semi-molten 
particles which ‘build up on the surface of the material 
being coated to form a metal coating of desired thick 
ness. So cool are the particles that when they reach 
the surface to which they are applied, little or no fusion 
results and, hence, the resulting metal coating tends to 
peel off. - - . . 

The present invention solves the problem of forming 
a substantially uniform, inseparable layer of copper or 
copper alloy on the surface of objects such as glass, 
or suitable ceramic. In accordance with-the invention 
the entire mass of copper or copper alloy which is to. " 
be used as the coating metal is ?rst converted into a. 
molten state, preferably before it is poured from a 
melting crucible into a receiving and holding crucible in 
a novel spray gun. If desired, however, the entire mass 
of coating metal, which may be substantially pure cop 
per or a copper alloy, hereinafter sometimes designated 
as “copper coating meta ” may be converted into the de 
sired molten state in the gun. The important require 
ment is that the metal be converted to a molten state 
before it leaves the con?nes of the gun and remain in 
that state until it is actually applied. The molten metal 
in the gun is next conducted by conduit means through 
a nozzlejet to a point where it is atomized by what 1 
term an innocuous compressed ‘gas heated to a high tem 
perature under controlled pressure ‘by the use of a con 
ventional valve, and then is sprayed upon the surface 
which has been selected for this purpose, such as glass 
or ceramic. The surface of the material to be coated 
is prepared by cleaning it, and then is heated to a high 
temperature, such that when the molten atomized metal 
impinges upon it, the metal becomes in effect an integral. 
part of the glass (or ceramic). Because of my novel 
method, surface shock on the materialbeing coated is 
substantially eliminated or held to a bare minimum 
and an extremely uniform inseparable layer of metal of 
desired thickness is formed thereon. 
The use of an innocuous gas, which may be an inert,v 

or non-oxidizing gas, such as nitrogen, heated above the 
melting point of copper or a selected copper alloy, in 
sures that there will-be no oXidization of the coating. 
metal or coating medium being sprayed and also that ‘it 
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will ‘be maintained in molten form even though atomized. 
Also, because the coating metal is reduced to a molten 
state either before it is poured into the gun or is con 
verted from a frozen state into a molten mass in the gun, 
it‘is possible to introduce a degasifying agent into the 

‘ molten mass of coating metal in any suitable or desired 
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quantity such that any and all gas in the molten metal 
mass is occluded. Thus, as a result, only a continuous 
stream of pure coating metal, i.e., molten copper or 
copper’ alloy, can ?ow in and from the gun and be 
atomized intoa molten metal spray for discharge onto 
the selected surfaceato be coated. - > 

It is an object of the invention to provide a novel 
process of coating molten copper and copper alloys on. 
selected objects, such as glass or ceramics. . 

~ It is also an object of the inventionto providea 
novel method of spraying substantially pure molten 
copper or a_ selected copper alloy on glass or ceramics 
heated to a temperature wherein the molten metal spray 
does not freeze on the surface being coated until an in 
separable bond is created and further wherein the molten 
coating metal'is maintained constantly in that state even; 
though atonized because of the fact that it is atomized 
by a highly heated, ‘compressed, iner-t or non-oxidizing 
gas, and means are provided for insuring that the tem» 
perature of the gas ‘will not drop below that of the molten 
metal when the latter is atomized. 
The invention is further characterized by so control-r 

ling the temperature of the atomizing gas that preferably 
it is at least equal to the temperature of the molten cop 
per or copper alloy coating‘metal, thereby insuring that 
the coating metal cannot ‘freeze as it ?ows from the 
crucible in the gun to and through the nozzle’ jet. Even‘ 
though the gas expands at the point where it atomizes 
the molten‘ metal, its temperature does not drop ap 
preciably below that of the temperature of the molten 
selected copper or copper alloy. 
Thus the temperature of the atomized molten copper 

or copper alloy when it strikes the surface to be coated 
\ in the form of a molten metallic spray is above the melt 
ing point of the copper or' copper alloy, or.‘ the copperv 
coating metal. 
The invention is further characterized by the provision‘ 

of a novel method‘ of applying copper or copper alloy 
coating metal to the surface of selected objects such as 
glass or ceramics wherein a selected coating metal in 
molten state is atomized by ‘a'compressed, inert, or non 
oxidizing gas heated to a high temperature ‘such that 
when brought into contact with the molten metal it will 
not cool it substantially, and then- the metal in an ato 
mized, molten state is sprayed upon the surface of the 
selected object in' order to form a ‘substantially in-V 
separable layer of such metal thereon. ‘ ~ 
The invention further consists in the provision of a 

novel method of spraying molten, substantially pure. 
copper or copper alloys on glass or ceramic surfaces 
wherein the temperature relationship between the'moltenv 
coating metal being sprayed and the material being coat 
ed is such that surfacevshock is ‘substantially avoided or. 
eliminated, and exceptionally uniform, inseparable metal 
to glass or ceramic surface bonds heretofore unknown‘ 
in the art are obtained. 
‘With ‘these and other objects not speci?cally mentioned. 

in view, the invention consists in certain combinations and ; 
constructions which will be described 'more fully herein.-' 
after, and then set forth in the" claims hereuntov appended. 

In the accompanying- drawings which form a part "off 
this speci?cation and in which like characters of reference; 
indicate the same _or like parts; 

gun embQdYiHg'theinven'tion, -~ 
Figure 1' is a; plan view ,of a preferred: form of spray-‘5 



2,962,389 
3 

Figure 2 is a sectional view taken on line 2—2 in Fig 
ure 1, 

Figure 3 is a sectional view taken on line 3-3 in 
Figure 1, 

Figure 4 is an enlarged sectional view of preferred 
form of nozzle, 

Figure 5 is a sectional view taken on line 5-5 in 
Figure 2, 

Figure 6 is a plan view taken on line 6—-6 in Figure 2, 
and 

Figure 7 is a diagrammatic illustration or ?ow sheet 
showing one way of practicing the method of the inven~ 
tion. 

Referring to Figures 1-6 of the drawings, 10 designates 
generally a conduit which surrounds or encircles the body 
of the device which is used to apply a selected copper 
coating metal to the surface to be treated. In this case, 
the device is a spray gun designated 11. Conduit 10 is 
provided for carrying a combustible ?uid, such as a mix 
ture of gas and air. A valve 20 of suitable conventional 
design serves to control the quantity of combustible ?uid 
required for the proper operation of gun 11, and to cut 
o? the supply thereof when this is desired. 
Gun 11 is formed with side walls 12, and end walls 

14 and 15. As shown in Figures 1 and 2, end wall 14 is 
substantially circular for a purpose described more in 
detail hereafter. Gun 11 also is provided with a bottom 
16, preferably removably mounted in any suitable man 
ner on the gun, a ?xed top portion 17 and a removable 
top portion or cap 19. Cap 19 is provided with an open 
ing or ?ue 22 located above crucible 24 which is seated 
in the circular end portion 14 of gun 11 and holds the 
molten, copper coating metal, such as substantially pure 
copper or a selected copper alloy. 

Conduit 10 is provided with a plurality of openings 26. 
In the form of gun shown there are ten openings, al 
though more or less could be used. Removably mounted 
in each opening is a vertically extending, elongated air 
gas manifold 28, each having a plurality of air-gas burn 
ers 30. As shown, each manifold 28 has three burners. 
Each burner 30 has an adjustable valve 32 which can be 
operated in order to control the quantity of air-gas mix 
ture to be burned. This arrangement makes it possible 
to control the temperature of the gun 11 and all internal 
parts thereof within close limits, and thereby insure uni 
form gun temperature, with substantially complete free 
dom from hot or cold spots in the gun. 

Referring to Figures 2 and 3, it will be seen that de 
tachably mounted gun bottom 16 is formed of a sheet 
metal shell, such as stainless steel, which I have found 
withstands the extremely high temperature to which the 
gun is subjected. Bottom 16 is ?lled with ?re clay and 
?recrete mixture 36. 

Located within gun 11 is a heating coil designated gen 
erally 38 by means of which a suitable, highly heated, 
non-oxidizing or inert gas, such as nitrogen, argon, he 
lium, is conducted to nozzle N and used in atomizing the 
molten, copper coating metal, such for example as cop 
per or a copper alloy, for appliction to the surface to be 
coated. One end of coil 38 is connected by a suitable 
conventional valve 40 to conduit 42 attached to a source 
of supply (not shown) of compressed gas, such as nitro 
gen. Coil 38 is formed from a high melting point metal 
in order that it can withstand the great heat to which it 
is subjected during the operation of the gun. I have 
found that a chrome iron alloy, known as Kanthal A-l, 
serves this purpose satisfactorily. End 37 of coil 38 is 
secured in position by a clamp 44 attached by screws 46 
to conduit‘ 10. As illustrated in Figures 1 and 2, the top 
of heating coil 38 is provided with an elbow 48 to which 
is attached a length of pipe 50 formed from the same 
material as coil 38. 
The free end of pipe 50' is threadably secured in elbow 

52. Also threadably joined to elbow 52 is one end of a 
nipple 54, the other end of which is threadably secured in 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

4 
nozzle body 56. A suitable ?lter 58 which may be 
formed of Kanthal A-l or Nichrome wire, about .002 
inch in diameter, is mounted in nipple 54 adjacent the 
point where it is attached to nozzle body 56. Nozzle 
body 56 is provided with an axial bore 57 and a transverse 
bore 59 greater in diameter than axial bore 57 in which 
the end of nipple 54 is secured, as described hereinabove. 

Nozzle body 56 is provided with a section 60 having 
screw threads 62 adapted to accommodate the internally 
threaded portion of the crucible holder 64. This connec 
tion permits ready and easy removable mounting of cru 
cible holder 64 on nozzle body 56 because threads 62 are 
fairly coarse. Mounted in the threaded portion of cru 
cible holder 64 is a soft graphite rod 66 in which is formed 
an axial bore 68. A plurality of radially extending holes 
or openings 70 are drilled or otherwise formed in rod 66, 
as shown in Figures 2 and 4. These holes or openings 
?lter the, molten coating metal M as it ?ows from cru 
cible 24 into bore 68 in graphite rod 66. 
The end portion 14 of gun 11 is substantially circular 

in shape in order to best accommodate crucible 24 which 
is circular in cross-section. It is evident, however, that 
a different shape could be given to gun portion 14 if 
desired. Crucible holder 64, preferably made of Kanthal 
A-l, supports crucible 24 which is made of Denver clay 
or equivalent material. As in the case of bottom 16 of 
gun 11, walls 12 and end portions 14 and 15 are made 
in the form of metal shells, preferably from stainless 
steel, ?lled with a mixture of ?re clay and ?recrete. Cru 
cible 24 is held seated in crucible holder 64 by a mixture 
of ?re clay and ?recrete 65. 

Sealed in an axial bore 57 in nozzle body 56 is a nozzle 
jet 72. As shown in Figures 2 and 4, nozzle jet 72 is a 
small tube formed from hard graphite through which the 
molten copper coating metal or alloy ?ows from crucible 
24 through openings 70 into and through bore 68 and 
thence through nozzle jet 72 and out of the lower end 
thereof, as viewed in Figures 2 and 4. As the molten 
stream of coating metal leaves the end of nozzle jet 72, it 
is atomized by the heated nitrogen gas under pressure 
?owing through nipple 54 and out of ori?ce 80. As men 
tioned hereinabove, the nitrogen gas is heated to a tem 
perature greter than, or at least as great as, that of the 
molten metal it atomizes so that even though there may 
be a drop in gas temperature due to expansion, there 
is substantially no drop in temperature in the molten 
metal as it ?ows out of nozzle jet 72 as the result of its 
contact with the highly heated gas. This maintenance of 
temperature of the atomized, molten metal or alloy is of 
marked importance in achieving the novel results of my 
invention because it insures that molten metal actually is 
applied to the surface being coated. 
Bore 57 passes through transverse bore 74 in nozzle 

body 56. Bore 74 is partially ?lled with a suitable, high 
temperature cement 76 by means of which nozzle jet 72 
is held rigidly in operating position in nozzle body 56. 
The right hand end of bore 59, as viewed in Figure 4, 
is closed by the threaded end of rod 78 suitably mounted 
on conduit 10. The lower end of nozzle jet 72 extends 
through a circular opening or ori?ce 80 formed in nozzle 
body or holder 56. Ori?ce 80 connects directly with 
bore 59. Hence, as the stream of heated pressurized 
nitrogen gas ?ows through nipple 54 and passes through 
ori?ce 80, it comes in contact with molten, copper coat 
ing metal ?owing by gravity through and out of nozzle 
jet 72. The aspirating effect of the nozzle construction 
and the compressed gas causes a differential in pressure 
thus helping gravity in the free ?ow of molten metal from 
nozzle 72. At the point of contact of the pressurized 
gas and molten metal stream, the molten metal will be 
atomized thereby and because of the temperature char 
acteristics of the heated, pressurized gas and the molten 
metal at this point, the molten metal, though now in an 
atomized state, remains molten and is sprayed in this 
state upon the surface of the work to be treated. The 
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work being coated, as indicated somewhat diagrammati 
cally in Figure 2, may be a heated, glass object G or 
other object which is supported on a suitable, heated 
support designated generally H and heated in any suitable 
manner as by an electric heater E. . 
There are thirty openings 82 formed in the side walls 

12, and end walls 14 and 15 of gun 1-1. This ‘number, 
together with openings 83, provided for auxiliary burners 
31 in the lower section of wall 14, has been found to 
give satisfactory results although more or less could be 
used if desired. Burners 30 and 31 direct their ?ames 
into the gun in order to heat coil 38 and maintain the 
coating metal in crucible 24 in a molten state. In the 
case where frozen metal is placed in crucible 24, the heat 
generated by burners 30 and 31 is su?icient to convert 
it to a molten state and maintain it in that condition. 

Conduit 10 is removably attached to gun 11 by means 
of a plurality of brackets 86 and screws 88. Gun 11 
has several openings 89 through which thermocouples 
(not shown) of suitable, conventional design may be in 
serted for cooperation with suitable means (not shown) 
for controlling the temperature within gun 11. 
Gun 11 is provided with a detachably mounted bottom 

cover plate 90 which is located beneath crucible 24, as 
shown in Figures 1, 2, 4, 5 and 6. Plate 90is attached 
to gun 11 by screws 91 and is formed with a central, 
circular opening 92 through which the lower extension 
part of nozzle body 56 projects. Referring to Figure 2, 
it will be seen that cover plate 90 covers the bottom of 
gun 11 below crucible 24 and is sealed on the bottom 
of gun 11 by a suitable, refractory cement 93. This seal 
ing of plate 90 resultsin more heat in the gun because 
it prevents cold air from rising against nozzle jet 72 and 
chilling it, as well as nozzle body 56, crucible 24 and 
the molten coating metal in crucible 24. Nozzle jet 72 
preferably is formed from an extremely hard, com 
pressed, heat treated mixture of graphite and china clay. 
Plate 90 prevents the burned gases and free oxygen from, 
oxidizing the atomized, copper coating metal being 
sprayed. Experience has shown that if a small quantity 
of burned and unburned gas from burners 30 and 31 
is allowed to escape from the opening between plate 90 
and nozzle body 56, this gas will oxidize the coating metal 
being sprayed. This condition is avoided by the con 
struction described. 

Figure 7 illustrates diagrammatically a preferred meth 
od of practicing the invention. Assuming that the ma 
terial to be coated is a glass surface, it is ?rst cleaned, 
as by washing. This step is indicated at 100. The glass 
object is then placed in a suitable heating device or oven, 
such as 103, as shown in Figure 2, and heated to a suit 
able temperature, preferably above 1000° F. depending 
upon the type of glass used, as at 102, and the tempera 
ture is held at that range until and while the surface of 
the heated glass object is being coated with the molten,’ 
atomized metal. Because of this heating step, the molten 
metal spray will not freeze until an inseparable copper 
to glass bond is created. Conversely, glass which has 
just been made can be allowed to cool to the desired 
temperature and then coated, as above described. 

Ceramics to be coated are treated similarly. It is 
found that a satisfactory range of temperature to which 
the ceramic being treated is raised is between 1000° F. 
and substantially the temperaure of the molten copper 
coating metal, depending upon the softening point of 
the ceramic to be coated. In some instances, however, 
it may be desired to heat the ceramic to be coated to 
substantially the temperature of the molten copper coat 
ing metal. Actually, ceramics require a higher tempera 
ture than glass for softening and this will vary with the 
type of ceramic. Thus,- ceramics can be heated much 
higher than glass which allows ‘a lower temperature for 
the molten copper in order to‘ bond it inseparably to 
the ceramic to which _it is ‘applied. _ v ‘ I ' . 

Examples of glass that have been coated satisfactorily 
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with copper and" copperv alloys in accordance with my? 
invention are: all types of ?at or sheet glass, including" 
plate glass, bottle glass, drinking glasses, “Pyrex” and 
other heat resisting glasses, glass rods, and glass tubing. 
Ceramic coated successfully included wall and ?oor tiles. 
and ceramic dishes. 

Referring again to Figure 7, the metal selected as the 
coating agent in this case is copper, as indicated generally 
at 104.‘ ‘The copper is placed with a ?uxina crucible 
designated at 106 and melted in a melting furnace at 
107 where the temperature of the molten metal may be“ 
raised as high as 2500" F. Preferably, the molten cop 
per is held at a temperature range of about 2000°-2300° 
F. as at 108 until it is transferred to gun 11. During 
the transfer of the molten copper from the melting fur-. 
nace crucible into crucible 24 there may be a slight drop 
in temperature. 
into crucible 24, the temperature of the molten copper is. 
again raised to a temperature range of 2150°-2250° F.;‘ 
or possibly higher. ' 
As noted hereinabove, the particular copper coating‘ 

metal, selected for spraying, may be converted into a 
molten state in crucible 24 of gun 11 from which, in the 
operation of the gun, it ?ows in a molten stream by grav 
ity and the aspirating effect of the nozzle through nozzle 
jet 72 for atomization by the pressurized gas ?owing 
through nipple 54. The temperature of the coating metal 
in this case is conditioned as described above. In either 
of the two cases where the melt is produced in a melting 
furnace crucible or in the crucible 24 of gun 11, a ?ux is 
placed in the crucible along with the metal to be con 
verted to a molten state. Fluxes which have given satis 
factory results are A.B.C. Foundrate 12, a mixture of 
cuprous oxide, a' relatively low melting point, glassy 
material and phosphorous copper, and boron sub-oxide. 
The preferred method illustrated in Figure 7 includes 

the optional step of adding a degasi?er at 110 to the melt 
before it is transferred at 112 into crucible 24 of gun 
11. This step may be omitted because the ?ux added 
at 106 acts' to remove impurities and gas. However, I. 
prefer to use a degasi?er because I have found that it‘ 
contributes to the best possible flow of molten copper 
through nozzle jet 72, thereby producing a uniform, con 
tinuous stre'am'of substantially pure molten copper coat 

" ing metal for atomization in a markedly uniform, con 
tinuous spray. In the case where the coating metal is 
melted in crucible 24 in gun 11, a degasi?er is addedv 
before the active spray-ing operation begins. 
The use of a degasi?er insures that at no time during 

the coating operation will there be included gases in'the 
copper or copper alloy, i.e., copper coating‘ metal which 
may be used as the coating medium, which would result 
in the formation of interrupted and discontinuous atomi 
zation of the metal and a non-uniform coating in the 
?nal product. I have found that phosphor copper gives 
satisfactory results as a degasi?er. Other well-known 
types of degasi?ers could be used. ‘ 
Gun 11 is heated to a temperature at least that of the 

molten copper or copper alloy selected to be sprayed 
upon the surface to be treated. This temperature will 
depend upon the copper coating metal being used and 
the material being coated. Satisfactory temperature 
ranges for typical copper coating metals are given as 
follows: 

_ Satisfactory 
Copper Coating Metal Temperature 

Range, ‘’ F. 

Pure Copper 2, 050-2, 500 
Aluminum bronze 8.5% 2, 150-2, 250 
Commercial bronze (Cu 90%,,Sn 10%) . 2, 010-2, 110 
Yellow brass (65% Cu, 35% Zn)__.__ . 1, 850-1, 950 
Phosphor bronze (Cu 90%, Sn 10%)--- v 1, 930-2, 030 

_'The_'t_em_perature_ of the glass is relative. Glass stand a temperature of 1000“ F. or more before soften 

However, subsequent to its being poured 
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ing, and I have found that it is undesirable to heat glass 
above its'softening point. The softening point of glass 
depends upon their compositions, as shown in the follow 
ing table: 

Type of Glass Softening 
Point, ° F. 

Lime glass __ 1, 285-1, 305 
Lead glass; _ __- 1, 1484, 166 
Borosilieate glass ______________________________________ __ 1, 436-1, 508 

In all coating metals referred to above, the desired 
temperature range satisfactory for spraying is effected by 
burners 30 and 31 of gun 11, as described hereinabove. 
While in the embodiment of the invention illustrated 
herein, a combustible, gaseous ?uid is disclosed as the 
medium for heating and maintaining gun 11 at a high 
temperature, other heating means, such as electric re 
sistance or induction heating systems, also could be used 
to advantage. 

Gun’ 11 is held at the temperature speci?ed above until 
it is ready for use, and also at all other times when the 
spraying operations are in progress. The temperature of 
gun 11 is controlled by valves 20 and 40 which are pro 
vided for adjusting the quantity of gas-air fed to burners 
30 and 31. Thus, after the burners 30 and 31 have been 
lighted, valves 20 and 40 are adjusted until the desired 
gun temperature control is effected. 
The crucible in the crucible furnace which contains 

the molten copper at the speci?ed temperature is removed 
from the melting furnace and a portion of the melt is 
transferred to crucible 24 in gun 11 as designated at 112 
in Figure 7. As shown in Figure 2, glass G, to receive 
the metal coating, is supported on a suitable electric 
grid E in an enclosure 103. Glass G preferably is lo 
cated some four to six inches beneath the bottom of 
nozzle N. Enclosure 103, shown diagrammatically in 
Figure 2, is provided with an opening 0, and a door 
or cover (not shown), which can be opened when the 
glass G is being coated, and closed at the end of these 
operations in order that the glass G may cool slowly 
and equalize the strains and stresses which may have 
been set up in glass G because of its subjection to heat 
in being prepared to receive the metal coating, and also 
because of the heat incident to the actual coating treat 
ment itself. The coated glass may be removed from 
enclosure 103 and placed in a leer 116 after being sprayed 
with the molten, atomized copper as at 114, as indicated 
in Figure 7. 

Non-oxidizing or inert gas, such as nitrogen or helium, 
under pressure, is fed into heating coil 38 and thence 
through pipe 50 and nipple 54 into bore 59 of nozzle 
body 56 at a temperature approximately that of the 
molten metal in crucible 24, or between 2,150°—2,250° 
F., or higher. I have found that satisfactory gas pres 
sures may range from 30 p.s.i. up to 80 p.s.i. and even 
higher. Because of the substantially equal temperature 
of the molten metal and the atomizing gas upon contact 
with the molten metal fed through nozzle jet 72, the gas 
will not cause a sub-standard cooling of the molten metal 
despite a small temperature drop of the gas due to its 
expansion at nozzle N. The association of the molten 
metal and the highly heated, inert gas under pressure 
results in the formation of a ?ne molten metal spray 
which impinges upon the surface of the heated glass in 
enclosure 103 where it adheres and forms a joinder with 
the glass in a bond which is permanent and stronger 
than the glass upon which the metal is coated. As stated 
hereinabove, the coated glass G, after a stated period 
of controlled cooling, is removed from a leer or other 
treating chamber as at 118 in Figure 7. 

It will be understood that the reference in the descrip 
tion of the several steps of the preferred method illus 
trated in, Figure 7 does not obtain solely for coating a 
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8 
selected copper coating metal on glass. The same method 
can be used equally well in the treatment of ceramics. 
The novel spray gun, and the method described herein 

above make possible a simple and e?iective way of form 
ing copper and copper alloy coatings on glass and ce 
ramicstwhich are uniform and extremely durable, and 
permanent to such an extent that it is practically impos~ 
sible to remove coatings produced in accordance with 
the invention from the substances to which they have 
been applied without a resort to chemical action. 
What is claimed is: 
1. The method of forming a permanent coating of a 

copper coating material on a selected object which com 
prises cleaning the surface of the object to be coated 
and heating said object to a high temperature approaching 
but lower than its softening point, converting the coating 
material to a molten state, degasifying said molten coating 
material, and while holding said degasi?ed coating ma 
terial in said molten state allowing it to flow in a con 
tinuous stream through a nozzle, atomizing said stream 
of, molten coating material as it moves from said nozzle 
and projecting it in molten atomized form on said heated 
surface to be coated. 

2. The method of forming a permanent coating of a 
copper coating material on a selected object which com 
prises cleaning the surface of the object to be coated and 
heating said object to a high temperature approaching but 
lower than its softening point, converting the coating ma 
terial to a molten state, degasifying said molten coating 
material, removing substantially all impurities from said 
molten coating material, and while holding said substan 
tially pure degasi?ed coating material in said molten 
state allowing it to flow in a continuous stream through 
a nozzle, atomizing said stream of substantially pure 
molten coating material as it moves from said nozzle and 
projecting it in molten atomized form on said heated 
surface to be coated. 

3. The method de?ned in claim 1 wherein said coat 
ing material is substantially pure copper. 

4. The method de?ned in claim 1 wherein said coating 
material is a copper alloy. 

5. The method of forming substantially inseparable 
permanent layer coatings of copper and copper alloys on 
objects to be coated comprising preparing the surface of 
an object to be coated by cleaning said surface, heating 
said object to a high temperature but below its softening 
point, converting the selected coating metal to a molten 
state, degasifying said molten metal, and maintaining 
said molten degasi?ed metal substantially free from ab‘ 
sorption of oxidizing gaseous ?uids, ?owing said degasi?ed 
molten metal in a continuous and uninterrupted molten 
stream of substantially pure coating metal through an 
ori?ce to a point of atomization, and atomizing said 
stream of substantially pure molten coating metal and pro 
jecting it in a uniform atomized molten spray onto the 
prepared surface of said object to form thereon said sub 
stantially uniform inseparable layer of metal. 

6‘. The method of forming thin uniform inseparable 
layers of a metal selected from the group consisting of 
substantially pure copper and copper alloys on the sur 
face of an object, comprising converting said metal into 
a molten state, ?ltering said molten metal to remove im 
purities therefrom. and, degasifying said molten metal, 
maintaining it in a substantially pure molten condition, 
and while said metal is so maintained in said substantially 
pure molten condition, atomizing a stream of said sub 
stantially pure molten metal by subjecting it to the in— 
?uence of a highly heated innocuous gas under pressure, 
whereby said substantially pure atomized metal is applied 
as a molten spray on the surface of said'objeet. 

7. The method of forming a permanent, substantially 
uniform inseparable metallic layer upon the surface of an 
article to be coated comprising selecting a coating metal 
from the group consisting of substantially pure copper 
and copper alloys, converting said selected coating metal 
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to molten state, degasifying said molten coating metal 
and removing substantially all impurities, delivering a 
continuous stream of said molten degasi?ed and substan 
tially pure coating metal to a zone of atomization with 
out substantial drop in temperature, atomizing said stream 
of molten coating metal into a molten coating metal spray, 
and applying said molten coating metal spray to the sur 
face of said article. 

8. The method of forming substantially uniform in 
separable layers of copper on the surface of a glass object 
comprising cleaning said surface, heating said glass to a 
temperature ranging between 1000° F. and its softening 
point and maintaining said temperature within that range, 
converting said copper into a molten state in a tempera 
ture ranging to about 2500° F., and holding said molten 
copper at a temperature range of about 2000°—2300° F., 
degasifying said copper to remove impurities, ?ltering and 
?owing a continuous stream of said degasi?ed and ?ltered 
molten copper through an ori?ce into a zone of atomiza 
tion, atomizing said stream of molten copper issuing 
from said ori?ce without lowering said temperature ap 
preciably to form a molten copper spray and then apply 
ing said molten copper spray to the surface of said heated 
glass object. 

9. The method de?ned in claim 8 including the step of 
preventing access of oxidizing gases and free oxygen into 
said zone of atomization during the formation of said 
atomized molten copper spray. 

10. The method of forming thin uniform inseparable 
layers of a metal selected from the group consisting of 
substantially pure copper and copper alloys on the sur 
face of an object selected from the group containing glass 
and ceramic, comprising converting said metal into a 
molten state, degasifying and ?ltering said molten metal to 
remove substantially all impurities therefrom, said molten 
metal and maintaining said substantially pure metal in 
molten condition, and while said substantially pure metal 
is so maintained in said molten condition, atomizing a 
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stream of said molten metal by subjecting it to the in 
?uence of a highly heated innocuous gas under pressure, 
whereby said substantially pure atomized metal is applied 
as a molten spray on the surface of said object. 

11. The method of forming substantially uniform in 
separable layers of copper on the surface of a ceramic 
object comprising cleaning said surface, heating said 
ceramic to a temperature ranging between 1000° F. and 
its softening point and maintaining said temperature with 
in that range, converting said copper into a molten state 
in a temperature ranging to about 2500° F., and holding 
said molten copper at a temperature range of about 
2000°—2300° F., treating said molten copper to remove 
substantially all impurities, including degasifying said 
molten copper, said copper, ?owing a continuous stream 
of said treated molten copper through an ori?ce into a 
zone of atomization, preventing access of oxidizing gases 
and free oxygen into said zone of atomization and, 
atomizing said stream of molten copper issuing from said 
ori?ce without lowering said temperature appreciably to 
form a molten copper spray and then applying said molten 
copper spray to the surface of said heated ceramic object. 
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