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2,756,166 
VACUUMMETALLIZING ANDAPPARATUS 

THEREFOR 

Paul Alexander, Bloomfield, N. J., and Alexander Samuel 
Baxter and Malcolm Edward Boston, Cambridge, Eng 
land, assignors, by mesne assignments, to Continental 
Can Company, Inc., New York, N. Y., a corporation 
ofNew York 

Application January 27, 1951, Serial No. 208,162 
6 Claims. (CI. 117-217) 

The present invention relates to improvements and 
innovations in methods of and apparatus for applying 
metal coatings to surfaces by evaporation of the metals 
in vacuum at elevated temperature. More specifically, 
the invention pertains to novel heaters to be used for 
evaporating the metals in Such methods and apparatus, 
and to novel methods of preparing and using such 
heaters. 
A number of patents have issued which are directed 

to the process of applying extremely thin films of metals 
to surfaces by evaporating the metals in vacuum at ele 
vated temperatures. In addition to the patent literature, 
there have been papers and articles in the technical liter 
ature which pertain to various aspects of the art of 
vacuum metallizing. A great deal of research and de 
velopment effort has been devoted to the production of 
apparatus Wherein the vacuum metallizing process could 
be carried out satisfactorily in an economical manner. 
One of the critical portions of such apparatus is the 
pumping system since the metals to be evaporated must 
ordinarily be evaporated in unusually good vacuums in 
the order of 1 X105 mm. (Imercury column). Diffu 
sion pumps have been perfected to a point where the 
obtainance of such vacuums no longer constitutes a prob 
lem. In like manner, other portions of the apparatus 
have been developed so that fairly satisfactory equipment 
is now procurable except for the heater elements which 
constitute a physically small but vital part of Such equip 
ment and apparatus. In fact, at the present time con 
tinued commercial growth and development of the vac 
uum metallizing process is largely dependent upon the 
provision of much better heaters than have been hereto 
fore available. 

While a number of metals may be vacuum evaporated 
for application to various objects and surfaces, alluminum 
is presently the most important metal from the com 
mercial standpoint. Other metals of importance include 
gold, silver, copper and zinc. Various alloys of allumi 
num and the other metals may also be vacuum evapo 
rated. 

U. S. Patents Nos. 2,153,786 granted April 11, 1939 
and 2,444,763 granted July 6, 1948 disclose methods and 
apparatus for vacuum evaporating alluminum wire which 
is fed onto a heater element. In these patents the pre 
ferred heater element is disclosed as being a tungsten 
filament and, in general, tungsten has heretofore been 
considered the preferred heater material for vacuum 
evaporating alluminum on a commercial Scale. When 
aluminum is vacuum evaporated from a tungsten heater 
element, the tungsten is eroded away at a rather rapid 
rate and in order to obtain tungsten heaters which Will 
last for as long as in the order of one-half to an hour 
of continuous operation, it has been found necessary to 
make the tungsten heater elements rather long and then 
carry out the evaporation from a number of points on 
the surface of the heater in order to prolong the life 
thereof. When a metal such as alluminum is being 
evaporated from one place on the tungsten heater ele 
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ment, only this relatively Small area is covered With 
the molten aluminum metal while the major Surface of 
the heater element is bare and is in an incandescent 
condition at a temperature substantially higher than the 
temperature of the localized area where the metal evapo 
ration takes place. 
There seems to be no practical means for shielding the 

bare areas of the tungsten heater elements and the heat 
radiated therefrom at high temperature has been found to 
constitute a serious problem for Several reasons. Thus, 
the extremely high temperatures drive off even traces of 
adsorbed and absorbed moisture from eXposed portions 
of the apparatus itself as well as from the materials to be 
metal coated, and the water vapor formed interferes With 
the obtaining and maintaining of the low degree of vacuum 
essential for satisfactory operation. Furthermore, When 
the object or surface being coated is a material Such as 
paper or plastic film, the heat radiated from the bare areas 
of the tungsten heaters is damaging to Such materials and 
constitutes a definite limitation on the types of materials 
which can be coated in accordance with this process. 

In accordance with the present invention, We have dis 
covered and developed novel heater elements for the 
vacuum metallizing process which are markedly superior 
to the tungsten heater elements and othertypes of heater 
elements which have previouslybeen used. Wehave also 
discovered and developed novel methods of preparing and 
using our new heater elements. Briefly, our novel heater 
elements for use in vacuum metallizing apparatus and 
operations compTise a carbon core or internal Support 
member, the surface of which is provided with a coating 
or sheathing of titanium carbide or vanadium carbide 
whereir at least some free titanium or vanadium metal, 
respectively, is exposed to the Surface. Our novel method 
of making such heaters involves the utilization of titanium 
hydride as the source material fortitanium, and vanadium 
hydride as the source of vanadium. In our novel method 
of using the heaters to vacuum evaporate metals such as 
aluminum, the metal to be evaporated is allowed to melt 
and film out over all or most of the heated Surface of the 
heater element. These and other features of the invention 
will be fully disclosed and illustrated in the following de 
tailed description and the accompanying drawings. 
One important object of the invention is a novel heater 

for use in vacuum metallizing apparatus which lasts sev 
eral times longer than the tungsten heater elements which 
are now used and which has a heating surface uniformly 
Wetted by the nnetal to be evaporated so that the heater 
operates at a nearly uniforn temperature throughout. 
This object of the invention issatisfied by our heaters made 
with carbon cores or supports and provided with a heating 
surface of titanium carbide wherein there is a substantial 
content of free titanium metal, or of vanadium carbide 
Wherein there is a substantial content of free vanadium 
metal. 
The method of making the heater element is set out and 

claimed in our copending divisional application, Serial No. 
549,219, filed October 28, 1955. 
Another important object of the invention is an im 

proved method of vacuum evaporating a metal such as 
aluminum at elevated temperature in a vacuum cham 
ber by evaporating the metal from a heater having a 
heating Surface formed of titanium carbide or vanadium 
carbide containing an appreciable amount of free titanium 
or vanadium metal, respectively, the molten metal being 
evaporated covering most of the heated evaporating sur 
face of the heater element so that the temperature of 
the heater element is maintained substantially uniform 
throughout and there is little if any bare incandescent 
heating area which is not coated with a film of the metal 
being evaporated. 

Certain other objects of the invention will, in part, 
be obvious and Will, in part, appear hereinafter. 
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For a more complete understanding of the nature and 
scope of our invention, reference may now be had to 
the following detailed description thereof taken in con 
nection with the accompanying drawings, Wherein: 

Fig. 1 is a side elevational viaw, partly in section, cf 
a carbon core heater element made in accordance With 
the present invention; 

Fig. 2 is an enlarged sectional view taken on line 2-2 
of Fig. 1 and showing diagrammatically the outer coating 
or sheathing of either titanium carbide and free titanium 
metal or of vanadium carbide and free vanadian inetai, 
which serves as the heating surface thereof 

Fig. 3 is a side elevational view partly in vertical sec 
tion of a modified form of heater element made in ac 
cordance with the present invention; 

Fig. 4 is a diagrammatic vertical cross Sectional view 
through one form of apparatus for vacuum evaporating 
metals so as to deposit a film of the metal on the Sur 
faces of individual objects; 

Fig. 5 is a sectionai view taken on line 4-4 of Fig. 4; 
Fig. 6 is a partially diagrammatic vertical cross sec 

tional view through a vacuum metallizing apparatus de 
signed for the continuous coating of a Web of material 
such as paper or plastic, certain parts being shown in 
elevation; and 
I Fig. 7 is a longitudinal vertical sectionai view party 
in elevation taken on line 6-6 of Fig. 6. 

In Figs. 1 and 2 a heater elementis indicated generally 
at 5 which comprises a cylindrica rod 6 provided with 
metallic terminals 7 and 8 on opposite ends thereof. The 
rod, 6 consists of an inner core or support made of carbon 
and indicated at 9 in Fig. 2 and having an eXterior Stir 
face consisting of a layer or sheathing of titaniuli or 
vanadium carbide 11 bearing free titanium or vanadium 
metal, respectively, 12 on the exterior therecf. The ex 
act dimensions and shape of the rodi 6 are not critical. 
The core 10 may, for example, have a diameter of about 
one-quarter of an inch and a length of two inches. The 
coating of titanium or vanadium carbide 3 and the skin 
of titanium or vanadium metal 12 are So thin that they 
do not add appreciably to the diameter of the carbon 
core G. 
The heater 5 may be suitably made in accordance with 

the following example when the sheath È is titanium 
carbide and the skin 2 istitanium metal: 

Example I 

The terminals 7 and 8 are applied to the opposite ends 
of any desired number of carbon rods. A suitable grade 
of carbon for this purpose is the compressed amorphous 
carbon. Such as is used with a binder for making the 
electrodes for arc lamps. The carbon rcds are pref 
erably first heated in a vacuum in the order of 1 X10 
mm. (mercury column) or better for at least about 2 
minutes and preferably for about 5 minutes, at a tempera 
ture of at least about 2000° C. it has been found that 
this preliminary heat treatment of the carbon rods results 
in substantially Superiorheaters. 
A suspension of finely divided titanium hydride is pre 

pared by dispersing the titanium hydride powder in alco 
hol, or if desired in some other vehicle Such as acetone 
or Water. he carbGn rods are now coated with the 
suspension of titanium hydride eitherby dipping the rods 
into the Suspension orby brashing Cr spraying the suspen 
sion onto the rods. After the initia coating of titanium 
hydride has thus been applied, the rods are heated in a 
vacuum in the order of 1X10-3 mm. at a temperature of 
around 1800° C. for about 1 minute. Under these con 
ditions the titanium hydride decomposes into titanium 
metal and hydrogen gas. The titanium metal reacts im 
mediately as it is formed with the carbon making up the 
Surface of carbon rods so as to forn titanium carbide 
thereon. The amount of hydrogen gas given off is not 
sufficient to interfere with the maintenance of the vacuum 
but it does tend to provide a reducing atmosphere which 
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is beneficial in protecting the free titanium metal as it 
is formed. 

It has been discovered that superior heaters can be 
made by giving the carbon rods or supports at least tWo 
coatings of titanium hydride followed in each instance 
by heating in vacuum to decompose the titanium hydride 
into the metal and hydrogen gas. Normally, only two 
coatings and subsequent heating in vacuum are required 
to form a skin or coating of titanium carbide on the car 
bon support or core together with an appreciable amount 
of titanium metal in the surface cf the titaniun carbide. 
The second haating of the heater element after it has re 
ceived its second application of titanium hydride suspen 
sion may be carried out at approximately the sanine 
vacuum and temperature conditions as the first heating 
of the titanium hydride but it is preferable to regulate 
the time of heating during the second operation by noting 
when a film of titanium metal appears on the surface of 
a heater and then to discontinue further heating. 
When the carbon rods are provided with terminals, 

the heating to the elevated temperatures in the yacuum 
chambers may be accomplished by passing electric cur 
rent therethrough. However, the carbon support may 
beheated by other methods if desired. 

Example 2 
In making heater 5 With a sheath A of vanadium car 

bide and a coating 2 of free vanadium metal, the pro 
cedure outlined in Exampe 1 may be followed using 
vanadium hydride suspension in piace of titanium hy 
dride and heating to 1750° C. in each instance instead 
of to 1800° C. 
The free titanium or vanadium metal on the Surface 

of the titanium or vanadium carbide coating, respectively, 
is desirable from two standpoints. In the first place, 
since the carbide is formed by reaction of the metal, as 
it is formed on the decomposition of the hydride, with 
the carbon surface of the core orrod, it is desirable that 
there be at least sonne excess of the titanium or vanadium 
metal in order to insure that the carbon surface of the 
rod is completely coated with the corresponding carbide 
and no unreacted carbon is left at the Surface. The 
carbon itself if left exposed will react with the metal 
being evaporated, e.g. aiuminum, and then the alumi 
in Cr other carbide Will decompose at the operating 

temperature so as to form the metal vapor and carbon 
Smoke which Will spoi the coating or deposit of the metal 
on the object or surface to be coated. By having at 
least Some excess of titanium or vanadium metal formed, 
the substantially complete coating of the carbon rod with 
the corresponding carbide willbe insured. 
A second, and very important function of the free 

titanium or vanadium metal on the surface is that it 
increases the wettability of the heater Surface by Such 
molten metals as alluminum. Since one of the important 
advantages of the heaters of the present invention is the 
ability to evaporate the molten metal from the entire area 
thereof, it is very beneficial to increase the wettability 
or ease With Which the molten metal Spreads out and Wets 
the heater surface. 

It has also been further found in practice that the free 
titanium or vanadium metal serves to make the heaters 
“self-healing” should cracks or breaks develop in the 
carbide coating. That is, the free titanium or vanadium 
metal present will react with the exposed carbon if the 
breaks are not too large, and will thereby form protec 
tive titanium or vanadium carbide either of Which is re 
sistant to attack by the molten aluminum or other metal. 
While the method of forming the carbide-free metal 

coatings described above in connection With Examples 1 
and 2 is the presently preferred one, these coatings may 
be made by other techniques and methods. Thus, free 
titanium or vanadium metal powder itself may be used 
in place of the hydride. This method has the disad-. 
vantage that it is difficult to obtain and then preventoxi 



2,756,166 
dation of the finely divided titanium or vanadium powder 
and the protective action of the hydrogen gas is not pres 
ent as it is when metal hydride is used. Another tech 
nique that may be used is the heating of the carbon rods 
or supports to temperatures of around 1800°C. in closed 
chambers in atmospheres of titanium iodide. Apparently 
this compound decomposes as the titanium reacts with 
the carbon surface of the heated elements to form tita 
nium carbide and if heating is continued sufficiently long 
in such an atmosphere, a free titanium metal coating is 
ultimately obtained. Vanadium iodide would be used to 
obtain a vanadium carbide-free vanadium metal coating. 

While it is convenient to use carbon rods as the cores 
for heaters made in accordance with the present inven 
tion, the carbon supports may be made in other shapes, 
for example, as shown in Fig. 3 of the drawings. The 
heater in Fig. 3 is indicated generally at 13 and is in 
the form of a bridge-shaped carbon support 14 suitably 
coated with a sheathing of metal carbide-free metal as 
described above in connection with Examples 1 and 2. 
Metallic terminals i5 and 16 are applied to the opposite 
ends of the support 14. A block of carbon may be suit 
ably machined so that it has a cross section correspond 
ing to the elevation of the carbon support 4 as shown 
in Fig. 3. Such a block may then be sliced crosswise 
into a nun'iber of the supports 14. The horizontal por 
tion of the support 14 will thus be rectangular in cross 
section and heaters having widths of one-quarter of an 
inch and thicknesses of one-eighth of an inch have been 
found to be suitable although these dimensions are not 
critical. 
The heaters 5 and 13 shown in Figs. 1 and 3, respec 

tively are suitable for self-heating bypassing electric cur 
rents therethrough. It will be understood that heaters 
may be made in accordance with the present invention 
which have other shapes and cross sections and which 
may be heated indirectly by induction or electron bom 
bardment. 
At the present time vacuum metallizing operations are 

conducted either as a batch or a continuous type process 
depending upon the particular surfaces or articles to be 
coated. Where small individual articles are to be coated 
(e.g. jewelry, toys, Christmas tree ornaments, etc.), the 
metal is vacuum evaporated in a batch type process in 
apparatus suitably designed for this type of operation. 
Where the surface or object to be coated is of a large 
area such, for example, as a web or roll of paper or 
plastic, the metal is vacuum evaporated in a continuous 
type process wherein the web if continuously unrolled 
from a supply roll and rewound after a coating on an 
other roll while the metal to be evaporated is continu 
ously fed onto the heater elements. The use of heaters 
of the present invention in a batch type vacuum metal 
lizing apparatus will be described in connection with 
Figs. 4 and 5 of the drawings. In these figures the vacu- È 
um chamber is indicated at 20 and may take the form 
of a horizontal bell jar which may be formed either of 
metal or glass. The chamber 20 is provided onone end 
with a removable door 21 which may be bolted onto a 
flange 22 by means of suitably spaced bolts 23-23. It 
Will be understood that a suitable gasket may be used. 
in order to insure tightness of the chamber 20 when 
closed. At the opposite end, the chamber 20 is pro 
vided with a neck or connection 24 which leads to the 
pumping System. Since the pumping system may be of 
any Suitable known design which will have adequate ca 
pacity and provide the suitable vacuum, it will not be 
shown or described in the present application. 
The heater elements, which may, for example, corre 

spond to the heater element 5 shown in Figs. 1 and 2, 
are indicated at 25-23 in Figs. 4 and 5. These heaters 
25 are Suitably supported in the chamber 20 approxi 
mately on the longitudinal axis thereof and the opposite 
terminals of the heaters are suitably connected to the 
buses 26 and 27 which are supported from the door 21 
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6 
and have exterior terminals 28 and 30 respectively suit 
ably insulated from the door 21 by bushings 29-29. 
The objects to be coated may, for example, take the 

form of glass balls 31–31 such as are used for Christmas 
tree ornaments. These balis are supported on the ends 
of the spokes 32 of a number of Wheels which are adapted 
to be rotated within the chamber 20. As the wheels 
rotate the balls 31 are completely exposed to the metal 
being evaporated from the heaters 25 and thus receive a 
uniform coating over their entire surfaces. 

Before the heaters 25 are inserted into the chamber 20, 
they are first provided with a deposit of the metal to be 
coated, e.g. aluminum. Such a deposit may be provided 
thereon eitherby dipping the heaters 25 into molten alu 
minum so as to receive a film thereof or aluminum in 
the form of wire or foil may be wrapped around the 
heaters 25. 
The operation of the apparatus shown in Figs. 4 and 5 

in general follows conventional procedure for this type 
of equipment, which corresponds to that previously in 
use for batch vacuum metallizing operations except for 
the heaters 25. The open chamber 20 is loaded with 
the objects 31 to be coated and with the heaters 25 which 
are suitably provided with the metal to be coated. The 
cover or end 21 is then bolted in place and the vacuum 
is drawn unti it is reduced to the desired degree, e.g. 
1 X105 mm. The current is then turned on and the 
temperature of the heaters 23 raised to the point where 
the metal evaporates therefrom, e.g. 1350° C., when the 
metal is alluminum. Normally the evaporation only re 
quires approximately one-half minute. 

VVhile the heaters of the present invention may be used 
to advantage in the batch vacuum metalliziing operations, 
they have their fullest utility and greatest advantage in 
cennection with continuous type vacuum metallizing 
operations Wherein a web of paper or plastic is to be 
coated with a metallic film. Such an apparatus and the 
methcd of operation thereof will be described in connec 
tion with Figs. 6 and 7. In these figures the vacuum 
chamber is indicated at 35 and is preferably forned of 
steel in view of the rather large size which may be as 
lcng as 6 feet and as much as 5 feet in diameter. For 
purposes of facilitating control, the chamber 35 is pro 
vided with at ieast one sight glass or window 36 secured 
in place in gas-tight relationship by means of inner and 
outer retaining rings 37 and 38 which will be suitably 
gasketed in known manner. A connection 40 is inte 
graliy formed on the top of the chamber 35 for con 
necion with the pumping System. 
The supply roll of sheet material to be coated is indi 

cated at 41 and is suitably supported for rotation on a 
shaft which is journaled between vertical plates 42 and 
43 as shown in Fig. 7. The Web is indicated at 44 and 
runs over one guide roll 45 and thence over another 
horizontally spaced guide roll 46 frem which it passes 
overa windup roll 47. All of these rolls are supported 
between the plates 42 and 43 and the windup roll 47 is 
positively driven. For this purpose the Shaft on which 
the windup roll 47 is carried is provided on ome end with 
a sprocket 50 over which runs a drive chain 51 which 
runs over a drive sprocket 52 carried on a drive shaft 53 
which projects outwardly through the adiacent end of 
the chamber 35 and is suitably packed and sealed in 
known manner. 

This arrangement Serves to continuousy pass the web 
4 between the guide rolls 45 and 46 So that it is hori 

zontally supported above a plurality of heaters 54-54 
which may take the form of the heaters 13 shown in 
Fig. 3 of the drawings. Each of the heaters is supported 
at opposite ends on a pair of bus bars 55 and 56 which 
are insulatedly supported from the bottom of the cham 
ber 35 by means of a plurality of insulating blocks 
57-57. The buses 55 and 56 project through the door 
60 to the chamber 35 and are provided with exterior 
terminals 61-61. 
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Since this apparatus is designed to operate continuousy 
for periods of over anhour, an arrangement is made for 
continuously feeding the metal to be evaporated to the 
heaters 54. Cne suitable feeding arrangement is shoWin 
in Fig. 6.. There, the metai to be evaporated in the form 
of a wire or strip is supported on Spools 62 Which aie 
free to unwind, there being one of these spools providedi 
for each of the heaters 53. The Wire is indicated at 63 
and is guided through tubular sections 64 and 65. Each 
of the tubular sections 65 is curved downwardly So aS 
to bend and feed the wire 63 down onto tie top Sirace 
of the adiacent heater 54. Kruried feeding rolis or 
wheels 66 and 67 are placed in betveen the tubular 
Sections 64 and 65 so as to grip the Wire 63 and feedit 
forwardy. The means by which Ehe sets of ro?s 6 and 
67 are driven is pot shown bui may be of krown of 
obviois design and preferably is reguatable from the 
exterior of the apparatus. 

in operation: Èhe vacuum chamber 35 is first loadedi 
with a roi 4 cf the web to be coated and this Web is 
threadied around the rcs 43 and 46 and fastened to the 
Windup roli 4gi. Heaters 54 from a previcus run which 
appear to haye been consarned to the point Where they 
vvili not last for the duration of aniother rinare replaced, 
and Spools of Wire (e.g. ai minui) are inserted and 
threaded through the guide Sections 64 and 65 and feed 
rols 55 and 57. The chamber is then closed, and the 
terrainals 5 are connected to tie source of current. 
The vacuti in is then drawin ono the chamber 35 and 
When it inas Suitably perfected, the apparatus is 
piaced into operation. The metal vire is fed onto the 
heaters 54 at a sufficientrate se as to maintain a molten 
fim over the evaporating Surface thereof and the evaporat 
ing neta ServeS to deposit a uniform and continous 
film of the metal olto the bottom Surface of the web 44 
as it passes between the Support rols 45 and 46. The 
cperator Wii from time to time make whatever adjust 
ments are necessary for controling the rate of speed 
of the Web 44, and the raie cf speed of the alluminum 
Wire gnto the yarious heaters 34-54. A further adjust 
ment Which may be inade as regired is the amount of 
current fed to the haaters 56, Which controls the tem 
peratures therecf. 
The two primary advantages of the heaters made in 

accordance With the present invention when used in con 
tinuous type vacuum metallizing operations are: (1) the 
comparative long life of the heaters (e.g. up to 3 hours) 
and the dependability thereof; and (2) the operation 
of the heaters at Substantially lower temperatures than 
Were previously possible with heaters such as those of 
the tingsten filament type. The longer life and the 
greater dependability of the heaters permit the appa 
ratus to be operated for longer periods at a single time 
Without failure Cr interruption due to failure of indi 
vidual heaters or need to shut down for replacement of 
the heaters. The lower operating temperatures lessen 
the chances of altering or damaging the webs or films 
A4 to be coated and permit webs to be coated of a type 
that cannot withstand the higher temperatures en 
countered When heaters of the prior art Such as the tung 
sten filament type are employed. Furthermore, the Iower 
operating temperatures prolong the useful life of the vari 
ous parts of the apparatus that are sensitive to high 
temperatures. 
By substituting heaters made in accordance with the 

present invention for those previousy available and used 
in continuous type vacuum metallizing apparatus, it has 
been possible to increase the productive operating time 
cf Such apparatus as much as 200%. 

Since certain changes and modifications may be made 
in the embodiments of the invention described above in 
connection with the accompanying drawings and other 
embodiments of the invention may be made without de 
parting from the spirit and scope thereof, the foregoing 
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3 
detailed disclosure of the invention is intended to be in 
terpreted as illustrative and not in a limiting Sense. 
Whatis claimed as newis: 
1. For use in an apparatus for depositing metal onto 

a surface and having an evacuated chamber Surround 
ing the said surface and an evaporating heater in said 
chamber for contact with the metal to be deposited, the 
invention which consists in having said heater composed 
of a carbon core and an outer ccating layer of composite 
free metal and metal carbide upon said core, Said layer 
being selected from the group consisting of titanium car 
bide containing free titanium metal and vanadium carbide 
containing free vanadium metal, said outer layer adja 
cent said carbon core being rich in the carbide and pocr 
in the selected free metal and its exterior surface being 
rich in the selected free metal and poor in the corre 
sponding carbide, said layer being characterized in that 
the molten metal to be deposited can Wet and be Spread 
by the selected free metal present at the surface of the 
said layer, and the layer is effective to prevent contact 
with the coated carbon core by the metalto be deposited. 

2. For use in an apparatus for depositing metal onto a 
surface and having an evacuated chamber Surrounding 
the said surface and an evaporating heater in said cham 
ber for contact with the metal to be deposited, the inven 
tion which consists in having said heater composed of 
a resistively heated carbon core and an outer coating 
layer of titanium carbide containing free titanium metal, 
said outer layer adiacent said carbon core being rich in 
the titanium carbide and poor in the free titanium metal 
and its exterior surface being rich in the titanium metal 
and poor in titanium carbide, said layer being charac 
terized in that the molten metal to be deposited can Wet 
and be spread by the free titanium metal present at the 
surface of the said layer, and the carbide of said layer 
is effective to prevent contact with the coated carbon 
core by the metalto be deposited. 

3. For use in an apparatus for depositing metal onto 
a surface and having an evacuated chamber surrounding 
the said surface and an evaporating heater in said cham 
ber for contact with the metalto be deposited, the inven 
tion which consists in having Said heater composed of a 
resistively heated carbon core and an outer coating layer 
of vanadium carbide containing free vanadium metal, said 
cuter layer adiacent said carbon core being rich in the 
vanadium carbide and poor in the free vanadium metal 
and its exterior surface being rich in the free vanadium 
metal and poor in vanadium carbide, said layer being 
characterized in that the molten metal to be deposited 
can Wet and be spread by the free vanadium metal pres 
ent at the Surface of the said layer, and the carbide of 
said layer is effective to prevent contact with the coated 
carbon core by the metalto be deposited. 

4. In the method of applying metal coatings to sur 
faces wherein the metal to be deposited thereon is evapo 
rated at an elevated temperature in a vacuum, the im 
provement which comprises heating in the vacuum a car 
bon core having a coating thereon of composite metal and 
metal carbide selected from the group consisting of ti 
tanium carbide containing free titanium metal and va 
nadium carbide containing free vanadium metal, said 
coating adiacent said carbon core being rich in the car 
bide and poor in the selected free metal and its exterior 
surface being rich in the selected free metal and poor in 
the corresponding carbide, said heating being to a tem 
perature above the nelting point of the metal to be de 
posited, bringing the metal to be deposited into contact 
with the said coating Whereby the molten metal to be 
deposited Wets and spreads upon the selected free metal 
and is evaporated from a film eXtending over substantially 
the entire surface of said coating, and preventing con 
tact with the carbon core by the metal to be deposited 
through maintaining the coating of the selected metal 
carbide upon the carbon core. 

5. In the method of applying metal coatings to surfaces 
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wherein the metal to be deposited thereon is evaporated 
at an elevated temperature in a vacuum, the improve 
ment which comprises heating by electrical resistance in 
the vacuum a carbon core having a coating thereon of ti 
tanium carbide containing free titanium metal, said coat 
ing adiacent said carbon core being rich in titanium car 
bide and poor in the free titanium metal and its exterior 
surface being rich in the free titanium metal and poor in 
titanium carbide, said heating being to a temperature 
above the melting point of the metal to be deposited, 
bringing the metal to be deposited into contact with the 
said coating whereby the molten metal to be deposited 
Wets and spreads upon the free titanium metal and is 
evaporated from a film extending over substantially the 
entire surface of said coating, and preventing contact with 
the carbon core by the metal to be deposited through 
maintaining the coating of titanium carbide upon the 
carbon core. 

6. In the method of applying metal coatings to sur 
faces wherein the metal to be deposited thereon is evapo 
rated at an elevated temperature in a vacuum, the im 
provement which comprises heating by electrical resist 
ance in the vacuum a carbon core having a coating there 
on of vanadium carbide containing free vanadium metal, 
said coating adiacent said carbon core being rich in va 
nadium carbide and poor in the free vanadium metal and 

0 

20 

25 

O 
its exterior surface being rich in the free vanadium metal 
and poor in vanadium carbide, said heating being to a 
temperature above the melting point of the metal to be 
deposited, bringing the metal to be deposited into con 
tact with the said coating whereby the molten metal to be 
deposited Wets and spreads upon the free vanadium metal 
and is evaporated from a film eXtending over substantially 
the entire Surface of said coating, and preventing contact 
with the carbon core by the metal to be deposited 
through maintaining the coating of titanium carbide upon 
the carbon core. 
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