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This invention relates to means for coating,
treating, or otherwise changing the suriace of
solid bodies, and according to it, the surface of
the body is heated to a high temperature for a
very short time by exposure to a beam of high-
velocity particles such as cathode, or positive,
rays. The process is particularly applicable to
the incorporation with the surface of a very thin
layer of another material having special prop-
erties, such for example as great hardness, re-

sistance to corrosion or abrasion, electrically im-

portant properties such as photo-electric or sec-
ondary electron emission, and the like. 'The beam
of rays, focussed on the surface, heats it and the
coating material (supplied before or during the
application of the rays, very rapidly to the point
at which they fuse together. Such material may
first be applied to the surface by any suitable
means in the form of a coating, and then be in-
corporated by exposure fo the rays. Or it may
be injected in the form of a fine powder into the
beam of rays, or be evaporated by suitable means
so as to be deposited on the surface. It isa com-
mon practice to fuse a thin layer of material onto
the surface of a body by means of a blowpipe,
the material being previously applied to the sur-
face, or fed to it simultaneously with the flame.
This invention consists essentially in the use as
a new sort of blowpipe of focussed electric rays.
This allows a very high temperature to be at-
tained so quickly that amalgamation of the coat-
ing with the surface occurs before the heat pene-
trates.

For example, hard steel parts may be coated
with very finely powdered tungsten or other hard
metal carbide, and exposed to the beam. Alter-
natively, the finely powdered carbide may be fed
mechanically into the beam as it is made to im-
pinge on the surface. The metal may also be
coated with tungsten, or may contain it in the
form of an alloy, and the carbide be afterwards
formed from carbon powder applied under the
heat of the beam,
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T will describe two ways in which the standard

forms of apparatus used for producing X-rays by
the action of a beam of cathode rays upon a tar-
get, may be adapted with little change to serve
‘the purposes of this invention. Figure 1 of the
accompanying drawing represents in section the
manner of using a “hot-cathode” apparatus, Fig-
ure 2 the adaptation of a cold-cathode appa-
ratus, such as was in general use for generating
X-rays before the invention of the hot cathode.
Fach has its advantages for the purpose of this
jnvention, for the following reasons:
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In the hot cathode tube, the electrons escape.
from the cathode into an electrostatic field which
extends to the anode, the applied high voltage
being distributed over this space, so that it is nec-
essary for the target to be situated near the
cathode, and to be the anode. There is there-
fore a very strong electric field at the surface
of the target, which tends to cause any loosely
adherent matter to be thrown off. In the cold
cathode arrangement, the applied high potential

of the cathode, and the electrons emitted from
the latter are therefore given a very high velocity
in a direction at right angles to the surface of

5. the cathode, flying to a focus a$ the target, which

may be at any desired distance {rom the cathode.
In the cold cathode tube, the presence of gas is
necessary; 0.001 mm. of hydrogen gas is usually
chosen. This is an advanfage in that a very’
high vacuum is not necessary; on the other hand,
the pressure of the gas has a great. effect upon
the amount and velocity of the electrons emitted.
Since in carrying out this invention we are nec-
essarily working with “demountable” apparatus,
that is, apparatus in which the vacuum has to be
broken from time to time, there is no difficulty,
with modern pumps and appliances, in adjusting
the gas pressure as required. In the cold cathode
tube, there is only & small electrostatic field near.
the surface of the target, and this may be almost
abolished by a suitable screen. '

. A hot-cathode arrangement suitable for coat-.
ing small steel parts, such as the working faces
of limit gauges, with tungsten carbide, is shown

5 in Fig. 1. The cathode filament | is enclosed in

a metal bell 2, open below, and having in its cen-

tre a small vessel 8, made of tungsten or molyb- -
denum. This vessel has a perforated bottom,
and contains tungsten carbide powder, which.
passes through the perforations at the bottom.
when the apparatus is subjected to vibration, at.
a rate dependent upon the intensity of the vibra-

tion. 4 is the part to be coated, such as a small

cylinder of steel intended for a limit gausge, It

is connected to the positive end of the high ten-

sion supply, which is of any standard form as

used for X-ray work. The apparatus used for

producing vibration may also be of any standard
type used for causing powders to pass through

screens.

The waste heat from the cathode serves to heat -
the tungsten powder; the target may also he
heated in the manner familiar in the degassing
of vacuum tubes, by subjecting it to a high-fre-
quency field. Preheating shortens the period of.
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eXposire necessary to cause thé péwdér to amal-
gamate with the surface of the target.

The apparatus is enclosed in a suitable vacuum
chamber. This is of sufficient size to permit of
the parts to oe treated to be set.ready. on-a-turn-
table or belt, sothat they.can be treated one. a.fter
the other without breaking the vacuum.

Fig, 2 shows a cold-cathode arrangement. The
cathode | is of the usual concave form, which
leads to a focus of the rays on the target 2. This
is surrounded by a metal tube 3, in electrical con-
nection with it. This practically -agbolishes any
electrostatic field at the surface to be coated, and
allows the powder to be used as coating to be-ap-
plied with little or no adhesive. I have found
that an even coating, sufficiently -adherent, may-
be made by mixing the powder with a lLittle. toluol
or other volatile hydrocarbon.

Particularly with the longer beam of rays pro-
duced by the cold cathode, it is easy to use a
magnetie field, in the well known- manner, to ad-
Just-the position -of -the focus of ‘the Tays., Fur-
thermore, -this positionr ‘may -be ‘made to “scan”
the surface of ‘the gbject ‘to be cogted, -in the
manner ‘familiar in-the case of ‘the televasmn
cathode ray-tube, so as to-cover, ‘step by step, &
larger area. Tt -is obvious that ‘this mventwn
lends -itself to automatic operation, since ‘the
heat applied, the time of-its ‘application, and the-
-ares to which it is-applied, can alf be determined
‘with great nicety:

‘I'have described ‘the invention -in connection
"with one -gpplication only, and ‘using only -one
-sort-of'rays. - ‘I do not-wish “myself ‘to be limited
‘to-this. “The method of heating -a surface to a
‘very ‘high temperature by the impact -of particle
:rays, unlike any other method allows ‘the ‘tem-
.perature o e attamed S0 qurck-ly ‘that the pene-
tration of ‘it below the surface ‘is reduced to a
minimum. This enables closeiy dimensioned
Dparts to be treated without serious disturbance:
of the worked surface.

T claim:

1. The method of coating & metallic surface
‘which comprises ‘applying to said-surface ‘pow-
dered ‘tungsten carb;de and smuitaneously ‘sub-
Jectingsaid surface as it is-contacted with said
carbide to a focussed beam of cathode rays-for a
time-sufficient to amalgamate said- metalhc sur-
face and said carbide, said- metanxc surface com-
Drising the anode rejative to- the source of*cathotle
Iays.

“2, “The method of cogting: a metarhc surfaee
Whlch comprises directing a stream of powdered
tungsten carbide through a cathode Zone on 1o
said metallic surface comprising ‘the anode,
thereby .preheating said- carbide, and szmuitane-
ously focussing cathode rays on to -said anodic
metallic surface at the area of contact with said
carbide for a time suﬂiment to amalgamate said
anode surface and said ‘powdered- tungsten car-
dee :

15

20

25

80

85

40

50

85

60

“

3. The method of coating 3 steel surface which
comprises applying to said surface powdered
tungsten carbide and simultaneously subjecting
said surface as it is contacted with said carbide
to a focyssed beam of cathede rays fer g time
sufficfent to amalgamate- and eoat said surface
with said carbide, said surface bemg the anode

_relative to the source of cathode rays.

4. The method of coating a metallic surface
-which comprises -applying to said surface pow-
dered tungsten carbide, subjecting said surface
Jogether with said carbide to a focused heam of
cathode rays for a time sufficient to amalgamate
said -metallic surface and said carbide.

‘5. "Fhe ‘method of coating a metallic surface
Which -eomprises ‘applying to said surface pow-

-dered tungsten, contacting said tungsten on said

surface with powdered carbon, and simultane-
ously subjecting said surface together with the
powdered material thereen to a focused beam of
cathede rays for a time sufficient to: form fung-
sten: -earbide and te amalgamate said metailic:
surface with said carhide, said metallic surface
being the anode relative to the source of eathode
rays.

6. The method of coating a metalic surface.
which . .comprises applying thereto a powdered.
tungsten carbide, subjecting said -surface together
with said- cazhide: to-a focused.-electron ray bom-
bardment for a time sufficient to. amalgamate.
said metallic surface with said-carbide, said me-
tallic surface comprising the anede relative to
the seurce ef -catheode rays and being substan-
tially free from .any electrostatic field, and regu~
lating the:position of :the focus of said: rays rela-
tive -$0: a predetermmed surface..area .and for
seanning,
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