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This application is a continuation-in-part of
application, Serial No. 676,477 (now abandoned),
filed June 13, 1846. .

Thig invention relates to the art of vapor coat-
ing.  More particularly, it relates to improve-
ments in the art of depositing a hard, resistant,
metallic coating, which is also a good conductor
of electricity.

In general, the formation of metallic coatings

on surfaces such as glass is done within a highly 1

evacusted chamber. The metal to be deposited is
placed in a coil of tungsten wire or a crucible
located within the chamber and the chamber is
evacuated down to a2 pressure at least as low as
10-3 mm. of mercury (sce Strong, “Procedures in
Experimental Physics,” Prentice-Hall, Inec., New
York, N. Y., 1944, page 176) in order to obtain
good results. Somewhat higher pressures than
this can be used but the results, in the ordinary
process of vapor coating, become increasingly
poor as the degree of evacuation becomes less.
This is due to collisions of the metal molecules
with residual gas molecules preventing mefal
from travelling to the surface to be coated. The

metal to be deposited is heated to its vaporization 2

temperature and the molecules of metal, if un-
hindered by intervening gas molecvles, travel in
straight lines to deposit on all relatively coo’er
opposing surfaces including the surface of the
article which it is desired to coat.

Tn these previous processes of vapor coating,
then, every effort has been made to use the
highest possible vacuum and, in most cases, to
prevent oxidation of the coating being deposited.

The present invention deals primarily with the
deposition of a particular metal, namely, titani-
um. One obiect of the invention is fo provide a
method for the formation of a hard, resistant
coating of this metal on any surface able to with-

stand the conditions existing during the evapora- 4

tion process.

Another object is to provide a method of form-
ing a hard, mirror-like coating of titanium.

Anocther object is to provide a very thin coat-
ing of titanium, which is a relatively gocd con-
ductor of electricity.

Another object is to provide a thin, metallic
coating having nearly the hardness of steel.

Another object is to provide a thin metallic
coating highly resistant to ordinary inorganic
acids and alkalies.
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© suitable to raceive the titanium coating.

Still another object is to provide a coating of '

titanium which is so thin as to be light trans-
mitting but which is electrically conductive.

These and other objects will become aprarent
-and the invention will be better understood from
the following description and the accompanying
drawings which represent a side view of conven-
tional vapor coating apparatus with an added in-
let to admit a desired amount of oxygen.
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Referring to the figure, there is positioned
within a vacuum chamber { a boat or crucible
2 on a holding stand 3 and adapted to be heated
by a heating coil 4. On a holder 5 having an-.arm
8 of adjustable height, there is placed the article
T to be coated. By means of magnet 8 on the
end of the holding arm and a similarly shaped
magnet 8 outside the vacuum chamber the arti-
cle being coated may be turned over in order to
coat its reverse side if desired. An inlet 0 in
the wall of the vacuum chamber is for the pur-
pose of admitting a desired amount of oxygen
into the chamber. .

The preparation of a coating of titanium ac-
cording to the invention is as follows: titanium,
either in the form of wire or powder, is placed in
the boat which may be of tungsten. If desired,
the boat may be omitted and a tungsten coil
used instead. In this case, wires of titanium
are preferable to use of powder. The chamber is
exhausted to a high vacuum of about 0.1 to 0.01
micron of mercury. There is then admitted an
amount of pure oxygen sufficient to bring the
préssure up to from 1 to 50 microns. The amount
of oxygen introduced will necessarily vary with
the type of base to be coated, distance from
evaporator to work surface, degree of hardness
desired, ete. The exact upver limit of pressure
is determined by the practical consideration of
whether the mean free path of the titanium
molecules is sufficient to allow their reaching the
surface of the object being coated considering the
distence between evaporator and work surface.
If the oxygen pressure is too high, however, some
of the titanium will be converted to the oxide and
if the pressure is substantially lower than 1
micron the resulting coating will be too soft and
have too low a degree of adherence.

Next, the evaporator is heated to melt the tita-
nium and the temperature of the evaporator is
then raised in order to evaporate the metal. This
temperature is usually from 1800-2000° C. Time
of evaporation will depend upon thickness of
coating desired, temperature of evaporation, and
amount of oxygen present.

Many different types of work surfaces are
Glass
or other hard ceramics are preferred but metals
can al<o be used equally well as can mica, miner-
al fibers, etc. Any base which is not adversely
affected hy the high evaporation temperatures
may be utilized.

Even very thin ceatings of titanium deposited
according to the method of the present inven-
tion are relatively good electrical conductors.
For example, a coating on glass of such thick-
ness as to transmit 50 percent of the incident light
had a resistance of 300 ohms between needle
pointed electrodes spaced apart a distance of
2.5 inches. 'The glass was 0.5 inch in width. A
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titanium dioxide coating of comparable thick-
ness has a recistance of the order of megohms.

On smooth surfaces such as glass or mieca,
brigint mirror coatings can bs deposited when
made of sufficient thickness as to be opaque.
Since the coatings are also very hard, they make
excellent front surface reflectors. Their hard-
ness being only slightly less than that of steel,
these mirror surfaces are highly resistant to
sceratching and scufiing.

The adherence of a coating deposited as above
described was tested as follows. 'The pressure
under which evaporation and deposition took
place was about 10 microns. A coating of rubbser
cement was placed on the titanium coating and
then stripped off the surface. The metal coat-
ing was undamaged and the tweezers could not
be made to scratch the coating. A cimilar
titanium ceating deposited undar a high vacuum
of 0.1 micron of ordinary atmosphers was cov-
ered with similar layer of rubber cement. When
the rubber cement was sirippsd from the surface
most of the metallic underiayer was stripped from
the bhase.

Titanium coatings made according to the
present invention were alzo subjected to the fol-
lowing abrasicn test. A steel ball covered with
linen and loaded with a 500 g. weight was sub-
jected to a reciprocating motion across the sur-
face of the coating. More than 200 cycles were
required to completely remove the coating hy this
process whereas titanium deroszited under high
vacuum conditions could be complately removed
during the first few strokes of thz hall. (This test.
ing method has been reportad by Noel Scott, En-
gineering Board, Fort Belvoir, Virginia.)

In addition to their hardness characteristics,
the titanium coatings which have heen dascribed
are also almost completely incoluble in the in-
organic acids and even resist the attack of hot
alkali solutions. For this reason, they are little
affected by the usual corrosive components of
ths atmosphere and can be used under conditions
where other mirrors fail completely.

The unexpected improvements which result
when a ceating of titanium is depocsited in an
atmosphere of oxygen appsar to be due to small
amounts of oxygen dissolving in the metal coat-
ing., At the same time, some titanium dioxide is
21so formed but the percentage appears to be
elatively minuts and does not seem to be re-
sponsiblz for the improved properties. Just
wiy the dissclved oxygen should improve the
properiies of the coating is not understood and it
is not dssired to be limited by the suggested
theory. There is considerable evidence to sup-
port the conclusion that the oxygen present in
the evaporation chamber becomes dissolved in or
.adsorhed by the titanium coating rather than
uniting chemically with the metal to form oxides
of titanium. One is that the resulting coating is
metallic in luster. Another is that the coating
is a much better electrical conductor than a
titanium dioxide semiconductor would be. The
coating alss ellipfically polarizes light on reflec-
tion, which is a characteristic of metals.

Further explanation of the ability of titanium
to - dissclve oxygen (and other gases) may be
found in Transactions of the Electrochemical
Society, vol. 87, 1945, pp. 289—. In an article

=N

entitled “Lowering of the Photoelectric Work
Function. Qf Zr, Ti, Th and Similar Metals by
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Dissolved Gases” by H. C. Rentschler and D. E.
Henry, p. 290, is the statement:

“Zirconium, titanium and hafnium are unique
in that oxygen, nitrogen and hydrogen form a
solid solution in the metal; that is, the gas atoms
are in the crystal lattice and not in the form of
compounds in the grain boundaries.”

Pitanium coatings prepared according to the
present invention have many uses. The forma-
tion of hard mirrors on optically smooth surfaces
is one of the more important applications. An-
other is the formation of thin electrically conduc-
tive coatings for making sliding contacts. The
formation of an adherent conductive coating on a
ceramic surface to which a heavy metallic coat-
ing is subsequently to be applied by electro-
deposition is still another important use. Also,
the formation of electrically conductive coatings
on transparent glass surfaces is important in
many industries. One of these is in alarm systems
which operate when a glass cover is broken.

There has thus been deseribed a method of
forming a hard chemically resistant coating by
depositing titanium vapor in the presence of
oxygen. Results are greatly improved over de-
positing the coating in an ordinary high vacuum
with almost no oxygen present although the
rvegsons for the difference are not fully under-
stood. When deposited in a high vacuum, the
coatbing is relatively soft and can easily be
seratched off the coated surface. Deposition
made according to the present method produces
hard, chemically resistant coatings having a mir-
vor-like luster. The coatings ars also relatively
gocd, electrical conductors.

I claim as my invention:

1. A method of forming an adherent, abrasion-
resisting coating on a surface of a refractory ma-
terial comprising positioning said material with-
in an evacuated chamber, introducing into said
evacuated chamber an amount of pure ozygen
sufficient to provide a pressure of 1 to 50 microns
therein, vaporizing titanium in vacuo, and expos-
ing said surface to said vaporized titanium, while
in the presence of said oxygen.

2. A method according to claim 1 in which said
refractory material is glass and the thickness of
coating material deposited is such that it trans-
mits light.

3. An article comprising a base of refractory
material having a coating of titanium thereon,
said titanium having a small amount of oxygen
dissolved therein and having been deposited by
the process of claim 1.

4. An article according to claim 3 in which
said material is glass and the thickness of coat-
ing material deposcited is such that it transmits
light.

5. An article according to claim 3 in which said
material is glass and the thickness of coating
material deposited is such that it is opaque to
light.

WILLIAM A. MILLER.
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