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The reflection occasioned on the outer surface
of a transparent object when lght rays from
the air pass Into that object, same as the reflec-
tion occasioned when light rays from a trans-
parent object pass into the air, can be diminished
in & known mahher by applying to the oblect a
thin layer of a substance whose refractive index
1s lower than that of the object in question. Suft-
able choice of this refractive index of this sub-
stance and of the thickness of the layer provided,
it is even possible to wholly eliminate sald reflec-
tion. It is furthermore known that the said re-
flection can be diminished by the application of
several thin layers, though it Is not expedient in
that case that all of them have a lower refrac-
tive index than the object. However, the previ-
ously known methods for producing such layers
are unsatisfactory, because, for instance, of the
layers obtained thereby offering little resistance
to chemical or mechanical attacks.

According to the invention highly effective Iny-
ers offering strong resistance at the same time to
chemical and mechanieal attacks can be obtalned
if for their production a low-hydrated gel-like
hydroxide (either alone or with other additions)
of an element capable of forming colloidal hy-
droxides difficultly soluble in water Is precipitated
on the object when the latter 1s heated to a tem-
perature which lies at least 50° below its fusing
temperature. In place of a single one of such hy-
droxides also a mixture of several hydroxides can
be used. Precipitation can he effected thereby
in the most varlous ways; for Instance, by precip-
itating the hydroxide from vapors, or applying it
mechanically by the atomising of solutions of the
hydroxides; furthermore by dipping the object to
be coated tnto the solution and thereby produc-
ing upon it a film of that solution.

The production of hydroxides can be effected
in known manner by the chemical decomposition
of salts containing the respective elements in the
form of acldlfiers, furthermore by substances sep-
arating H-lons, as through the precipitation for
Instance of sodium silicate solutions with the aid
of muriatic acld or by the action of water or of
other substances separating hydroxide groups
efther on halides or on other similarly decom-
posable compounds (as ester, f. 1,,) of the ele-
ments in question.

On the hydroxides thus obtained being col-
loidally dissolved in water or in organic ligqulds
the obiects to be treated can by dipping, pouring
or spraying etc. he coated with a more or less
thick layer, or with several such layers, harden-
ing colloidally as the solvent evaporates. By
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careful heating the gelatines loose more or less
of the solvent and the hydrate water stfll held
by them and thereby shrink in a manner numeri-
cally determinable by preliminary tests until they
form very thin layers of good durability both in
a8 mechanical and chemical respect. At the same
time their refractive index changes so that their
Anally effective refractive Index must be deter-
mined before the more exact production of refiec-
tion-diminishing layers can be proceeded with.

The final stage of the hardening of the gela-
tines is generally reached when heated to 8 tem-
perature of not exceeding 250° C,, at which stage
low-hydrated layers of hydroxide of the respec-
tive elements have been arrived at. This hard-
ening can also be effected while the layers are
being produced in that the hydroxldes or a mix-
ture of them {s precipitated upon the more or
less heated objects by the atomisation, for In-
stance, of thelir colloidal solutions.

What very likely is the simplest method of pro-
dueing uniform layers is to expose the object to a
fog formed of the substance to be precipitated.
Fogs of this kind and of particularly flne dis-
persal are obtained if a vapor-flux of a compound
decomposable by water is allowed to mix with
steam, say, by spraying the hallde with the ald
of a nozzle upon the object located In room-alr.

A rather low refractive index being already ob-
tainable, for instance, with water-contalning lay-
ers of silico-oxide, the application of one single
layer is In many instences suficlent for produc-
ing an adequate diminution of the surface reflec-
tion. Tts performance can be stiil further en-
hanced in that, during or after precipitation,
evaporatable, or decomposable substances ag well
a3 substances, separatable by chemical means,
such as f. 1. paraffines, organic aclds or their salig
etc., are made effective and embedded by heating.
By greater heating as well as by chemical! decom-
position or other reactlons these substances or
parts of them can then be removed again thus re-
sultlng In a porous structure of the hardened
layer of hydroxide and bringing about a lower re-
fractlve Index without decreasing the mechani-
cal resisting capacity.

Layers of a particularly pronounced resisting
capaclty and of a refractive Index, which can he
as low as about 1.4 and stil go beyond 2.0, are
obtainable when proceeding from the hydroxides
of tungsten, molybdenum, or from elements of
the third group of the periodic system, further-
mote, from the fourth group excepting carbon,
or from the fifth group with the exception of
nitregen, provisions being made that each of the



finally produced layers consist to a least one
half of a hydroxide of one of these elemenis or
of a mixture of same. To produce highly re-
fractive layers it is advisable to proceed from
the hydroxides of titanium, circonium, tin or
lead, while for lowly refractive layers the hy-
droxides of aluminium or silicon should be pro-
ceeded from. Lanthanium, tantalium and tho-
rium are likewlse well-suited for producing highly
refractive layers, but are less resorted to on ac-
count of their high prices. By way of example,
it may be mentioned that the refractive index
of a low-hydrated layer of silicon hydroxide is
about 1.45 and that of s low-hydrated layer of
titanlum hydroxide about 2.10.

Even though the application of the invention
being of particular significance for diminishing
the reflecting capacity of transparent objects it
can also be of Importance in applying such layers
for other than the specified purposes. It is thus
avatlable for instance, for producing very dense
and chemically resistant layers completely pro-
tecting the object underneath them from cor-
rosion. This may be of importance not only for
objects made of chemically sensltive glasses, but
also for such objects consisting of metalllc or
organic substances, capable of swelllng, etc.
Thus, for Instance, the hlackening of sllvered
mirrors can be prevented and the reflexion of
aluminlum mirrors not only maintained at its
initial value, but even increased beyond that
value. The Invention is furthermore applicable
for retouchings on optical surfaces. If for this
purpose the refractive index of the layer Is chosen
equal to that of the glass the retouchings will be
entirely invisible, so that they may be applied in
the form of secret characters, for instance, dls-
cernable but under special conditions, say, by the
{nterferometric observation of differences in
thickness, Furthermore, it will be possible to
make use of such properties of the said layers
as, for instance, their susceptibility to lquids,
thelr altered surface {(catalytic) effect or their
electrical properties, etc.

It is know that, for decorative purposes, layers
causing Interference colors (so-called Iridescent
lustre-colors) can be produced on objects of glass
by exposing the latter to metallic-salt vapors or
spraying them with solutlons of metallic salts
after having previously heated sald objects to
fusing temperature, The method suggested ac-
cording to the present invention differs from
these known methods in that 1t s carried through
at a temperature lying at least 50° below the fus-
ing temperature, as otherwise the surfaces to be
treated would become unsultable for optical pur-
poses; actually, the method applied for can even
be carried through, in general, without resorting
to temperatures higher than 250° C.

When carrying through the new method cer-
taln difficulties may be encountered, inasmuch as
layers of a more or less pronounced diffusing
power, i. e., surfaces of & smoky tc milky appear-
ance, may easily result. This defect may accen-
tuatedly appear when spraying a fog of colloidal
solutions (particularly in the case of titanium
and sillelc acid) as well as during the decomposi-
tion in damp air of such halides reacting strongly
when in contact with aqueous vapor, as titanium
tetrachloride (TICl) of aluminium trichloride
(AICI), for Insiance, Although thig defect being
presumably avoidable by a careful control of the
humidity of the air and by a substantial rarifi-
cation of the gas-fiux, much more simple and re-
liable methods are, however, to be preferred. A
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favorable eflect is, for instance, obtained by add-
ing to TiCli-vapor a reactive hallde-carrier, as
gillcon tetrachloride (SiCls), for Instance. Gase-
otis muriatic acld has a similar effect. The use
of SiCl; offers the advantage that it can be mixed
in liquld state with TiCl: in any desirable pro-
portion. What furthermore proved to be very ex-
pedient is that the excessive volatility of the
halides or their mixture can be reduced by dis-
solving them in an indifferent solvent, organic
neutral halldes, particularly carbon tetrachloride
{CCis), for instance, belng quite useful. A suit-
able mixture, for instance, consists of 3 volume
parts of TICli, of 1 volume part SiCli and of 10
volume parts CCli. Spraying this mixture
through a nozzle, in room-air, onto a plate heated
to over 100°, an entirely clear gel-layer is formed
of so high a refractive Index which practically
precludes the presence of any Si, thus represent-
ing a pure gel-layer of TiO2. With AICls condi-
tions are similar to those ruling in the case of
TICls.

A further difficulty consists in certain halides,
as for Instance, silicon tetrachloride (8iCls) and
silicon tetrabromide (SiBrq), at low temperature
(below 400° C), reacting only slowly in the de-
sired manner with gaseous water, but quickly
with liquid water. It consequently is not so easy
to produce a layer on a plate if the latter is heat-
ed to more than 100° C, but not to over 400° C.
At room temperature, however, fine fogs of muri-
atic acid are formed which appear to act as nu-
clei of condensation for the segregation of llquid
water as there iz a precipltation on the piates
of clear sillcon gel-layers if brought into the
said fog. The condensation in question, how-
ever, being that of minute droplets, the uniform
suseeptibility to liquids of the base and its perfect
cleanliness play an important part, as ctherwise
stained and irregular coatings will result, By the
admixture of phosphorous cxychleride which,
parhaps, may have a condensating effect, the
uniformity of the precipitation can be consider-
ably improved. Also a mixture of heated SlCls-
vapor and super-heated aqueous vapor has proved
advantageous. All these substances cannot, how-
ever, be fully turned to account, because of the
greatest part of the halides escaping in the form
of vapor which latter, moreover, are attacking
and injurious to health. Neither it is possihle °
thereby to obtain the precipitate on a plate whose
temperature exceeds 100° C, That temperature,
however, is desirable if the T1O2 and 81Oz is in-
tended tc be applied in one operation and the
mixture of both substances possibly to be arrived
at. A far hetier solution of this problem consists
in a flux of combustible gases instead of air being
used and in the gas being ignited when leading
the nozzle. This considerably acceleratesg the re-
action, resulting in thick white clouds of smoke
heing glven off. Ag the gas used must not pro-
duce any soot, hydrogen, for instance, would be
recommendable, though this may lead to the re-
appearance of the aforementioned defect, viz.,
the formation of a cloudy film. However, by the
introduction of an indifferent gas, as nitrogen,
for Instance,—which permits of a reduction of
the flaine temperature down to 800° C. g clear
coating can be obrtained. Besides that, the in-
ttoduction will be expedient of slight quantities
of oxygen as in that case, even if lowered by a
further 100° C, the flame iemperature can be
maintained relatively uniferm and an extinetion
prevented. In thls manner it is possible to
achieve a SiO:—precipitate on plates heated to
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more than 100° C, i. e, to maintain the same con-
ditions applying in the case of TiOa. This, fur-
thermore, makes 1t possible to avold the halides
50 inconvenlent in handling, and to adopt organic
compounds as volatlles since the organic portion
of the latier are entirely consumed at the flame
temperatures in guestion. Alkyl esters, as for
instance methyl and ethyl ester of sllicon, or
acetyl acetonates as aluminium angd acetyl ace-
tonate, for instance, are well suited for this pur-
pose.

The method described above embodies a special
advantage in that it permits the production of
layers whese refractive index lies anywhere be-
tween the refractive indices of two substances.
This can be accomplished by the alternative ap-
plcation of very thin layers consisting of two
substances of g different refractive index. Thus,
if the object to be treated is placed upon a ro-
tatlng disc and consecutively subjected to the
spray of one nozzle for the TiOa-layers and to
the spray of another nozzle for the TiOz-layers,
a multiple sequence of inflnitely thin Si0Oa and
TiOz-containing layers will result, Since after
200 revolutions, for instance, the total thickness
of the layers amounts to only about 1 4, the thick-
ness of a single layer only amounts to about 5 A,
i. e., to the magnitude of a molecule-layer. It is
to be presumed now that what has been pro-
duced are not actually uniform layers of the sald
thickness, but that seversl molecule layers were
deposited in some places and none at all in others,
so that a structure is very likely to result com-
ing very near to the actual nature of a mixture.
Yet, even If the structure were assumed to repre-
sent a sharply deflned stratification, the effect
of such a sequence, optically, would be similar to
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that of a mixture. It can be approximately com-
puted by the rule of mixtures as that of a mean
refractive index n resulting from the equation

m=1Gom+ Tog "

where p is the percentage of the content of the
totality of layers in the substance having a re-
fractive index of n1, and where n2 is the refrac-
tive index of the other substance. In this man-
ner it also is possible to produce layers which
have the same refractive index as the object to
be coated and therefore represent entirely invis-
ible layers.

The following examples are given to demon-
strate the diminution in reflection achievable
with the method proposed in the present inven-
tion.

By applylng to a glass plate of a refractlve
index 1.89 a layer of SlOa it will be possible, by
a suitable choice of the thickness of this layer, to
obtaln a reflection value of 0.3% for a prescribed
wavelength, as for 485 mu (green) for instance,
whereas in the case of a non-coated glass plate
the reflection value would amount to almost 10%.
For the remaining wavelengths the reflection will
be somewhat higher amounting to 1%, for in-
stance, for 560 mg (yellow). With a glass plate
having a refractlve Index of 1.50 the reflection,
by the same tregtment, canh be diminished to
29% at the hest. However, if on a glass plate
of a refractive index of 1.50 a layer of TiOz is
applied and on top of thig a layer of SiO: It will
be possible to make the reflection for a prescribed
wavelength vanish entirely.
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