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The present inventlon relates to a process to
lower the reflectlon of optlcally acilve surfaces
and to an apparatus for carrying out this process.
By optically active surfaces are to be understood
the surfaces of optical lenses, prisms, plates etc.,
made of different sorts of glass or other trans-
parent materials, such as calcspar, fluorspar,
rock salt, quartz, quartz glass, synthetic mate-
rials and so forth, as well as surfaces of other re-
flecting bodies. The process 1s meant to enhance
the light transmission of optical systems and to
lower disturbing reflexes,

Different processes to lower the reflection of
optically actlve surfaces are known. 8o, for in-
stance, the reflection can be lowered by chemical
means, such as the etching of articles of glass, for
instance lenses, with aclds, hydrogen sulphide,
ammonium stlphide or similar compounds. The
reflection can be also lowered by physical means,
in that the sald surface, for Instance a glass sur-
face, 1s coated by a forelgn layer. So it is known
to evaporate for instance fluorides, such a8 cal-
cilum fluoride on glass lenses or other optical
bodles.

The known methods have the disadvantage
that the adherence of foreigh layers deposited by
their means on the optically active surfaces is
not very great so that they can be mostly re-
moved by light rubbing. Besldes, layers such as
alkall fluoride layers, deposited by known meth-
ods have an unsatisfactory reslstance against at-
mospheric components such as water vapour,
carbon dloxide and oxygen. When the coating
of optically active surfaces by known methods
takes place by evaporating substances, for in-
stance calcium fluoride and the like on the sur-
faces, these methods are rather complicated and
expensive. The etching on the other hand has
the disadvantage that it 15 extremely difficult to
obtain In thls way uniform layers of a deter-
minated thickness,

It is therefore also the object of the present in-
vention to obtain especlally strongly adhering,
chemically resistant, uniform layers in a simple
manner,

According to the Invention the optlcally active
surfaces are first thoroughly cleaned so that lay-
ers of dirt, especially layers of greasy dirt, are
removed. After that the surfaces are wetted with
a solution containing siliclc acld, for Instance by
immersion, sprinkling or spraying and, if de-
sired, dried. Afterwards the surface prepared
in the above-mentloned way is treated with an
agent, which precipitates the sfllclc acld. The
components of the layer others than siliclc acid
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obtained on the optically actlve surfaces are then
washed off. Preferably the precipitant, for In-
stance hydrochloric acld, !s used dissclved in a
solvent such as water, which would be at the
same time also a good solvent for the layer com-
ponents others than silicic acld, so that the pre-
cipitation of the silicic acld and the dissolving
of the components others than silicle acid, could
be carried out in one operation.

The thickness of the layer deposited on the op~
tically active surfaces has to be such one that the
optical reflection coefficlent of this surface be-
comes & minimum. A statement as to the value
of the layer thickness cannot be made, and that
because of the following theoretical reflections,

The manner in which such layers lower the
reflection is still not absolutely cleared up. Ac-
cording to the electrodynamic the reflecting
power po Is expressed by the following well-known
formula, which was confirmed by the exXperi-

ment;
nz—m)’
ta+ny

Hereln n1 and n2 meah the refraction indexes of
the medlums which meet at the optically active
surface, for Instance alr and glass. By coating
the glass with an Intermediary forelgn layer with
the refractlon Index nr, 1. e, bringing it between
both mediums, the lght which from medium |
enters Into medium 2 undergoes two refiectlons,
one on the Interface alr/intermediary layer and
one on the interface Intermedlary layer/glass.
Strictly speaking one part of the light reflected
on the Interface intermediary layer/glass will be
rereflected on the Interface air/Intermediary
layer. This process Is known, also lts influence
on the total result, but for the sake of the sim-
plicity of the description it will be disregarded.

On the interface alr/intermediary layer the
fraction of the incident light:

G
= nr+n

and on the Interface Intermediary layer/glass the

fraction:
(53
N3 -I-n;

will be reflected. On both Interfaces together
therefore the fraction:

S=p1+p(l—-p)
of the Incldent light will be reflected. Hereby

the factor 1—p7 can be neglected.
In general, especlally when the Intermediary

po=




=2

layer is thin, this sum does not represent the re-
flection coefficient, but, as follows from the theory
of colours of thin plates, interference processes
take place. According to this theory the In-
tensity of the reflected light can become even
equal to zero and that when the amplitudes of
the train of waves, reflacted on the fore and on
the back surface of the intermediary layer have
equal values ahd when thelr phases have a mutial
difference of half & wave length. As known, the
first condition requires that »: follows the equa-
tion:
1y =vniny

The proper value of #r lays therefore between

71 and nz. Under this assumption the thickness
d follows the condition:

jo LA kX

ST T2

where A means the wave length in the vacuum and
k 8 full positive number or zero. As known, the
greater -k the-smaller the wave range, for which
this relation can be sufficlently fulfilled. If ne
would lay outside the values of n1 and na there
would have heen the phase discontinuity also to
be considered.

In the case of air-glass the refraction index of
the intermediary layer must be:

ny=+1, 5.1=1, 22
Bubstances with so small a refraction index are
not known, But it is possible to cover the glass
etc. by special processes with coatings, which be-
have from this point of view in such a manner, &8

i they would consist of a substance with a corre- ™

‘sponding #e - Such coatings are perhaps in the
state.of a submicroseopieal loosening and behave
therefore with regard to light as a medium with
abnormally small refraction indexes,

Up to date no experimental means for a sure
clearing up of these problems exist. There Is
especially no possibility to measure the thickness
of such coatings without relying on assumptions,
which themselves are still uncertaln. With re-
gard to the refraction index nr of the intermedi-
ary layer there is in so far a difficulty, as the
homogeneous behaviour of the layer in its whole
thickness is uncertain or even unprobable, Tt
could be very well denser on the glass side than
on the air side, Hereby the above-named condi-
tionally equations for the refraction index and
the thickness of the Intermediary layer lose in
reality their sense. Tor the practical obtaining
df the right-thickness one is oblized, when using

known processes in which substances are evapo-

rated on the glass, to produce layers of different
thickmess, for instance by varying the quantity of
the evaporated substances. That thickness which
causes the smallest reflertion 1s the right one.
With regard to the kind of the intermediary.layer
one is eveh in a more difficult positlon. As no
substances with a nr=1,22 are at disposition, one
is obliged to use substances, which as such pessess
a greater refraction index and to apply them in
such a manner that at an appropriately chosen
thickness they would be able to iower the reflec-
tion as far as possible. A direct measurement of
the refraction index or of its course is mot possi-

ble and only in the rarest cases would it be possi- -

ble to obtain a state in which the amplitude of the
light, reflected on the fore surface of the coating,
would be equal to the amplitude of the light, re-
flected on its back surface.

It would be best, when each of the two ampli-
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tudes would equal zero, as in such a case, inde-
pendently of the thickness of the intermediary
layer no reflection at all would take place. To
gbtain that the refraction index of the interme-
diary layer on the air slde must be equal to the
refraction index of the air and rise to the value
of the refraction index of the glass on the glass
side in & continuous way (a monotonuous way Is
not required), In reality the reflection coeffi-
cient will be Influenced by both interference proc-
esses and changes of the refraction index of the
intermediary layer. A separate measurement of
the single influences is as yet impossible. There-
fore the properties of the intermediary layer,
which are necessary for a widest lowering of the
reflection can be described only by statements as
to their total effect on the reflection. In this way
also the multiple reflections on both interfaces
of the intermediary layer will be considered. A
speciflcation of the layer thickness in em has no
sense,

For carrylng out the process according to the
invention, beside silicic acld also related sub-
stances, especially those helonging to the 4-th
group of the periodleal system, which will give
solid, undissoluble and in a thin layer transpar-
ent compounds with oxygen, as for instanee ti-
tanic acld, zirconium dioxide or stannic acid, are
suitable, The said compounds can be used in
the form of water-soluble salts, especially alkaline
salts. By the addition of anorganic aclds, such
as sulphuric acid, hydrochloric acld, phosphoric
acld, nitric acid and the llke, of organic acids,
such as formic acid, acetic acid, propionic acid,
lactic acld, tartaric-acid, citric acid, benzene sui-
phonie acid and the like, or by the addition of acid
salts, such as potassium bisulphate, bisulphites
and so oh, the silicic acid or the analogous com-
pounds van be precipitated on the optically active
surfaces. By using the salts of the corresponding
polyacids, such as polysilicates g precipitation can
be also obtained hy means of organic solvents,
such as ethyl alcohol.

The sillcle acid and its analogous compounds
can be used also in an other form, such as silicon
tetrachloride, stannic chloride, zirconlum sul-
phate and the like, These compounds are, for in-
stance, dissolved in organic solvents and the sur-
faces, which are to be coated, then wetted with
the said solutions. The precipitation of the silicle
acid or the analogous compounds on the optically
active surfaces 1s then obfained by treating them
with water, alkalis or the like, '

Finally the silicic acid etc. can be also used
in the form of organic complex compotnds, as for
instance the dimethylamino guanidine silicate.

The process according to the invention is there-
fore, generally speaking, carried out In that the
optically active surfaces are wetted with the sol-
tion of a substance, out of which a dissoluble com-
pound of the general formula MeQOz.xH3O can be
precipitated. In this formula Me means an ele-
ment of the 4-th group of the perlodical system.
As it 1s known that the sald oxygen-contalning
compounds of the elements of the 4-th group of
the periodical system are able to form the most
different hydrates, z may mean eny number.
These compounds can be also obtained in the wa-
ter-free form, especially after heing appropriate-
ly dried. After the precipltation those compo-
nents of the layer deposited on the optically ac-
tive surfaces, which do not contain siliclc acid
or the like, are removed by a thorough washing,
Salts, which are, for Instance, formed by reacting
the alkaline sllicates with acids or by decomposing
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the silicon tetrachloride or the stannic chloride
with alkalis, are removed. The washing process
can be in general carried out with water, but or-
ganic solvents, such as alcohol may also be used.

According to the desired layer thickness the
new treatment process can be carried out once or
several times. Although the thickness of the
layer can be varled in wide Hmits without losing
its reflection lowering property, an optitnum of
the layer thickness still exists, Hereby it re-
mains, according to the above-sald, undecided.
how far this optimum is founded on the layer
thickness itself or on the changes of the reflec-
tlon coefficlent, as influenced by the change of
the thickness,

Beside by a repetltion of the treatment accord-
ing to the invention the desired layer thickness
can be also obtained by using appropriate con-
centrations of the solution with which the satd
surfaces are wetted.

The mechanical resistance of the layers ob-
talned on the optically active surfaces can be in-
creased by a subsequent thermical treatment.
such as a heating at high temperatures, amount-
ing, for instance for articles of glass, to about
200-750° C. If the deposttion of the layer is ob-
tained by several repetitlons of the treatment
according to the invention, then the heating is
appropriately carrled out after each treatment.

Layers with an especially high reflection lower-
ing effect are obtained when a partial liberation
of the silicic acld or the analogous compounds.
and that in the form of colloids, takes place al-
ready in the solutions, with which the optically
active surfaces are wetted. This can be obtained,
for Instance, by the addition of weakly acidic
agents, such as salts of the monobaslc oxyacids
or of salt mixtures. especially of the ammonlum
salts of such acids. Moreover, phthalic acids,
phthalic acid imides, polyvalentic phenols. such
as resorcine and phloroglucine are also appro-
priate. High moleculsr aliphatic alcohcels, such
as octylic and nenylic alecohol can be also used.
The colloidal properties of the silicie acld or of its
analogous compounds can be widely influenced
by the selection of appropriate quantities of the
sald substances, of the temperature and the ¢on-
centration of the startineg solutions, The solu-
tions thus obtained are then used for the wetting
of the optically active surfaces and the precipi-
tation of the sillcic acld end the like subsequently
completed in the above-menticned manner.

The solutlons with which the optically active
surfaces are to be wetted must possess a deter-

minated degree of aging, as the liberated siliclc

acld and the like, remains in the highly dispersed
state in the solutions only for a limited time.
By the addition nf an appropriate protective col-
lold one is able to enhance the length of time.
in which such solutions may be usad. As such
protective collolds may be mamed gum-arabic.
tragacanth, dextrine, sodium oleate and the like.

In accordance with the said measures, for In-
stance, layers with an especially hieh reflection
lowering effect can he obtained in the following
manner.

100 g of sodium silicate, containing 3.6 mol of
siliclc acid per mal of alkali are dissolved in 2,6 1
of water and 75 cc¢ of a 50% solution’of ammo-
nium lactate and 0,2 g of sedium oleate added at
room temperature, After a preliminary thorough
degreasing, the optically active surfaces to be
treated are Immersed for a short time in the said
solution and the excess of liquid then removed
by centrifugal force. After drying the surfaces
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are for 30 minutes treated with a 30% solution of

nitric acid at a bath temperature of 60° C, After-

wards they are thoroughly washed with water.
The technical progress obtained by the process

‘according to the Invention Is clear from the fact

that, for Instance, in the case of a glass with a
refraction index of 1,64 the light loss through re-
flection of a surface amounts to about 0,1% when
the surface is, for instance, coated with a layer
in. the above-mentioned way, whilst the light loss
of an untreated surface amounts to about 8%.

The mechanica] resistance, for instance the
scratch resistance, of the layer. obtained by the
process according to the Invention can be greatly
increased when dioxane or furane derivatives,
such as furfurol, are added to the solutions, with
which the surfaces are wetted. Beslde amino-
nium lactate and sodium oleate also 10 cc of di-
oxane can be added to the above-named solu-
tion. Thereby the hardness of the layers is ex-
cessively increased.

A hardening of the layers to be deposited on
the optically active surfaces can be also obtained
when, following the treatment according to the
invention, the surfaces to be worked are coated
with an extremely thin protective layer, consisting
of silicle acid or the like, This Is carried out in
such a manner that the surfaces coated by re-
flection lowering layers are subjected for a second
time to a treatment according to the invention;
hereby however a solutlon of sodium silicate or
the like of a very small concentration is to he
used. Por the obtalning of such thin, especially
hard layers, for instance solutions of sodium stli-
cate containing 10 g of the silicate per liter of
water, have been found especlally appropriate.

The reflection lowering layers obtained by the
process according to the inventlon possess not
only a strong adherence but are also absolutely
resistant agalnst the action of usual aclds, with
the exception of hydrofluoric acld and hot phos-
phoric acid, as well as against the action of the
atmosphere. They are unsenslble against the
influence of temperature.

To ease the obtalning of reflection lowering
layers of an absolutely constant thickness it is
recommendable to centrifuge the surfaces wetted
with the treatment solutions before the precipi-
tation of sllicic acld is carried out. To obtain
that, the surface wetted with the solutions of
sodlum silleate or the like are in the wet condl-
tlon transferred into a centrifuge. In accord-
ance with its number of revolution and the dura-
tlon of the centrifugal treatment used, layer
thicknesses of an absolutely determinated value
can be obtalned.

The centrifuge used has preferably exchange-
able liners, which are provided with a greater
number of devices to fasten the objects to be
treated. The sald objects are placed as far as
possible from the axls of rotation of the cen-
trifuge to avold that those points of them, which
are Temotest from the axls, are subjected to a
far greater centrifugal force, than the points
which are nearer to the axis.

The appended dlagrammatic flgures show, for
instance, an apparatus In which the process ac-
cording to the invention can be carried out,

Fig. 1 shows the centrifuge to be used and Plg.
2 an exchangeable liner for the centrifuge in top
view.

Asg follows from Fig. 1 the axis of rotation |
of the centrifuge Is driven by means of an end-
less screw 2 and a worm 3. The exchangeable
liner of the centrifuge, which posess claws § for
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the fastening of the ohjects 6, is designated
with 4.

The mechanically cleaned objects are fixed in
the claws 5, are then degreased, for instance with
hydrogen peroxide, washed with distilled water
and dried, Afterwards the liner 4 is tmmersed
in the treatment solution, containing, for in-
stance sodium silicate, subsequently placed in the
centrifuge and at ohce centrifuged, After that
the liner is taken off the centrifuge, the objects
drled and the siliclc a¢id or the llke subsequently
precipitated. But it is also possible after drylng
the abjects to Iinmerse them again once or sev-
eral times and to obtain thus a further precipi-
tetion. The precipitation of the siliclec acld is
carried out in that the liner 4 with the objects to
be treated is for a longer time, preferably under
slow rotation, immersed in a bath of acld or
alcohol, When the precipitation of the silicic
acid or the like has taken place the objects are
washed with water and dried. Only afterwards
they are taken out of the liner. 'Thus in neither
stage of the treatment they are touched with
hands.

It has been found that it is favorable to en-
‘hance the mechanical effect of the centrifugal
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‘process hy-the addition of substances to-the:solu-

tions with which the objerts are wetted, -which
would diminish their surface tension. Bo for
instance, soaps, alkylated aromatic ‘sulphontc
aclds, such as isopropyl naphthalene sulphonic
acld and other known agents for the diminishing
of the surface tension can be added to the treat-
ment solution. When using the isopropyl naph-
thalene sulphonic acid the addition of 15 cc of &
saturated solution per liter of the treatment solu-
tion has been found especlally appropriate. By
the application of such a solution the number
of revolution of the centrifuge is preferably so
regulated that the objects to be treated may have
a mean clrcumferential speed of between 10 and
100 m per second at a radius of the circult of 20
cm. Hereby a duration of the centrifugal proc-
ess of 1-3 minutes has been used. To avold drops
adhering during the centrifugal process to the
ends of the iImmersed objects, which are remotest
from the axis of rotation, it is recommendable
to fasten them in the centrifuge in such a man-
ner that thelr optically active surfaces would on
the outer edge meet the holder without gap or
stage.
GUSTAV JOBEPH WEISSENBERG.





