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It Is a well known fact that the behaviour of the
surface of a glass object can be quite different
from that of the glass beneath, as is proved, for
instance, in the case of fresh fractures. This
difference very often obtains when the surface is
not coated with a layer of glass of another com-
position or origin, or with varnish, resins or
other sultable material. After a short time, the
action of water on a surface of fracture has gone
far to remove the alkali of the glass and to thus
create a very thin hydrolized surface layer which
Is poor In alkall and retards further attacks by
water. To increase the effect of this retardation,
the suggestion has been made to submit glass
objects to prolonged bolling in water or to treat
them with acid solutions, hat acid, for instance
sulphuric acid, or with acld vapours. Experience
has proved, however, that permanent protective
layers cannot be obtained in this manner, to say
nothing of the fact that acid solutions strongly
attack many glasses, lay open polishing scratelies
and entall roughness and other irregularities of
the surface. The produced hydrolized, . e, gelat-
inous, surface layer, which is richer in silica,
obviously remains pervious to water. It is more
vulnerable mechanically, ultimately changes and,
especlally when heated to over 100° centigrades,
becomes chinky and porous, thus preparing the
way for further attacks.

It is also known that the permanence of the
resistance of glass surfaces can be further im-
proved by the influence of acld gases for instance
at the softening temperature of the glass in ques-
tion, obviously because of a fusing of the gelat-

inous surface layer, which is richer In silica. The .

use of this proceeding is restricted, however, since
the necessary heatlng to near softening tempera-
ture entails in the glass surface and the glass
deformations and other changes which, to say the
least, render their use for instance for optical
lenses or prisms more difficult. This proceeding
is also precarious on account of the alkali show-
ing near the said softening temperature a tend-
ency to travel and, accordingly, to penetrate Into
the surface layer and to thus reduce the achieved
improvement more or less.

Accordlng to the invention, an effective and
permanent improvement of the surfaces of glass
and of those of other sillcic, i, e. ceramic, objeets
a3 well as other important technical changes as
to physical and chemlical properties can be ar-
rived at also at temperatures considerably below
that required for softening (as s rule below 400¢
centlgrades) by adepiting the following three
measures. The surface of the object to be treated
1s coated with a lixiviated layer; substances con-
talning hydrophobe groups are introduced into
this layer; and the structure of the surface is
made to close and solidify by interior changes.
The new method can be carrled into cffect es-
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5 have proved to be very suitable,

pecially by causing the object to be treated to
react at a temperature below its melting point in
consequence of exposure to acids and substances
containing hy¥drophobe groups.

Providing a lxiviated layer on the surface to
he treated is effected either by lixiviating this
surface or coating it with a gelatinous layer of,
for instance, water-glass. A lixiviatlon of the
surface does not require the object to consist of
components which are easily soluble and com-
ponenis that can be less easily dissolved. Pro-
longed watering can produce, for instanhce also
on quartz, a similar surface, which can be proved
by the absorption effect with respect to, for in-
stance, certain pigments. The entire body néed
not naturally consist uniformly of the material
to be treated in the above-described manner; It
may be for instance of a non-silicious material
coated with siliclous material. On the other
hand, the object can be at the outset entirely of
& material which, In the sense of the Invention,
is to he considered as lixiviated. For instance
the narrow free edge of the water-glass layer
by means of which two glass objects are cemented
to emch other can be rendered more resistant by
introduciny substances that contaln hydrophobe
groups and solidifying this edge.

By substances containing hydrophobe groups
are to be understood materials that dissolve In
water elther not at all or only to a very slight
extent, as for Instance grease, oll and other
hydrophobe carbohydrates, sebacic acid etc.

The aforesaid three measures can be taken
slmultaneously or subsequently to each other. .
The lixlviation can take place at the same tlme
as the treatment with substances contalning hy-
drophobe groups. It Is also possible, however, to
begin with producing the lixiviated layer, to ex-
pose the abject to substences containing hydro-
phobe groups and, finally, to effect the solldi-
fication.

In general, a Hxivlatlon of glass objects by acids
(excepting filnorhydric acid) is to be preferred
to that by means of water, since acids attack
also the bivalent oxides and thus produce such a
structure of the surface as is looser and more
receptive of the hydrophobe substances. By a
milder or a protracted lixiviation, a suiltable sur-
face layer 1s obtained even when the objects to
be treated contain only as small a percentage of
silicla as 0.1%.

Paraffins, stearic acid, oleic acid and other
hydrophobe substances with a high boiling point
If polished or
non-prepared glass objects are heated In these
substances, in the presence of acids, water ad-
heres to these objects elther only with difficulty
or not at all, even subsequently to cleaning, pro-
longed boiling In grease-dissolving substances, or
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after treatment with other kinds of otherwise
dlssolving substances. This condition cannot ob-
taln when the objects are merely smeared over
with such materials and then cleaned, The proc-
ess taking place 1s probably as follows. Similar-
1y to the actlon of watery acld solutions, that of
acids produces a surface layer which is rich in
sllicic acid and perhaps gelatinous, whereupon
this layer is penetrated by the hydrophobe sub-
stance, modifies at the temperature required by
the treatment and solidifies, thus preventing the
hydrophobe substance from being dissolved.

Means for changing the structure of gelatinous
layers by interlor modifications In such a man-
ner that this structure closes and solidifles are
known, The most simple means is heat. It i
also possible, however, to use in the new method
other proceedings of any, for instance electrle,
kind which effect Interior modifications of the
gelatinouy part and the solidification thereof.

The most simple manner of carrying the new
method into practice consists in Immersing the
object to be treated into a bath which contains
actd and hydrophobe groups and has a tempera-
ture below that at which the object begins to
soften. As the possibilitlies of chemical attacks
on the object are very different, depending as
they do on the composition of the object, and
as the resulting surface layer 1s prone to modify
and solidify more or less easily, according to its
content of gelatine-forming agents, the most
sultable composition of the bath, the height of
the temperature and the duratlon of the ex-
posure are very different. In general, the Ixivi-
ation will have fo be the stronger and the tem-
perature the higher, the more silica or other
gelatine-forming agents are contalned In the
glass. Cood resulis can be obtained In most
glasses for instance with parafiin substances con-
taining oleic, stearic or other acids and at tem-
perature above 100 centigrades., Half an hour
of exposure at approximately 200 centigrades
may do eventually. A treatment with hydro-
phobe substances which are completely acid-free,
for Instance with specially purified parafiin, is
not, however, effective. Many of the substances
containing hydrophobe groups do not, however,
require s special addition of acid, since they are
acids at the outset, or because acid is produced
in them at the temperature of the treatment.

The lixiviated layer can be produced before the
treatment with the substances containing the
hydrophobe groups, this lixiviation being effected
by water and watery solutions, for instance by
aqueous acld soluticns. In this case, it 15 easler
to obtaln comparatively thick layers. The effect
aqueous acid solutions produce on polished glass
objects or the simultaneous presence in the bath
of water and acids soluble in water very often
entails, however, that polishing scratehes are
rendered visible. In general, a slight content of
water in the bath permits to accelerate the for-
matlon of the desired surface layer. Avoiding
mineral acids in the water permits the preven-
tien of scratches.

If the hydrophobe substances have been intro-
duced into the surface layer at a low temperature,
or If the treatment in the bath has been too
short to cause a solidification of the structure of
the surface layer obiained, the solidification can
be accelerated and complefed 1n air by subse-
quent heating to higher temperatures. It will
be convenient, as a rule, to cause the hydrophobe
substance to act above a temperature of 100°
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or to heat the oblect ultimately to above 100
centigrades.

It has heen proved further that also other sub-
stances ahsorbable on the lixiviated surface layer,
for instance organic dying substances, can be
lastingly introduced into the surface when they
are caused to act during or after the lixiviated
layer having been produced, but before solidifl-
catlon. This possibility to Introduce such sub-
stances can pe used for instance also for causing
glass surfaces to have specilal catalytic or fluo-
rescence propertles or, generally speaking, to ob-
tain such properties which are not peculiar to
the material to be treated.

The objects treated by the described method
have In addition to their opposition against ad-
hesion of water, which can be turned to account
practically for instance for inactivating and im-
munizing containers or for influencing condensa-
tlons on surfaces, & capacity of resistance against
attacks by steam or water, acids and weak lyes
which is in most cases very pronounced and
higher than twice the ordinary resistance. This
fact 1s to be appreciated especially when glasses
poor In silica are concerned, which are easily
stalned, and which are often used for optical
purposes on account of their special properties,
The new method permits the practical use of
glasses that are even poorer in silica than those
employed so far, which may not have an S1Os
content lower than 30%. Exactly these easlly
stained glasses give n clear idea as to the differ-
ence existing between the effect of & mere coat-
Ing with hydrophobe substances and that of
introducing these substances into the surface.
Simply coating the glass does not protect from
the action of water and acid solutions, in spite
of an immunity of the surface against adhesion
being ostensibly produced, but merely entails a
retardation of this action, in contradistinction
whereto glasses treated according to the new
method remaln unchanged even in the long run.

Hot concentrated lyes and fluorhydric acid,
however, noticeably attack even the glasses sub-
mitted to treatment, so that the glass substance
is not made entirely Inaccessible by the protection
treatment. Tt s surely due to this fact that thin
glass layers submitted to the method and sed
for instance in glass electrodes permit the pas-
sage of electric current very well in splte of the
slight adhesiveness of water. However, the
method concerned by the invention Permits, on
the other hand, to use for the said purposes
glasses which are rich in alkall (and may contain
even more than 209 thereof) and which are,
accordingly, highly conductive electrieally and
would, If devold of a protective layer, be attacked
very strongly by the solutions to be tested. -

The thicknesses the layers are to have in order
to afford good protection are very slight in gen-
eral and In most cases hardly measurable,
Thicknesses of few mg will do. Greater thick-
nesses Influence the reflection capacity, the mag-
nitude of which is determined first of all by the
refractive index of the oblect to be treated.
When noticeably thick, the surface layers, which
the methed has caused to be richer in sllica, and
which have therefore a lower refractive index,
reduce the reflection capacity by interference, it
being possible without detriment to largely reduce
this reflection capacity at thicknesses of the layer
of 100 my.
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