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My invention relates to reflection-reducing
coatings and articles provided with such coat-
ings, and to a method of preducing such coated
articles. The present application is a continua-
tion-in-part of my co-pending U. S. application
Serial No. 105,535 filed July 19, 1849 and assigned

to the assignee of the present application, and

now abandoned.

It is well known to apply coatings of various
nature to the surface or surfaces of an article for
the purpose of reducing the surface reflections
from the article with substantially no light ab-
sorption. Thus, the presence on the surface of a
glass article of a coating of colloidal silica hav-
ing an optical thickness of the order of, or an
odd multiple of, one-fourth the wave length of
the light transmitted will substantially eliminate
the surface reflections from the glass article and
increase the percentage of incident light trans-
mitted through the article.

While these colloidal silica coatings are entire-
ly satisfactory insofar as their reflection-reduc-
ing properties are concerned, their permanency
or durability heretofore has been inadequate for
certain applications. Thus, where such colloidal
silica reflection-reducing coatings are applied to
the outer surface of the lens of a vehicle head-
lamp which is subject to weathering, wiping,
handling, and the like, the coatings do not re-
main on the article for as long a period as is de-
sired. Usually, such coatings will wash or rub
off the first time the headlamp is washed or wiped.

It is an object of my invention, therefore, to
provide a substantially transparent reflection-re-
ducing surface coating of the above-described
character which is highly durable and perma-
nent, and will withstand a reasonable amount of
weathering, washing, wiping ‘and cleaning.

Another object of my invention is to provide
an article having a substantially non-reflecting
surface of highly durable and permanent char-
acter.

Still another object of my invention is to pro-
vide an improved method of applying a reflec-
tion-reducing coating to the surface of an ar-
ticle whereby the coating is rendered more re-
sistant to removal.

In accordance with the 1nvent1on, the durabil-
ity or permanence of reflection-reducing coatings
is increased to a considerable degree by the in-
corporation in the coating medium, prior to the
application thereof to the article to be coated, of
a suitable amount of a substance which under the
action of heat to the proper degree will act in
the manner of a flux to stick the particles com-
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prising the reflection-reducing coating to the sur-
face of the article.

Further objects and advantages of my inven-
tion will appear from the following detailed de-
scription of a species thereof and from the ac-
companying drawing.

In the drawing, Fig. 1 is an elevation partly in
section of an electric incandescent lamp of the
reflector type provided with a reflection-reduc-
ing coating according to the invention, and Fig.
2 is a greatly enlarged fragmentary sectional view
of the lens of the lamp shown in Fig. 1.

While the invention is applicable in general to
any article which is of a light-transmitting char-
acter, such as'glass lenses, plates, prisms, or other
optical elements and similar elements formed of
plastic or artificial resin, it is herein illustrated
as applied to the cover glass or lens of a reflector-
type electric incandescent lamp of the well-
known “sealed beam” form described and claimed
in U. S. Patent 2,148,314, D. K. Wright, issued
PFebruary 21, 1939, and assigned to the assignee
of the present invention.

As shown in Fig. 1, the said lamp comprises a
preformed glass lens or cover glass section 1 con-
structed in accordance with the invention and
fusion-sealed at its periphery, as indicated at 2,
to the rim of a preformed concave glass reflector
section 3 to form therewith the envelope of the
lamp. The concave inner surface 4 of the re-
flector section 3 is of approximately paraboloidal
shape and is covered with a coating 5 of a suit-
able metal, such as aluminum for instance, to
form a reflecting surface. . A concentrated light
source or filament 8, preferably in the form of
a horizontally extending linear coil of tungsten
wire, is mounted within the lamp envelope at ap-
proximately the focal point of the reflecting sur-
face 5. The filament 6 is electrically connected
to and is supported in place within the lamp en-
velope by lead-in wires T which extend through
openings (not shown) in the wall of the reflector
section 3 at the rear-thereof and are secured at
their outer ends, as by soldering for instance, to
metal thimbles or ferrules 8 fusion-sealed at
their rims to the exterior of the reflector section
3 around the said openings. - Metal contact or
terminal lugs 8 are suitably secured, as by solder-
ing, to the closed ends of the metal thimbles 8
and are provided with terminal screws 18 for
connecting the lamp to a suitable source of cur-
rent supply. The Iamp envelope is exhausted
and, if desired, filled with a suitable inert gas such
as argon, nitrogén, or mixtures thereof, through
an exhaust -tubulation ([ at the apex of the re-
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flector section 3, which tubulation is afterwards
tipped-~off, as indicated at 12, to hermetically seal
the lamp envelope. As shown, the cover glass
section | may be provided with suitable light-
refracting media .13.in the form .af flutes, prisms,
or both, to constitute i jlens for sredirecting sthe
light rays passing therethrough from the refiec-
tor 3 into a beam of the desired form or pattern.

In order to reduce the surface reflection from
the lens [ and to increase theilightitrensniigsion
therethrough, the inner and-outer <surfaces. 8
and 5 of the lens are provided-with substentially
transparent reflection-reducing coatings 16 and
i1, respectively, similar to-that described and

claimed in U. S. Patent 2,432;484;:Moulton: These

coatings 16 and I71 comprise a layer :of. discrete,
sub-microscopic, microgranular, transparent solid
particles 18 (Fig. 2) of colloidd]l nature whereby
a layer is produced in which the index of refrac-
tion behaves as if it varied from substantially
unity.at the outer.or layer-air-surface thereof to
an index of refraction approaching.that of the
article itself at the inner or layer-article .sur-
face thereof. This is.accomplished .hy-applying
on the article | to be.treated.a. suspension:com-
prising a liquid having dispersed.therein:colloidal
particles which, -upon :the .evaporation -of .the
liquid, deposits .such..a.layer -upon. the. article,
which article may be.of glass, plastic.or. other
madterial which is the substrate.

The .coating suspension employed. may .com-
prise any of -those described.in .the:above-men-
tioned. Moulton patent, but -because .of -its.chem-
ical inertness and stability in.the form-of.a sol,
a colloidal-siliea .sol .in -water, .alcohol. or .other
suitable .solvents,such .as.ethylene .glycol mono-
ethyl ether, or .a mixture .of solvents, is-most
useful for this.purpose, .the.silica being present
in the form-of sub-microscqpie, discrete,. micro-
granular, transparent.solid particles.

While ‘the thickness .of the reflection-reduc-
ing coatings (6 and {1 may be ‘varied..over a
relatively wide range within limits .of the. order
of, or an .odd multiple .of, one-guarter wave-
length of.the light transmitted, the color.of .the
reflected :light :and- consequently- the-color .of-the
transmitted Jdight s -affected .-by :the thickness of
the .colloidal layer. However,.it . has-been found

that in general the.most efficient layer and.one-

having the least effect upon the color of :the
transmitted .light results. from the-anplication :of
2 layer of.such ;thickness:that.the .reflected light
is :of a reddish-puxple .color. JFer use .on-a ve-

hicle headlamp, -it is preferable-toemploy such.

a -coating which .presents-a distinct colored .ap-
pearance by refiected light sinee-such .a.colored
reflection provides :a-readily wisible-indication -of
the presence .of the-coating and:therefore.serves

to distinguish .lamps -or.lenses provided :with the -

reflection-reducing -coatings from -these which
arenot.

In -accordance with the: invention, -the- dura-
bility .and  resistance .of -these -coatings 6§, 17
against removal by ‘weathering, washing, :‘wiping,

ete., is .greatly increased to the point ‘where it

becomes - practical to use isuch. coatings -on the
lens surfaces:of -vehicle. headlamps.by incorporat-
ing in the coating suspension a. relatively..small

amount-of a suitablemetallic-compound-which s .
70

soluble in-the.alcohol or other selvent.employed

for the suspension-and which, ypoen :heating or:

baking of the coated lens-or other glgss article
I at .a suitable elevated .temperature below the
softening point of .the-glass article :and dfor: a
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of the article and act in the manner of a flux
to either cause the silica or other particles of
the coating material to stick to the glass article
or, if not to stick, to leave impressions in the
glass surface which serve to produce the same
reflection-reducing effect of the :silica particles
themselves. For ordinary type hard glasses hav-

.ing a softening point of around 700-800° C., the
‘heating or baking temperature of the coated
.glass article may be .from around 500-700° C. or
-80,-1.7e.,:at-a temperature slightly below the tem-
‘perature at which the glass article would nor-

mally soften and cause the silica particles of the

‘coating material to soak into the glass article
5 --and. disappear thereinto.
‘orzbaking may vary according to the nature of
.the coating material as well as of the glass ar-
“ticle, and according to the temperature at which

The time of heating

the ‘heating or baking operation is carried out.
Ordinarily, however, a heating or baking time up
to.around .one-half to one hour or so .will prove
suicient in most cases. In the case of certain
types.of .additive materials according to the in-
vention, the heating or baking of the coated .ar-

5 ticle, instead-of being performed as a. separate

operation,.may be combined with the usual glass
fusion operations which normally accompany the
manufacture of electric incandescent lamps.
For the purposes of the invention, the additive
metallic material employed should be a metallic
compound which .is soluble in the alcohol or
other solvent employed for the coating suspen-
sion and which will dissolve or be absorbed into,
or will decompose.into compounds or elements
which will dissolve or be ahbsorbed into the glass
of the lens | .or other substrate forming the glass
article to be-coated at the elevated temperature
which  is employed -to heat .or bake the coated
glass articles in carrying out the process according
to the invention. As examples of suitable addi-.
tive.materials for. the purposes of .the invention,
suitable compounds-of .one or more.of .the metals
zine, silver, .copper, nickel, iron, titanium, tin,
lead, manganese .and chromium may be .em-
ployed, for instance, salts.such. as zinc-acetate, sil-
ver nitrate, silver chloride, silver. sulphide, cupric
or cuprous -chloride or sulphide, .iron chloride,
tin chloride, manganese.chloride, titanium tetra-
chloride, lead nitrate, or other compounds such
as. chromic .oxide for .instance. Of these mate-
rials, however, .it is preferred .to .employ those
which, in the small amounts required to.accom-
plish the objects-of -the invention, .do not.impart
a separate :color.of .their own to the glass article
or.materially affect the substantially transparent
character-of the coating, ‘which discoloring may
be .objectionable for some reason or other. Fer
example, ‘where one -of the compounds-of zinc,
silver, fitanium, tin or lead specifically .enumer-
ated above is-employed, the small -amount of -the
metal bresent .in-accordance with the invention
does not affect in any way the normal reddish-
purple.refleetion -color of -the-reflection-reducing
coating per. se, which-colored reflection serves as

.an indication -of the ‘presence .of such coating

on the-article. ‘Howaver, if an excess amount.of
one of such compounds is employed, the metal
component may then impart a distinctive -color,
€.:g., a-red color in the:case of silver, to the glass

-article-and reduce the transparency-of the coated

article. The.amount.of the added ingredientmec-
essary to provide the:desired effect in-accordance
with the invention may be determined by trial,
but in-any-event it should not be more than the

suitable length of time, will:react with the glass 75-amount that will dissolve in-the :solvent of the
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particular coating suspension émployed. Ordi-
narily, the presence in the eoating suspension
of around one to a few per cent by weight of
the added ingredient will give the desired resulf.
The exact proportions, however, of the materials
forming the coating suspension will depenrd upon
the particular mode of application of the coat-
ing to the article, it being usually necessary te
vary the proportions in erder to obtain the de-
sired final coating thickness. .

Of the varicus compounds specifically men-
tioned abeve, zinc acetate has heen found to be
particularly useful because of its distinetive prop-
erty of absorbing into the glass of the article, in
the manner according to the invention, at rela~
tively low temperatures around 500° €. or se.
As a. result, where the article to be coated con-

stitutes a part of an electric incandescent lamp

or similar device, in'the manufaecture of which
glass heating or fusing cperations are neormally
required, the heat of such normal lamp-mak-
ing proeesses, €. g., the fusion of a hard glass lens
to the reflector section ef a. “sealed beam’ type
lamp, can be utilized for the heating or baking
of the coated article in accordance with the in-
vention since the glass lens attains a sufficient-
iy high temperature up to arcund 500° C. for
such purpose. A further advantage in the use
of zinc acetate as the additive material resides
in the fact that where the glass article to which
the coating is to be applied is provided with
sealing surfaces which are to be fused to an~
cther sealing surface, as in the aforementioned
case of the fusion of a glass lens to the glass
reflector section of a “sealed heam” type Iambp,
the presence cn such sealing surfaces of a coat-
ing suspension according to the invention, and
having zinc acetate as the additive ingredient,
does not prevent the formation of a good fused
seal between such sealing surfaces such as oc-
curs in the case where use is made of the colloidal
silica solution alone, i. e., without the incorpora-
tion therein of zinc acetate or possibly others of
the additive ingredients specified hereinabove in
accordance with the invention. Therefore, in
the application of such a zinc-acetate containing
coating to the article, it is unnecessary to remove
or wipe the coating suspension off the sealing sur-
face of the article prior to the sealing operation,
and, since the labor cost is the major cost item
in the application of a reflection-reducing coat-
ing to the article, a very appreciable saving in
the cost of such coating application is effected
by the elimination of such a wiping operation to
clean the sealing surfaces. As an example of
g suitable zinc-acetate containing coating sus-
pension according to the invention, the follow-
ing composition, by weight, has been found to
be entirely satisfactory:

Percent
Colloidal siliea. oot 4.5~ 6.5
Zine acetate__ 0.5~ 3.5
Alcohol or other solvent_____ .. 90.0-95.0

While the actual manner in which the addi-
tive metallic ingredient functions to produce the
results according to the invention is not known
for certain, it is thought that the zinc, silver or
other metal comprising the addition ingredient
coats the colloidal silica or other solid particles
of the coating suspension with a thin binder layer
19 (Fig. 2) which dissolves or is absorbed into
the glass of the article to be coated, as indicated
at 20 in Fig. 2, and either pulls the silica or other
solid particles along with it into the glass or else
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replaces the soda in the glass and drives the lat-
ter aut to the surface where the soda then acts
as a flux to stick the silica or other sclid coat-
ing particles to the glass. But regardless of the
exach manner in which the addition ingredient
functions in the process according to the inven-
tion, there is ho question but that a muech more
durable and permanent reftection-reducing coat-~
ing is produced which will withstand weather=
ing and repeated washings and wiping and clean-
ing without being rubbed off or removed from
the glass ‘artiele.

The coatings 16 and 1T may he applied to the
glass Iens or other article t in a variety of ways.
Thus, the lens or other article | may be im-
mersed in the ‘coating suspension containing the
addition ingredient according to the invention or
the coating suspension poured over the surface
of the glass article or the said surface washed
with the coating suspension. The article is then
immediately spun to remove the excess liguid,
or the article to be coated may be spun and, while
spinning, a suitable quantity of the coating sus-
pensicn poured upon it or otherwise applied. The
speed of spinning confrols to & cerfain extent
the amount of coating matberial remaining o
the surface and therefore the resultant thick-
ness of the eoating. Upon the evaporation of
the solvent in either case, the colleidal particles
{8 remain on the surfaces #4 and 45 of the arti-
cle | and it is believed that the surfaees then con-
sist of minute projecting irresularities whose
spacings are considerably smaller than the wave
length of the light, the eoncentration of the said
particles forming the Irregularities decreasing
from the surface of the article outward where--
by there is a gradual increase of effective index
of refraction from approximate unity at the
layer-air interface to a value approaching that
of the substrate at the layer-substrate interface.

After drying of the coating on the glass article
I, the latter is then heated either by the heat
developed during the processing of the lamp as
previously deseribed, or it may be necessary to
bake the article in an oven or lehr at elevated
temperatures, from approximately 500-700° C.
or so in the case of zinc acetate, or from ap-
proximately 600-700° C. or so in the case of the
other additive compounds specifically mentioned
hereinabove, for periods up to around one-half
to one hour or so, as stated above, to effect the
sticking or bonding of the colloidal particles 18
of the coatings 16, 17 to the surface of the glass
article | in accordance with the invention.

While I have shown and described the pre-
ferred embodiment of my invention, it will be
obvious to those skilled in the art that various
modifications may be made without departing
from the invention. Thus, instead of providing
both the inner and outer surfaces of the lens |
with reflection-reducing coatings, such coatings
may be applied to only one or the other of the
said surfaces. Likewise, if desired, only the
outer coating i1 may be of the type according to
the invention since the inner coating 18 is not
exposed and is not subject to removal by weath-
ering, washing, wiping, etc., so that it does not

have to be as durable and permanent as the

other coating I7.

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. The method of forming a transparent re-
flection-reducing coating on the surface of g hard
glass article having a refractive index greater
than unity which method comprises, coating the
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said surface of the article with a suspension
comprising transparent colloidal particles of
silica dispersed in a liquid dispersion medium
having in solution therewith from approximately
a half to a few per cent by weight of zinc acetate,
removing the excess of coating material from the
surface of the article and drying the remaining
coating material thereon, and then heating the
coated article at a temperature of from about
500-700° C. until the colloidal silica is firmly at-
tached to said surface.

2. The method of forming a transparent re-
flection-reducing coating on the surface of a hard
glass article having a refractive index greater
than unity which method comprises, coating the
said surface of the article with a suspension con-
sisting essentially, by weight, of approximately
- from 4.5 to 6.5 per cent of colloidal silica, approxi-
mately from 0.5 to 3.5 per cent of zinc acetate,
and approximately from 90 to 95 per cent of a
solvent for the said silica and zine acetate, re-
moving the excess of coating material from the
surface of the article and drying the remaining
coating material thereon, and then heating the
coated article at a temperature of from about
500-700° C. until the colloidal silica is firmly
attached to said surface.

3. The method of forming a transparent re-
flection-reducing coating on the surface of a
glass article having a refractive index greater
than unity which method comprises, coating the
said surface of the article with a suspension com-
prising transparent colloidal silica particles dis-
persed in a liquid dispersion medium having in
solution therewith from approximately a half to
a few per cent by weight of a metallic salt de-
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composable into free metal at a temperature be-
low the softening temperature of the glass article,
the said metal being absorbable into the glass of
the article when the latter is in a heated condi-
tion at a temperature just below its softening
point, and then heating the coated article at a
temperature of from about 500° to 700° C., which
is above the decomposition temperature of the
said metallic salt but below the softening tem-
perature of the glass article for a sufficient time
to decompose the said metallic salt into free metal
and cause absorption of the latter into the said
surface of the glass article at the areas where the
silica particles contact the surface of the glass
whereby to attach the said colloidal silica par-
ticles to said surface.

4. The method as set forth in claim 3 wherein
the said metallic salt is a zinc salt.

5. The method as set forth in claim 3 wherein
the said metallic salt is a silver salt.

6. The article prepared by the method of claim
3.
7. The article prepared by the method of claim
4,
8. The article prepared by the method of claim
5.

STUART McLEAN.

References Cited in the file of this patent
UNITED STATES PATENTS

Number Name Date
2,123,957 Oorth - July 19, 1938
2,344,250 Jones . _____. Mar. 14, 1944
2,432,484 Moulton e Dec. 9, 1947



