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This invention relates to improvements in electrical 
conductive coatings and relates particularly to the pro 
vision of> clear transparent, durable and stable coatings 
of this nature, methods of making and applying said coat 
ings, and the production of articles having such coatings 
thereon. 
One of the principal objects of the invention is to pro 

vide electrical conducting coatings adapted to be applied 
to articles normally susceptible to static charges, and 
method of making and applying the same whereby sub 
stantially no static charge accumulation will take place 
on said articles.  

Another object is to provide coatings of the above 
character which, while retaining desirable electrical con 
ducting characteristics, may be controlled as to their 
ultimate thickness whereby the said coatings will intro 
duce desirable light modifying characteristics. 
Another object is to provide coatings of the above 

character which may be applied either in the form of 
single or multiple layers whereby the electrical conductive 
characteristics thereof may be varied as desired while 
still retaining durable, stable, clear and transparent char 
acteristics. 
Another object is the provision of a transparent con 

ductive coating of the above character which is conduc 
tively efñcient after prolonged exposure to moisture and 
subsequent drying, and after prolonged heating at ele 
vated temperature with high or low relative humidity. 

Another object is to provide coatings of the above 
character which will retain their desired characteristics 
at elevated temperatures and at low relative humidity 
and which are resistant to mechanical shock. 

Another object is to provide coatings of the above 
character which may be uniformly applied in a simple, 
etiicient and economical manner, which will be resistant 
to abrasion, discoloration, ageing and atmospheric in 
ñnences. 
Another object is to provide coatings of the above 

character which may be applied to glass, plastics or other 
materials either transparent or opaque in nature and 
which will have no detrimental effect upon said materials. 

Other objects and advantages of the invention will 
become apparent from the following description. 

ln the drawing: 
Figs. l through 5 illustrate in diagrammatic form vari 

ous embodiments of the invention. 
The prior art teaches the use of surface coatings for 

reducing or increasing reflections of light, for protecting 
the article from abrasion and the like, or for providing 
conductivity. However, it is known that reflection reduc 
tion coatings must generally be transparent such as in 
the case of optical elements through which an observer 
must View. In some cases, a static charge may accumu 
late on the surface of the articles, which static charge 
is dispelled very slowly, if at all. This is a detrimental 
factor when, for example, a sensitive instrument is pro 
vided with a transparent cover which may pick up static. 
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Such static, which may be applied to the cover such as, 
for example, when the cover is dusted or polished, may 
affect the eñ‘iciency of many instruments particularly 
those of the type embodying sensitive needle-type in 
dicating means. It is also known that some reñection 
reduction coatings do inherently possess an amount of 
conductivity. However, in many conditions of use, such 
conductivity is negligible and the static will be dispelled 
too slowly to be satisfactory. Also, at relatively high 
temperatures, the conductivity characteristics generally 
become less effective. 
Known conductive coatings of the most desirable and 

etiicient type were relatively opaque or lacked durability. 
The present invention is directed to the provision of 

coatings of the above character which possess a high 
degree of transparency, durability and stability and which 
will retain their conductivity characteristics under a 
wider range of use than has hitherto been possible and 
which may or may not possess reñection modifying char 
acteristics. 
A further advantage of the present invention is that 

the coatings may be applied in a simple, convenient and 
inexpensive manner. 
The coatings are normally applied to transparent 

articles having characteristics of accumulating a static 
charge but may be also applied to articles of an opaque 
nature possessing similar characteristics. Such articles 
may be formed of glass, plastics, artificial resinous ma 
terials, ceramics or the like. The coatings may be in the 
form of single coatings or multiple coatings depending 
upon the light modifying characteristics and electrical 
conducting characteristics desired. _ 

Coatings of the above character which have been found 
to produce the results desired may be formed in various 
ways. One such is illustrated by Fig. l and comprises a 
single layer. 
For example, a solution containing from l to l0 per 

cent by volume of tetraethylorthosilicate, 1 to l0 per 
cent by volume of concentrated hydrochloric acid, 0 to 
60 per cent by volume of ethyl acetate, and the balance 
of ethyl alcohol, has been found to provide reflection 
reduction characteristics and results in a stable water 
insoluble coating. 

Such a coating possesses to a certain extent conductive 
properties, but these conductive properties deteriorate 
with increasing time and vary to some extent with the 
relative humidity of the environment. 

In order to provide the coating with conductive char 
acteristics, an ingredient is inserted in the original coat 
ing solution, which ingredient is characterized by its solu 
bility in the solvent and by its ability to remain trans 
parent in the finished coating. It has been found that 
such ingredients are those which are particularly capable 
of absorbing and retaining moisture at elevated tempera 
tures. 

Satisfactory ingredients for this purpose are lithium 
chloride and other lithium salts such as acetate, sulphate, 
nitrate, etc. 
A preferred solution for forming a transparent con 

ductive reñection reduction coating comprises approxi 
mately l0 parts of tetraethylorthosilicate, 42.5 parts of 
ethyl acetate, 42.5 parts of denatured or ethyl alcohol, 5 
parts of concentrated hydrochloric acid, to which stock 
solution is added from 0.1% to 0.5% by weight of lithium 
stearate. Amounts of lithium stearate greater than 0.5% 
may be used where transparency is not essential but when 
used for coatings on transparent articles, this is not de 
sirable since the coating tends to become cloudy. ,l 
The foregoing formula gives a clean, colorless', stable, 

clear, transparent solution with the lithium steaïate being 
soluble therein. The article to be coated may be im 
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mersed in the solution, removed and immediately spun 
to remove excess liquid. The resultant thickness is con 
trolled at the time of spinning so that if eflicient reflec 
tion reduction characteristics, for instance, are desired 
the thickness will preferably be uniform and of an odd 
multiple of a quarter wave length of the incident light. 
Where reflection reduction is not essential the coatings 
may be thicker and may be formed as single or multiple 
layers. However, for best results the thickness should 
be sutiicient to introduce the required conductivity. 
Coatings over one-half wave length in thickness have 
not generally been found to be practical. The coated 
article is then heated slightly to accelerate the insolubil 
ization of the coating, the temperature depending upon 
the heat resistance of the article, lower temperatures re 
quiring longer heating cycles to obtain the desired re 
sults. The article is then subsequently cooled. This 
procedure renders the coating insoluble in acids or water 
and diflicultly soluble in alkaline solutions. 

lf the above coating is placed on a glass article wherein 
the glass has an index of refraction of 1.52, the coating 
will reflect only about 2% as compared to approximately 
4% reflection without the coating. 
The conductivity of the coating, due to the inclusion 

of thc conductive material or hygroscopic material, is 
such that inclusion of only 0.1% of lithium stearate or 
lithium chloride, for example, will cause an electroscopc 
to discharge almost instantly. Even traces of the most 
efficient of the added ingredients will cause an electroscope 
to discharge but at a slower rate. Greater amounts of 
the added ingredient are even more conductively efiîcient 
for the presently described reflection reduction coating 
up to 5%, depending on the particular ingredient used. 
More than 5% will cause the coating to become cloudy, 
as stated hereinbefore, and, therefore, certain desired 
optical characteristics are lost. 

Slight variations in the foregoing coating process may 
be employed with satisfactory results. For example, 
after spinning, the article may be held at room tempera 
ture in normally moist air for about one minute and then 
subjected to the action of water for any desired period of 
time. This results in a good reflection reduction coating 
and gives a somewhat more porous surface. However, 
the coated article should be subsequently heated. 

ln the original solution mentioned above, other alkyl 
silicates such as tetramethylorthosilicate, or other esters 
of silicic acid may be used instead of tetraethylorthosili 
cate; also other acids such as nitric, sulphuric, hydroñuo 
silic, ñuoboric, hydroñuoric and hydrobromic may be sub 
stituted for the hydrochloric acid. While acids are de 
sirable in certain cases where acidity may be undesirable, 
the acids may be completely eliminated and in such cases 
the coating-producing solution should be aged for several 
days. The solvents, denatured alcohol and ethyl acetate 
may be replaced by most organic solvents in which the 
silicon ester and the acid are both soluble, such as methyl 
acetate, methyl alcohol, and isopropyl-alcohol. Another 
acceptable formula is approximately 24% of ethylene 
glycol mono ethyl ether, 10% of ethylene glycol mono 
butyl ether, 16% of butyl alcohol, 34.9% of denatured 
alcohol, 10% of tetraethylorthosilicate, 5% of concen 
trated hydrochloric acid and .1% of lithium stearate or 
other selected ingredient for providing increased conduc 
tivity. 

lt is desirable to use conductivity increasing materials 
which will maintain their effectiveness at relatively high 
temperatures and varying humidities. 

It is to be understood that substances may be included 
in the solution which may be subsequently leached out by 
suitable solvent treatment to modify the porosity of the 
coating. Such substances, for example, are urea, gly 
cerine, calfein hydrochloride, calcium chloride and many 
others which are soluble in the solvents used in making up 
the solution and which remain uniformly and minutely 
dispersed throughout the resultant coating and which may 
be subsequently removed by another solvent such as wa 
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4 
ter. It must be understood, however, that such leaching 
out must be controlled so as not to render uncontinuous 
the conductive chain formed by the uniformly and min~ 
utely dispersed ingredient which is included for providing 
the desired conductivity. 

Such a coating as described above has a high intrinsic 
hardness and, therefore, is resistant to abrasion. This is 
particularly advantageous when used on plastic and resin 
ous materials which are relatively soft. 
A desirable reflection increasing coating such as illus 

tratcd in Fig. 2 can be formed from a solution made as 
follows: To 75 parts of 190 proof ethyl alcohol are added 
slowly and with constant stirring 25 parts of titanium 
tetra-chloride. The reaction is rather violent and copious 
white fumes are evolved. There results a pale yellowish 
colored liquid which no longer fumes but which is rather 
acid and should be stored in glass. This is a master solu 
tion which upon suitable dilution will produce the re 
sults desired. To obtain surfaces of high reflectivity, the 
solution is diluted with an equal part of the alcohol. To 
this solution, in order to obtain the desired conductive 
properties, is added from .1% to 5% of lithium stearato 
or other selected ingredient to render the resulting coating 
increasingly conductive. 

Application of this solution to an article is by dipping, 
immer-sing, and subsequent spinning or allowing to drain, 
or similar methods, the solvents being evaporated from 
the solution, leaving upon the surface of the article a 
uniformly thick coating of the nature desired. Following 
this, the article is baked from 50° to 200° C. or more 
and results in a coating which, for example, on 1.523 
index glass produces reflections of the order of 15% 
where the reflectivity of the glass is normally about 4%. 
The thickness of this coating is controlled by varying 

the concentration of the active material in the master 
solution, by varying the dilution of the master solution, or 
by varying the rate of withdrawal of the article from the 
solution after immersion, or by varying the speed of rota 
tion during spinning. Surface coatings of the nature de 
scribed resulting from the above solution or modifications 
thereof are extremely permanent and resistant to abrasion, 
weathering, and chemicals. 
A coating such as the alcohol-titanium coating described 

immediately above may, if desired, be applied over a 
coating such as the siliceous coating described hereinbe 
fore. This as illustrated in Fig. 3 provides avery 
efficient reflection increasing coating having good conduc 
tivity, permanence, clear transparency, and abrasion rc 
sistance. 

In some cases, if it is desired to produce a conducting 
coating whose low reflection properties are greater than 
those produced by using a solution of tetraethylorthosili 
cate alone, it is possible to deposit a low index layer in 
superimposition with the high index layer as illustrated in 
Fig. 4. This can be done by applying a high index layer, 
such as the titanium oxide layer, which may or may not 
contain the materials for increasing conductivity, of ap 
proximately 1A wave length thickness directly on the 
substrate and then applying to this high index layer, a 
siliceous layer containing materials for increasing the elec 
trical conductivity of a thickness of substantially 1A wave 
length, the two coatings functioning cooperatively to re 
duce the reflection of light to a very marked degree. 
The thickness of the high index undercoat is not as criti 

cal as the thickness of the low index outer coat but by 
suitable dilution of the solution used in producing the 
outer coat and observation of the color of the reflected 
light a few trials will allow the adjustment of the outer 
solution to produce the most effective coating which for 
visible light is that whose reflected color at normal inci 
dence is purple. A coating which is too thin is reddish 
and a coating which is too thick appears blue. 

This coating should also be baked as described above. 
It has been found that for articles whose index of refrac 

tion is 1.52 or more for maximum efiiciency the index of 
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refraction of the high index undercoating should be lower 
than that of the articles. This is accomplished by mixing 
the two solutions in varying proportions, the coating re 
sulting from such mixtures being lower in index as the 
proportion of the tetraethylorthosilicate in the resulting 
solution is increased. For example, a mixture containing 
75 parts of ethyl alcohol, 3 parts of titanium tetra chlo 
ride, 18 parts of ethyl acetate, 2 parts of tetraethylortho 
silicate and 2 parts of hydrochloric acid, when applied to 
glass in such a manner as to produce a coating substan 
tially 1A wave length in thickness after baking has an 
index of refraction lower than that produced by the solu 
tion of titanium tetrachloride alone. Upon the subsequent 
application on this coating of the low index layer result 
ing from a solution containing the tetraethylorthosilicate 
and having the thickness of 1/4 wave length substantially 
the same reflectivity is obtained for materials having in 
dices of refraction which may vary from 1.52 to 1.70. 
By applying these coatings in the reversed order (all of 

the coatings or the outer coating alone having the con 
ductivity-increasing materials incorporated therein), sur 
faces having increasing reilectivity over that produced by 
the single high index layer alone may be produced. 
By repeating the process of forming alternate low and 

high index coatings of the proper thickness the amount 
of reflectance may be increased. Thus, it is possible, by 
building up coating of alternating low index and high in 
dex, to obtain very high reflectances, of the order of 90% 
for a particular wave length. For example, using a coat 
ing consisting of eight layers alternating low index and 
high index as illustrated in Fig. 5 it has been possible to 
produce a glass article having a reflectance of over 90% 
at a wavelength of 500 millimicrons. The actual location 
of the maximum will depend upon two factors, the physi 
cal thickness of each coat and within limits the index of re 
fraction of each coat, the controlling factor being the 
optical thickness which is the thickness divided by the 
index of refraction of the resulting layer. 
Any of the aforementioned types of solutions may serve 

as a carrier for a coloring agent if desired. 
An article having a conductive coating of the character 

described hereinbefore when mounted so as to have a lead 
or ground in engagement therewith, Will be found to be 
entirely free of static charges. Any static which is nor 
mally accumulative on the surfaces of the article in the 
absence of any conductive coating will be promptly con 
ducted away. 
The conductivity of the coating should be such that 

when the coating is grounded a static charge will be dis 
pelled almost instantly. 

It is also to be understood that although the carrier 
solutions mentioned hereinbefore are for forming coatings 
which are capable of modifying light reflections from the 
surfaces of the articles to which they are applied, any 
available coating solutions can be used which contain a 
solvent in which the added ingredient is soluble and where 
in the added ingredient may be substantially uniformly 
dispersed. However, in accordance with this invention the 
added ingredient preferably should possess clear trans 
parent characteristics which will not affect the light trans 
mission and reflection characteristics of the original solu 
tions. The added ingredient should also be capable of 
conducting at relatively high temperatures and in varying 
humidities as described. 

lt is further to be understood that although the articles 
referred to hereinbefore on which the conductive coatings 
are applied have been formed of dielectric materialsin 
general, metals or synthetic minerals such as mica, quartz, 
and in general materials of extremely low electrical 
conductivity can be provided with the presently described 
coatings. In certain cases metals having dielectric coat 
ings thereon, for example, lacquers, enamels and anodic 

6 
coatings such as aluminum oxide on aluminum articles by 
chemical and electrical treatments may also be advan 
tageously provided with conductive coatings of the charac 
ter described. . 

In providing conductive coatings wherein light modify 
ing characteristics «are unimportant, critical control of the 
thicknesses of the coatings is unnecessary, it being neces 
sary that the thickness be merely suñicient to introduce 
the conductivity required and controlled so that the coat 
ings will tenaciously adhere to the surfaces 'on which they 
are applied. 
From the foregoing description, it will be seen that 

all of the objects and advantages of the invention have 
been accomplished. 

While the novel features of the invention have been de 
scribed and are pointed out in the annexed claims, it will 
be understood that various changes in the formulae and 
other details of the invention can be made without de 
parting from the scope of the invention, and it is in 
tended therefore that all matter contained in the fore 
going description be interpreted as illustrative and not 
in a limiting sense. 

Iclaim: 
l. A coated article of the character described com 

prising a substrate having a normally static chargeable 
`surface and a thin transparent, durable, stable electrical 
r`charge conductive coating thereon, said coating being 
formed of a material selected from the group consisting 
of silicon dioxide, titanium oxide, and mixtures thereof 
.having substantially uniformly dispersed therein from one 
to two-tenths of one per cent lithium chloride, said coat 
ing being of a porous nature such as to more readily per 
mit moisture vapor to gain access to said dispersed 
lithium chloride so that, when properly grounded, the 
coating will be increasingly conductive to electrical 
charges, said coating further being resistant to abrasion, 
shock, discoloration and aging under varying heat and 
atmospheric influence. 

2. The method of producing a conductive coating on 
the surface of -an article comprising the steps of apply 
,ing to said surface a liquid solution embodying from 
about 1 to 10 per cent by Volume of tetraethylortho 

1silicate, about .11 to 10 per cent by volume of concen 
trated hydrochloric acid, about one to two-tenths of one 
per cent lithium chloride, and the balance a readily vola 
tile, water miscible organic solvent, causing the liquid 
solution to form on said surface of the article a liquid 
layer of a substantially uniform thickness, and evaporat 
ing the solvent from said liquid layer whereby the re 
sultant layer will be of a porous nature and will have 
uniformly dispersed therein lithium chloride, the pro 
portion of said lithium chloride being so controlled that 
its presence in the coating formed will substantially un 
atfect the light transmission characteristics thereof. 
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