
35 U L U it 

Patented Feb. 5, 1952 

UNITED STATES PATENT OFFICE 
2,584,905 

SURFACE REFLECTION MODIFYNG 
SOLUTIONS 

CROSS REFERENCE 
- A 

2,584,905 

X) 
Harold R. Moulton and Edgar D. Tillyer, South 

bridge, Mass., assignors to American Optical 
Company, Southbridge, Mass., a voluntary as 
sociation of Massachusetts 

No Drawing. 
1944, Serial No. 

Original application November 6, 
562,126, now Patent No. 

2,466,119, dated April 5, 1949. Divided and this 
application September 27, 1948, Serial No. 
51446 

19 Claims. 
1. 

This invention relates to solutions for use in 
forming reflection modifying coatings and meth 
Ods of making the same. 
This application is a division of our co-pending 

application Serial No. 562,126, filed November 6, 
1944, now Patent No. 2,466,119, issued April 5, 
1949, and which is a continuation in part of our 
abandoned application Serial No. 511,364, filed 
November 22, 1943. 
Another object of the invention is to provide 

novel and improved Solutions for use in modify 
ing the reflection of light impinging upon the 
Surface of an article whereby the reflection of 
light from Said surface may be greatly increased 
or greatly reduced beyond the capability of the 
Original Surfaces of the article. 
Another object of the invention is to provide 

novel and improved Solutions for use in modify 
ing the reflection of light impinging upon the Sur 
face of an article through the coating of Said 
Surface with a transparent coating or coatings. 
Another object is to provide new and novel 

coating Solutions and novel methods of forming 
the same. W 

Other objects and advantages of the invention 
Will become apparent from the following de 
Scription taken in conjunction with the adjoin 
ing claims. It is apparent that many changes 
may be made in the details of the composition 
and steps of the method shown and described 
Without departing from the spirit of the inven 
tion as expressed in the accompanying claims. 
We, therefore, do not wish to be limited to the ex 
act details of composition and steps of the method 
shown and described as the preferred forms only 
have been given by way of illustration. 
The article to be coated may be formed of 

any known desirable transparent medium such 
as glass, transparent plastics, such as methyl 
methacrylate, cellulose esters, and cellulose 
ethers, formaldehyde-urea or formaldehyde-phe 
nol condensation products, other resins, trans 
parent minerals such as precious stones or simu 
lated jewels and the like. The article may also 
be of an opaque nature. 
The transparent medium constituting the ar 

ticle may be prefabricated to any desired shape 
or contour such as lenses, prisms, mirrors, plates 
or the like either by the commonly known grind 
ing or polishing methods or by molding, with the 
Surfaces being of any desired textures. 
On the surface of the article there is applied 

a coating of an index of refraction considerably 
higher than the index of refraction of the body 
of the article isel, it sing understood that the 
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definite index of the body is determined prior. 

0 

20 

30 

35 

40 

45 

50 

55 

2 

to placing the coating thereon with the said ma 
terial of said coating being controlled as to index 
of refraction so as to obtain the desired results. 
Such results in this particular instance being 
that of increasing the reflectivity of the article's 
surface; as for example, to produce transparent 
mirrors or the like. 
This result is obtained by applying to the sur 

face of said article a solution capable of deposit 
ing upon said article a coating of high controlled 
index which is firmly adherent and smooth. This 
coating results from the simple drying out of the 
Solvents from the Solution leaving upon the Sur 
face a coating of the nature described. The S0 
lution may be applied by dipping the article into 
the solution and withdrawing at a predetermined 
rate, by immersing the article into the solution 
and by pumping out or Withdrawing the solu 
tion at a predetermined rate, by immersing the 
article to be coated, immediately withdrawing 
and placing in a holder and spinning or allowing 
to drain, or by rotating the article and during 
Said rotation applying a desired amount of said 
Solution to Said article, continuing with the ro 
tation until the Solution has dried, the centrifugal. 
force Serving to spread the solution evenly over 
the article to produce a substantially uniform 
coating of proper thickness. If desired, a suit 
able quantity of the Solution may be applied to 
the article while stationary, the article then be 
ing rotated to spread the Solution and to bring 
about drying by the evaporation of solvents from 
the coating Solution. 
The thickness of the resultant coating is con 

trolled by varying the concentration of the ac 
tive material in the solution, by varying the rate 
of withdrawal of the article from the solution 
or the Solution from the article, or by varying 
the Speed of rotation of the article. 
A Solution which has produced favorable re 

SultS is Substantially as follows: 
To 100 parts of 190 proof ethyl alcohol are 

added slowly and with constant stirring 10 parts 
of titanium tetra-chloride. The reaction is 
rather violent and copious white fumes are 
evolved. Consequently, the addition should be 
made in a well ventilated place or preferably in a 
chemical hood. There results a pale yellowish 
colored liquid which no longer fumes but which 
is rather acid and which should be stored in glass. 
This is a master: Solution which upon suitable di 
lution will produce the results desired. In order. 
to obtain. Surfaces of high reflectivity, upon ma 
terials of the usual-cange of indices of refraction, 
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namely from 1.45 to 1.70, this solution is diluted 
With an equal part of the alcohol. This diluted 
solution has been designated as Solution it 155 
and is a Solution used for obtaining high reflec 
tivity. Application of this Solution to the article 
in the manner above described followed by baking 
at from 50 to 200 centigrade or more (to accele 
rate the drying) has produced Surfaces on 1.523 
index glass having reflections of the order of 15% 
Where the reflectivity for untreated polished Sur 
faces of this same glass are substantially 4%. As 
above stated, such high reflecting Surfaces, un 
like those produced by metal mirrors, have a 
transmission for White light equal to 100% minuS 
the percent reflectivity of the coated Surface Sub 
stantially no light being lost by absorption by the 
coating. This produces an excellent transparent 
partially reflecting mirror. 
Replacement of the titanium tetra-chloride by 

tin tetra-chloride results in a similar increase in 
reflection although in the case of the tin tetra 
chloride, the increase is not as great because of 
the lower index of refraction of the coating pro 
duced by said tin tetra-chloride. Other chlorides 
Or transparent, firmly adherent Smooth high in 
dex coatings by the drying of a Solution may be 
used but it has been found that the most effec 
tive coatings result from the use of titanium 
tetra-chloride as the base material. The use of 
10 parts of titaniuin tetra-chloride to 100 parts of 
alcohol has been Selected as convenient for a mas 
ter stock Solution. The addition of large quan 
tities of the titanium tetra-chloride results in the 
evolution of much more heat and in any case the 
Solution Inust be diluted for use through the Sub 
Sequent uSe Of alcohol or other Solvents such as 
butyl alcohol, isopropyl alcohol and in general 
Water miscible organic Solvents or vehicles. Sur 
face active agents, effective in acid organic solu 
tions Such as dioctyl sodium SulfoSuccinate or 
Similar materials, Inay be added to facilitate 
Spreading. The Selection of the actual Solvents 
or solvent mixtures is based upon evaporation 
rates, spreading action and the like. The con 
centration of the Solution Specified namely an al 
coholic Solution to Which has been added an equal 
part of the stock Solution, namely the alcohol and 
titanium tetra-chloride mixture set forth above, 
when applied to a two inch diameter disk and 
Whiled at approximately 1000 R. P. M. gives a 
coating of high refiectivity When applied to bases 
having an index of refraction of 1.5 to 1.7. This 
Solution has quite uniform reflectivity throughout 
the visible Spectrum although it may appear 
slightly yellowish to the naked eye. Reduction 
of the thickneSS by the Slower Withdrawal of the 
Solution or by increased dilution renders the re 
flectivity of the coating more uniform through 
out the visible Spectrum although the total re 
flectivity in this case may be slightly less. Sur 
faces of the nature described resulting from the 
above described solutions are extremely perma 
nent and resistant to abrasion, Weathering, and 
chemicals and are far Superior in these respects 
to thin vacuum or chemically applied metallic 
coatings which have heretofore been used for 
these purposes. 
A valuable use for Such coatings is their ap 

plication to the reflecting Surfaces of prisms 
whereby the use of certain unstable heavy optical 
glasses may be avoided. It is customary in order 
to obtain as large a field as possible with a limited 
size prism to use a barium crown glass having an 
index of refraction of 1.57. This glass is heavy, 
unstable chemically, and costly. By the applica 
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4. 
tion of Such a high reflecting Surface to similar 
prisins made of borosilicate glass or ordinary 
Spectacle crown, the desirable increased reflection 
characteristics of these high index glasses may be 
obtained. For example, let us assume it is de 
Sired to produce an article having increased sur 
face reflection such as set forth above. While it 
is not possible to measure directly the index of 
refraction of an extremely thin coating of the 
nature described, from the increased reflection 
attained a value has been obtained by computa 
tion which clearly indicates that the coating is of 
an extremely high index of refraction and greatly 
above that of the ordinary glasses desired to be 
USed in forming Such articles. It is beiieved by 
applicants that the index of refraction of the 
Coating is in the neighborhood of 2.5. It is un 
derstood, of course, that the reflectivity may be 
varied over a wide range from the maximum to 
that inherent in the article itself by varying the 
thickness, as Will result from varying the concen 
tration of the solution, the speed of rotation, or 
by other means mentioned above. For example, 
the reflectivity of a single surface imay be in 
Creased by minute gradations from the natural 
reflectivity of Substantially 4% to approximate 
ly 15%. 
The index of refraction of the article will be 

hereinafter referred to as 721 and the index of re 
fraction of the coating will be hereinafter re 
ferred to as n2. 

Having Such a high indeX layer applied to a 
Surface of an article, it now becomes possible to 
apply a thin layer or coating having a relatively 
low index of refraction m3 which when applied 
in the proper thickness will greatly reduce the re 
flectivity of the composite structure to a value 
considerably less than that of the original 
Surface. 

For example, a solution is prepared by mixing 
45 parts ethyl alcohol, 5 parts tetra-ethyl-Ortho 
Silicate, 45 parts ethyl acetate, and 5 parts con 
centrated hydrochloric acid in the order named. 
The solution resulting is well stirred and allowed 
to stand for approximately seven days. This ag 
ing period has been found very desirable as the 
most practical results have been obtained by fol 
lowing this procedure although shorter or longer 
aging periods may be used depending upon tem 
perature of Storage. This Solution is compara 
tively stable and has a life of several months. 
This solution will be designated Solution #50. 
The actual Solvents, namely ethyl acetate and 
alcohol have proved most practical but all or 
part of the acetate may be replaced by alcohol. 
The alcohol or the acetate may be replaced in 
part by other solventS Such as butyl alcohol, iso 
propyl alcohol, ethylene glycol monoethyl ether 
and the like, in order to obtain desirable evap 
Oration rates, Spreading and the like. Ail of the 
above Solvents are volatile organic water miscible 
Solvents. If desired, the proportion of ethyl sili 
cate may be increased at the expense of the sol 
vents in Order to obtain a more concentrated 
Stock Solution. For example, a solution embody 
ing up to 10% tetra-ethyl-Ortho-silicate has been 
found useful. Greater or less proportions of the 
acid may be desirable but Some acid is necessary. 
While hydrochloric acid has been found more 
suitable, other volatile, strong acids such as hy 
drobromic acid or the like may be used which 
do not attack the material of the article. Hy 
drofluoric acid would not be desirable because 
of its objectionable effect on glass and on the 
Silica layer to be produced, 
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Through the application of the solutuion set 
forth above for producing the first layer, it is 
believed that the resultant layer consists essen 
tially of titanium dioxide of coherent and Strong 
ly adherent form. The application of the Soiu- 5 
tion which forms the Second layer results in a 
layer of Silicon dioxide in Strongly bonded rela 
tion. With the first, layer, with said first layer hav 
ing a relatively high index of refraction as com 
pared with the index of refraction of the ma 
terial of the article, and the index of the refrac 
tion of the second coating being lower than that 
of the first coating and generally lower than the 
index of the refraction of the article itself. 

Application of this Solution to the Surface of 
the article to Which has been previously applied 
the first coating, by means of dipping, Spinning, 
whirling, etc. Such as set forth above in connec 
tion with the application of Said first coating, 
results in the production of a second coating in 
superimposed relationship to the first coating 
whereby the two coatings working in conjunction 
reduce the reflectivity greatly as compared to the 
uncoated article. 
The Solution F50 may be modified by dilution 

in order to control the thickness, or the rate of 
withdrawal of the article from the solution or 
the Solution from the article, or the Speed of ro 
tation if the article be spun or rotated gives 
controls of the thickness of the Second layer. The 
thickness is selected by observation, the most 
effective coatings being those whose refected 
light at normal incidence is purple to blue-purple 
with the blue-purple being somewhat more effi 
cient. 

It has been found desirable to bake this second 
coating also to temperatures which may be as 
low as 50° C. or if the article is capable of with 
standing more elevated temperatures 100° C. to 
200° C. Other more elevated temperatures may 
prove desirable in special cases With the lower 
temperatures being preferable for transparent 
media, which are susceptible to heat injury at 
the higher temperature. 

It has been found that such heat treatment 
tends to modify the color of the reflected light, 
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6 
in general, shifting the apparent color of the 
coating due to reflected light to Ward the red. 
It is desirable therefore to select a bluish color 
before heat treatment So that after heat treat 
ment the resultant finished coated article will 
have a reflectance which is blue-purple. For spe 
cial uses where the actual color of the reflected 
light which is finally Selected depends upon the 
use to which the article is to be put and for 
certain Specified uses it may be preferred to have 
the final article reflect in the red-purple rather 
than in the blue-purple but in Very Wide Color 
ranges it may be controlled as described above, 
namely by varying the thickneSS of the coating. 
The above is foi' ordinary Visual purposes 

where maximum reflection reduction is required 
at the point of maximum visual sensitivity in the 
green. For SOme purposes the maximum reflec 
tion reduction may be required in the ultra-violet 
or the infra-red; for these purposes appropriate 
changes must be made in the thickness of the 
coatings. 
The above solutions are nost effective on glass 

or articles of relatively low index Such as ordi 
nary crown glass having an index of refraction 
of 1.52. 
The use of Solution it 155 and Solution F50 as 

described above While effective on glass of index 
1.52 is not as effective on glasses of higher index 
except when the thickness of the first coating 
is controlled with great accuracy. 

Unlike previous methods of producing trans 
parent coatings of these types, it is possible by 
Suitable admixtures of Solution F155 and Solu 
tion if 50 to obtain a Smooth, unifornly graded 
series of indices of refraction between the two 
values normally given by each of these solutions. 
It has thus been found possible to obtain Sub 
stantially unifornireflection reduction for glasses 
of different indices by modifying the index of re 
fraction of the first layer. 

Solution #155 and Solution it 50 were mixed in 
varying proportions and applied as a first coating 
to a series of lenses having indices of 1.52, 162, 
1.66 and 1.70 as shown in the following Tables I, 
II, and III. 

Table I 

First Starts by Second Coat, Parts by Weight 
glass EE. electOl. 

199Ep? Tim 1939f Ethyl Ethyl EYSE Index s: y. ''etra- tiny CillOC rface Aiol chioide All Silicate Acetate Aid 
1.52 2.2 
1.62 .75 

Experiment 155F.-- 100 5.0 45 5 45 5 66 1. 
1.70 ... 1 
i.52 1.45 

Experiment 155G-- 100 3.5 45 5 45 5 8. 5 
1.70 1.25 
1.52 1.8 

Experiment 155H. 00 2.5 45 5 45 5. 3. 6. 
1,70 0.7 
1.52 1.3 

Experiment 155J--- 100 1.75 45 5 45 5 i: ; g 
1.70 0. 
13 .7 

Experiment 155K.-- 100 1.0 45 5 45 5 S. i. 
... 70 ... O 

Experiment 155L-- 00 10 (1) (1) (1) () -------------------- 

1 Preferably a stock solution to be diluted. 

-/. 
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Title II 

. Materials Employed for Solution for First Coat, Materials Employed for Solution for 
Parts by Weight, Second Coat, Parts by Weight 

Glass lifief: 8SS election 
Tetra- Tetra- Index per 190 proof Titanium Etly ethyl- Hydro- 190 proof ethyl- Ethyl Hydro- Surface 

Ethyl tetral- AEe E. chloric Ethyl ortho- Acetate chloric 
Alcohol Chloride silicate Acid Alcohol silicate Acid 

52 2.2 
Experiment 157A.-------- 85. 4.0 9.0 1.0 1.0 45 5 45 5 : : 

1.70 ... 1 
1.52 2, 25 

Experinent 157B-------- 80. 3.5 13.5 5 1.5 45 5 45 5 : 3 i: 
1.0 

52 1. 

Experinent 157C-------- 5. 3.0 8.0 2.0 2.0 45 5 45 5 : S. . 
E. 0.5 

1.5 5 
Experiment 157) -------- 70.0 2.5 22.5 2.5 2.5 45 5 45 5 { :S 8.8 

70 0.9 
: 1.0 

Experiment 157E-------- 65.0 2.0 27, O 3.0 3.0 45 5 45 5 : 9. 
1.70 1. 

: 52 ... 4 

Experiment 157F-------- 60.0 ... 5 3.5 3.5 3.5 45 5 45 5 S. i. 
1.70 . 
1.52 18 

Experiment 157G-------- 55.0 , 0 36.0 40 4.0 45 5 45 5 :S 3. 
70 2.4 

Totle III 

Solution for First Coat, Parts by Weight- Solution for Second Coat, Parts by Weight 

G fi E. - a 3.SS electO. 

199F9of Titanium Eth E. Hydro- 190 Proof TE: Ethyl Hydro Index per 
Ethy tetra- Acetate E. chloric Ethyl E. AEe chloric Surface 

Alcohol Chloride Silicate Acid Alcohol Silicate Acid 

1,52 1.0 

Experiment 156A.-- 65. 2.0 2. 3. 45 5 45 5 : E i. 
. 1.2 
52 1.6 

Experiment 156B - 79. 2 16.2 .8 ... 8 45 5 45 5 : S. . 
1.70 . 
1.52 ... 5 

Experiment 156C - 82.5 1. On 13.5 l, 5 5 45 5 5 5K S. }: 
70 1.4 

1.52 2.0 
.62 ... 6 Experiment 156D-- 87.5 0. 9.6 . ill.i. 45 5 45 5 66 1.4 
1.70 1.3 
1.52 2.25 

Experiment i56E-- 9.25 0.5 6.75 0.5 0.75 45 5 45 5 : i:25 
O 1.3 

After baking as above and cooling, a low index 
Coating, Such as produced by Solution if 50 along 
WaS applied to each Sample. After ruinning a Se 
ries of eXperimentS as shown in Tables I through 
III, White light reflection neaSurennents were 
made and eXpressed in percent reflectivity per 
Surface as ShoWn in Said Tables I through II. 
From Such measurements, it is possible to select, 
the most desirable mixture for producing a first 
coating SO that ninimum reflectances are ob 
tained for bodies or articles of different indices 
of refraction. Without requiring a special naixture 
for each index. 
By means of a Series of mixtures as shown in 

the Tables I through III, the most satisfactory 
value for Said first coating may be obtained. 
Such compositions Would correspond to Solu 

tions 157C and 157) as Siho Win in able . Of 
Course, intermediate compositions containing 
lesser proportions of high index material may be 
uSed. 
From the above, it Will be Seen that the most 

practical combination of said coatings may be 
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obtained depending upon the results desired. 
It is to be understood that the maximum of re 
duction of reflection is not desired in aii instances 
and that the above tables give practical, usable 
resultS. 
For obtaining increased Or maximum reflec 

tivity for glasses of given indices of refraction a 
procedure as follows may be used. 

Solutions as used for the first coating shown 
in Tables I, II, and III may be selected, in general 
the higher reflectivity being obtained by the 
Solutions having the higher content of titanium 
tetra-chloride which in effect produce coatings 
having the highest index of refraction. Which 
When cornbined With the article Will increase 
greatly the reflectivity thereof beyond that of 
the inherent surface of the article itself, it being 
understood that the results desired may be ob 
tained by the cut and try method following the 
Same general methods used in measuring the re 
flectivity or reflection reduction such as given 
above. Although only titanium tetra-chloride is 
given in the above tables, it is to be understood 
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that similar tables may be worked out for the 
tin tetra-chloride which in Some instances may 
be preferable as a substitute for the titanium 
tetra-chloride. It is also understood that other 
titanium compounds similarly decomposable 
Such as titanium bromide or titanium iodide may 
be used in which case the same solvents in Sub 
Stantially the same proportions except aS modi 
fied by the different atomic weights of the other 
halogens, would be used. Of course, other 
titanium compounds which are decomposable 
under the conditions set forth above may be 
used but titanium tetra-chloride has proved the 
best of those employed. 

It is also to be understood that while tetra 
ethylorthosilicate has been Set forth as the ef 
fective material for producing the low index 
coating, any of the Orthosilicates of the lower 
alkyl group may be substituted therefor. De 
composable silicon compounds such as other : 
alkyl silicates, silicols, silicanes and substituted 
silanes may also be used and Will be in Substan 
tially the same proportions depending upon the 
silicon present in said compound. These other 
materials would simply replace the tetra-ethyl 
orthosilicate, the other solvents and/or mixtures 
of Solvents being Substantially the Sane. 
The coatings Set forth are employed in coating 

ophthalmic lenses, the optical elements of optical 
Systems, transparent bodies, prisms, glass or 
plastic plates such as used for Windows, cover 
plates for instruments or the like, dials etc. or for 
opaque non-metallic articles such as photo 
graphs, pictures, maps, charts, etc. where re 
flection reduction is desired in Order to increase 
detail and contrast, or to remove undesired re 
flections. Metallic objects which have had ap 
plied to them by known means black or colored 
coatings such as for example black nickel plate 
or the black coating of iron and Steel resulting 
from their treatment with phosphate or oxalate 
Solutions or dyed aluminum oxide as produced 
by anodically treating aluminum with Sulphuric 
acid Solution and subsequently treating in a dye 
bath, all of which coatings tend to be dark but 
quite highly reflective and glossy, may have this 
gloss and reflectivity reduced by the means dis 
closed. 

Just as the index of refraction of the first 
layer was iodified by a mixture of the Solution 
it 155 and the Solution it 150 before application 
to form such a coating the Solution used in form 
ing the second coating can also be modified as Set 
forth above in said tables so to raise its index to 
a value approximating that of the index of re- : 
fraction of the article. It is sometimes desirable 
to do this, as in such cases the variation of re 
flectivity with wavelength of color of the light is 
less. 
Table shows the effect upon the amount of 

white light reflection of variations in the thick 
ness of the high index layer using a constant 
thickness and constant index of refraction for 
the other layer. 
The first column of the table gives the experi 

Sent number, the Second column indicates the 
parts by weight of alcohol. It will be observed 
fror the table that the concentration of the high 
index coating producing material, namely tita 
nila tetra-chloride, used in making the Solution 
has been successively decreased and the concern 
tration in the Solution consequently decreased 
as this is the simplest way of varying by readily 
controllable means the thickness of the coating 
without varying the method of application. In 
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all cases, these coatings were applied to two 
inch diameter flat disks of glass of the indices 
described, by spinning at approximately 1000 
R. P. M., and applying the Solution while the 
Sample is in motion and causing it to dry. 

After application of the first coating, the 
Samples. Were placed in an Owen and dried at 
Somewhat elevated temperatures of 50° to 100° C. 
After cooling, the samples were then coated with 
the Solution for producing said second coating 
following the same general procedure. In ap 
plying said coating, it is especially desirable that 
the atmosphere surrounding the work be dry 
during the application solution. Humidity values 
above 50% are objectionable and best results 
have been obtained when the relative humidity 
Was. 15% or less. Under Some conditions, slight 
elevation of temperature in the enclosure is also 
desirable up to perhaps 30 or 40° C. These values 
and conditions are arrived at according to the 
particular nature. Of the coating desired and a,c- 
cording to the article being coated and may be 
readily attained by tria and error. If the mois 
ture is too high the coatings tend to be slightly 
diffusing. 

Having produced Such coatings through the 
range indicated in Table II on glasses of indices 
of refraction of 1.52, 1.62, 1.66, and 1.70 and hav 
ing measured the White light reflection per Sur 
face at normal incidence for these coated Samples 
experiments, it then becomes possible to select a 
solution for producing the first coating which 
Will give the best general results for all these 
indices. For example, in Table I, it will be ob 
served that the most effective refection reduc 
tion or that the lowest reflection values were 
obtained under the condition of Experiment 155.J. 

Experiment 155L discloses the formation of a 
more concentrated stock Solution to be diluted 
as desired to form solutions for producing first 
coatings. 
Although we have given experiments as to 

glasses of the above indices of refraction, it is 
to be understood that other intermediate indices 
of refraction night be used. The reflection 
values found would be intermediate those given 
in the table. 

Table II shows the effect upon white light re 
flection of the coated article of variations in the 
index of the coating while the thickness is main 
tained Substantially constant. The same con 
ditions of application of the first and second 
coatings as set forth above in connection with 
Table I were used. The effective index of re 
fraction of Said first layer was varied by simul 
taneously reducing the content of high index ma 
terial (titanium tetra-chloride) and increasing 
the content of low index material (tetra-ethyl 
Ortho-silicate). In this Way a Series of coating 
solutions for producing the coating Were ob 
tained. The first coating in Experiment 157A 
is of a higher index than, for example, Experi 
ment, 157G etc. 
From Table II it will be observed that Experi 

ment 157C is particularly effective when applied 
as the first coating and when subsequently coat 
ed with the second coating in producing low re 
flection coatings on glasses of the indices of re 
fraction given. Experiment 157A is less effective 
as is also Experiment 157G and it, thus becomes 
possible to select the most desirable solution for 
producing the first coating for use in combina 
tion with the solution for the second coating. 
Table III shows the effect upon white light 

reflection of the coated article of decreasing the 
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thickness of coatings 5 of the type given in Table 
II. The actual composition of the solution used 
in Experiment 156A corresponds to the solution 
used in Experiment 157E shown in Table II and 
this solution was modified by increasing the pro 
portion of solvents (in this case, alcohol) where 
by thinner coatings were produced. The table 
shows that thinning coatings of this nature does 
not improve the reflection reduction character 
istics as does thinning coatings of the type de 
scribed in Table I. In this particular material it 
will be observed that the results shown in the 
Table II indicate that dilution is not as desir 
able as the dilution indicated in Table I. 

It is to be understood that the above is given 
only by way of example as to how the proper 
dilution and resultant thickness may be obtained 
without difficult calculations and involved ma 
nipulations, it being Only necessary to follow the 
above given method for all solutions. 

Table IV indicates the compositions which 
have produced practical results for said second 
coating and teaches how to vary the composition 
of such solutions for various sizes and shapes of 
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be desirable, it will also be noted as shown in 
the series of Experiments 50A3, 50B3, etc. that 
the actual concentration of hydrochloric acid or 
other acid may be varied, that it need not neces 
Sarily be equal in quantity to the tetra-ethyl 
Ortho-Silicate. In general, however, it is not de 
Sirable to use a higher acid content than the con 
tent of tetra-ethyl-ortho-silicate because the 
solution may become less stable. 
By the application of a multiplicity of alterna 

ting layers of high and low index, it is possible 
to obtain highly selective efficient filters whereby 
the transmission of light for a particular wave 
length is greater than that for adjacent Wave 
lengths which are reflected to a greater degree 
than the wave-length transmitted. The color of 
the light transmitted by such a composite struc 
ture can be varied by varying the relative thick 
ness of the various layers and by controlling the 
number of layers applied. In each instance, 
however, the coatings will be applied alternately. 

It has been found that the first coating when 
applied to materials which are normally readily 
Scratched greatly increases their resistance to 

articles and different methods of applications. 25 marring or wear by abrasion. In addition, the 
Title IV 

Materials employed for solutions for second coat 

2 3. 

Wolatile 199proof E. 199proof E. Hydro- State E. Hydro Ethyl E. Ethyl E. cilore biscible E. ciloric 
Alcohol Si Alcohol site Acid 95, SAS, Acid 

Experiment 50A.-------- 45 5.0 45 5 90 5 5 90 5 .-5 
Experiment 50B. 46 40 46 4. 92 4. 4. 92 4. -4 
Experiment 50C. 47 3,0 47 3 94. 3 3 94 3 -3 
Experiment 50D. 48 2,0 48 2 96 2 2 96 2 .1-2 
Experiment 50E-------- 49 0 49 98 98 1.0 1- 0 
Experiment 50F.-----. 49.9 0. 49.9 0. 99.8 0. 0.1 99.8 0. .01-0. 
Experiment 50G.------ 40 0.0 40 10 80 10.0 O.0 80 0.0 1-0 
Experiment 50H------- 44 8 44 6 88 6 6 88 6 -6 

For example, the solution of choice in the above 
tabulated experiments was that shown as Ex 
periment 50A1. Under certain conditions. Where 
ethyl acetate is undesirable, solution 50A2 may 
be used in which case alcohol is the only organic 
solvent present. For example, in working with 
materials which are attacked by ethyl acetate. 
The Solution shown in 50A3 shows that thesolvents 
are not necessarily restricted to alcohol or ethyl 
acetate, other water miscible organic Solvents 
(termed organic vehicles) which do not react ad 
versely with tetra-ethyl-Ortho-silicate or hydro 
chloric acid, as is commonly known in the art, 
may be used, such as ethylene glycol mono ethyl 
ether, isopropyl alcohol, methyl alcohol, acetone, 
butyl alcohol or mixtures of any or all of these 
materials or other water miscible volatile organic 
compounds of the nature described. The use of 
any one of these solvents does not significantly 
change the proportions set forth in the table. 

Experiments 50B1, C1, D1, E1, F1 shows solu 
tions having a decreasing content of the active 
materials and their effect as to the reflection 
When applied to an article having a first layer Or 
coating according to the above tables is substan 
tially in proportion to the active ingredients. 
That is, a Solution such as Solution 50E contain 
ing 1% tetra-ethyl-ortho-silicate would have to 
be applied a number of times to produce the same 
effect as the solution shown in Experiment 50A. 
Although for large areas the lower content of 
active material (tetra-ethyl-Ortho-silicate) may 

SO 

55 

60 

65 

70 

s 

chemical inertness of the titanium dioxide layer 
also serves to protect the underlying article from 
chemical attack and from weathering. 

Either or both of the coatings may serve as the 
carrier for a coloring agent such as spirit or oil 
Soluble dye-Stuffs or other coloring agents where 
by in addition to reflection reduction or reflection 
increase, desirable tinctorial effects may be pro 
duced. The outer coating consists of silicon di 
Oxide Which is highly resistant to chemical at 
tack Withstanding acids in general with the ex 
ception of hydrofluoric acid to a high degree. It 
inay, however, be removed if desired by means of 
Strongly alkaline Solutions which in general leave 
the coating 5 undamaged thereby enabling the 
reclaiming of defective coated articles without 
the necessity for repeating the initial coating 
Operation. Both coatings are adherent and 
abrasion resistant with the outer coating being 
highly resistant to ordinary cleaning operations 
thereby facilitating the handling and assembly 
of articleS SO coated and rendering said articles 
relatively durable. 
By dissolving in the solutions used for produc 

ing any or all of the coatings a fungicide such as 
halogenated phenol, a mercury compound, a cop 
per compound, or other known fungicide soluble 
in the solvents used for said coating solutions, the 
resultant coatings become highly effective in pre 
Venting fungus growth from occurring. 
These fungicides may be used in quantities 

vary from a few hundredths of a per cent con 
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centration in the solution to quantities sufficient 
to represent aproximately 10% or more of the 
resultant coating. In instances when it is desired 
to form an article having highly reflecting char 
acteristics, the first coating, N2, adjacent to the 
Surface of the article, N1, is made of a relatively 
low index of refraction as compared to the article 
and to the next coating, N3. In general the coat 
ing, N3, will be made of as high as index as pos 
sible for maximum efficiency, but it is understood 
that for certain special purposes such as will be 
hereafter apparent that the index of refraction of 
the coating N3 may be varied. 
By repeating this process having alternating 

low and high index coatings of the proper thick 
neSS the amount of reflectance increases greatly 
With the number of coats used. In general it is 
desirable to have the outside coat of high index. 
Thus, it is possible to, by building up coats alter 
nating low index and high index, obtain very 
high reflectances, the order of 90% for a par 
ticular wavelength. For example, using a coating 
consisting of eight layers alternating low index 
and high index it has been possible to produce a 
glass article having a reflectance of over 90% at a 
wavelength of 500 millimicrons. The actual loca 
tion of the maximum will depend upon two fac 
tors, the physical thickness of each coat and 
within limits the index of refraction of each coat, 
the controlling factor being the optical thick 
ness which is the thickness divided by the index 
of refraction of the resulting layer. For example, 
to form Such a high reflecting article a Solution is 
prepared consisting of: 

Parts by weight 
Ethyl alcohol ---------------------------- 86.5 
Tetraethylorthosilicate ------------------- 8.5 
Hydrochloric acid ----------------------- 5. 

This solution is used for producing relatively low 
index coatings referred to herein aS solution 50. 
A second solution is prepared-consisting of: 

Parts by weight 
Alcohol ----------------------------------- 92 
Titanium tetra chloride ------------------ S 

This solution is used for producing relatively high 
index coatings and is referred to herein a Solu 
tion i:155M. 

It is understood that in both cases other water 
miscible volatile solvents in which the various 
ingredients are soluble and which are water 
miscible may be used. 
A method of procedure for producing an article 

having very high reflecting characteristics is as 
follows: 
The article is placed in a chuck and rotated 

in a horizontal plane as shown in Figs. 3 and 4 
of applicants' patent numbered 2,466,119 and 
rotated at a controllied speed. An article two 
inches in diameter would be rotated at 1809 
R. P. M. While the article is rotating a few 
drops of Solution #501 are applied at the center 
of the article, in this case a fiat disk, and the 
spinning continued until the solvents have 
evaporated. The article is then removed and 
baked at a temperature of approximately 100 to 
several hundred degrees centigrade for a time 
interval sufficient to render the coating insolu 
ble. 

After cooling the process is repeated using 
Solution #155M. Again the coating is baked 
under the same conditions as for the first coat. 
This results in an article having high reflectance. 
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4. 
The reflecting characteristics may be increased 
by a repetition of these two coating procedures, 
it being preferred that in every case the outer 
Surface be of the high index and several of such 
coatings may be built up in an article. 

Other methods of applying these coatings may 
be used. For example, the coatings may be 
applied to the article by dipping, and Withdraw 
ing or by spraying, or by dipping and rotating 
before the solvents have evaporated and in gen 
eral the same procedure is followed as for pro 
ducing low reflecting coatings as set forth above. 
By the application of a multiplicity of alter 

nating layers of low and high index, it is possible 
to obtain highly selective efficient filters whereby 
the transmission of light for a particular wave 
length is greater than that for adjacent wave 
lengths which are reflected to a greater degree 
than the Wavelength transmitted. The color of 
the light transmitted and the color of the light 
reflected by Such a composite structure can be 
Varied by varying the relative thickness of the 
Various layers and by controlling the number of 
layers applied. In each instance, however, the 
coatings Will be applied alternately. 
These highly reflective coatings whether of the 

Single layer type such as referred to above as 
being obtained by the use of #155 solution alone 
as applied to an article for increasing the reflec 
tivity and also in the multicoat articles, have the 
property of transmitting almost completely the 
light which is not reflected so that the trans 
mitted light is Substantially equal to the original 
amount of light minus the reflected light. In 
other words, the transmitted light is equal to one 
minus the reflected light. 
By the proper selection of thickness and num 

ber of coatings, the resulting refection can be 
made very high for one color of the spectrum 
and the transmission very high for another 
color of the spectrum. For instance, by proper 
choice of thickness and number of Superimposed 
layers it is possible to get more than 90% reflec 
tion at a wavelength of 500 millimicrons and less 
than 20% reflection at 650 millimicrons and like 
Wise in the extreme blue at a wavelength of 400 
millimicrons reflection will be less than 20%. 
The transmission is almost 100% minus reflec 
tion, that is, there is practically no loss within 
the films. These data, however, are given as 
iiiustrative of one thickness. The reflectance 
can be shifted, for instance, So that there will be 
at 400 to 450 millinicrons a reflection of 90% and 
at 550 millimicrons a reflection of less than 20% 
and a correspondingly high transmission of 
above 80%. Filns of this type can be used where 
it is desired to. Split beams of light with high 
efficiency into the different Colored components 
as in three color process Work. Of couise, the 
exact placing of the maximum reflection would 
depend upon the filter and process used in the 
three color Work and the WO reflecting films 
mentioned numerically are only mentioned as 
examples of what can be done. In the present 
bean splitters, using semi-transparent metallic 
mirrors, there is great loss of light due to abSOrp 
tion in the mirror and due to the fact that all 
colors are reflected equaily by the metallic mir 
rors. In the present instance the majority of the 
light reflected is that which is desired on that 
image and the 'est is transmitted so there is very 
little light lost, and the depth of color filter used 
directly in front of the filin can be reduced giving 
an estimated several times the speed for the 
camera over what is presently available. The 
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exact figures will vary with conditions but should, 
in general, be a factor of three l'oughly. 
The coatings are applied in the Saline Inannel 

as Set, forth above. 
The usual procedure in three color Separaticin 

negatives in color plbotography is to use tWO Very 
thin semi-transparent, films coated with a very 
thin layer of aluminum, silver, platinum, etc. as 
reflectors. These mirrol's reflect a part of the 
light and transnit a part of the light in the 
Spectilum but they have a very high absorption 
factor so that a filin reflecting 20% would not 
tlansmit the otheir 80% but, Very much leSS per 
haps about 50%. By Substituting films of the 
present invention for the metallic films almost 
all of the light not reflected is transmitted, the 
loss an ounting to a percent or two being alliost 
too small to be definitely measured. In fact, 
some measurenients have shown Substantially ho 
loSS. 
We have in entioned Oliy color photography ii) 

this exampie. There are many other applica 
tions besides color photography Wihere it is 
desired to separate the light into different co 
ored components and the invention Will apply 
equally as well to these other uses. 
In general the most useful results have been 

obtained by the use of layers having an optical 
thickness of roughly A wavelength of visibia 
light, but it is to be understood that for certaia 
specific purposes such as the production of arti 
cles reflecting to a high degree in the ultra 
Violet or in the infra-red coatings of greate or 
less thickness imay be used. In general for 
greater reflectance in the infra-red region of the 
spectrum the coatings would be greater than for 
those for Visible light having a thickiness of 
roughly 4 the wavelength which it is desired to 
reflect most strongly. It is to be understood that 
the thickness control set forth above also refers 
to articles that are to be low reflecting and 
formed as set forth above. Because of the Speed 
and Simplicity of this process, it is easier to 
determine the best thickness experimentally 
intead of Solving the difficult vector equations for 
multiple refections inside the layers. After the 
correct thicknesses have been determined by 
varying the Concentrations and the Speed of 
rotation or withdrawal from the Solution, control 
Of these facto's aiiOWS the duplication Cf results. 

It has been found that articles coated with 
these high reflecting coatings such as coating No. 
155F strongly polarize the light reflected from 
Such surfaces at the polarizing angle. In addition 
it has been observed that the light transmitted is 
also strongly polarized when it has traversed the 
coating at the polarizing angle. Such coated 
transparent articles differ from similar uncoated 
articles in that the degree of polarization of this 
transmitted light is much greater being Substan 
tially complete for a coated article having upon 
its surface a multicoat layer comprising a low in 
dex layer adjacent the article and a high index 
layer on the outside. One of Such articles viewed 
at an angle may serve as an analyzer for natul 
ally polarized light Such as that reflected fron 
materials capable of polarizing light by reflection 
or two such articles supported in proper angular 
relationship may serve as a polarizing combina 
tion. With the extent of transmitted light depend 
ing upon the angles. 
As described above, other high index Solution 

produced coatings may be used. For example, it 
has been found that tin oxide coatings, tungsten 
oxide coatings, or other similarly produced oxide 
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16 
coatings may be used. In general, however, the 
high index layer or coating is desired to have as 
high an index as possible as compared with the 
index of the low index coating or the index of the 
rticles. When a single high index coating is used 

on the article, the said coating must be of higher 
index than the index of Said article. 
While maximum reflectance has been obtained 

where the layer adjacent the glass was of relative 
ly low index, it is, of course, to be understood that 
conditions may arise in which it is desirable that 
the layer adjacent to the glass in a multicoating 
structure should preferably be of relatively high 
index as a structure of this nature gives an addi 
tional control of the spectrally selective reflec 
tance and transmissions. 
While reference has chiefly been made to such 

high reflected coatings for transparent articles, it 
is to be understood that such coatings may be 
combined with or applied to articles which are 
themselves Selectively transparent such as color 
filters and the like whereby the spectral nature of 
the transmitted light may be varied or controlled. 
Similarly highly reflecting coatings of the nature 
described may be applied to opaque articles 
whereby the reflecting characteristics may be 
modified. 

It is, of course, to be understood that Solution 
deposited coatings of the nature described may be 
applied to or used in conjunction with coatings 
applied by other known means. For example, the 
low index layer adjacent to the glass may be pro 
duced by vacuum deposition of magnesium fluo 
ride or other coating producing materials or the 
low index coating adjacent the glass may be pro 
duced by etching or leaching the glass Surface in 
which instance a high index coating of the nature 
Set forth herein would be applied or a multiplicity 
of coatings according to the present invention 
could be applied thereto or all of the low index 
coatings could be produced by vacuum deposition. 
Incorporation of removable constituents soluble 

in the solution used for producing the low index 
coatings and the subsequent removal of such re 
movable constituents will result in still lower in 
dex coatings. This can be accomplished by incor 
porating in the Solution if 50-I one or two per 
cent of a soluble constitutent Such as magnesium 
chloride. After the coating has been hardened by 
baking or other means, treatment with Water or 
Other solvents to remove the removable constitu 
ent or constituentS Will result in a coating having 
a lower index of refraction than When the regular 
F50-I Solution is used. Under these conditions 
the reflective characteristics of the article when 
a subsequent coating of the high index type is ap 
plied will be modified. 
As shown in Table I and in Table II, means are 

described for raising the index of the low index 
layer and lowering the index of the high index 
layer. These methods give an additional control 
of the refractive indices and thickness of the 
various layers or coatings. It is to be understood 
that any of the solutions set forth herein may be 
employed in producing coatings according to the 
invention. 

It is to be understood that one of the coatings 
of the multiple coated articles may be solution 
deposited and another of said coatings vacuum 
deposited. These statements apply to articles 
having low reflection characteristics as well as 
articles having high reflection characteristics, 
the method employed being selected according to 
the size and feasibility of forming such coatings. 

Because of the highly Selective nature of the 

  



CROSS REFERENCE 

2,584,905 
7 

reflection characteristics of articles having the 
highly reflected coatings described herein, it is 
possible to construct devices for rendering light 
highly monochromatic by a Series of Selected re 
fiections. Because of the high reflectivity that 
can be obtained in desired regions of the Spec 
trum as set forth above a multiplicity of reflec 
tioins fron mirror Surfaces having Such chair 
acteristics results in the very efficient production 
of light of a desired Wavelength using as a light 
Source an illuminant having a continuous spec 
trun. Such as an incandescent lamp. Such a 
structure Would be very useful in Spectroscopy 
and SpectrocSopic devices. 
Combinations of Such selectively reflective 

coated articles may be used in conjunction with 
filters, if desired, in order to permit a more com 
pact and simple construction than existing filters. 
For example, a light source in conjunction with 
a mirror, which may be concave, coated on its re 
fective surface with a selectively highly reflecting 
Surface of the nature described may be used in 
conjunction with a slightly colored filter to pro 
duce a highly monochromatic intense beam be 
cause the slightly colored filter serves only to re 
move the Small amount of non-monochromatic 
light reflected at the said highly reflected Surface. 

Highly selective filters may also be made by 
taking advantage of the Selectively high trans 
mission of such highly refective Surfaces where 
by the spectral nature of the transmitted light 
not reflected by the selective highly reflective lay 
er is corrected by the filter or the inadequacies of 
the filter are corrected by the spectral nature of 
the transmitted light. 

It is to be understood that the light, referred 
to throughout need not necessarily be in the vis 
ible region of the spectrum but may be in the 
ultra-violet or infra-red. 
From the foregoing description, it is apparent . 

therefore that simple, efficient, and economical 
methods have been provided for accomplishing 
all of the objects of the invention. 

Having described our invention. We claim: 
i. A composition for use in modifying the light 

reflective characteristics of an article treated 
therewith comprising from approximately 1 to 
10% by weight of a decomposable tetra-halide 
excepting fluoride of a metal selected from the 
group consisting of titanium and tin, and the bal 
ance of the composition consisting substantially 
of a volatile water-miscible organic solvent 
Selected from the group consisting of methyl 
alcohol, ethyl alcohol, isopropyl alcohol, buty 
alcohol, the mono methyl ether of ethylene gly. 
col, the mono ethyl ether of ethylene glycol, and 
nixtures thereof, said titanium halide being held 
in Solution in the solvent in a substantially unde 
composed State until the concentration of the 
titanium halide in the solvent is increased by 
evaporation of the solvent, 

2. A composition for use in modifying the light 
reflective characteristics of an article treated 
therewith consisting of from a fraction of 19, to 
approximately 10% by weight of a decomposable 
tetra-halide excepting fluoride of a metal selected 
from the group consisting of titanium and tin, 
from a fraction of 1% to approximately 10% of 
a decomposable lower alkyl Silicate, with the com 
bined amounts of the metal tetra-halide and 
lower alkyl silicate embodying from about 1% to 
10% of the liquid, an amount of mineral acid 
exclusive of hydrofluoric acid equal to from 1.0 
to 0.1 times the amount of lower alky silicate 
present in the liquid, and the balance of the liq 
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uid consisting substantialiy of a volatile Water 
miscible organic Solvent Selected from the group 
consisting of methyl alcohol, ethyl alcohol, iso." 
propyl alcohol, butyl alcohol, the mono methyl 
ether of ethylene glycol, the mono ethyl ether of 
ethylene glycol, and mixtures thereof, Said metal 
tetra-halide and lower alkyl silicate being held 
in solution in the solvent in a substantially unde 
composed state until the concentration of the 
said metal tetra-halide and lower alkyl Silicate in 
the solvent is increased by evaporation of the 
Solvent. 

3. A solution for use in modifying the light 
reflective characteristics of an article treated 
therewith comprising 90 to 100 parts by weight 
of a lower alkanol having one to four carbon 
atoms, and from 1.0 to 10 parts by Weight of a 
tetra-halide excepting fluoride of a metal selected 
from the group consisting of titanium and tin. 

4. A solution for use in modifying the light 
reflective characteristics of an article treated 
therewith containing 199 proof ethyl alcohol 75 
parts by weight, titanium tetra-chloride 3 parts 
by weight, ethyl acetate 18 parts by weight, tetra 
ethyl-Ortho-silicate 2 parts by Weight and Con 
centrated aqueous hydrochloric acid 2 parts by 
Weight. 

5. A solution for use in modifying the light 
reflective characteristics of an article treated 
therewith comprising 190 proof ethyl alcohol 100 
parts by Weight and titanium tetra-chloride 5 
parts by Weight. 

6. A solution for use in modifying the light 
reflective characteristics of an article treated 
therewith comprising a volatile water miscible 
organic solvent selected from the group consista 
ing of methyl alcohol, ethyl alcohol, isopropyl 
alcohol, butyl alcohol, the mono methyl ether of 
ethylene glycol, the mono ethyl ether of ethylene 
glycol, and mixtures thereof 90 to 99.9 parts by 
weight and titanium tetra-chloride.1 to 10 parts 
by weight. 

7. A solution for use in modifying the light 
reflective characteristics of an article treated 
therewith comprising a volatile water miscible 
Organic solvent selected from the group consist 
ing of methyl alcohol, ethyl alcohol, isopropy 
alcohol, butyl alcohol, the mono methyl ether of 
ethylene glycol, the mono ethyl ether of ethylene 
glycol, and mixtures thereof 80 to 98 parts by 
Weight, titanium tetra-chloride i to 10 parts by 
weight, tetra-ethyl-Ortho-silicate 1 to 10 parts by 
weight and 0 to 10 parts by weight concentrated 
aqueous hydrochloric acid as an added ingredient. 

8. A solution for use in modifying the light 
reflective characteristics of an article treated 
therewith comprising 70 parts by weight of 190 
proof ethyl alcohol, 2.5 parts by weight of tita 
nium tetra-chloride, 22.5 parts by weight of ethy 
acetate, 2.5 parts by weight of tetraethylortho 
silicate and 2.5 parts by weight of hydrochloric 
acid. 

9. A Solution for use in modifying the light 
reflective characteristics of an article treated 
therewith comprising 65 parts by weight of 190 
proof ethyl alcohol, 2 parts by Weight of titanium 
tetra-chloride, 27 parts by weight of ethyl ace 
tate, 3 parts by weight of tetraethylorthosilicate 
and 3 parts by weight of hydrochloric acid. 

10. A composition for use in modifying the light 
reflective characteristics of an article treated 
therewith comprising 55 to 85 parts by weight 
of 190 proof ethyl alcohol, 1.0 to 4.0 parts by 
weight of titanium tetra-chloride, 9.0 to 36.0 
parts by weight ethyl acetate, 1.0 to 4.0 parts 
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by weight tetraethylorthosilicate and 1.0 to 4.0 
parts by weight hydrochloric acid. 

11. A composition for use in modifying the light 
reflective characteristics of an article treated 
therewith comprising 95 parts by weight of 190 
proof ethyl alcohol, 3 parts by weight of titanium 
tetra-chloride, 2 parts by weight of tetraethyl 
orthosilicate, and 2 parts by weight of hydro 
chloric acid. 

12. A Solution for use in modifying the light 
reflective characteristics of an article treated 
therewith comprising .1 to 10 parts by Weight of 
a tetra-halide excepting fluoride of a metal se 
lected from a group consisting of titanium and 
tin, 0 to 4 parts by weight of tetraethyl ortho 
silicate, and 0 to 4 parts by weight of a volatile 
inorganic acid excluding hydrofluoric acid dis 
Solved in a volatile Water-miscible organic Sol 
vent, said Solvent being Selected from the group 
consisting of methyl alcohol, ethyl alcohol, iso 
propyl alcohol, butyl alcohol, mono ethyl ether of 
ethylene glycol, mono methyl ether of ethylene 
glycol and mixtures thereof. 

13. A composition for use in modifying the light 
reflective characteristics of an article treated 
therewith comprising a stable relatively perma 
nent Solution containing from about 0.5 to about 
10% by weight of a tetra-halide excepting fiuo 
ride of a metal selected from the group consist 
ing of titanium and tin dissolved in a volatile 
water-miscible organic liquid miscible with said 
decomposable metal halide, Said liquid being Se 
lected from the group consisting of methyl al 
cohol, ethyl alcohol, isopropyl alcohol, butyl al 
cohol, mono ethyl ether of ethylene glycol, mono 
methyl ether of ethylene glycol and mixtures 
thereof. 

14. A composition for use in modifying the light 
reflective characteristics of an article treated 
...there with consisting of a stable relatively perma 
nent solution containing about .1 to about 10% 
by weight of a mixture of a lower alkyl orthosili 
cate and a tetra-halide excepting fluoride of a 
metal selected from the group consisting of tita 
nium and tin dissolved in a volatile water-mis 
cible organic liquid selected from the group con 
sisting of methyl alcohol, ethyl alcohol, isopropyl 
alcohol, butyl alcohol, mono ethyl ether of ethyl 
ene glycol, mono methyleether of ethylene glycol 
and mixtures thereof. 

15. A composition of the character described 
for use in modifying the light reflective charac 
teristics of an article treated thereWith compris 
ing 90 to 100 parts by weight of a lower alkanol 
having one to four carbon atons and from 1.0 
to 10 parts by weight of titanium tetrachloride. 

16. A composition for use in modifying the light 
reflective characteristics of an article treated 
therewith consisting of a stable relatively perma 
nent solution containing about .1 to about 10% 

20 
by weight of a mixture of a tetra-halide except 
ing fluoride of a metal selected from the group 
consisting of tin and titanium and a lower alkyl 
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Orthosilicate dissolved in ethyl acetate and a 
Water miscible volatile organic solvent, selected 
from the group consisting of methyl alcohol, . 
ethyl alcohol, isopropyl alcohol, butyl alcohol, 
Inono ethyl ether of ethylene glycol, Inono methyl 
ether of ethylene glycol and mixtures thereof. 

17. A composition for use in modifying the light 
reflective characteristics of an article treated 
thereWith consisting of a stable relatively perma 
nent Solution containing about .1 to about 10% 
by weight of a mixture of titanium tetrachloride 
and a lower alkyl orthosilicate dissolved in a 
Water miscible volatile lower alkanol having one 
to four carbon atoms. 

18. A composition for use in modifying the light 
reflective characteristics of an article treated 
therewith consisting of g. stable relatively perma 
inent Solution containing about .1 to about 10% 
by Weight of a mixture of titanium tetrachloride 
and a lower alkyl orthosilicate dissolved in ethyl 
acetate and a Water miscible volatile lower al 
kanol having one to four carbon atoms. 

19. A composition for use in modifying the light 
reflective characteristics of an article treated 
therewith consisting of a stable, relatively per 
manent Solution containing about .1 to about 
10% by weight of a mixture of a tetra-halide 
excepting fluoride of a metal selected from the 
group consisting of titanium and tin and a lower 
alkyl orthosilicate dissolved in a volatile water 
miscible neutral organic Solvent containing only 
carbon, hydrogen and oxygen and miscible with 
Said metai tetra-halide. 

HAROLD R. MOULTON. 
EDGAR. D. TILLYER. 
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