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INTRODUCTION 

(a) Authorization 

1, This study was authorized by Bureau of Aeronautics l e t t e r  
Aer-E-2573-ERFQ, F38-2, 181359, dated 21 December 1942, 

(b) Statement of Problem 

2, The investigation directed by the  authorizing l e t t e r  was t o  
study application of re f lec t ion  reducing coatings t o  transparent p l a s t i c  
surfaces, However, a s  a r e s u l t  of the  work done on p l a s t i c s  it was 
found possible t o  apply very good re f lec t ion  reducing coatings t o  glass  
as well, The Bureau of Aeronautics is  confronted with the  problem of 
reducing re f lec t ion  from glass  and p l a s t i c  surfaces on instrument panels; 
therefore, t h i s  report  is submitted f o r  consideration by the Bureau as  
f t  contains di rect ions  f o r  applying films t o  instrument window glasses. 

(c) Known Facts bear in^ on the  Problem 

3, Methods f o r  the  preparation of re f lec t ion  reducing coatings on 
glass surfaces have been known f o r  several  years, A t  present, the  Navy 
has many of the  lenses and prisms of i t s  op t ica l  instrument coated with 
magnesium f luor ide fi lms,  The method of doing t h i s  i s  well established 
and it is  now used on a Jarge scale ,  The evaporation precess of deposi- 
t i ng  magnesium f luor ide films is  expensive and requires an elaborate 
evacuated system. The films obtained by t h i s  method a r e  excellent ,  
even, and very hard, The reduction i n  re f lec t ion  amounts t o  about 70 
percent. 

4, It has been found possible t o  obtain good fi lms by depositing 
s i l i c a  on glass  or  p l a s t i c s  thereby obtaining a reduction i n  re f lec t ion  
as high as 98 percent. The American Optical Company has prepared 
re f lec t ion  reducing coatings with t h i s  material  and obtained excel lent  
resu l t s ,  However, i n  order t o  obtain reasonably hard fi lms two 
applications of material  a r e  necessary. The r e su l t s  reported here 
require only one application and a re  offered a s  a s impl i f icat ion of the  
method used before. 

(d) Previous Fork Done a t  t h i s  Laboratory 

5, This Laboratory has previously wri t ten th ree  reports on 
re f lec t ion  re'ducing coatings. These a r e  : Naval Research Laboratory 
Report No, H-1692 en t i t l ed  ltMetqllic Fluorlde Films of Lorn Reflectivity," 
dated 10 Febntary 194l, NRL l e t t e r  C-A13 (422) (451-PK) of 12 November 
194.2, and a repor t  on "Reflection Reducing Coatings f o r  Transparent 
P l a s t i c  Surfaces ," No. P-1987, dated January 22, 1943. The f i r s t  of 
these reports  deals  with evaporated f i l m s  and gives spec i f ic  di rect ions  
f o r  obtaining them, The second deals with films of s i l i c a  produced 
from three  d i f f e r en t  solutions. The t h i rd  report  mentions b r i e f l y  the  
kind of f i lm reported here and describes i n  d e t a i l  the  method f o r  
spraying materlal  t o  obtain re f lec t ion  reducing coatings. 



(a) Amaratus 

6, A small synchronous motor mas used t o  remove the g lass  - 
panels from a suspension of the coating material,  This motor made one 
revolution a minute and a 1-5/16 inch pulley was mounted on the shaf t ,  
This gave a l i n e a r  movement of about 4 inches pe r  minute, The coating 
material can be held i n  any convenient container, It is  preferable 
t h a t  t h i s  container not be made of metal as  the solut ion contains a 
small amount of hydrochloric acid, 

(b) Material 

7, The concentrated suspension from which these films were 
made was designated simply a s  solution No, 115 by the  American Optical 
Company, This material  was di luted with solvents which a re  commonly 
used i n  the  paint  industry and ordinary commercial grades proved t o  - 

be of su f f i c i en t  pur i ty  f o r  t h i s  application, 

I 

8, A small amount of e thy l  s i l i c a t e  was a l s o  required, This 
product was manufactured by Carbide and Carbon Chemical Corporation and 
was used without pur i f icat ion,  The hydrochloric acid needed t o  hydroliae 
the s i l i c a t e  was the  ordinary concentrated acid supplied by J, T. Baker 
and Company, 

(a) Application of Films 

9, Before applying the  f i lm t o  glass  o r  p l a s t i c  it mas necessary 
t o  wash the  surface and remove a l l  d i r t ,  This mas done with hot water 
and soap, a f t e r  which they were dried by one of several  convenient 
methods. When clean, the  material t o  be t reated was placed i n  the  
coating suspension and removed a t  a constant r a t e  by means of a 
synchronous motor, With the  par t icu la r  suspension used here, t he  l i nea r  
r a t e  of removal was about 4 inches per minute, Care should be taken 
t h a t  the  surface of the l iqu id  comes t o  r e s t  a f t e r  inser t ing the  panel 
and before the  withdrawal of the  panel has s ta r ted ,  I f  t h i s  precaution 
is not observed, t he  f i lm w i l l  be uneven and w i l l  have bright s t reaks  
i n  it which have a ra ther  high r e f l ec t i v i t y ,  With a small amount of 
e f f o r t  very even fi lms can be produced, 

(b) Composition of Suspensions 

10, The suspensions used were prepared from the No, 115 
suspension f'urnished by tho American Optical Company, This is  very 
concentrated a s  received and must be di luted before application,  One 
suspension made with solut ion No. 115 had the following composition, 



46 cc, Cellosolve 
25 cc, Butanol 
10  cc, Butyl Cellosolve 
240 cc. Ethyl Alcohol 
77 cc, No, 115 Suspension 

This combination gave very good films which ref lected betvieen 5 and 8 
percent of whit$ l i g h t ,  These were even and had about the correct  
color, but were very sof t ,  These films could be removed when washed 
with soap and hot  water, Although the films possessed good op t ica l  
properties they were not sa t isfactory,  being much too s o f t  and f o r  
t h a t  reason, not permanent, 

11, I n  order t o  harden the film, a small amount of e thy l  
s i l i c a t e  was added t o  the suspension along with some hydrochloric 
acid. Many combinations mere t r i e d  with the r e s u l t  t h a t  a suspension 
was obtained which gave fi lms with excel lent  op t ica l  properties and 
a t  the same time were reasonably hard, The composition of t h i s  suspen- 
sion i s  the follovring: 

46 cc, Cellosolve 
25 cc, Butanol 
10 cc, Butyl Cellosolve 

390 cc, Ethyl Alcohol 
87 cc, No, 115 Suspension 
10 cc. Ethyl s i l i c a t e  
1 cc. HCL 

12, T h i s  suspension gives f i lms which a re  even and have very 
good op t ica l  properties,  After application the coated glass  should be 
baked a t  a temperature betv~een 100-300~~.  After t h i s  treatment the 
films a r e  hard enough t o  withstand washing with a sponge, hot water, 
and soap, 

13. When coating p las t ics ,  it may be necessary t o  add a small 
amount of the  No, 115 suspension over t h a t  required f o r  coating glass,  
A temperature of about 80% is su f f i c i en t  t o  harden the coating i n  
about t h i r t y  minutes, However, if the coating remains a t  room temper- 
a tu re  f o r  a few days it w i l l  harden without the application of heat, 
The films produced on p l a s t i c  a re  the same as  those on g lass  and w i l l  
withstand washing with hot water and soap, 

(c) Resistance of Films t o  Weathering 

. Glass panels coated with these films have been exposed i n  
s a l t  spray f o r  four hundred hours without damaging t h e i r  re f lec t ion  
reducing properties,  A t  the end of t h i s  period pa r t  of the fi lm was 
removed by washing and the remaining pa r t  was unchanged, There i s  a 
pos s ib i l i t y  t h a t  the  glass  was d i r t y  xhcn coated thus accounting f o r  
the portion washed off ,  The fi lms on g lass  have a l so  withstood 220 



h ~ s  in an accelerated weathering u n i t  without damage, 

15, I n  order t o  t r y  t o  avoid the d i lu t ion  of No, 115 suspension 
~ S t h  the  mixed solvents, other di luents  were t r i ed ,  The cellosolve 
butanol, and butyl  cellosolve were replaced with an equal volume of 
alcohol, Although t h i s  combination gave films which were hard, the  
opt ical  properties were not good, The ref lect ion from fi lm so obtained 
was approximately 10  percent which is  twice t h a t  of the  best  ones pre- 
pared with other di lut ion,  This difference may be due t o  a difference 
i n  surface tension in  the two suspensions, I n  one case it may be such 
as t o  deposit  a f i lm of the correct  thickness and i n  the  other the  
thickness is not g rea t  enough, 

(d) Surface Tension of Two Suspensions 

16, The f i r s t  suspension (alcohol alone) has a surface tension of 
25.3 dynes per  cm, and the  second (mixed solvents) 27 dynes per  centi-  
meter, This difference can cause a var ia t ion i n  the thickness of tho 
f i lm deposited under the conditions used, Vhether a l l  the  differences 
between the fi lms produced i s  due t o  t h i s  is not known, 

(e) Measurements of Reflection and Transmission 

17, Light from a monochrometer mas allowed t o  f a l l  on the coated 
panels and re f lec ted  from these t o  a photocell,  The photocell mas i n  
such a posi t ion t h a t  the  l i g h t  rays were a s  near normal + the  surface 
as possible. An uncoated panel was subst i tu ted f o r  the  coated one a t  
each wavelength and the r a t i o  of the galvanometer deflections taken a s  
the  percent of l i g h t  ref lected,  For measurements on transmission a 
stack of four p l a t e s  was used, In  t h i s  case, the  l i g h t  from the mono- 
chrometor was made pa ra l l e l  by a lens  and focussed by a second lens  on 
a s l i t  i n  f ron t  of the  photocell,  The stacks of p la tes  were introduced 
i n t o  the  beam between the two lenses,  

18, Results showing the  amount of l i g h t  re f lec ted  from a s ingle  
panel and the  amount transmitted by a stack of four panels a re  given i n  
Plates  1 and 2, From these curves it is obvious t h a t  the  amount of 
l i g h t  ref lected reaches a minimum value of 2% a t  5750A0 and remains a t  
the  same value t o  6250A. A t  5500~' the  amount is  only three  percent, 
The maximwn s e n s i t i v i t y  of the eye is around 5500A0 and it w i l l  disregard 
the  higher values a t  each end of the  curves, The low value of two percent 
r e f e r s  t o  an uncoated piece of glass and represents only 0.16 percent of 
l i g h t  re f lec ted  from two surfaces,  

Electron-microscove Pictures of Surfaces 

19, P la tes  3, 4, and 5 a r e  pic tures  of the fi lms at15,000, 60,000 
and 78,000 magnification, The f i r s t  of these is  on a s i l i c a  background 
while the other two are  on Formvar, Care should be taken i n  in terpret ing 
the  l a t t e r  two s ince there may have been some interact ion between the  
solvents used and the  supporting film, This pic ture  shows t h a t  the f i lm 
is not cofitinuous but made up of very small par t ic les ,  Some of these 
a re  ce r ta in ly  only 200A0 in diameter and there are  many which seem a 



great  deal smaller than t h i s ,  Further study should be made on 
d i f fe ren t  films of varying thickness t o  determine i f  the  effectiveness 
o f  the f i lm depends on the  r e l a t i ve  amount of covered and open spaces. 

20, Pla tes  6 and 7 a r e  pic tures  of an evaporated magnesium 
fluoride fi lm on s i l i c a .  These show a very even f i lm with no large 
i r r egu la r i t i e s  a s  i s  found i n  the  fi lms produced here, 

DISCUSSION OF RESULTS 

21. The r e su l t s  obtained i n  these experiments show t h a t  it 
is possible t o  coat e i t he r  glass  or  p l a s t i c  i n  one operation with a 
re f lec t ion  reducing fi lm which is a t  l e a s t  semi-permanent. The fi lm 
w i l l  not  be damaged by washing provided a sponge is  used with soap 
and water but no abrasive, The resistance bf the  fi lms t o  s a l t  spray 
and a r t i f i c i a l  weathering is  such t h a t  fu r ther  t e s t s ,  par t i cu la r ly  
service t e s t s ,  should be made, 

22, The hardening e f f ec t  of the  e thyl  s i l i c a t e  may be due t o  two 
factors ,  a bonding of the material  t o  the  glass and the formation of a 
resistance polymer over the  surface of the film, This action should be 
investigated fur ther ,  

23, The solvents used a s  di luents  i n  producing these films have 
a g rea t  bearing on t h e i r  effectiveness, It is not thought t h a t  the  , 
par t icu la r  combination mentioned here i s  the only one t h a t  w i l l  work, 
however, the r e su l t s  do indicate t h a t  some mixture is  probably necessary, 
The solvents used do produce good r e su l t s  and indicate t h a t  addi t ional  
work should be done with various solvents, 

RECOMMENDATIONS 

24, It i s  recommended that  these coatings be given a t e s t  on 
ins tnunent panels, 

25, It is a l so  recommended t h a t  the  project  be continued with 
the object  of making the f i lm extremely hard perhaps approaching the 
hardness of glass  i t s e l f ,  
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