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ABSTRACT 

DEVELOWENT O F  SPACE-STABLE 
THEFWAL-CONTROL COATINGS 

(PAINTS WITH LOW SOLAR ABSORPTANCE/ 
EM1 TTANCE RAT1 O S )  

This  r e p o r t  d e s c r i b e s  s tud ie s  aimed a t  t h e  development 
of stable thermal-control coat ings wi th  t h e  lowest p o s s i b l e  
r a t i o  of s o l a r  absorptance t o  i n f r a r e d  e m i t t a n c e .  Included 
a r e  d i scuss ions  of microporous coa t ing  i n v e s t i g a t i o n s ,  inorganic  
pigment and b inder  s t u d i e s ,  and methyl s i l i c o n e  s y n t h e s i s  and 
s i l i cone  pho to lys i s  experiments,  

Recent experiments on t h e  foaming of LTV-602 and o the r  
s i l i c o n e  m a t e r i a l s  a r e  discussed i n  d e t a i l .  The e f f e c t s  of 
space s imulat ion (e .g ,  , u l t r a v i o l e t  i r r a d i a t i o n  i n  vacuum) on 
foamed LTV-602 w e r e  found t o  be very severe.  The probable  
reasons  are  thought t o  involve both t h e  random, deep s c a t t e r i n g  
of u l t r a v i o l e t  and t o  contamination from r e s i d u a l  Porofor N 
blowing agent ,  Future  foaming experiments should involve t h e  
development of polymerization r e a c t i o n s  which simultaneously 
evolve a gaseous product.  

The inorganic  s t u d i e s  have ind ica t ed  t h a t  z inc  t i t a n a t e -  
potassium s i l i c a t e  p a i n t s  a r e  r e l a t i v e l y  stable t o  u l t r a v i o l e t  
r a d i a t i o n  i n  vacuum, A s o l a r  absorptance of 0,12 has been 
achieved with a z inc  t i t a n a t e  p a i n t ,  Severe damage was exh ib i t ed  
by barium s u l f a t e ,  z i r c o n i a ,  dysprosium oxide,  l i t h ium aluminum 
s i l i c a t e  (L i tha f rax )  and "zirconium-spinel" when i r r a d i a t e d  as 
powders f o r  only 230 ESH ( l i s t e d  i n  decreas ing  degree of damage). 
I n  g e n e r a l ,  both h e a t  t:-zatment and chemical t rea tment  such a s  
a c i d  washing have been found to  improve r e s i s t a n c e  t o  u l t r a v i o l e t  
i r r a d i a t i o n  i n  vacuum, Exceptions w e r e  magnesium aluminate- 
s p i n e l  and z i n c  t i t a n a t e  coa t ings  which exh ib i t ed  poorer resist- 
ance a f t e r  h e a t  t rea tment ,  ' 

The d i scuss ion  of t h e  p e r t i n e n t  l i t e r a t u r e  on s i l i c o n e  
p h o t o l y s i s  -- f r o m  t h e  viewpoint of qamma-irradiation due t o  
t h e  pauc i ty  of work repor ted  on u l t r a v i o l e t  e f f e c t s  -- wa s 
cont inued f r o m  t h e  previous Triannual Report .  The apparatus  
which h a s  been cons t ruc ted  f o r  photo lys i s  experiments i s  descr ibed.  
Experiments which r e s u l t e d  i n  prepara t ion  of a h igh ly  p u r i f i e d  
polydimethyls i loxane are discussed i n  d e t a i l .  
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DEVELOPMENT OF SPACE -STABLE THERMAL - CON TROL COATINGS 
(PAINTS WITH LOW SOLAR ABSORPTANCE/EMITTANCE RATIOS) 

I .  INTRODUCTION 

The genera l  requirement under t h i s  c o n t r a c t  i s  f o r  t f , e L - m a 1  

c o n t r o l  s u r f a c e s  with very low, b u t  s t a b l e ,  solar absorptance 

(us) t o  i n f r a r e d  emit tance ( E )  r a t i o s .  Thus, we  have attempted 

t o  minimize as and t h e  e f f e c t s  (on us) of simulated s o l a r  r ad ia -  

t i o n  i n  vacuum. Due t o  t h e  genera l ly  high emittance of reason- 

ab ly  t h i c k  f i l m s  of d i e l e c t r i c  ma te r i a l s ,  we have n o t  a c t i v e l y  

pursued s t u d i e s  on t h e  emit tance of candida te  coa t ings .  Further-  

m o r e ,  t h e  t o t a l  emit tance of nonmetall ic coa t ings  i s  e s s e n t i a l l y  

unaf fec ted  by u l t r a v i o l e t  i r r a d i a t i o n .  

Because of t h e  except iona l  s t a b i l i t y  of z inc oxide pig- 

mented coa t ings  (Report  No. IITRI-C207-25, August 2 7 ,  1964, 

and Report  No, IITIiI-C207-27, January 9 ,  19641, e a r l y  i n v e s t i -  

g a t i o n s  w e r e  aimed p r i n c i p a l l y  a t  (1) techniques t o  increase 

t h e  u l t r a v i o l e t  r e f l e c t a n c e  of z inc  oxide p a i n t s  a t  l i t t l e  or 

no expense t o  e i t h e r  t h e i r  i n f r a r e d  r e f l e c t a n c e  or t h e i r  stabil-  

i t y  and ( 2 )  t h e  development of microbubble s t r u c t u r e s  i n  p a i n t  

v e h i c l e s ,  

The use of mixtures containing z i n c  oxide and a secondary 

u l t r a v i o l e t - r e f l e c t i n g  pigment has been gene ra l ly  unsuccessful  

i n  improving t h e  u l t r a v i o l e t  r e f l e c t a n c e  and thus  t h e  s o l a r  

I I T  R E S E A R C H  I N S T I T U T E  
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absorptance of corresponding p a i n t s ,  However, t h e  use of 

over layers  of u l t r a v i o l e t - r e f l e c t i n g  c o a t i n g s  appears  t o  hold 

some promise f o r  decreasing t h e  so l a r  absorptance of z inc  

oxide paints, ,  The p r i n c i p a l  problem wi th  t h i s  concept (e .g . ,  

with topcoats  such a s  z i r con ,  z i r con ia ,  o r  L i tha f rax  p a i n t s )  

i s  t h e  competit ion between coat ings t h i c k  enough t o  provide re- 

flectance reinforcement i n  t h e  u l t r a v i o l e t  and coa t ings  t h i n  

enough n o t  t o  d e t r a c t  s i g n i f i c a n t l y  from t h e  u l t r a v i o l e t  

s t a b i l i t y  of t h e  z inc  oxide-pigmented system, 

The i n v e s t i g a t i o n s  of microbubble coa t ings  have ind ica t ed  

a p o t e n t i a l  f o r  t h i s  type of s c a t t e r i n g  system. However, t h e  

p r i n c i p a l  l i m i t a t i o n  i n  using microporous coa t ings  (unpigmented) 

i s  t h e  s t a b i l i t y  t h a t  can u l t ima te ly  be achieved with polymeric 

f i l m s  used a s  t h e  pore-matrix.  T h e  problems a s soc ia t ed  with 

t h e  development of s t a b l e  microporous coa t ings  a r e  d iscussed  

i n  some d e t a i l  i n  t h e  following sec t ion ,  

These foregoing cons idera t ions  have played a l a r g e  part  i n  

formulat ing t h e  p l ans  f o r  t h e  work t h a t  i s  c u r r e n t l y  being 

performed, For example, m o r e  emphasis i s  being given t o  t h e  

search  fo r  a " d i e l e c t r i c "  pigment t h a t  i s  as  s t a b l e  a s  z i n c  

oxide.  Furthermore,  a comprehensive s tudy of t h e  nechanisms 

a s s o c i a t e d  with u l t r a v i o l e t  photo lys i s  of methyl and methyl/ 

phenyl s i l i c o n e  polymers i s  under way, Indeed, our recent ob- 

s e r v a t i o n s  involv ing  t h e  s ign i f i cance  of r e s i d u a l  aromatic 

I I T  R E S E A R C H  I N S T I T U T E  
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( to luene )  so lven t  contamination (Report N o ,  IITRI-C6C14-13, 

Tr iannual ,  J u l y  20, 1964) have underscored both  t h e  urgency 

f o r  a c a r e f u l  examination of t h e  u l t r a v i o l e t  pho to lys i s  of 

s i l i c o n e  polymers a s  w e l l  a s  t h e  necess i ty  f o r  reexamination 

of t h e  p o t e n t i a l  of microbubble coa t ings ,  

I I T  R E S E A R C H  I N S T I T U T E  
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I1 DEYELOPMENT O F  MICROPOROUS STRUCTURE I N  P A I N T  VEHICLES 

A. In t roduc t ion  

-- 

I n  theo ry ,  a coa t ing  composed of appropr i a t e ly  s i z e d  voids ,  

uniformly d i spe r sed  i n  a matr ix ,  should s c a t t e r  l i g h t  no t  un- 

l i k e  a pigmented f i lm ,  That i s ,  each void ( o r  microbubble) 

behaves a s  a s c a t t e r i n g  cent.er i n  which t h e  s c a t t e r i n g  power 

depends upon r e f r a c t i v e  index r a t i o s  of less than u n i t y  (com- 

pared wi th  r a t i o s  great .er  than un i ty  f o r  c l a s s i c a l  pigmented 

systems) e Therefore ,  t 'he  micropores i n  a foamed coa t ing  a r e  

i n  theory  t h e  u l t i m a t e l y  s t a b l e ,  wholly t r a n s p a r e n t ,  non absorb- 

i n g  pigment. R white p a i n t  appears white because t h e  numerous 

s c a t t e r i n g  even t s  t h a t  t a k e  p l ace  within t h e  white  coa t ing  

e f f e c t i v e l y  scatter t h e  i n c i d e n t  white - 2 r T . i  a!: io.-,. : j3ic.K ou';. of t h e  

coa t ing  without  s e l e c t i v e  absorpt ion 

A h i g h l y  r e f l e c t i v e  microbubble coa t ing  must conta in  voids  

whose average dl.ameter i s  roug'hly 0 , 5  p a  S u c h  voids must be 

uniformly d i spe r sed  throughout t h e  m a t e r i a l  and i n  s u f f i c i e n t  

concen t r a t ion  t o  g ive  r ise t o  a high s c a t t e r i n g  d e n s i t y ,  T o  

remain e f f e c t i v e  a s  such a s c a t t e r e r ,  i t s  voids  must remain con- 

s t a n t  i n  nurnber and dimension. Hence? t h e  foam s t r x t u r e  rimst 

no t  only be photochemi c a l l y  s t a b l e  b u t  also mechanically slr-a--~l c? 

T o  o b t a i n  a coa t ing  whose mechanical c h a r a c t e r i s t i c s  a r e  

a s  s t a t e d ,  it i s  necessary t o  s e l e c t  a m a t r i x ,  blow voids  i n t o  

I l T  R E S E A R C H  I N S T I T U T E  
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it, r i g i d i z e  it. so t h a t  t h e  voids  a r e  f i rmly  contained,  and 

c o n s t r u c t  it t h i c k  enough t o  a t t e n u a t e  a t  l e a s t  99% of s o l a r  

r a d i a t i o n .  An a t tempt  t o  accomplish t h e s e  aims s t a r t s  with 

t h e  unreacted polymer by adding var ious foaming ( o r  blowing) 

agen t s  t o  t h e  polymer and a cur ing agen t / ca t a lys t .  The m i x -  

t u r e  of t h e s e ,  i n  t heo ry ,  produces a polymerizing system whose 

products  a r e  caseous o r  promote gas genera t ion  i n  t h e  blowing 

agent .  The polymer i n c r e a s e s  i t s  molecular weight by cha in  

a d d i t i o n ,  c ross - l ink ing ,  e t c , ,  and thus  g a i n s  phys ica l  s t r eng th .  

A t  a given p o i n t ,  t h e  blowing ac t ion  i s  optimum i n  t e r m s  of 

producing bubbles,  These bubbles a r e  dimensionally stable 
1 

only i f  t h e  polymer i s  h igh ly  cured and t h e  cure  i s  n e a r l y  com- 

plete when t h e  gas-blowing a c t i o n  peaks,  The c o r r e c t  ranges  

of phys i ca l  s t r e n g t h s ,  v i s c o s i t i e s ,  gas  volume genera t ion  rates, 

and temperatures  and concent ra t ions  of r e a c t a n t s  i s  demanded 

t o  achieve  t h e  type of coa t ing  des i r ed ,  

The fol lowing paragraphs the re fo re  desc r ibe  cont inued ex- 

periments on foaming of s i l i c o n e s :  a d i scuss ion  of t h e  r e l e v a n t  

patent l i t e r a t u r e  examined t o  da te  i s  a l s o  presented ,  F i n a l l y ,  

a comprehensive a n a l y s i s  of t h e  pho to lys i s  problem a s  it per- 

t a i n s  t o  nicroporous coa t ings  i s  g iven ,  

B Foaminq Experiments 

1, LTV-602 Emas ions  

The use of emulsion techniques was repor ted  i n  t h e  l a s t  

t r i a n n u a l  r e p o r t ,  The s l o w  addi t ion  of water makes an 

I I T  R E S E A R C H  I N S T I T U T E  
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i n c r e a s i n g l y  t h i c k  p a s t e  with t h e  s i l i c o n e  r e s i n ,  Af te r  a 

emulsions at 170°F produced d i s c o l o r a t i o n ,  This  d i s c o l o r a t i o n  

1 prompted s t u d i e s  with o t h e r  e m u l s i f i e r s ,  Samples prepared 

c e r t a i n  p o i n t  t h e  p a s t e  begins  t o  t h i n  ou t  with t h e  continued 

a d d i t i o n  of water.  I f  t h e  addi t ion  of water i s  stopped a t  a 

p o i n t  when t h e  p a s t e  i s  t h i c k e s t ,  a f i l m  can be obta ined  t h a t  

i appears  t o  have a ve ry  f i n e  p a r t i c l e  s i z e o  Such emulsions 

w e r e  prepared with t h e  a i d  of soaps formed from moropholine 

and o l e i c  a c i d  and from t r ie thanolamine  and s t e a r i c  ac id .  

l 

Hardening of these emuls i f ied  compositions r equ i r ed  s e v e r a l  days; 

i n  g e n e r a l ,  they  exh ib i t ed  a coarse  s t r u c t u r e ,  Heating t h e s e  

Sample 503-3 LTV-602 s i l i c o n e  polymer 30 4 

Water 8 g  

SRC-05 c z t a l y s t  1 2  drops 
Tween 40, emuls i f i e r  2 d rops  

Sample 504-1 LTV-602 s i l i c o n e  polymer 30 4 
SRC-05: c a t a l y s t  12 drops 
Tween 40.  emul s i f i e r  4 drops 
W a t e r  15 .2  g 

Sample 503-3 s o l i d i f i e d  t o  a grey-white c o l o r ,  and 

sample 504-1 produced a much whiter product ,  Af te r  s e v e r a l  

days t h e  s u r f a c e  of t h e s e  samples had i n d i c a t i o n s  of l o s i n g  

whiteness ,  Corrosion of t h e  aluminum-foil pan w a s  a l s o  noted. 

The co r ros ion  w a s  probably due t o  excess SRC-05 c a t a l y s t ,  which 

i s  a s t r o n g  a l k a l i ,  O t h e r  samples w e r e  prepared with smaller  

amounts of Tween 40 and SRC-05, The evidence of cor ros ion  was 
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n o t  observed with decreased c a t a l y s t  add i t ion :  however, t h e  

slow loss of whiteness was s t i l l  observed. 

without  an  emul s i f i e r  a l s o  l o s t  whiteness a f t e r  cu r ing  t o  a 

white s o l i d .  

Samples prepared 

Two samples w e r e  prepared a s  l i s t e d  below. 

Sample 508-1 

LTV-602 2 1  
SRC-05 3 drops 
Water 7.F g 

Sample 502-2 

LTV-602 2 1  g 

Water 7.5 g 
SRC-05 6 drops 

I n  t h e  second sample t h e  c a t a l y s t  concent ra t ion  was increased  

t o  d e t e r m i n e  whether it would s l o w  t h e  loss of whiteness.  I t  

w a s  thought t h a t  a harder  polymer, m o r e  capable of conta in ing  

a Subb le ,  might r e s u l t  if t h e  c a t a l y s t  was increased .  The 

f a s t e r  g e l l a t i o n  of sample 508-2 caused a i r  bubbles t o  be 

t rapped i n  t h e  su r face  l aye r .  

however, a f t e r  s e v e r a l  days they  d e f i n i t e l y  l o s t  su r f ace  

whiteness ,  This  loss, o r  inc rease  i n  t ransparency ,  f i r s t  occurs  

a t  t h e  exposed t o p  su r face  of t h e  specimens and progresses  with 

t i m e  t o  t h e  unexposed bottom sur faces .  

These samples w e r e  very white;  

The d i f f u s i o n  of mois- 

t u r e  o u t  of t h e  cured r e s i n  and t h e  subsequent c o l l a p s e  of 

t h e  volume occupied by t h e  m o i s t u r e  i n d i c a t e s  t h e  need f o r  a I 
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a more r i g i d  r e s i n  !a more h ighly  c ross - l inked  r e s i n  system 

should maintain t h e  very s m a l l  , \ J ~ C  wi thout  c o l l a p s i n g ) .  

Af te r  7 weeks both samples w e r e  c l e a r ,  appa ren t ly  i n d i c a t i n g  

t h a t  a l l  moisture had d i f f u s e d  away. I t  should be noted t h a t  

t h e  a i r  bubbles t rapped i n  t h e  sur face  l a y e r s  of sample 508-2 

a r e  s t i l l  present, This observat ion i n d i c a t e s  t h a t  t h e  moisi.iire 

may prevent  maximum cur ing  of t h e  sample. Emulsions ca ta lyzed  

with t i n  o c t o a t e  caused f a s t e r  cur ing  of t h e  r e s i n  b u t  d i d  n o t  

preclude t h e  loss of whiteness from t h e  sample. I n  f a c t ,  t h e  

use of t i n  o c t o a t e  a s  a c8 ;+a lys t  caused a greying of t h e  i n i t i a l -  

l y  white  specimen. 

- 2. Leachinq F i l l e r s  ou t  or' LTV-602 

A commercial s t r i p p i n g  compound, D i v e r s t r i p  D-90, w a s  

obtained from t h e  Diversey Corporation t o  a i d  i n  opening t h e  

s i l i c o n e  LTV-502 su r face  t o  f a c i l i t a t e  leaching o u t  t h e  z i n c  

oxide pigment, A z inc  oxide-pigmented LTV-602 p a i n t  t h a t  w a s  

placed i n  D i v e r s t r i p  D-90 expanded i n  a s h o r t  t i m e  i n  a manner 

s i m i l a r  t o  i t s  behavior i n  benzene and to luene .  A f t e r  a 2-hr 

immersion, t h e  sample w a s  removed: it had become s t a i n e d  by 

t h e  s o l u t i o n ,  and only a small  percentage of t h e  s t a i n  could 

be removed by washing with d i s t i l l e d  w a t e r .  N o  f u r t h e r  work 

i s  contemplated with t h i s  s t r i p p i n g  compound. 

I I T  R E S E A R C H  I N S T I T U T E  

-8- I I TRI  -C 60 14-  18 



, 

3 ,  Foaminq of LTV-602 

I n  t h e  prepara t ion  of urethane foams, t h e  chemist  i s  aware 

of t h e  equ iva len t  weights of t h e  polyol ,  water ,  and i socyanate  

and can e a s i l y  formulate a foaming composition, I n  any foaming 

composition, t h e  polymer being formed must be s u f f i c i e n t l y  

s t rong  a t  t h e  per iod  of peak gas  output  t o  c o n t a i n  t h e  s m a l l  

bubble. I n  o the r  words, t h e  r eac t ions  must be i n  phase,  or 

t h e  gass ing  r e a c t i o n  w i l l  be completed be fo re  t h e  polymer 

s t r u c t u r e  i s  formed, 

General E l e c t r i c ' s  LTV-602 si l icone polymer i s  a l i n e a r  

polydimethylsiloxane with a methyl- to-s i l icon atom r a t i o  of 

2 . 0 ,  I t  i s  thought t h a t  no side-chains,  or branching, i s  pre- 

s e n t  and t h a t  t h e  concent ra t ion  of S i H  i s  very smal l ,  i f  it 

i s  p r e s e n t  a t  a l l ,  The absence of S i H  i s  n o t  s u r p r i s i n g  i n  

l i g h t  of t h e  lack of r e a c t i o n  and foam genera t ion  by t h e  add i t ion  

of t i n  o c t o a t e ,  The a d d i t i i n  of t i n  o c t o a t e  to a mixture of 

LTV-602 and blowing agent designated RTV-921 does n o t  produce 

a foam s t r u c t u r e  (a l though bubbles form i n i t i a l l y ) .  This  i s  

an example of t h e  out-of-phase bubble and polymer formation. 

Small amounts (2 ,5  g )  of RTV-921 blowing agent  w e r e  in -  

d i v i d u a l l y  mixed with 2 drops of SRC-05: Nuocure 2 8 ,  and 

Thermolite 1 2  cur ing  agen t s ,  Nuocure 2E caused s o l i d i f i c a t i o n  
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of t h e  RTV-921 i n  approximately 3 m i l z ,  Bubbles were i n i t i a l l y  

formed ( t h e y  could have been due to  mixir,g i n  a i r ) ;  however: 

only a f e w  w e r e  contained .in the ge l l ed  samplec Thermolite 

1 2  caused g e l l a t i o n  w i t h i n  a l-hr per iod ;  however, no bubbles 

w e r e  formed by t h i s  c a t a l y s t ,  G e n e r a l  E l ec t r i c  SRC-05 caused 

g e l l a t i o n  wi th in  a 24-hr, per iod  w i t h  no i n d i c a t i o n  of bubble 

formation,  Nuocure 28  and Thermolite 1 2  cu r ing  agen t s  caused 

n o t i c e a b l e  shr inkage I n  t h e  cured RTV-921, 

Two drops of Nuocure 2 8  ( t i n  octoate) w e r e  added t o  10 g 

of RTV-921 blowing agen t  and were mixed, The m a t e r i a l  began 

r e a c t i n g  immediately and a foam was formed wi th in  a 4 min 

period, A higher  concen t r a t ion  of ca t a lys t  d i d  n o t  produce a 

f o a m ,  After  a 24-hr pe r iod ,  shr inkage was no tedo  A l s o ,  

a s l i g h t  grey ing  appearance w a s  noted I n  t h e  foamed s t r u c t u r e .  

I n  a d d i t i o n a l  tests, 10 g of LTV-602 w e r e  mixed with 2.5 g 

of RTV-921, Two drops  of SRC-05 and Nuocuse 28 w e r e  added i n  

separate experiments,  The Nuocure 28-catalyzed system cured 

t o  a f i r m  gel  in 45 m2.n a c d  t h e  SRC-05-catalyzed system 

cured t o  a ge l  i n  1- hr.. Foaming d id  n o t  occur ,  b u t  a few 

large bubbles appeared durifig the c u r i n g  pe r iod ,  Foam w a s  

genera ted  i n  systems 1r1 which the Nuocure 2 8  w a s  added t o  t h e  

LTV-602 b e f o r e  t h e  addjtion of t h e  RTV-921 blowing agent ,  

When t h e  pe r iod  of time before a d d i t i o n  of t h e  RTV-921 was 

45 min,) no foam w a s  genera ted ,  When hea ted  f o r  5 min, a t  

I I T  R E S E A R C H  I N S T I T U T E  

-10- 
IITRI-C6014-18 



200°F before  addi t ion  of F-TV-921 blow-ng agen t ,  a foam was 

genera ted-  I n  this c a s e  t h e  two r eac t ions  can be said t o  be 

i n  phase, That 1 s  t h e  foamirAg occu.lcs a t  a t i m e  when t h e  re- 

sin-polymerization r e a c t i o n  has progressed t o  t h e  p o i n t  where 

the  polymer being formed i s  s u f f i c i e n t l y  s t rong  t o  con ta in  t h e  

gas  bubbleo The foamed products  a r e  gene ra l ly  c l a s s e d  as 

white  when i n i t i a l l y  produced, but  they t ake  on a grey-white 

appearance within a few days,  

4 ,  

Metal and T h e r m i t  Corporation supp l i e s  a series of t i n  

U s e  ___ o f  Ketal  and -11- T h e r m i t  Catalyst _I___- T-9 

c a t a l y s t s  for u s e  i n  urethane foams and i n  s i l i cone -cu r ing  

systems, Ca ta lys t  T--9 i s  a s tannous- type c a t a l y s t  t h a t  can be 

used t o  r e p l a c e  stannous o c t o a t e  in most a p p l i c a t i o n s  where 

i t  i s  s p e c i f i e d ,  

A 10-g sample of LTV-602 was ca ta lyzed  with 2 drops of 

c a t a l y s t  T-9 This sarnpie cured t o  a c l e a r :  t r a n s p a r e n t  g e l  

i n  approximately 6 h r  After th ree  weeks t h e r e  was no evidence 

of d i s c o l o r a t i o n  a s  i n  samples prepared with Nuocure 28 ( t i n  

o c t o a t e )  

A 10-g sample of RTV-921 w a s  ca ta lyzed  wzth 2 drops of 

c a t a l y s t  T-9 ,  Bubbles w e r e  formed on mixing, b u t  they  rose 

t o  t h e  s u r f a c e  and coaleszed,  An a d d i t i o n a l  2 drops of T-9 

was added, and mixing prodi4ced add i t iona l  bubbles t h a t  w e r e  

immediately l o s t  a t  t h e  su r face ,  W i t h i n  a few minutes t h e  

sample s t a r t e d  t o  g e l  and nc bubbies w e r e  e v i d e n t -  O n  
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mixing more bubbles w e r e  generated: and a i r  was whipped i n t o  

t h e  sample, The sample set and then proceeded t o  c rack  and 

s p l i t  i n  s eve ra l  p l aces ,  The experiment was repea ted  again 

with only 2 drops of c a t a l y s t  T-9, When t h e  sample began t o  

s e t ,  mixing was s t a r t e d  aga in ,  More bubbles w e r e  generated 

and t h e  r e s u l t s  w e r e  t h e  same, A t h i r d  sample was prepared 

w i t h  10  g of LTV-602 and 2 drops of T-9, The s a m e  i n i t i a l  

observa t ions  w e r e  made: however a d d i t i o n a l  mixing w a s  n o t  per- 

formed. The sample set with many l a r g e  bubbles-  Within a 24- 

h r  per iod  cons iderable  shrinkage w a s  noted,  
1 

I n  a n  a t tempt  t o  genera te  fcarn t h e  following sample was 

prepared 

LTV-602 
RTV-921 
Cata lys t  T-9 

3 g  
3 - g  
2 drops 

These m a t e r i a l s  were mixed f o r  approximately 45 sec ,  W i t h i n  

3 m i n  a foam w a s  formed, b u t  it was of poor q u a l i t y ,  T h i s  

~ 

sample had two l a y e r s ;  from t h e  top down approximately 2/3 

w a s  foamed, and t h e  remaining 1/3 w a s  c l e a r  r e s i n ,  

A sample was prepared w i t h  5 g of e t h y l  s i l i ca te  and 1 

drop of T-9,  The sample cured t o  a hard and b r i t t l e  s o l i d ,  

1 I t  should be noted t h a t  a l l  samples conta in ing  RTV-921 have 

I taken on a g rey i sh  appearance,  and samples prepared with LTV- 

602 and with e t h y l  s i l a c a t e  remain c l e a r  when ca ta lyzed  w i t h  

T-9, I t  i s  p o s s i b l e  t h a t  t h e  p a r t i c u l a r  molecular composition 
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of RTV-921 i s  r e s p o n s i b l e  f o r  t h e  d i s c o l o r a t i o n ,  I n i t i a l l y ,  

a l l  foamed samples had a gloss,7. w h i t e  appearance. 

Fu r the r  experimentat ion w i t h  e t h y l  s i l i c a t e ,  LTV-602, 

and v a r i o u s  c a t a l y s t s  w i l l  be contemplated when t h e  a v a i l a b l e  

l i t e r a t u r e  on c u r i n g  mechanisms has been thoroughly explored.  

P repa ra t ion  of our own s i loxane  m a t e r i a l s  w i l l  be an  advantage 

i n  f u t u r e  foaming s t u d i e s ,  

- 5 ,  Foaminq RTV-60 and Dow Corninq RTV-S-5370 

General  Electric s FTV-60 was foamed with t h e  a i d  of 

RTV-921, 

a d i l u e n t ,  and 1 g of Nuocure 28 ( t i n  oc toa te ) ,  The fo l lowing  

fo r  mu l a  ti on wa s pr epar  ed 

A c a t a l y s t  s o l u t i o n  w a s  prepared f r o m  11 g of RTV-911, 

RTV-60 20 g 
RTV-921 4 g  
C a t a l y s t  s o l u t i o n  2 , 4  g 

The c a t a l y s t  - d i i u e n t  mixture  w a s  added a f t e r  thoroughly mixing 

t h e  R T V - 9 2 1  and RTV-60, A foamed s t r u c t u r e  w a s  genera ted  i n  

2 min, The foam was of h igh  d e n s i t y  (about  44  #/cu f t  accord- 

i n g  t o  t h e  l i t e r a t u r e )  : and s i n c e  i t  i s  a l s o  r e d  i n  c o l o r ,  it 

cannot  be used as  a r e f l e c t i n g  coa t ing ,  A sample of t h e  base 

mater ia l ,  before t h e  a d d i t i o n  of t h e  red i r o n  oxide pigment, 

h a s  been ordered  from Gencral E l e c t r i c ,  I t  is expected t h a t  

t h e  foam d e n s i t y  carl be lowered by t h e  a d d i t i o n  of a larger  

pe rcen tage  of RTV-921 blowing agent ,  
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Dow Corning RTV-S-5370 i s  a two-component system; t h e  

base r e s i n  and blowing agen t  i s  one component, and t h e  c a t a l y s t -  

d i l u e n t  i s  t h e  second component, S i x  par ts  of ca ta lys t  w e r e  

added t o  100 par t s  of t h e  base mater ia l  and mixed f o r  30 

sec, The mixture  w a s  poured i n t o  an aluminum pan, and t h e  

foaming w a s  completed i n  about 3 min, A s o f t  foam of about  

10 l b / f t  d e n s i t y ,  with both l a r g e  11/16 i n . )  and s m a l l  bubbles ,  

was obta ined ,  Due t o  pigmentation, t h e  foam i s  l i g h t  t a n  i n  

color,  Dow Corning h a s  s a i d  t h a t  t hey  could no t  supply t h e  

material  w i  t h o u t  t h i s  pi gment a t 1  on 

3 

- 6,  Foaminq Q92-009 

Dow Corning Q92-009: r equ i r ing  no c a t a l y s t  a d d i t i o n ,  i s  

a d i s p e r s i o n  of a room-temperature c u r i n g  s i l i c o n e  rubbe r ,  

A s  t h e  s o l v e n t  (naphtha) l e a v e s ,  t h e  dispersion reacts  with 

mois ture  i n  t h e  a i r  and cu res  t o  a s i l i c o n e  rubber ,  Twenty- 

g r a m  samples of 032-009 w e r e  mixed wi th  3 ,  6 ,  and 8 g of water. 

Curing of t h e s e  samples was much f a s t e r  than  t h e  c o n t r o l  sample 

t o  which no water w a s  added, The c o n t r o l  sample cured t o  a 

tough elastomer, b u t  due t o  t h e  presence of a f i l l e r ,  thought  

t o  be s i l i c a ,  t h e  elastomer was somewhat cloudy, The samples 

prepared by adding water cured to an off-white  f o a m  s t r u c t u r e ;  

t h e  sample con ta in ing  the l a r g e s t  amount of w a t e r  w a s  t h e  

w h i t e s t  of those  prepared -- t h e  more w a t e r  added, t h e  m o r e  
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foam produced and t h e  smaller t h e  average void s i z e .  

When cons ider ing  t h e  appearance of t h e  con t ro l  sample, 

t h e  samples prepared with w a t e r  added do n o t  appear t o  have 

l o s t  any whiteness over a per iod of 2 months; t h i s  c o n t r a s t s  

with t h e  behavior of water emulsions of LTV-602, which change 

from white  t o  t r a n s p a r e n t  during the  s a m e  t i m e  i n t e rva l .  

With t h e  f i l l e r  removed, these samples may o f f e r  increased  re- 

f lectance. 

Dow Corning has  s t a t e d  t h a t  they w i l l  n o t  supply t h i s  

m = + a r i = r l  in an77 nther fnrm- We have unsuccessful ly  attempted 

t o  have z i n c  oxide added t o  t h e  base Q92-009 i n s t e a d  of Lo t h e  

p r e s e n t l y  used f i l l e r .  

7.  Blowinq A q e n t  Thermal Tests  

Foamed samples w e r e  prepared by using Celogen AZ, Celogen 

O T ,  and U n i c e l  NDX blowing agents.  The sample prepared f r o m  

Celogen AZ was yellow i n  co lo r ,  al though only 1% blowing agent  

w a s  used. On hea t ing ,  t h e  c o l o r  changed t o  a s l i g h t l y  t r a n s -  

p a r e n t ,  l i g h t  t a n  co lor .  Heating t h e  sample with Celogen OT 

t o  450°F produced a brown-black co lor  i n  t h e  sample. The 

sample prepared with U n i c e l  NDX blowing agent  a t  400°F produced 

small  ye l lowish  a r e a s  on heat ing.  This  blowing agent  tended 

t o  set t le  t o  t h e  bottom of t h e  sample. 
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Various blowing a g e n t s  w e r e  placed on a h o t  plate  a t  

600OF; t h e  r e s u l t s  are l is ted i n  Table 1. On t h e  basis 

of t h i s  tes t  Porophor N should be an e x c e l l e n t  blowing agen t .  

Previous s t u d i e s ,  however, have i n d i c a t e d  t h a t  LTV-602 foamed 

with t h i s  mater ia l  i s  m o r e  degradable than  a clear LTV-602 

f i l m  under u l t r a v i o l e t  exposure i n  vacuum. These s t u d i e s  are 

reported i n  t h e  nex t  paragraph. 

8. E f f e c t  of UV-Vacuum on Foamed LTV-602 

Porofor  N blowing agen t ,  i n  concen t r a t ions  of 1, 2 ,  3 ,  

5 and lC%, was mixed wi th  10 g samples of SRC-05-catalyzed 

( 2  drops/lO 9) LTV-602 s i l i c o n e  polymer. Each of t h e  composi- 

t i o n s  w a s  poured i n t o  t w o  aluminum-foil pans and allowed t o  

cu re  a t  room temperature.  A f t e r  cu r ing ,  one pan of each 

composition was heated  a t  180°F f o r  1 h r  t o  f a c i l i t a t e  expan- 

s ion  of t h e  blowing agent., 

A blown and an unblown LTV-602 specimen, each con ta in ing  

10% Porofor  N ,  w e r e  sub jec t ed  t o  u l t r a v i o l e t  r a d i a t i o n  i n  

vacuum i n  T e s t  V-53. The r e f l e c t a n c e  both b e f o r e  and after 

only  170  ESH exposure i s  presented f o r  t h e  unblown and blown 

(foamed) LTV-602 samples i n  Figures  1 and 2 ,  r e s p e c t i v e l y .  

Examination of F igure  1 i n d i c a t e s  t h a t  t h e  u l t r a v i o l e t  (and 

v i s i b l e  and i n f r a r e d )  r a d i a t i o n  caused t h e  unblown specimen 

t o  expand i n  s i t u .  Even though foaming occurred du r ing  t h e  

i r r a d i a t i o n ,  cons ide rab le  damage to  t h e  f i l m  r e s u l t e d ,  as 
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Table 1 

RESULTS O F  HEATING VARIOUS BLOWING AGENTS TO 600°F 

Mater ia l  Color R e s u l t s  

Unicel NDX Light yellow Bubbled; dark  smoke; l e f t  brown- 
black r e s i d u e ,  which e v e n t u a l l y  
burned off  h o t p l a t e .  

Unicel ND Off-white White-to-tan r e s idue .  

Nitrosan Yellow Flashed o f f :  l e f t  a brown resi- 
due, which turned white wi th  
continued hea t ing .  

Celogen AZ Yellow Flashed o f f :  l e f t  a white  resi- 
due, which even tua l ly  dis- 
appeared. 

Celogen OT White Left  a brown-black (puffed-up) 
res idue .  

Kempore 1 2 5  Yellow Same a s  Celogen AZ. 

Porophor N White Flashed o f f :  no r e s idue .  

I I T  R E S E A R C H  I N S T I T U T E  
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evidenced by t h e  severe loss i n  r e f l e c t a n c e  i n  t h e  v i s i b l e  

reg ion  of t h e  spectrum. Figure 2 shows t h e  e f f e c t  of i r r a d i a t i o n  

on t h e  o p t i c a l  absorp t ion  of t h e  prefoamed LTV-602 specimen. 

The damage t o  t h e  unfoamed specimen d i d  not appear t o  be 

as severe  a s  f o r  t h e  prefoamed s i l i c o n e ,  a s  manifested i n  t h e  

decrease  i n  r e f l e c t a n c e  i n  t h e  near u l t r a v i o l e t  and v i s i b l e  

po r t ions  of t h e  spectrum. Indeed, t h i s  i s  more c l e a r l y  shown 

by p l o t t i n g  t h e  i n c r e a s e  i n  s p e c t r a l  absorptance,  Lax) versus  

wavelength f o r  both specimens, These d i f f e r e n t i a l  spec t r a  are 

shown i n  Figure 3 .  

The g r e a t e r  damage r e s i d e n t  i n  t h e  prefoamed specimen i s  

thought t o  relate t o  deep and random s c a t t e r i n g  of t h e  u l t r a -  

v i o l e t  i n t o  t h e  foamed white ma te r i a l ,  whereas, except for 

some s c a t t e r i n g  due t o  t h e  bubbles formed i n  s i t u ,  t h e  u l t r a -  

v i o l e t  passes more d i r e c t l y  through the  c l e a r ,  unfoamed speci- 

men. The e f fec t  of pho to lys i s  of blowing agent  r e s idue  i s  

accounted f o r  by t h e  f a c t  t h a t  the foamed s i l i c o n e  contained 

no undecomposed Porofor N ,  bu t  lOoO/o of t h e  Porofor N was 

i n i t i a l l y  p re sen t  i n  t h e  unfoamed, clear coa t ing .  The d a t a  

presented i n  F igures  1 through 3 suggest t h a t  t h e  damage i s  

due t o  a d i f f e r e n t  d e f e c t  i n  e i t h e r  case a s  evidenced by t h e  

d i f f e r e n c e  i n  t h e  p o s i t i o n s  of peak LaA- 

can conclude t h a t  t h e  problem of ensuring s t a b i l i t y  of foamed 

I n  any event  w e  
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systems i s  of cons iderable  magnitude, An a n a l y s i s  of these  

problems i s  given i n  a l a t e r  s e c t i o n .  
C.  P a t e n t  L i t e r a t u r e  

T h e  p a t e n t  l i t e r a t u r e  w a s  surveyed f o r  cur ing  mechanisms, 

foaming compositions,  and c a t a l y s t s .  Information on foaming 

compositions and p o s s i b l e  foaming reactions was obtained.  

However, very l i t t l e  information on t h e  mechanism by which 

t h e  va r ious  c a t a l y s t s  cause cur ing  of s i l i c o n e  polymers 

w a s  ob ta ined ,  A p o s s i b l e  explanation of the  inf luence  of 

s e v e r a l  c ross - l ink ing  agen t s  i s  given i n  U S  Pa ten t  3,070,566. 

A review of t h e  m o r e  important  patents examined i s  contained 

i n  t he  Appendix. 

A review of t he  p e r t i n e n t  l i t e r a t u r e ,  i n  a d d i t i o n  t o  t h e  

p a t e n t s  mentioned above, r e v e a l s  t h e  pauc i ty  of information 

about t h e  cur ing  of s i l i cone  ma te r i a l s ,  I n  gene ra l ,  cur ing  

agen t s  can be divided i n t o  t h e  c a t a l y t i c  type ;IF$ the C ~ C E E -  

l i n k i n g  type ,  Weak acids,  such as  a c e t i c ,  c h l o r o p l a t i n i c ,  

boric,  and o l e i c ,  and weak bases, such a s  ammonia, dibutylamine, 

t r ie thanolamine ,  and d ie thylene t r iamine ,  ac t  exc lus ive ly  as 

hydroxyl-condensation c a t a l y s t s ,  On t h e  other hand, s t r o n g  

acids and bases  n o t  only a f f ec t  hydroxyl-condensation r e a c t i o n s  

b u t  promote Si-0-Si s k e l e t a l  rearrangements,  The m e t a l  soap 

c a t a l y s t s ,  such a s  zirconium a c e t y l  ace tona te ,  t i n  o c t o a t e ,  

d i b u t y l  t i n  d imale ina te ,  and cobalt naphthanate,  react w i t h  

t h e  carbon-carbon double bonds i n  drying o i l s  by f a i r l y  w e l l -  

I I T  R E S E A R C H  I N S T I T U T E  
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4 

understood mechanism?, Their  ac t ion  i n  t h e  cur ing  of s i l i c o n e  

I compositions i s  n o t  understood, and al though they a r e  considered 

condensation promoters,  t h e  ex ten t  t o  which they  become p a r t  

of t h e  polymer ske le ton  i s  not  known, 

Cross-linking agents  such a s  a l k y l  o r t h o t i t a n a t e s ,  organo- 

hydrogen s i loxanes ,  and a l k y l  o r t h o s i l i c a t e s ,  and p o l y s i l i c a t e s  

a l s o  r e a c t  through t h e  uncondensed hydroxyl groups and become 

I a p a r t  of t h e  three-dimensional polymer network. 
I 

The only known s i l i c o n e  polymerization r e a c t i o n  t h a t  

r e s u l t s  i n  t h e  i n  s i t u  and simultaneous formation of foam i n -  

I volves  t h e  use of monomer and prepolymer c o n s t i t u e n t s  with 
I 

s i l a n e  ( S i - H )  l inkages ,  The r eac t ion  wi th  s i l a n o l s  (Si-OH) 

and compounds such a s  qua ternary  ammonium hydroxide and quater-  

nary ammonium alkoxides  r e s u l t s  i n  t h e  formation of t h e  Si-0- 

S i  and Si-0-R l inkages  and the  simultaneous evolu t ion  of hydro- 

gen, which, under proper r eac t ion  cond i t ions .  r e s u l t s  i n  t h e  

formation of foamso F o r  these foams t o  be s a t i s f a c t o r y ,  t h e  

polymer must (s imultaneously w i t h  foaming] qel! o r  set  so t h a t  

t h e  foam does n o t  c a l l a p s e  when t h e  evo lu t ion  of hydrogen has  

ceased. I t  has been found t h a t  t h e s e  r e a c t i o n s  occur a t  a 

s u f f i c i e n t l y  r ap id  r a t e  i n  t h e  presence of s p e c i f i c  c a t a l y s t s .  
D. Discussion - --I__ and _I I Qonclusions 

A s  discussed  i n  an e a r l i e r  s ec t ion ,  a coa t ing  composed 

of a p p r o p r i a t e l y  s i z e d  voids  should i n  t heo ry  scatter l i g h t  

I I T  R E S E A R C H  I N S T I T U T E  
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i n  a manner very s i m i l a r  t o  pigmented white  f i lms .  

t h e  very c h a r a c t e r  of microbubble systems t h a t  makes them 

a t t r a c t i v e  as  s o l a r - r e f l e c t i n g  coa t ings  a l s o  t e n d s  t o  preclude 

t h e i r  use i n  t h e  u l t r a v i o l e t  environment of space.  This  can 

be seen  by cons ider ing  t h e  n a t u r e  of s c a t t e r i n g  by t o t a l l y  

non-absorbing p a r t i c l e s .  

Unfortunately,  

F i r s t ,  consider  t h e  r a y  behavior and t h e  pa th  l eng th  of 

u l t r a v i o l e t  i n  a coa t ing  pigmented w i t h  an u l t r av io l e t - abso rb -  

i n g  pigment  (e.g., r u t i l e ,  z inc  oxide,  and o the r  white s e m i -  

conductors ) .  This  i s  shown schematical ly  i n  Figure 4.  Such 

a pigment e f f e c t i v e l y  absorbs t h e  u l t r a v i o l e t  i n  t h e  f i r s t  

two o r  t h r e e  i n t e r a c t i o n s ,  t hus  providing p r o t e c t i o n  t o  t h e  

matr ix .  Unlike t h e  u l t r av io l e t - abso rb ing  pigment shown i n  

F igure  4 ,  t h e  u l t r a v i o l e t - t r a n s p a r e n t  microbubbles depic ted  

i n  F igure  5 deep-sca t te r  t h e  u l t r a v i o l e t  r ays  by t h e  very 

mechanism (mul t ip l e  r e f r a c t i o n )  t h a t  accounts  for t h e  r e f l e c t -  

ance of white  p a i n t s  a s  w e l l  as foams. Thus, when t h e  u l t r a -  

v io le t -absorb ing  pigment (Figure 4) i s  rep laced  by u l t r a v i o l e t -  

t r a n s p a r e n t  microbubbles o r  pigment particles,  t h e  u l t r a v i o l e t  

pa th  l e n g t h  i n  t h e  mat r ix  w i l l  be many o rde r s  of magnitude 

g r e a t e r ,  and t h e  s t a t i s t i c a l  p r o b a b i l i t y  of a photon being 

absorbed t o  cause a c o l o r  center i s  g r e a t l y  enhanced. I n  

o t h e r  w o r d s ,  t h e  pene t r a t ion  and random s c a t t e r  of t h e  u l t r a -  

v i o l e t  photons wi th in  t h e  f i l m  w i l l  g r e a t l y  i n c r e a s e  t h e  pro- 
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b a b i l i t y  of damage, which i n  t h i s  i n s t a n c e ,  i s  manifested as 

increased  s p e c t r a l  absorp t ion  and evidenced v i s u a l l y  by 

c o l o r a t i o n ,  

From t h e  foregoing discussion and from experimental  

evidence, t h e  fol lowing can  be l is ted as t h e  a t t r i b u t e s  t h a t  

are a b s o l u t e l y  essent ia l  t o  s t a b l e  microbubble coa t ings :  

The matr ix  must be completely t r anspa ren t  (1) 

t o  s o l a r  r a d i a t i o n  - a t  a l l  wavelengths.  

(2) I t  must have an  index  of r e f r a c t i o n  d i f f e r e n t  

from un i ty .  

( 3 )  I t  must have a void s t r u c t u r e  whose dimensional 

c h a r a c t e r i s t i c s  a r e  s t a b l e  and a r e  important  i n  

t e r m s  of i n t e r a c t i o n  with o p t i c a l  wavelengths. 

The key p o i n t  i s  t h a t  a l l  t h e  components of t h e  m a t r i x  must 

be t ransparent :  otherwise,  t h e  absorbing component w i l l  eventual-  

l y  c o l o r  and/or cause o the r  components t o  degrade. 

i f  t h e r e  i s  no absorp t ion ,  t h e r e  will be no damage, 

it i s  imperat ive t h a t  only pure,  h iqh ly  stable polymers be used 

as  matrices f o r  microporous coat ings intended f o r  u t i l i z a t i o n  

i n  t h e  space environment, Commercial foams a r e  n o t  s u f f i c i e n t l y  

Obviously, 

Consequently, 

s t a b l e  and i n  f a c t  have been observed t o  char  a f t e r  only a 

f e w  hours  of u l t r a v i o l e t  r ad ia t ion  i n  vacuum. Moreover, micro- 

bubble c o a t i n g s  based upon t h e  mos t  s table commercial polymers 

a v a i l a b l e  -- t h e  polydimethylsiloxanes (methyl s i l i c o n e s )  -- 

have been observed t o  degrade s i g n i f i c a n t l y  i n  s h o r t  space- 

I I T  R E S E A R C H  I N S T I T U T E  
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s imula t ion  tests (see, e , g , ,  t h e  d i scuss ion  i n  t h e  preceding 

pa rag raphs ) ,  I n  view of t h e  na ture  of l i g h t  s c a t t e r i n g ,  t h i s  

i s  n o t  s u r p r i s i n g ,  e s p e c i a l l y  consider ing t h e  i n f l u e n c e  of 

polymer contamination on u l t r a v i o l e t  r e s i s t a n c e  ( t h e  chemical 

f o a m i r g  and blowing a g e n t s  l e a v e  a r e s i d u e ) .  A series of 

tes ts ,  which w e r e  d i scussed  i n  the  l a s t  Triannual  Report 

(IITRI-C6014-13, J u l y  20 ,  1964) have shown t h a t  t h e  to luene  

s o l v e n t  (which i s  u l t r av io l e t - abso rb ing )  Emain inq  a f t e r  t h e r m a  

c u r e  (250OF) and after evacuat ion t o  Torr be fo re  i r r a d i a -  

- 7  t i o n  causes  s i g n i f i c a n t  damage ( i n c r e a s e  i n  solar  absorp tance) .  

Even though t h e s e  tests do not  p e r m i t  t h e  conclusion 

t h a t  t o luene  or o t h e r  aromatic contaminants are t h e  s o l e  cause 

of methyl s i l i c o n e  degrada t ion  ( a t  l eas t  under t h e s e  circum- 

s t a n c e s ) ,  it i s  clear enough t h a t  t h e s e  are very s t r o n g  f a c t o r s .  

S ther  f ~ c t l - 7 ~ ~  3 f f P r t - i n g  s t a b i l i t y  inc lude  concen t r a t ions  

of aromatic side cha ins ,  unreacted ca t a lys t ,  and va r ious  m o l e -  

c u l a r  conf igu ra t ions ,  no tab ly  those con ta in ing  unsa tu ra t ion  

( e m g o ,  c ross - l inked  v i n y l )  Whether s t a b l e ,  l o w  as/c micro- 

bubble  c o a t i n g s  can be prepared depends upon (1) t h e  s e l e c t i o n /  

s y n t h e s i s  of high p u r i t y ,  u l t r a  stable methyl s i l i c o n e  polymers, 

( 2 )  t h e  r i g o r o u r  exc lus ion  of contaminants and i m p u r i t i e s  i n  

t h e  foaming process, and (3) a thorough knowledge of t h e  

polymer iza t ion  chemistry,  t h e  cur ing  k i n e t i c s ,  and t h e  gas- 
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forming chemistry and k i n e t i c s .  Our p rev ious  d i s c u s s i o n s  

have i n d i c a t e d  t h e  need for  a basic s tudy of t h e  last-mentioned 

i t e m .  I n  order  t o  a s s u r e  t h a t  the gass ing  r e a c t i o n  i s  i n  

phase w i t h  t he  polymer forming r e a c t i o n ,  we  must know i t s  

chemistry and k i n e t i c s .  
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111. INORGANIC COATINGS 

A. I n t r o d u c t i o n  

As noted  a t  t h e  beginning of t h i s  repor t ,  t h e  use  of t h i n  

u l t r a v i o l e t - r e f l e c t i n g  topcoats on z i n c  oxide systems w a s  

p a r t l y  s u c c e s s f u l  i n  lowering as. 

second phase,  however, was evident  i n  space-simulation experi- 

ments. 

and t h e  fo l lowing  effects on o p t i c a l  and s t a b i l i t y  properties 

have been observed. 

The dominance of the  u n s t a b l e  

Seve ra l  non-zinc oxide materials have been examined, 

(1) H e a t  t r ea tmen t  enhances t h e  ul t raviolet-vacuum 

r e s i s t a n c e  a s  w e l l  a s  t h e  i n i t i a l  r e f l e c t a n c e  of 

pigment powders, p a r t i c u l a r l y  i n  t h e  i n f r a r e d  p o r t i o n  

of t h e  spectrum. These i n c r e a s e s  are due t o  improved 

s c a t t e r i n g  a t  the  longer wavelengths by the  inc reased  

number of larger par t ic les  and t o  t h e  removal of 

w a t e r ,  w h i c h  has s t r o n g  abso rp t ion  a t  1 .9  . 
( 2 )  Chemical t rea tment ,  such as acid washing, has  

been found t o  improve r e s i s t a n c e  t o  u l t r a v i o l e t -  

vacuum. W e  s t r o n g l y  suspec t  t h a t  t h i s  i s  due t o  

e l i m i n a t i o n  of impur i t i e s .  

( 3 )  I n  a d d i t i o n  t o  z inc  oxide, z i n c  t i t a n a t e  c o a t i n g s  

appear r e l a t i v e l y  s t a b l e .  

achieved wi th  z i n c  t i t ana te-potass ium s i l ica te  p a i n t s .  

An as of 0 .12  has been 
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Current  inorganic  s t u d i e s  can be d iv ided  i n t o  two gene ra l  

ca t egor i e s :  pigment sc reening  and v e h i c l e  and coa t ing  s t u d i e s .  

Pigment screening e f f o r t s  a r e  genera l ly  confined t o  dielectr ic  

pigments,  which, u n l i k e  semiconductor pigments,  do n o t  

c h a r a c t e r i s t i c a l l y  absorb n e a r - u l t r a v i o l e t  r a d i a t i o n .  The 

development of l o w  s o l a r  absorptance coa t ings  by u t i l i z i n g  

semiconductor pigments, such a s  r u t i l e  and z i n c  oxide,  i s  

hampered by t h e  c h a r a c t e r i s t i c  u l t r a v i o l e t  absorp t ion  of 

such m a t e r i a l s  -- amounting t o  as much as 9 t o  10% of t h e  

s u n ' s  energy f o r  z inc  oxide and r u t i l e .  The c r i t e r i o n ,  however, 

as  t o  whether a semiconductor pigment w i l l  be examined depends 

on t h e  degree of absorp t ion  it e x h i b i t s  i n  t h e  near  u l t r a v i o l e t  

reg ion .  For example, z i n c  t i t a n a t e ,  a semiconductor, e x h i b i t s  

abso rp t ion  i n  t h e  u l t r a v i o l e t ,  b u t  because it s t i l l  possesses  

;,iy;, LeIiecidnce &uue 8 - 3 2 ;  i; (37"/0) , it is I..-<-- uGr l ry  L - - 7 1 1 1 1 5 t h A  " u -L u- bb- 5C.r 

use  i n  low a s  coat ings .  

t h e  s o l a r  u l t r a v i o l e t  t h a t  i s  absorbed by z inc  oxide.  

B. Piqments 

Zinc t i t a n a t e  absorbs less than h a l f  

During t h i s  r e p o r t  per iod several pigment m a t e r i a l s  w e r e  

examined o p t i c a l l y  and subjec ted  t o  an ultraviolet-vacuum en- 

vironment. Included i n  t h e s e  s t u d i e s  w e r e  four  z i n c  t i t a n a t e  

samples suppl ied  by t h e  N e w  Jersey Zinc Company. Sample A-54-2 

c o n t a i n s  both unreacted z i n c  oxide and t i t a n i a ;  60'2 - 2 6 4 1  
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c o n t a i n s  no excesses;  602-26-2X conta ins  50% excess  z i n c  

oxide and 5132-26-31LI con ta ins  10% excess z i n c  oxide,  The re- 

f l e c t a n c e s  of t h e s e  m a t e r i a l s  a r e  presented i n  Table 2, 

Sample A-54-2 i s  t h e  m o s t  r e f l e c t i v e ,  bo th  i n  t h e  u l t r a -  

v i o l e t  and i n f r a r e d ,  A l o s s  i n  r e f l e c t a n c e  i s  evidenced f o r  

t h e  excess  z inc  oxide-containing 606-26 series, All samples 

exh ib i t ed  a p l a t eau  i n  t h e  u l t r a v i o l e t  absorbing p o r t i o n  of 

t h e  curve  a t  about 0,350 t o  0,375 p o  Figure  6 i l l u s t r a t e s  

t h e s e  p l a t e a u s  a s  w e l l  as  t h e  compositional e f f e c t s  on t h e i r  

l e v e l s .  

A l s o  examined w e r e  two m a t e r i a l s ,  b e r y l l i a  and t h o r i a ,  

which p r e s e n t  h e a l t h  hazards ,  The use of s i n t e r e d  blocks 

f a c i l i t a t e d  handling and minimized any r a d i o a c t i v e  and t o x i c  

ecfects ,  Solar  absorptances,  a g  f o r  t hese  oxides  are as 

fo l lows  

bla t e r i a  1 
Solar  Absorptance 

B e r y l l i a  ,056 ,060 ,115 

Thor i a ,119 ,064 , I 3 2  

The r a t h e r  high va lue  f o r  t h e  t h o r i a  b lock  w a s  due t o  some 

yellowing introduced dur ing  s i n t e r i n g ,  poss ib ly  from i r o n  

i m p u r i t i e s  i n  f a b r i c a t i n g  t h e  piece,  Limited u l t r a v i o l e t  

abso rp t ion  was exh ib i t ed  by both m a t e r i a l s ;  r e f l e c t a n c e s  a t  

0-325p w e r e  65 and 44% f o r  b e r y l l i a  and t h o r i a ,  r e s p e c t i v e l y .  

I I T  R E S E A R C H  I N S T I T U T E  
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Table 2 

REFLECTANCES OF ZINC TITANATE MATERIALS 

Wavelenqth, +, 

0.325 
0.375 
0.450 
0.600 
0.700 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 

- Reflectance, %* 
Sample 

A-54-2 --- 60 z26-1M 602-26-2M 602-26-3M 

36.5 35.5 26.0 25.0 
71.0 57-5 38.0 34.0 
94-0 94,O 92.5 91.0 
95.0 94-5 95.0 93.0 
94.5 93,5 94.0 92.0 
92.5 91.5 91.5 89.0 
93-0 92-0 92.0 88.5 
93.0 92.0 92.0 88.0 
93.0 92.0 91.5 E 7 . 0  

92-5 91.0 91.0 84.0 
92.5 90.0 90.0 81.5 

* 
Versus magnesium oxide 

I I T  R E S E A R C H  I N S T I T U T E  
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The absence of any unusual ly  promising r e f l e c t a n c e  coupled 

with t h e  d i f f i c u l t y  i n  handling precluded f u r t h e r  study. 

Two space-simulation experiments w e r e  conducted t o  de- 

t e r m i n e  t h e  s t a b i l i t y  of some pigments. 

t h e s e  experiments w e r e  a s  follows 

T e s t  N o .  v-55 

Equivalent  sun hours 690 
(ESH) 

Average s o l a r  f a c t o r  9 . 4  
(suns) 

Pressure  l e v e l  t o r r  

The parameters f o r  

v-58 

230 

8.5 

t o r r  

A d e s c r i p t i o n  of t h e  m a t e r i a l s  s tud ied  i s  d e t a i l e d  i n  Table 3 .  

A l l  samples w e r e  compacted within copper r i n g s ,  l eav ing  an 

exposed f a c e  f o r  o p t i c a l  measurements and f o r  exposure t o  

ultraviolet-vacuum. 

i n  Table 4. 

R e s u l t s  f o r  t h e s e  experiments are  t a b u l a t e d  

A decrease  i n  s o l a r  absorptance f o r  t h e  china c l a y  was 

r e a l i z e d  both  from a c i d  leaching and c a l c i n a t i o n .  The h igher  

r e f l e c t a n c e  r e s u l t e d  i n  t h e  i n f r a r e d  portion of t h e  spectrum, 

as i n d i c a t e d  by t h e  a 2  values.  

occurred as a r e s u l t  of t h e  t reatments;  t h e  most s i g n i f i c a n t  

was t h a t  from a c i d  leaching.  

Increased  s t a b i l i t y  a l so  

I I T  R E S E A R C H  I N S T I T U T E  
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Table 3 

PIGMENT SAMPLES FOR ULTRAVIOLET-VACUUM STUDIES 
( T e s t s  V-55 and V-58) 

D e s c r  ip t  ion  T e s t  Sample - 
v-55 7000 Molochite No .  6, a calcined china c l a y  

c o n s i s t i n g  mainly of m u l l i t e  w i t h  some 
amorphous s i l ica .  

7001 Molochite No. 6, leached i n  h o t ,  hy- 
d r o c h l o r i c  acid and washed. 

7002 Molochite N o .  6, ca lc ined  a t  8OOOC fo r  
6 hr and permitted t o  cool  slowly i n  
the furnace.  

7003 Molochite No. 6, ca;lcined a t  8OOOC for 
14 hr and quenched by removing t o  room 
temperature.  

V-58 7030 SP 500 zinc oxide,  7OO0C/16 hr.  

7031 Dysprosium oxide.  

7032 L i t h a f r a x  ( l i t h i u m  aluminum s i l i c a t e ) ,  
80OoC/6 hr. 

7033 Zirconia  e 

7035 White Barytes (barium s u l f a t e )  , 
8OO0C/16 hr 

7036 l1 Zirconium Spine l"  (TX.i) 1000°C/1.5 hr 

- 35- 
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Table 4 

EFFECT OF ULTRAVIOLET IRRADIATION I N  VACUUM 
ON OPTICAL PROPERTIES OF PIGMENTS 

(Tests V-55 and V-58) 

T e s t  Sample 

v-55 7000 

7001 

7002 

7003 

V-58 7030 

7031 

7032 

7033 

7035 

7036 

Exposure 
ESH 

0 
690 

0 
690 

0 
690 

0 
690 

0 
230 

0 
230 

0 
230 

0 
230 

0 
230 

0 
230 

Solar  Absorptance 
&1 a 2  a 

. l o 1  -099 .200 

. 1 8 2  . l o 8  .290 .090 

.099 .085 .184 
-134 .088 - 2 2 2  .038 

-105 .062 .167 
-146 .066 . 2 1 2  .045 

. lo9  .062 .171  

.152 .068 .220 .049 

.095 .056 .151 

.087 .051 .138 -.013 

.062 -145 .206 
,108 -141 .249 .043 

-045 .062 . lo7 
.087 ,059 -146 .039 

,045 .058 . l o 2  
. l o 8  ,061 .169 .067 

-067 ,063 .130 
.141 .066 -208 .078 

.050 -057 . lo7  

.084 ,056 ,140 .033 
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The d i f f e r e n t  cool ing r a t e s  a f t e r  c a l c i n a t i o n  w e r e  employed 

t o  determine whether heat-induced d e f e c t s ,  i f  any,  might be 

f rozen  i n  by a r a p i d  quench. A t  h igher  temperatures  t h e  h igher  

entropy form, t h e  d isordered  form, w i l l  be favored. However, 

t h e  d a t a  f o r  Samples 7002 and 7003 show no such behavior.  

I n  t h e  s h o r t e r  experiment,  V-58, z inc  oxide d isp layed  a 

decrease  i n  s o l a r  absorptance upon exposure t o  u l t r a v i o l e t -  

vacuum. The o t h e r  m a t e r i a l s  exh ib i t ed  c o l o r a t i o n  t o  varying 

degrees .  A h igh ly  unusual s e r i e s  of absorp t ion  peaks was ex- 

h i b i t e d  by dysprosium oxide i n  t h e  near  u l t r a v i o l e t  and t h e  

i n f r a r e d ,  r e s u l t i n g  i n  a r e l a t i v e l y  h igher  a .  The i n f r a r e d  
1 

s p e c t r a  and curves  i n  t h e  v i s i b l e  be fo re  and a f t e r  i r r a d i a t i o n  

a r e  presented i n  F igures  7 and 8. The clear s u p e r i o r i t y  of 

z i n c  o x i d e ' s  r e s i s t a n c e  t o  ultraviolet-vacuum was again evidenced 

i n  t h i s  experiment.  

C .  Vehicles  and Coatinqs 

A number of potassium s i l i c a t e  coa t ings  pigmented with 

va r ious  m a t e r i a l s  have a l s o  b e e n  subjec ted  t o  a u l t r a v i o l e t -  

vacuum environment. Several  compositions,  bo th  a i r - d r i e d  and 

h e a t - t r e a t e d ,  w e r e  i r r a d i a t e d  i n  T e s t  V-55, t h e  parameters of 

which a r e  descr ibed above. Table 5 con ta ins  both  a d e s c r i p t i o n  

of t h e  samples and t h e i r  o p t i c a l  behavior.  

I I T  R E S E A R C H  I N S T I T U T E  
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The s p i n e l  coa t ing  exhibited a remarkably high r e f l e c t a n c e  

i n  t h e  v i s i b l e  spectrum, remaining above 90% down t o  0,325 p .  

This i s  manifested i n  t h e  low a1 values  for  samples 7006 and 

7007. 

values  w e l l  above 0,10, This  o p t i c a l  behavior can be p a r t i c a l l y  

a t t r i b u t e d  t o  t h e  extremely f i n e  p a r t i c l e  s i z e  of t h e  s p i n e l ;  

however, t h i s  very geometry demanded a h igher  b inder  conten t  

However, a r e l a t i v e l y  high a 2  y ie lded  s o l a r  absorptance 

and g r e a t e r  th icknesses  f o r  adequate opac i ty .  

R e s u l t s  f o r  the  coa t ings  show t h a t  only t h e  z inc  t i t a n a t e  

can be considered as a stable coating. The s p i n e l  p a i n t s  

showed d i s a s t r o u s  degrada t ion ,  and t h e  z i r con  compositions 

w e r e  a l s o  s i g n i f i c a n t l y  d i sco lo red ,  Furthermore, t h e  previous ly  

shown b e n e f i c i a l  effects of h e a t  t reatment  on s t a b i l i t y  d i d  no t  

hold f o r  any of t h e s e  samples, I n  fact ,  the  s p i n e l  and t i t a n a t e  

coa t ings  exh ib i t ed  t h e  oppos i te  effect ,  

A c o a t i n g  pigmented w i t h  602-26-U.1 z i n c  t i t a n a t e  ca l c ined  

a t  7OOOC for 4 hr was i r r a d i a t e d  i n  T e s t  V-53 a t  170 ESH, 3.5 

suns ( a v e r a g e ) ,  and less than Torr pressure .  T h e  changes 

f o r  t h i s  sample, H-19-53, a r e  d e t a i l e d  below.  

a 
Solar  Absor2tance 

h Conditions 5 a 2  

a i r - d r i e d  067 ,072 ., 139 

5 00 O C/ 2 h r  067 061 128 - 0 011 

170 ESET e 092 067 e 159 .031 

I I T  R E S E A R C H  I N S T I T U T E  
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On t h e  b a s i s  of t h e  experiments t o  d a t e ,  A-54-2 z inc  t i t a n -  

a t e  appears  more stable than t h e  s to ich iometr ic  602-26-lMO 

The lower s o l a r  absorptance obtained with t h e  former a l s o  

sugges ts  t h a t  t h i s  material should be emphasized i n  any f u t u r e  

e f f o r t  involving z inc  t i t a n a t e ,  

Work was al .so performed during t h i s  per iod with potassium 

s i l icate  a lone ,  I n  an earlier experiment involving t h i s  binder  

app l i ed  on aluminum and cured a t  150°C t o  opac i ty ,  t h e  r e s u l t s  

w e r e  as fo l lows ,  

- Solar  Absorptance 
& Exposure a S a m p l e  E SH a1 a 2  

71 0 0 101 203 304 
2020 173 193 ., 366 062 

PS7 0 058 181 240 
2020 0 120 169 289 049 

The d i s p a r i t y  i n  i n i t i a l  s o l a r  absorptance i s  due t o  th ick-  

ness  d i f f e r e n c e s ,  Moderate degradation occurred f o r  both 

samples (hl), b u t  a s i g n i f i c a n t  improvement was noted i n  a2" 

This  corresponds w i t h  t h e  a improvement? which almost i n v a r i a b l y  

occurs  f o r  pigmented s i l i ca t e  coa t ings  when exposed t o  u l t r a -  

violet-vacuum, 

For  T e s t  V-57 several vehic le  samples, both c l e a r  and 

opaque, w e r e  prepared, A t h i n  layer  ( w l  m i l )  w a s  app l i ed  on 

one group of quart.2 s u b s t r a t e s  and a t h i c k  f i l m  ( A J  5 m i l s )  

on a second group. Some were merely a i r - d r i e d ,  and o t h e r s  

I l l  R E S E A R C H  I N S T I T U T E  
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w e r e  cured a t  110OC. The condi t ions f o r  t h i s  experiment w e r e :  

710 ESH, average s o l a r  f a c t o r  of 9 .2  suns,  and a p res su re  

l e v e l  of less than Torr. Reflectance of a l l  f i l m s  was 

measured by using t h e  same aluminum backing. A d e s c r i p t i o n  

of t h e  samples and o p t i c a l  d a t a  appear i n  Table 6. 

Visual  observat ion a f t e r  exposure showed t h a t  t h e  samples 

t h a t  had :-pep u l t r a v i o l e t ,  including t h e  clear f i l m s ,  had a 

brownish c a s t ,  whereas those  wrapped i n  aluminum showed no 

c o l o r a t i o n .  Degradation of t h i n  f i l m s ,  7022 and 7024, w a s  

manifested as  a r e f l e c t a n c e  drop throughout t h e  spectrum 

examined, 0.325 t o  2.0 y; t h e  A R h  remained q u i t e  uniform. 

These samples a s  w e l l  as 702.G d i d  n o t  r e v e a l  t h e  c h a r a c t e r i s t i c  

s t rong  i n f r a r e d  absorp t ion  seen he re to fo re  f o r  si l icates.  I n  

t h e  case of 7023,  which opac i f i ed  during t h e  test, t h i s  

abso rp t ion  i n  t h e  range 1 . 4  t o  2 . 0 ~  was revea led .  Further-  

more, t h e  v i s i b l e  r e f l e c t a n c e  improved due t o  t h e  o p a c i f i c a t i o n .  

Sample 7025 exh ib i t ed  degradat ion s i m i l a r  t o  t h a t  f o r  t h e  

aforementioned 7 1  and PS7. 

t 

Both t h e  L; -mi l  samples s h e l t e r e d  from u l t r a v i o l e t ,  7027 

and 7029, bene f i t ed  from t h e  opac i f i ca t ion  a f forded  by t h e  

vacuum, i . e . ,  t h e  c r e a t i o n  of voids t o  g ive  l i g h t  s c a t t e r i n g .  

Sample 7028 showed v i r t u a l l y  no  change. 

I I T  R E S E A R C H  I N S T I T U T E  
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D,  Discussion and Conclusions 

W e  have i n  r e a l i t y  a dilemma; pigments with low s o l a r  

absorptance va lues  are i n  genera l  less s t a b l e  than those  with 

high va lues .  Although w e  hope t o  explore  and f u r t h e r  e l u c i d a t e  

t h e  reason f o r  t h i s  dilemma -- whether it i s  indeed an i n t r i n s i c  

material l i m i t a t i o n ,  o r  whether t h e  problem has  simply n o t  

been adequately def ined ,  The guiding idea  i s  t o  determine 

whether absorptance i n c r e a s e s  a r e  d i r e c t l y  o r  i n d i r e c t l y  due 

t o  u l t r a v i o l e t  i r r ad ia t ion . ,  

I n  conclusion,  it has  been shown t h a t :  

H e a t  t rea tment  enhances t h e  i n i t i a l  r e f l e c t a n c e  

of pigment powders and, f o r  most pigments, i m -  

proves t h e  ultraviolet-vacuum r e s i s t a n c e  a s  

w e l l ,  Magnesium aluminate-spinel and z inc  

t i tanate-potassium s i l i ca t e  coa t ings  exh ib i t ed  

poorer u l t r a v i o l e t  r e s i s t a n c e  a f t e r  h e a t  t reat-  

men. t - 
Chemical t r e a t m e n t ,  such as  a c i d  washing, has  

been found t o  improve r e s i s t a n c e  t o  u l t r a v i o l e t  

r a d i a t i o n  i n  vacuum. 

Zinc t i tanate-potassium s i l i c a t e  p a i n t s  appeared 

r e l a t i v e l y  s t a b l e  i n  700 -ESH exposure tests,  

A s o l a r  absorptance of 0 . 1 2  has  been achieved 

with a z inc  t i tanate-potassium s i l ica te  p a i n t .  

I I T  R E S E A R C H  I N S T I T U T E  
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( 4 )  Severe damage, as manifested i n  as, w a s  e x h i b i t e d  

by barium s u l f a t e ,  z i r c o n i a ,  dysprosium ox ide ,  

l i t h i u m  aluminum s i l ica te  ( L i t h a f r a x )  and 

zirconium s p i n e l  when i r rad ia ted  a s  powders for 

230 ESH ( l i s ted  i n  dec reas ing  v a l u e  of Ass). 
(5 )  C l e a r  s i l i ca t e  f i l m s  degrade b u t  t o  a lesser 

e x t e n t  than  opaque potassium s i l ica te  f i l m s  

( o p a c i f i e d  by d i s c o n t i n u i t i e s  i n t roduced  i n  

c u r i n g  t h e  f i l m ,  r e s u l t i n g  i n  l i g h t - s c a t t e r i n g  

centers j . 
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I V ,  METHYL SILICONE PHOTClLYSIS STYDIES 

A. In t roduc t ion  

The u l t i m a t e  o b j e c t i v e  of t h i s  p o r t i o n  of t h e  program 

i s  t h e  s y n t h e s i s  of s i l i c o n e  polymers t h a t  a r e  t o t a l l y  r e s i s t a n t  

t o  s o l a r  r a d i a t i o n ,  The immediate o b j e c t i v e s  a r e  (1) t o  

determine t h e  inhe ren t  s t a b i l i t y  of t h e  b a s i c  Si-0 backbone 

s t r u c t u r e  i n  s i l i c o n e  polymers , (21 t o  d i scover  ( empi r i ca l ly )  

which s i i iechain or s u b s t i t u e n t  groups improve s t a b i l i t y  and 

which do n o t ,  ( 3 )  t o  determine t h e  photomechanics of u l t r a v i o l e t  

r a d i a t i o n  degradat ion processes  ( 4 )  t o  assess t h e  in f luence  

of contamination on pho to lys i s  processes  and t o  i d e n t i f y  

h o s e  contaminants o r  fo re ign  substances t h a t  promote or  o ther -  

w i s e  a f f e c t  polymer degradat ion,  and (5)  t o  ob ta in  q u a n t i t a t i v e  

information regard ing  absorptance degradat ion of polymer 

materials,  

f 

I n  a t tempt ing  t o  keep up-to-date with developments i n  

s i l i c o n e  chemistry,  w e  maintain a cons t an t  s u r v e i l l a n c e  of 

t h e  l i t e r a t u r e ,  

ber of abstracts ,  documents, r e p o r t s ,  etc. ,  t h a t  r e l a t e  t h e  

e f f e c t s  of r a d i a t i o n  on s i l i c o n e  m a t e r i a l s ,  By f a r ,  t h e  major- 

i t y  of t h e s e  d a t a  p e r t a i n  t o  high-energy ( g a m a )  r a d i a t i o n  

e f f e c t s ,  This information i s  nonetheless  u se fu l ;  many of t h e  

r e p o r t s ,  etc,  , d e a l  with t h e  production of c o l o r  centers and 

f r e e  r a d i c a l s ,  The important  notion i s  t h a t  t h e  l a t t e r  are 

I n  so doing, w e  have scanned a very l a r g e  nun- 

1 
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produced by u l t r a v i o l e t  r a d i a t i o n  a s  w e l l .  The l i t e r a t u r e  

g ives  us  many q u a l i t a t i v e  i d e a s  about what t o  look f o r  and 

what t o  expect  when w e  expose our materials t o  u l t r a v i o l e t  

r a d i a t i o n .  An important  no t ion  i s  t h a t  t h e  p r o p e r t i e s  and 

behavior of t h e  c o l o r  c e n t e r s  a r e  un re l a t ed  t o  t h e  aqency 

t h a t  c r e a t e d  them. 

B.  Po lys i loxane  Pho to lys i s  

The va r ious  r a d i a t i o n  processes ( p h o t o l y t i c  , gamma r a y ,  

o r  e l e c t r o n )  cause d e f i n i t e  changes i n  organic  m a t e r i a l s .  

These chemicz.1, and consequently phys ica l ,  changes t h a t  occur 

depend on t h e  surrounding environment a t  any given dose l e v e l .  
1 

The surrounding environment i s  considered t o  be temperature ,  

type  of g a s ,  o the r  r e a c t i v e  spec ies  p r e s e n t ,  p r e s s u r e ,  etc. 

I n  polymeric systems t h e  degradat ive changes g e n e r a l l y  w i l l  

be c h a r a c t e r i z e d  by gas  evolu t ion ,  c o l o r  formation,  chain 

s c i s s i o n ,  c ros s - l i nk ing  (cha in  s c i s s i o n  and recombination) , 
and v a r i o u s  ox ida t ive  changes ( i f  oxygen i s  p r e s e n t ) .  These 

deg rada t ive  processes  r e s u l t  f r o m  t h e  r e a c t i o n s  of va r ious  

f r e e  r a d i c a l s  and i o n i c  species formed i n  t h e  polymer a s  a 

r e s u l t  of t h e  r a d i a t i o n  processes .  The .:ariation i n  t h e  

type  and amount of t h e  p a r t i c u l a r  degrada t ive  change w i l l  

depend on t h e  immediate environmental condi t ions .  

A l m o s t  t h e  e n t i r e  recorded l i t e r a t u r e  on r a d i a t i o n  e f f e c t s  

i s  concerned with qamma-ray and e l e c t r o n  i r r a d i a t i o n ,  e s p e c i a l l y  
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with r e s p e c t  t o  hydrocarbon polymers, I n  t h e  work with poly- 

s i l o x a n e s ,  numberous d iscrepancies  have been noted. This ,  

poss ib ly  may be due t o  t h e  type of i r r a d i a t i o n  as  w e l l  a s  t o  

t h e  t o t a l  dose, 

specula ted  t h a t  phenyl-containing s i loxanes  a r e  more s e n s i t i v e  

t o  neutron damage than t o  qamma rays ,  Another poss ib l e  cause 

of discrepancy may be t h e  s i l i c o n e  atom i t s e l f ,  Since it 

has  an a d d i t i o n a l  s h e l l  of e l e c t r o n s ,  i t s  r e a c t i o n s  cannot be 

r e l a t e d  t o  those  of t h e  much more f a m i l i a r  carbon atom. 

S i l i c o n  i s  n o t  merely a f a t  carbon atom and i t s  r e a c t i o n s  many 

tires, a re  i n  s t r i k i n g  c o n t r a s t  t o  a hydrocarbon system. 

Another discrepancy may be caused by d i f f e r e n c e s  i n  end-blocking 

of t h e  polysi loxane,  

( -0 -S i -OH) ;  i n  another  t h e r e  may be v a r i a t i o n s  i n  t h e  endblocking 

( i o e o ,  - O - S i r R 3 ,  where R may be a l l  a l i p h a t i c  o r  p a r t i a l l y  

aromatic)  

For example, Zack and coworkers’ have 

b 

I n  one case, t h e r e  may be no endblocking 

I t  should be emphasized a t  t h i s  p o i n t  t h a t ,  i n  t h e  l i tera-  

t u r e  surveyed, r a d i a t i o n  pro tec t ion  i s  synonymous with p r o t e c t i o n  

from c ross - l ink ing  r e a c t i o n s ,  The o p t i c a l  p r o p e r t i e s  of t h e  

1 

H. A- Dewhurst and L o  E ,  S t ,  Pierre, J, Physo Chem., 64, 
1063 (1960) 
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polys i loxanes  have been r e l a t i v e l y  ignored,  Thus, w e  f i n d  

t h a t  a l though aromatic groups confer r a d i a t i o n  p r o t e c t i o n ,  

only r a r e  mention i s  made of t h e i r  color-forming p r o p e n s i t i e s ,  

I n  t h e  previous Triannual  Report (Report N o ,  IITRI-C6014- 

13,  J u l y  2 0 ,  1964) documentation w a s  presented t o  show t h a t  

trapped free r a d i c a l s  a r e  d i r e c t l y  r e l a t e d  t o  t h e  formation 

of c o l o r  c e n t e r s ,  I n  a d d i t i o n ,  t he  work of Ormerod and 
5 Charlesby was quoted t o  show t h a t ,  from t h e i r  qamma i r r a d i a -  

t i o n  of unblocked l i n e a r  polydimethylsiloxane, an i o n i c  cross- 

l i n k i n g  mechanism took p l a c e  a t  -196OC.and s t a b l e  f r e e  r a d i c a l s  

could be obtained i n  vinyl-containing polys i loxanes  a t  room 
1 

temperature,  Thus, a f r ee - r ad ica l  mechanism appeared t o  pre- 

dominate a t  higher  temperatures ,  and an i o n i c  mechanism pre- 

dominated a t  very l o w  temperatures,  I n  a somewhat l a te r  

paper ,  Charlesby and G a r r a t t  * added small  arr,our,ts of anthracene 

t o  t h e  dimethyls i loxane polymer and found no p r o t e c t i o n  a g a i n s t  

c ros s - l i nk ing ,  

l i n k i n g  than could be explained in t e r in s  of r a d i c a l  combination -- 

which i s  needed t o  exp la in  t h e  r e s u l t s  with anthracene,  Benzo- 

phenone af forded  c ross - l ink ing  p ro tec t ion ,  b u t  from t h e  l a c k  

Su l fu r  gave more p r o t e c t i o n  a g a i n s t  c ross -  

~- ~ _ _ -  

&I, G o  Ormerod and A, Charlesby, Polymer, A ,  459 (1963).  

A, Charlesby and P o  G ,  G a r r a t t ,  Proc,  Roy Soc, (London) , 
3 

I 2 7 3 A ,  117 (1963) 
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of dose i n t e n s i t y  dependence with anthracene combined with 

t h e  r e s u l t s  obtained wi th  t h e  o ther  a d d i t i v e s ,  they  concluded, 

it was necessary t o  modify some p resen t  views on c ross - l ink ing .  

They proposed a d i f f e r e n t  mechanism with each of t h e  a d d i t i v e s .  

Miller, by us ing  e l e c t r o n  r a d i a t i o n ,  had previous ly  

r epor t ed  t h a t  benzene and t e t r a l i n  both  suppressed c ross - l ink-  

i ng  i n  polydimethylsiloxane o i l s ,  wi th t h e  suppression a func- 

t i o n  of added aromatic ,  

work on t r i m e t h y l s i l y l  endblocked polydimethylsiloxane and 

c 

I n  a l a t e r  paper ,  Miller ii r epor t ed  

b on d iphenylmethyls i ly l  endblocked polyphenylmethylsiloxane. 

H e  concluded t h a t  t h e  r a d i a t i o n  s t a b i l i t y  depends not  on ly  on 

t o t a l  aromatic  con ten t  b u t  a l s o  on t h e  types  and p o s i t i o n s  of 

t h e  aromatic  s u b s t i t u t e n t s ,  Thus, conjugated aromatic sub- 

s t i t u e n t s  (e .g . ,  b iphenylyl  and ;?aphthyl) confer  a g r e a t e r  

s t a b i l i t y  than a s i n g l e  phenyl group, I n  a d d i t i o n ,  t h e  aromatic 

group i s  most e f f e c t i v e  when it i s  a t t a c h e d  t o  t h e  same S i  

atom as t h e  r a d i a t i o n - s e n s i t i v e  methyl group; t h e  s t a b i l i z i n g  

e f f e c t  of an  aromatic group could n o t  be e f f e c t i v e l y  t r ansmi t t ed  

t o  a methyl group on a d i f f e r e n t  S i  a t a m ,  

’ 
6 

A, A.  M i l l e r ,  J, mer, Chem, Soc, 83, 31 (1961). 

A, A B  M i l l e r ,  I ,  6: E . C I , :  Prod? R e s ,  &L Dev., 2 5 2  (1964). 
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7 However, Koike and Danno by using gamma rays, reported 

that in polydimethyldiphenylsiloxane the protective effect of 

the phenyl group may extend over 5 or 6 neighboring units of 

dimethylsiloxane, Later Koike * independently agreed with 
the work of Ormerod and Charlesby 3 by concluding that below 

-1OOOC the cross-linking of polydimethylsiloxane was due to 

non-radical processes, In contrast, cross-linking in poly- 

dimethyldiphenylsiloxane was temperature dependent and due to 

radical processes. They attempted to relate cross-linking to 

molecular motion of the group attached to the Si atom. Their 

polymer was not end-blocked, 

C ,  Synthesis of Linear Polydimethylsiloxane 

A linear, low-molecular-weight polymer was :>‘repared by 

standard techniques but with the scrupulous avoidance of any 

aromatic contamination, 
9 

1, Octamethylcyclotetrasiloxane 

A 2-liter 3-neck flask was assembled with a thermometer, 

stirrer, condenser, and an adding funnel protected with a drying 

1-1. Koike and A. Dznno, J. Phys, SOC, Japan, l.5, 1501 (1960) 

W. Patrode and D, F, Wilcock, J. Am. Chem, SOC., 63, 35s 
(1946). 
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w a s  tube ,  

employed f o r  t r a n s f e r r i n g  400 m l  of d ich lorodimethyls i lane  

(Union Carbide Corporation) i n  an atmosphere of p r e p u r i f i e d  

n i t rogen  t o  t h e  adding funnel ,  The s i l a n e  was added as  

r a p i d l y  a s  dropwise add i t ion  would permit  t o  1200 m l  of w a t e r ,  

which had been previous ly  charged i n t o  t h e  f l a s k ,  With t h e  

i n t e r m i t t e n t  a p p l i c a t i o n  of an ice b a t h ,  t h e  temperature w a s  

maintained a t  15 t o  2OoC throughout t h e  vigorously s t i r r e d  

a d d i t i o n ,  The nonaqueous phase w a s  e x t r a c t e d  with 300 m l  of 

d i e t h y l  e h t e r ,  washed w i t h  water u n t i l  i-iectral, and drigd 

By using a syr inge ,  t h e  p l a s t i c  bag technique 10 

over sodium s u l f a t e ,  A f t e r  f i l t r a t i o n ,  t h e  so lven t  w a s  re- 

moved on a r o t a t i n g  evaporator  (Rinco), and the  r e s i d u e  (- 250 m l )  

was d i s t i l l e d  r a p i d l y  through a 6 x 3/4 i n  

column, The f r a c t i o n  b o i l i n g  a t  164 t o  17loC/745.5 mm w a s  

c o l l e c t e d  and weighed (123 g> 

i n s u l a t e d  Vigreaux 

This  f r a c t i o n  was then c a r e f u l l y  r e d i s t i l l e d  by us ing  

the  p rev ious ly  descr ibed  appara tus ,  

a t  170,O t o  173,OoC/738,7 mm was c o l l e c t e d  i n  two equal  p a r t s .  

The f r a c t i o n  b o i l i n g  

27.6 - 
Each of t h e  t w o  p a r t s  had an index of r e f r a c t i o n ,  ND - 

1.3932, This  va lue  i s  i n  essent ia l  agreement wi th  t h a t  

L, U, Berman, I I T  Research I n s t i t u t e ,  unpublished d e s c r i p t i o n .  10 
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r epor t ed  by Hunter and t h e  b o i l i n g  p o i n t  repor ted  879 is 

t h e  s a m e ,  A t o t a l  of 81 g of t h e  c y c l i c  te t ramer  was obtained.  
9 

2 Linear  Polydimethylsiloxane (by c a t a l y t i c  rearranqement 

I n t o  a 250 m l  g , s ,  Pyrex b o t t l e  was charged 52 m l  of t h e  

c y c l i c  tetramer (octamethylcyclotetrasiloxane) , 25 m l  d i e t h y l  

ether, and 9 - 6  m l  of conc, s u l f u r i c  acid. The s topper  was secured 

by w i r e  and t h e  b o t t l e  allowed t o  shake i n  a Eberbach shaking 

machine for 24 h r  a t  ambient room temperature,  A f t e r  t h i s  

t i m e ,  the thick mass w a s  d i l u t e d  with 50 m l  of d i e t h y l  ether, 

25 m l  of water w a s  added and the bo t t le  w a s  shaken f o r  1 hr .  

The s o l v e n t  was separa ted  and washed with three 10-ml p o r t i o n s  

of water ,  The s t i l l - a c i d  so lvent  l a y e r  w a s  d i l u t e d  a l i t t l e  

f u r t h e r  with ether and  dr ied over s o l i d ,  anhydrous potassium 

carbonate ,  

The f i l t r a t e  w a s  placed on a r o t a t i n g  evaporator  t o  re- 

move t h e  s o l v e n t ,  and t h e  res idue  was d i s t i l l e d  through a long 

C l a i s e n  adaptor  by using a Woods' m e t a l  hea t ing  bath. A t  

s t i l l -po t  temperatures  up t o  36OoC, a f e w  m i l l i l i t e r s  of 

l i q u i d  d i s t i l l e d  a t  temperatures up t o  117OC. The r e s i d u e  was 

allowed t o  cool  i n  an atmosphere of p r e p u r i f i e d  n i t rogen .  

1 1  
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T h e  molecular weight of t h e  r e s i d u e  averaged 3,030 by 

Me chr  o lab vapor p re s su re  osmometer de t e r m i  na ti on e 

Analysis  12,  Found: H, 7.77, 8-09: C, 31,90, 31.84: 

S i ,  34,59, 34.89, Calcd, f o r  (CH3I2SiO; H ,  8.16; C, 32.38; 

S i  37,86, 

The absorp t ion  spectrum of t h i s  polymer ( i n  i sooc tane)  

was better than 98% t r a n s p a r e n t  from 4,000 t o  less than 1900 A. 

T h e  CH3:Si r a t i o  was c lose  t o  the  theoretical  va lue  

of 2 ,  A t  the  p re s su res  required f o r  pho to lys i s  and a t  room 

temperature ,  about 1 0  t o  15% of the polymer d i s t i l l e d  over 

a 16-hr pe r iod ,  

D o  Discussion and Conclusions 

A s  p rev ious ly  noted,  chain s c i s s i o n  and c o l o r  fo rma t ion  

a r e  i n t e r r e l a t e d  i n  t h e  s e n s e  t h a t  t h e  former i s  one precursor  

of t he  l a t t e r ,  Aromatic contamination iita:! a c t  a s  energy traps 

and  s t o r e  energy f o r  r e l a t i v e l y  long per iods  of t i m e .  Through 

such i n s i d i o u s  mechanisms a s  energy t r a n s f e r  and pho tosens i t i z -  

a t i o n ,  i n  which t h e  energy donor i s  n o t  damaged, i n f i n i t e s i m a l l y  

small  amounts of aromatic contaminants can g ive  r ise t o  in -  

o r d i n a t e l y  l a r g e  d e l e t e r i o u s  e f f e c t s .  However, t h e  exac t  

~~ ~ ~~~~ 

Schwarzkopf Analy t ica l  Labs,, Woodside,N.Y. 12 
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effects of very low a romat i c i ty  have n o t  been thoroughly 

i n v e s t i g a t e d  

I n  t h e  preceding s e c t i o n ,  the  s y n t h e s i s  of a l i n e a r  

polydimethyls i loxane was descr ibed,  I t s  absorp t ion  spectrum 

showed it t o  be more than 9@h t r anspa ren t  from 4000 t o  less 

than 1900 A, 

j u s t  completed and p r e s e n t l y  undergoing check ou t  tests 

( F i g u r e  9 ) .  

w i l l  be i n i t i a t e d  i n  d u p l i c a t e  3 o r  4 mm ou te r  diameter 

S u p r a s i l  q u a r t z  tubes.  The gases from one w i l l  be analyzed by 

m a s s  spectrometry; t h e  other sample by ESR ( e l e c t r o n  s p i n  

resonance) techniques i n  a t tempts  t o  de te rmine  t h e  n a t u r e  and 

extent  of free r a d i c a l  formation. 

This polymer w i l l  be i r r a d i a t e d  i n  t h e  appara tus  

The u l t rav io le t - induced  p h o t o l y t i c  degrada t ion  

ESR techniques have been employed f o r  t h e  d e t e c t i o n  of 

trapped free r a d i c a l s  i n  var ious hydrocarbon polymers, 13 

Its a p p l i c a t i o n  t o  s i l oxane  polymers i s  r e l a t i v e l y  r e c e n t ,  1 7 3  

an6 i t s  i n t e r p r e t a t i o n  depends on s e v e r a l  unes tab l i shed  as- 

sumptions, For t h i s  reason,  t h e  ESR d a t a  i s  n o t  d e f i n i t i v e  

a t  p r e s e n t ,  and o the r  comparison d a t a  (gas  evolu t ion  a n a l y s i s ,  

g e l a t i o n  ra te ,  e tc , )  a r e  employed i n  conjunct ion.  I n  our  

workk, t he  u n i r r a d i a t e d  polymer w i l l  be used as a r e f e r e n c e  

~ 

C. K, J e n ,  "Formation and Trapping of Free Rad ica l s , "  
Bass and Broida,  Ed i to r s ,  Chapter 7 ,  Academic Press, 
N e w  Yor, 1960, 

13 
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in order to interpret the data obtained, 

The solution of the major problems in the successful 

design of a completely stable polymethylsiloxane must proceed 

from the synthesis and study of well-characterized polymers 

to the study of ultraviolet degradation mechanisms - 

mechanisms that are a function of chemical composition and 

structure of the polymer, of the nature, type and quantity of 

contaminant(s), and of such environmental parameters as oxygen 

pressure, and sample temperature, That each of these factors 

rAuya  -1 = T I C  a p a r t  in the photolytic degradation mechanisms of 

silicone polymers has been conclusively established,, 

important each is remains to be seen, 

How 
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APPENDIX 

PATENT LITERATURE REVIEW 

A,  General Information 

U o S o  P a t e n t  No, 3,033,807 i s  concerned with co lo r ing  

organopolysiloxanes with iod ine  and va r ious  metal  o c t o a t e s  

and naphthenates,  By adding the  m e t a l l i c  s a l t  t o  t h e  organo- 

polysi loxane and i o d i n e ,  a color  w a s  ob ta ined  t h a t  w a s  d i f -  

f e r e n t  from t h e  magenta caused by t h e  iod ine .  

a d d i t i o n  of another  m e t a l  s a l t  t o  t h e  new colored m a t e r i a l s  

Subsequent 

r e s u l t s  i n  another  c o l o r  change, What i s  important  h e r e  i s  

t h a t  a po lys i loxanol  r e s i n  ( furn ished  by General E lec t r ic )  

con ta ins  e t h y l  s i l i c a t e  t o  allow low-temperature cur ing.  The 

r e s i n  was n o t  i d e n t i f i e d ,  I n  another example t h e  gum base 

used by G e n e r a l  E lec t r ic  f o r  i t s  RTV-40, -60, e tc ,  , rubber 

compound was mixed wi th  a s m a l l  amount of Ethyl  S i l ica te  40 ,  

a Carbide and Carbon Chemicals Corporation product ,  and d i b u t y l  

t i n  d i l a u r a t e  t o  f a c i l i t a t e  curing,, 

s i l i ca t e  i s  p r e s e n t  i n  t h e  i ron  oxide-pigmented commercial 

RTV-60, b u t  i t s  presence i s  suspected s i n c e  t h e  m a t e r i a l  slowly 

s o l i d i f i e d  with t i m e  and h e a t ,  

I t  i s  n o t  known i f  e t h y l  

The p a t e n t  f u r t h e r  s t a t e s ,  f o r  organopolysiloxanes cu rab le  

a t  room tempera ture ,  an organic s i l i c a t e  c o c a t a l y s t  i s  gene ra l ly  

used with t h e  m e t a l l i c  s a l t  of a c a r b o l i c  a c i d ,  Polye thyl  
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silicate, (C2H504) Si, is the preferred cocatalyst, 

U o S o  Patent Noo 3,070,566 refers to room temperature- 

vulcanizing elastomers that consist of a mixture of linear 

diorganosiloxane polymers selected from (1) mixtures of 

hydroxy end-blocked diorganosiloxane and (2) diorganosiloxane 

polymers with both triorganosilyl end-blocking and hydroxy 

end-blocking, cross-linking agent, and catalyst, The catalyst 

is selected from the group consisting of acetic acid, dibuty- 

lamine? chloroplatinic acid, lead octoate, zirconium acetyl 

acetonate, tin oieate, t e t r a e t h y l .  Izad, d i b ~ t y l  tin dilaurate, 

dibutyl tin dimaleinate, dibuty tin diacetate, tin ricinoleate, 

cobalt naphthenate, chromium acetyl acetonate, phenyl mercury 

acetate, triethanolamine, polyethylene-imine, boric acid, and 

oleic acid, The cross-linking agents can be alkyl orthosilicates, 

alkyl polysilicates, and organohydrogensiloxanes. For example, 

ethylorthosilicate, methylorthosilicate, ethyl polysilicate, 

and propylsilicate are operable cross-linking agents. The 

triorganosilyl end-blocked polymer is chemically tied into the 

hydroxy end-blocked polymer by the cross-linking reaction. 

The Si-0 bonds in the siloxane polymers in the mixture are 

probably split and recondensed under the influence of the 

cross-linking catalyst, 

on this explanation.) 

(The patentability is not dependent 
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U o  So P a t e n t  No, 2,449,572 r e l a t e s  t h e  in f luence  of 

s o l u b l e  metal  s a l t s  of organic  ac ids  on t h e  cur ing  of poly- 

s i l oxane  r e s i n s ,  R polysi loxane r e s i n  was prepared by hydroly- 

s is  and condensation of a m i x t u r e  of 90% methyl t r i c h l o r o s i l a n e  

and 10% dimethyl d i ch lo ros i l ane ,  Toluene and butanol  s o l u t i o n s  

of t h e  r e s i n  w e r e  heated i n  b o i l i n g  water under r e f l u x  con- 

d i t i o n s  with known amounts of so luble  m e t a l  naphthenates,  

Ge l l ing  t i m e s  ranged from 1 m i n  t o  18 h r ,  whereas (with no 

c a t a l y s t )  s e v e r a l  days hea t ing  w e r e  r equ i r ed  t o  a t t a i n  t h e  

s a m e  degree of cu re ,  'U',S, P a t e n t  No, 3,033 m7 refers to t h i s  

p a t e n t  i n  t h e  d i scuss ion  of t h e  advantage of a c a t a l y s t  ( e t h y l  

p o l y s i l i c a t e )  t o  enable  r e l a t i v e l y  r a p i d  room-temperature cur ing .  

This e a r l y  p a t e n t  (August 1944) i s  used as a r e fe rence  p a t e n t  

on many of t h e  more r e c e n t l y  granted p a t e n t s ,  The p a t e n t  

f u r t h e r  s t a t e s  t h a t  t h e  s p e c i f i c  e f f e c t  of t h e  so lub le  organic 

acid metal  s a l t  on t h e  cure  of t h e  polys i loxane  r e s i n s  i s  n o t  

f u l l y  understood, Since polysilDxane r e s i n s  are n o t  known 

t o  con ta in  a c t i v e  double bonds o r  o the r  r e a d i l y  ox id i zab le  

groups,  t h e  c a t a l y t i c  e f f e c t  of t h e  metal  s a l t  e v i d e n t l y  does 

n o t  involve  an oxida t ion  r eac t ion ,  However, t hese  m e t a l  s a l t s  

a r e  used as  d r i e r s  i n  drying o i l  compositions,  

7 - " '  

U , S ,  P a t e n t  N o ,  3,032,530 i s  concerned with t h e  pre- 

p a r a t i o n  of polysi loxane gums with t h e  a i d  of s p e c i f i c  isocyan- 

a tes ,  The au thor  s t a t e s  t h a t  t h e  condensation of s i l i c o n -  
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bonded hydroxyls and t h e  rearrangement of Si-0-Si bonds are the  

two primary mechanisms by which s i loxanes  are polymerized i n  

commercial opera t ion .  Weak a c i d s ,  such as acetic a c i d ,  and 

w e a k  a lka l i s ,  such as ammonia or  amines, a c t  exc lus ive ly  a s  

hydroxyl-condensation c a t a l y s t s o  Mate r i a l s  such as s t r o n g  

a c i d s  and bases ac t  as both  condensation and Si-0-Si bond- 

rearrangement c a t a l y s t s ,  Again, t h e  a c t u a l  a c t i o n  of t h e  

c a t a l y s t  i s  n o t  explained,  I n  fact ,  t h e  author  s t a t e s  t h a t  

t h e  p r e c i s e  mechanism f o r  the reac t ion  i s  n o t  apparent  i n  

h i s  p a t e n t  on t h e  a c t i o n  of s p e c i f i c  i socyanates ,  Since t h e  

by-products of t h i s  r e a c t i o n  are carbon d ioxide  and a disub- 

s t i t u t e d  u rea ,  he b e l i e v e s  t h a t  t h e  r e a c t i o n  may occur accord- 

ing  t o  t h e  fol lowing equations: 

2 E S i O H  RNCO > S i O S i  + H 2 0  

H 2 0  + 2FtNCO -> C 0 2  + ( R " ) 2 C 0  

The cu r ing  of General E l e c t r i c  s LTV-602 with c a t a l y s t  

SRC-05 i s  be l ieved  t o  t o  be a hydroxy condensation. I t  i s  

n o t  known whether t h e  water by-product f u r t h e r  r e a c t s  o r  i s  

l o s t  by d i f f u s i o n  and evaporation. I t  i s  a l s o  n o t  known 

whether t h e  LTV-602, a s  suppl ied,  has  a c o c a t a l y s t  o r  c ross -  

l i n k i n g  agent  t o  f a c i l i t a t e  t h e  low-temperature vulcaniza t ion .  
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B Foaminq Compos1 t i o n s  

Three p a t e n t s  ass igned  t o  Dow Corning Corporation have 

been obtained and a r e  reviewed i n  t h i s  s ec t ion .  (A B r i t i s h  

p a t e n t  ass igned  t o  Elidland S i l i cones  L i m i t e d  has  been ordered.) 

U , S ,  Pa t en t  N o .  2,956,032 describes t h e  a d d i t i o n  o f  

s p e c i f i c  m a t e r i a l s  t o  make t h e  r e s u l t a n t  foams f i r e  r e t a r d a n t .  

Without cons ider ing  t h e  f i r e  r e t a r d a n t  a d d i t i v e s ,  t h e  foams a r e  

prepared from (1) a n  organopolysiloxane conta in ing  s i l i c o n -  

bonded OH groups with a v i s c o s i t y  of a t  l e a s t  50 CP a t  25OC 

and. having per s i l i c o n  atom on the  average from 1.9 t o  2 

r a d i c a l s  of t h e  group c o n s i s t i n g  of monovalent hydrocarbon 

r a d i c a l s ,  halogenated monovalent hydrocarbon r a d i c a l s  and 

hydrogen atoms, ( 2 )  up t o  50% by weight based on t h e  weight 

of s i l o x a n e  (1) of a hydroxylated compound selected f r o m  t h e  

group c o n s i s t i n g  of s i l a n o l s ,  low molecular weight hydroxylated 

s i l o x a n e s ,  water,  carboxyl ic  ac ids  and a l coho l s  of less than 

twelve carbon atoms, and (3)  a stannous s a l t  of a carboxyl ic  

a c i d  i n  an amount s u f f i c i e n t  t o  g ive  from 0 . 1  t o  10% by 

weight t i n  based on t h e  weight of s i l oxane  (1). C a t a l y s t s  

i n c l u d e ,  f o r  example, stannous a c e t a t e ,  stannous o l e a t e ,  

s tannous s t e a r a t e ,  stannous l i n o l e a t e ,  stannous naphthenates ,  

s tannous benzoate,  stannous naphthoate,  stannous s u c c i n a t e ,  

s tannous sebaca te ,  stannous l a c t a t e ,  stannous maleate ,  stannous 

c r o t o n a t e ,  stannous s a l i c y l a t e ,  stannous p h t h a l a t e ,  stannous 

mer-Jelate, stannous cinnamate, and t h e  stannous s a l t  of phenyl 
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1 
i 

acetic a c i d ,  

U , S ,  Pa t en t  N o .  3 , 0 7 0 , 5 5 5 i . s e s s e n t i a l l y  t h e  same a s  

N o .  2,956,032, except  t h a t  t h e  f i r e - r e t a r d a n t  a s p e c t  of t h e  

foam i s  omitted.  

U.S, Pa ten t  N o ,  3,024,210 d i scusses  t h e  p repa ra t ion  of 

foam by mixing (1) an organopolysiloxane having per s i l i c o n  

atom on t h e  average of from 1 t o  1-8 organic  r a d i c a l s  of t h e  

group c o n s i s t i n g  of monovalent iqrdrocar-%on r a d i c a l s ,  halo- 

genated monovalent hydrocarbon r a d i c a l s ,  and halophenoxymethyl 

r a d i c a l s ,  a t  l e a s t  1 pe rcen t  by weight of t h e  siloxanz u n i t s  

i n  s a i d  polysi loxane having a t  least  1 hydrogen atom a t t ached  

to  t h e  s i l i c o n  atom the reo f ;  ( 2 )  from 0.001 t o  30% by weight 

based on t h e  weight of s a i d  polysi loxane of a c a t a l y s t  s e l e c t e d  

from the group of qua ternary  ammonium hydroxides,  qua ternary  

ammonium a lkoxides ,  qua ternary  ammonium sal ts  of a l i p h a t i c  

ca rboxy l i c  a c i d s ,  s a i d  a c i d s  having a t  least  5 carbon atoms, 

and q u a t e r a r y  ammonium s a l t s  of s i l a n o l s ;  and (3)  a non-acidic 

hydroxylated compound s e l e c t e d  from t h e  group c o n s i s t i n g  of 

s i l a n o l s ,  water ,  and organic  non-acidic a l c o h o l i c  compounds. 

Of t h e  c a t a l y s t s  known t o  cu re  s i l oxanes ,  t h e  ones mentioned 

i n  t h i s  p a t e n t  a r e  claimed t o  be f a r  supe r io r  t o  any o t h e r s  

f o r  t h e  p repa ra t ion  of room-temperature foams. O f  t h e  

c a t a l y s t s  used i n  t h e  examples, betahydroxyethylbenzyldimethyl- 

ammonium butoxide (20% i n  butanol) w a s  t h e  m o s t  f r equen t ly  
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mentioned. A fourth and optional ingredient that can be 

employed in producing the foams of the disclosure is an 

alkoxy polysilicate. The polysilicate gives improved all 

structure and faster hardening t i m e  at room temperature. 

The chemical abstract for British Patent No. 876,619 

indicates that a hydroxylated poly(dimethylsi1oxane) (1) of 

50 to 1000 cs. viscosity, containing 1 to 75% of an SiH unit 

is mixed with up to 50% of a hydroxylated compound (silanol, 

glycol) and 0.1 to 10% ten carboxylate (stannous octoate) to 

foriii a foam* LulLlpumd P ---A. (1) csil be sither a cspslymer c?r a 

mixture of SiOH and SiH polysiloxanes, 
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