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INTRODUCTION 

The gene ra l  o b j e c t i v e  of  t h i s  r e sea rch  program i s  t o  e v a l u a t e  t h e  

e f f e c t  of d e l i b e r a t e  and known chemical bonding between the  g l a s s  r e in -  

forcement and the  p l a s t i c  m a t r i x  of a g l a s s - r e in fo rced  p l a s t i c  composite 

m a t e r i a l .  

Prev ious  r e p o r t s l J a  descr ibed  s t u d i e s  of  t h e  methods by which sili- 

ceous s u r f a c e s  can be modif ied with o rgan ic  groups t h a t  a r e  bonded t o  

surface-based s i l i c o n  atoms by s i l icon-carbon bonds. These su r face -  

modifying o rgan ic  groups can be chosen f o r  s p e c i f i c  i n t e r a c t i o n  with t h e  

r e s i n  m a t r i x  of t h e  composite m a t e r i a l .  Su r face  mod i f i ca t ion  was accom- 

p l i shed  i n  two s t e p s :  

(1 )  r eac t ive - in t e rmed ia t e  groups such a s  c h l o r i n e  atoms (Cl), 

f l u o r i n e  atoms (F) , o r  alkoxy1 groups (OR) w e r e  bonded t o  

surface-based s i l i c o n  atoms 

(2)  r eac t ive - in t e rmed ia t e  groups were converted t o  su r face -  

modifying o rgan ic  groups by r e a c t i o n  wi th  an organometa l l ic  

compound. 

The o b j e c t i v e s  of t h e  present  phase of t h i s  p r o j e c t  a r e :  f i r s t ,  t o  

e v a l u a t e  the  e f f e c t s  of su r f ace  mod i f i ca t ion  upon a r e a l i s t i c  composite 

m a t e r i a l  (such a s  a filament-wound NOL r i n g  or a woven g l a s s  c l o t h  

l a m i n a t e ) ;  second,  t o  s tudy  optimum c h a r a c t e r i s t i c s  f o r  su r face  modifying 

groups ,  and improved methods f o r  ob ta in ing  them; and l a s t ,  t o  s tudy  methods 

f o r  a p p l i c a t i o n  of s u r f a c e  mod i f i ca t ion  t o  re inforcement  m a t e r i a l s  o t h e r  

t h a n  g l a s s  and s i l i c a .  

Th i s  i s  t h e  second q u a r t e r l y  r e p o r t  f o r  t h e  c u r r e n t  phase of work. 

ID. L .  Chamberlain,  Jr., Summary Technica l  Report No. 1, "A Study of 
11 

Bonding Between Glass  and P l a s t i c  i n  Glass-Reinforced P l a s t i c s ,  Phase I ,  
Con t rac t  NASr-49(14), J u l y  31 ,  1964. 

a D .  L. Chamberlain, J r . ,  Summary Technica l  Report  No. 2 ,  "A Study of 
I t  

Bonding Between Glass  and P l a s t i c  i n  Glass-Reinforced P l a s t i c s ,  Phase 11, 
Cont rac t  NASr-49(14), November 15, 1965. 
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DISCUSSION 

T i m e  
(minutes) 

Rate-of-Chlorinat ion S t u d i e s  

The r a t e  of  formation of surface-based Si-C1 groups must be known t o  

c a r r y  out  a cont inuous t rea tment  process  such a s  i n  the  p repa ra t ion  of 

NOL r i n g  test specimens. 

Rate-of -ch lor ina t ion  s t u d i e s  were c a r r i e d  o u t  on low-iron s i l i c a ,  

u s ing  phosgene (COCl,) a t  50OoC. 

125 t o  16OoC, and a t  a pressure  of less than  t o r r .  The da ta  i n  

Table I r ep resen t  only one de te rmina t ion  a t  each temperature and i n d i c a t e  

t h a t  t he  r a t e  is not  rap id  enough t o  be u s e f u l  i n  a continuous process  

a t  50OoC. 

Samples were degassed f o r  16 hours a t  

Chlor ine  Content 
(micrograms per  gram) 

Table I 

RATE OF CHLORINATION OF LOW-IRON 
SILICA WITH PHOSGENE AT 5OO0C 
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Another method for fol lowing t h e  r a t e  of c h l o r i n a t i o n  or f l u o r i n a t i o n  

of a s i l i c e o u s  su r face  i s  i n f r a r e d  spectrophotometry.  Attempts t o  use 

t h i s  o p t i c a l  t o o l  e a r l y  i n  t h i s  s tudy were not  very f r u i t f u l  because of  

t h e  l a c k  of r e s o l u t i o n  of t h e  broad i n t e n s e  S i - 0  abso rp t ion  band t h a t  

occupies  t h e  reg ion  between 1000 and 1300 c m - l  i n  t h e  usua l  t r ansmiss ion  

spectrum of f i n e l y  d iv ided  s i l i c a .  The Si-C1, S i -F ,  and Si-C s t r e t c h i n g  

f requencies  a l s o  found i n  t h i s  region a r e  e i t h e r  completely or p a r t i a l l y  
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i 
obscured by t h e  S i -0  band. O t h e r  work i n  t h i s  l abora to ry  has  r e s u l t e d  

i n  t h e  development of i n f r a r e d  s p e c t r a l  t echniques  t h a t  permit much 

b e t t e r  r e s o l u t i o n  i n  r eg ions  of i n t ense  absorp t ion .  ( D e t a i l s  of t h i s  

technique  w i l l  be descr ibed  i n  a l a t e r  r epor t  o )  With t h i s  technique one 

may observe t h e  S i -0  s t r e t c h i n g  absorption a s  a s h a r p  wel l -def ined peak. 

T h i s  abso rp t ion  peak is  due t o  t h e  l a t t i c e  Si-0 bonds i n  t h e  bulk of t h e  

m a t e r i a l ,  and w e  have found t h a t  t h e  p o s i t i o n  of t h i s  s h a r p  peak i s  

determined by t h e  environment of the s u r f a c e  S i -0  bonds. I n  t h i s  par- 

t i c u l a r  c a s e ,  t he  replacement of sur face  OH groups wi th  c h l o r i n e  atoms 

r e s u l t s  i n  a s h i f t  i n  t h e  p o s i t i o n  of l a t t i c e  S i -0  abso rp t ion .  This  

po in t  i s  i l l u s t r a t e d  i n  Table I1 by t h e  d a t a  on t h e  c h l o r i n a t i o n  of 

s i l i c a  (Cab-0-Sil) wi th  phosgene a t  50OoC. The Si -0  l a t t i c e  abso rp t ion  

appeared a t  1080 cm-l i n  t h e  o r i g i n a l  s i l i c a .  A f t e r  a r e a c t i o n  t i m e  of 

105 minutes ,  t h e  p o s i t i o n  of t h i s  peak s h i f t e d  11 c m - l  t o  a h ighe r  

f requency of 1091 c m - l .  The hydro lys i s  of t h i s  sample of c h l o r i n a t e d  

s i l i c a  r e s u l t e d  i n  t h e  r e t u r n  of t h e  l a t t i c e  abso rp t ion  t o  1081 c m - l .  

F u r t h e r ,  t h e  OH abso rp t ion  a t  3757 disappeared upon c h l o r i n a t i o n  for 

105 minutes ,  and reappeared a t  3750, i n s t e a d  of  3757, when t h e  Si-OH 

group was regenera ted  by hydro lys i s .  W e  have no exp lana t ion  f o r  t h i s  

d i screpancy  a t  p r e s e n t ,  but it would seem t o  be r e l a t e d  t o  a rear range-  

ment o f  t he  su r face  a s  t h e  OH groups a r e  e i the r  d i sp laced  or regenera ted .  
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Table I1 

EFFECT OF CHLORINATION UPON THE SPECTRUM 
OF FINELY DIVIDED SILICA 

Reagent 

Pho s ge ne 

(COc1,) 

~ 

React i on  
Time 
(min) 

0 

10  

15 

60 

105 

105 
a f t e r  

hydro 1 y s i s 

Halogen 
Concentrat  i o n  

(PPd 

0 
-- 
-- 

1,634 

23,160 

React ive In te rmedia te  S t u d i e s  

I n f r a r e d  
Absorpt ion Bands 

(CM’l) 
OH 

3757 

3757 

3757 

3 757 

absent  

3750 

Si-0 
~ 

1080 

1080 

1081 

1087 

1091 

1081 

Comments 

The OH band 
(Si-OH) grad- 
u a l l y  d isap-  
peared. 

Chlor ide anal-  
y s e s  were run 
a f t e r  4 months 
s to rage  i n  a 
d i s s i c a t o r .  

The OH band 
r e tu rned  a f t e r  
hydro lys i s  of  
t h e  Si-C1. 

Sur face  modi f ica t ion  of high-surface s i l i c a  was s t u d i e d  wi th  two 

r eagen t s  t h a t  may be u s e f u l  i n  the d i a g n o s t i c  s tudy  of bonding mechanisms: 

e thylen imine  , H-! - 6 - H ,  and dodecene ox ide ,  N-C,,H,,-b - 6 - H .  
H H H  

‘N’ ‘0’ 
k 

The imine and the  epoxide r i n g s  should both open,  wi th  proper  c a t a l y s i s ,  

by r e a c t i o n  with su r face  s i l a n o l  groups: 

I 

I 

H H  I 
I 

-Si-OH + H-b - 6-H - -Si-0-CH,-CH,-NH, 

‘I’ 
I 

I F H  ‘0’ I 
I 

-Si-OH + H- - b-R __C -Si-O-CH2- 
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The 2-aminoethyl and 2-hydroxyethyl s i d e  cha ins  provide f u n c t i o n a l  groups 

f o r  r e a c t i o n  wi th  an epoxy r e s i n .  The Si-0-C l inkage  between the  sub- 

s t r a t e  and t h e  organic  group should provide s e n s i t i v i t y  t o  water  and 

o t h e r  r e a c t i v e  agen t s .  

2 

The r e a c t i o n  of low-iron s i l i c a  wi th  ethylenimine ca t a lyzed  by 

boron t r i f  l uo r ide  gave a product which , a f t e r  thorough so lven t  e x t r a c t i o n  

and thorough deso rp t ion ,  contained 210 ppm of  carbon.  Th i s  corresponds 

t o  25  e thylen imine  groups per 100 l a  , from which , assuming complete 

coverage of a v a i l a b l e  S i  atoms with polymeric c h a i n s ,  one may c a l c u l a t e  

an average of 3.4 ethylenimine u n i t s  per cha in .  The degree t o  which 

t h i s  homopolymer i s  chemical ly  bonded i s  not  known, but  i t  was not  re- 

moved by exhaus t ive  e x t r a c t i o n  w i t h  e t h a n o l ,  i n  which t h e  low molecular  

weight polymer i s  s o l u b l e .  However, any conclus ions  based upon t h i s  one 

experiment must  be v e r i f i e d .  

A s i m i l a r  experiment was c a r r i e d  ou t  wi th  l12-epoxydodecane (dodecene 

oxide)  on high-surface s i l i c a  of  196 meter2/gram s p e c i f i c  s u r f a c e .  

thorough washing and deso rp t ion ,  t h e  carbon a n a l y s i s  was 18 , 800 ppm. 

Th i s  value corresponds t o  4 .8  carbon atoms/100 i2 or 0.4 dodecyl groups 

per  100 i 2  (5% coverage) .  

A f t e r  

A 1  kvla  t i o n  S t udie  s 

Chlor ina ted  low-iron s i l i c a  , of 0 .21  meter2/gram s p e c i f i c  su r face  , 
was t r e a t e d  with t h e  appropr i a t e  organometal l ic  reagent  t o  produce sur face-  

modif ied s i l i c a  wi th  f u n c t i o n a l  modifying groups t h a t  would permit 

chemical i n t e r a c t i o n  with a r e s i n  ma t r ix .  I n  the  equa t ions  t o  i l l u s t r a t e  

t h i s  (below) , - k i - C l  r e p r e s e n t s  a s i l i c o n  atom, i n  a s i l i c a  s u r f a c e ,  

bonded t o  t h e  r e a c t i v e  in te rmedia te  c h l o r i n e  atom. 
I 

10-Carboxydecyl groups were produced by us ing  t h e  b i f u n c t i o n a l  

Grignard reagent  from 1 , 10-dibromodecane : 

I I 

I I 
-S i -C 1 + BrMg (CHa) ,MgBr - -S  i - (CH, ) 1 ,MgBr 

I (hydro lys is )  I 
- S ~ - ( C H Z ) ~ , M ~ B ~  + CO, -- -Si-(CHa)lo!-OH 
I I 
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The f i n a l  product ( a f t e r  thorough c leaning)  had a carbon content  o f  

24.7 ppm, which corresponds t o  about 7% replacement of t h e  a v a i l a b l e  
s u r f a c e  hydroxyl groups wi th  -(CHa)Io-C,OH 40 groups.  

A l l y l  groups were produced on s i l i c a  s u r f a c e s  by us ing  t h e  Grignard 

r eagen t .  The a l l y l  group,  u s e f u l  i n  i t s  own r i g h t ,  o f f e r s  p o t e n t i a l  

r o u t e s  f o r  t h e  s y n t h e s i s  of te rmina l  a c i d  and g lyco l  func t ions .  A carbon 

content  of 38 .7  ppm was achieved for a l l y l  groups on low-iron s i l i c a .  

Th i s  corresponds t o  3 .2  a l l y l  groups per  100 H2, or a conversion of 43% 

of t h e  t h e o r e t i c a l  su r f ace  si tes.  

4-Hydroxybutyl modified s i l i c a  should be r e a d i l y  prepared from t h e  

organometa l l ic  reagent  der ived  from t h e  cleavage of t e t r ahydro fu ran  with 

potassium. C e r t a i n  e t h e r s  are r e a d i l y  c leaved by a l k a l i  metals. '  Recent 

d i f f i c u l t i e s  wi th  t h e  use of t e t r ahydro fu ran  i n  t h i s  l abora to ry  ind ica t ed  

t h a t  r i n g  cleavage had occur red ,  and an at tempt  was made t o  c a p i t a l i z e  

on t h i s  otherwise undes i rab le  r e a c t i o n .  The r e a c t i o n  of potassium wi th  

t e t r ahydro fu ran ,  

CH, - CH, 

2 K + I I - K-CH2-CH2-CH2-CH2-OK 

was at tempted s e v e r a l  times. I n  no at tempt  was it poss ib l e  t o  i s o l a t e  

an i d e n t i f i a b l e  product .  

A n a l y t i c a l  S t u d i e s  

The c a p a b i l i t y  t o  q u a n t i t a t i v e l y  analyze s i l i c e o u s  m a t e r i a l  f o r  

surface-bonded organic  s p e c i e s  i s  a must for t h i s  work. To f a c i l i t a t e  

t h i s  c a p a b i l i t y  a Leco Analyzer (Model 516-000) was made a v a i l a b l e  by 

t h e  I n s t i t u t e  f o r  use on t h i s  p r o j e c t .  This  appara tus  is  c u r r e n t l y  being 

completely renovated t o  o b t a i n  maximum accuracy and r e p r o d u c i b i l i t y .  

Th i s  renovat ion  w i l l  be done a t  no expense t o  the p r o j e c t  and should be 

completed dur ing  t h e  next  q u a r t e r .  

~~ ~ ~~~~~ 

'R. G .  Jones  and H. Gilman, Chem. Rev. - 54,  N o .  5 ,  839-40 (1954). 
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D i 1 a tome t e r S t udie  s 
,f ' 

Previous  d i l a tome te r  s tud ies2  were c a r r i e d  out  wi th  polyurethane 

rubbers .  To a c c u r a t e l y  e v a l u a t e  the e f f e c t  of au tohes ion  a s  a bonding 

mechanism, it was necessary t o  use a c a s t a b l e  rubber  t h a t  was compatible 

wi th  hydrocarbon surface-modifying groups.  The PBAN polymer, used f o r  

c a s t a b l e  rubber  p r o p e l l a n t s ,  appeared t o  be the  b e s t  choice f o r  our 

purpose.  This  polymer was formulated with 14.28% DOA ( d i o c t y l  ad ipa te )  , 
17.41% DER-332 (d ig lyc idy l  e t h e r  of B i s  Phenol-A), 3.50% NMA (Nadic 

Methyl Anhydride),  and 64.81% polybutadiene-acrylonitrile copolymer. 

Di la tometer  s t r i p s  were prepared with 55% low-iron s i l i c a .  

The PBAN polymer proved t o  be useless f o r  d i l a tome te r  experiments  

because of a v e r y  low cohesive s t r eng th .  A s  a r e s u l t ,  the  samples 

ruptured  a t  a very low e x t e n s i o n ,  and no u s e f u l  information was obta ined .  

Fi lament  R e  i n f o  rceme n t  S t u d i e s  

The major o b j e c t i v e  of t h i s  phase of t h e  work is  t o  eva lua te  t h e  

e f f e c t  of su r f ace  modi f ica t ion  upon t h e  phys ica l  p r o p e r t i e s  of a g l a s s -  

f i l amen t  r e in fo rced  p l a s t i c .  

Two s y s t e m s  w i l l  be evaluated more o r  less concurren t ly :  NOL r i n g s  

by t h e  i n t e r l a m i n a r  shea r  test  and f a b r i c  lamina tes  (hand lay-up) by the  

ASTM D790-63 f l e x u r a l  t es t .  A l l  equipment f o r  t h i s  t es t  i s  a v a i l a b l e  

except  t h e  ringwinder.  This  apparatus  w i l l  be supp l i ed  as c a p i t a l  

equipment by the  I n s t i t u t e .  

The d e t a i l s  f o r  t h i s  work are  be ing  formulated.  

FUTURE WORK 

Future  work w i l l  be concerned p r imar i ly  wi th  e v a l u a t i o n  s t u d i e s .  

Sur face  mod i f i ca t ion  s t u d i e s  w i l l  be pursued where necessary  t o  support  

t h e  e v a l u a t i o n  program. 
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