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INTRODUCTION 

The purpose of th i s  program is to develop s ter i l izable  e lectronic  

embedment ma te r i a l s  and conformal coatings suitable fo r  use  in an 

aerospace  environment. 

on ea r th  a r e  virtually u s e l e s s  in outer space. 

numerous.  

of space. 

by the recondensation of volatilized gases  on other spacecraf t  components, 

thus causing them to fail. 

susceptible to this type of problem. In some cases ,  commerc ia l  

p repolymers  m a y  be pre t rea ted  under high vacuum to  remove the i r  

volati le f ract ions;  however, t h i s  t reatment  often leaves the materials 

too viscous to  p rocess  into f i r s t  quality composite s t ruc tures .  

Many ma te r i a l s  which a r e  appropriate  for  u se  

Reasons for  this  a r e  

Often the ma te r i a l s  out-gas ser ious ly  under the high vacuum 

This  may  be accompanied by m a t r i x  embri t t lement  as well as 

Condensation type polymers  a r e  especial ly  

Potentially wide tempera ture  var ia t ions in space coupled with 

the need for  heat s ter i l izat ion capability a l s o  l imit  the selection of 

candidate mater ia l s .  

to be -60°C to 150°C. 

ma te r i a l s  become br i t t l e  due to  their high g l a s s  t ransi t ion tempera tures ,  

whereas  a t  the upper tempera ture  many polymers  tend to  degrade, both 

physically and chemically.  This  is especially t rue  of the completely 

aliphatic po lymers  which, incidently, tend to have the bes t  dielectr ic  

p r  ope r t ie  s .  

An appropriate use  tempera ture  range appea r s  

At the lower tempera ture  many polymeric  

The program covered herein includes both tile syiiiheais of iiew 

polymers  and their  evaluation. 

evaluated to any degree  during the cu r ren t  p rogram since they were  

v e r y  extensively screened during the previous year ’s  work. 

commerc ia l  products  such a s  Epon X24 (an epoxy prepolymer)  and 

Adiprene L315 (an isocyanate prepolymer)  were  used extensively as 

s tandards  in the evaluation of newly synthesized amines  o r  polyols, 

r e  spectively. 

Commerc ia l  ma te r i a l s  were  not 

However, 

0 
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S U M M A R Y  A N D  CONCLUSIONS 

Two principal c l a s ses  of polymers were  investigated during the 

course of this  program. 

silicones. 

upon the synthesis of siloxypolyols der ived f rom trimethylolpropane 

and bis(hydroxymethy1) diphenyl ether. These polyols were ult imately to 

be used in preparing siloxyisocyanate prepolymers .  However, they were  

evaluated to a l a rge  extent in urethane formulations made with a stand- 

a r d  commerc ia l  isocyanate prepolymer.  

propane based siloxypolyols demonstrated that permanently stable 

poly01 prepolymers  were  obtained only when the siloxane chains in  

the poly01 were  l imited to a n  average of 2 to 2-lh sil icon atoms. 

sho r t  chain length proved too small to yield good dielectr ic  mater ia l s .  

Siloxypolyols der ived f rom bis(hydroxymethy1) diphenyl e ther ,  however, 

have shown a g r e a t  deal  of promise a s  f a r  a s  their  dielectr ic  proper t ies  

a r e  concerned. 

si loxyurethanes with good physical p roper t ies .  

These include siloxyurethanes and epoxy- 

With the siloxyurethanes the pr incipal  effort  was placed 

A study of the t r imethylol-  

This  

Fur the r  work is needed before they can be made  into 

Resea rch  on epoxysilicones was directed toward the synthesis  of 

bis(  epoxypropoxypheny1)tet l a m e  thyldi siloxane and bi s (epoxypropylphenyl) - 
tetramethyldisiloxane. 

due t o  a n  allylic rear rangement  of the intermediate  allyl phenyl ether.  

With the second of these compounds the synthesis  proceeded successful ly  

a s  far a s  the bisiaiiyiphenyij tetramethyidisiioxane intermediate ,  but 

a t tempts  to epoxidize this  allyl  compound thus f a r  have fai led apparent ly  

due to  an oxidative cleavage of the phenyl si l icon bonds. 

The f i r s t  of these monomers  could not be obtained ’ 

Several  amine cured epoxy r e s ins  were  a l so  investigated, and i t  

was noted that amines  containing N-methylamino groups yield epoxies 

with much improved dielectr ic  propert ies .  

synthesis  of severa l  N-methylaniline formaldehyde te lomer s which w e r e  

found to yield cured  epoxies with excellent dielectr ic  propert ies .  

in  t h i s  a r e a  i s  to be continued. 

This  observation l ed  to the 

Work 

J 
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Most  of the tr imethylolpropane based siloxyurethanes which w e r e  

synthesized had dielectr ic  constants above 4. 5 a t  ambient t empera tu re  

and above 6 .5  at 100°C. It was recognized, however,  that  these  values 

could be markedly reduced i f  the silicone content of the cured polymers  

could be significantly increased.  

of the siloxyurethane investigation this objective has  not yet been 

achieved. 

Although this was a pr incipal  objective 

In contrast  to the tr imethylolpropane based polyols the bis (hydroxy- 

methyl)  diphenyl e ther  based siloxy polyols have been quite promising,  

having exhibited ambient  dielectr ic  constants of 3 . 4 - 3 .  8 and dissipation 

f ac to r s  of 1. 1-1. 2%. 

4 



MATERIALS SYNTHESIS 

DISCUSSION 

Siloxyurethane s 

Various siloxypolyols were  synthesized for  use  in the prepara t ion  

of siloxyurethane polymers .  

namely: 

alkoxysilanes , 
( 3 )  react ions of decanediol with alkoxysilanes and (4) react ions of 

L i s  (hydroxymethy1)diphenyl e ther  with alkoxysilanes.  

These syntheses  fall  into seve ra l  ca tegor ies ,  

(1) reactions of tr imethylolpropane with d i -  and tri-functional 

(2)  reactions of neopentyl glycol with alkoxysilanes,  

Siloxyurethanes have been investigated in this  program because 

they can theoretically be designed to have dielectr ic  proper t ies  com-  

parable  to the s i l icones without such disadvantages of s i l icones as 

poor  adhesion, s eve re  outgassing in  high vacuum, etc.  To accomplish 

th i s  objective, i t  has  become apparent that  the siloxane moiet ies  of the 

si loxyurethanes should constitute the m a j o r  portion of the polymer.  

With the tr imethylolpropane -based siloxypolyols , i t  has  been concluded 

tha t  llnl' in the following i l lustration should probably be eight to ten 

i f  the poly01 i s  to  be cured with conventional isocyanate monomers  

such  a s  tolylene diisocyanate o r  diphenylmethanediisocyanate. 

CH,OH / C H 3 \  CHZOH 
I 

Polyols of this type w e r e  prepared  by the reaction of t r imethylol-  

propane with dime thyldie thoxy silane, diethoxyte tramethyldisil'oxane , 
die thoxyhexame thylt r isi loxane , and diethoxyoc tame thy l tetrasiloxane. 

The generalized react ions a r e  i l lustrated below. 

5 



CH3 I 
C2H50  -Si  - OC2H5 

I 
CH3 

H t l  H 2 0  

‘zH50 

CH3 

CH3 

Si I I - O):2H5 

1 Ht 
2 C2H5 - C(CH20H13 

CH20H 
I 

CH20H 
I 

CZH5 - C - CH - 0 Si - 0 CH2 - C - C2H5 
I 2 

CH20H I I A H 3  [ CH20H 

These  neopentyl in te rmedia tes  w e r e  selected because  of t he i r  high 
degree  of thermal  stabil i ty and the potential  improvement  in  the 

t h e r m a l  stability of po lymers  der ived f r o m  them.  

or  t r i o l s  could be prepared  by the  react ion of alkoxysiloxanes with 

glycols such a s  ethylene glycol, propylene glycol, o r  hydroxy termi- 

nated polyethers a s  i l iustrated below, 

Although siloxydiols 

H+ CH + ? HOCH- CH-OH -HO-CH, - CH, - 0 - 0 tCH,CH,: 

the aliphatic glycols of this type would yield polyurethanes which would 

tend t o  lack t h e  requis i te  stabil i ty under t h e r m a l  s te r i l i za t ion  conditions. 

Degradation is  l e s s  probable a t  the  s te r i l i za t ion  t e m p e r a t u r e  if 

the glycols,  f r o m  which the hydroxyalkoxysiloxanes a r e  p r e p a r e d ,  a r e  

ei ther  neopentyl glyc ol o r  t r imethylolpropane.  A typical polyurethane 

der ived f rom such a neopentyl glycol based siloxane is i l lus t ra ted  on 

the following page. . 
6 
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Since the carbon atom @ to the siloxy oxygen atom and beta to the 

urethane group contains no hydrogen a toms , thermal  degradation into 

s i lanols  o r  carbamic  acids  followed by subsequent degradation to 

disiloxanes plus water  o r  amines  plus carbon dioxide respect ively,  is 

f a r  l e s s  feasible .  Thermal  rear rangements  can of course occur  a t  

m o r e  ex t reme tempera tures  and thus breakdown mechanisms still 

ex is t .  
In actual prac t ice  the neopentylglycol based siloxypolyols which 

w e r e  studied extensively were  obtained by the reaction of t r imethylol-  

propane with par t ia l ly  hydrolyzed dimethyldiethoxysilane. The silane 

was  hydrolyzed with the theoret ical  amounts of water  required t o  pro-  

duce d i m e r s ,  t r i m e r s ,  etc. as shown below. 

H+ 
C2H50  - Si - 0 - C 2 H 5  + ( n -  1 ) H 2 0  -C 2 5  H - 0 n C 2 H 5  t ( 2 n - 2 ) C 2 H 5 0 H  

I 
C H 3  

However, no attempt was made (in most  c a s e s )  to sepa ra t e  the various 
si?=xane i ao r ; i e ra  froml the hydrolysis  i-i-lij&-ures because it w a s  recog- 

nized that  in  subsequent acid catalyzed react ions with tr imethyolpropane 

the siloxanes would r e -  equilibrate into mixtures  once again. 

quently, efforts w e r e  directed toward the synthesis of s table  homogenous 

equilibrated poly01 mixtures  containing the  maximum silicone content. 

Conse- 

During the cour se  of these  reactions ethanol was removed con- 

t inuously f rom the react ion mixtures  until the  reaction was complete.  

Additional catalyst  was then added to  the reaction mixtures  and heating 

7 



continued until t o t a l  equilibration was achieved. This  subsequent 

s tep  was necessa ry  to minimize the percentage of cyclosiloxanes 

in the siloxy poly01 mixtures  since cylic products a r e  produced 

t o  a much grea te r  extent when diluents ( in  this  ca se  ethanol) a r e  

present  during the polymerizations.  

By this p rocess  a s e r i e s  of siloxypolyols was produced. Of 

th i s  s e r i e s  the only permanently homogeneous poly01 was the one 

derived f rom the disiloxane. 

remained homogeneous for  an extended period of t ime  ( seve ra l  

weeks)  but eventually separated into two phases .  An inf ra - red  

spec t ra  of the disiloxane poly01 is presented in f igure 1. 

The analogous t r is i loxane der ivat ive 

In one experiment  a fractional separa t ion  of the var ious 

diethoxysiloxane i s o m e r s  was c a r r i e d  out and it wa.s found that  

only the disiloxane and t r is i loxane were  capable of producing 

homogeneous s table  polyols. 

t e lomers  always w e r e  inhomogeneous (except a t  150 C),  probably 

due t o  the  presence  of cyclosiloxanes; however ,  they were  capable 

of yielding homogeneous isocyanate prepolymers  when reac ted  

with conventional diisocyanates such a s  tolylene diisocyanate. 

Such a reaction i s  i l lustrated a s  follows: 

Polyols der ived f r o m  the  higher  
0 

C H 2 0 H  
1 

CHZOH 
NCO 

8 



a c 
Id 
a, 
FI 

e 

L 

W 

Y > 

s 

Id 

k a 
3 



In evaluating the var ious siloxypolyols they w e r e  general ly  

reac ted  with monomer ic  diisocyanates o r  with a s tandard isocyanate 

prepolymer.  

w e r e  excessively br i t t l e  or w e r e  poor for  any other r eason  the syn- 

thes i s  of isocyanate prepolymers  was considered t o  be unwarranted 

except where the prepolymer was to  ult imately be  used with a n  ent i re ly  

differ ent poly 01. 

When the  polyurethanes der ived f r o m  these  siloxypolyols 

The major  p rob lem involved in the uti l ization of the  isocyanate  

prepolymers  which w e r e  p repa red  was the i r  high melt ing points 

(>12OoC). Attempts to  formulate  them with other  siloxypolyols w e r e  

unsuccessful,  s ince  at the  isocyanate melting point the react ion mix- 

t u r e s  cured much too rapidly. 

l ikely be obtained f r o m  analogous siloxypolyols i f  the siloxane chains  

w e r e  sufficiently long. P repo lymers  with lower melting points w e r e  

obtained when excess  diisocyanate monomer  remained  in  the prepoly- 

mer. However, this  m e r e l y  lowered the prepolymer  equivalent weight 

and increased  i t s  react ivi ty ,  both fac tors  which w e r e  de t r imenta l  t o  

the preparat ion of homogeneous non-brit t le po lymers .  

Lower melt ing prepolymers  would m o s t  

Another approach to  the synthesis of long chain siloxypolyols 

inv olv e d the at tempt  ed e qui1 ib r a t i on of oc tam e t hyl c yc 1 ot e t r a s il oxan e 

with tr imethylolpropane as i l lustrated below. 

Si 
/ \  

0 0  CHZOH 

CH3 0 0  I I 'CH3 CH20H 

CH3 I I ,CH3 I H 3 P O L  2 '  Si t 2 CzH5 - C - CH20H - HzO 
/si I 

\ /  
Si 
/ \  

CH3 CHJ 
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The fdlowing reactant  ra t ios  were used: 

g No. 

1 

2 
3 

4 

5 

6 
7 

- - Time 

1 Octal 
cyclc 

, silc 

g -- 
26 
20 
13 

a 
14.8 

14.8 

14.8 

iethyl- 
t e t r a -  
xane 
mole 

0.089 
0.068 

0.044 

0.027 
0.050 

0.050 

0.050 

Methanol 

T 3.2 0. 10 

13 

20 
26 

32 

9 .0  
13.5 

la.  o 

0.10 

0. 15 

0. 19 
0.24 

0.07 
0.10  

0. 13  

130 

130 

130 

130 

145 

145 

145 

20 hours  

20 hours  

20 hours  

20 hours  

6 days 

6 days 

6 days 

In the l a t t e r  t h ree  equilibration react ions,  the methanol was  

removed as the equilibration presumably progressed .  

added to pe rmi t  the equilibration to proceed via methoxysiloxane 

intermediates .  

It was initially 

The difficulty of producing l inear  siloxypolyols of the des i r ed  

type can  be at t r ibuted t o  the strong tendency for  cyclosiloxanes t o  

r e t a in  the i r  cyclic configuration a s  well a s  t o  the difficulty of removing 

wa te r  f r o m  the reaction mixture .  

Experiments  have a l so  been c a r r i e d  out a imed a t  the synthesis  

The reaction i s  analogous to of siloxypolyols f r o m  neopentyl glycol. 

that  used f o r  the trimethylolpropane and is i l lustrated below: 

H+ 
CH3 I 

HO - CH2 - C - CH20H + C H 0 -Si - OC2HS HO - CH2 - C - CH2 -0 -Si'- 0 - CH2 - C - CH20H 
I 2 5  I I I I 

CH3 CH3 CH3 CH3 CH3 

The ma jo r  product of this reaction was  the cyclosiloxane 

H3C\ / C H 2 - 0 ,  ,CH3 
C Si 

/ \  
CH3 CH2 - 0  

/ \  
H3C 

11 



Calculated for  Observed,  
percent  1 1H26Si203 

Carbon 50 .20  50. 3 

Hydrogen 9 . 9 5  9. 96 
Silicon 21 .  18 21.20 

This  data ,  a s  wel l  as the hydroxyl equivalent, demonst ra ted  that the 

product  was not the des i r ed  diol but a siloxypolyol having a longer 

si loxane chain. F u r t h e r m o r e ,  i t  explains the incompatibility of the 

product with polar  compounds such as trimethylolpropane and highly 

functional isocyanate prepolymers .  

could not be obtained f rom this siloxypolyol. 

as  catalyst  f o r  this reaction m a y  to a l a rge  extent be responsible  fo r  

the low yield of high molecular  weight product.  

cou r se  very difficult and even t r a c e  quantit ies would catalyze the con- 

tinuous shift in equilibrium as the cyclic byproduct was  removed from 

the reaction mixture .  Acetic ac id  may be the p r e f e r r e d  ca ta lys t  s ince 

i t s  removal  by heat  and vacuum is feasible.  

Sat isfactory 4- rod  t e s t  spec imens  

The phosphoric ac id  used  

Its removal  is of 

In addition to  the siloxypolyols der ived  f r o m  tr imethylolpropane 

and neopentyl glycol, another  type of siloxypolyol has  been synthesized. 

More  specifically,  1,  3-bis(hydroxymethyl)tetramethyldisiloxane h a s  

been prepared  f r o m  tr imethylchlorosi lane by chlorination followed by 

hydrolysis ,  then displacement  of the chlor ine a t o m s  with acetoxy 

groups and subsequent hydrolysis .  

t r a t ed  below and follows the procedure  of R . I .  Akawie [Development 

of Sea ls  and Sealants  f o r  Use at Cryogenic T e m p e r a t u r e s ,  NAS 8-2428, 

June 19631. 

The reac t ion  sequence is i l lus -  

Calculated fo r  

1 2H28Si04 

54.6 

10.6 

10.6 
J 

12 



CH3 I y 3  
hv H2° H3C - Si - C1 f C l 2  - C1-  CH2 - Si - C1 - CICHZ - Si - 0 - Si - C H ~ C ~  

/ I I / 

CH3 CH3 CH3 CH3 

0 
II 

CH30H 0 I I  CH3 I 7H3  

3 
HO - CHZ -Si - 0 - Si CHZOH - CH3 - C -0 -CH2 -Si -0  -Si - CH20 -C - CH 

I I H+ I I 
CH3 CH3 CH3 CH3 

The product of this reaction sequence is to be used in subsequent 

equilibration experiments  directed toward the lengthening of the 

siloxane chain. 

siloxypolyols derived f rom trimethylolpropane have been evaluated. 

Because of the shor tness  of the siloxane chain moiet ies ,  the d ie lec t r ic  

proper t ies  which were  measured w e r e  in no way outstanding. 

Isocyanates prepared f rom mixtures  of th i s  diol  with 

Siloxypolyols have a l so  been p repa red  f rom trimethylolpropane 

and  1, 3, 5-triphenyl- 1, 3, 5 - tr imethoxy-1, 5-dimethyltrisi loxane. 

The  f i r s t  of these was prepared a s  follows: 

CH20H 
I 

CH3 OCH3 CH3 CH20H 

t 
CH20H I 76H5 7 b H 5  C6H5 I CH20H 

I 
C2H5 - C - CH2 -0  -S i  - 0  -S i  - 0 - S i  - 0 - CH - C -CZH5 

I I I I 2 1  
CH20H 3 CH20H CH3 0 CH 

I 

I CH2 

HOCH2 - C - CH20H 
I 

13 



Three  types of cyclic products a r e  a l so  possible f rom this  reaction 

and a r e  i l lustrated below. 

C H  C H  6 5, P / C H 2 y  \ 2 5 CH20H 
I 

I 
CHZOH CH3 0 

/ ‘0-si I ‘ C H  CH2 CH2 

7bH5 7bH5  C H  l 6  5 
Si / CHZ 

C2H5 - C - CHZ -0  - S i  I - 0 - S i  I - 0 - S i  I - CH3 

0 

I CH;b O---CHZ 0 

/ I I 

CH3 ‘C 

4 
Si 

‘gH5 6 5  / 

/ \  
C2H5 CH20H 

HOCH2 - C - CH20H 
I 

0 
I 

0 -Si  - 0  

Si 

‘gH5 I 
’ ‘0 C6H5 I 

‘C 
/ \  

C2H5 CH20H 

In the f i r s t  example no functional hydroxymethyl groups a r e  p re sen t  

and the compound i s  thus use l e s s  in prepar ing  polyurethanes.  Both 

of the other  cyclic reaction products a r e  t r i funct ional  and consequently 

a r e  suitable for  polymer preparat ion.  

of these cyclic products a r e  highly probable as indicated by Stuar t -  

Briegleb molecular models .  

I t  should be noted h e r e  that all 

Syntheses of the above polyols thus had 
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LI 

J 

to  be ca r r i ed  out using a n  excess  of tr imethylolpropane in o rde r  to 

l imit  the formation of the bicyclic intermediate.  In one experiment 

where excess  tr imethylolpropane w a s  not used, the bicyclic compound 

appeared to be the only product. 

Two experiments  were  a l so  c a r r i e d  out using 1, 10-decanediol 

a s  the bas i s  for  a siloxypolyol which would be useful in prepar ing  

isocyanate prepolymer s .  The preparat ions followed the following 

reaction sequence: 

H O f C H 2 ) 1 X I  t CZH50 

A 
CH3 

A t oNc$c - H j C o N H C 0 2 { C H 2 ) 0  
10 

NCO NCO 

The aliphatic charac te r  of the isocyanate prepolymer was sufficiently 
high to yield si loxyurethanes with good dielectr ic  proper t ies .  However, 

during the prepolymer preparat ions,  it became obvious that r e s ins  p r e -  

p a r e d  f r o m  these isocyanates would lack the requisite t he rma l  stability. 

The las t  c l a s s  of siloxypolyols which was investigated and which 

is still under investigation i s  that derived f rom bis(hydroxymethy1)- 

diphenyl oxide. 

diphenyl oxide and mono(hydroxymethy1)diphenyl oxide, but has  an 

equivalent weight corresponding to the bis(hydroxymethy1) homologue. 

S t ruc tu res  of polyols obtained from the reaction of this  diol  with 

d iphenyld iethoxy silane,  phenylt r ie thoxy silane o r  a comb inat ion of both 

a r e  i l lustrated below. 

This  diol  contains sma l l  amounts of tris(hydroxymethy1) 

15 



3) Q- si f o - CH,-Q- o -0- C H ~ O H )  3 

Q 

The first of these  siloxydiols is bifunctional and consequently polymer-  

izes  into a fusible polymer when reac ted  with 3, 3'-dimethyldiphenyl- 

4 ,4 ' -di isocyanate .  In cont ras t ,  compound 3 is too highly functional and 

subsequently r e a c t s  with the above mentioned diisocyanate t o  give a 

cured product before  thorough mixing i s  accomplished. 

and 4 a r e  intermediate  between 1 and 3 in the i r  deg ree  of functionality. 

Both 2 and 4 produced br i t t l e  r e s ins  when r eac t ed  with the dimethyldi- 

phenyldiisocyanate. 

polymer,  compound 2 produced an e l a s tomer  whereas  compound 4 pro-  

duced a tough rigid polymer.  

i t  did cu re  too fast  t o  yield excellent d ie lec t r ic  t e s t  specimens.  

the less  pre l iminary  d ie lec t r ic  t e s t s  have been ex t remely  promising. 

Longer siloxane chain moiet ies  m a y  be r equ i r ed ,  however,  if good 

physical propert ies  a r e  t o  be achieved. Severa l  new bifunctional polyols 

a r e  to  be made containing tetraphenyldisiloxane moiet ies  or  hexaphenyl- 

t r is i loxane moiet ies  and polyfunctionality will be avoided t o  prevent  

excessive rigidity. 

Compounds 2 

However, with Adiprene L-315 isocyanate p re -  

The l a t t e r  looks mos t  promising although 

Never- 

c 
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These la t te r  polyols, as  well a s  the l inear  diol (1) above have an  

advantage over the polyfunctional polyols (2,  3 ,  and 4 )  in that they a r e  

m o r e  likely t o  yield isocyanate prepolymers  which a r e  not excessively 

high melting. 

would, however, have t o  be cured with po1yf;nctional polyols such a s  

the tr imethylolpropane based siloxypolyols previously discussed.  

Linear  isocyanate prepolymers  der ived f rom these  polyols 

If the polyurethanes derived f rom diisocyanate monomers  and 

polyfunctional polyols i l lustrated previously had been sufficiently tough, 

the polyols would be suitable for react ion with a n  excess  of diisocyanate 

monomer to produce useful isocyanate prepolymers .  

be reacted with s tochiometr ic  amounts of additional poly01 a t  the t ime 

they w e r e  to  be used i n  a n  encapsulation p rocess .  

These  could then 

Epoxy sil icones 

Several  in te rmedia tes  required fo r  the ul t imate  synthesis  of epoxy- 

s i l icones have been prepared.  

1, 3 -bis (epoxypropoxypheny1)tetramethyldisiloxane and 1,3-bis(epoxy- 

propylphenyl) tetramethyldisiloxane. 

pounds a r e  i l lustrated below. 

These in te rmedia tes  a r e  p r e c u r s o r s  of 

The s t r u c t u r e s  of these two com- 

CH3 CH3 

I lo\ 
0 

/ \  

2 2 2 - s i - ~ - ~ i -  -O-CH~-CH-CH 
I 

CH3 CH- 
5 

I CH-CH-CH -0- 

1, 3 -bis (epoxypropoxyphenyl) te t ramethyldi  siloxane 

I1 

0 
/ \  

CH2-CH- CH2- 

CH3 CH3 
I I 

-Si-0-Si - 
I I 
CH3 CH3 

0 
/ \  

-CH2-CH-CH2 

1, 3 -b is  (epoxypropylpheny1)te tramethyldisiloxane 
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The synthetic route which was planned for the synthesis  of both 

compounds I and I1 i s  outlined schematically a s  follows. 

0-CH2-CH = CH2 
2 0 - C H  - C H = C H  

2 6 t BrCH2-CH = CH K2C03 ~ 0 
Br acetone Br 

C1 -Si-0-Si-C1 
1 1 
CH3 CH3 

v 

0 
I 

/O\ 
CH -CH-CH2- 

2 

I 

CH2= CH-CH 

C6H5C03H 0 
4 1 

CH2=CH-CH2 cq-$-cH3 - 

B r  MgB r C H 2  - CH = C H 2  CHZ-CH = C H 2  

t e t r a h y d r o  Mg - 0 
B r  -0 B r  furan M g B r  

CH2 = CH -CH2C 1 

0 
/ \  

C H 2  - CH - CHZ 

CH3 -Si -CH3 
I 

CH3 -S i -CH3 
? 

0 
CH2-CH-CH2 

I1 

\ I  
0 

C 6 H 5 C 0 3 H  
a 

I 7 H 3  
C H - 0 - S i - C 1  

2 5  I 1 C H 3  

0 
CH2-CH = C H 2  

CH2-CH = C H 2  

2 
0 

0 
C H  -Si -CH3 

3 1  
0 

C H 3  -Si-CH3 CH3 -Si-CH3 
1 
OC ZH 5 

I H+ 

C H 2  -CH = C H 2  
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In the first of these  two procedures  no problems were  encountered 

in  preparing the p-bromophenyl allyl e the r ;  however, upon disti l lat ion 

about 5- 10  percent  of the compound r ea r r anged  into o-allyl-p-bromophenol 

and completely inhibited the formation of Grignard reagent when the 

p-bromophenyl allyl  e ther  was reacted with magnesium. It thus became 

n e c e s s a r y  to remove the rear ranged  phenol by an alkali  extract ion f r o m  

the unrear ranged  bromophenyl allyl e ther .  

w a s  completed, however, the pwif ied  p-bromophenyl allyl  e ther  failed 

to reac t  vigorously with magnesium even when ethylmagne s ium iodide 

was added to the reaction mixture to se rve  a s  init iator and scavenger .  

It thus appeared that in the highly polar  environment fur ther  a l lyl ic  

r ea r r angemen t  cannot be prevented. 

by the previously reported observation that phenyl allyl  e the r s  r e a r r a n g e  

at  a r a t e  which is largely dependent upon the dipole moment of the medium 

o r  solvent i n  which they a r e  dissolved and Grignard reagents  a r e  of 

cour se  highly polar.  

Even a f t e r  this extraction 

This explanation is substantiated 

Regard less  of the apparent fa i lure  of the Grignard react ion a 

theoret ical  quantity of 1 . 3  -dichlorotetramethyldisiloxane was added to 

the Grignard react ion mixture ,  in t he  event that the Grignard react ion 

had proceeded t o  some extent. After t rea tment  with water  and a f t e r  

removal  of solvent, the high boiling product was recovered  by molecular  

dist i l lat ion.  

tained only 1. 32 percent  Si and thus could not possibly be the des i red  

An elemental  analysis of this  product showed that it con- 

diallyl  compound. 

Resul ts  of these studies suggest that  2 ,  

OH 

Br 

6 - dimethyl - 4 -bromophenol 

should be used in place of p-bromophenol s ince the allyl  e ther  of the 

dimethylbromophenol should not be suscept ible  t o  rear rangement .  

19 



Subs e que nt effort s to pr  epa r e  bi s (allyl oxyphe nyl) t e t r a m e  thyldi s il oxane s 

will therefore  be shifted to  the methylated analogue, namely 

CH3 
CH3 CH3 

CH3 
The dimethylbromophenol required for  this synthesis  has  been p repa red  

by the bromination of 2, 6-dimethylphenol in  water .  Subsequent s teps  in  

the total  synthesis,  however, have not been c a r r i e d  out. 

1, 3 -Dichlorotetramethyldisiloxane used in  the bis(allyloxypheny1)- 

tetramethyldisiloxane synthesis was obtained f r o m  the pa r t i a l  hydrolysis  

of dime thyldichlo r o s ilane 

CH3 I CH3 I CH3 I 
c 1  -S i  - C 1  t H 0 -Cl -S i  - 0  - S i  - c 1  

I I 2 I 
CH3 CH3 CH3 

The f i r s t  five s teps  leading to the ult imate synthesis  of 1 ,3 -  

bis (epoxypropylpheny1)tetramethyldisiloxane (compound 11) have been 

c a r r i e d  out and have produced the compound I, 3-bis(allylphenyl) t e t r a -  

methyldisiloxane. The init ial  Grignard react ion proceeded smoothly in  

e ther  as did the condensation of this  Gr ignard  with a l ly l  chlor ide to yield 

p-bromoallylbenzene. 

when ca r r i ed  out in  e ther  and gave only a fair yield of the allylphenyl- 

magnesium bromide. 

r a the r  than ethyl e ther  the reac t ion  proceeded vigorously and much m o r e  

efficiently. A comparison between the reac t ion  rates of the m e t a  i s o m e r  

and the para  i s o m e r  with magnesium in e t h e r  showed that  the meta- 

bromoallylbenzene reac ted  only sl ightly f a s t e r  and gave a slightly 

improved yield of product. 

compared in tetrahydrofuran. 

The second Gr ignard  react ion was v e r y  slow 

When te t rahydrofuran  w a s  used as the solvent 

React ivi t ies  of the two i s o m e r s  were  not 

After condensation of the allylphenylmagnesium bromide  with 

e thoxydime thy1 chlo r o  s ilane the ethoxy dimethyl  s ilylphenylp r ope ne was 

separa ted  f rom the unreacted silane by disti l lat ion.  Af te r  hydrolysis ,  
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the bis (allylpheny1)tetramethyldisiloxane was isolated by disti l lat ion 

under high vacuum. Elemental  analyses  obtained on products  of the 

var ious experiments  is presented in  Table 1 below 

Table  1 .  Analytical d a t a  f r o m  the preparat ion of 
bi s (allylpheny1)t e t r  amethyldis iloxane. 

F r o m  the above data is is readily apparent  that a high puri ty  product 

can  be obtained in sa t i s fac tory  yield if  the react ions a re  c a r r i e d  out in 

te t rahydrofuran.  

is presented in f igure 2.  

An in f r a red  spec t rum of this compound (C1961-48) 

Having resolved the problem of synthesizing bis (allylpheny1)tetra- 

methyldisiloxane, the final problem was to  epoxidize the  al lyl  groups.  

Experiments  were  ca r r i ed  out using perbenzoic acid a s  the epoxidizing 

agent .  

t e r t -buty l  alcohol and its course  was followed by periodic ana lys i s  of 

a l iquots  of the reaction mixture .  

followed by t i t ra t ion of the l iberated iodine with s tandard sodium thio- 

sulfate  yielded data on the  amount of res idual  peracid.  

t e rmina ted  a f t e r  95 percent  of the perbenzoic acid was consumed. 

typical  r a t e  curve  is shown in figure 3 .  

The react ion was c a r r i e d  out in  a mix tu re  of ch loroform and 

Trea tment  with potassium iodide 

Reactions w e r e  

A 
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Figure  3 .  Rate of epoxidation of bis(allylpheny1)- 
tetramethyldisiloxane. 

Elemental  analyses  of the two high boiling fract ions f r o m  the 

epoxidation reaction gave the following resu l t s :  

P e r  cent 
Si - H - C - 

C 1961-49-2B 7 3 . 8 2  7 . 3 5  2. 60 

C 1961-49-2C 7 3 . 7 9  7 .  2 8  0.10 

Calculated fo r  C H Si 0 66.33 7 . 6 0  14.1 2 2  30 2 3 

F r o m  these analyses  it became quite apparent  that the epoxidation did 

not proceed as des i red .  Fur thermore ,  the v i r tua l  absence of si l icon 

in  the high boiling product indicates that  oxidative cleavage occurred  

between the phenyl groups and silicon a toms of the a l ly l  compound. 

T h e  homo1 og ous bi  s (allylpheny1)t etraphenyldi s il oxane m a y  be m o r  e 

r e s i s t a n t  t o  cleavage under  the  epoxidation conditions and thus war ran t s  

examinat ion. 
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E ~ o x v  Resins 

p, p I - Bi s (epoxypr opoxy ) - 2 ,  2 - diphenylpr L. opane ha s be en reac ted  

with a n  excess  of m-phenylenediamine t o  yield a n  adduct suitable for  

u s e  as an  epoxy curing agent.  The  reac t ion  is  i l lustrated below: 

CH3 

I 
"2 

OH CH, OH 
I 0 -! - '8 -0-CH2-CH-CH2-NH- HZN- -NH-CHZ-CH-CH2-0- 

I 

CH3 

Also prepared  for  u se  as an epoxy curing agent was  the adduct of 

p, p1 -bis(epoxypropoxy) -2,  2 -diphenylpropane with o-aminobenzenethiol. 

This  reaction is i l lustrated a s  follows: 

2 0- / -"H2 SH 
t C H 2 -  CH 

0 
' \  

- C H 2 - 0 -  0-1 - 8 -O-CH2-CH- CH2 

CH3 

OH 
I C H 3  

CH3 

I 
OH 

I 0 -1 -0 -O-CH2-CH-CH 0- S -CH2 - C H - C H 2 - O -  

"2 I 

In both of these react ions a l a rge  excess  of the amine  was  used in o r d e r  

t o  prevent  polymerization. 

monomers  were  removed by s team dis t i l la t ion and the wa te r  was  

Upon completion of the  reac t ions  exce S S  
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removed by heat  and vacuum. 

o-aminobenzenethiol two m o d e s  of addition a r e  actually possible;  how- 

e v e r ,  since the aminobenzenethiol can exist  a s  a zwitterion, it is quite 

probable that much of the addition occurs  a s  i l lustrated.  To  some  extent, 

however,  both modes of addition probably occur simultaneously.  

The purpose of carrying out these two react ions w a s  to obtain 

It should be noted that with the 

c 

amine substi tuted prepolymers  useful i n  formulating epoxy r e s ins ,  and, 

through the use of molecular  distillatior, 3r i t s  equivzlent, bnth of 

these amine adducts as well as the epoxy prepolymers  can be f r eed  of 

their  volatile consti tuents.  

adducts would thus have l i t t le  tendency to outgas in high vacuum space 

environments.  

i t  has been noted that epoxy prepolymers  cured with these adducts appear  

to have far g r e a t e r  impact strength than the chemically equivalent epoxy 

r e s ins  made  by s tandard procedures .  

m e n s  have been p repa red  f r o m  mixtures  of the amine adducts with addi- 

t ional p, p i -b i s  (epoxypropoxy)-2, 2-diphenylpropane. The s toichiometry 

of the formulations w a s  of necessity based  upon the theoret ical  equivalent 

weight of the adducts s ince actual equivalent weights had not been suc-  

cessful ly  obtained. 

tory, whereas  t i t ra t ions in acetic ac id  have yielded equivalent weights 

based upon total  amino groups ra ther  than upon the total  number of 

functional N-H groups.  

obtained f r o m  these amine adducts were  definitely super ior  to  analogous 

r e s i n s  made  by conventional techniques. 

Cured epoxy r e s ins  obtained f r o m  these 

Although somewhat incidental  to the intended application, 

Har t shorn  e l ec t r i ca l  t e s t  speci-  

Aqueous t i trations have been completely unsatisfac- 

Dielectric proper t ies  of the epoxy r e s i n s  

Samples of p, p '  -bis(epoxypropoxy)-2, 2-diphenylpropane were 

a l s o  cured  with "unconventional" amines  such as N, Nl-diphenylethylene- 

diamine and bis(methy1amino)diphenylsilane. 

diaminodiphenylmethane was used simultaneously as a c r o s  slinking 

agent .  

amines  to  be super ior  to other  a romat ic  amines  such a s  meta-phenylene- 

diamine o r  4,4 '-methylenedianiline alone. Since one of the cha rac t e r i s -  

t i c s  which bis (methy1amino)diphenylsilane and N ,  N '  -diphenylethylene- 

diamine have in commori i s  their  secondary methylamino groups,  it is 

In both c a s e s  4 , 4 ' -  

Resul ts  of dielectr ic  tes ts  on the cured r e s ins  indicated these 
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highly probable that the improved d ie lec t r ic  proper t ies  which they impar t  
t o  cured epoxies can be attr ibuted t o  this fac tor .  

recognized that even p r i m a r y  amines a r e  converted in  pa r t  t o  secondary 

amines  when they add a c r o s s  epoxy rings and consequently the observed 

improvement in d ie lec t r ic  proper t ies  can  be *attributed t o  physical  

charac te r i s t ics  r a the r  than to chemical  s t ruc tu ra l  charac te r i s t ics .  

However, polymerizations of epoxy compounds with p r i m a r y  amines  

produce both secondary and t e r t i a r y  amino groups,  but the extreme 

bulkiness of the secondary amino groups formed init ially would tend to  

inhibit total  conversion to t e r t i a ry  groups and consequently many r e s idua l  

N-H groups would remain  in  the cured r e s i n  even when equivalent amounts 

of amines  and epoxy compounds a r e  reac ted  together.  

It mus t  of cour se  be 

Secondary a romat ic  methyl amines  analogous to  N-methyl anil ine 

This  selection w a s  l imited to the were  thus selected for  fur ther  study. 

N-methyl anilines because these compounds could be expected to yield 

m o r e  heat  res is tant  epoxy polymers  than do the completely aliphatic 

secondary  amines.  

s m a l l  to minimize s t e r i c  in te r fe rence  during the polymerization. Amines 

which were  synthesized for  this purpose include 4,4 '-bis(methy1amino)- 

diphenylmethane and a higher molecular  weight analogue of this  compound. 

Both amines w e r e  p repa red  by the procedures  i l lus t ra ted  below. 

N-Methyl groups in  these amines  would be sufficiently 

t 

1)  0 - 5 ' C  1 h r  
2 )  95'C 10 h r  

- 
H 

I 
N -CH3 

H 

1)  0 - 5 * C , I h r  
2 )  95'C, 9-10hr 

ci + 2 ~ ~ ~ 0  c 

H -N -CH H -N -CH ~ c H 2 - ( - J - X - c H ,  I 6 \ . CH2' 
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The first of these  two products was crystal l ine;  however,  a suitable 

recrystal l izat ion solvent could not be found. Fu r the rmore ,  a t tempts  t o  

dis t i l l  the product a t  18OoC and 0.01 t o r r  have failed.  

may indicate that the compound is in fact  a higher t e lomer  ra ther  than a 

d imer .  

molecular  weight analogue prepared by the second procedure.  

therefore  be used in  the f o r m  in which it was recovered.  

weight was determined by t i t ra t ing the amice  in  glacial  ace t ic  acid using 

perchlor ic  acid.  

i ca l  section of this repor t .  

is presented in figure 4 .  

of the  amine and demonst ra tes  the or tho-para substitution. 

This  low volatility 

N o  at tempt  has been made t o  crystal l ize  o r  dis t i l l  the  higher 

It will 

I ts  equivalent 

A discussion of the procedure is presented in the analyt- 

An infrared spec t rum of the higher  t e lomer  

This  spectrum verif ies  the proposed s t ruc tu re  

Stannosiloxane Res ins 

The stannosiloxane r e s i n s  a re  a c l a s s  of r e s i n s ,  charac te r ized  by 

tin-oxygen-silicon bonds in  the i r  polymer chains, which have many of the 

p rope r t i e s  of the si l icones.  

have interest ing possibil i t ies as dielectr ic  potting and encapsulation 

r e s ins ,  and thus samples  of these ma te r i a l s  were  synthesized for  

evaluation. 

The stannosiloxanes w e r e  considered to 

Stannosiloxane polymers  have been prepared  by two techniques, 

namely condensation react ions and cohydrolysis.  

reac t ion  is  i l lus t ra ted  below. 

A typical condensation 

CH3 I OAc 
I 

n C1 - S n - C 1  t n CH3 - Si - CH3 
I I 
CH3 OAc 

Si - 0 
I 

t 

t 2n CH3 

n 

0 
II 
c - c 1  

The condensation proceeds  a s  acetyl chloride i s  removed by distillation. 
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Generally, these a l te rna te  copolymers a r e  ha rd  ma te r i a l s  with 

It has been found, however, that  increasing the si l icon- l i t t le elasticity.  

t in ra t io  

the elast ic i ty  of the cured mater ia l .  

introducing the t in  in  a random manner into the polymer chain. 

accomplish this randomization a n  interfacial  cohydrolysis process  has  

been found to be most  satisfactory.  

m e r s  a r e  dissolved in  an  organic  solvent such a s  toluene o r  methylene 

chloride and a r e  hydrolyzed in  a high s h e a r  blender using a n  aqueous 

alkaline phase,  

dec reases  the viscosity of the uncured polymer and inc reases  

The elast ic i ty  is a l so  inc reased  by 

To 

In applying this technique the mono- 

The reaction can be i l lus t ra ted  as follows: 

CH3 I C6H5 
I 5;4H9 

x C 1 - S i - C 1  t y C 1 - S i - C 1  t z C 1 - S n - C 1  1 
I I 

CH3 CH = CH2 
1 
C4H9 

Polymer  chains a r e  hydroxyl terminated a s  has  been determined by 

chemical  and in f r a red  evidence. This  procedure  a l so  allows the intro-  

duction into the polymer of vinyl groups which s e r v e  a s  curing s i t e s  f o r  

peroxide o r  s i lane induced cures .  

Although s e v e r a l  stannosiloxane polymers  w e r e  p repa red  fo r  this  

study, efforts to obtain high quality cured d ie lec t r ic  t e s t  specimens were  

unsuccessful.  

usable dielectr ic  specimens and therefore  new polymer samples  w i l l  

have to be synthesized. 

de fe r r ed  until t ime pe rmi t s  i t s  resumption. 

Lower viscosity prepolymers  w i l l  be  required to produce 

Fur the r  work on these ma te r i a l s  has been 

One of the problems encountered in  curing these r e s ins  with s i lanes  

is at t r ibuted to the p re sence  of hydroxyl end groups on the polymer chains. 
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Hydrogen i s  l iberated during cu re  and subsequently bubble-free r e s in  

spec imens  a r e  not obtained. This undesirable react ion is i l lus t ra ted  

below. 

R 
1 

+ HZ SiHZ - 0 - Si - 
I 

H3Si R 

The p re fe r r ed  cu re  react ion involves the addition of Si-H groups a c r o s s  

the vinyl groups present  i n  the polymer molecule.  

Another problem that has  been encountered is that at elevated 

tempera tures  bis-silylbenzene appears  t o  reduce p a r t  of the t in  present  

i n  the polymer. 

Peroxide cures  thus f a r  have e i ther  been ineffective i n  curing the 

stannosiloxanes o r  have been too rapid.  

This  has  resul ted in  blackening of the cu red  res in .  

EXPERIMENTAL 

Reaction of T r ime thylolpropane with T r iphenyl t r ime thoxydime thyl t r i -  
siloxane (C2425- 1A) 

Trimethylolpropane (30 g ,  0 .  224 mole)  was  d r i e d  azeotropical ly  

with benzene (100 ml) ,  and a solution of triphenyltrimethoxydimethyl- 

tr isi loxane (Dow Corning Sylkyd 50, 52.6 g ,  0.  112 mole)  i n  benzene 

(50 ml) was then added along with four drops  of g lac ia l  ace t ic  acid.  The 

s l u r r y  was heated a t  reflux while slowly removing the benzene-methanol 

azeotrope.  

Additional acetic acid (12 drops)  was then added and heating continued 
After 8 hours  the pot t empera tu re  had reached  135°C.  
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for  3 hours .  After  cooling, the reaction mixture  was diluted with e the r  

and washed with water .  After removal  of the ether  by heat and vacuum 

an unsuccessful a t tempt  w a s  made to dis t i l l  the product a t  170°C at  l e s s  

than 5 mm Hg p r e s s u r e .  

indicated that the hydroxyl-free bicyclic compound o r  a cyclosiloxane 

w a s  a ma jo r  product.  

The inhomogeneity of the react ion mixture  

Reaction of Exce s s T r ime  thylolpr opane with T riphenylt r i m e  thoxy - 
dimethyltrisi loxane (C 2424 - 1B) 

A mixture  of tr imethylolpropane (90 g, 0.672 mole),  tr iphenyl- 

trimethoxydimethyltrisiloxane (Sylkyd 50, 52. 6 g, 0. 112 mole)  and 

glacial  acet ic  ac id  (10 drops)  was heated while s t i r r ing  continuously. 

Dliring the f i r s t  2 hours  the tempera ture  r o s e  to  127OC and the reaction 

mixture  became homogeneous. After 3-1/4 and 5 -1 /4  hours  ex t ra  acid 

(4 and 6 d rops ,  respect ively)  was added, and a f t e r  a total  of 24 hours  the 

t empera tu re  reached 14OoC and 8 g of methanol had been collected.  The 

remaining methanol (8 g)  and other volati les w e r e  removed under  vacuum 

(5 t o r r )  while heating at 14OoC. 

was  obtained. 

Upon cooling a c l ea r  viscous solution 

Curing of a Siloxypolyol with Adiprene L-167 (C2425-2B) 

A mixture  of a polyisocyanate (Adiprene L-167, 65 g, 0 .  1 eq.) ,  

siloxypolyol (C2425-lB, 6 .3  g, 0 . 0 8  eq.  based on theoret ical  equivalent 

weight), and triethanolamine ( 1 . 0  g, 0 . 0 2  eq. ) w a s  thoroughiy biended, 

then degassed in vacuum without heat.  It was then p recu red  at 60°C 

f o r  3 days and post-cured a t  130°C fo r  5 hours .  

duct  had the appearance of ha rd  rubber .  

The c l e a r  yellow pro-  

Reaction of a Dimethoxypolydime thylsiloxane with T rimethylolpropane 
(C2425- 2C) 

A mixture  of diethoxypolydimethylsiloxanes (C1090-53A) was p r e -  

p a r e d  by the gradual addition of water  (183. 3 g, 10.2 mole) t o  a solution 

of dimethyldiethoxysilane (2013 g ,  2263 ml . ,  

hydroxide (5. 5 g).  

the react ion mixture  was heated a t  reflux for 30 minutes.  

w a s  then r e m w e d  by s imple distillation. 

13. 6 mole)  and sodium 

The  addition was made at  4OoC and upon completion 

Ethanol (100 g) 
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A portion of the siloxane mixture  (50 g ) ,  tr imethylolpropane 

(32  g,  0. 72 eq. ) and glacial  acet ic  acid (20 drops)  w e r e  heated at 125- 
130OC fo r  8 -3  /4  hours  without evolving ethanol. 

phoric acid ( 2  d rops ,  85 percent)  was then added and ethanol evolution 

commenced immediately.  

had been recovered. 

continued at 16OOC for an additional 24 hours .  

was placed under vacuum a smal l  but indefinite quantity of volati les was 

evolved. 

separa ted .  

propane and was found to weigh 35 g. 

moved from the siloxane layer  (47 g )  by t rea tment  with magnesium oxide. 

Concentrated phos- 

After 25 hours  6. 3 ml (0. 2 eq. ) of the alcohol 

N o  fu r the r  evolution occurred  when heating was 

When the hot mixture  

After setting in a separa tory  funnel for s eve ra l  days two l a y e r s  

The lower layer  contained p r imar i ly  unreacted t r imethylol-  

Excess  phosphoric acid was r e -  

Reaction of Diet hoxypolydimethyl s il oxane with T rimethyl olpr opane 
(C1587-78 to  80) 

Four  different f ract ions of diethoxypolydimethylsiloxane were  

separa ted  f rom a mixture  of polymerized dimethyldiethoxysilanes 

(C1090-53A). 

propane as discussed below. 

The sepa ra t e  f rac t ions  w e r e  then reac ted  with t r imethylol-  

Frac t ion  1 (10. 2 g ,  b .p .  = 65-79" C),  tr imethylolpropane 
128 t o r r  

(10.2 g), and phosphoric acid (85 percent ,  1 drop)  were  heated a t  

130 f 10°C for  6 hours  during which t ime 1. 24 g of ethanol dist i l led off .  

To the homogeneous solution was then added magnesium oxide (0. 2 g)  

to neutralize the res idua l  phosphoric acid. 

= 80-105" C),  tr imethylolpropane Fract ion 2 (18. 2 g, b.  p. 128 t o r r  
(18.2 g) and phosphoric acid (85 percent ,  1 drop)  w e r e  vigorously s t i r r e d  

and heated a t  130 f 10°C for  6 hours .  During this  per iod 6. 8 g of ethanol 

was evolved, indicating a relat ively eff ic ient  react ion.  This  react ion 

mixture  also became homogeneous. A f t e r  cooling it w a s  neutral ized 

with magnesium oxide (0. 10 g)  , then f i l t e r ed  through a f r i t t ed  g l a s s  

f i l ter  . 
Fract ion 3 (14. l g ,  b. p. = 90- l lO°C) ,  tr imethylolpropane 

70 t o r r  
(14.1 g )  and phosphoric acid (85 percent ,  1 drop)  w e r e  heated at 

130 f 10" c fo r  6 hours .  

evolved and the react ion mixture  fa i led t o  become completely 

homogeneous. 

During this  per iod only 1 .2  g of ethanol w a s  
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Frac t ion  4 (14.4 g ,  b. p. = 100- 12OoC), trimethylo1propan.e 25 t o r r  
(14 .4  g) and phosphoric acid (85 percent ,  1 drop)  were  heated a t  135OC 

for  3 hours  without any apparent  reaction. After reaching 15OoC the  

evolution of ethanol commenced;  however, due to  overheating, the 

react ion product was not recovered. 

Attempted Prepara t ion  of Bis(2,  2-Dimethyl- 3-Hydroxypropoxy) 
Dimethylsilane (C 1587-8 1) 

A mixture  of dimethyldiethoxysilane (74 g, 0 . 5  mole),  2, 2- 
dimethyl-1, 3-propanediol (312 g, 3.0 mole)  and Dowex 50 (acidic  

cationic exchange resin,  2 g)  w a s  heated at 120-125°C until 27 g of 

ethanol had been recovered.  

4 drops)  w a s  added and the tempera ture  w a s  allowed to rise to  150°C. 

The reac t ion  was then allowed to  proceed until a total  of 31 g of ethanol 

(0 .67 mole)  had been collected.  

was mixed with crushed ice, water,  and sodium bicarbonate (0.5 g). 

Two phases  were  then observed.  A s e r i e s  of extract ions with e ther ,  

50 percent  e ther  i n  hexane, and finally benzene was used to  sepa ra t e  

the si loxanes f r o m  the excess  neopentyl glycol. A g r e a t  dea l  of difficulty 

was encountered in  separat ing the emulsified phases .  E the r  fur ther -  

m o r e  turned out to be  somewhat undesirable as an  extract ion solvent 

because  of i t s  v e r y  high solubility in  the aqueous phase.  

appea red  to be the extract ion solvent of choice. 

f o r  the  finai separat ion.  

they w e r e  again washed with water (300 ml) and d r i ed  with sodium su l -  

fate.  Excess solvents were  then removed, first by heat,  then by heat  
and vacuum. The c l ea r  product weighed approximately 40 g and would 

r e p r e s e n t  a 33 percent  yield; however, i t s  high equivalent weight (375) 

and its incompatibility with various isocyanates indicated that it was not 

the  des i r ed  diol. 

After 24 hours  phosphoric ac id  (85 percent,  

A f t e r  cooling, the solidified mixture  

Thus benzene 

Five days w e r e  required 

After combining the var ious orgaiiic phaazs, 

Prepa ra t ion  of Phenylenediamine Based Prepolymer  for  Curing Epoxy 
P r e p o l y m e r s  (C1587-63; 64) 

To  a refluxing solution of m-phenylenediamine (600 g,  5. 56 mole)  

i n  dioxane (600 ml) was slowly added a solution of p,p '-bis(epoxypropoxy)- 

2,2-diphenylpropane (Epon X-24, 400 g, 1. 18 mole)  in dioxane (200 ml). 
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After the addition was complete refluxing was allowed to  continue for 8 

hours .  The reaction was ca r r i ed  out under an  a tmosphe re  of nitrogen. 

Upon completion of the reaction the dioxane was distilled off a t  ambient 

p r e s s u r e .  After mos t  of the dioxane had been removed,  the excess  

phenylenediamine was removed by s t e a m  disti l lat ion,  s t i l l  maintaining 

the nitrogen atmosphere.  

under a p r e s s u r e  of 1 t o r r .  

syrup  at about 7OOC. 

The viscous residue was then dr ied  at 100°C 

It weighed 550 g ,  and melted to  a viscous 

Prepara t ion  of a n  Aminobenzenethiol Based P repo lymer  for  Cur ing  
Epoxy P repo lymers  (C 1587-65) 

A solution of 2-aminobenzenethiol (800 g ,  4. 8 mole)  in dioxane 
(600 g) was heated to reflux (105" C )  under  a n  a tmosphere  of d r y  nitrogen. 
A solution of p ,  p' -bis(epoxypropoxy)-2,2-diphenylpropane (Epon X-24, 
600g, l .  77 moles)  and dioxane (200 m l )  was  then added a t  the r a t e  of 

1 drop p e r  second. 

tinued for  8 hours .  Excess  aminobenzenethiol was  then removed by 

s t eam distillation and the product was  d r i ed  with heat  (125" C )  and 

vacuum (0.1 to r r ) .  

Upon completion of the addition refluxing was  con- 

The dark  a m b e r  product weighed 880 g. 

Reaction of Trimethylolpropane with 1,  5-Dimethyl-1, 3 ,  5-Triphenyl- 
1,  3,  5-Trimethoxytrisi loxane (C1961-24) 

Trimethylolpropane (60. 0 gm, 0.45 mole)  and 1,  5-dimethyl-1, 3 , 5 -  
triphenyl-1, 3 ,  5-trimethoxytrisi loxane (Sylkyd 50, 52.6 gm,  0. 11 mole) ,  
were  mixed together and slowly heated to 110" C. 
acet ic  acid (approximately 0 .  2 g m ,  0. 003 mole)  w e r e  added to  the hot 
mixture  while s t i r r ing  continuously. The react ion f lask  was  fitted with 
a distillation head and condenser so that the methanol,  evolved as a s ide 
product of the reaction, could be collected by disti l lat ion (the methanol 
began to  disti l l  short ly  a f te r  the addition of the ace t ic  acid) .  After  four  
hours  of reaction, the evolution of methanol ceased.  Additional glacial  
acet ic  acid (6 drops)  was  added to the mixture  and the react ion t empera -  
t u re  brought to  138" C,  a f te r  which m o r e  methanol  disti l led over .  
one m o r e  hour of reaction, dist i l lat ion of methanol  ceased  again. 
reaction system was  then placed under  vacuum and heated a total  of two 
m o r e  hours  a t  140" C.  The 
total amount of methanol collected during the react ion was  9. 16 g m  ( 0 .  29 

Ten drops of glacial  

After  
The 

More  methanol w a s  collected in a cold t r a p .  
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.mole). The product, originally a c l ea r  viscous liquid, turned cloudy 

after standing severa l  days.  The siloxypolyol weighed 98. 8 gm. 

Acid- Catalyzed Equilibration of Octamethylcyclotetrasiloxane with 
T rimethylolpr opane (C24 2 5 - 4 )  

T h r e e  equilibration experiments w e r e  c a r r i e d  out simultaneously 

Ratios of reagents in  a n  effort t o  produce a homogeneous siloxypolyol. 

used in these runs were :  
I 11 111 

13. 5 g (0. 10 mole) 
14. 8 g ( 0 . 0 5  mole) 
4. 8 g (0. 15 mole) 

T rime thylolpr opane 
Octamethylcyclotetrasiloxane 
Methanol 
Phosphqric acid 

9 .  0 g (0.067 mole) 
14. 8 g (0. 050 mole) 
3.  2 g (0. 10 mole) 
2 drops 2 drops 2 drops 

18. 0 g (0.  1 3  mole) 
14.8 g (0.  05 mole) 
6 . 4  g (0 .20  mole) 

Reaction mixtures  were  vigorously s t i r r e d  for  a t  l ea s t  18 hours  

Methanol was  gradually removed by distillation, allowing a t  83  f 2°C. 

the tempera tures  to r i s e  gradually to 140 to 145°C over a six-day period. 

None of the react ions produced homogeneous solutions. 

Reaction of Dimethyldiethoxysilane with Trimethylolpropane (C2425 -5B) 

Dimethyldiethoxysilane (b. p. 110 to 112"C, 148 g, 1. 0 mole)  was  

added in portions to molten d ry  trimethylolpropane (268 g, 2. 0 mole)  

containing acetic ac id  (1  g). 

to about 160" C. After removal  of the residual  volatiles a t  120" C in 

vacuum the equivalent weight was  found to be 71. 

(1  c c )  was  then added to the polyol and the mixture  was  reheated to 

140'C fo r  three hours.  

heat  (110 f lOoC/4  hours , then  85 f 5"C/16  hours )  and vacuum. 

final product weighed 312 g and had a n  analyzed hydroxyl equivalent of 66. 

The reaction tempera ture  gradually rose  

Additional acet ic  ac id  

Again the volatiles (4. 3 g )  were  removed with 

The 

Reaction of Dimethvldiethoxvsilane with TrimethvlolDroDane (C2425-7A) 

Dimethyldiethoxysilane (134 g,  0. 9 mole)  was added gradually t o  

molten trimethylolpropane (121 g,  0. 90 mole)  containing acet ic  acid (1 g). 

The  t empera tu re  w a s  allowed t o  r i s e  gradually t o  146OC while the ethanol 

(82 g)  was continuously removed by distillation. 

w e r e  then removed by heating the mixture  under vacuum (105 *5OC, 

Residual volatiles (4 g)  
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6 t o r r )  using a ro t a ry  evaporator .  

yield) was  a c l ea r  homogeneous fluid and had a n  analyzed hydroxyl 

equivalent of 1 2 1. 

The  final product (152 g,  89 percent  

Reaction of T r i m e  thy1 olp r opan e with "Diethoxyt e t  rame thyldi s il oxane I t  

(C2.125-7B) 

F resh ly  disti l led dimethyldiethoxysilane (103 g,  0. 70 mole) ,  water  

(6. 0 g ,  0. 33 mole) ,  and acet ic  acid (0.  2 t o  0. 3 g)  w e r e  mixed and ethanol 

(27 g) was  removed by distillation. 

molten trimethylolpropane (74 g, 0. 5 mole)  and was  then heated gradually 

t o  15OoC ( 3  hours )  while additional ethanol was  disti l led off (33 g,  60 g 
total ,  99 percent total) .  

fo r  4 t o  5 hours ,  a small amount of volati les (7. 2 g )  and the product 

(106 g)  were  recovered.  

lent of 102. 

The mixture  was  then added t o  

After heating under vacuum ( 2  t o r r )  at 90 *lO°C 

The product had an analyzed hydroxyl equiva- 

Reaction of Trimethylolpropane with "Diethoxyhexamethyltrisiloxane" 
(C2425-8A) 

F resh ly  disti l led dimethyldiethoxysilane (89 g, 0. 60 mole,  b. p. 

110 to 112"C), water  (7. 2 g, 0. 40 mole) ,  and ace t ic  ac id  ( 5  drops)  were  

mixed and shaken together until the hydrolysis  w a s  complete (5 minutes).  

The solution was  then added to molten trimethylolpropane (54 g, 0. 40 

mole)  and the s t i r r e d  solution was  heated gradual ly  to 150°C while d i s -  

tilling off ethanol ( 5 2  g, 94 percent).  

were  removed a t  80°C ( 5  t o r r ,  

product weighed 90 g (95  percent  yield) and  had a hydroxyl equivalent 

of 98. 

After  the res idua l  volati les (7 g )  

16 hour s )  using a ro t a ry  evaporator ,  the 

Reaction of Trimethylolpropane with "Diethoxyoctamethyltetrasiloxane" 
( C  24 25 -9BI 

F resh ly  disti l led di.methyldiethoxysi1ane (122 g, 0. 827 mole,  b. P. 

110 to 112"C), water  (10. 8 g, 0. 60 mole )  and ace t ic  acid (4  drops)  were  

shaken together for  about 10 minutes  until hydro lys is  was  complete. 

solution was then added to tr imethylolpropane (61  g, 0. 454 mole )  contain- 

ing additional acet ic  ac id  ( 3  drops). 

The 

Ethanol w a s  gradual ly  removed by 
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distillation until the pot temperature  reached 150°C and 96 percent  of 

the ethanol had been recovered ( 7 3  g).  Residual ethanol, acid, and 

other volati les (12 g )  were  then removed using vacuum ( 2  t o r r ,  

and a ro t a ry  evaporator.  

equivalent weight of 121, and separated into 2 phases  when cooled. 

100 f lO'C) 

The siloxypolyol weighed 103 g, had a n  analyzed 

Reaction of Trimethvlolpropane with "Diethoxvde came thvlDenta siloxane" 
( C 2 4 2 5 B I  

F resh ly  disti l led dimethyldiethoxysilane (74. 5 g, 0. 50 mole),  

water  (7. 2 g, 0. 40 mole)  and acetic acid (5  drops)  were  mixed together 

and shaken until the hydrolysis was complete ( 5  to 10 minutes). The 

mix tu re  was then added to molten trimethylolpropane (27  g,  0. 2 mole),  

and acet ic  acid ( 3  drops)  was added. 

mix ture  was gradually r a i sed  t o  1 5OoC while continuously removing 

ethanol (45 g,  98 percent) .  

d rop  t o  about 130 t o  14OoC the reaction mixture  began to  sepa ra t e  into 

two phases .  

at 8OoC ( 3  t o r r ,  16 hours) .  

The tempera ture  of the react ion 

A s  soon a s  the t empera tu re  was allowed t o  

Residual ethanol and other  volati les (7 g )  were  removed 

Prepara t ion  of a Siloxyisocyanate Prepolymer  (C2425-6) 

Siloxypolyol (C2425-5B, 31 g, 0. 47 mole)  was added t o  f resh ly  

disti l led tolylene diisocyanate (Nacconate 80, 210 g ,  1. 2 mole) ,  which 

contained pyridine (1 drop) ,  over a one hour period. 

heated ir; zr; ei? bath (?G to 8!l°C.) for  5 hours ,  then cooled and s t i r r e d  

overnight. 

(150 *lO°C) and vacuum (2 t o r r )  using a r o t a r y  evaporator .  

b r i t t l e  product weighed 110 g,  had a n  isocyanate equivalent of 199, and 

was too react ive at its melting point t o  produce useful polyurethanes.  

The mixture  was 

Excess  tolylene diisocyanate was then removed with heat  

The fusible 

P repa ra t ion  of Siloxyis ocyanate Prepolymer  (C2425- 9A) 

Siloxypolyol (C2425-8B, 52. 5 g)  was vigorously shaken t o  d i spe r se  

the two phases  and was  then added over  a 1 / 2  hour period t o  2 ,4- tolylene 

diisocyanate (Nacconate 100, 248 g ,  1.43 mole) .  The reactants  were  

s t i r r e d  continuously while heating in  a n  oil bath. By the t i m e  the addition 
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was completed the bath tempera ture  was  115OC. 

melted about 14OoC and was too react ive when molten t o  yield useful 

polyurethanes. 

The g lassy  polymer 

Prepara t ion  of Siloxyisocyanate Prepolymer  (C2425- 10) 

Siloxypolyol (C2425-9B, 30 g ,  0. 25 eq. ) was vigorously shaken t o  

d i spe r se  the two phases  as well a s  possible and was then added t o  pure  

2,4-tolylene diisocyanate (277 g, 1. 59 mole) .  The addition required 

3 /4  hour and the reaction vesse l  was submerged in  an oil bath at 9OoC. 

The c lear  fluid was s t i r r ed  for two hours  and allowed to  cool slowly. 

Excess  isocyanate monomer was l a t e r  removed under vacuum using a 

ro t a ry  evaporator and a n  oil bath heated at 16OoC. 

by this process  weighed 101 g and was a c l ea r  g lass .  

diisocyanate (15 g )  was then added t o  the prepolymer in o rde r  t o  reduce 

its viscosity and melting point. Its analyzed equivalent weight was  178. 

The prepolymer was  ha rd  but not br i t t le  and softened between 100-120°C. 

It was ,  however, too reactive a t  its melting point t o  yield useful  

polyurethanes. 

Prepolymer  obtained 

Monomeric tolylene 

Prepara t ion  of Chloromethyldimethylchlorosilane (196 1-26 and 32) 

Trimethylchlorosilane (380. 2 gm,  3. 50 moles )  was chlorinated by 

bubbling chlorine gas (approximately 250 gm,  3. 5 moles )  through the 

constantly s t i r red  liquid si lane for  five hours  at reflux t empera tu re  

(56OC at s ta r t  of react ion t o  70% after five hours  react ion t ime)  in the 

presence  of a 150 watt lamp.  

distillation through a Vigreux column (this dis t i l la te ,  probably most ly  

tr imethylchlorosilane,  came  over at 57 t o  62OC and weighed 112 gm) ,  

After the removal  of s tar t ing material by 

the product (chloromethy1)dimethylchlorosilane (153. 8 gm,  1. 08 mole)  

was distilled over at 112 t o  115OC. (30. 9 percent  of theoret ical .  ) 

Another chlorination reaction was per formed as p e r  C1961-26 

descr ibed above, using 1257. 7 gm (11. 6 mo les )  of t r imethylchlorosi lane 

and 628.  1 gm (8. 7 moles)  of chlorine gas .  

(chloromethy1)dimethylchlorosilane yielded 501. 7 g m  (2.  83 moles ,  32. 5 

percent  of theoretical)  of product boiling at 112 t o  115OC. 

The disti l lat ion of the 
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percent  of theoretical) ,  was collected by vacuum disti l lat ion (103 to 

108"C, 5 t o r r )  and hydrolyzed a s  before in a methanol solution of HC1 

(14 g m  HC1 gas  in 500 ml  absolute methanol). 

the methanol by distillation, the remaining reaction mixture  was 

combined with that f rom above and the final product collected by 

distillation a t  2 t o r r .  

After removal  of most  of 

Two fract ions were  collected: the f i r s t  boiling a t  53 to 67°C (13. 6 
g m ) ,  and the second boiliiig a t  67 to 95°C (52. 5 g m ,  0. 19 Eo le ) .  

hydroxyl analysis  (NO. 

for the high boiling fraction. 

f inal  product, 1 ,  3 -bis( hydroxymethyl)tetramethyldisiloxane ( 25 per  cent 

of theoretical ,  based on combined molar  amounts of acetate  intermediate).  

A 

C2497-6) revealed an  equivalent weight of 141. 5 

Thus, this fraction was taken to be the 

P repa ra t ion  of p-Bromoallylbenzene (C1961-31) 

p-Dibromobenzene (235. 9 gm,  1. 0 mole)  was dissolved in  absolute 

e ther  and added slowly to a mixture of absolute e ther  and d r y  magnesium 

(27. 0 gm, 1. 1 mole). The addition of the dibromobenzene was begun 

only af ter  the Grignard react ion had been initiated by the addition of a 

few ml of ethylmagnesium bromide to the magnesium-ether  s lurry.  

Refluxing of the react ion mixture was moderated by intermit tent  use  of 

an  ice  bath. 

f o r  3 /4  hour a f te r  the addition was completed. 

the formation of the bromophenylmagne - sium bromide an  e therea l  

solution of allyl  bromide (1 30. 0 g m ,  

absolute e the r )  was added slowly with constant s t i r r ing.  (The allyl  

bromide had been previously purified by fractional dist i l lat ion a t  70 to 

71. 5°C. ) Again refluxing was moderated during the addition of the 

al lyl  bromide by use  of an ice bath. The mixture was  heated a t  reflux 

with constant s t i r r ing  for a half hour af ter  the addition was completed. 

The  crude product was poured over crushed ice which had been acidified 

with HC1. 

washed seve ra l  t imes  with f resh  e ther ,  and the organic  phase was 

washed with 6N HC1. These ether washes were combined with the 
previously isolated organic  phase, and the ether removed by distillation. 

The react ion was s t i r r ed  continuously and heated a t  reflux 

Immediately following 

1. 08 mole, in two volumes of 

After separation of the organic phase, the aqueous phase was 
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Prepara t ion  of 1 , 3 -Bis  (hydroxyme thy1)tetramethyldi siloxane 
(C1961-27 to 29) 

Chloromethyldimethylchlorosilane (154 g,  1. 08 mole) was poured 

into 1 l i t e r  of constantly s t i r r e d  disti l led water  a t  room tempera ture ,  the 

addition being made over  a 15- second interval .  The hydrolysis react ion 

mixture  was s t i r r e d  at approximately room tempera ture ,  although the 

reaction is slightly exothermic for five minutes .  The product,  

1, 3-bis(chloromethyl)tetramethyldisiloxane, w a s  separa ted  f r o m  the 

aqueous phase, dr ied over  calcium carbonate,  and disti l led a t  198 to 

206°C. 

disti l late was spil led accidentally in  removing the r ece ive r  f r o m  the s t i l l .  

Hence, the percent  yield could not be calculated.  ) 

It weighed 66. 1 g m  (0.  29 mole) .  (An undetermined amount of 

1, 3-Bis(chloromethyl)tetramethyldisiloxane (78 .0  gm, 0.34 mole,  

preparat ion C1099-3) was mixed with potassium acetate  (73.0 gm, 0. 75 

mole) ,  glacial acet ic  acid (80 ml), and acet ic  anhydride (3 ml) and 

the s l u r r y  of reac tan ts  was refluxed with constant s t i r r ing  for  16 hours .  

The product w a s  poured into water  and the organic  phase w a s  isolated.  

It w a s  then washed with aqueous potassium carbonate,  d r ied  over  

anhydrous potassium carbonate,  and disti l led (120 to  132"C, 23 t o r r ) .  

The product, 1,3-bis(acetoxymethyl) tetramethyldisiloxane (20.4 gm, 

0 .08  mole)  w a s  added to a methanol solution of HC1 (3 g m  HC1 gas  

in 100 ml  absolute methanol) with constant s t i r r ing  and reac ted  a t  room 

tempera ture  fo r  1 2  hours. 

low boiling solvent. 

70'C, and the remaining reaction mixture  w a s  added to the hydroxymethyl- 

disiloxane prepared  a s  de scr ibed below. 

The result ing solution was  disti l led to remove  

Disti l lat ion was stopped a t  a head tempera ture  of 

A second batch of chloromethyldimethylchlorosilane was hydrolyzed 

a s  before,  and 56. 1 g-m (0. 24 mole)  of bis(chloromethy1)tetramethyl- 

disiloxane was recovered  by distillation (24. 3 percent  of theoret ical) .  

The 1, 3-bis(chloromethyl)tetramethyldisiloxa~~ f r o m  two runs  ( 1  22. 2 

gm, 0. 53 mole) was combined and mixed with potassium acetate  (114. 3 

gm, 
(4. 6 ml), and reac ted  a s  in the previous acetylation. 

1, 3-bis(acetox~methyl)tetrameth~ldisiloxane (104. 1 gm, 0. 39 mole,  74 

1. 17 mole), glacial  ace t ic  acid(126. 1 rnl) ,  and acet ic  anhydride 

The product,  
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The crude  product was s t e a m  distilled, and the organic phase was taken 

up in e ther  and dr ied over CaS04. 

tillation, the p-bromoallylbenzene (112. 9 gm, 0.  57 mole ,  57 percent  of 

theoret ical)  was collected by vacuum distillation (78 t o  83OC, 5 t o  6 t o r r ) .  

Af te r  removal  of the ether  by dis-  

Prepara t ion  of m- Bromoallylbenzene (C1961-42) 

m-Dibromobenzene (236 g,  1. 0 mole)  in anhydrous ether  (200 ml) 

was  added dropwise to  a s l u r r y  of magnesium ( 2 7  g ,  1. 1 mole)  in e ther  

(400 ml). 

of ethylmagnesium iodide. 

mix ture  was heated at reflux f o r  3/4 hours .  

was  then added dropwise over a 1 / 2  hour period and the mixture  was  then 

maintained at reflux for a 1 /2  hour period. After cautiously pouring the 

react ion mixture  over  a mixture  of ice and dilute hydrochloric acid,  the 

ether  layer  which separated was isolated and thoroughly washed with 

water .  

m- bromoallylbenzene. 

The react ion was initiated by the addition of a smal l  amount 

After the addition was  completed the  react ion 

Allylbromide (130 g, 1. 1 mole)  

Distillation yielded 123 g (0.  62 mole,  6270, B. P.l = 38-40°C) of 

Prepara t ion  of Ethoxydimethylchlorosilane (c196 1-40) 

Absolute denatured ethanol (180. 0 gm, 3. 9 mole)  was  added with 

constant s t i r r ing  ( a s  rapidly a s  possible so a s  to insure  even evolution 

of HC1 gas)  to  dimethyldichlorosilane (507. 0 gm, 3. 9 mole,  fractionally 

disti l led a t  70  to 71°C). 

a half hour and then the product was fractionally disti l led through a 

25-inch packed heated column a t  94 to 97'C. The ethoxydimethyl- 

chlorosilane weighed 120. 6 g m  (22. 3 percent  of theoret ical  yield). 

The reaction was run a t  room tempera ture  for  

Prepara t ion  of 1 ,  3 - Dichl o r  ot etramethyldi s il oxane (C 1 9 6 1 - 3 5 )  

A solution of dist i l led water (73 gm,  4. 0 moles ,  in 75 ml dioxane) 

was  added, with -Jigorous s t i r r ing,  t o  a n  ethereal  solution of dimethyl- 

dichlorosilane (1035 gm,  8. 0 moles)  in an equal volume of absolute e ther .  

The  addition was pe r fo rmed  by forcing the  water  solution into the si lane 

solution through a capi l lary tube, using compressed  air. The reaction 

w a s  run  at room tempera ture .  The solvent l o s s  was  prevented by the 
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use  of a dry  ice  condenser.  

hour s ,  the reaction mixture  was s t i r r ed  at room t empera tu re  for an  

additional hour. 

1 ,  3-dichlorotetramethyldisiloxane (1 56, 9 gm, 0. 77 mole ,  9 .  7 percent 

of theoretical)  was collected by fractional distillation through a 25 inch 

heated packed column. 

t i l lat ions,  boiled at 133 t o  139OC. 

After addition of the wa te r ,  which took four 

The ether  was then removed by disti l lat ion,  and the 

The final product,  taken af te r  a s e r i e s  of dis-  

Preparat ion of 1 ,  3-Bis(p-allylphenyl)tetramethyldisiloxane in Ether  
(C1961-39 to 41) 

p-Bromoallylbenzene (113 g, 0 .  57 mole)  was  gradually added t o  

a s l u r r y  of magnesium (15. 5 gm,  0. 62 mole)  in absolute e ther  while 

s t i r r ing constantly. 

magnesium iodide and was  totally uncharacter is t ic  of Grignard react ions 

in general. Attempts were  made to speed up the react ion by the addition 

of small  amounts of ethylmagnesium iodide and f r e s h  magnesium 

intermittently over  a four hour period. 

was heated a t  reflux an  additional 6 hours. 

added with constant s t i r r ing  to an e therea l  solution of ethoxydimethyl- 

chlorosilane (80. 0 gm, 0. 58 mole)  by forcing the liquid slowly through 

a fri t ted glass  f i l t e r  into the solution of the silane in  th ree  volumes of 

ether.  

and residual start ing silane ( 3  to  22"C, 

reaction mixture,  containing product and res idua l  Grignard reagent ,  

was then carefully acidified with dilute hydrochloric acid until the  solu- 

tion pH was  3. 

was extracted with f r e sh  ether .  

washed with distilled water  and dr ied over  potass ium carbonate.  

The reaction was  initiated by the addition of ethyl- 

The dark  brown react ion mixture  

Then the e ther  phase was  

The pot mixture  was  then disti l led to  remove m o s t  of the ether  

100 t o r r ) .  The remaining 

The e therea l  phase was isolated and the  aqueous phase 

The combined ether  l a y e r s  w e r e  then 

After  removal  of the ether  by s imple  disti l lat ion,  the  high boiling 

products were distilled under reduced p r e s s u r e .  
collected; these include the following. 

I. 25-65OC, 1-2 t o r r ,  14. 9 g 

11. 65-145OC, 1-2 t o r r ,  4 . 8  g 

F ive  fract ions w e r e  

111. 145-160°C, 1-2 t o r r ,  10. 7 g (5. 1%) 
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IV. 16OoC, 1-2 t o r r ,  12. 9 g (6 .  2%) 

V. 160- 165OC 1-2 t o r r ,  2 3 . 2  g 

Elemental  analyses  on I11 and IV a re  presented in Table 1 (p. 21). 

Prepara t ion  of 1, 3 -Bis (m-allylpheny1)tetramethyldisiloxane in  
Tetrahydrofuran (C 1961 -48) 

A solution of m-bromoallylbenzene (57 g, 0. 29 mole)  in  anhydrous 

te t rahydrofuran ( ~ 1 2 0  ml) was added over  a 1 hour period to a s l u r r y  of 

magnes ium (10. 5 g, 0. 42 mole)  i n  tetrahydrofuran (= 200 ml). 

start of this  addition a smal l  amount of ethylmagnesium iodide was added 

to the magnesium s l u r r y  to initiate the reaction. 

of the reaction, cooling was required throughout the addition. After 

completion of the addition, however, the reaction mixture was heated 

at reflux for  about one hour.  

t u r e ,  the te t rahydrofuran solution was  decanted and was added dropwise 

to  a solution of dimethylethoxychlorosilane (55 g, 0. 39 mole)  in  tetra- 

hydrofuran ( = l o 0  ml). 

hours ,  af ter  which the tetrahydrofuran was removed under reduced 

p r e s s u r e .  Hydrolysis of the residual  product was accomplished by 

t r ea tmen t  with aqueous hydrochloric acid (6N) until the final pH was 3 

and af ter  hydrolysis the product was taken up in e ther ,  washed with water  

and dr ied  over  calcium chloride. E ther  was then removed under slightly 

reduced p r e s s u r e .  Fract ional  distillation of the higher boiling product 

under  reduced p r e s s u r e  yielded 1, 3 -bis (m-allylphenyljtetramethyidisi- 
loxane (39.5 g, 37 percent) .  

p resented  in Table 1 (p. 21).  

At the 

Because of the vigor 

After sett ing overnight at ambient t empera -  

The solution was heated at reflux for  8 to  10 

Elementary analyses on this  product a r e  

Epoxidation of 1, 3 -Bis(p-allylpheny1)tetramethyldisiloxane (C196 1-49) 

A solution of perbenzoic acid (8. 0 g, 0. 058 mole) ,  ter t -butyl  alcohol 

1, 3-Bis-  (24 g)  and chloroform (150 ml) was s t i r r e d  for  1 / 2  hour at O O C .  

(p-allylpheny1)tetramethyldisiloxane (10. 9 g, 0. 028 mole)  was then added 

dropwise while maintaining the reaction tempera ture  at 0 *4OC. Addi- 

t ional  chloroform (25 ml) was used to r in se  the res idua l  disiloxane into 

the react ion flask.  St i r r ing was then continued for  10  hours  at 0 *6OC, 

then at 8OC until 95 percent  of the perbenzoic acid was consumed 
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(47 hours ) .  

sodium hydroxide and dr ied over  anhydrous sodium sulfate. After 

removal  of the chloroform a t  a tmospher ic  p r e s s u r e  the residue w a s  

disti l led under vacuum. 

2) 0. 6 g, 26"C, 0. 012 t o r r ,  3) 2. 7 g, 28 to 30"C, 0. 04 t o r r ,  and 4)  

1. 6 g, 75 to 90°C, 0. 04 t o r r .  

were  respectively 73. 8 2  percent  Cy 7. 35 percent  H, 

and 73. 79 percent  C y  7.  28 percent  H, and 0. 10 percent  Si. 

The react ion mixture  was  washed with 10 percent  aqueous 

Four  f ract ions were  collected: 1)  fo re run ,4 .  8 g,  

Elemental  ana lyses  of f rac t ions  3) and 4)  

2. 60 percent  Si, 

Synthesis of p-Bromophenyl Allyl E the r  (C2425-11) 

Allyl bromide (106 g, 0. 876 mole)  was  added during a 30 minute 

per iod to a s l u r r y  of K2C03 (100 g),  acetone (300 ml) ,and p-bromophenol 

(152 g, 0. 876 mole).  The reaction was  exothermic.  

hours ,  additional acetone (100  ml) was  added. Refluxing w a s  continuedfor a 

total of 10-1/4 hours. After washing out the KBr,  KZC03  and acetone 

with water ,  the product was  taken up in e ther  and d r i ed  ove r  K2CO3. 

Distillation yielded 170 g (0. 8 mole )  of the p-bromophenyl allyl ether 

(b.p.  100 to 104OC at 2 t o r r ) .  Subsequently, after extract ion with 10 

percent  aqueous NaOH, it was noted that the product had contained 

about 7 percent  of r ea r r anged  4-bromo -2-allylphenol. 

After about 1 - 1 / 2  

Attempted Synthesis of 1 , 3 -Bis(p-allyloxypheny1)tetramethyldisiloxane 
(C2425-11) 

p-Bromophenyl allyl e ther  (170 g, 0. 80 mole )  was  added over  a 

2 to 3 hour per iod to a s l u r r y  of Mg (20 g )  i n  absolute e ther  (500  ml). 

The reaction was ve ry  sluggish and could not be made  vigorous even by 

the addition of  12 c rys t a l s  o r  e thylmagnesium iodide. 

that the bromophenyl allyl  e ther  w a s  contaminated with bromoallylphenol 

which prevented react ion by destroying Gr igna rd  reagent  a s  i t  formed. 

However, af ter  removal  of the phenol by alkal i  extract ion and again 

start ing the react ion i t  was  s t i l l  not energe t ic  even with the addition of 

ethylmagnesium iodide a s  an  initiator. 

dichlorotetramethyldisiloxane (80 g)  w a s  added to the solution of Gr igna rd  

reagent. 

but rapidly became sluggish. 

It was  l a t e r  noted 

Af te r  12 hour s  a t  reflux, 1 , 3- 

Its addition resu l ted  in  a reac t ion  which f i r s t  appeared  vigorous,  

After  washing the supernatant  solution 
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with dilute hydrochloric acid and drying the organic  phase with K CO 

the e ther  was removed by distillation. 

recovered  yet,  but a molecular  distillation i s  planned. 

2 3' 
The final product has  not been 

Reaction of "Diethoxyhexamethyltrisiloxane" with Decanediol (C1980-46) 

Dimethyldiethoxysilane (22. 2 g, 0. 15 mole)  was  par t ia l ly  

hydrolyzed with water  (1. 8 g, 0. 10 mole)  using ace t ic  acid ( 2  drops)  

a s  catalyst. 

tr isi loxane,was then mixed with 1, 10-decanediol (17.4 g, 0. 10 mole)  

and the mixture  was heated gradually to 150°C while removing ethanol 

by distillation. 

hour s  under a p r e s s u r e  of 

The hydrolysis  product'which i s  la rge ly  diethoxyhexamethyl- 

The react ion mixture was then heated a t  90'C for  20 

5 t o r r .  

The react ion product w a s  then diluted with e the r  (20 cc)  and 

chloroform (5  cc)  and was slowly added to a solution of 2,4-tolylene 

diisocyanate (17.4 g, 0. 1 mole)  in e ther  (10 cc )  cooled to 8 f 2°C. After 

the init ial  react ion w a s  completed, the isocyanate prepolymer w a s  

warmed  to  100°C and recovered  by removal  of the solvents with hea t  

and vacuum. 

P repa ra t ion  of 4-Bromo-2, 6-dimethylphenol (C1980-60) 

2, 6-Dimethylphenol (1  22 g, 1 mole)  was dissolved in w a r m  water  

(1500 ml). Bromine (160 g, 1 mole) was then added dropwise keeping 

the water  bath tempera ture  below 35°C. 

the flask was wrapped with aiuminum foil to exclude light. 

overnight the water  was  decanted and the dark purple solid product 

(154 g, 76 percent )  was  dr ied  under reduced p r e s s u r e  ('100 t o r r )  for  

6 hours.  One recrystal l izat ion yielded 61 g of tan c rys ta l s .  

P r i o r  to addition of the bromine 

After  settino b 

Reaction of Die thoxyte traphenyldi siloxane with Bis (hydroxymethyl- 
diphenvloxide (C1980-73) 

~~ ~ 

Diphenyldiethoxysilane (55. 8 g, 0. 41 eq. ) was par t ia l ly  hydrolyzed 

by shaking it with water  (1. 8 g, 0. 20 eq. ) and acet ic  acid (8 drops) .  

the tetraphenyldisiloxane mixture thus produced was added hydroxyme thy1 - 
diphenyloxide-14 (Dow Chemical CO., 48 g, 0.40 eq. ) and the mixture  

w a s  then heated a t  115" C (1  20 t o r r )  until ethanol evolution was  virtually 

TO 
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complete. 

alcohol removed. The following day additional acetic acid (12 drops)  

was  added and the mixture  w a s  heated a t  130°C for  6 hours  to induce 

total equilibration. 

The viscous product  weighed 89 g (102 percent  of theoretical) .  

The p r e s s u r e  was  then reduced to -2 t o r r  and the remaining 

It was  then heated a t  115°C for  16 hours  a t  C1 tor r .  

Prepara t ion  of D iphe nyldi e thoxy silane ( C 1 9 8 0 - 5 9 )  

Diphenyldichlorosilane (139 g, 0. 55 mole)  was  added slowly to 

ethanol (65 g, 

ethanol and HC1 were  removed by distillation a t  ambient p r e s s u r e  and 

the diphenyldiethoxysilane (1 39 g, 93 percent )  w a s  then disti l led under 

vacuum ( 1  24 to 130" Cy 3 to r r ) .  

1 .4  mole )  and the mixture  was  heated to reflux. E x c e s s  

Prepara t ion  of Phenyltriethoxysilane (C2425-13A) 

Phenyltrichlorosilane (180 g, 0. 86 mole )  was  added slowly to 

ethanol (% 125 ml) a t  such a r a t e  a s  to avoid excess ive  frothing. The 

HC1 and excess  ethanol were  then removed by disti l lat ion a t  ambient 

p r e s s u r e  and the phenyltriethoxysilane w a s  disti l led under vacuum 

(93 to 103'C a t  3 to r r ) .  

Reaction of B i  s(hydroxymethy1)diphenyloxide with Phenyl t r  iethoxy silane 
and Diphenvldiethoxysilane (C242 5-14A) 

A mixture of hydroxymethyldiphenyloxide -14 (Dow Chemical  CO. , 
120 g, 1. 0 eq. ), f resh ly  p repa red  phenyltriethoxysilane (8. 0 g, 0. 1 eq. 

93 to 103" Cy 3 t o r r ) ,  f resh ly  disti l led diphenyldiethoxysilane (55 g, 

0. 4 eq. ), and glacial  ace t ic  acid (10 d rops )  w e r e  heated a t  120 f 10" c 
in vacuum for severa l  hours  then a t  115°C and 20 t o r r  overnight. 

distilled out of the react ion mixture  during this  t reatment .  

product weighed 160 g (100 percent ) ,  and had a n  observed  equivalent 

weight of 308. I t s  theoret ical  equivalent weight is  320. 

Ethanol 

The viscous 

Reaction of Diethoxyte traphenyldi siloxane with Bi  s (  hydroxymethyl) 
diphenyloxide and Phenyltriethoxysilane (C242 5-14B) 

Fresh ly  disti l led diphenyldiethoxysilane (55. 8 g, 0. 41 eq. ) water  

(1. 8 g, 0. 20 eq. ) and ace t ic  acid ( 2  drops )  w e r e  shaken together until 
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the mixture became homogeneous and virtually c l ea r .  

thus produced was  added phenyltriethoxysilane (0. 055 eq., 4. 4 g,  

b. p. 93 to 103'C a t  3 to r r ) ,ace t ic  acid ( 6  drops) ,and hydroxymethyl- 

diphenyloxide-14 (60 g, 0. 5 eq. ). The react ion mixture  was heated a t  

110 f 10" C ( a t  80 f 20 t o r r )  until ethanol evolution ceased. Additional 

ace t ic  acid (10 drops)  w a s  then added and the react ion mixture  was 

heated a t  130 to 135°C (80 t o r r )  for 15 minutes and then fo r  3 hours  a t  

5 to r r .  

apparent  equivalent weight of 286. 

To the disiloxane 

The viscous product weighed 105 g (105 percent )  and had a n  

Reaction of Bis( hydroxymethy1)diphenyloxid e with Diphe nyldie thoxy silane 
'(C 2425 - 13B) 

Diphenyldiethoxysilane (27. 2 g, 0. 10 mole) ,  and hydroxymethyl- 

diphenyloxide-14 (46 g, 0. 20 mole)  were  melted together a t  85°C and 

ace t i c  acid (10  drops)  was  then added. 

gradually heated to 160" C while removing ethanol continuously. 

ethanol was  removed under reduced p res su re .  

The react ion mixture  was  

Residual 

R eaction of Bis(hydroxyme thyl) diphenyloxide with Phenyltr  ie thoxys ilane 
1 C 24 25 - 1 3 C ) 

Hydroxymethyldiphenyloxide-14 (48.4 g, 0. 40 eq. ) was melted,  

mixed  with phenyltriethoxysilane (16. 0 g, 0. 20 eq. ), and acet ic  acid 

(10 drops)  was then added. 

to 130°C while removing ethanol at  120 t o r r .  

p r e s s u r e  was  reduced to 8 0 t o r r  and maintained a t  135 degrees  for 2-1 /2  

hours.  Acetic acid ( 6  drops)  was then added,and af ter  mixing thoroughly 

the p r e s s u r e  w a s  reduced to 2 t o r r  and the tempera ture  w a s  lowered to 

120" C. 

tained for -16 hours. 

The reaction mixture  was  gradually heated 

After 1 / 2  hour the 

After 4 hours  the temperature  was  lowered to 90" C and main-  

The product weighed 54 g (98 percent  yield). 

Reaction of Diethoxytetramethyldisiloxane with Trimethylolpropane 
(C1980-571 

Dimethyldiethoxysilane ( 2 2 2  g, 1. 5 mole)  was hydrolyzed to the 

d i m e r  by react ion with water  (13. 5 g, 0. 75 mole)  and acet ic  acid (1. 0 g). 

The mixture  was vigorously shaken for 5 to 10 minutes until i t  became 
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c lea r .  

t u r e  was gradually heated to  150°C while constantly removing ethanol. 

The l a s t  t r a c e s  of ethanol were  removed at 100°C (4 t o r r ) ,  using a roto-  

film evaporator,  yielding 285 g (95 percent)  of siloxypolyol. 

Trimethylolpropane (202 g,  1. 51 moles )  was added and the mix- 

Preparat ion of N-Methylacetanilide (C 1961 -53) 

Fresh ly  disti l led N-methylaniline (54 g ,  0.  50 mole,  b. p. 54°C a t  

2 t o r r )  was dissolved in  pyridine (150 ml ) ,  and acet ic  anhydride (53 g, 

0 .  52 mole) was added dropwise while s t i r r ing  constantly ( 1 / 2  hour) .  

Refluxing was continued for  an additional 1 / 2  hour .  The react ion mixture  

was poured over  a mixture  o f  ice and hydrochloric acid,  and the p re -  

cipitated solid product (60 g,  80 percent)  w a s  collected by fi l tration. 

After recrystal l izat ion f r o m  water  containing decolorizing charcoal ,  the 

pure dr ied product weighed 29 .9  g and melted a t  104 to 105°C (Li t .  104°C). 

Preparat ion of N- Methylaniline-Formaldehyde P repo lymer  (C 1961 -55) 

TO a solution of N-methylaniline (43 g ,  0 .40 mole) i n  concentrated 

aqueous hydrochloric acid (18 ml, 0. 21 mole)  w a s  added dropwise a n  

aqueous solution of formaldehyde (37 percent,  20 g ,  0 .  25 mole)  while 

maintaining the tempera ture  a t  0 to 5°C. 

the addition, which took 30 minutes,  and for  1 hour thereaf te r .  The 

mixture  was  heated a t  90 to 95°C for  10 hours ,  then cooled and neutral-  

ized with aqueous sodium hydroxide (8 .4  g/500 ml). The yellow gum 

which precipitated was p re s sed  dry,  dissolved i n  methanol with some 

difficulty, then recovered  by methanol evaporation, redissolved in 

benzene, and dr ied by azeotropic distillation. When the benzene-soluble 

product was again recovered  and poured into e the r  a small amount of 

yellow powder (1. 2 g )  precipitated.  

the soluble phase a res inous product (27. 5 g)  w a s  isolated.  The equivalent 

weight of this product (96 f 2) w a s  de te rmined  potentiometrically by 

t i trating an acid solution of the r e s i n  with alcoholic a lkal i  as well  as by 

a potentiometric t i t ra t ion of the amine i n  glacial  ace t ic  acid using p e r -  

chloric acid. 

St i r r ing w a s  continuous during 

Upon evaporation of the e the r  f r o m  
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Synthesis of p,  p '  -Bis(methylamino)diphenylmethane (C2943-  2) 

A solution of N-methylaniline (48 g, 0. 45 mole)  in concentrated 

aqueous hydrochloric acid (19 cc,  12 N,O. 23 mole)  was cooled to 0 to 

5"C,  and formalin (16 g, 37 percent, 0. 20 mole)  was added dropwise 

o.;ier a 1 hour per iod while maintaining the tempera ture  below 5" C. 

Stirr ing w a s  continued for  1 hour a t  this  tempera ture ,  and the 

mixture  was then heated to 93" C for 9 hours. 

was poured into a vigorously s t i r r ed  alkali  solution (10 percent  NaOH) 

at  lO"C, and the precipi ta ted polymer was then taken up in benzene. 

After washing the aqueous phase with benzene the var ious benzene 

fract ions were  combined and the solvent was removed by distillation. 

Effor ts  to disti l l  the product a t  170'C (< 1 t o r r )  have fai led;  however, 

a lower p r e s s u r e  distillation i s  planned. 

tu r e the product c r y s ta 11 i z e d. 

The react ion mixture  

Upon standing a t  room t empera -  

Synthe sis of Stannos iloxane Pr e polyme r (B 5 20 2-4) 

A solution of phenylmethyldichlorosilane (172g, 0. 90 mole),  

methylvinyldichlorosilane (14 g, 0. 1 0  mole) and dibutyltindichloride 

(61 g, 0. 20 mole)  in  toluene (650 ml )  w a s  cooled to  -5°C. 
solution and a n  aqueous solution consisting of potassium hydroxide 

(161 g, 2. 88 mole),  Alconox (2. Og) and water  (550 ml) were  cooled to 

-21°C and were  added simultaneously to a labora tory  blender having a 

jacket packed wi th  a n  acetone-ice mixture.  

p e r s e d  a t  high speed in the blender for two minutes,  duringwhicht ime the 

t empera tu re  r o s e  to 20°C. 

chlor ic  acid and the aqueous phase w a s  separa ted  and discarded.  Solvent 

w a s  removed f r o m  the organic  phase by vacuum disti l lat ion at room 

tempera ture ,  yielding a light colored c l ea r  r e s i n  (171 g). 

The toluene 

The react ion mixture  was dis-  

It was then neutralized with dilute hydro- 

Synthesis of Stannosiloxane Prepolyme r (C 10 90 -40) 

A solution of dimethyldichlorosilane ( 1  1. 6 g, 0. 09 mole) ,  methyl- 

phenyldichlorosilane (17. 2 g, 0. 09 mole) ,  methylvinyldichlorosilane 

(2. 8 g, 0. 02 mole) ,  methyltrichlorosilane (1. 5 g, 0. 01  mole)  and 

dibutyltindichloride (9. 1 g, 0. 03 mole)  dissolved in 150 ml of toluene was 
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cooled to -10°C. 

of potassium hydroxide (35. 6 g, 0. 64 mole) ,  Del-0-Dex detergent  ( 3 .  2g) ,  

and water  (125 m l )  cooled to -21°C were  added simultaneously to an  ice- 

jacketed blender operating a t  moderate  speed. 

speed for 2 minutes the tempera ture  rose  to 27°C. Dilute hydrochlor ic  

acid was  then used  to neutralize the react ion mixture ,  and the organic  

phase was  then separated by centrifugation and concentrated by m e a n s  

of a ro t a ry  evaporator.  An oily liquid (20. 5 g )  was collected f r o m  which 

a smal l  amount of tin sa l t s  precipitated upon standing. This  liquid cu red  

to a f r iable  e las tomer by adding 0. 5 g of Dow Corning QF-1-0104 (a  sili- 

con hydride) and a drop of di-tert-butyl peroxide to 5. 0 g of the oil and 

warming gently with a hot a i r  gun. 

than one hour a t  room temperature .  

appreciable amount of hydrogen formed,  which made  the resul t ing product 

porous. 

The toluene solution and an aqueous solution consisting 

During mixing a t  high 

A similar composition cu red  in l e s s  

In both of the cured samples  a n  

Synthesis of Stannosiloxane P repo lymer  (C1090-35) 

A solution of dimethyldichlorosilane (24. 3 g, 0. 188 mole) ,  methyl-  

vinyldichlorosilane (2. 8 g, 0. 02 mole)  and dibutyl tin dichloride (12. 5 g, 

0. 041 mole)  dissolved in 150 m l  of toluene was  cooled to -16°C. 

solution and an aqueous solution consisting of po tass ium hydroxide 

(35. 6 g, 0. 64 mole) ,  Alconox ( 0 .  2 g),  and water  (1  25 ml) cooled to  -21" C 

were  added simultaneously to an ice-jacketed blender operating a t  high 

speed. 

blender a t  high speed and the highest  t empera tu re  reached  was  23°C. 

After neutralization with dilute hydrochlor ic  acid, the organic  phase w a s  

separa ted  in a separa tory  funnel, cooled in  a d r y  ice-acetone bath and 

f i l tered through g lass  wool to  remove ice-crys ta l s .  The solution w a s  

then concentrated using a ro t a ry  evapora tor  and yielded a clear r e s i n  

(21 g r a m s ) .  

Th i s  

The reaction mixture  was  d i spe r sed  for  two minutes  in the 

It w a s  found that a formulation consisting of 5 . 0  g r a m s  of this  
3 res in ,  0 .  1 5 g  of bis-silylbenzene (85 percent  m e t a - i s o m e r  and 15  p e r -  

cent pa ra - i somer ) ,  and one drop  of di- ter t -butyl  peroxide cu red  i n  less 

than 15 minutes a t  90°C,  but at higher t empera tu res ,  i .  e . ,  140°C, the 

polymer darkened presumably  due to the reduct ion of t in by unreacted 
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sil icon hydrides.  

fifteen minutes.  

The formulation also cured in a i r  a f te r  standing for 

A formulation using 5. 0 g rams  of the res in ,  0 .  25 g of Union 

Carbide Y-1524 Silicone (a  si l icon hydride) and one drop  of di- ter t -butyl  

peroxide cured in  l e s s  than 15  minutes a t  200" F. It a l so  showed appre-  

ciable cu re  at room t empera tu re  in a i r  a f te r  one and one-half hours .  

After standing f o r  s e v e r a l  days the c u r e  did not appear  to advance too 

much fur ther .  

Synthesis of Stannosiloxane Prepolymer (C 1090-29) 

A solution of methyldichlorosilane (2.  35 g, 0 .02 ml), dimethyl- 

dichlorosilane (15. 5 g, 0 .  12 mole),  methyltrichlorosilane ( 9 . 0  g, 0.06 

mole)  and dimethyltindichloride (11.0 g, 0 .05  ml) i n  130 ml of methylene 

chloride was cooled to -20°C.  

aqueous solution consisting of potassium hydroxide (37. 7g ,  0 .67  mole),  

Alconox (0. Zg), and water  (125 ml) initially a t  -20°C were  added simul- 

taneously to an ice- jacketed blender operating a t  high speed. There  was 

a violent react ion which caused some of the react ion mixture  to be thrown 

f r o m  the blender .  Appreciable quantities of insoluble gum formed 

apparently due to the methyltrichlorosilane,  which produced much 

c r o s  slinking. 

The methylene chloride solution and an 

Modification of Stannosiloxane Polymers  to El iminate  Hydroxyl End 
P--b. u l v u y "  - 3 ,  n o  (C!!!9!!-5G) 

In a 100 ml  flask fitted with a magnetic s t i r r e r  were  placed 

stannosiloxane polymer B5202-4 (39 g) and toluene (50 ml). The mixture  

w a s  agitated overnight to in su re  complete solution of the polymer;  then 

phenyl isocyanate (2 .0  g)  was added and the react ion mixture  was s t i r r e d  

f o r  1 hour.  

removed by using a ro t a ry  evaporator.  

cos i ty  of the polymer,  apparently because i t  prevents  hydrogen bonding 

of the te rmina l  hydroxy groups which contribute to the viscosity of the 

uncured polymer.  

Solvent and the unreacted phenyl isocyanate were  then 

This  p rocess  reduced the v is -  

To the t rea ted  polymer (28.0 g) was added 1, 4-bis-silylbenzene 

(1 .4  g )  and a few c rys t a l s  of dicumyl peroxide. The mixture  w a s  
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thoroughly mixed and placed in  a 2 x 2 x 1/4- inch mold protected f r o m  

the atmosphere with aluminum foil. 

f o r  about 25 minutes and allowed to cool overnight while being subjected 

to 10,000 psi p r e s s u r e .  

what porous. 

The mold w a s  heated fo r  210°F 

The result ing polymer w a s  f r iable  and some-  

Synthe s is of Siloxyur e thane Re s in (C 1 0 9 0 - 44) 

Into a 500 ml  three-necked flask fitted with a magnetic s t i r rer ,  

g lass  heating mantle,  t he rmomete r  and Vigreux column w e r e  placed 

dimethyltriphenyltrimethoxytrisiloxane ((Dow Corning Sylkyd 50; 156. 7 g, 

0 .33  mole)  and ethylene glycol (20 .  7g ,  0 .30  ml). 

was  heated to 160°C for  s e v e r a l  hours  while methanol (15. 7 g ,  0 .49  mole)  

w a s  removed by disti l lat ion.  A c lea r  homogeneous product w a s  obtained. 

The react ion mixture  

To 40 g r a m s  of the above res in ,  2 g r a m s  of tolylene diisocyanate 

and s e v e r a l  d rops  of tr iethylamine w e r e  added. The mixture  w a s  s t i r r e d  

and allowed to stand in  a desiccator .  

result ing product w a s  fa i r ly  f r iable  and had a small amount of bubbles, 

probably due to t r a c e s  of water  present  in the ethylene glycol which 

formed carbon dioxide upon react ion with the diisocyanate. 

The mixture  cu red  slowly. The  

Synthesis of Siloxyurethane Res in  (C1090-45) 

Into a 250 ml flask fitted with a magnet ic  s t i r rer ,  t he rmomete r ,  

heating mantle,  and Vigreux column w e r e  placed dimethyltriphenyltri-  

methoxytrisiloxane (Dow Corning Sylkyd 50; 110. 5 g ,  0 .  235 mole)  and 

ethylene glycol (24. Z g ,  0.470 mole) .  

16OOC during which t ime  15. 7 g r a m s  (0 .49  mole)  of methanol disti l led 

over .  

The mixture  w a s  heated slowly to 

The mixture  w a s  then heated f o r  an additional 2 hours .  

TO 40 g r a m s  of the above r e s i n  (equivalent -OH groups 0.  135 mole)  

w a s  added Nacconate 80, which is a mix tu re  of 80 percent  2, 4-tolylene 

diisocyanate and 20 percent  2, 6-tolylene diisocyanate (23. 5 g ,  o r  0. 135 

ml), and a few drops  of tr iethylamine. 

ing. The mixture,when placed in  a des icca tor ,  c u r e d  a f t e r  a day into a 

f r i ab le  solid which had some porous s t r u c t u r e  probably due to t r a c e s  of 

mois ture  which was present  in the ethylene glycol. 

The  mix tu re  thickened upon stand- 
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ANALYTICAL PROCEDURES 

Optimum physical and dielectr ic  proper t ies  of si loxyurethanes o r  

o ther  polymers  p repa red  in  this program can general ly  be expected 

when s toichiometr ic  amounts of the intermediate  prepolymers  a r e  

r eac t ed  together.  

res idua l  -NCO o r  -OH groups a r e  to be avoided. 

can be expected to be especially detr imental  due to the i r  v e r y  high 

dipole moments .  To obviate these problems equivalent weights of 

newly synthesized siloxypolyols, isocyanate prepolymers ,  epoxy p r e -  

po lymers ,  polyamines,  etc. , mus t  be determined. 

Thus,  in  urethane formulations,  for  example,  

Excess  -NCO groups 

Suitable procedures  a r e  of course available for  the analysis  of both 

aliphatic hydroxyl compounds and isocyanates .  The  ana lys i s  of hydroxyl 

compounds containing siloxy groups, however, is complicated by the fact  

that the acet ic  anhydride used in  conventional hydroxyl analyses  can  

r e a c t  with alkoxy s i lanes ;  thus, i n  a n  analysis  involving an  acetylation 

procedure,  the acet ic  anhydride can displace alkoxy end groups f r o m  the 

si loxane to produce acetoxy groups as i l lustrated.  

0 
II 

0 
I I t  I II 

0 CH3- C 

0 t R O - S i - - C H 3 - C - 0 - S i -  t RO-C-CH3 
\ 

/ I I 
CH - C  

3 !! 
0 

This  react ion uses  up 2 equivalents of acetyl  group p e r  alkoxy group. 

P repo lymers  and other intermediates  synthesized during the 

c o u r s e  of this p rogram were  thus analyzed to determine actual  equivalent 

weights s ince these values generally differed f r o m  the theoret ical  values.  

Siloxypolyols were  analyzed by the procedure of Ogg, P o r t e r ,  and 

W i l l i t s  [Quantitative Organic Analysis via Functional Groups,  S. Siggia, 

T h i r d  ed . ,  John Wiley and Sons, Inc . ,  1963, New York, N. Y . ,  

p. 12-14]. A modification of the procedure  was necessa ry ,  however, 

s ince  the recommended acetylation period (45 minutes) proved to be 
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inadequate for  complete reaction. 

appeared to be more  like 90 minutes.  

such as  trimethylolpropane 45 minutes a t  100" C was quite adequate, a s  

evidenced by the following resu l t s :  

The p re fe r r ed  acetylation period 

F o r  a m o r e  conventional alcohol 

T r ime  thylolpropane 

Observed Equivalent Theoret ical  Equivalent 
Weight Weight 

45 .3  44 .7  

In cont ras t  to these  resu l t s  a r e  those f r o m  the analysis  of a siloxypolyol 

derived f rom the reaction of tr imethylolpropane with 1 ,  5-dimethyl- 

1 ,  3, 5-triphenyl- 1 ,  3, 5-trimethoxytrisi loxane (C2425- 1B) 

Acetylation Ob s e r v  ed Equivalent Theoret ical  Equivalent 
Per iod  Weight g /eq.  Weight g / eq .  

45 minutes 379 f 50 

60 minutes 259 f 50 

90 minutes 78.6 f 0. 2 79 
120 minutes 74.5 f 0 . 5  

180 minutes 77.0 f 5.0 

F r o m  the above data i t  w i l l  be noted that not only did the f i r s t  two 

acetylation periods produce highly e r roneous  r e su l t s  but a l so  they 

produced individual resu l t s  which var ied widely f r o m  the mean.  

Resul ts  were,  however, relatively consis tent  for  acetylation per iods of 

90 minutes o r  g rea t e r .  

noted with the 90 minute per iod.  

Minimum deviations f r o m  the ave rages  w e r e  

To determine the extent to which Si  - 0 - Si groups in te r fe re ,  

samples  of oc tamethylcyclote t ras i loxane w e r e  analyzed. 

H 3 C \  ,CH3 
Si 

/ \  
0' 0 

H3C,l 1 / 3 3  
Si Si 

H3 C' I I 'CH3 
0 0 
\ /  

c 

Octame thylc yclotetr  as i loxane 
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Negative resu l t s  indicated that this compound, and thus the Si - 0 - Si 

group, is not readily susceptible to cleavage during the acetylation 

p rocess  and consequently constitutes no problem. Fur the rmore ,  i t  was 

previously demonstrated that Si - OCH 

analyses  because of the susceptibility of the methoxyl group to displace-  

ment by acetoxyl group. 

analysis  of a sample of triphenyltrimethoxydimethyltrisiloxane (Sylkyd 50), 

which, although i t  has  EO hydroxy! groups,  consumed 17 .2  percent  of the 

acetyl  equivalence and thus indicated that 8 .6  percent  of the methoxyl 

groups had been displaced. Thus, although methoxyl groups do constitute 

a problem, data obtained on siloxypolyol C2425-1B show that acetylation 

per iods g r e a t e r  than 90 minutes yield r e su l t s  which a r e  ve ry  close to the 

r e s u l t s  f r o m  the 90 minute acetylation period; consequently, the 2, 2-bis- 

(hydroxyme thyl) butoxyl groups (the t r i m e  thylolpropane moiet ies)  

groups do in t e r f e re  with hydroxyl 3 

This  l a t t e r  evidence was obtained f r o m  an 

CHZOH 
\ 

C H - C - C H 2 - O -  
5 /  
CHZOH 

do not appear  to be susceptible to displacement as a r e  the methoxyl 

groups.  

It should a l so  be noted that the previously descr ibed  siloxypolyol 

(C2425-lB) contains phenyl groups on each  sil icon a tom of the siloxane 

chain and these apparently a r e  partly respoxisibh for the Izlwer r a t e  cf 

acetylation. 

and dimethyldiethoxysilane apparently acetylate somewhat m o r e  rapidly, 

as evidenced by the data on C2425-5B presented below. 

acetylation per iod appeared to be quite adequate. 

Homologous siloxanes derived f r o m  trimethylolpropane 

Here a 70 minute 

Acetylation 
Pe r iod  

70 minutes 

90 minutes 

110 minutes 

130 minutes 

Observed Equivalent 
Weight 

68. 5 

64.3 

67. 7 

63.7 

Aver age 66.05 
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After establishing a suitable react ion period, var ious siloxypolyols 

were  analyzed and the resu l t s  a r e  presented in  Table 2. 

the average of at l ea s t  duplicate runs .  

All  r e su l t s  a re  

Siloxypo lyol 
Number 

C2425- 1B 

C2425- 7A 

C1587-81,82 

C 196 1 - 29HB 

C 2425- 5B 

C2425-7B 

C2425- 8A 

C 2425- 9B 

C2425-8B 

C - 1980 -45 

C - 19 80 - 57 

C - 24 25 - 13B 

C - 2425 - 14A 

C-2425-14B 

Analysis 
Number 

B5269-42 

C2497-4 

C2497-1 

C 24 9 7- 6 

C 249 7-3 

C 24 9 7- 5A 

C 24 97- 5B 

C2497-7 
- 

C2497-17 

C 24 97- 26A 

C2497- 26B 

C 2497 - 25A 

C 24 97- 25B 

Acetylation 
Period,  
minut e s 

90 

90- 120 

90-120 

90 

90- 110 

90 

90 

90 
- 

90 

90 

90 

90 

90 

___ ~~ - 

Observed 
Hydroxyl 

E qui valent, 
g h .  

_ _ _ _ ~  

78.6 

121 

3 75 

14 1 

66.0 

102 

98 
121 
- 

212 

92 

404 

308 

453 

~~ 

Theoret ical  
o r  Expected 

Hydr oxy1 
Equivalent, 

g h .  

79 

190 

132 

97 

81 

99 
118 

137 

155 

99 
321 

3 20 

430 

Table 2.  Analyzed equivalent weights of var ious  
s iloxypolyols . 

Several  si loxyisocyanate prepolymers  w e r e  a l so  analyzed. This  

was  accomplished by  establishing the i r  amine equivalents by determining 

the number of secondary amino groups which react with the available 

isocyanate groups.  The react ion i s  i l lus t ra ted  below: 
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Isocyanate samples  were  reac ted  with an  e x c e s s  of the secondary amine 

and the unreacted amine was subsequently t i t ra ted  with s tandard  aqueous 

hydrochloric acid.  

descr ibed  in  a brochure f r o m  the Mobay Chemical Company and w a s  

developed fo r  the analysis  of tolylene diisocyanate. In the Hughes pro-  

cedure,  dipropylamine was used to replace dibutylamine and w a s  

standardized against  samples  of 2,4-tolylene diisocyanate which had an 

equivalent weight of 88. 2 ( theoret ical  value 87. 5). 

the s tandard var ied  by 0.  2 units. 

analyzed a r e  indicated below in Table 3 .  

The analytical procedure was essent ia l ly  that 

Duplicate samples  of 

Isocyanates which were  subsequently 

Siloxy 
Isocyanate 

Pr epolymer 

C -2425-6A 
(made f r o m  -5B) 

C - 2425 - 1 OA 
(made  f r o m  9B) 

C 1 9 80 -46 

C 1980- 58 

Equivalent Weight Analysis 
Number Observed Theore t ica l  

C2497-1lA 199 24 0 

C2497-11B 178 157 

C 249 7- 17 6 85 449 

C 24 9 7- 22 670 224 

Table 3 .  Analyzed equivalent weights of s e v e r a l  siloxy 
isocyanate prepolymers .  

Polymer ic  amines  which were synthesized during this repor t  period 

w e r e  analyzed by t i trating them with perchlor ic  acid using acet ic  acid a s  

the solvent,as well  as by t i trating the amine hydrochloride in  water  with 

alcoholic KOH. 

ace t i c  acid method, gave r a the r  sharp  end points. 

are  i l lus t ra ted  in  F igures  5 and 6. As a s tandard of comparison fo r  the 

perchlor ic  acid t i tration, 4,4'-diaminodiphenylmethane was a l so  t i t ra ted  

in  ace t i c  acid. 

99.0,or a n  average  of 97.9, a s  against  a theoret ical  value of 99.1.  
typical  t i t ra t ion curve  is i l lustrated in  F igure  7. 

Ti t ra t ions w e r e  followed using a pH m e t e r  and, in  the 

Typical t i t ra t ion curves  

Duplicate runs yielded equivalent weights of 96. 7 and 

A 
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8 '  

7 '  

6 ,  

5 .  

4 

P H  

3 s  

2 

I ,  

DESIGNATION: CIS61 -S5+ 
SAMPLE WT(W) = 0,2589 
PERCHLORIC AClDt 0 .104N 
VOLUME ZERO POINT= 1.43 MI. 

1000 Y 1 1 1 I Nri= ' I y q  , 
I 

13 I S  17 19 21 23 25 27 29 31 33 

PERCHLORIC ACID, ML 

Figure 5. pH t i t ra t ion curve  f o r  N-methylaniline 
formaldehyde in  ace t i c  acid.  
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DESIGNAT 

26 28 30 32 34 36 30 40  42 44 46 

VOLUME OF ALKALt, ML 

SAMPLE WT(W)= 0.549g i I  
ALCOHOLIC KOH = 0.543 N I 

I 

AV LI 

I 
I 
! 

= 123g/rq 
N hV 

I I 

Figure  6 .  pH t i t ra t ion curve for  N-methylaniline 
formaldehyde in aqueous solution, 
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Analysis 
Amine Number 

Met hy 1 e ne diani line C2497-28A, 30A 

Equivalent Weight 

Observed Theoret ical  

97. 8 99 .1  

Methylaniline formaldehyde 

C1961-55Cp 

Epoxy-phenylenediamine 

"Reactive Adduct" 

C1987-63, 65 

C2497-28B, 30B 11 7 * 114 

C 24 9 7 - 27 123 * *  

C2497- 29 135 139* 

92. 7*" 

*Perchlor ic  acid t i t ra t ion of amine in  acet ic  acid.  

**Alkaline t i t ra t ion of aqueous amine hydrochloride.  
* 

* $C Calculated on the bas i s  of total amino groups.  

Calculated on the bas i s  of functional N - H groups.  

Table 4. Analyzed equivalent weights of var ious polyamines.  

6 

5 

4 

3 
P M  

2 

I 

VOLUME, ML 

Figure 7. p H  t i t ra t ion  curve f o r  4,4' -diaminodiphenylmethane 
in ace t i c  acid solution. 
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MATERIALS EVALUATION 

Dielectric t e s t s  on the various polymers  were  c a r r i e d  out using 

two types of specimens.  

general ly  having the dimensions of 1.900-inch d iameter  X 0.100-inch 

thick. Specimens of this type were  usually prepared  when the r e s ins  

were  expected to be very  rigid after cure ,  whereas  4- rod  embedded 

electrode specimens were  often prepared when the polymer w a s  expected 

to be somewhat e las tomer ic .  The l a t t e r  type have the dimensions 

5/8- inch d iameter  X 4-1/2- inch long with the b r a s s  rods  3 / 8  inch 

a p a r t  a t  their  cen ters .  

The Hartshorn specimens were  c i r cu la r  d i sc s  

Har t shorn  spec iAens  a r e  p re fe r r ed  fo r  g rea t e s t  precis ion;  how- 

ever ,  the 4-rod specimens a r e  highly sat isfactory fo r  genera l  screening 

purposes .  Fu r the rmore ,  Hartshorn specimens have s e v e r a l  disadvantages 

in  that they must  be machined to  p rec i se  dimensions and the i r  su r f aces  

mus t  be metall ized, preferably by aluminum vapor deposition. Bes ides  

being m o r e  costly, these specimens a r e  l e s s  suitable for  higher  tempera-  

t u re  t e s t s  and high vacuum te s t s .  

m e n s  a r e  c a s t  to proper  dimensions with the electrodes rigidly held in 

place during casting. These specimens a r e  conveniently tes ted  at t empera -  

t u r e s  of 150°C, and a r e  highly suitable for  high vacuum te s t s .  

pr inciple  disadvantage over  the Hartshorn specimens is the i r  requirement  

f o r  l a r g e r  quantit ies of res in .  

Four - rod  embedded electrode speci-  

Their  

Siloxypolyols synthesized during the course  of this p r o g r a m  w e r e  

general ly  formulated with a standard commerc ia l  isocyanate prepolymer.  

The purpose of using one standard component w a s  of cour se  to  permi t  

the relat ive evaluation of the var ious siloxypolyols. 

thereaf te r ,  to se lec t  the bes t  siloxypolyol and use  i t  in preparing a sui t -  

able  s iloxyi s o cyanate p r  e polyme r.. Although s ever  a1 isocyanate p r  e - 
polymers  of this  type w e r e  prepared, their  working cha rac t e r i s t i c s  w e r e  

too poor to permi t  the preparation of good dielectr ic  t e s t  spec imens  and 

consequently d ie lec t r ic  propert ies  of si loxyurethanes p repa red  f r o m  

these  isocyanates could not be obtained. 

It was intended, 
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Of a l l  the siloxyurethanes p repa red  and evaluated, those derived 

f r o m  siloxypolyol s synthe s ized f rom bis (hydroxyme thy1 ) diphenyle the r 

were  the only ones which showed a g rea t  deal of promise.  

gation of this type of poly01 

repor t  period and consequently r e su l t s  of subsequent work should prove 

very  interesting. 

dissipation factors  of 1. 20 and 1.16 percent  were marked  improvements  

over  the usual dielectr ic  constants of 5 f 0. 5 and dissipation f ac to r s  of 

4-8 percent  generally noted with other siloxyurethanes. 

The investi-  

was initiated near  the end of the annual 

Dielectr ic  constants of 3. 38 and 3.86 as  well a s  

Although a considerable effort  h a s  been made to synthesize seve ra l  

epoxysilicone monomers  the des i red  compounds have not yet been 

obtained. One epoxysilicone, namely 1, 3-bis( epoxypropoxypropy1)- 

tetramethyldisiloxane, was  evaluated since it was available commerc ia l ly  

(Dow Corning Syl Kem 90). I ts  s t ruc tura l  cha rac t e r i s t i c s  were ,  however, 

not those of interest ,  par t ly  because i t  was completely aliphatic, but a l so  

because it contained labile hydrogen a toms f3 t o  the e ther  oxygen atoms. 

Po lymers  obtained f r o m  this  epoxysilicone monomer showed no special  

prom i se. 

A se r i e s  of epoxy r e s ins ,  which were  p repa red  f r o m  a s tandard 

high purity epoxy monomer [2, 2-bis(epoxypropoxyphenyl)propane, 

Shell Epon X-241 along with var ious types of amine  curing agents,  were  

evaluated. Two of the amines  were  simply amine terminated adducts of 

the X-24 with m-phenylenediamine and with aminobenzenethiol. 

technique of using amine terminated p repo lymers  r a the r  than monomer ic  

amines  a s  curing agents was investigated because the p repo lymers  could 

be thoroughly outgassed in high vacuum, thus eliminating the potential 

p roblems of outgassing in aerospace  environments.  A s  a r e su l t  of th i s  

procedural  change not only was  the outgassing problem resolved for  the 

mos t  par t ,  but a l so  dielectr ic  and physical p rope r t i e s  of the cured r e s i n s  

were  superior to proper t ies  of the analogous r e s i n s  obtained by conven- 

tional mixing procedures.  

The 

The standard epoxy compound was a l s o  cu red  with amines  such a s  

4, 4' -diaminodiphenylmethane, mix tures  of bis(methy1amino)- 

diphenylsilane with 4 ,4 '  -diaminodiphenylmethane, mix tu res  of 
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N, N' -diphenylethylenediamine with 4, 4' -diaminodiphenylmethane, and 

telome r ic  N -me thylaniline formaldehyde. 

observation made was that e v e r y  amine which contained N-methylamino 

groups produced epoxy r e s i n s  with dielectr ic  constants below 4. 0 (3 .4  to 

3. 9)  a t  ambient tempera ture  and with other good dielectr ic  propert ies .  

[Dielectric constants of 3. 8 have also been obtaine4 a t  lOO"C, but this 

data i s  due to be repor ted  in a subsequent report .  1 

Probably the most  significant 

During the course  of work OR the siloxyurethane r e s i n s  derived 

f rom trimethylolpropane, it was noted that high t empera tu re  postcures  

(150" C) were very  useful in attaining minimum die lec t r ic  constants. 

Another ra ther  interest ing observation which was  made on these 

polysiloxyurethanes was  the r eve r sa l  of the o r d e r  of dissipation fac tors  

(a t  100" C) when specimens were  cured a t  74" C instead of a t  150" C. 

This  observation is shown graphically in F igure  8. 

Dissipation 
Fac to r  

a t  100" C, 
P e r c e n t  

20 

18 

16 

14 

12 

1 5OoC 

74OC c 

Cure  

ur e 

1 

1.0 1. 2 1.'4 

eq. siloxypolyol: eq. isocyanate 

F igure  8. Dissipation fac tors  of si loxyurethanes cured a t  
var ious  temperatures .  

It was a l so  noted that t e s t s  ca r r i ed  out a t  100°C tend to yield 

r e s u l t s  which exhibit a much wider spread  than is observed with ambient 

t empera tu re  t e s t s ,  and consequently i l lustrate  the effect of composition 

changes quite profoundly. 

the significance of the sil icone content of siloxypolyols, rather in t e re s t -  

ing t r ends  w e r e  noted. 

F i g u r e s  9 and 10. 

In a s e r i e s  of t e s t s  designed to demonstrate  

These  resu l t s  a r e  graphically i l lus t ra ted  in  
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u 
0 
0 
0 
4 

c, 
rd 

cn 
6 6.0 

1 2 3 4 

Degree of polymerization of siloxane 
moiety of the siloxypolyol 

F igure  9. Variation of dissipation f ac to r s  of si loxyurethanes with 
varying siloxane chain lengths. 

1500 

1000 

500 

I I I 4 
1 2 3 4 

Degree  of Polymer iza t ion  of Siloxane 
Moiety of the Siloxypolyol 

Figure 10. Variation of insulation r e s i s t a n c e  with varying siloxane 
chain lengths.  
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! ,  
The composition of siloxyurethane d ie lec t r ic  specimens which were  

p repa red  during this  p rogram a r e  presented  i n  Table 5 and compositions of 

epoxy and epoxysilicone t e s t  specimens a r e  presented  in Table 6 whereas  

d ie lec t r ic  t e s t  r e su l t s  a r e  presented i n  Tables  7 and 8. 

Comments Cure 
Conditions Compos ition 

Si loxypolyol Isocyanate I Specimen 
Number 

Tem- 
pera- 
ture ,  

OC 

rime, 
hours 

- - 
20 

3 

All 4-ROd 
Derived Desig- I ~ na;; nation 

74 
100 C2425-1B 1 1::; 

C2425-1 B 

0.20 
- 
0. 13  

Clear, yellow tint, 
tough, flexible 

Clear,  yellow tint, 
tough, flexible 

C2435-1 
and 2 

-3 and 4 t 20 
3 

4 

- 
74 

100 

100 Clear, yellow tint, 
tough, flexible q?j 

C1587-79-2 8.3 

0. 17 -5 and 6 

-s2 0.10 17 
3 

17 
3 

- 
83 

100 

83 
100 

Clear,  yellow tint, 
tough, flexible 

Clear,  yellow tint, 
tough, flexible 0.10 

- 
0.10 

-s3 

-SA1 G t I  I A' 44.5 I 0.10 17 
3 

83 
100 

74 
150* 

74 
150* 

74 
150* 

Clear,  yellow tint, 
tough, flexible 

Clear, yellow tint, 
tough, flexible 

Clear,  yellow tint, 
tough, flexible 

- s c 1  
-SCl' C2425-5B 6.6 I 0.10 GtJ I A' 44.5 0.10 + 

44.5 0.10 

15 
4 

15 
4 

15 
4 

- 

- 
- s c 2  
-SC2' C2425-5B 1 ;:: 

C2425-5B 

C2425-7A 12.1 

0.12 
- 
0.14 
- 
0.10 

- s c 3  
-SC3' 

Clear, yellow tint, 
tough, flexible 

44.5 I 0.10 15 
4 

74 
150 

Clear,  tough, flex- 
ible, yellow tint  -SD1 

C2425-7B I 10.2 
I 

I T 15 
4 

16 
2 
3 
4 

16 
2 
3 
4 

- 

- 

- 

Tough, s emi  flex- 
ible, yellow tint, 
t r ans  lucent 

74 
1 c n  
Id" 

74 
85 

100 
150 

74 
85 

100 
150 

85 
150 

-SE1 0.10 

- 
0.105 

- 

0.10 

- 
0. 15 

Tough, s emi  flex- 
ible, translucent -SF 1 

-SG1 

C1980-41 C 

Tough, semi flex- 
ible, t r ans  lucent 

Reject 
Bubbles -foamed F' I 13.3 0. 15 

-41D 
0.20 

0.10 
- 
- 

.33 1 0. 30 
64 

8 
Trans lucent, 
yellow tint, tough, 
semi flexible Vacuum 

Table 5. Compo sition of siloxyurethane d ie lec t r ic  
t e s t spe c imen s . 
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C u r e  
Condit ions Comments  

T e m -  
r i m e ,  p e r a -  
l o u r s  t u r e ,  I o c  

Spec imen 
N u m b e r  

I socyanate  

Al l  4-Rod 
)es ig-  
iation Weight Desig- I W e y ,  

nation 
Der ived  

F r o m  r 16 100 

i- D' Rejec t  
P o o r  s p e c i m e n  39.6 C1980-42 

-51-5A 
9 .7  

A' 
- 

A' 

0.10 
- 

0. 15 

Rejec t  
Fa i led  t o  c u r e  44.5 

66. 7 
Rejec t  

F a i l e d  t o  c u r e  

Rejec t  
Bubbles ,  
tough e l a s t o m e r  T 0.045 N t O t P  

+ 
0. 05 74 

1; 1 6 4 N 2  A' 22 .2  -63-1 C2425-14A 15 .4  

-63-2 C2425-14B 20.2 

-63-3 C2425-14A 30 .8  

6 4  v a c  

Rejec t  
Bubbles ,  
f a i l e d  t o  c u r e  

Rejec t  
V e r y  b r i t t l e ,  
a l s o  voids  

Rejec t  
V e r y  b r i t t l e ,  
a l s o  voids  

A' 22.2 0. 05 

0.10 I N t O  D' 13.2 0.10 

-63-4 1 C2425-14B I 40.4  0.09 I N t O t P  D' 13. 2 0 . 1 0  
Same a s  above,  
r e r y  b r i t t l e  - 
:eject  

90 v a c  

0.033 1 N t O  A' V e r y  f lex ib le ,  
tough and c l e a r  22 .2  0. 05 -64-5 

-64-6 

0.015 I N t O t P  

D' 

A '  
- 

D' 

A' - 

D' 

0. 04  

0.01 

0. 04  

0 .01  

- 

- 

0. 05 

- 
0. 035 

0. O l i  - 

Tough and c l e a r ,  
but somewhat  
b r i t t l e  

S a m e  c u r e  a s  
above ,  tough 
but somewhat  
b r i t t l e ,  c l e a r  

S a m e  c u r e  
a s  above 

16 1 0 0 v a c  

5. 25 

4.45 

5.25 

4.45 

6. 6 

4 .6  

7 .0  

V e r y  b r i t t l e  -64-7 

-65-8 1- V e r y  b r i t t l e  
0 .01  I G t K  

-65-10 1- D' 

A' 
Slightly b r i t t l e  

*This  second h igher  t e m p e r a t u r e  pos t  c u r e  w a s  c a r r i e d  out a f t e r  t h e  f i r s t  s e t  of e l e c t r i c a l  t e s t s  w a s  completec 

Code: A ' -  Adiprene L-315 I - Diethoxypolydimethylsiloxane 
B'- Adiprene L-167 

C' - 2,4-Toly lene  d i i socyanate  

D ' -  Nacconate  200 (National Aniline) 

E '  - 1 ,  3-b is (hydroxymethyl )  te t ramethyld is i loxane  

F' - 1, 10-decanediol  

G - Trimethylo lpropane  

H - Sylkyd 50 (Dow Corning Corp .  ) 

J - Dimethyld ie thoxys i lane  

K - "Diethoxytetramethyldisiloxane" 

L- "Diethoxyhexamethyltrisiloxane" 

M- ' I  Diethoxyoctamethyltetrasiloxane" 

N - Bis  (hydroxymethyldiphenyloxide) 

0 - Phenyl t r ie thoxys i lane  

p- Diphenyldiethoxysi lane 

Table 5 (continued). Composition of si loxyurethane 
d ie lec t r ic  t e s t  specimens.  
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I Composition Cure Conditions I 
Amine Specimen 

Number Designation Weight 

7, 8 E 54.7 

9, 10 E 50 .0  
F 100 

11, I2  F 87 
- 

C1980-40A A 16.2 

E OXY 

Weight 

100 

20 6 

100 

Eq. Designation 

3.57 G 

hours  

121 

Comments 

Dark a m b e r  
tough rigid 

Dark amber  
tough r igid 

Dark amber  
tough r igid 

"::" 
3.59 

1.21 

- 
0 .59  

0.30 

0.30 

0.30 

0.30 

- 

Rigid, tough 
AMBER CLEAR 

51.0 

54.3 

51.0 

54.3 

Rigid, tough 
AMBER CLEAR 

4-112 3-114 I E; vac. I 
1 I 

0.20 

0.40 

0. 20 

0.40 

0. 09 

~ 

- 

- 
0.05 

- 
0. 15 

0.10 

-40B A 16. 2 

-40BV A 16. 2 

-50-1 B I 2  

-50-2 B 6 .0  

-50-3 B 6.0 
A 2.7 

34.0 

72.4 

34. 0 

72. 4 

15.4 

Rigid, tough 
AMBER CLEAR 

Rigid, tough 
AMBER CLEAR 

Colorless  tough 
elastomer 

75 
3-114 1 2 1  
4-112 150 vac. 

24 74 N2 
24 125 vac. 

Failed to cu re  9.1 

27.0 E la s tomer  color .  
less 125 vac. 

74 N2 
125 vac. 

74 N2 
110 vac.  

0.136 

- 
0.20 

Yellow tint tough 
e l a s tomer  

Tough rigid hard 
c l ea r  

Tough r igid cleai ..-,, 
JSLLV" 

23. I 

34.0 

0.10 

0.20 10.0 

- 56- 1-4 1.68 0.09 

- 

0 .09  

- 

4 I 7 0 N 2  i% 1 90 N2 

65 NZ 

80 NZ 

A1203 filled 

~~ 

I 

J 

15.4 

15.4 

+t -65-9 I 

J 

White r igid tougl 0.066 

C I .  7 

Code: A - m-phenylenediamine 
B - bis(methy1amino)diphenylsilane 
C - 4,4'-diaminodiphenylmethane 
D - N, N'-diphenylethylenediamine 
E - Amine terminated m-phenylenediamine-Epon X24 prepolymer C1587-63. 4 

F - Amine terminated m-aminobenzenethiol-Epon X-24 prepolymer C1587-65 
C - Epon X-24 (Shell Chemical  Co. ) 
H - Epoxysilicone Syl Kem 90 (Dow Corning Gorp. ) 
I - Discs 1.9-inch diameter  x 0.100-inch thick 

J - Four-rod embedded electrode 

. 
Table 6 .  Composition of epoxy and epoxysilicone 

d ie lec t r ic  tes t  spec imens .  
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Specimen 
Number 

1, 2 

394 

596 

C 24 3 5 -S2 

- s 3  

-SA1 

-sc 1 

-sc 1 ' 

-sc 2 

-SC2' 

- s c 3  

-SC3' 

-SDl 

-SE1 

-SF 1 

-SG1 

C 1980 -4 1D 

-51-5 

-64-5 

-64-6 

-65-10 

Dielectr ic  
Constant 

1 kc 

25" C 

4 .59  

7.54 

4 .66  

4.75 

4.86 

5.30 

5.60 

5.00 

5. 15 

5.10 

5.15 

5.06 

5 .46  

5. 1 8  

5. 60 

4 . 6 6  

5 .25  

7.47 

4 .67  

3 .38  

3.86 

100" c 
7. 68 

9.02 

7. 14 

7.41 

7 .98  

8. 15 

8. 23 

7.37 

8. 18 

8.18 

8.34 

8.45 

7.93 

6. 88 

6. 7.6 

5 .74  

4 .02  

9 . 9 8  

Dissipation 
Fac tor  

Pe rcen t  

25" C 

3.40 

8. 79 

4.99 

3. 51 

4. 13 

6. 36 

6. 87 

4.43 

5. 20 

4. 58 

5.41 

4. 60 

6. 85 

5. 72 

4.49 

5.00 

7.37 

10.08 

6.  96 

1.20 

1. 16 

100" c 

10.6 

9 .3  

10.4 

18. 5 

11.4 

1 2 . 2  

13 .3  

11.2 

19. 8 

1 0 . 5  

9. 6 

8. 1 

7. 2 

6 .4  

34 .49  

Insula tion 
R e  si s tan c e 
Megohms- 

500 VDC 

25" C 

6 . 5  X l o 5  

3 x 105 

4 . 5  x 105 

5 x 105 

2.0 x 105 

2 x 105 

2 x 105 

3 x 105 

5 x 105 . 

4 . 5  x 103 

8 . 5  X l o 5  

. 6  x l o 5  

100" c 

26 

150 

32 

95 

30 

30 

140 

700 

1300 

1400 

200 

7 

Table 7.  Dielectric proper t ies  of var ious si loxyurethane res ins .  
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Dielectric Constant 
1 kc 

25'C 

4.31 

4.05 

4.00 

4.83 

4.80 

4.84 

5.18 

5.36 

5.54 

3.70 

4.39 

3.71' 

6.30" 

100°C 

6.35 

5. I 1  

5.62 

5.47 

5.00 

4.26' 

6.66 

Dissipation 
Factor  

Percent  

25' C 

I. 57 

3.92 

0. 60 

1.12 

1.06 

0. 87 

0. 78 

,. 03 

i. 40 

I. 55 

1. 90 

) . 4 7 *  

1.6' 

- 
IOO'C - - 

.5.08 

. I ,  00 

3.35 

J . 3 1  

9.09 

3.91 

2.63 

1.88 
- 

nsulation Resistance 
Megohms-500 VDC 

Specimen 
Number 

7 ,s  

9 , lO 

I I , 1 2  

C1980-40A 

-40AV 

-40B 

-40BV 

-50-1 

-50-3 

-51-4 

-52 

-56 

-65-9 

* = average resul ts  from &rod specimens and Hartshorn specimens. 

25'C 

I x l o7  

1 x lo7 

> I x lo7 

5 x lo7 

5 x 106 

5 x lo7 

I x I O 7  

. 8  X IO3 

. 6  X IO4 

. 6  x IO4 

' I x l o7  

8 X IO5 

IOO'C 

5 x lo4 

1.6 x io3 

3 x IO2 

I x io5 

I x lo5 

I x lo4 

Volume Resistivity 
Ohm Cm 

25'C 

5 . 0  x 1014 

4.5 x 1014 

.1.4 x l o l l  

2.2 x loll 

2 x 1O1l 

7.3 x l o L 3  

7.4 x 1013 

Table 8. Dielectric properties of var ious epoxy and 
epoxysilicone res ins .  
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IOO'C 

2 x 1o1O 

5.1 x 1O1l 

I2 4.3 x 10 

5.8 X 10" 


