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GLOSSARY 

Banbury intensive mixer 
. . 

Block Polymer 

Cab-0-Sil MS7 

 omp press ion Set 

Crepe Hardening 

DSC 

EEMCO rubber mill 

GPC . 

HiSil 233 

Haake Rotovisko 

LLNL 

Mixer produced by Farrel-Birmingham Co., Inc., 
Ansonia-Derby, Connecticut 

."Macromolecules comprised of chemically. 
'di ss imi lar, terminal ly connected segments. "1 

Specific grade of fumed silicon dioxide made by 
the Cabot Corporation, Boston, Massachusetts. 

The lack of recovery to free thickness- a material 
incurs as a result of a'load applied for a 
specified period of time. 

.The process in which a filled polymer becomes 
excessively stiff, presumably through the 
interaction of functional groups on the polymer 
and the filler. This leads to high levels of 
bound polymers and long mi 1 1  -softening times. In 
some cases this renders the polymer unprocessabl e. 

Differential scanning calorimetry. 

Two-roll mill produced by Erie Engine and Mfg. 
Co., Erie, Pa. 

Gel-permeation chromatography. 

A specific grade of precipitated silicon dioxide 
produced by Pittsburgh Plate Glass Industries, 
Inc, , Chemical Division, Pittsburgh, Pa'. 

A rotary viscometer produced by Haake, Inc.; 
Saddle Brook, New Jersey 

Designation for a si lylamine intermediate used in 
the preparation of L60VB block polymer. 

Condensation-polymerized block silicone gum 
prndiiced by LLNL. 

Equilibrium-polymerized random silicone gum 
produced by LLNL. 

Lawrence Livermore National Laboratory, 
Livermore, California. 



ioad Retent ion 

Luperco lOlXL 

UCC 

Y 1587 

The ability of a material to resist stress in the 
form of an impressed weight. 

2,5-dimethyl-2,5-bis(t-butyl peroxy) hexane at 50% 
concentration is a curing agent produced by 
Lucid01 Division, Pennwalt Corp., Buffalo, 
New York. 

Number average molecular weight from GPC 
measurements based on polystyrene equivalents. 

Weight-average molecular weight from GPC 
measurements based on polystyrene equivalents. 

Condensation-polymerized.block silicone gum 
produced by McGhan-NuSi 1 Corporation, 
Carpinteria, California. .. 

Equilibrium-polymerized' random silicone gum 
produced by McGhan-NuSil Corporation, 
Carpinteria, Cal iforni'a. 

Ratio of ITw/&. A measure of molecular weight 
distribution. 

Equilibrium-polymerized random silicone gum 
produced by Rhone-Poulenc Chemical Co., Lakewood, 
New Jersey. 

Equilibrium-polymerized random silicone gum 
produced by General Electric Co., Waterford, 
New York . 
Glass transition temperature. 

Thermal gravimetric analysis 

Tetramethylammonium silanolate initiator 

Union Carbide Corporation, New York, New York.' 

Ethoxy-endblocked dimethylsilicone fluid produced 
by UCC. A processing aid for silicone gums. 

Intermediate reinforced silicone gum produced by 
UCC (Y) or LLNL (L). 

Heat stripped Y or L1668 



Y- or L3223 Molding compound of Y- or ~321'9, temporary filler 
and curing agent or cellular silicone.cushion 
'produced from the molding compound. Nominal 
density of 0.63-0.65 g/cm3 ( M ~ / M ~ ) .  

A si lanol endblocked polydimethylsi loxane of. - ca. 
1600 M . W t :  supplied by UCC. 



SYNOPSIS 

The Lawrence Livermore National Laboratory (LLNL) has an active interest 

in the synthesis of new polysiloxanes as base polymers for cellular silicone 
materials. These elastomers have properties uniquely suited to very specific 

engineering requirements. While the polymers which we have prepared via 

random equi 1 ibration of various cycl ic tetrasi loxanes2 have adequate 

properties for certain applications, there is evidence to suggest that 

alter'nating block polysiloxanes prepared via condensation-polymerization 

techniques have properties more suited to our end uses as flexible foam . 

materials [cushions). The synthetic sequence developed to prepare these 

materi a1 s i'nvolves reactions of functionally terminated (s i lylarnino and 

silanol,) polysi loxane 01 igomers to produce a1 ternating mu1 tiblock (ABAB.. .) 

materials of high molecular weight. Dialkylamines are condensation 

byproducts in this reaction. The analysis and characterization of these 

mu1 tiblock polymers is reported. Since one of the 01 igomers is prepared in 

an. equi 1 i bration reaction among several siloxane components, a significant 

degree of compositional flexibility is poss.ible. An additional topic of 

discussion is the functional endcappi ng of these poly(dimethy1-,diphenyl-  

methylvinyl) siloxane polymers with dimethylvinylsilyl groups. This 

termination provides a means of tying down polymer ends through peroxide 

crosslinking which very probably results in improved physical properties. 
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INTRODUCTION 

C e l l u l a r  s i l i c o n e  m a t e r i a l s  have been u t i l i z e d  f o r  many ye'ars at' LLNL as 

support  ma te r i a l s ,  space f i l l e r s  and shims. 'Due t o  a  d i s r u p t i o n  i n  the  

commercial a v a i l a b i l i t y  o f  these foams as w e l l  as t he  s i l i c a - f i l l e d  mold ing 

compounds and base gums f rom which the  foams are derived, we a t  LLNL have 

found i t  necessary t o  de.velop a  s i l i c o n e  technology s u i t e d  t o  our own needs. 

we have es tab l i shed  both the  syn thes is  . .  . c a p a b i l i t y  f o r  p repa ra t i on  o f  the  base 
i s i l i c o n e  elastomers and the  r e q u i s i t e  compounding e x p e r t i s e  t o  conver t  gums. . '  
i 
I t o  c e l l u l a r  ma te r i a l s .  

. . 
The most c r u c i a l  foam p rope r t i es  i n  our a p p l i c a t i o n s  are low compression 

set ,  h i gh  l oad - re ten t i on  and long s e r v i c e  l i f e .  Our s tud ies  i n d i c a t e  t h a t  

foams based on s i l i c o n e  elastomers which are a l t e r n a t i n g  m u l t i b l o c k  polymers 

have supe r io r  compress.ion s e t  p roper t ies .  t o  those foams t h a t  are based on 

standard random e q u i l i b r a t i o n  s i l oxane  polymers, t he  p repa ra t i on  o f  which i s  

descr ibed Our syn thes is  o f  t he  former m a t e r i a l s  i s  based on 

sequent ia l  condensat ion reac t i ons  between f u n c t i o n a l l y - t e r m i n a t e d  ol igomers. 

The methods o f  r e a c t i n g  such f u n c t i o n a l  l y  terminated 01 igomers ( s i  l a n o l /  

s i  1  an01 , 3  s i  l a n o l / s i  l y l  ha1 ide,4 and s i  l a n o l / s i  l y l  a m i r ~ e , ~  f o r  example) 

are no t  new. The technique u t i l i z e d  here i s  based on the  b u l k  r e a c t i o n  o f  

amine-terminated and s i l ano l - t e rm ina ted  s i loxanes  t o  y i e l d  regu la r ,  a l t e r n a t -  

i n g  'mu' l t ib lock polymers which serve as base elastomers i n  foam app l i ca t i ons .  



EXPERIMENTAL 

Materials* 

The cyclotetrasiloxanes (octamethyl, octaphenyl, and sym-tetramethyl- 

tetravinyl) were purchased from Silar Laboratories, Inc.; Y7005, a 

silanol-terminated polydimethylsiloxane fluid having a molecular weight of 

approximately 1600 was purchased from Union Carbide Corporation; 

1,7-dichlorooctamethyltetrasiloxane, obtained from Petrarch Systems, Inc. was 

co'nverted to 1,7.-bis(dimethylamino)octamethyl tetrasi loxane by reaction with 

d'imethylamine and magnesium turnings according to the method of Creamer. 6. 

The 01 igomerization initiator, tetramethylammonium si lanolate (TMAS), was 

prepared by the reaction of tetramethylammonium hydroxide with octamethyl- 

cyclotetras i loxane .7 The fumed si 1 ica, Cab-O-Si 1 MS-7, was obtained from 
Cabot Corporation, while the precipitated silica, Hi Sil. 233 was supplied by 

PPG. The .urea pore-forming reagent was purchased from Sherritt-Gordon Mines, 

Canada and the t-butyl per-2-methylbenzoate from Witco Corporation. The 

processing aid,'Y1587, an ethoxy-endblocked polydimethyl-siloxane is marketed 

by Union Carbide Corporation. 

--- - 
*The mention of firm names or trade products throughout this article does not 
imply that they are endorsed or recommended by the U. S. Department of Energy 
or the University of California over other firms or similar products not 
.mentioned.. . 



Oligomer Synthesis 

In a typical preparation of an amine-terminated si loxane prepolymer 

(LZO), 848.49 (2.860 mole, 56.6 wt. %) of octamethy lcyc lo te t ras i loxane,  2539 

(0.319 mole, 16.9 wt. %) of octaphenylcyclotet ras i loxane,  239 (0.067 mole, 

1.5 wt. %) of 2,4,6,8-tetramethyltetravinylcyclotetrasi1oxane, and 3769 , . 

(1.020 mole, 25 wt. X )  of 1 ,7-bis(dimethylamino)octamethyltetrasi loxane were 
added to an oven-dried 2 liter resin kettle maintained under a dry .argon 

blanket. The kettle had been equipped with the following oven-dried 

accessories which were assembled while hot under a dry argon stream: 

condenser, temperature controller, thermowell, and gas.inlet adapter. The . 

mixture was heated with stirring to 100°C and a total of 4.649 (0.31 wt. %) 

TMAS was added via syringe in three roughly equal portions, one hour apart. 

The polymerization was continued for two hours after the last portion of 

catalyst, was added.   he total reaction time was five hours. ~i'nall~, the 

kettle temperature was raised to 135°C for 30 min. to deactivate the TMAS. 

The reaction mixture was cooled and vacuum filtered under dry argoil in. a . . 

glove bag. According to proton nuclear magnetic resonance (pmr) analysis, 

the dimethylamino-terminated prepolymer had a molecular weight of 1514 (calc. 

1477). 

Polymerization 

.'The bulk polymerization was carried out in a 1 gall'on, steam-jacketed 

Baker Perk ins sigma blade mixer at approximately 200°F. Before the reactants 

were placed in the mixer, it was dried by heating at 200°F for at least one 

hour while being purged with dry argon. The silanol-terminated polydimethyl- 

siloxanc (Y7005) was added to the mixer bowl and a clear plastic 1 id of 
R Plexiglas (polymethylmethacrylate) with a vitonR fluorocarbon gasket , 

containing several closed ports was clamped in place. An addition funnel was 



f i t t e d  on one p o r t ,  and about 90% o f  t h e  s t o i c h i o m e t r i c  amount* o f  L20 

(d imethylamino- terminated s i l oxane  prepolymer) was.added r a p i d l y ,  cons i s ten t  

w i t h  ma in ta in ing  a  manageable l e v e l  o f  foaming as d imethyl  amine was evolved. 

Another p o r t  pe rm i t t ed  evolved dimethylamine t o  be d i v e r t e d  t o  an exhaust 

system, w h i l e  a  stream o f  d r y  argon was swept i n t o  the  r e a c t o r  through a  

t h i r d  port.. 

The remain ing L20 was added s lowly,  a l l ow ing  f o r  f requent  determinat ions 

o f  t h e  apparent v i s c o s i t y  by means o f  a  Haake r o t a r y  viscometer. The sp ind le  

cou ld  be r a i s e d  o r  lowered through a p o r t  i n  t he  cover.. A one ho le  cork was 

f i t t e d  t o  the  s p i n d l e  so t h a t  a i r  cou ld  be excluded f rom en te r i ng  the  r e a c t o r  

through t h e  sp ind le  p o r t  when the  v i s c o s i t y  was not  being determined. No, 

at tempt was 'made t o  determine an ac tua l  v i s c o s i t y  be'cause . o f  a n t i c i p a t e d  

compl ica t ions  a r i s i n g  f rom d i f f e rences  i n  the  -- i n  s i t u  sample geometry 

depending upon mixer  b lade pos i t i on ,  ac tua l  volume o f  reac tan ts ,  s p i n d l e  

depth w i t h i n  t h e  r e a c t i o n  mixture,  e t c .  However, i t  was shown t h a t  a  

p a r t i c u l a r  scale read ing  rep roduc ib l y  corresponded t o  the  desi red Hw o f  

500,000 (GPC de te rm ina t i on ) .  

Once the  s t o i c h i o m e t r i c  equivalence p o i n t  was reached, a  t h r e e - f o l d  molar 

excess o f  t he  endblocking reagent  v iny ld imethyl -N-methylacetamidosi lane 8  

was added. A f te r  an a d d i t i o n a l  15-30 minutes o f  mix ing  a t  2006F, the product  

mass was washed th ree  t imes w i t h  1L p o r t i o n s  o f  d i s t i l l e d  water and then 

d r i e d  i n  a  vacuum oven (80°C/29 i n .  Hg) f o r  - ca 16 hrs.  t o  remove. water and 

r e s i d u a l  dimethylamine. 

~ l k % - f i < ~ a m o u n t s  o f  atmospheric moisture encountered i n  hand1 i n g  
opera t ions  a f f e c t  t h e  average molecular weight o f  t he  L20, the c a l c u l a t e d  
condensat ion s to i ch iomet ry  was checked by smal l  scale screening reac t i ons  i n  
which q u a n t i t i e s  o f  L-20 and Y7005 were mixed i n  d i f f e r e n t  r a t i o s  i n  4 dram 
screw cap g lass v i a l s  under d r y  argon. The caps were l oose ly  screwed .on,.and 
t h e  v i a l s  p laced i n  an oven a t  100°C f o r  1  hour. The optimum s to i ch iomet ry  
was taken as t h a t  which r e s u l t e d  i n  the  h ighes t  molecular weight gum. 



Synthesis 

The major adv.antage of the preparative method described here is the 

smooth one-step synthesis of the amine-terminated block, block A. This is 

accomplished by the reaction 6f the octamethyl-, octaphenyl-, and tetramethyl- 

tetravinylsiloxanes, TMAS and 1,7-bis(dimethy1amino)-tetrasiloxane at 100°C. 

The block size (molecular weight) is controlled by the relative amount'of 

chain terminator (1,7-bis(dimethylamino)octamethyltetrasi1oxane) added. The 

initiator is simply deactivated by increasing the reaction temperature to 

135OC, where it decomposes into volati le, innocuous byproducts The 

product, block A, is a low molecular weight oligomer of randomly equilibrated 
siloxanes. Certain characteristics of the cured polymers can be controlled 

by varying the component ratios during the oligomer synthesis. For example, 

diphenylsi loxane units are incorporated to avoid crystal 1 ization9 at low 

temperatures (-=-40°C), while methylvinylsiloxane units provide vinyl sites at 

which crosslinking may occur through peroxide cure. By varying the vinyl 

concentration we may vary the cross link density, and, in turn, the 

compression set and load retention characteristics. 

Block B is a commercially available .si lanol -terminated polydimethy1.- 

siloxane of about 1600 mw. Both blocks A and B are of approximately 

equivalent molecular weight so that the alternating blocks within the polymer 

are of roughly equal size. 

The idealized synthesis pathways involved in the preparation of the 

oligomers are shown in equations (1) and (2). 



CH3 CgH CH3 TMAS 
(2) - c + x ( s ~ o ) ~ + ~ ( s ~ o ~ ~ + ~ ( s ~ o ) ~  - 

CH3 'sH5 C2H3 

(where n, x ,  y, and z are integral numbers) 

The polymerization and endcapping reactions are shown. in equations (3) 

and (4), respectively. 

The presence and quantity of each type of organic group within the 

polymer was verified by means of continuous wave pmr spectroscopy. Gel 

permeat ion chromatography was used to characterize polys i loxane Mw, Rn and 
polydispersity. The targets for this material were Mw of 500,000, a phenyl 
content of 9 w t . ~  (as Si (C6ti5)20), a vinyl content of 0.7 wt.% 

(as Si (CH3) (CH=CH2)0) and vinyldimethylsi lyl endcapping. These can be 

routinely attained. 



Viny l  mo ie t i es  were inc luded i n  t h e  end groups i n  o rder  t o  f a c i l i t a t e  

i nco rpo ra t i on  o f  t he  polymer cha in  ends i n t o  the  network du r i ng  t h e  

c r o s s l i n k i n g  process. This  i s  a  means o f  counter ing  the  p o s s i b i l i t y  t h a t  

dang l ing  cha in  segments may c o n t r i b u t e  t o  t he  compression se t  problem. A 

mechanism can be envis ioned i n  which uncross1 inked dang l ing  chain-ends , . 

become temporar i l y  entangled du r i ng  t h e  p r o x i m i t y  enforced upon them by 

compression o f  t he  cushion du r i ng  tes t " -cond i t ions .  

Our approach was t o  r e a c t  t h e  s i  l a n o l  - terminated b lock  .polymers w i t h  

vinyldimethyl-N-methyl-acetamidosilane o r  1,3-divinyltetramethyldisilazane. 

S t r i c t  s t o i c h i m e t r i c  c o n t r o l  i s  e s s e n t i a l  du r i ng  po l ymer i za t i on  beca'use 

d i a l  kylamine cha in  t e r m i n a t i o n  r a t h e r  than s'i l a n o l  cha in  t e r m i n a t i o n  a t  

t h e  equivalence p o i n t  would f o i l  endblocking e f f o r t s .  Hyd ro l ys i s  o f  

' s i l y l a m i n e  would l ead  t o  s i l a n o l  endblocking du r i ng  t h e  wash step, and 

then t o  crepe hardening o f  t h e  f i l l e d  polymer system. Th i s  was, i n  fact,  

observed i n  one r e a c t i o n  sequence i n  which excess component - A (equat ion  1) 

was added. 

We have found t h a t  s i l a n o l  endblock ing can be assured i n  two ways: 1) 

as t he  s t o i c h i o m e t r i c  equivalence p o i n t  i s  approached (as i n d i c a t e d  by a  

r a p i d  increase i n  v i s c o s i t y  corresponding t o  a  l a r g e  inc rease i n  mo lecu la r .  

we igh t ) ,  t he  s i l y l a m i n e  prepolymer i s  added dropwise t o  avo id  over-shoot ing 

t h e  equivalence po in t ;  2),when the  des i red  v i s c o s i t y  i s  a t ta ined,  an excess 

of water i s  added t o  hydrolyze any s i l y l a m i n e  present  and ensure s i l a n o l  

endblocking. Because o f  t h e  ope ra t i ng  temperature o f  a  90°C, any water 

added i s  a  t r a n s i e n t  reac tan t ,  bu t  excess endblocker i s  a l so  subsequent ly 

added' t o  ensure v i n y l  endbl'ocking. 

Because o f  t h e  minute concent ra t ion  (-0.01%) o f  v i n y l  in t roduced i n  

t h i s  manner, and the  d i f f i c u l t y  i n  d i s t i n g u i s h i n g  i t  f rom pendant v i n y l  

mo ie t i es  s u b s t i t u t e d  upon t h e  elastomer backbone, i t  has no t  been poss ib le  

thus f a r  t o  o b t a i n  d i r e c t  p roo f  o f  v i n y l  endblocking.10 Prev ious ly ,  9c 

endcapping was accomgl i shed by react i o n  o f  the  s i 1 an01 - te rmi  natcd 

po lys i loxanes  w i t h  N,N1-bis(trimethylsilyl)ethylenediamine t o  y i e l d  



ethylene diamine and t r i m e t h y l s i l y l - t e r m i n a t e d  polysiloxanes. Thorough 
washing of each of these polymers with water is mandatory to remove 

byproduct amines which could be responsible for reversion of polysiloxanes 

under conditions of confined heat, l 1  for processing diff ic,ul ties, 12 

and also for bond cleavage in the cured foams. 13 

FORMULATION AND COMPOUNDING 

The ultimate use for polysiloxane gums at LLNL is as base materials 

for elastomeric foams. The starting polysiloxane gums are reinforced with 

a silica filler of high surface area and activity, aged, heat stripped, 

catalyzed with a suitable peroxide such as t -buty l -per-2-methy lbenzoate 

and temporarily filled with a water soluble pore former such as urea or 

ammonium chloride. The temporarily filled material is mold-cured to the 

desired shape. The filler is then washed from the crosslinked matrix wi,th 

hot water leaving behind a cushion of density determined by the amount of 

temporary filler incorporated initially. Compression set data indicates 

these condensation block polysiloxanes have superior properties to 

cushions made from random polysi loxane polymers. 

The gums were formulated using a standard LLNL formulation: 

100 pts. gum; 

32 pts. Cab-0-Sil MS-7 fumed sil ica (Cabot); 

6 pts. Hi-Sil 233 precipitated silica (PPG); 

10 pts. Y1587 processing aid (UCC). 

The mixture was compounded in a Farrell-Banbury intensive mixer at 40 rpm 

for 6 min. and then milled for five minutes at 60°C and a surface speed of 
25 fpm on a 6 inch two-roll mill, with a shear ratio of 1.2:l. After 

compounding, the formulation was bin aged for 28 days at room temperature. 

At. the end of this period, the material was heat strippe'd for 18 hours at 



177°C. The hea t - s t r i pped  m a t e r i a l  (L3219) was then ca ta lyzed w i t h  a v i n y l  

s p e c i f i c  peroxide, t-butyl-per-2-methylbenzoate.  The ca ta lyzed gum was ' . .  

then f i l l e d  w i t h  t he  pore former and sheeted. The mold was charged w i t h  

the  molding compound, compr,ession molded, and cured a t  125' f o r  60 

minutes. The cured p a r t  was washed f o r  16 hours i n  90°C water, and then 

a i r  d r i e d  f o r  16 hours a t  room temperature. The p a r t  was f i n a l l y  oven 

d r i e d  4 hours a t  150°C and then pos t  c,ured 24 hours a t  249°C. 

CHARACTERIZATION AND TESTING 

. . 

The polymers synthesized i n  t h i s  s tudy were c h ~ r a c t e r i z e d  by p ro ton  

magnetic resonance (prnr) spectra,  ge l  permeation chromatography (GPC), and 

thermal analyses (DSC and TGA). Table I summarizes r e s u l t s  obta ined f o r  a 

v a r i e t y  o f  polymers, i nc lud ing :  a) b lock  polymers (L60VB - synthesized a t  

LLNL; M6OVB - synthesized a t  McGhan-NuSi 1 Corp. under LLNL c o n t r a c t )  ; b )  

random polymers (L97KVB - synthesized a t  LLNL; M97KVB - synthesized a t  

McGhan-NuSil Corporat ion under LLNL con t rac t ;  RP97 - a b lend o f  random 

pnlymors synthesized a t  Rhone-Poulene CorporaLiurl; SE-54 - synthesized by 

General E l e c t r i c  Corpora t ion) .  

The "VB" code r e f e r s  t o  polymers which are v i n y l  endblocked; "K" 

' r e f e r s  t o  systems synthesized by us ing  a potassium s i l a n o l a t e  i n i t i a t o r , .  2 

These.act. ive s i l a n o l a t e s  are deac t iva ted  by m i l l i n g  1 w t . %  Cab-0-Sil MS-7 

fumed s i l i c a '  i n t o  t he  gum t o  prevent  polymer revers ion .  The General 

E l e c t r i c  and Rhone-Poulenc polymers are a l so  presumably synthesized w i t h  

e i t h e r  potassium s i  1 an01 a te  o r  potass ium hydrox ide based on emission 

spec t ra  analyses.14 The TMAS used i n  t he  b lock  polymer syn thes is  i s  

deac t iva ted  by heat ing.  

Except f o r  t h e  SE-54 gum, which i s  a r e l a t i v e l y  h igh  phenyl, low v i n y l  

con ten t  system, i t  can be seen t h a t  molecular  composit ion does n o t  vary 

w ide l y  w i t h i n  t h e  group studied.  Higher v i n y l  contents g i ve  r i s e  t o  



h ighe r  c r o s s l i n k  d e n s i t y  and thus t o  h igher  modulus foams. A systematic 

s tudy o f  t h i s  and r e l a t e d  s t ruc tu re -p rope r t y  r e l a t i o n s h i p s  has been 

repo r ted  i n  a  p r e l  im ina ry  communication .' A f a i r l y .  l a r g e  range o f  

molecular  weights was synthesized, b u t  t h i s  was found t o  have a  smal l  t o  

n e g l i g i b l e  e f f e c t  on p r o p e r t i e s .  S i g n i f i c a n t l y  enhanced thermal s t a b i l i t y  

as measured by TGA i s  demonstrated by the  b lock polymer system. This i s  

n o t  unexpected, inasmuch as no i o n i c  r e s i d i u s  are in t roduced i n t o  the  

bl 'ock.polymer syn thes i s  scheme t o  ca ta l yze  polymer revers ion .  The random 

.polymers synthesized f rom potassium s i l a n o l a t e s ,  however, s u f f e r  acceler-  

a ted  weight  loss  because o f  t he  presence o f  the  metal s a l t s .  l5 This 

seems l i k e  a more p l a u s i b l e  exp lanat ion  f o r  the  observed d i f f e rences  i n  

s t a b i l i t y  than one which invokes s t r u c t u r a l  d i f f e rences  i n  the  polymers. 

The GE and Rhone-Poulenc polymers demonstrate in te rmed ia te  s t a b i l i t y ,  

p o s s i b l y  because: ( 1 )  meta l  s i l a n o l a t e s  were n o t  used i n  t h e i r  manufacture, 

( 2 )  because they  have been s t a b l i z e d  or,  ( 3 )  because they  'have been 

s t r i p p e d  t o  remove low molecular  weight c y c l i c  s i loxanes du r ing  the  

manufactur ing process, and there fore ,  s u f f e r  l ess  weight l oss  a t  low 

temperature. 

Table 1 1  con ta ins  examples o f  t he  r a t h e r  l a rge  d i f f e rences  observed i n  

compression s e t  da ta  f o r  t h e  var ious  polymers studied.  The b lock polymers 

a re  c l e a r l y  supe r io r  t o  t h e  c o ~ ~ u n e r c i a l l y  supp l ied  random polymers, b u t  

o n l y  m a r g i n a l l y  b e t t e r  than the  L97KVB system. This may i n d i c a t e  t h a t  

v i n y l '  endblocking i s  o f  c r i t i c a l  importance i n  minimi z i n g  compress i o n  se t  

s ince  t h e  commercial polymers are n o t  be l i eved  t o  incorpora te  t h i s  

f ea tu re .  The. t r e n d  i s  cons i s ten t  i n  t he  two d e n s i t i e s  o f  foam examined. 

Compression s e t  measurements were obta ined i n  a  conf ined-d ie  t e s t  a t  35% 

compression and 149°C f o r  24 hours. 16 



TABLE I. POLYMER CHARACTERIZATION 

Polymer Type -. - -.--- -.--- -- -- -- 

H'NMR Ratios ( W t . % )  --- .- - --- --- - - --- -- 
CH3 '6"s C2H3 

- S i O -  - S i O -  - S i O -  
GPC ---. 

1. L60VB (Block) 26.09(89.98) 1 .OO( 9.26) 0.0952(0.77) 181,000 476,000 
154 

2. MOOVB (Block) 
153 22.28(88.4) l.OO(10.7) 0.106(0.98) 99,000 457,000 
155 22.39(88.5) l.OO(10.6) O.lOO(0.92) 139,000 442,000 
160-1 23.66(89.2) l.OO(lC1.1) 0.078(0.69) 151,000 419,000 

3. L97KVB (Random) 
150 

4. M97KVB 158-111 24.67{89:58) 1 .OO( 9.74) 0.080(0.68) 195,000 544,000 
(random) 162 26.55j90.21) 1 .OO( 9.11) 0.085(0.67) 308,000 698,000 

163 25.43i89.82) 1 .OO( 9..48) 0.085(0.70) 179,000 410,000 
164 28.58(90.?9) 1 .OO( 8.52) 0.093(0.69) 192,000 514,000 

5. RP97 (Random, blend) 27.83(90.73) 1 .OO( 8.74) 0.070(0.53) 210,000 498,000 

6,. SE-54 (Random) 
Lot JE167 115 15.99(85.43) l.OO(14.30) 0.0215(0.27) 289,000 656,000 

MWD 

*I w t . %  Cas-0-Sil MS-7. funed s i l i c a  mi l l .ed i n  



Table 11.' Compress.ion Set Data f o r  L3223* and L3260* S i l i c o n e  Cushions 

% s e t  
24 hour 

Cushion Type - --- Gum Type -- - ------- (Av, recovery)  Sx -- C.V.% n - 

L3223 SE-54 (random) 10.32 0.38 3.7 3 

RP-97 b lend (random) 19.58 1.57 8.0 3 

L97KVB (random) 5.68 0.20 3.6 3 

L60VB (b lock )  3.84 0.29 7.6 3 

L3260 SE-54 (random) 10.40 1.02 9.8 3 

L97KVB (random) 4.33 0.18 4.1 3 

L-60VB ( b l o c k )  3.30 0.62 19.0 3 

*These codes r e f e r  t o  t h e  nominal d e n s i t i e s  o f  t h e  cushions, which are 
c o n t r o l l e d  by t h e  amount o f  leachable f i l l e r  ( i n  these cases urea) which i s  
m i l l e d  i n  d u r i n g  the  f o r m u l a t i o n  step; L-3223 i s  rough ly  44% p o r o s i t y  
(0.65g/cc) w h i l e  L3260 i s  60% p o r o s i t y  (0.50g/cc). Each s lab  i s  nominal ly  
100 m i l  t h i c k ;  urea was used as the  pore-forming f i l l e r ,  and the  c u r i n g  agent 
was Esperox 497XL ( t - B u t y l  -per-2-methyl benzoate). Fur ther  d e t a i  1s r e 1  a t i n g  
t o  fo rmula t ion  and compress i o n  se t  de terminat ion  are out1 ined e l  sewhere.16 



ANALYSES 

Both ol igomers and polymers were r o u t i n e l y  cha rac te r i zed  by thermal 

analyses, ge l  permeation chromatography (GPC), and pmr spectra. The pmr 

spec t ra  were obta ined on 10 w t . %  s o l u t i o n s  i n  CDC13 us ing  a Fou r ie r  

t rans form N i c o l e t  Magnetics Wide Bore 200 t rans form spectrometer ope ra t i ng  a t  

200.071 MHz. Normal ly a 45 degree RF pu l se  ( 4  p sec) i s  used, along w i t h  a 3 

sec. r e c y c l e  t ime and.16,000 da ta  p o i n t s .  The a c q u i s i t i o n  t ime i s  2.72 sec., 

w i t h  a 3000 Hz spec t ra l  width. Between .I00 and 1000 f r e e  i n d u c t i o n  decays 

are accumulated, depending on t h e  sample. 

The DSC analyses were obta ined w i t h  a duPont Model 900 DSC module 

scanning f rom -120" t o  20°C a t  10°C per  minute. The TGA analyses were 

performed on a Perk in-Elmer TGSZ thermal g rav ime t r i c  system, scanning from 
20°C t o  600°C under d r y  n i t r o g e n  a t  a program r a t e  o f  5qC per  minute. . . 

A Gel Permeation Chromatograph, Waters Model 200, was used f o r  

determin ing t h e  molecular  weight averages and d i s t r i b u t i o n s  i n  t h i s  study, 

w i t h  t h e  f o l  luw i r ~ y  i ns t rumenta l  parameters and cond i t i ons :  

Solvent:  Tetrahydrofuran, THF, i n h i b i t e d  w i t h  0.025% b u t y l a t e d  

hydroxytaluene, degassed a t  55"C, f l o w  1 ml/min. 

Columns: 4 each, i n  ser ies ,  4 - f t  x 3 /8 - i n  S ty rage l  (Waters) 
6 L inear  10 A exc lus ion  l i m i t .  

. . 
Column Temperature: Ambient, 21°C. 

Detector :  D i  f f e r e n t i  a1 Refractometer 

Cal i b r a t i o n :  Waters Narrow D i s t r i b u t i o n  Po lys ty rene Standards. 

Data Reduction: L inear  Regression C a l i b r a t i o n  Curve f o r  

Polystyrene-Equiva lent  molecular. weight averages, 

Computer- in teract ive data/computat ion methods. 



CONCLUSIONS 

It has been shown t h a t  L60VB, a m u l t i b l o c k  s i l i c o n e  polymer can be 

c l e a r l y  prepared i n  one s tep  from prepolymers having designed composit ions. 

These m a t e r i a l s  a re  processed t o  e lastomer ic  foam cushions having low 

compression se t  and h i g h  thermal s t a b i l i t y ,  which are super io r  t o  any o the r  

s i l . i c o n e  cushion we have t e s t e d  i n  these respects.  This  inc ludes 'a 

comparison w i t h  e lastomers having t h e  same gross composit ion, b u t  w i t h  a 

random arran'gement o f  components along t h e  polymer backbone. 
. . 
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