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deve l op a better understanding of the mechanism of the enhancement alread y known
to exist in pol ycarbonate-si licone block pol ymers .

In the first effort , a continuation of previouJ work , a numbe r of changes
were made in materials and procedures that brought extrudate color intensity
down to a leve l almos t as low as that in the highest quality, natural-grade BPA
pol ycarboriate extrudates. In order of i mportance these changes were a) use of
acetonitri le in place of nitromethane as a BPF recrystallization solvent , b)
remova l of residual methano l from freshly made resin powder prior to dry ing ,
and c) the use of new extrus i on equipment having smoother surfaces and ti ghter
tolerances .

In the second effort the enhancement in limiting oxygen i ndex (101) was
found to vary considerab l y with composition and foreign block constitution .
Maximum 101 enhancements varied by family in the order BPF pol ycarbona te BPA
pol ycarbonate ~ pol ydiphenyl phenylene ox i de > pol ystyrene > polysulfone > poly
silpheny lene siloxane = polymethy l inethacrylate , the first two being 20 points
and the last two nil .  Enhancement seemed to require a minimum leve l of melt
viscosity arid the formation of a residue having a carbon content. Broadly the
mode of silic one incorporation (i.e., b lock , graft , or fine blend) appeared to
have litt l e  effect on the synergism.

Mechan i sm studies concentrated on the BRA carbonate family revealed a
st rong correlation between resin LOl and pyro l y t ic char y ield , the correlation
encompassing a ll resin s containing DMS but not BRA pol ycarbonate itself. How-
ever , the correlation was substan t i a l l y different from that found by vankrevelen
for a wide vari ety of organic pol ymers inc lud ing BRA pol ycarbonate , the block
pol ymer chars being superior in raising 101. Pyro lyt ic chars from the block
pol ymers contained silicon dispersed on a submicroscopic to molecular scale , the
degree of silic on retention correlat i ng strong l y with pyrol ytic char y ield.
Inte r-block products found in the pyrolysates suggested that the attack of
pheno lic degrada tion p roducts on the carbon-silicon bond resulted in the forma-
tion of a crosslinked aromatic-si licate network. This network is thought to be
an essential feature of these highl y effective chars .
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SUMMARY

Th is  rep o r t  s umrn ar i : es  the r e s u l t s  of t~ o e fforts d e aling with si I cone

b lock pol~~r ne rs . The object of the f i r s t  e t t o i  t was to produce c o l o r l e s s

t rans parent e st  ruda tes of b i s phenol f I no r en o n e  carbonate  — d i met h~ is i I o sane

~BPFC/D MS) b lock  po lv r r ie r e l a s t o p la~. t i c s  sui table for use in a i r c r a f t  t r a r i s —

pa re nc ios . The o bj e c t s  o f  the secon d effort were to asst .s
~ , the extent to

wh i ch s i i i cone i ncorpor at ion can enhance the f lame ros i s t arice of organ i C

pol ~me rs ~ene ra I lv and to deve 1op a bett er understand i nq o t the nx’chan i sm of

th~ enh ancenk’n t a 1 re ad~ known to e s i st in po I~ c a r b o n a t e— s  i ii cone h lock po 1 y nk’ rs

I n  the first effort , a coti t inu at ion of pr evi ous work • a n umber of changes

we’re made i n  n~~t e r ia l s  and procedur es that brough t e\t rudate color int e nsi tv

down to a leve l al i~x s t  Js low js that i n  the highest q u al it ~~, na tural- grad e BRA

po ty ca r ho na te  e~~t rudatt’s . In orde r o f  importance these changes were al use

of a c e t o n i t r i l e  in p lace of  nitro me th ane Js a BPF recr ys t a l l i: a ti o n solvent ,

b) rt’mova 1 of  ros i dual methanol f rom fresh 1’. iijde res in powdt’ r prior to d r1’ i rig.

and c) the use of new est rusion equipment havin g smoother surfaces and ti g hter

to le rances .

From a 1 ahorator , deve’ 1 opn~’ri t s t  and po i n t a I 1 P rob 1 ems i n the way of us I nq

this resin in hi gh grade t ransparencies have been solved. Further progress

toward comercial iza t ion would requir e p i let p lan t scale s,nthes is and

proc essing of forts. Some of the proble ms forese en in such an e’ffort are

l isted.

In the second effort the enhancement in 1 i m i t i n i g  os~ qen in d e s  (LOts was

found to va r ,  cons ide rab ly w i th composition and fort’ i qn block cons t i t  Ut on.

Maximum LOt enhancements v a r i e d  by fami 1 in the orde r B R F  polvc a r ho nate’ BR A

_____________________ ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ - -  ‘- “
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~~~~ r~~’~v lene os i  ~~~ ‘ • pol ,s t v ro te pol ys ul t~~n n e

poh .. i l ptnern ~ lent ’ si losane — pot ymt’th y lnnro t fn ac rv late , the f i t s  t two  he i r ig 20

po i t t  s and the last two ii i I . F rib an ce nns ’ nn t seenite ii to req u i r e a n i l n i mum leve l  of

M~ It ~ i s~ Os it ~ and the forma t ion o f  a re s due ha. . n q a carbon c or n ten t . B road I’,

the rs~de of s ilicone i nr .orpo rat t o ri (i .0. b lock , g r a f t , or t i n c  t i Ie .ndI appeared

t o  h~ ~ e I I U I e e f f e c  t on the s , ire r I s i r .

• Mo ch an i Sm s t u d i o s  on en t rat i’d on the BRA c rbonato fain I I, reveal t’d a

s t ron g or r e I at err be tw ee ri res iii LO I arid p~ ro t s  t i char  S i e  1 d, the cor  r e t a t  i err

err coinpas s i rig al 1 re’. i n n s  coi n t a i n  i n n  g ~~Is bit t not BP~\ po I c a rt ’orra t o  i t se 1 f

How~ ye r • the or re I a ti err was subs t air t i a 1 I ‘, di t t e r e r r t t r oirr that to un d f- v an r

~rev~ to r i  f o r  a w i do var I e t ~ of organ i c pol, no i s  i n n  1 ud i nn q B PA p0 lv carbonate ,

the t~ lo~ k po l\nne r chars tie i ng  su pe r or in r a i s i n g  LO t • r, rol , ti c  chars f rom

the b lock pot ~ nine rs con ta i ned s i i i  cor n ~I i spe rse U on a s uhnn i c ros cop i c to ~~ 1 ecu 1 a r

s~ alt’ • the degree of s Ii con re tent ion ~or i e l at i rig st rong lv w i th p~ rol t i c cha r

~ i e ld. I n t e r — b l o c k  p roduc t s found in the p~ rol~~sj t e s  suggested that the attack

of phono Ii c dog radat on p roduc s on the c a n  born — s i I i corn born U resulted i n the

orma t ion of a c r os s  1 inked aronn ac i c — s i  1 i c a te  n e t w o r k .  Thi n e t w o r k  i s  thought

• t o  he’ an ess en i  t I a I t a Lur e o f  t hose hi gh l~ o ft e~ t I ye’ chars

~~~~ ~ -•-
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I . BP F CARBO NATE-S ILtCONE BLOCK POLYMERS :

PRODUCT I ON OF OPTICAL GRADE EX TRU DATE S

The synthesis , processing and physical properties of bisp henol fluo renone

carbonate—dirneth y l siloxane block polymers (BPFC-DMS ) have been systematically

exp lore d here in pr evious contracts ;ith an eye to producin g a hi gh tempe ratu r~

aircraft transparency materia l .~~~~
1 Until recentl y the routine production o’

optical grade extrus i ons has been seve re l y hampe red by three major p roblems :

haze , color and erratic molecular wei ghts (and thus erratic melt rheology).

Elimination of haze and the con t ro l of molecular wei ght we re achieved

routine l y in the previous contract leaving color reduction as the major goal for

that part of the current con t ract focused on extrudate quality. As described

below subs tantia reductions in extrudate color have now been achieved throug h

changes in BPF monomer purification and polymer isolation procedures and the

rep lacement of worn extru s i on equi pment.

The synthesis of the BRFC-DMS block pol ymers involves three steps : equili-

bration , endcapp ing and pol ymerization as show n in Fi gure 1 and described prev ious ly . 1
~

1

1 .1 BPF Monome r Purification

The influence of color in the BPF monomer on color in the resul ting pol ymer

was d iscussed in the previous report.~~
1 The best monomer in terms of low level s

of both color and the undersirable o,p isomers of BPF was obtained by crystalliza-

tion of the crude BRF product from a methanol-water mixture followe d by repeated

crystallization from nitromethane.

In the current contract two multi -pound batches of BPF monomer we re produced ,

Effects of hot nitromethane filtration on color production in the fir st batch

we re not iced. Aux i l i a r y  spectroscop ic studies showed conclus i ve l y that

hot f i l t r a t i o n  of the nitromethane solut ion always caused an increase in color

(Table I). By contrast pro l onged contact with methanol/water mi xtures or

acetonitrile caused no increases in BPF color. In ret rospect the nitromethane

color p roblem appears to have been made more seve re by the lon g time s required

for filtration of the scale—up batches and the unavoidable contact with air

Manuscript Rece i ved February 28, 1979
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during these fi ltrat ions. Presumab l y ox i dation of some species is directl y

responsible for the color.

The second large batch of BPF was synthes i zed by the standard procedure

and isolated from the reaction mixture by crystallization from me thanol/water.

Howeve r , the crude product was dissolved in methano l at room temperature ,

filtered to remove any suspended pa r t i cu la tes  and c r y s t a l l i z e d  by su i tab le

dilution with water (Table 1 , en t ry 6). The isolated product was quite low

in color but had an unacceptab l yhi gho ,p—isome r content. A further recrystal liza-

tion of the monomer from acetonitrile reduced the o,p-isome r to an acceptable

leve l (O.2~) and resulted in a further decrease in color. Six pounds of BPF

(Table 1 , entry 7), with extreme l y low color resulted. This material was used

for all the subsequen t pol ymerizations in work aime d at color reduction in

extruded resins.

TABLE

Anal ytical Data for Purified BPF Monome r

• Color Number x 10
Ent~y Crude BPF Rec rys ta l l i za t i on  Un f i l t e red  F i lt e red  ~ o ,p ( I I )

Samp le 1 None 5 . 1  0.76 5

2 Samp le 1 Nitromethane ( Ix )  6.02 0.83 0. 4

3 Samp le I Nitromethanc (2X) 2.0 1.8 0.04

1+ Sample 1 Nitromethane (3X) 1.8 1.5 0

5 Sample 2 None 1.1+ 0.6 5

6 Samp le 2 Methano l/Water(lX) 0.6 0.5 3.8

7 En t ry 6 Acetonitri le ( lx )  0 . 3 1+ O. 3~ 0.2

Color Number = Absorb ance of 2.5 g BPF in 50 ml of MeOH at 400 nm divided 
I 

- •

by concentration in gil .
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I . .‘ Ri’s i t t  ‘.
~~ in t h es I s  and I %tt I at I ott Mod I II cat I tilts

Tir e nknintntnc i hay I nq vet ‘, I ow t o lo t  Uri s r I bed .-nitove was ii i s t u~r d t o  p r epa i e

s ina I I qi t , i n t t  t i ’s  oi tn Io ~ k pe lt- in n th a t  t In’ lUnd IIt*~C I C I s  • ast II l int ’ . . iut t  t t t i t t j i I  Cs ’ . ott

iro I~iIiti~s •nI I h.ivin ~j Its,~ ~oIoi lev els . iIt~~eve i , t - ’ s t rt i t i ,ites I i t iti n the’sr i rs In ’. at  I

O SII ‘ ‘ i  tOi l  t i I t .% i  C~~t (a L I  It hI t~tt oI~~i I eV e  Is i, e , i~~. No. I.’, Tat t l e .‘ . l i i ’ i t . i r t i ~es

we ii ’ t heir nirade th a t i n.. is It e U I in a sub.. t air t I a I i ~dt t t  t I ott I it es t ud.r ( r 0 l o t

the I n  1 s t , ins t i l l In~j lion th e ’ st I s t . ’V e l y  of  re in —u rns  t en i itn t i ’ i O t  d I s t i  Ibut ion s i r

i ’st i tist,i tes • inv olved lep lat erinn irt ti t wtr u It nst rudei par t ’. (‘ iCC “ei t I~n,n I.

‘.0 ,  i’ n ntl  inatr g~’ , s t i n t ’ tn the i t o l y in no t I s o l a t  I err ,and di, I ntj p i O i  cdiii e • airs’

.rs a re s t s  It i t t  the oit’.o i t a t  loin th at it ~l i ’ i I in of her f t ‘.pt rc t r t t  I p~~I y t at  t’ i’ r t at r

t i s da t i ’s ai 1 s t ” . I ititni t i re use iii its’ t lnairo l i tCh lug po ly m e r  I so l a t  I t t in  hi h its ..

.‘ ‘0 ‘r . i’i i ‘ ‘. Iii w e i n ’ pi rpau ed f’ , t i r e  ‘.1 at rda i  U tine fined See S.’.. t I on 1 .1+ 1 j init

p i e s  p I t  a t e  U t i n t  o .s ti ne lb aine I /a~ e t ~tnr so I ~s t I ott ~0 / ,o) . line I so t  a t e  U pi t 1t  nine t was

Pnopp~ d lit to p~s~iie and U lv i  dcii lin t e two equ.t l pai t s . One pt~~de i sain t t Ic ~ s Ce’

I at’ Ic .‘ • No. I was t- .tc  uunn di In U alt ~l s e t  y r U as a eon f t  o I • The o t in c i  pow do i

•..nnnnp le (5Cc  1 at’ In .‘ • No, I i .) was thoiouqit  Iv washed (‘v ~.1 is t i t  I i ng Iii wa te u and

tni ’ nn va~ Ut iltt ,It i ed : t in e r st i tid~n t c i t  ,nint t ii s i n s  I in e ~lr I hi ted  t he lowe ’ . 1 olot of

a nt  Bli C— LIMS est i is i la t e p, edu..ed Iii ,rnnt iii out w ou k  w I  t i n  f i re ’ ..’ i t ’s his. Hcs~rveu

he i i ’ l i t i ol tine es t i tuded e tn in lit ’ 1 was l it the s ar is ’ I ainge as the i 01 el o f  ns’s t Of

i nn ’ p r e y  I Otis e s  I i isd.n I n’s . T he’. e i es ~i lt ~ I m d I i ate that tine i enitt ’v.t  I o f  t ine f ir ant’ I

was 0t if i C .1 t r i I innpo i t  air .. e In ie itiw I t t t ~ 0 l i s t t han was th e’ t e p I ,neetm nein I t’

• . est I t l i t ( ’ t  ~
t .Il ts .

1 he I t t t i lii ’. I ~ v I  .. to.. I t St o t  I tie w .n t t’ I t I r a I nIt i n ’ s  lit powik u wa’ 1 t~~~e’ r th grin

t hat ~‘l tine t s l it Ii i tl ~(1 •1i4 vs . 0 ~~ dl . g . I . lii Is i edni I I en was I hough t t o

t n’’. t i l t  i i  m int Itt iii i’ It I I Clii i) rada t I t in dir i l it  g t ine iii lug .. t .ng.’ . A s t i t is  eq nemn

t i n  ,iin ije lit t i ne U i lit g p i e e e  dirt e see Se~ t I en I . it in I tin I :€ ‘ U t in I s ef t~~ s

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~
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Subsequently  the v t  t~~ t t ot to t al C x i  lu.. loin of nnet i iai r i ’ I I ,enn t int ’ pol ’. Iin i ’ i

p i’etna rat i ott wa s  e xp io red . R.’ s Inn ( Tab In’ .‘ • No . I /‘) was p1 epat e~t f t  s, fine •. I ,iin d r  i ii

tnk’ I hod ( S~’ t i on I • I~ I . Howe vi’ i i a (bet  t in  an t n t ’  i ing p i t ’.. p I I at i’ m1 lii ins’ I In .niro I - ,;~ t ’ t oi i , ’

‘.ol ut I on tir e w a’, hi’ U and di i ed pelt- inne r so I ut I ott was e t’ .rps ’ n ,nt i ’ .1 i i ’ m~I ~~ a pm I’. tine i

• t i 1 in. S u n . .  e (hi’ t I 1 nn w as  in •r:’~ i t  was t lien suIt e t e d  t o  ‘ exit  le t n ’ x t t  •it t I ont w i t  In

dl nm’ I boxy  ins’ lb ant ’ 
H t o  i’ritns ve t ire m t  .. i m ~ ca rinon a tn ’ s  t iri t n i t i ti t t o  inn’ t in~ i a irs e

iii the hazm’ . The re s In was t hen e lrm ’ppe U lii a Wa t liii) h i en det win I In’ st i II m~-~’

w i t h  ex t  l .ne t join solvent (wit i t t  trnakes e’omn~iil nut l oin much eas ~~~~ . At I o i dr’ . I ing

he’ l o s  In w a s  ex t  rutted as f r e t  o r e , the o l int of (hr ri st t uda I ~‘ w a s  S I I gin t f t

i~ i r i ate  r tI n am the color iii Ib m ’ i ris in s I tsr t led iii wa t  r t  to t ( ‘ i n i m ’yi ’ ins’ I m atte I Ito b i t ’

d v S t I n q .

liter s I iim ’se t’spe i I ncur ( s  sintiw m I o,n i It- I Pt.t t nn~’ t i r ,i nr ei 1 i t t t inn i t ’ ’ . lit • nt t hi ’

t l itre of- U i t  i i i  q i t ’ s  u I t  s Inn s ui ts t .rnr t I a 1 ext ruda to  m ii I et . flni~ wa t c i  s l i s t  i St inn g

met trod apire a n s to  remove a 1 1 ii am t’’. o f  met )n.it,t ’I , j  I It ’a”  I t o  t int ’  ox  f e i n t  t i n  ,n

e x t  r r t ~ f , r t e  ~eloi i s  .ili m d i  a tom of ~ueh t i’innt r ’.- ,nl

net S is

Fo i a I a l ift ’ si ale ox I ru’. lsnn n t hi ~‘ mt5 ~h .t in at  si lt ’  “em I I m m  I . S ‘~ iii win i ii

p ,‘oduc t I mini of  opt i . . a  I q is a I i t t  I I .11 5 I it t k was t tie m~oa I .‘ — 1 .‘ llns • of  i n’s i i i

w e ’r e  produced . Be t , r us e of  equip t i net it  I i tnn l t a t  loin.. a ir mi liii’ i t e m  e’. ’. i t t  t m i i  o nt  liii

m i t t ’ .  t iOfl — ‘~t op pot y tnt’ u I .‘ ion ,ntn U work up t o  p t es t ’  t vi ’ t ine nix’ l ot. mi l a , we  I gin t m ’  I I lie

pol yme r • ~
‘ /0 mliii w as  se let te m i .rs the max i m m ’ ’  s l i ng  1 e bat m In s i  ;t ’ . A iir.is t m ’ i t’ ,iI i in

of eq ul I i h rated U I t b  lore’. 1 1 I .. Ot t C (1 ul U was p i r ipa i m ’ d ,itn ~i us rid I mn uin ,tk n’ two

a ra t e  hut i dcii t I c all y I o t n n m t  1 a t e d  hat t i l t ’ s  sit  IWI — en di .ippri ml s I 1 I i .‘ni ’ I liii it

wit ii ii in tur i n we re used in I ott I ndepen dcii I pol ’~ iii ’ t I .nI I miii’.

_______________________________________ — ~~~~~~~~~~~~~
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Each pol ymerization was conducted using the previous l y developed procedure

(See Section 1.4) and each isolated pol yme r was extracted with water to remove

residual methanol before dry i tig. These preparations incorporated all the tech-

nology deve l oped to insur e molecular weig ht integrity ari d provid e pol yme r w il h

the l owest possible color. The pol yme t dryin g procedure was modified compared

to previous work to minimi ze molecular wei ght degradation : Dry ing was carried

out unde r vacuum in three stages for 21, hours each at 25° , 140° arid 85°C.

The first three polymerizations done in this scale-up used the same quantity

of chainstoppe r (0.73 mole ~
) and provide d block polymers with virtually

i dentical intrinsic viscosities (Table ’ 2 , Nos . 10-21) . In the fourth the chain-

stoppe r leve l was decreased to raise molecular wei ght in orde r to asse’s’. effec ts

of increased melt viscos i ty on extrudate color.

1 . 14 ~~p~~r inicntal

1. 14 .1 Syn thesis of Bi sp henol Fluo renone

Into a 12— round—bottom f lask f i t t e d  w i t h  paddle s t i r r e r , t hermo-

mete r , qas inlet tube , reflux condenser , and nitrogen bypass was p l aced 2720 q.

of 9—fluorenone (15.0914 moles) , 56814 g. of phenol (60.140 moles ), and 20.60 q.

of 3-mercap topropionic ac id  (0 .19 1,3 mo le ) .

Whi le  kept unde r a nitrogen atmosphere , the reaction mixture was heated

to 85.8°C to effect comp lete solution . Forty—four (1414.0) grants (1 .096 mole)

of hydrogen chloride was bubbled into the solution and external heating was

stopped. The attendan t mild oxotherm carried the solut ion tempe rature to 98°C

ove r the next 140 minutes . The react ion was heated at 90 °C for 8 hours and

cooled to room temperature . BPF crystallized from solution at 90°C.

The reaction mixture was dissolved in 8 ~ of meth y l alcohol arid

filtered. The filtrate was p l a c e d  in a 2?  - round-bottom flask and 7,1, (

of water was added with stirrin g . The reaction mixtur e was heated to reflux

- - -— — -—- —‘ .—-,—— -‘ —~~ —,.— 
~~ * -~~~~~~ -‘-—- — ~~~- ---— ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ -
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( 814 °C ) , to e f f e c t  a c l e a r  s o l u t i o n , and a l l owed t o  coo l ‘, low ly w i t h  se ’i’din~~.

The wh i t e ’  c r y s t a l ’ .  which fortntt ’d were ’ is o l a t e d  1.’. i i  It r a t  ion • wash ed oh t int ’

filter w I tin 800 int l me~ thano I/water (I: I by vol utnne ) and (tried 40 hours ~st  60 ” C

and 10 nniin Hg. to  g i vm ’ 37 145 qnn (70  . ‘ 1 )  o f  c rude I’ i Omht i t  t . The nine’ Lb ano I —c. , t t e ’ I

f I I t rate was hi ghl y col ore’d . Rec r v s  (a ll i z a t  ion i l l Ut I s so i l  U f t  om nrc (bane 1—

watt’ r gave’ 3 140 14 qm or (66 . liZ) of w h i t e ’  c ry’ ~ t a l s  w i t h  low o hnr Inut an uniacce’pt ab I y

hi gh o ,p i so mer leve l ( 3 . 8 ) .  An a d d it i o n a l  r e c r y s t a l l i . ’ a t i e n n  of t h i s  s o l i d

from a c e t o n i t r i l t ’ (I g. BPF/ 1I.3 ml act’to n it ri Ie) prov i ded 21~)8 q. (~ ( . R”) cml

very pure BPF monomer with low co lo r  artd low o ,p isonne r coi ntent. I s o la t i o n  of

secon d c rops of pro duct w a s riot at tentn p ted i i i arty of the above rec rys t a l l  i za t  ions

1 .14.2 Synt hes R of E q ui l i b r a te d  S i l i c o n e  F lu id

Al 1 q I as sw are was f I ame U r I ed , p I a cc ’ d I n a in i t regent — sw e’ p t dry in q oven at

100°C for four hours and s to red  iii the lu te’ r ch amber of a n i t  roqen dry box fo r

about 15 hours. A l  I p las t i c  equi  pnnen I was t re ’ated in a s i  iii 1 ar fashi i on hut

w ith flame dry i ng e l im ina ted . The’ oct anm et tny l cy cl ot etr as i loxant’ (014) and

dichiorod i methy l s i lan e we’re freshly d i s t i l l e d  through a 2-foot Vi qreaux

co lumn , unde r nitrogen .

A solu tion of 0.32 q (0.02 . b y w eight) of  FeC I
3 

6H~ 0 . 114 26. 14 q ( 2 . 1 4  mel)

of D14 , and 161.2 g (1 .21 , nio l ) ‘. of di ch I oronne thy 1 si lane’ was prepared ht

successive additions to a ha lf-gallon bottle in a drybox and the ’ bottle was

then seal ed with a pol yscal cap. The h~~tt le was removed f ront the di ’.f’ox,

cove re d w i t h  aluminum f o i l , and heated in a n i t rogen- f l ushed  mi ry i t ig  ovein for

214 hours at 48°C. The fluid was then p l aced hack in t i re dry box for 214 hou rs

arid was now ready for use.

-. *NOTE : Thi s wei ght of dich i enrod i methy ) s i lar i t’  w as m i s t aken l y et ite re d a’.
qm (0 .625  mole) in the previous coin t ract report. Titi’ corr i ’ct value
should have boom 16 1 . 2 q (1 .25 men 1 ~) as recorded above .

• T ~ ~~~~~~~~~~~~ j— -~~-—~~~ - - — - — ~~~~-- ~----~ — -
~~~~~~~~~~ -
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1 . 4 . 3  Sy n t h e s i s  of Endcapped S i l i c o n e  F l u i d

Glassware and p lastic equi pment we’re’ dried and p laced in the n i t r oge t t

dry box as de scribed above . Dich loro ethat i e was stirr e d ove r n a l c i u n n  hy d r i d e

for at leas t  two days , di’ .  t i l ied throug h a 2—foot buhb It ’ cap n. cml unnntn unide r n i t  regent

and p laced in f l ame-d r ied  round-bottonn f l ,t ” Ls . The BPF was d r i e d  f o r  148 hours at

75 °C and 10 rn Hg, 2 14 hours in a n i t r o g e n — f l u s h e d  oven at 110 °C , and p lace d in

t he n i t rogen  dry box w h i l e  s t i l l  hot.

Into a 5 -
~~ round—bottom f lask  ( i n  the n i t r o g e n  dry box) f l t t m ’d wi th

paddle s t i r r e r , was p laced 3 15 . 3  g (0. 1) mo le) BPF and 2 . 7  d i c h lo roe t hane’~

( f resh l y d i s t i l l e d  as desc r ibed  above) .  A l l  groun d-g lass  j o i n t s  we re used

w ithout lub r i can t .  The stoppe red f l ask  was rennoved from the dry box and fitted

unde r nitrogen with a “y” gas inlet tube , thermometer , and nitrogen bypass.

Ammonia (21.0 q, 1 .24 nnol) was bubbled it ito  the s l u r r y  ove r  a 10-minute ’

pe riod and a c lear  w a t e r / w h i t e  s o l u t i o n  ob ta ined .

In the dry box an add i t i ona l  funne l w i t h  T e f lon~~ s topcock , was charged

w i t h  36l .4 g (0 .3 1  mole )  of e q u i l i b r a t e d  d i c h lo r os i l i c o ne  f l u i d  (p rev ious l y

described) and 300 ml of dichloroethan e . The addi (ion funnel  was then renmov ed

from the dry box; the gas i n le t  tube was removed from thm ’ flask (urtde r s l i g h t

nitrogen pressure) and rep laced with the addition funnel. The dichloro si li con e -‘

fluid was adde d to the solution of BPF-aninnonia comp lex ove r a 20-m in inut e’ period

during wh i ch time the temperature of the reac t i on  rose front 23 to 141° C . A

p u r p le  suspension was obtained after this addition was comp lete. Ttit ’ react ion

____________________________________ r
* The BPF-an~’tnonia comp lex tends to prec i p itate out if less so lvent i s used.

Heterogene i ty in this reaction leads to pol ymers whose cast fi l niis are hazy ;
homogeneous conditions provide ’ pol ymers wh i ch give opticall y clear films .

t A resultan t green color at this stage signifies that a d d i t i o n a l  a mmomn ia Is
needed. Additional amonia was not required in any endcapped f l u i d  preparat ion
in the current contract work.

®teflon is a reg istered Trademark of the E . I .  DuPont DeNenrouts ~. Ccntnpai iy

• - -  _ _ _ _ _ _ _ _ _ _ _ _  - 
~~~~~~~~~~~~~~~ 
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mixture was s t i r r ed  at room temperature for one hour and then heated to ref lux

(81° C ) for two hours a f t e r  which time the suspens i on was wh i te and the solution

p11 was 7. 1 .

The react ion m ix tu re  was cooled to room tempe rature and 1 .5Z of H20

added. The resulting solution was acidified to pH = 3 .8 by the add i t i on  of

10 drops of 12 11 HCI to the w e l l  s t i r r e d  so lut ion . If a clear solut ion was

not obtained at th is  point , then sufficien t reagent grade acetone was added

to achieve a homo geneous so l u t i on . The aqueous layer  was removed by means of

a I4-~ separatory funnel equipped with Teflon® stopcock , arid discarde d.

The solution was washed once more with acid at ph 3.5, five t imes wi th

de i on i zed water (ph = 6.5) , once with dilute sod i um bicarbonate , and finall y

with water. The solution was then dried over magnes i um sulfate , filtered , and

evaporated to dryness. The res i due (666 g, 103Z of theory ) was then redissolved

in a mixture of 3480 ml of eth anol-free chloroform and 50 ml of acetone and

s tored in an aluminum - f o i l -w rapped bo t t l e  in the ni t rogen drybox. (Acetone

was added at this point to d isso lve  the BPF.)  The concentrat ions of pol ynreri-

zable (i.e. free) BPF and BPF end-stopped silicone in so lu t ion we re 0.0298

g/ml and 0.1574 g/m l, respect ive ly.

1 .4 .4  ~ynthesis  o f BPF Carbonate- Dimeth y ls i loxane Block Copol yme r

The g lassware was thoroughl y washed with acecone and dried one hou r in a

nitrogen-flushed oven at 110 °C.

Into a 5-I,, 5-n eck , round—bottom vesse l  was p laced 150.0 g of BPF (0.429 m o l e) ,

991k ml of endcapped~~ilico n e] fluid solution [containing 29.6 g (0.0846 mol) of

BPF and 156 .14 g ( 0.0873 mol) ~~ endcapped fluid] , 115 0 m l C HC I
3

(B&Jtethanol_ free), 0.400 g (0.00426 mole)* phenol , 0.50 g (0.00229 mole)

‘~ The wei ght of phenol constituted a chain stoppe r leve l of 0.71 mole Z based
on moles of reactive BPF.

1 Burdick & Jackson Co.

~~~~~~~~~~~~~~~ 
__________ 
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sodi um g luconate d i s s o l v e d  inn 1.01 H ,0 , and 2 .00 ml (0 . 0 l 4~ mo le’ ) t r i e t h i ’ . l-

amine. The s t o i c h i ome t ry of th is  pol ymerization react ioti was desiq r t e~d to

provide ’ a block pol ymer containin g 27.3 c. t, ‘
~ s i l i c o n e . (Found: 26 .7 w t . ’~ s i l  i con ie . )

The 5— ~ 
reactor  WJ S equ ippe d w i t h  a paddle s t i r r e r , n i t rogen  by pas s .

pH e l e c t  rode , gas i n l e t  tube , and an add i t i on  fuinne l conta in ing a so l u t i on  of

g of sod ium hy droxide i n  500 nil of w a t e r .  Th is  quant it ~ of base ’ corresponde d

to 25O’~ of the theoretica l amoun t required to effect neutraliz ation of the

po l y m e r i z a t i o n  reac t ion . A port ion of the base ’ so l u t i o n  was adde d to the

react ion m ix t u r e’ to obta in a pH of 11 , ari d phosgenie a d d i t i o n  was i n i t i a t e d  at a

rate of 3. 5 q/h. Shor t l y a f t e r  the add i t i on  was started , a considerable ’

amount o f w h i t e ’ s o l i d  preci p i t a t e d  f ront the m i x t u r e ’ , and s t i r r i n g  hecante

d i f f i c u l t .  A f t e r  approx imatei\  2O’~ of the total aqueous sod i um hydrox i de’ had

been added , s t i r r i n g  was considerably  improved , and a homogeneous so lu t i o n  c.as

obs erved when 50~ o f the t o ta l  aq ueous base was in t roduced.  Agneous sodium

hy drox ide ari d phosgene were adde d simultaneous lv to m a i n t a i n  a pH of 11.0

0. 2.

A f t e r  60’ . of the to ta l  base’ was consume d (e’lapsed t nrc of 7 fli~~ii. the

phos genc rate’ was reduced to 1.0 q/m nn in . and continued until the e n t i r e  anroutu t

of base was con s umed ; t h i s  corresponded to  a t o t a l  reac t i on  t ime of Ill  minu tes .

N i t rogen was bubbled through the w a t e r - w h i t e ’ two-p hase sv stenni (p H 11)  for S

nnn inute s to remove any res i dual phosgene. The reac t i on  m ix t u r e  wa s d i l u ted

w it h  an equal volume of CHC 1
3
; the aqueous lave ’r was separated and discarded.

The organ ic  l aye r was washed w i t h  de’ ion i :e’d wa te r  (p H = 6 .7) , w i th  aqueous

HCI at pH — 2 .0 , and fou r t i m e ’ s  w i t h  deion i zed w a t e r .  The’ l a s t  w a t e r  wash

was tes ted for ph and w i t h  s i l v e r n i t r a t e  for ch lor ide ion . I f  ch lo r ide  was

present or pH was less than 6. 5 , w a t e r  wash ing  was continued.

p. •-- - --~~~~~~~~~ • . —
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The org an ic  layer  was d r i ed  over nm naq nne ’siun l s u l f a t e ’  and f i l t e r e d .  The ’

resu l t i n g  c lear , co lo r l ess  s o l u t i o n  was adde d ove r a pe r iod  of 60 m i n u t e s  to

a w e l l - s t i r r e d  mix tu re  of 1 acetone and 3.5 methanol to e’ f f e c t p r e ’ c i p i t a t  ion

of the pol ymer. Pr io r  to the preci p i t a t i o n  of the Ii ‘r t e ’ red s o l u t i o n , 25 nil .

we re samp led , from wh i ch two f i l m s  we re cast by a ll ~~~in g the solvent to evapor ate’.

The solut ion cast fi lm s were water-white ’ ami d opticall y clear. Following pre’-

ci p 1 tat ion , the fibrous pol ymer was f ii te ’ red , chopped up in a Hensche’l flu ii

washed with 7 ~ of water and refilter ed. The fitter cake was vacuum dried in

three 114 hour increments; at room temperature , 140°C and 80°C to g ive 26.71 g.

(78.3~
) of polymer. The’ entire operation consisting of pol ymerization , washi ng ,

r
p r e c i p i t a t i o n  and d ry ing  was done i n  a continuous non-stop fash ion to nn i r t inn iz e

molecular  wei ght reduct ion . ( See page 9 of the previous con t ract report.~~
1 ) I’

1. 5 Extru s i ons

As in the previous contracts all extrusions we re carried out with a

Brabe nde r ex t rude r and a 2 : 1  comp ression screw . The small scale ’ resi n s we re

e xtruded through a 1/8” rod d ie as before . The four 270 q batches we re e’x t rud ed

through the 1 /8 x 3/ 14 in. bar d ie  used before w i t h  large sca le  ex t rus ions.

Barre l and die ’ temperatures were 310 - 350 °C for the mos t par t .

The’ K-Iron feede r was used to con t ro l feed rates to the extrude r hopper.

As be fore feeding was set at a starvation leve l unt il extrudate appeared at

wh i ch point the feed rate was raised gradually to the flood level.

Most of the res Ins were powde ry or f i b r o u s  and somewhat caked. The feeding

of these was often difficult due to brid g ing in the extrud e r hopper. Continuous

stuffing was often required to pack enough resin into the extrude r throat to

preven t starvation conditions and a consequent increase in residence time ’

Inside the barre l .

~~j,. - —.,‘ — ~
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Argon b I anke t i n  g of re’s i t t  t ronni the ~~
— Iron hoppe r to tint’ e~ xl rude r t h r o a t

w a s  c’ t t e ’ c t c ’d as bc ’ t o r t ’ w i t h  var ious niake—si n i f t  ta h i i c a t i o r n s  of aluminum shee’ t

po lye ’ thy I ene’ Ii I nun and funntn e ’ is , t ape’ , etc .

Ti ie ’ ext rudate’ of L)_ 1 1 4 — 7 7  (Tab le  2 , No. II) exh ib I ted s u b s t a n t i a l  l~ more’

cO lor than di d a compress i on trio 1 d I n q nnade t r onun the.’ Sante’ pow de’ r. Two quart  e’ r

i rich I e ’ungth s of ext  rudate ’ we.’ re thti ” grounn d ami d po I I shed to produce’ opt i ca l ly

Lit c y l  inid e rs that could be’ i t u sp e ’ct e ’d inn the’ a x i a l  d i r e c t i o n  by t r annsn n mi ss i o n t

ligh t nti c roscopy . In e’ach p i e ’ ce  the’ co lor was found to be conce’n t rated i n  two

regions: a s u r f a ce region ~ or 10 nii Is th i  cL and an a x i a l  core’ rough ly  ~(i nt i is

i mn diameter F i g. . These color con rce.’m r t rat ions and ati inspec t  ion of the

equ i pme’rn I sugge’s ted that tht’ surf ace’s of th e’ ext rude’ r sc re’w and die we’re

respons ib le  for mos t of the co lo r .  It se’e’n’~’d I Ike.’ ly that  wo rnn and rough sur face ’s

caused e ’x c ( ’ss I ye r e s i d e n c e ’ t i ns ’s ot  sma l I por t  ionns of re’s in n al h cnw i mr g color—

producing reaction s the’rein to accelerate ,

These e x t  rude r par ts  we re rep lace d w i t h  new one’s resu l t i n g  i n  a nx ’asurahle

color red ic t ion  ( Res in  1 0 — 2 0 — 77A ) .

The.’ ii n’st three of the 270 q. batches we re e ’~~t ruded in n t ani denu . Sc re ’s speed r
was 70 RPM ami d about 90 minutes w e r e  requ i red to e’x t r u de these re’s i n n s .  Set

temperature’s in the’ barre l  were 3.’O ” C (Ii rst  s tage )  and ~~~ to 34 0 ° C (s e ’co n id

stage). Die ’ tempe rature was set at 3140”C i n i t i a l l y  but gradua lly raised to

360 ” C to improve ext rudate sur tact ’ smoothness.

Color Ie ’V e ’ is i ncrease’d s light ly toward the’ end ot  the run due to the

higher set tempe ratures , a gradua l accuntulation of degradation p roducts in n

the e x t r u d e r  or pe rhaps to a smal l  intri ns ic diff eren nce be’tween the se ’con d and

third resin.

The niatt finish on the e’xtruda te ’ sunfa cc’ disappear ed on ra isin g the’ di e’

tempera tu re  to 350 °C. Die l imit ’ s and faint chatter mark ings  pe’ns i s t e ’d throughout

the run however.

I
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A two-inch p iece of 12-28-78 extrudate produced at a die temperature of

355° was ground flat po lished to an optical smoothness on both surfaces. Photo-

graphs at long and short range focus taken throug h this p iece as a window

(Fi gs. 3a and b respectively) demonstrate the low levels of haze and absence L

of the fine grain optical distortion discussed in the previous re~port .
1
~

1 A

few tiny bubbles and blac k specks are the most n o t i c e a b l e  d e f e c t s .  Opt inu ized

very large scale extru stions should be free of these defects,

The extrusion of the l as t  of the 270 g batches 1 -3 1- 78  was u n s u c c e s s f u l

due to the excessive mo l ecular wei ght of this resin. Temperatures of barrel

and die were raised graduall y to 1400° and 141 5°C without producing a smooth

extrudate. Interesting ly only modest color increases were observed at the

higher temperature s , however; e .g. ,  Sect ion  21 .5 extruded at 350 to 370°C

exhibited ext i nctions only 50~. greater than those of the best sections of the

prev ious three res ins . This resul t seems to a t t e s t  to the improvements inn

resin qua lity mentioned earfler and to the intrins i c lack of color forming

tendencies in hi ghly pure BPF carbonate res ins .

1.6 Summa ry of Resin Quality Work

BPFC-DM S block po l ymers of a quality necessary for optical-grade extrusions

have been reproducibl y synthesized at the half pound scale ’. Specifically their

molecular  wei ghts are reproducible , and the extrudates produced f ront them are

low in haze , free of optical distortion and are essentially colorless. More

specifically perceived color in the extrudates is reproducibly nearl y as low

as that of extruded hi gh quality natural-grade Lexa n~~ polycarbonate (i.e. on

the log intensity scale--to which the eye responds linearly--their color is

about one ha lf unit greater).

~kexan is a reg istered trademark of the General Electric Company

-
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Haze ’ re’duct iorn and n iol ecular wei ght con t rol we ’re’ ach iev e ’d i n the’ p revious

con t ract. The reductions in eol or achi e ’ve d reproducibl y during the ’ current

contract re’sult chiefly from

• Use o f ace’ t o n i t r i l e’ i n s t e a d of ni t rome’thane for monome r

re’ c r y s ta ll i za t  ion .

• Removal of res idua l  nte.’t hamnol before e x t r u s i on .

• New extrus i on equi pnnnen t havin g smutooth er surfaces and ti ghter

tolerance ’s.

1.7 Future Deve l opmental Work

It is felt that a temporary lim i t  has now been reache’d in e ’ e t r u d a t e ’

op t ica l  quali ty. This li m i t has been set by seve ra l  f a c t o r s  that wou ld  have

to be addressed if a further effort were to be made to produce ’ hi gh quality

shee t for aircraft transparencies. These factors are :

I . Extrudate Finishin g

Ac with other commerciall y extrude d optica l qualit y sheet

products , po lishing and take-up equi pment of appropriate size wi l l

he.. necessary to develop the capability to produce flat smooth sheets

un i forml y.

2. Ex t rude r Equi pme n t

Further extrus i on scale-up and optimization w i l l  require ’

extrus i on equi pment that is larqe ’r and more sophisticated than the

Brabende r extrude r with its limited temperature profile capabilities r

and simp le screw confi gurations. It is desirable ’ that future work

include assessmen t of various shee t die and screw desi gns and

temperature profiles.

~~~~I ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ ~~~~~~~~ ~~~~~~~~~~~~~ - . -. .. - - ... -~~~~~~~ — , .—
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3. Resin Feed

Large continuous well-con t rolled extrus i ons wil l  require el im in-

ation of the resin feed problems associated w i t h  the use of powdery

and/o r fibrous resins. Th ree alte rnative means for solving this

p roblem appear to exist: a) use of resin g ranuler nroduce d by steam

• preci p i ta t i on , a method previous ly found prac t ica l w i t h  quan t i ti es

of r es i n  large r than those processed in this contract ; b) compaction

of powdery or fibrous resins into tablets or “p il l s ” of 1/8 in. dia .

roughl y using a commerciall y available tablet producing machine; c)

use of an auxiliary solids extrude r connected tightl y to the feed

section of the mel t extruder.

14. Res in Volume

Reproducible batches of resin at the 20, 100 and 500 lb. scale

wi l l  be required eventually for development work. (Commercial

extruders producing 14 ft. wide pol ycarbonate sheet require roughl y

300 lbs. of resin during start—up before the extrus i on line variables

are all optimized. ) These volumes of resin w i l l  require the dedication

of resin production equipment of pilot p lan t scale.

5. BPF Monome r Scale—up

BPF monomer is easil y synthes i zed in large quantities . Serious

problems however exist in purification and subsequent handling of this

materia l . These problems arise from the intrinsic dermatologica l

effects of BPF coup led with the powdery nature of the purified solid

produced to date.

Scale-up would require one of three a l te rnat ives  to curren t

procedures : a) remote handling of the dry s o l i d  in a separate building; 

- _- . -~~~ - _______



-— -~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~ =~~— . , .

-16-

b) a change in crys tallization media and/or tempe ratures that would

result in the p roduction of much coarser crystals ; c) development of

the ability to use wetted solid, Though wetting obviates the

production of dust (whi ch is responsible for much of the de rmato-

log ical p roblems experienced) , the presence of the li quid comp licates

the con t ro l of s to ich iometry in subsequent reactions.

None of the p roblems out l ined above is technical l y formidable. All are

s im i la r  to d i f f i c u l t i e s  faced in the scale—up of other sheet res ns to

comercial levels. Further prog ress requires simp l y a need great enough to

justif y the necessary commitment of peop le and investment cap ital.

1.
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2. FLAMMABILITY OF SILICONE BLOCK POLYMERS

A sy n c -  rg i stun iii the Fem tn I nnnor t’—Mart In 1 I tnti t i t t q oxy gen i tnde ’x has bc’enn foutid

previou sly i tn the BPF c a r b o n a t e - s i l i c o n e  block polym ux ’ t t anni l y *1 Auxiliary

i nnve ’s t i qat i onts s ugge ’s te d that tine enh ancement i t t  LO I b rough t about by s I I I conic

incorporat ion iti BPFC resins re’sult e’d front the production of continuous layers of

s i l i c a  that retard ed oxi dat ion of the char.

In the cur rent  con t rac t  the s i  II co ne’ de’pt’mide’nce of LOl has bc’eni surveyed

in each of several fami l i n ’s o f  s i l i c o ne ’  co polym nne’ rs In orde r to jsse’sS the

generality of the L0I syne’rq isnn . Ant added mot ive  In this survey has been to

he’l p develop an understanding of the ro l~’ o f the’ non-si  I i conc port ion of the

res in  inn the synerg i s m.  In n add i t i on  to block polymers a numbe r of graft

pol ymers annd pol yme r blends have been t e s t e d  to a id  in asse ’ ssit iq the i mportance

of component dispe rs i ty.

Auxiliary studi es have he’e’nn focused princi pa ll y on the BPA pol ycarbonate-

silicone ’ block pol yme r famil y In order to exp lore’ the me chanism of LO l enhance-

ment in depth.

Each family of re ’ s i t ns , de’f ined  by the’ ‘‘hard’ ’  po ly mer ic  specie ’ s invo lve d

toqe’ t he’ r w i t h  types of suhfann i l i t’ s t e ’ s t e d  (b locks , g r a f t s , blends ) , is I i s t e ’ d

below inn approximate orde r of i mportanc e i n  th is  study .

1. B isp henol fluorenone polycar honate: Block polymc r’~;

blends of homopo l yniers w i t h  b locks , w i t h  s i l i cone gum and

with silica  gel .

2 . Bisp henol-A pol ycarbonate: Block polymers .

3. Pol ystyrene : Block pol ymers .

Zn . Pol ytniethy l metha cry late: Block and graft pol yme rs .

5. Pol y(2 ,6-dl pheny l phenylene oxide): Block pol ymers ; blends

of homopo lynie r w i th  b lock po lynie rs and w i t In s i l l  cone quint.

-- , —
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6. M i~~cel lanieous : One or two block polym ers e)f the ’ f o l l o w i ng :

po l ys I 1 pht’tiy I ems’ i 1 oxane , copol yethe r I ronnu di cii I orodi  pheny I

su l font’ and hi s pht ’ nol—A , 50/50 copo l ycarhonate f ron b i sphe’t iol —A

and tetrabronto h i sp ht ’no l—A.

Al 1 of the ma te  r i a ls • e’ xcep t the ’ s ul fo rt e ’ mutate ’ r i a I s we ’ re’ nm- made ’ w i  t Iii m m t i ne ’

Genera l E l e c t r i c Contpany , nuuus t ly in var ious progrants p r io r  to the coti t rae t . A

few b lock po lyrne rs and a l l  of the ’ h I e’nds we’re’ made unt de’ r t i m is corn t rac t s p e c  i f i ca l ly

for this fl a n i nabi l ity study .

2 . 1  Sy n t h e s i s  of Block Pol yme rs for Flamnnmab i I Stud ies

A nunnbe r of BPF carbonate-and BPA carbonat e ’- s i  l i co ne ’ block polytu ners we’re’

prepa re’d in 100 q guam-n t it it ’s spe’ c i fi cal l y for flanmun nah i l i l y  s tud ie’ s in orde r to

comp le’ te a compos I t ion—block le’gtn th ci r i d for e’ach fatnu i ly . Tine ’ p rectndu re’s used

we re’ those’ described in Section 1 .14 with the ’ fol Iow l m ng e’xce’pt iom i s

~g,j ib ration: The’ ratio of 04 to di cii lorodi nute t lny 1 si lane was

varied to give the des I red s i ll  cone ol i gone r I e ’tt qth.

2.  Endcapp i ng: For the ’ U PAC- OMS re’s i nis hi sp he’nio l ace ’tonte w as used

in p lace of BPF in fluid etidcapp i miq .

3. Pol ymerizatio n : a) BPA was used i t t  a l l  BPAC— D MS re’s in t s . These

resins and all BPFC—DMS re’s i t s  of silicone coniteti t qreate’r thati

20~ we re preci p i tated in methanol rather than ace’tone-nute’that no l

mixtures (the latter re sult in qumnny pre’ci p iiat t ’s) . h) The

ratio of endcapped silicone fluid to b i s p henol w a s  varied as

necessary to produce a polyme r of the cl e ’s i  red silicone conteti t .

The products are l i s t e d  In I ah Ic ~ . (Itt t r ins i c v i s c o s i ty var i at i onu s in

each series of re’s in s resul ted from the’ I tel th at in each series a numbe r of

- 
- 
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endcapped silicone fluids we re required--one for each silic one block length .

For nnone of these f l u i ds  were pol yme r intrinsic viscos i ty-chain stoppe r relation-

shi ps determi ned.)

2 .2  L i m i t i ng  Oxy gen Ind ices

Tine ’ tab le ’s below l i s t  a l l  the materials tested , their compositions and

molecular characteristics , molding temperatures and lim i t i n g  oxygen indices.

2.2. 1 ~j~~iie’rn ol rluore mno ni e’ Polycarbonate (BP FC) Fami ly

Table ’ Zn summari ze’s all the ’ nn at e ri als ari d test results for this family

obtained in this and previo us con t racts.

Several blends of BPF pol ycarhonate with silicone-rich BPFC/DMS block

polyme r and with SE-30 silicone ’ gunu we re made b y dissolving the two components

mi chloroform ( — 7 ’ ~ w t ./ v o l .)  and cop rt ’c i p i t a t i n g  by pouring in a thin stream

into 3 to 5 vo l unne s of stirred methanol. Following filtration , trituration in

fresh methanol and washing with water , these blends we re dried in vacuum first

at room temperature and then at temperatures up to 130 °C. The blend of BPF

pol ycarbonate with Cahosil silica gel was prepared by adding the latter to a

chlorofo rm solution of the forme r and casting a f i l m  from th is  so lu t ion . The

film was vacuum dried at tempe ratures up to 200°C and comminuted dry in a

Waring blende r in preparat ion for ntolding .

All LOl ’ s are p lotted vs. elemental silicon e content in Fiq. 14. A maximum

in LOl is reached at roughl y 8’~ silicone. With the exception of one block

polyme r , maximum L O l ’ s were 1+6 to 51 as before . This leve l was achieved over

the range 4’~ to l2’~ elemental s i l i c o n  for all m at e’ ri al s containin g silicone

regardless of the details of its incorporation (i.e. OMS block length ; pure

block pol ymer vs. blend of hon’iopo iyme r with block pol ymer or  s i l i c o n e  gum) . 

— — -- ~~~~~~~~~~~~~ — - ~~~- - -——~~•——- -



~ I—

TABL E Zn

BPF Carbonate ’ Fami ly: Re’s i ns,~j~n ldi ng Temper atures

~mnd L im1t i ,~~~~~~ t’mn Indi ces

Pes hint Mol d i m n~~ Mo ld i m ig
-

‘ 
Code W t .  ‘

~ DMS Me’ thod T ( ° c ) 10,

BPFPC Hoanopolytune r 0 — I

82Zn— 97B—x~ Block 7.’, 10 c 110 4’- . ~~‘ . I

98214— IO IA— X 1’ Block 8.1 10 C ~~‘( ‘ t 50.

1005 3~ 129B ~
‘ 

Block 2 1’) 1 - ~~~ ‘,

lO053-’I29B Block 23 hi c 310 148 .1+

lOO53- l 32C~ Block 214 I~1 i - 32 ’ . 149.6’.’-
l053-I32C Block 24 c 110 1+8.4
10053— 136C Block 21 .5 19 i 110 50’.?

lO053— l36~ Block 21 . ’. 1’) c 310 ‘.2. 1 ’.?
10053—151 Block lb 1’) i - 

3 .’’ . 50 .f+ .14

lOO 53— I3’ Block 146.7 20 C 260 42

11— 9— 77 Block 423 30 c .‘hO 43

1 1 — 1 1 — 7 7  Block 1~). 3 30 c ~330 
14q

l 2— l ’ —7 7 - Bl ock 17. 4 7 c - 270

12—1 6— 77 Block 14~ 7 e 146’.’. 1’
14— 1 3- 78 Block 62, 4 c — 18

10846- 12 1+-A Blend w/ 20 1’ . c 170 ‘.o .Znn I.
14 — 1 3-78

1 08146-121+-B Blend w/ ID 1’ t - 1+00 148.4 ’ .?
14- 1 3-78

1081+6-121+-C Blend w/ 10 1’. c 1400 140.7

4-13-78

1081+ 6-1 31—A Blend with 25 ‘- c ~oo 147 0’ 6
- ‘ POMS gum

108146-126 Homopolyme r + 0 c 370 36.84 .8

S102 (16.7 wt.~~)

t t e s t e d  In pr ev ious  con t rac t s

c — co nnt pressl on , I — injection

~~~ -~~~~~~
- —

~~~ ~~~~~~~~~~~~~~~~~ -- ~~~~‘S~ - -~~ — ‘— • -  -- “--•



-22-

• Beyond abou t l2~ elemental s ilicon a roughly linear drop in LOt w i t h  i n c r e a s i n g

s i l i c o n  occurs.

One re-sin (12—1 5-77) exh ibited a s ignificantl y hi gher 101 (57-60 ) in

repeated t e s t i n g  than the L O I ’ s of other resins of s int il ar si l icon e content and

hi gher DMS block lengths . No re -. ins of DM5 block D.P. - 7 were’ ntade in this

s i l i cone content range so that conc lus ions about block le ’ nq t tm f f c c t s  are hazardous .

Fina ll y, the mi xture contai n ing Sb 2 exhibi t ed a LOt equal to or lower than

that expected of the homopol ymer.

The character of the burnin g and of the’ re’s i due produced change’s sub-

stantiall y with silicone content. Rather loud decrepitat ion occurred with all

resins. The re’sidue changed from a fine black friable ’ char with the homopolyme r

(Fi g. 5a) to a more vo lum inous , ve ry strong, large l y black char at moderate

amounts of silicone (Fi g. Sb) to a gray coarse weak residu e at hi gh silicone

con tents (Fi g. 5c).

By con t rast the Si0 2- f ille d imomopo )yme r burned quietl y and slowl y with

little or no swelling of the res i due. In fact burn ing of a thin surface layer

only seemed to occur. The burn t layer peeled off le a v i ng  a white-surfaced core .

Overall , these results suggested that for the 101 sy ne rq is n t  to exist the

silicon must be present in a volatile , reactive ’ f-arm. That is the presence of

S b 2 a p r i o r i  is i ne f f ec t iv e .  However , the d e t a i l s  of silicone incorporation

(e.g. block length) were apparent ly not importan t as long as the d ispers ion was

not heterogeneous on a g ross scale . In addition , it was clear that an optimum

silicone content exists.

2 . 2 . 2  BPA Pol yca rbonat e Fam i ly

A large number of block polymers coverin g a wide range of silicone conten t

and block length in the BPA carbonate famil y were assentled and tested (Table c ) .

The 101’ s obtained are p lotted vs . si licone content in Fig , 6.

_____ ~~
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TABLE 5

BRA Carbonate Fanuil y: Mu ltise guenc e Block Pol ymers ,
Moldin g Temperatures and Limi t in~ Oxygen Indice s

Fi gure
Reference Code Code Wt .’~ DMS Desi gn D.P~ Mo ld inq T(°C) LOt

9627-X a 5.8 10 — 32 .3-32.6

1 08146—133— 1156 b II 40 — 32.3

-‘ 10814 6— 133— 1141 c 12.4 1 1 200—220 4 0—4 7

1 08146-133-1150 d 14 20 260 36.8

Ii—2l — 78 e 15.3 2 130 37.8-1-nO .2

1 08146-133—2505 f 18 5 155 1~7.7_ 1,9.l

2— 22—78 g 20 2 130 36.4

5— 1— 78 h 22.8 40 200 31 .7

108146-133-9 i 21+ 20 230 35-38

10846-133-11 j 25 20 260 38.3

10846—1 33—5 102 k 25 10 210 37.8

14—14— 78 1 25 .1 2 85 39.1—40.2

1048-74 m 25,9 5 210 37.8

101+8-84 n 25.9 5 210 33 .8

14—25-78 o 36.5 40 ISO 36.5

108146-133—0303 p 40 20 210 33.8

108 1+6- 133-3302 q 43 10 155 36.3

10846-1 33— 0 1+02 r 50 10 130 36.5

1081+6~133-945 s 51 40 205 30.5 r
1081+5—1 33— 7 t 53 20 205 35.2

1081+6-133-3403 u 57 20 205 30.8-32.3

10846—133-91+1+ v 60 40 205 33.8

• 1081.6-133— I w 63.7 20 130 30.8

3— 23—78 81.4 40 130 32.3 -

— “ ~~~~~~~~~~~~~ 
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ty rt ’nne Fanti Iy

Several sty rt’ne/s I ii cone block pol ymers v anv lu g  m i  numbe r of  blo cks per

c h a i n , bloc k lennqt h and s i I I comic ’ cou n t en t we’re tested. In s onue ’ jses polyme r

n~sle ’c~ i Iai weights wt’ne low enou g h tha t  the t i ’s Imn s wer e l ike’  p a r a f f i n  wa s in

ccsm uS I st emt cy at roonnt t enupe ’ rat u re. The nna te ’t i j  is , the I r base ’ c~li,i rac t e r I s ( I  c s

‘ tOI’ ~ obtained , and obst ’rvat ion s on burnt i rig are sunnma r lied in Tab l e ’  6.

Al I LOt ‘ s jrt’ p lot ted vs • s i l l  cotie’ c or~ cut t in F i q. 8. These fall with in

an en ye lope I lne 1 owe’ r bc’uuund 0 t wh I c l ~ I s the I rite rpo 1 at ion l ine between the

101 ‘ s .,n t  the two  hoiisspc s lv ifit ’ t s . The uppe r boun d re ache’s a b road 101 max i nnunn of

28 or o ce’uu te red at (s O ’~ s i  Ii cone roughly -

Homapo 1 y s “, rem le ’ hor ns w i t  ii no cii a r forma t ion . A ~ ~~ a f nit’ it Cci re’ S h i

t’x i s t - ~ on top o f the 101 s pe ’c i men n, Fi g. ‘Li) - Vapor buht’u I c’s are’ p rodoce’d in

the cap • the vapo r p re ’s umab I . cOils (5  t lung at sty re’ne monomer ari d 1 ow tuna Ic cola r

we i gh t en l i qon~’ u s .  (Pc~!~ s ty  rene Ci ’  II inq te’mpcrat ore for depo l ynit’ Fl :at ion

is w e l l  known to be Ca. 300 °C. ) The’ vo lume of the ‘‘ cap ’ ’ under the f lame increases

very slow I., nu ud event eta I l’~ mcii ten re’ s itn runs slow I ~ - down the s ide of the’ spec imen

A s t ream of f inc h 1 ac k smoke’ I -‘ cnn I t t eel P rant the top of the I I ante’

A drantat I c v isual change i s  brought about by the’ pre’soru ce ’ of s i l l  count’ inn

the t e s t  spec  i m e n e’VCI1 itt small antonio t s - A so II d re’ s i due fo t ins on the top (F I - 9h

and 
~

- ) , At low si licone contents  the res i due’ is t i lack w i t h  m i n o r  jre ’js

of q n a y  hut becomes much wh i tet with In c rca-, j u g  ‘, III cone’ .,out tent - The’ vol unne

increas(’ accomp~-nmny bn q re’si due for mat ion i s much less than with t’l ther hi sphenol

e nrbonate si I i coute fam ily.

The two hounucis of the cove lope i n  Ii g. 8 ~nppe.n r t o  res u it  P romnn .1 it Pc reun ci’s

In rheol og I c~Jl behav ior of the res In. Sp~ u I mens of s omit’ re’ s ins t see ’aent’ ye rv

fl ui d in reg ion s c i  Cns i ’ to the P I anne and the nix-n i ten mater I .nI tct’idt’ci to t oni clown

i~_~ 1~~~ 
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TABLE 6

~~~ys ty ren t -  Fam~j y~~ Resimis and
L imi t i n~~.~ gm gen Inn d i ces

Found
Des i gn Wt , ‘

~ Mecha nt ica l  Me l t
ode’ No, Fornnula .i DMS [fl~

(dI/
~i C h a r a c t e r  C h a r a c t e r  LOl

DB- 6l-il D)00S1000200 74 0.34 sof t ,~~heosy run ny 19.6

DC- 1 7—~ 7 (D 25S50 D215
)
4 It’ 0.20 ha rd , v , b r i t t l e ’ runny l7 . t~

DB— 80 - q7 D400 S
100

D400 82 0, 66 rubbery v isco us 24 .’.

PA- 5~ 0 173 D 3, II 0 .2 7 hard ,v . b r i t t l e  runny 1 7.0

DB- l0 8-~l7 S 100 D
100 

(.1 0,24 leathery , viscous 2~~.8chee sy

DC -14 3 (D
100

S
100

) 4 42 0. 3 1 hard ,weak viscous 2b .’~~.7

DC - 97 (D 25 S ç0 D25
) 

1 38 0. I2~ hard ,h r i t t i e  runny $ 1 . 6

D E—l c  S940 D500 13 0.t’6 v.hard ,stron g viscous 22

~53’~-6- l  S 875 D920 S875 1 7 0.75 v .hard ,s t ron g v i s c o u s  $2

(Koppe rs Pol ystyrene 0 — v .hard ,stronq in termediat e 18
Dylene 8) M0— l 2 c ,000

HA’ 514 9 7  S 200 D
1000S

200 
t~8 (1.40 soft ,chee’sv jntt’rmc’d~ ate ’ 22 .~~~,

~ D ~ — ( C H
3

) ,Si O — , S — — C 6
II

5
CH-CH 2

-

— - 
-
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the s ides of these specimens; the LO l ’ s resultin g front these tests fell on the

lower bound. Specimens of the other resins showed no tendency to flow in t h i s

manner; 101’ s for these materials fell on the uppe r bound .

Each material on the uppe r bound left a residue in the’ form of a roug hly

cy lindrical shell the wall thickness of wh i ch was estimated by eve’ to be 0.02 in .

approx i mately. The l owe r end of the shell cove red the molten res i n  cap, the

uppe r end was comp l e te l y empty. The res ins on the lowe r bout-nd l e f t  residues

that tended to be fragmented.

Thus if melt v i s c o s i t y  is hi gh enough the-’ incorporation of s i licone in

sufficient amoun t can produce a stable char that results in a substantial

increase in the 10! of styrene t e sin s . Fractionall y the increment in 101

achieved i s  as g reat  as with the pol ycarbc nnate families. The silicone Conten t

required , however , is about tw i ce’ as great .

Un der i ne r t  atmo s phere -. a t  tempe ratures of 500°C and above stvrene monome r

and i t s  oliqome rs are known to break down to small hydrocarbon fragments (C
1 -C 6

’i .~~
’1

Presumab ly the shel l  of s i l i c a  residue acts as a red-hot screen beneath wh i ch

the atmosphere’ i s  l a r g e ls  i ne r t  and throug h which the stvrene vapors must pass.

During passage the temperature of the vapor ntust be raised to the point that

these smal l  hydrocarbon f ra gme nt - .  are produced and s ome of these’ are carbonized.

2.2.4 Pol ymeth y l rnethacry late Fami l y

The MMA-s i l ico n e resins tes ted  included several graft resins in addition to

a numbe r of binary block pol yme rs . Resins tested , compositions , other character-

istics and 101’ s are sumarized in Table 7.

Al l  LO l ’ s f rom th is famil y are p lo t ted vs.  s i l i c o n e content in Fig. 10.

Very little si gn of LOt enhancemen t is  seen.

_ _ _ _ _ _  —~~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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TABLE 7

Meth y lmethacry late/Si 1 i cone
Block and Graft Pol ymers

Found
Des ign

Code No. Type ** S i l i cone  [ri](dl/g) LOi

94 59 -4— 14 ( H I )  b 5 .1  N .R.~ 19 .2

91e 59 — ’e l — l ( H l ) b 38. Ln 1.06 22.0

9459-54— L
~(HI) b 21.7 0.66 20.8

9535-17— l (HI) b 18.0 1.20 19.6

9535-32— l (Hl ) b 21.9 N.R. 18.7

9535-38— 1 b 4L1.6 N.R. 20.0

9535-3 8— 3 b 58. 1 N.R. 21.2

9535—6 3 -2 PMMA 0 0.82 17.0

9538—l4 2-l (HI ) g 7.1 N.R. 17.0

9749—2 7.4 N.R. 17.0

~ HI = Hexane—insoluble fraction

;t* b = binary block pol ymer; g = graft pol yme r

1~ No Record r

________ 
_____ 

I

~~~~ _____ _ _ _ _ _ _



PMMA i tse l f burn ’, with a srnoke l c’ss f lame and no char formation . A molten

cap of resi n exists on top of the LOt spe ’cinu erl (Fi g. Ha). Bubbles of vapor

b e l i e v e d  to be pure MMA nnonome’r or i g i nati m ng from therma l depo I ynm eriz ati on ~~~

form i n-n the cap and ft-ed the flame .

~ ith the block and graft pol ymers the flame is also smokele ’-,s . However

a gray to whit e ’ solid re sidue forms slow l y on top of the molten cap. The residue ’

takes the shape ’ of a hollow cy li n d r i c a l  shel l wi th a thin convoluted w a l l .  The

~h~’ l l  is .‘Th i te to gray out5Ide ’ but usuall y darker ins i de (Fi g. 11 b) . Its

diameter and wall thickness both incr ease strong l y with DMS content (Fi g. l lb

vs. ll c) . The g ross form of this shel l is much like that on the styrene DMS

re’s ins.

Of all the honnopolyme rs tested i n  thi s stud \ PMMA shows the least tendency

to form char or smoke. Presumab l y th is  charac te r i s t ic i s re la ted to the therma l

depo l ynierizat ion wh i ch occ u rs a t low t empe ra ture and which y ie lds  onl y monome r ,

the monomer breaki n g dow n a t hi~jher temperature to smaller fragmentsJ~~
1 In

any case the evident lack of tendency to carbonize on burning i s  thoug ht to be

responsible for the lack of LO t enhancement by s i l i c o n e  i n  the b l o c k  an d graft

pol yune rs . However the fact that the inside surface of the residue shell is

o f ten b lack  i nd i ca tes  that even MMA monome r cam-n deposit a l i t t l e  carbon on a

ve ry hot substrate in an oxygen deficient atnmosp her e’,

‘ 2.2.5 PoI y ( 2 ,6-d i pheny l pheny lenc ox i de) Fami l y

Hi gh mo lecu la r  we i ght p o l v ( 2 ,h di pheny l pher’ty lene ox id e ) ( P
3

0) is a resin

with a Tg of 220 °C and a Tm of t~iO 0Ci6J It can be cas t f ro m chlo roform solu ti on

into f i lms  that are c lear , am o r phous and about as brittle as pol ystyrene. These

f i lms  can be comp ression molded at temperatures up to 250°C into amorphous bars

-~~ -~---- •~--— - - -- —- -. ~~~~~~~~~~ -.—- -- .--
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that are nearly clear. At 260°C c r y s t a l l i z a t i o n  beg i n s ;  once crystallized the

pol ymer is intractable since degradation commences jus t above

Multisequence P
3
0/DMS blo ck polymers have been previous l y made with a wide

range of compositions and P
3
0 block lengthsJ8 ’~ ’ The making of these materials

involved the use of the difunctional oligome rs

~~~~~~~~~~~~~~~~~ oJ_~~~
_oH

where ~ is two or greater. Microdoma in formation occurs in al l these materials

w it h hard blo ck doma i n I
g
’S varying with block length as expected.

[l
~~ Cryst a llin ity

is not found in resins of n ~ 20.

A small amount of each of f i ve rubbery b l ock pol ymers in this fami l y was

available. Compositions and block lengths along with mo lding temperatures , LO l ’s

obtained and related observation s are all sumarized in Table 8.

Three blends of P
3
0 homopo lyme r with P

3
0/rn-IS block polymer of 82% DMS and

~~~~
= 0 were made by coprecipita tion of chloroform solutions in methanol followed

by vacuum drying at tempe ratures up to 190°C. Finally a blend of P
3
0 with SE-30

silicone gum was made in similar fashion . These blends were made in ligh t of the

behavio r of the BPF polyca rbonate/BPFC-DMS block pol ymer blends and in the hope

tha t the blends wou ld serve as subs tit utes fo r block pol yme rs of hi gh P
3
O 

•

content as far as LOt testing was concerned. These blends are also listed in

Table 8.

LOl ’ s for this family are disp l ayed vs. silicone content in Fig. 12. The

block polyme rs showed a substant ia l  synerg ism s im i l a r  to that seen in the BPF

carbonate family. The four blends howeve r showed no LOl enhancement at all.

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~ ‘~~ -— ~~~~~ -. ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - ,,~~- •. —
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TABLE 8

F’ol y(2,6 di pheny l—l ,4-p herty lene oxide ) Fam ijL2f
Block Polymers and Mixture s

Code No. Type ’ Hard Block D.P.~ Found Wt.~ DMS 101

— h 0 36.7u I .2

9665-8 1-I  b 2 66 39 .8

996 1- l48E b 40 74 32 . 3

9665-37- I b 22 76 33.2

9665-52-I b 2 78 37.8

9961- 261 b 40 83 28 .9m .3

10846— I32B h+h “ 25 3 6 . 4 m 1 . 2

l0873-33A h+b “°/20 19 33.8

10873—33B h+b ‘~‘/20 30 3O.2~ .3

lo873-33C h÷b “/20 40 30

* h — P
3
0 homopolyme r or S[-30 silicone gum ; b alternating block polymer;

h+t’ — r
3
0 homopolyune r p lus alternating block polymer of D.P .n 20

- - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



—3 2-

P
3
0 homopolyme r burns with substantial smoke and char formation (Fi g. 13a).

The char i s sl i ghtl y larger than the specime n in cross section and consists of a

strong foamy core with a thin sooty surface covering. Thus the homopolyme r

behaves superficiall y rather like BPF pol ycarbonate. The LOt

behavior of the block pol ymers and the appearance of their chars (Fi g. l3b) are

consistent with this fact. The behavior of the blends there fore seems inconsistent

at firs t sight. A resolution to this paradox may lie in the therma l stability of

the homopol ymer and its blocks as affected by molecular wei ght. Thus it may be

si gnificant that the block pol ymers of ~~~~= 2 appear to have hi gher 101’s than

those of n 20 and 40. Py rol ysis results (Section 2.3.2) lend some support

to this possibi lity. Lack of materials howeve r has prevented a resolution to this

inconsistency .

2.2.6 Miscellaneous

A s i l i cone block pol yme r from each of three other families was available

in su f f i c i en t quant i ty for compression molding and LOt test ing.  These mate r ia l s

and the corresponding pol yme rs w i t h  no s i l i cone  together w i t h  tes t resul ts are

listed in Table 9. Each “family ” is discussed separately be low.

a. Polysulfone Fami l y. Polysulfone i tself burns with substantial smoke

and black char production . The char is foamy and about as strong and vo l um i nous

as the char f rom BPF pol ycarbonate . The 58~ silicone block pol ymer

produced char tha t was v i suall y much like that from the pol ycarbonate-si licone

b lock pol yme rs of the same DMS content: a wh i te flaky exterior , a dark more

continuous , foamy in terior. A 5% DMS block pol ymer previously was reported to

have an 101 equal to that of polysulfone i tself~~
0
~~ne 58~ DMS resin tested he re

y ie lded a LOI , at most , Lt uni ts h i gher than the interpolat ion va lue ( i .e .  the

- ——.‘-‘
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T A B L E  C)

MRce llar- neo us

Code’ No. or Found
Re’fe retnce- Pol ynmmt ’ r Wt .’~ DMS n LOt

The rnna 1 ux Pol y set 1 fone of tWA and 0 — 30. 7’ 1 .
dl cli i orod i phe-ny 1 s u 1 lotte-

A. Noshay , Sul fone’/s i ii c otte’ bl Oc k ~~~ ~~~~~~

Un i on-n Carb i de’ polyme r

1101 4—100 Polyte’t ranue ’t hy Is  i lpheny l e ne ’ 0’  — 42 .4
si loxa ne (PSPs )

106 7 4 — 119 SPS Is i 1 i cone’ It lock 1-101 yn ite’ r s .C) ‘~ 40 31n , I,

10846- H3— B PA / t t ’t r a b romo BPA carbon — 43 10
3302—Br at e— hi ock—dint ethyl s i loxane~ *

Exclus i ve of DMS in SPS

‘~ Copo 1 yca rho ntate ’ 1) 1 ock con t a ins  26 w t . ‘
~ b ront i tte

‘ “ - “  Not known to ens

- - ~~~-- 
-—-~~~~~~~— ,_ - 
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value p red ic ted  from the 101 vs. % DMS in te rpo la t ion  l i ne) ,  By contrast  both

polycarbonat e ’  f a m i l i e s  gave 10 to 12 un i ts  LOl enhancement ove r their  inter -

po la t ion  h u e s  at t h i s  DMS concentration . The source of th is  d i f f e rence  in ‘

behavior could not be sought owing again to limitat ions in time and material.

b . Polytetrante th y l si l pherm y lemie silo xane ’ ( PSPS ) Famil y. Sma ll  amounts of’

PSPS and one rubbery niult isequence block po lyme r c o n t a in ing 5’)’:- DMS of D.P.~ ~ 40

we re avai lable .  The homopolynte r e x h i b i t s  a Tm of 150 °C and a T~ of -25 °C. f h l

The block pol yme r t e ’ s t e d  e x h i b i t s  a hard domain T of 100°C. Both homopo lyme r

and block pol yme r are opaque.

The burning of PSPS y i e l d e d a s u b s t a n t i a l  amount of a th ick ioarse , flak y,

weak residue . Residue color was variegated--white ’ in some p laces , gray in others ,

black in s t i l l  others . A thick zone of clear melt existed below the burn t ront

on the 01 specimen. The mel t  zone tended to f low and the “char ” p lus under-

l y ing melt tend to tip ove r , sag , and collapse on the l owe r , sti l l  solid section

of bar. Thjs collapse tended to fragment the res i due and also to mel t  and

i gn i te the lowe r bar sect ion . The smoke also varied in characte r , being black ,

coa l- se ’ and whispy most of the t ime but wh i te per iod ica l l y.

The’ block polyme r burned in s i m i l a r  fashion in eve ry respect except that

the reaidue was somewhat lig hter in color.

The 101 of PSPS is a ve ry respectable 43 in sp i t e  of the unstable melt

zone. The LOt of the block pol yme r i s  onl y 4 un i ts  h igher than the value of

30 obtained f ront interpolat ion between the two homopoiyme rs .

Several factors may underli e ’ the lack of LOt enhancement in th i s  fami ly.

The f i r s t , by analogy with behavior seen in part of the styrene fami l y is low

mel t viscosity.

--
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The’ st’~~e~ttd is the el emne ’ii t a I s i l~~e el i t  c OIl ten t -  -2 1 wt. % is PSPS and 33 wt.

in the block po lyn~’r. The Si l eve ls  are much higher than that at the 101 maximum

ot ‘ i t h e m p~~l 1-~ ,nrhonat e fanu i l y ( ‘ to 8 - )  . In f a c t the 27 wt . ‘
~ s i Ii con of PSPS

is equivalent to -~ I’~ OMS in any ol (he s i Ii cone block pol yme r-, in wh i ch the

‘‘hard’’ b tOe I’ eh~ e ’s i m eit ~ t itt a in -. 1 1  i i-on . In non ’ o f  these other sys tents does the

a 7 l ’~ DMs ‘~~~‘‘ d Vt , a leve l  .i lmitost 10 units bel ow the LO t of PSPS .

A t tmi rd t a e t o t  i s  hard b lo e k chemical s t ruc tu re  and i t s role in py rol’y s i s — —

a seib ec t de.i l t w i t h  at greater length ill Section 2 .3.

I.  tIPA/ l e t r a b ronx, BPA Coj~~lycar honate  Fanti ly. M i x t u res  of te t ra b romo

flPA wi th RPA t o rm randont t o po lyca rbot iates hav i n g  101’ s that r i se ’  l i nea r l y w i t h

b romine com tc emt t rat ion . 
[I. I Thus at 17 wt. ~ bronti rw the LOl is 44 , an in c r e a se

of l’i u n i t s  ove r B PA pol yc arhonate .

A sil icon e-copol ycarhonate ntultiscquenc e block pol yme r of 43”~ OMS of

D.P. — 10 and l’~ wt . ~ b romine was avai lab le. The copo l ycarbonate block contains

.‘b wt. ‘~ b romine (28 nio l ‘
~ tetrab romo BPA carbonate). The 101 for this material

was “ ~~. The m a t e r i a l  burns nnuch l i ke ’  a RPAC/DMS re’s in of si mii i hi r OMS con tent

exce pt that the char is  darker and much more vol umlnous .

There are two way s to compare the relative effects of b rontin e on the ’ 101’ s

of po lyca rbonate  vs . BPAC/DMS block pol ymer. In ti-ne f i r s t  comparison the s i l i c o n e

content is fixe ’ d , in the second the mol fraction of pol ycarbonate is fixed .

Firs t a BPAC/DMS resin of the san-ne silicone content (4-~~ ) is expected to

have a 101 o f 1’ .5 (F ig. ‘ ) .  Thus the b romine has raised the LOt by l7 . ’~ uni t s

wh i t h  I s I - 17 un its per percent b romine i n  the who he pol yme r or 0. 67 un i t  s per

percent b romine in the :ol ycarbonate block.

Second rep lacement of the l~~- b romine with the correspond ing n~--nl % of

hy drogen re sults in a BPAC/D MS block polyme r of 5 l ’~ DMS. Such a block pol y m e r

~ 
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is expected to have a 10$ of 34 ~2 (Fig . 6) . (‘etm lvers e ’ ly (he sub s t I tu t  iomi of

b romine for hy drogen in this block pol ymer has rai se ’d the lOt 1’) units or 1.2 7

un i t s  for each par t of b romine in the’ whole po lymix’r.

I it any c as e the inc rerne n t in - n LO I pe’ r part ot h 0111 ne’ i S , I atty (It in q

s l i gh t l y  greatt ’r in the bloc -k polyme r t it att in the homopol ynie n . T h i s  r e s u l t

suggests that the’ LOt enhancemnen t ntechatt i sms assoc i at ed wi  t it  s i  Ii conic’ and w i t h

b romine are st ’par at e  hut a d d i t i v e ’.

2.3 Mechanism Stud i e ’s

A pre ’v i  ous s tud y of lOt chars from BPFC/DMS re’s ins ol low s i  Ii c ol t e ’  conten t

reported that the s i  1 i con conten t of the’ chars Inc rcase’d in - n p m oport ion to the

DMS con te n- n t of the res in app rox ima te l y .  Fur the ’rntore ami e lec t  ron miii croscopy

inves ti gation of one of these chars revea led  a hard , hr i t t  Ic ’ , amorp hous

e lec t  ron—de ’nse subs tance that appea red (C ) l i t e ’ t i- ne’ pore’s of t ht. char . On this

has is princi pall y ,  it was suggt’s ted that  LO t  e’nhance’me’mi t by i Ii Conic’ oc c u r r e d

because th i layer ( thought to be s i 1 i c’a) tended to p rot eel the emndt ’ r I i l - n  q

carbonaceous char f ront ox i d a t i v c  a t t a c k .  Th i s  p r o t e c t io n  was though t to a l l o w

the char to remain th i eke’ r at-nd a more e t fec t i ye the rmna 1 ins ui at  or than i t

would otherwise’ have been. No quan t i ta  ive da t a  on chat y i e l d s , de ’llsI t i e ’s ,

morphologic ’s , e t c .  were  a v a i l a ble  o support th is content  ion • howe ’ver.

Moreove r , th is  mechan i stn has been a f fl I cte d I roni it s comicep t i on by a

major weakn ess when vi ewe’d in the f raniewo rk of t t e ’ gene’ rat lv — accep te d s ci-neme

for burnin g of organic s o l i d s .  [ 13 1 It - n t h i s  scheme ’ the ox i dat on proce ’s se ’s

that produce the i-neat occur la rge ly  it the outer portio n s of the flame . The

inner portion of the 11 ante is cons do red to be’ de’ I c i  e ’il t ti e)~ V Cfe ’ll — Essern t i a I l~

no external oxygen p’nc’ tra It’s the’ so 1 i ci : He’ re’ on-n I y p~- ro l v ’, I -‘ oc~ U rs  • the

~~~~~~~~~~~ I — -  
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pyro ly sates simp ly d i f f u s i n g  and e f fus ing  out through the degrading s o l i d  to

be burned in the f lame (F ig .  14) .  Thus the con t radict ion : How can dime thy l

s i loxane be ox id ized to s i l i cone  diox ide in the reducing atmosp here of the

solid interior?

A somewhat diffe ren t view of the LOl synerg ism in s i l i cone-po lycarbonate

resins emerges from the recent company-funded studies described below . These

studies were primaril y focused on the chars produced from BPAC/DMS resins. The

new view of the synerg ism s t i l l  focuses on similar brittle , elec t ron—dense

layers. Howeve r , the understanding of their p roduction mechanism , composition

and function in ra i s ing  10$ , has changed subs tan t ia ll y.
t’-n

In s umma ry in the v iew provided by the fo l lowing account these f r i ab le

layers are currentl y thought 1) to be produced unde r py rol y t i c  condi t ions by

rather specific chemical processes invo lving the hard block res i due and dimeth y l-

si loxane ; 2 ) to produce the  synerg ism by a lte r ing  the structures of py rol ysates

and/or their rates of t ransport to the flame ; and 3) to exh ib i t  mo rpholog es

and composition s that are optimum for this purpose only when the chemica l

composition of the resin is correct.

The experimenta l work underl y ing this new view deals with two subjects:

a) 10$ chars — their yield , composition density and resistance to

further ox idat ion ; the morpholog ies of these chars and the silicaceous

residues left by their complete oxidation .

b) Pyrol ysis Products , i.e., the chars and py rol ysates produced by

vi gorous py rolysi s unde r inert atmospheres — their compositions ,

structures and morpho logies.
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2.3.1 E~per iment al

2. 3.1.1 LOt Char yields

For purposes of determining the y ie ld of char or res i due per unit

we i gh t of pol yme r burt- ned a mod i f i ed  10$ t e s t  procedu re’ was dev ised as f o l lo ws .

A p iece 3/8 to 1/2” long was cut o f f  an LOt t e s t specimen and a smal l  hole

d r i l l ed into the p iece ’ along the specimen -n long axis. The p iece and a two inch

diameter aluminum we i ghing cup we re bo th we ig hed. The cup was impaled on a

needle ’ mounted in the 101 specimen clamp. The pol yme r p iece was then sli ppe d

onto the t i p of the needle. The mantle of the apparatus was put in p lace and

the oxygen index set at the previously determined l i m i t i n g  value . The top of

the p iece was l i ghted with the torch in the standard way .

The flame progressed as usual down the sides of the piece and soon engulfe d

it comp letel y. At th ’ end of the burnin g process the char would usuall y be

left sitting whole on the end of the needle. The cup was then carefully pulled

off  taking the char along, af ten comp l e t e ly  i n tac t .  The cup and char we re 
- ‘

we i ghed once again and char y i e l d  c a l c u l a t e d .

~‘.3 . l . 2  L O t  Char Ox ida t ion  at Fixed Oxygen Index

A furt~ner mo d i f i c a t i o n  invo lved running the t e s t  descr ibed in

Sect ion  .~~.l .l in the came way in all respects except that the oxygen index

was f i xed for all bur nin gs ,~~ ‘ - -
~n,’ level--a leve l hi gh enough to ins ure combustion

for a l l  members of t”~’ res in  f a m i l y .  In t h i s  m o d i f i c a t i o n  g lowing of the s o l i d

would often continue long ,m ’ I - r  the ’ f lame wet -n t out. The length of th is  period

of flameless combustion (the after g low pe r i od)  was recorded. The f ina l  s o l i d

residue was much whiter us ’;,illv than the residue left after burning at the 101.

~~~~~~~~~~~~~ A .  -- 
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.~.3 .l.3 101 thar npo~ i t  ions

Re’s i dues ( m o m  the ’ char ~ o ld  t ’ ~~t j u s t  c f e ’ s t  m it ~ ’d we ’ re ’ at- n a I~ :c ’cf for

e’ 1 emen ta 1 cam bon , for hv d tog e ’n and t o n si i C olt . Occa sional 5111,11 1 h i ( 5  of

res i 110115 mate’ r i a I a r I s I rig t rom t i t - n~ um tb u mi t s~’c t on s Of m e ’ s  in w o r e ’  I OLi It Cf tilt

b r e a k  il l et the ’ chars apart . The’s e’ were di sc  am tied. Apart I ront t iie’sc ’ the ’

remai nde’r of  t’ach char C.Js e’~t 5 i  t ’~ Fe ’dLlc e ’d to  a powde r with a not tar and

pes tl e .

2 . L 1 . 4 10 I Cl-n .11 Oe ’ n s i t i e ’ -’

As part of the e ’ f  t o r t  to assess the’ i t s e m l a t  it ig et  f e ’ e t \ e ’ ! - n e ’ s s  of

iii
the chars the  i r mac I- os c-op i c dens i ( I  c’s w e ’ t e  nx’as c i red  . The’ nx’as ure’ Inel- n 5 C~~’ t e’

made us i ng t h e ’ chat - s f r om the mo dified 01 test . Ott awa be’ach sa nd was ust’d a-S

a spaCe ’ —  f t  11 i rig t~ lii i ~i in t he ’se ’ t e s t s  . Thi s nii t er i a I w a s  used rat  he’ r (ian t a

l i quid for seve ral r ea so n s

a) The sand filled all thi’ l arge’ i o 1 e’ s but di ~l not pe’ne’ (mj te’ t i - nt’

chat -nt-ne’ ls o t t h e ’ ~f a n

b ) Chars won 1 ~i rema i n s ubme m q1’d I t  5 ,ti cl tit ’s p i t t ’ t hi’ i r ye ’ ,~~ I c~

d e n s i t i e s .

c The’ san -n d C OIl 1 ci e’as i I’ , bt’ remincmve d f rom Ch _ l l  p i e ’ c e ’ s  t huts pe rmi t t I

t he i r  subseq ue nt use it other t e s t s .

Each rit ’ as u remen t was made by b reaL m c i  a chat- s p0 c I melt i m to two or (f - n m e’e’

p ieces , put t i rig these in a small graduate ~~ ‘, 1 1  titl e’ r ar-n d t i 11 i rig w I(i sand (0

a known volume . Wei g h I mt qs we ’ me ’ nude .tf t e ’ I each step wit h an aria I s- ti cal ha l ,U-nCt ’ •

Wi th  li ght tapping to insure that the sand settled pro pen 1’~ , poh e a t t ’ o n a t e

char d e n s i t y  cou ld  he determin ed rep rod cte 1 hl ’, to t few pt’rceti t . t~ens I t\

de termination s we re progressive”l~ mot e’ e’ r r a t i c  w i t h  Incr eas ing re ’s i n  (~MS

- ‘  con t en t .  The chars f rom the ’s e’ res i l l s  inc I cid~~d .111 i l l  C re as in g anxiutl t of  loose 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~ S__i
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wh ispy material deposited externall y f ront-n the vapor phase. Inasmuch as this

material was thought to be less i mportan t as an insulator than the underl y ing

char produced in s i t u  this deposit was b roken away and discarded. What portion

to choose to breakaway and discard became increasing l y difficult to decid e ’

upon since with increasing resin DMS content the ’ in s i t u  char itself had

progress ive ly  less i n t eg r i t y .

2.3 .1.5 Pyro l yses and the Treatmen t arid Anal ys i s of Resultin g
Products

Pyrol yses of  BPA pol ycarbon ate  and severa l  of the BPAC-DMS block

pol ymers have been carried out in nitrogen atmospheres unde r vi gorous heating

cond i t i ons  un t i l  no more vapors were evo lved .  The py ro l yse ’s we re c ’t fec ted

on smal l  p ieces  of 1/8 in. thick moldin gs p laced in the bottoms of py rex tubes

and round bottom f lasks , wh i ch we re then heated directl y by a Ileeke r burner.

Whi le  s t i l l  red hot these containers we re p lunged into water; this treatment

served to f r e t ’ and quench the solid residue from each pyrolysis , usuall y in one

p iece .

In a few cases the effluents were passed throug h water-cooled condensers

in orde r to collect the’ less volatile py ro l ysate products One of these

pv rc’~vs1’s p roduced a small amount of foamy material outside the main body of

~~~~~~~~ the foamy material would swell substantiall y (but not dissolve) in

chk form.

Py r o l y s a t e s  we re anal yzed  by 1 H/ 29 Si and 13 C nuclear magnetic resonan ce

and by tandem gas ch romatography-mass spectroscopy . Py rolysate chars we re

analyzed for silicon by heating them up graduall y to 800°C in air in a muffle

furnace and wei ghing the S i0 2 res idues.

Py r o ly s e s  of m i x t u r e s  of SE-30 silicon e gun-n and a variety of small

molecule organic compounds we re also carried out. These compounds were all

~~~~~~~~~~ ~~~~~~~~~~~
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related one way or another to the organic components of the block polymers

described in Section 2.1 that exhibited foamy char formation and eviden ce of

the pol ycarbonate -silicone type of LOt synerg ism.

2 .3 . 1 .6  Microscopy of Chars

lOt test  specimens , modified LOt chars and py ro l ys is chars were

i nspec ted by li ght , transmission electron - and scanning electron-microscopy .

A v a r i e t y  of techn i ques we re used to prepare speci me ns for these inspect  ions.

LOt test specimens were photographed whole and then vacuum impregnated

wi th  epoxy resin as befo re.1~
1 These specimens were then sawn in half down

the long axis. Macrophotographs were taken of the groun d and polished cross

section , small blocks we re then cut f rom selected reg ions ; from these blocks

ultrasect ion s we re microtome d for TEl-I . These- section s we re backed with

evapo rated carbon for s t a b i l i t y  during vie wing.

Pyro l y s i s  chars we re prepared for  TEll in a s I m i l a r  manner. In addition

some ultrasection s were treated with hy drof luoric acid in an attempt to etch

away any hydrol yzable , silicon-containing components (e.g. silicon dioxide ,

organ i csi l icate s , sili cone s , etc.).

Chars from both the modified lOt tests and f rom the py ro l yses were b roken

open , meta ll ized and inspected directly by scanning electron microscopy . In

addition other p ieces of these chars we re inspected after muffle furnace

oxidation up to 800°C had removed all remaining carbon and hydrogen . Sti l l

other p ieces we re inspected after di gestion in aqueous hy drof luoric acid at

temperatures up to 100°C to remove silicaceous components.

—‘ —S -- —. - ---~ .— -- -‘ — —
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2 .3. 2 Resu l t s

2.3.2.1 Mod i f ie d  Lot Chars at-n d Their Oxidat ion Re’s idues

Fi g. l’ e x h ibits the char yields f rom the ni odifi c ’d BPAC/ O MS LOt

test specimens each hurn c’d at its own LOt: y ield is seen to inc rease  in rough

propor tion to re’sin OHS content. This correlation does not extrapolate to

the exper imenta l  y i e l d  of S i O 2 obta ined front the burnin g of si licon e gum

(0 .65 g./g. ) howe ve r , but to a much hi gher l e ve l .

When a dup licate set of specimens was burned at 0 1=41 the res idue s

ob tai n ed w er e a l l  nea r ly wh i te . Smal l  amounts of wh ispy soot depos i ted  on the

tops of the specime n s we re the onl y black reg ions. The yields of these residues

are d isp layed vs.  resin DMS content in Fi g. 16. Again a roughl y l inear  dependence

is seen , the y ield rising from zero for BRA pol ycarbonat e and ex t rapo la t ing  to

0.8 g./g. of resin (the theore t i ca l  maximum y i e l d )  at lO0~ OHS .

Finall y specimens of three resins we re burned at 01=41 but quenched by

changing to 01=0 as soon as the flame died out . The wei ghts of these chars are

compa red to those produced by burning at LO I it Fi g. 1 5. The s i m i l a r i t y  in

wei ghts of char from the two p rocedures reinforces the belief that atmosph e r i c

oxygen leve l has l i t t l e  e f f ec t  on char produc tion during the flame stage of

combustion as long as this leve l is great enoug h so that all of the py ro lyzab le

products are evolved.

The composit ions of the m o d i f i e d  LOt chars are disp layed in Fi g. 17 vs.

Resin OHS content. In support of visual observations the silicon content rises

steadil y wi th DMS content. The sli ght break in this curve occurs at the same

OilS content as the LOt maximum .

The fractional retention in the char of silicon ori g ina l l y presen t in a

g iven resin is obta inable by combining total char yield with char sili con content.

—‘5---. - -  ——~~~ --~~-~~-~~~~--. -S- -~~~_S—--



~14 3~

This quanti ty is disp l ayed vs. resin OHS con tent in Fi g. 18 for several BPAC/DMS

resins. A corresponding quantity for carbon i s also disp la yed. Fin a l l y ,  s i n c e

the aromat ic  carbon s and hydrogens are undoubtedl y much mo re’ stable than are

t he i r  a l i p h a t i c  coun te rpa r t s  or the carbonate carbon , t he carbon and hy droge n

— contents of the chars are p lo tt ed in Fi g. 19 as a fraction of aroma tic carbon

and  h ydrogen in the res n.

The’ ~nac roden s i t i es  of sev e ra l  chars , determined by the sand iethod , are

d i s p l ay e d  vs . r e s i n  OHS content in Fi g. 20. No dens i t y  maximum or minimum at

the DM5 content  of the LOt maximum is ev iden t , though the scatter seen here

wou ld a d m i t t e d l y obscure any t ren ds but the most pronounced.

2.3.2.2 LO I Cha r Ox i dation Kinetics

The length of the a f t e r g low per iod is p l o t t e d  vs. DMS content in

Fig. 21 in con trast to the t rends in Fi gs. 15— 16 the shape of this p lot mimics

the shape of the LOt vs. OHS p lot (F i g. 6 ) .

Two othe r notable aspects of the afterg low process connected with the

progress of this phase of burning should be descr ibed.  F i rs t a d i s t i n c t

geometric diffe rence between the burning up of the chars from polyca rbonate

and it s s i l i cone  block pol yme rs was apparen t. During this process the pol y—

carbonate char became steadily smaller in diameter and more porous as w e l l .

The whole remainde r of the char at any point g l owed uniforml y. By contras t

th is  process in the block pol ymers l e f t  the to ta l  residue d i a m e t e r  cons tant ;

rather the fue l in the outside regions was consumed first l eav ing a dead , white

outer shell and at inte rmediate times a smaller core of g lowing material in the

center of the specimen.

The kinetics of wei ght loss during the afterg l ow period were exp lored

with the BPA pol ycarbona te and two block pol’~mers . In Fi g. 22 weig ht loss
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dun tig th is pe’ niod is di sp 1 ayt’d v~ . tb-nt’ quench i rig I me ( I  ‘nqth o~ t i mite ’ f ront the

s tart of afte ’rqlow to the poi n t that the’ glow died ou t as a re su l t  of the s w i t c h

to I 0O~ ri it rocp’Il in the at 110’, pf me - rc’) . Un-ne xpe’c t e’d I y t he ox I dat i on-n rate of tb -ne-

OU t t ’ r po r t  I O~It~ of t tt t ’  block pol yme- r chars was seen to be 11 (1 Ic di f fe ret-n t f ront

that of ~col ycarbottatt~ i t ’ ,e ’lf. Thus these ’ resul t ’5 suggested (hat (lie’ long afte ’r—

glow period of the ’ b I ock pet 1 y nte rs .t ro e’ I rotii a nituch reduce’ d rate ’ of we i qh t loss

from the ’ I ttt t e ’ rnno -. t portion of the’ c:h a r

2 .  3 . 2 . 1 ~~~~ y s i s Chars

Th e yiel ds of p y r o l ys i s char p l ot ted vs. resin DMS cottte ’nt display a

p ronount cc’d ll,1 X I ifiUt li at t itt ’ OHS ott tent of tb -n t’ LOt titax i niunmi (1 i q . 2 ~
) • t ti acid i t I on

a r u i n  iniurn 1c m y i eld at ‘Y OHS ‘~c ’erls (0 he p r e s e n t .

Ot t comp lc ’te ’  ox i da t  lot-n at 800°C these py rolysis chars leave a wit I te ’ res idue

(p me ”. uniab 1 y Si 0
7 

at th i s p o i n t )  h av m g  t I e ’ s ante fo mu as t I - n ” or iq i na I char. The

y ii’ Id of th I ‘~ re -
‘ i due’ exp t e ’sse ’tl as fr.tct i onal re’ t c’n( ion of res mi s i  I i cot-n shows

a ve ry sharp umax i mum a t the ’ OHS c o g  t O i l  of  t lie 101 mitax i muunit (Ii q .  2 4 )  . A

sub t rac t  ion of th is  nia te ’r i a l  ,is t e ’ t J i t t ( ’ d  510 , a l lows tb - n t ’ t o t a l y i e l d  of carbon ,

hyd roqent attd ca rbomta I e ’ oxygen i t t  ( f t c ’ cli am to be i-n lot ted I ri the s ante grap h .

The’ tt-nac rodents it l e ’- , of the’ py ro I ys is  cli .t rs I roni BRA po ty cart-non a e ,irtd one

b loc k po 1 ynie r of 7 1) 1’ s i l  i c -one ’ we ’ r -  found by tb e  ‘,and method to he 0. 34 and 0 .27

g/ml , re’s pe of i ye I y. Ti-ne’ v.i I u ’ for I he’ homnopo 1 yme r cbia r I more ’ than tw I cc ’ that

of the’ char i n-om the mij o d i I i ed LOt t c ’ s t ( F I g • 20 ) . Ti-nat of t he h lock po lyme r i s

a I so i-n i ght- r tb -n an oh t a l  ite ci I romit the 101 1 c’s I , t houg ht the di I fe i-rnce I not as

(J r(’ at • In aty cast’ th e two va 1 LIe’ s for the’ py ro I y s i s cha rs •i re s u f f i c i cr-n t I y

int l la r tbi.i t t i te ’ c a l c u l a t e d  ca’Ilparat lye ‘ffe’ct I Ve’nte ’ss of these chars as

the rma l i l t s u la t o rs  nt , ’e’cls l i t t l e ’  c orrec t i on-n for dt ’cc s i ty difference ’s .

I
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The wei ght losses t rot-nt a ir oxidation at 580°C of the pyrolytic chars of

BRA polycarbomna te and of l084S3—l 3~—l l  (25’~. DMS ) are ’ showti vs . t i m e  in F igs . 2 5a

and b. Cocnpa red i mt te ruts of total re’s i dual we’ i ghi t vs . t I tue a I a rqc’ di I fe re ’nt ce

Iii re s i s t a m i  ce s ~ emits to de ye ’ lop i n the I at t ~‘ r s t ~1ge ’ s of ox i dat ion . Howeve ’ r in

terms of re’s i dual cons unvitab 1 e we i gh t the ox i d,~m t I Ott k i t ~ie’ t I i s a re’ e’s sent i a l l y

i nd i s ti ngu ishab le’ .

li t Table t O  the compounds that were’ ml xed w i  tb - n S [— 30 s i l l  c O l ic ’ gum are’ I is t e ’ d

in orde r of the’ i r e f f e c t  lV e ’ I - n t ’ ’~ — , In im id uc intj s i l l  con rete ’ci t i on-n in their pyro l ys i s

chars. Of the m uat e r i  a ls  tested it appears that the’ mno st e f f e c t  I ye Ot te ’s ar e those

ot hi gh molecu lar  we’l ght havin g free ary l hy droxy or ary loxy groups. On t h i s

bas is presuniab l y di ph eny lcarhonate is s l i ght l y act ive because ’ de contpos i t ion

produces phenoxy i n t e r m e d i a t e ’s. Ti -nose li qu ids  wh I ch boiled w i t h o u t  decontpos it 1 On

at r e l a t i v e l y  low tempe rat u res  (e .g. ~ miap hthoi and the ’ pheny l ene e’the’ r tet name’ r)

gave r ise ’  to no s i l i c o n  rete ’nt iofl because boi l ing removed theiit be-fore the

temperature became hi gh enough for r eac t i o n .

Pre’sumab l y py rol ysis of manty of th e ’se’ m i x tu res  uti der p t t ’ssure wou ld have

gi ven much g rea ten  s i l i c o n  rett- rt t on.

2 .3 . 2 .1+ M icroscopy of BPAC/ OM S Cha rs

El ectron microsco py of the ’ LOt  chars of the BPAC/DMS re sins re ’vea led

friable electron—dense ’, heat re-s i s t ant l ay e r s  ( F i g .  ,‘ 6 )  s i m i lar to thos e ’ se ’e ’I t i n

the BPFC/DMS resin s pme ’vious l y.  In a d d i t i o n - n  ri pp led Iayc - r s  ot  dc ’i t s i ty int e r—

mediate ’ between those of undegraded res in  a t d  the friable ’ la yt ’ts were’ al s o

found (Fi g. 27). (Ste’rt ’ct pairs show th a t  the r i pp le ’s a re ’ a st i c k — s l i p e f fec t

on t he c u t t i n g  su r f ace ”,,) Electron microscopy of the p ym oly s is char front the

block pol yme’ r of g r ea t  e ’s t  101 showe d tb - ne’ char st ruct ci re to con s is I en t i re’ ly

.. of f r i a b l e  e’ lt ’ c t r c n t — d t - nse - la y e r s  (Fig . 28) simi l a r  to those in Fig . ?h .  On
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TABLE 10

SI 1 Icon-n Reten t ion  inn Ch~ t rom P mol ys is
of Silic o n-ne Gun-n Mixtures

M i s t u r e ’
Compound H B, P . ( “ C) W t . ~~- OHS Reta i tied S I I I eon

B I sp he’n - n cml 11 uo renone’ ~h c0 1+ 50— ‘,~~(t c a. 2 l.~ . 2

te t rapheny 1 di phenoqu I not-ne 1+88 ‘4Oo~ ~00 7 2 ~ ‘4 .2

hisphenol a cetomt e ’  228  1+ 10 20 l . ’~

2 ,6 di pheny l phenol 2’4’ ‘4 00— 500 ? 12

di pheny I carbonate 2 11+ ~O 6 20 0.

phenol — s t o p p e d  pheny I ene 7 21) 0 1+et her te’ tranue r -

i~— naphthoI lb() 1.’ 0

hy droqui none 108 2 ~40 Cl 
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this basis i t  se ’emns ev ide n t  that the f r i a b l e  l~nye ’rs are t he end produce’ o f pyro lys i s

while’ the’ less dense’, more deformable layers are resin -n in an intermediate s t a t e ’  of

degradation .

W i t h  the 101 specintens the ’ friab e layers could usuall y be found in the

t hintiest  part of tb - ne char , i . e . the char last p roduced by the advancin g flame

fron t , which sugges ts their i mportanc e’ in protectin g underl y ing re’sin from the

very start of combustion .

Scannin g electro n niicroqrap hs of the ’ i n t e r i o r  of modif i ed 101 chars show t ha t

their morphology is hi ghly dependen t on res in  OHS content. Thus BRA polycarhon ate

and block pol yme rs up to about 7O ’~ OHS produce interior char morpholog ic ’ s compris ed

of curved membranes punctur ed fre’qut ’ntly by hOle ’s (Figs . 21 6 30). The holes have

l i p s  that are’ clearl y the re ’ma i lts of bubb le’ s that fo rme d , burs t , co l l apsed ,

re t racte d and then -n be’canx’ f i  xt’d in shape by tb -n e comp le’ t ion of pv rolys is . In one

case a bubble was found that be ’cam ’ fixed in shape jus t as (or pe rhaps before) it

broke. (Fi g. 31) Above ~‘O s i 11 one ’ or so th~ niorpho l ogv of thes e ’ chars become s

more and mo re s I n -ni 1 a r to  I i -ne t s t ’ oc t  opt ’ It e ’ 1 1 I 0,111’. , ( 1 I qs . 12 ,tn it I

Al 1 parts of t he pv ro I ‘is I c o h  a m ’ . e xh lb i t  no n pho 1 oc t i t ’ s s I mi I a r Icc t h m  so of

the inte ’riors cml the e ocminti ’ n~ ’, t m t  LO t  t e s t  chars (t ’ .q. F i g .  11+ vs . Ii~~. lot .

These char mno rpho I og it ’s  i t t ’ p rest ’ rye d when e I t~~ ’ r I he s t I I me n i s removed

by hy d ro f I uo r i t  ac i el I t e a t  men t i -cc t lie a rt ’ on an (1 liycl roqe-ti are oc ~ I di 1 • e’ i I he’ r

by burn i nq as I n the mod i t ,  e ’ ci LO t h’s t q I O~~ pe’ m I od or te’~- SOo ’ C a I r 051 ,I at I Oti

in the muffle ’ furnace ’ . (F I qs . l~ an -nd ~t e vs . F I qs • 1,’ ,i Ii d 10

Moreove r H F I rcatn ten I of mu I ~ rot onnc’d ‘i ’ I i outs f ail ’. to 
~ 
roeluc o ho 1 c ’s  d c  tect —

able by t rans I f l i  ss ion v 1cc t rot-n m i e ros copy (I • • ho 1 e’. 1 a rqe ’ r than 20A , t I-ne s I ze of

the grains of the ’ carbon support I i lm) s uqqt ’st  i nq that the s i l l  is di s t  r ihute ’ d

on a molecular  s c a l e ’ ,

The niorpholoqi es of t i - ne o t i t e ’ rt nost reg i ons of the 101 chars , rega rdle ss ot

res in composition , differ great l y f ront those shown iii F I qs . 7C) to 36.

Whether b lack or w h i t e  these e ’ x t c ’r io r  reg ion - n ’-. a l l  c o n s i s t  of cot I lt ’ct loli s on

- a a,. - ~~~~~~~~~~~~~~~~~~ _ _  _ , - . .~~~~ — . ,,.. •S j~~ - ~~~~ 
_ _
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depos its of fine part I c It ’s , The aniout-n I ot  tie’ pt t s it  I s s m-n-na I I m i  t h(’ case ’ c) I B PA

pol yca rbonat e (F ig .  ~7) hut grows lar qe ’r w i t h  r e ’ s  in OHS c d e l t t t ’ n t t • O c t  a’. i onal l~

he --.e depos I Is ‘.1-n ow a tuna rLed I y 1 ant I nan fo m n , the’ 1 ant i na e on I c e  t iii ill Cl to the ’ sit ape’

of the char su r face  (Fig. 38) . These ’ shape’s selc ~qe ’s I Vapt et I 1 ow di n e ’t t Io ns -

2 , 3 . 2 . 5  Py_rol ysate Con st i~~u~~ ts

The py ro l y t ii . deq radat i on-n ~ t BR A pc’1 ~
- a ricol ia Ic produces a i-nos t e el

v o la t i l e  produc t S i l l  c 1 ucl I nq w a t e r  , me t han- ne’ , c a r b on di ox I de , b I s pho to I — A . pheno l

var ie nl’~ a lky  I phenols , and isopropeny I plict io l [ 1 1 + . l~~] 
The pv rol y’. i s  cc l  po lv—

di me th v 1 -‘ i 1 oxane at 600 ” C p roduces -, I I i cone’ c y  e Ii c s ; at bi I qhe r I c’ntpe’ a In re’s

hyd rce ten , met hane and C , hy d roca rh eem is are p roeluced .11 ~~~~~~ 
E l hi

The anal y s I s Of t I- ne ’ p~ ro 1 sa t Os I mom B PAC /ON S po lv mc’ rs he me ’ i s s I I I I in a

rud i meri t a ry s t a t e .  Seve ra I s i qni III cam -n t tb -n i rig s ,t me’ a I me ’adv e I e,i n Ii owe ’ ye ’ a ’~ liii ’

py ro 1 ysat e  from the one’ b lock pol ynx’ r It ) I y :e ’ ~l I It qLI.l ti t it  L I 08’4te— II 1— 1 1

(21)2. OHs) ~ con t a I ns major p roduc Is acid it ion a I to those ’ I otnncl  I It the ’ pv mc c l ~ sales

of the counte rpart hontopo lyme rs ; b) Si 1 1  e e CI - n— 2~ ronn ie ’  n I U . i I ts  I t ) t ~flt NMR has r e ’ v e ’a 1 e d

a tue thy I t r I oxy — s I lan -ne compound amid .t 1. n q t ’ r quant l i t  ~
- ot a It road di s t r ib  ci t  I ott

ot  o rganos I I I cat es ; c.) 1 as cl-n ronua tog r .i pli’v Up I o SOt) ‘ I. in as ‘~e p a I at e’ ci on~

component t~ rom the it lock pol y nte r pv ro lv sate not r res en- n t i t t that 1 rom B PA pc~ 1 ~ 
—

carbonate. Mass spec I rome t ry I nd i cat ce l I hat tb - n i s ceem po m (’ t t t is  a t r I o’.~ s I I I CcItt

compound of mass 212 having a structure lik e ’ that show n be low .

CH OH

Si

0
_____ ‘•‘

~
‘ O

CH

— -~• .-‘-
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2 . 3 . 3  Discussion

The exper iments  descr ibed above make it clear that LOt char has a two-fold

n a t u r e : an in s i t u  py ro ly t i c  char and what mi ght be termed soot or condensed

smoke. The mature in s i t u  pyro l y tic char consists of homogeneous continuous

membranes or s t r ings  of f r iab le’ mater i a l .  The soot consists of weak collections

of carbonaceous and silicaceous particles. Soot is found of course on the exterior

( par t i cu la r l y the uppe rmost regions) of the burn t specimen , being depos i ted

f rom the inner reg ion s of the flame large l y. Soot is also found in pockets of

the in s i t u  char , althoug h in smaller amounts.

These experiments also suggest that the coup ling between the characteristics

of whole LOt chars and the LOl synerg ism is weak at best. Of all these charac-

teristics only the afterg low period mimics LO t in its dependence on resin OHS

content (Fi g, 21) . And this appears to be the case onl y because variations in

the time for comp lete ox i dation of the in s i t u  por t ion of the LOt char.

2.3.3.1 Relationsh i p Between Pyro l ytic Char Yield and LOl in
the BPAC/ DMS Fami ly

LOt is cor related best with py rolytic char y eid ; however , as seen

in Fi g. 39 the corre la t ion i s  s i gnifican tl y differen t from that found by Van

Kreve len H3]  for a wide variety of organic pol yme rs . Indeed a l l  of the block

polyme rs of the BPAC/OMS fami ly f a l l  on a ‘line that includes silicone gum

itself. Curious ly BRA pol ycarbonate i t s e l f  l i e s  on Van Krevelen ’s line rather

than the block pol yme r line .

Van Krevelen pointed out that charr ing results in a corresponding dec rease

in the yield of combustible vapors wh i ch in turn results in an increase in Lot,

This e f fec t  was thought to be the basis of the general organic pol ymer correlation

in F ig .  39. This effect may well contribute to the block pol yme r LO t—char y i e l d  

---  —-“~~~~~ -‘~~~~ •- -.~~- - -- -
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correlation . It is clear howeve r that other effects leading to an additional

6 to 16 points in 10) enhancemen t mus t be invo l ved. (Moreove r if the yield of

SiO is sub t racted from the y ield of py ro l ytic char (dotted line) the diffe rence

between t he two correlations appears even greater .)

At presen t , it is not clear what effects are responsible for the difference

in the 10) correlation lines in Fig. 39. Several possibili ties for the BPAC/DMS

resins are as fo l lows :

I) Their pyrolytic res i dues are t ransport barriers (oxygen and/or heat

in- , py ro l ytic vapors out-).

2) An additional flame retardant mechanism separate from char formation

exists that springs f rom the same underl y ing cause—-a s i s t e r  mechanism

so to speak.

3) An additional separate p roperty operates to enhance the effectiveness

of the s i l i cone res in chars , a property not found in BPA pol ycarbonate

i tself.

These possibilities are each discussed below .

Firs t , it is questionable that the py rolysis char functions additionall y

as an ox i dation barrier as ori g inall y proposedi~
1 Such a function contradicts

the gene ral view of the burning of organic so l ids , i .e . ,  that the inne r reg ion

of the f lame is usuall y a reducing atmosphere and that pyro l ysis only occurs

in th is sol id.  (This is not always the case , however.)~~~
1

Moreove r , the intrinsic oxidation resistance of char appears to be independent

of retained silicon content (Fi g. 25 ) .  There fore , the total time to oxid ze

complete l y the pyrol ytic char resulting from a g i ven quantity of resin should be

p roport ional to the yield of that char (Fi g. 24). In turn this conclus i on would

imp ly that the 101 vs. ~ OHS curve (Fi g. 6) should reach a minimum at —62~ OHS

before r i s i ng  to a maximum at “2O~ OHS . This does not seem to occur.

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~ 
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Second it is possible though not l ike l y that the py rol ytic char functions

primaril y as a thermal barrier. The macrodensities of the py rol ytic chars (Fi g. 20)

p lus their estimated microdensit ies (1.5 to 2.2 g/cm3 based on the densit ies of

amorphous ca rbon and s i l i c a )  show that the chars contain 75 to 9O~ void. They

are presumab ly good therma l insu lators  the re fore . Howeve r the soot has an even

greater void content and should thus contribute substantial l y to therma l insul-

ation ; this suggests that LOt would tend to correlate better with total 101 char

y i eld , wh i ch is not the case . Moreove r there is no eviden t reasor~ that the

BPAC/DMS py rol ytic residues should be superior in this regard to those of any

of the non-silicone , char-forming pol ymers .

The th i rd possibi lity , that the char may restrict the outward t ransport of

• pyrol ysates was suggested o r ig ina l l y  by the occurrence of decrep i tation during

the burning of LOl specimens. An examination of notes taken during the LOt

tests indicated that decrepitat ion occurred with all BPAC/DMS block polymers

but tended to be most audible w i th  resins of highes t LOt . Thus the build-up

of py rolysate gas pressure seemed to correlate with char y ie ld cr udel y.

This co r relation was reinforced by the scanning electron micrographs

showing widespread bubble formation in pyrolys is and in situ chars from resins

of low silicone content (Fi gs. 30, 31 and 34). Howeve r , the same micromorp hology

is found in the char f rom BRA pol ycarbonate. Mo reove r the change in char

mo rphology above l8~ silicone to an open cel led one seemingly incapable of

• restraining vapor efflux (Fi g. ~~ is not matched by a decrease in effectiveness

in enhancing LOl when viewed in terms of y ield of char. In othe r words , chars

of open-cell morphology are just as effective on a yield basis as are those

of closed -cel l  morphology in enhancing L O t .

Two conce ivab le s i s te r  mechanisms to char formation involve soo t and smoke .
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It is clear that the formation of carbonaceous soot removes fue l from the flame .

I t  is also known that black soot and smoke p a r t i c l e s  are e ’ l f i c i e n t  at t rans fe r r i nq

energy out of f lames by radiat ion .~~
8’ Both effects would It-nd to raise Lot.

BRA pol ycarbonate burned w i t h  r e l a t i v e l y l i t t l e  soot or smoke product ion .

However , all BPAC/OMS resins burned with the formation of mode~’rate to cop ious

q ua n t i t i e s  of soot , some of wh ich re-deposi ted on the uppe r parts of the LOt

char. Even 9627-X the block polymer with the lowest  s i l i c o n e  content produced

large quantities of black coarse smoke. With increasing silicone content the

smoke and soot become increas ing l y wh i te and , o f course , the increasing LOI

char y ie l d  (Fi g. 15) imp l ies  that the amoun t of matter f rom wh i ch smoke can

be formed decreases. Both cha nges should lead to a decrease in energy loss by

radiat i on f rom the flame .

The fact that even the block pol yme r with the least silicone content ,

9627-X , gave large amounts of coarse black soot suggests the p o s s i b i l i t y  tha t

volatile py ro l ysis p roducts containing fragments from both blocks are effective

i n i t i a t o r s  of soot fo rmation . In turn i t  would be likely that these interbl oc k

volatile fragments are formed by the same chemistry bas i ca l l y  that leads to

a maximum in py rol ytic char yie ld. The de l ay of the outward transport cet

py rol ysa tes  by the closed cell char morphology se’en at low OHS c o l - n t e n t s  cou ld

be responsible for max imiz ing  the y ie lds from such che’ m i s t m v . I f  so , pv r olv s i s

unde r pressure should lead to a d ramat ic  increase in py rol y t i c char production

from these resins .

Fina l l y another separate p roperty , me l t v i s c o e l a s t i c i  t y ,  may conc e ivab ly

enhance the effectiveness of the py ro l ytic chars of the’ block pol ymers . This

thought springs from several observations. First the i mportance of melt

viscos i ty to the formation of a stable res i dent ’ shell on styrene-sil icon e 101

specimens was noted earlier. Second , th e BRA pol ycarhcinate ex hibits a lar ci e’ ‘ 

— — —~~~~~~ — — -‘ —.- .—-—- —‘ —j’-- — ,1 —~~~~~~ -- —‘~~~~~~~~
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me lt cap only part of wh i ch is covered by char. (Fi g. 7a) By contrast all of

the block polymers in this famil y and s i l i cone  gum i t self  are covered by char

residue . The BPAC/DMS block pol ymers are known to have hi gh mel t  v i scos i t i es

and e l a s t i c i t i e s  though t to be due to the res~ stance to deformation caused by

the microdomain boundaries .

Moreover it seems likel y that the rheolog ica l characteristics of the melt

ch ange , as py ro lys i s  proceeds , in w a’ys that depend on composit ion : spec i f i ca l l y

the production of the rubbe ry and horny inte rmediate materials during py rol ysis

imp lies a process of cross linking involving both blocks . The concept of a

degrading resin sus ta in i ng  a hi gh degree of de fo rmab i l i t y  to ve ry high temperatures

and high degrees of conve rs i on to final char product is appealing as a mechanism

of retaining the py rol ysate p roducts that are responsible for enhancing char

and soot formation .

2 .3 . 3 .2  Pyrol y t i c  Char Yield Maximization

A question of equal i mportance to that of the role of char in LOt

enhancemen t is that of the mechanism by wh i ch py rol ytic char y ield is maximized

at about 20% OHS. Though by no means clear this mechanism would appear to

revolve about two coincidences . The f i rs t is that char morphology begins to

become an open-ce ll one above 20% s i l icone.  The second is that the mole ratio

of BPA to OHS Is 1 at 22% OMS .

Modeling the formation of py rol y t i c  char mi ght we ’ll star t  by l ikening this

char to a leaky chemica l reactor inside wh i ch reactions go on under pressure

that can, if contained long enough, lead to more of the reactor wa l l  mater ia l .

At intermediate stages of react ion the important products of the reactions are

volat i le however. Thus the leakier the reactor the less i ts  a b i l i t y  to retain

• the very products that th i cken i t s  walls on further reaction . 

~~ d ,  ~~ ,t ~~~~~~~~~L~~~~~
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In such a model the leakiness of the reactor (char) would be re ’’tcd to

the degree to wh i ch the char has an open cell morphology . This morphology is

set whi le  the degrading resin sti l l  has a rubbery character. Presumab l y

u l t ima te  p ropert ies of th is  mater ia l  depend , e.~j, on gel conten t and crosslink

density as with norma l rubbers.

C rosslinking and chain scission reactions would compete and thus define

the character of the network . Rates of c rossl ink ing ,  thought to invo lve

moieties of both blocks should be fastest where reactan t stoich i ometry is

ideal , i.e., at a 1 :1 BPA:DMS mole ratio. The rate of chain scission would

rise with excess OHS since the latter would tend to be sp li t  out as volatile

cyclics to an eve r greate r extent. This alteration in the ratio of cross linking

and scission reactions would lim i t  network buildup and bring on the change to

an open cell char morphology .

Althoug h a drop in carbon retention below 20% resin OHS would be expected

by this rationa le , the observe d drop to levels be low that from homopolycarbonate

is hard to rationalize. Harder yet to rationalize is the d rop toward zero in

silicon retention . One infe rence of this behavior is that the rate of the

crosslinking reaction that leads to silicon retention invo l ves OHS concentration

to a power greater than one , while that of cyclic formation is first orde r in

OMS content. ‘

2.3.3.3 Chemistry Underl y ing Py rol ytic Char Yield Maximization

The exploration of the cross linking chemistry peculiar to the

BPAC /DMS res in s has clearly just begun . The fact that trioxy and tetroxy

silanes have been detected in the py rol ysate from one block pol ymer stron g l y

suggests reactions between BRA , various phenols , their an i ons and/or their

rad icals (or pol ycarbonate chain fragments having these ends ) with the methy l- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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silicon bond resulting in the formation of a w ide  range of volatile p roducts and

a cr o s s l i n k e d  network. The network , at least in an in te rmedia te stage of

maturat ion i s  p ic tu re d to have a v a r i e t y  of b r i d ges between s i l oxane chains

such as those in Fi g. 40. The formation of these specific brid ges is suggested

by two sets of experimental evidence : I) the yields of SiO 2 
from the py rol yses

of the mixtures of silicone gum and the h is p hent ols and related compounds (Table

10) and 2) previous observations of the susceptibility of the carbon-silicon

bond to attack by strong bases at much l ower temperatures .H9~’

Since hydrogen abstraction reactions occur readil y at hi gh temperatures ,

it would not be surprising i f  carbon-carbon bond formation involving the

silicon—methy l carbon and , e.g., the 4-carbon of the phenolic fragments of BPA

decomposition occurred. (That some sil icons may be tied into the py rol ytic

char by carbon-carbon bonds is also suggested by the py rol ysis chemistry of

pol ydimethy l siloxanes
[16] 

and the fact that di gestion of chars in hydrofluoric

acid has so far removed onl y 2/3 of the silicon present.)

2.3.3.4 Future Work

Many avenues of exp loration in understanding and optimizing the

BRAC/OMS flame synergism and exte nding i t to other system s lie open. Probab l y

the firs t priority is to elucidate the chemistry of py rolytic char formation .

Partial degradations , the effects of pressure on yield , ch romatograp hi c

separations of char and py ro l ysate p roducts , and product anal ysis by a variety

of techn i ques like the ones alread y described would lie at the core of this work.

Another avenue of work is focused on optimizing the LOt synerg ism in the

BPAC/OMS system in te rms of silicone composition and block length. Synthesizing

small quantities of several block pol ymers of 14 to 2 2~ OHS content and several

OMS block lengths from 0’~ •n 5 to 15 should aid considerably i n de f in ing  the

max i mum LO l obtainable and assessing its reproducibility. On ce this objective
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is  a t ta ined  syntheses sca le-up of a s e l e c t  res in  should pe rmit  the f ab r i ca t i on

and testing of large scale flame test specimens (e.g. for radian t panel and

various flame spread tests.)

St i l l  another i mportan t avenue of exp loration concerns the mechanism(s)

by which the BPAC/DHS py rol ytic cha rs are so efficient compa red to chars from

all—organic pol ymers in r ai si n ~; 10). For this study a variety of measurements

related to the lOt test mi ght be imp lemented--measurements e.g. of flame spread

rates , rad i ant energy losses , flame temperatures , soot and smoke yield and

composit n. Useful supp lementa l tests mi ght include measurements of heats of

combustion of each resin , its py rol ytic and LOt ch ars and its collected soot

and smoke. Pyro l ysis of thin films mi ght allow experimental assessment of

py rol ytic chars as transport barriers. Finally understanding the chemistry

of BPAC/DMS py ro l ytic char formation should lead to trials of other selected

mode l mixtures in orde r to assess wh i ch other silicone-organic pol ymer

combinations might exhibit LOt synerg isms . Synthesis of appropriate block and

qraft pol yme rs and/or formulation of the righ t pol yme r mixtures would provide

the ultimate opportunity for testin g this un de rstanding and establishing the

breadth of its significance . A mi l lenial goa l of this work would be to prov i de

economical non-halogen f lame retardan t ~packages” for the whole spectrum of

organic p lastics and for silicone rubbers .

ti

4
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CI-~-CI L\ J~ \CH3 Jn y

BPF ’ =

Fi gure 1. Synthes is Outl ine for BPF Carbonate-Sil icone Block Pol ymers

.
‘.

f

Figure 2. Ground and Polished Section of Extrudate 9-14—77 Showing Color
Concentrations in Core. (Transmission . 18 x magnificat ion.)
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WT S DMS
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0

50~~~O/~~~~~

4 0 -  +

3 0 —

20 ~~~~~~~~~~~~~~~~~ I I
0 tO 20 30 3T8

WI % SILICON

Figure Ii. BPF Carbonate Family: Dependence of LOt on Silicon Content.
[0- block polyme r, + BPFPC + block po l ymer blend , X - BPF PC
+ Si0 2 (uppe r scale for a l l  ma te r ia l s  except S i0 2 m i x t u r e ) ] .
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1 I I I I

4 0 —  —

/ ® 0  Q
LOI J 0 ê

3 0-  -

0
20 

20 40 60 80 100
WI % DM S

F i gure 6. BPA Carbonate Family: Dependence of 101 on Silicone (DMS) Content.

~oe sign s i l i cone blo ck D.P .n :®- 2,0- 5,e- 10 and 1l ,®- 20,
9- 140. Line is upper bound.] 
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Fi gure 8. Styrene Fam i l y :  Dependence of LOt on OHS Con ten t .  (Uppe r and l~~ cn
bounds set by resin ~- iscos i ties . ’
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30 I I I

LOl

WT % DMS
Figure 10. Methyl Methacrylate Famil y :  Dependence of LOt on DMS Content.

(ED- block polymer ,e- graft polymer).
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F igure 12. Diphenylphenylene Oxide Famil y: Dependence of LOl on S i l i cone  
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Content. (
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Figure 19. Carbon (0) and Hydrogen (A) Retention in
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Fi gure 21 . Afterglow Period in 01 — 4 1 Test of BPAC/DMS Resins
vs .  Res in  S i l i c o n e  Content .  ( Le t t e r  code in Table ‘-J
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