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I * IMOStJCTIOK

C hlarop rene-m ethacry lic  a c id  copolymers as p ro sp ec tiv e  

c o a tin g  m a te r ia ls  fo r  th e  h igh  speed a i r c r a f t ,  were f i r s t  p rep ared  

and in v e s tig a te d  by th e  w r i te r  in  1951* ( 23) £he in c re a s in g  speeds 

o f  m il i ta ry  a i r c r a f t  and the r e s u l t in g  f a i lu r e  o f conven tional 

c o a tin g  m a te r ia ls  and o f m etal su rfa c e s  when exnosed to  p r e c ip i ta ­

t io n  a t  h igh  speeds have t-reduced an u rgen t need fo r  such c o a tin g s . 

P rev io u s work a t  t h i s  and o th e r L ab o ra to rie s  e s ta b lis h e d  th a t  

s a t i s f a c to r y  p ro te c t io n  would be p rov ided  by co a tin g s  which a re  

capab le  o f abso rb ing  th e  shock o f im pinging p a r t ic le s  w ithout 

e ro s io n , ana which a t  th e  same tim e p o sse ss  s a t i s f a c to ry  adhesion 

to  m e ta l. In  a  p re lim in a ry  e v a lu a tio n  (23) a  two co a t system o f 

ch lo ro p ren e-m eth ac ry lic  ac id  copolymers was observed to  e n h ib it 

p rom ising c h a r a c te r i s t i c s  req u ire d  by an e ro s io n  r e s i s ta n t  c o a tin g .

The n a tu re  o f  ch lo ro p ren e-m eth acry lic  ac id  (C-MA.) copoly­

mers charges as  th e  a c id  con ten t i s  v a r ie d . The copolymers which 

c o n ta in  le s s  than 20 p e rc e n t a c id  a re  tough, ru b b e r- l ik e  m a te r ia ls ,  

w hile those w ith  more th an  20 p e rc e n t a c id  become le a th e r - l ik e  

and p o ssess  low e l a s t i c i t y .  - In  th i s  tw o-coat f in i s h  system , the 

prim er i s  r ic h  in  m eth ac ry lic  a c id  to  p ro v id e  th e  necessary  ad­

h esion  to  aluminum. A copolymer c o n ta in in g  27 p e rcen t ac id  has 

e x h ib ite d  adhesion  v a lu es  to  aluminum o f 1 , 8S0 pounds p e r  square 

inch , a s determ ined w ith  the  U n iv e rs ity  o f  C in c in n a ti u l t r a c e n t r i ­

fuge (2 9 ). In  e a r ly  phases o f th i s  c o a tin g  developm ent, i t  was 

r e a l iz e d  th a t  a  r e s i l i e n t ,  e l a s t i c  c o a tin g  e x h ib its  f a r  su o e rio r
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e ro sio n  r e s is ta n c e  to  a  h ard , b r i t t l e  re s in o u s  m a te r ia l .  As a  

consequence, C-MA copolymer low in  a c id ,  was chosen fo r  topcoat 

a p p lic a t io n , to p r o te c t  th e  prim er through i t s  a b i l i t y  to  absorb 

th e  energy of w ater impact and p rev en t e ro s io n . C—MA copolymers 

o f about bO p ercen t conversion  and c o n ta in in g  15 p e rcen t a c id  

have e x h ib ite d  the most s a t is f a c to ry  r a in  e ro sio n  r e s is ta n c e ,  as 

determ ined by the  C o rn e ll Bain S rosion  f e s t e r  ( 23) .  The p rs l im in -  

a ry  t e s t  r e s u l t s  have w arran ted  a  more comorehensive in v e s tig a tio n  

o f  th e  ch lo roprene-m ethacpy lic  a c id  system .

The C-MA copolym ers a re  p rep a red  in  an em ulsion system , 

u sin g  potassium  T-srsulfate a s  an  i n i t i a t o r ,  and sulfur as  a  modi— 

f i e r .  ‘The p roduct o b ta in ed  as a  la te x  i s  co ag u la ted , washed, 

d r ie d  and f in a l ly  p l a s t i c i s e d  by m il l in g  w ith  te t r a n e th y l  thiuram  

d is u lf id e .  This p l a s t i c i z e d  copolymer i s  brought in to  so lu tio n  

by usin g  ketone s o lv e n ts ;  cyclohexanone and m ethyl iso b u ty l ketone 

have o r oven to  be most s a t i s f a c to r y .

At the o u ts e t  i t  was assumed th a t  a  m a te r ia l  p o ssess in g  

a  h igh  t e n s i le  s tr e n g th , h ig h  e lo n g a tio n  a t  b reak  and a  low permanen 

s e t ,  would e x h ib it  fa v o ra b le  e ro sio n  r e s is ta n c e .  Ho such sim ple 

c o r re la t io n  w ith  r a i n  e ro s io n  •ohenomenon m s  been r e e l!z e d .  There 

a r e ,  however, many im portan t p ro p e r t ie s  o f e lastom ers l ik e  impact 

s tre n g th , f a t ig u e ,  damping o r  in te r n a l  f r i c t i o n  which b ea r l i t t l e  

r e la t io n  to u lt im a te  s tr e n g th  and " e x te n s ib i l i ty  (2 8 ). These 

c o n s id e ra tio n s  le a d  to  th e  n e c e s s ity  o f a  study o f th e  m echanical 

behavior o f C-MA copolymers from a  more fundam ental s tan d -p o in t than  

an em p irica l a ttem pt a t  c o r re la t io n  w ith  th e  t e n s i l e  s tre n g th  and
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e lo n g a tio n  a t  b reak .

T h is  d is s e r ta t io n ,  concerns i t s e l f  w ith  a  d e ta i le d  study 

o f  ch lo rorrene-m etr^acr'’l i e  a c id  copolym ers* To ••avia soae in s ig h t  

in to  t i s  v*- ' tur-"* o f  ce a ciytmore th e  r e l a t i v e  re a c t^ ir itv  r a t io s

^ v . o  v r ^ .i.iiv vi. _c r  o v a ourk a . .. w.

behavior o f v a rio u s  polym er com positions and cu ria-: system s was 

le v ic te d  by c reep  fu n c tio n s , ‘ob ta in ed  by ap p ly in g  a  c o n s ta n t

Z'JP ii  ̂̂  i" £=n~>*r»̂ A r\'P tco A pfo>*mo it ..

These creep fu n c tio n s  were s tu d ie d  in  d e t a i l  and u t i l i s e d  in  th e

- 3 ̂  A- 4  i . f t  ^u,CWwit-iitiviJh v— v--*tr o vti v— wu.u o cvi~k>. • n.wo  ̂ ‘ ■-*̂» kj»va—

p ro p e r tie s  l ik e  t e n s i l e  s tre n g th , u l t i r  h e  e lo n g a tio n  end permanent 

s e t  have beer, in v e s t ig a te d  in  connection  with, the  s tu d ie s  or. c reep

4
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I I .  HISTORICAL

A. Neoprene and Copolymers o f  C hloroprene

In  1931 Niewland and h is  co-w orkers (3*0 announced the 

p ro d u c tio n  ox v in y la ce ty le n e  from a c e ty le n e . S im ultaneously  

C aro thers and h is  a s so c ia te s  (10) announced th e  su c c e ss fu l con-

tfja'j'e*̂  /mi 4*/x O ^ .4 4> ̂  MU'a V iOA-15? VU C—W i i y i  cUiLt p y iv  iiitJAhi ZjQ, V i.'JJ.i.

o f  th e  l a t t e r  compound to  a  ru b b e r l ik e  m a te r ia l .  Since th ese  

d is c lo s u re s ,  po lych lo roprene has developed in to  a  h ig h ly  im portan t 

ccmmercxal p ro d u c t. A ll th e  commercial p o ly ch lo ro p ren essre  

s im ila r  to  n a tu ra l  rubber in  many p r o p e r t ie s  b u t a r e  su p e rio r  

in  r e s is ta n c e  to  th e  d e te r io r a t in g  e f f e c t s  o f  s u n lig h t,  a ta o s p h e r ic  

oxygen and ozone, ag in g , h e a t ,  flam e, o i l ,  so lv e n ts , and a re  a ls o  

l e s s  penneaole uo g a se s . [Because ô . th e se  sr-ecxal e ro n erv x es , 

p o ly ch lo rop rene  has found wide usage d e s p ite  i t s  h ig h er c o s t .

C opolym erization can be f u r th e r  u t i l i s e d  to  modify 

and Improve th e  fa v o rab le  p r o p e r t ie s  o f p o ly ch lo ro p ren e . S ince 

the fundam ental work o f C a ro th e rs , a  number o f in v e s tig a to rs  have 

exp lo red  ch lo ro p ren e  co p o ly m eriza tio n . In 1937# Chenisehe 

F o rsch u n g sg ese llsch a ft (11) announced th e  po ly m eriza tio n  o f 

ch lo rop rene  in  th e  p resen ce  o f p a r t ly  sa p o n if ie d  p o ly v in y l 

a c e ta te .  Subsequently Roedel (37) showed th a t  ch lo roprene can 

be copolym erized in  a  s u lfu r  m o d ified , emulsion system w ith  

v a r io u s 'v in y l  monomers such a s  m e th ac ry lic  a c id  e s te r s ,  m etha- 

c r y l ic  anhydride and m e th a c ry lo n it r i le .  In  th i s  u a te n t by R oedel, 

the  p o s s ib i l i t y  of co p o lym eriz ing ,ch lo rop rene  w ith  m e th acry lic  

a c id  was in c lu d ed . However, no examples o r d a ta  were g iven  and
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fu rth en n o re  th e  p o s s i b i l i t y  o f having le s s  than  25 p e rcen t metha­

c r y l ic  a c id  d e r iv a t iv e  in  th e  copolymer was considered  of l i t t l e  

i n t e r e s t  due to  the  s im i la r i ty  to  th e  unm odified  p a re n t substance . 

Might on. (32) o b ta in ed  improved ru b b e r lik e  p ro d u c ts  by copolyme-rizin^ 

a lp h a  u n s a tu ra te d , a lp h a -b e ta  d ic a rb e sy lic  e s te r s  w ith  ch lo rop rene . 

Upon p ro p er compounding ana cu rin g , the  copolymer e x h ib ite d  good 

s t r e s s - s t r a i n  p r o p e r t i e s , and good so lv en t and o i l  r e s is ta n c e .  

S uperio r copolym ers o f ch lo ro p ren e , b u tad ien e  and v in y l compounds 

liave been d is c lo s e d  by C lif fo rd  and Wolfe (12). Wagner (b-2) copoly­

m erized a c r y l o n i t r i l e  w ith  ch loroprene in  good y ie ld s ,  to  o b ta in  

a  m a te r ia l  w ith  improved so lv en t r e s is ta n c e  in  cu red  s ta t e s .  O ther 

in v e s t ig a t io n s  o f ch lo ro p ren e  co p o ly n e riz a tic n  inc lude  th ese  of 

A lfrey  (3 ) ,  Blmore ( iS )  e n d 'd a l 1 (Uj) .

B. C opolym erization

The fundam ents! work of Mayo, lew is  and Wall fugC30, 31) 

has a f fo rd e d 'c o n s id e ra b le  understand ing  o f the  copolym erizaticn  

phenomenon. The p re lim in a ry  im portan t c o n tr ib i 3.1s 3- on y h.0'v8VGr , wsis 

made in  19^1 by 'W all (^5) ,  who p o in ted  out th a t  th e  chem ical com­

p o s i t io n  would de-end only  on th e  r e l a t iv e  r e a c t i v i t i e s  o f th e  two 

monomers tow ard th e  two r a d ic a ls .  S ubsequen tly , Mayo and Lev/is 

were a b le  to  g iv e  a  f u l l e r  meaning to  r e l a t iv e  r e a c t iv i t iv e s  by 

d e r iv in g  and confirm ing  th e  copolymer com position equation :

d(i'ii) _ (M]_ ) rqMq + M2 

d(M2 ) (M2 ) rphp + Mq
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where Kp and M2 re p re s e n t the  m olar co n ce n tra tio n s  o f the two 

monomers, rq  and r 2 a re  th e  corres'oonding r e la t iv e  r e a c t i v i t i e s  

and d(Mi_) /  d(M2 ) i s  the r a t io  o f m olar c o n c en tra tio n s  o f th e  

two monomers in  th e  r e s u l t in g  copolym er.

A side fr»nr.-! s t s r i c  « f h h.s. the* siflsfc irrmoirfc-uit; f a c to r s  

to  "be co n s id e red  in  t h i s  p re sen ta tio n , a re  th e  p o la r i ty  of r a d ic a l  

and monomer and th e  r e l a t iv e  resonance s t a b i l i s a t i o n  of she 

r a d ic a ls .  An. a tte z m t to  f in d  a  s e t  o f  c h a r a c te r i s t i c  numbers in  

terms o f  th e se  two e f f e c ts  lias been made by A lfrey  .and P r ic e  

(35 j 56) .  I t  i s  suggested  th a t  th e  v a rio u s  in flu en c e s  a re  sep arab le  

and can be re p re se n te d  by :tQ;: v a lu e , which in d ic a te s  the ' mean re ­

a c t iv i ty  o f a  monomer, and op e , which i s  the  measure o f the  

e f f e c t iv e  charge on th e  end o f the r a d ic a l .  In  t h i s  scheme, th e  

copo lym erica tion  r a t io s  can. be g iv en  by th e  fo llo w in g  eq u a tio n s;

r i  -  3 -1- = exP G e l  (el~ e2D
hL2 ^

r 2 = ^  exp G e2 (®2 "  e i D
ir21

When app ly ing  th e  Q, and e eq u a tio n s  to  th e  d a ta  on 

d ien es , no s a t i s f a c to r y  r e s u l t s  have been  ob ta in ed . In d e riv in g  

the  Q-e e q u a tio n s , th e  e q u a lity  o f e f f e c t iv e  charges f o r  monomer 

and r a d ic a l  was assumed. In  d ie n e s , p a r t ic u la r ly  when the in­

d u c tiv e  e f f e c t  o f a  s u b s t i tu e n t  d ecreases  th e  e le c tro n  a v a i l ­

a b i l i t y ,  a  m o d ific a tio n  has to  be in tro d u ced  (4 7 ).
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Qi
11 = W  6XT* ^  (Sl " e2^

where e* r e p re s e n ts  the e va lue  fo r  th e  r a d ic a l .  For ch lo ro p ren e , 

Simha (39) re p o r te d  the  fo llo w in g  v a lu e s ; Q= 2 . 2 ,  e= 0 .9  and e = -0 .b .

C opolym erization in  amuls ion system s has been t r e a te d  

by Wall ( I d) ,  who has p o s tu la te d  th a t  th e  r e l a t iv e  r e a c t i v i t i e s  

o f  a  copolymer system a re  changed by th e  d i s t r ib u t io n  c o e f f ic ie n t  

between o i l  and aqueous p h ases. I f  one o f th e  monomers i s  q u ite  

w ater s o lu b le ,  th e  p o r tio n  o f  th e  monomer which i s  p re se n t 

in  aqueous s o lu t io n  i s  not a v a i la b le  f o r  r e a c t io n ,  and hence 

th i s  monomer w i l l  e x h ib it  a p p a re n tly  low er co p o ly m erisa tio n  r e ­

a c t i v i t y  in  em ulsion. These co n c lu sio n s  rav e  been borne o u t by 

th e  work o f  Fordyce rad  Chapin (17) on s ty r e n e - a c r y lo n i t r i le  

system and o f  Fordyce and Ham(IS) on s ty re n e - i ta c o n ic  a c id  copol­

y m e risa tio n .

C. V is c o e la s t ic  P ro p e r t ie s  o f Polymers

R u b b er-lik e  substances a re  unique in  t h e i r  a b i l i t y  

to  undergo la r g e ,  alm ost r e v e r s ib le  deform ations under the  a p p li­

c a t io n  of r e l a t iv e ly  sm all s t r e s s e s .  Under th e  a c t io n  of a  s t r e s s  

th e  t o t a l  tim e ana tem perature  dependent e l a s t i c  deform ation com­

p r is e s  th re e  e f f e c t s ,  and may be ex p ressed  g e n e ra lly  as  (15 , 7 ):

3 ( t  T) -  A e l  + -Phel + A rise . 

v;here Doeq i s  the o rd in a ry  e l a s t i c  defo rm atio n , e x h ib ite d  a ls o  

by in o rg a n ic  c r y s ta l s  and m e ta ls , due to  r e v e r s ib le  changes in  th e  

mean d is ta n c e  between s t r u c tu r a l  e lem en ts. The h ig h  e l a s t i c  de­

fo rm ation  D^-] , depends on th e  degree of rearrangem ent o f  m o lecu lar
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ch a in s . I t  i s  determ ined by th e  s t a t i s t i c a l  eq u ilib riu m  betveen  

the o r ie n t in g  a c tio n  o f the e x te rn a l f i e ld  and the d is tu rb in g  

a c t i a i  o f  th e  h ea t motion of th e  c h a in s . The l a s t ,  i r r e v e r s ib le  

term , B ^ isc1 r s f e rs  v iscous flow .

A creep  fu n c tio n  i s  o b ta in ed  by reco rd in g  th e  complex 

time dependent deform ation  under th e  a p p lic a tio n  o f a  c o n s ta n t 

s t r e s s  a t  c o n s ta n t tem pera tu re . I f ,  in s te a d  of ap p ly in g  a  con­

s ta n t  s t r e s s  a t  zero t in e  a  co n s ta n t deform ation i s  a p p lie d , 

then  i t  i s  found th a t  a  g rad u a l d ecrease  o f load  o r  r e la x a t io n  

takes p la c e .  Eynamic p ro p e r t ie s  of a  polymer a re  determ ined  by 

su b je c tin g  i t  to  fo rced  o r f r e e  v ib ra t io n  o f  a  g iven frequency . 

Creep, s t r e s s  re la x a t io n  and dynamic s tu d ie s  have shewn by Kuhn 

(2p) ,  Gross (20) and by Tobolsky and D unell (lh )  to  be c lo s e ly  

in te r r e la te d *

The c la s s ic a l  experim ent on creep  was c a r r ie d  out by 

Weber ( I 3) a t  G ottingen in  IS jp . W hilst in v e s t ig a t in g  th e  

m echanical p ro p e r t ie s  o f  raw s i l k  f ila m e n ts , Weber found th a t  

under a p p lic a t io n  o f  a  lo n g itu d in a l  lo ad  th e  f ilam en t showed 

immediate e l a s t i c  ex ten sio n  which g ra d u a lly  in c reased  w ith  tim e. 

Weber a ls o  observed the  creep recovery  fo llow ing  th e  removal o f 

th e  lo a d . Both th ese  e f f e c ts  were denoted by the  term  " e la s t i s c h e  

llachwirkung",

F. KoixLrausch can be co n sid e red  as  one o f the  f i r s t  in ­

v e s t ig a to r s  to  stud;/ prim ary creep ex p erim en ta lly . K oh lrausch 's  

t e s t s  on ru b b er th read s  ( 1 0  re p re se n t the f i r s t  sy stem atic  study 

of th e  c reep  n r  on s r  t i e  o f higc nolym ers. He s tu d ie d  th e  r e s id u a l
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tw is t  due to  deform ation th rough  co n s ta n t a n g le , th e  lo n g itu d in a l 

creep' under c o n s ta n t lo ad  follow ed by measurement o f  th e  recovery 

a f t e r  removal o f lo ad  and a lso  the  "memory" e f f e c ts  a f t e r  complex 

lo ad in g  h i s to iy .

Two y e a rs  b e fo re  K ohlrausch p u b lish ed  h is  work, Boltzmann. 

(S) t r e a te d  th e  p r imary creep  ana creep  recovery  in  a  th e o re t ic a l  

fa sh io n . In  th i s  paper Boltzmann in tro d u ced  th e  su p e rp o s itio n  

p r in c ip le ,  s t a t i n g  th a t  th e  deform ation a t  any in s ta n t  o f a  body 

m an ife s tin g  c reep  i s  due not only to  th e  lo ad  a c t in g  a t  th a t  in s ta n t  

b u t to  th e  e n t i r e  p rev io u s  load ing  h is to r y .

In  o rd e r to  account f o r  th e  m echanical p ro p e r tie s  o f h igh  

polym ers in  term s o f in te ra to m ic  fo rc e s ,  one has to  s e t  up some 

k ind  of s t r u c tu r a l  model which would ex p la in  in  sim ple terms the 

s tru c tu r e  and mechanism o f  deform ation . Both Boltzmann and Maxwell 

gave th i s  problem  t h e i r  a t te n t io n  and advanced p u re ly  q u a l i ta t iv e  

th e o r ie s  b ased  on concep ts o f atom ic s t ru c tu re  (26) .  l a t e r  M arv e ll’ s 

id eas  were g iven  a  m athem atical fo rm u la tio n  by W iechert. The f i r s t  

m echanical m odel, however, was no t pro-cosed 'u n ti l  1902 by P cyn ting  

and Thomson to  i l l u s t r a t e  the  r e la x a t io n  p ro p e r t ie s  o f g la s s .  S ince 

th a t  tim e a  g re a t  number o f such models have been proposed (27) .

The very  s im p les t m echanical beh av io r, which can be ex­

p e c ted  from an  anarphous polym er, i s  th a t  re p re se n ted  by the 

model o f  F ig u re  I .  (Model A) (2) .
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S

G G]_ re p re s e n ts  th e  in stan tan eo u s 

e la s t i c  resp o n se . The second 

mechanism (G^. 0  2) i s  the  re ta rd e d  

e l a s t i c  response  caused by th e  un-
2.

c u r lin g  o f m olecu lar c h a in s , w hile 

th e  t h i r d  t e r n ,  r)3 , re p re se n ts  

th e  flow  mechanism by a  v is c o s i ty

i
n3

F ig u re  I

Model A: In s tan tan eo u s  e l a s t i c i  
re ta rdec i e l a s t i c i t y  and flow* 

The d e fo rm atio n -tim e  curve  a t  co n s ta n t s t r e s s  f o r  Model A i s  o f th e  

g en era l form:

where: £  i s  th e  s t r a i n ,  S i s  the s t r e s s ,  Gi and G2 re p re s e n t th e  in ­

s tan tan eo u s and  r e ta rd e d  moduli r e s p e c t iv e ly ,  Z i s  the  r e ta rd a t io n  

tim e, r)3 i s  the  v is c o s i ty  term , and t  th e  tim e .

in  r e l a t in g  th e  m echanical behavior o f  h ig h  polym ers. The idea, 

o f  a  spectrum  o f r e ta r d a t io n  tim es has to  be in tro d u ced  fo r  the 

c o n f ig u ra tio n a l e l a s t i c i t y ,  as  one would expect th a t  each d i f f e r e n t  

s iz e  o f m olecu lar segment would e x h ib it  a  d i f f e r e n t  r e ta rd a t io n  

tim e fo r  th e  changes o f  i t s  shape. The co rrespond ing  model would 

have a  con tinuous s e t  o f  re ta rd e d  elem ents in  s e r ie s .  Then th e
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deform ation-tim e curve a t  the  c o n s ta n t s t r e s s ,  S, i s  g iven  by the 

in te g ra l  e x p ress io n :

* C ^  T s v ®|

s ( i  + J jh)( £iT ¥ i 1 j
wnere

i ( x ) = - 1-
d 6 N

I f  a  m a te r ia l  n o ssess in g  a  wide d is t r ib u t io n  o f r e ta rd a t io n  

tim es i s  in v e s t ig a te d  by experim ents whose f i n e  s c a le s  a re  a l l  th e  

same o rd e r, soma o f  the re ta rd e d  e l a s t i c  median isms w i l l  ap p ear as  

Id e a l e l a s t i c  responses and seme w i l l  ap p ear as flow . Only those  

having r e ta r d a t io n  tim es in  th e  same o rd e r  o f magnitude as  the  

experim en tal time s c a le  w i l l  e x h ib it  t h e i r  tru e  e l a s t i c  c h a ra c te r .  

Consequently, m art o f th e  continuous s e t  o f  re ta rd e d  elem ents w i l l  

be re p re se n te d  by a  s in g le  re ta rd e d  elem ent of in te rm ed ia te  t  .

By in tro d u c tio n  o f more reco rded  e lem en ts, an n r p i r ic a l  model 

(Model S) can be c o n s tru c te d , which w i l l  approxim ate th e  behav io r 

o f  th e  con tinuous model more c lo se ly  th an  i s  p o s s ib le  w ith  th e  

fo u r param eter model, fo r  a  g iven  tim e s c a le  (2) .

A th e o r e t ic a l  in te r p r e ta t io n  o f  creep  and r e la te d  

phenomena, in  term s of m olecu lar p ro c e sse s  re q u ire s  a  s a t i s f a c to r y  

m athem atical r e p re s e n ta tio n  of the  experim en ta l d a ta . Two g en e ra l 

methods have been suggested  to  c h a ra c te r iz e  deform ation p ro c e sse s .

The a n a ly t ic a l  approach which u t i l i z e s  the  em p irica l 

model (Model B), c o n s is t in g  o f only one re ta rd e d  elem ent has not 

been found s a t i s f a c to r y  in  o rd er to  cope w ith  a  spectrum  o f  r e -
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ta rd a t io n  tim es. C onsequently , a  number o f re ta rd e d  elem ents w i l l  

be necessary  to  com pletely  d e sc rib e  th e  c reed  behavior o f  a  polym er. 

Simha ( 3S) has shown th a t  a  d i s t r ib u t io n  fu n c tio n  G ( r )  f o r  th e  r e ­

ta rd a t io n  tim es can  be d e riv e d , and subsequently ' f u r th e r  approxim ations 

o f  th e  d i s t r ib u t io n  fu n c tio n  ( 2 ) have been -proposed.
mh* __ 1  TT-? T
it i t?  CV /;Ji vJciWi- u. wjr U  i ^  jtih i I '

(9) ,  u t i l i s e s  th e  r e l a t io n ,  f i r s t  suggested  by N u ttin g . The in te g ra l  

approach does no t a ttem p t th e  s e p a ra tio n  o f t o t a l  deform ation  in to  

d i f f e r e n t  p ro c e sse s .

i
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111 • RS3UL?S AND DISCUSSION.

A. CopolvEierization o f Chloroprene and M ethacry lic  A cid.

1 . P re p a ra tio n  of th e  C-MA Copolymers. -  Copolymers

o f  ch lo rop rene  and m eth acry lic  a c id  have been p rep ared  and s tu d ie d ,

con ta in in g  5 to  25 p e rc e n t m ethacry lic  a c id . The fo llo w in g  ty p ic a l

em ulsion re c ip e  was employed:

Monomers 100 gns
R e d is t i l l e d  w ater 200 gras
T r ito n  X-JOl (e m u ls if ie r )  9*3
S u lfu r  (m o d ifie r) 0 .5  g®s,
Potassium  p e r s u lf a te  ( i n i t i a t o r )  O.jQr g a s .

P o ly m eriza tio n  was c a r r ie d  out d o th  a t  30° C .and 50° C.

As exoected , the  r a t e  ox p o ly m erisa tio n  was found to  fLepend on.

-y-̂ rrrrr\or*0 "tliPBe U"t 1.1 2. ̂  1*1̂  *40 *031*0 S'Xt 103 "t 3^3 jTVX 2C 3,3X3. XII th e  

charge , a t  30° C, 55 p e rc e n t conversion  was achieved  in  5 hours, 

w hile a t  50° c f o r  a  s im ila r  charge SO p e rcen t conversion  was 

r e a l i s e d  in  §0 m inu tes. Most p o ly m eriza tio n s  have, however, 

been c a r r ie d  out a t  3O0 C, as  th e  p re lim in a ry  r e s u l t s  ( 23) in ­

d ic a te d  th a t  polym ers o f  su p e rio r  p h y s ic a l p ro p e r t ie s  a re

a t ta in e d  by u t i l i z i n g  th e  low er p o ly m eriza tio n  tem peratu re , 

presum ably by o b ta in in g  a  more l in e a r  polym er. For v o ly c h lc ro -  

prene the  e f f e c t  o f  p o ly m eriza tio n  tem perature has been in v e s t­

ig a te d  by Walker and Mochel , who re p o rte d  m arkedly improved 

polymer c h a r a c te r i s t i c s  f o r  decreased  p o ly m eriza tio n  tem p era tu res .

The r a t e  of p o ly m eriza tio n  was a lso  found to  depend on 

th e  monomer charge r a t i o .  At J>0° C, ten  and t h i r t y  p e rcen t 

m ethacry lic  a c id  charge produced 7̂ + and Q-t p e rcen t conversion  

copolymers r e s p e c t iv e ly ,  employing id e n t ic a l  r e a c t io n  tim es.
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The r e s u l t in g  copolymer l a t i c e s  were sh o rts to p p ed  and 

co ag u la ted  in  th e  u su a l manner (see  experim en tal s e c t io n ) .

A f te r  d ry ing  to  c o n s ta n t w eight in  vacuo, the  copolymers were 

p la s t i c iz e d  w ith  2-1  j 2 te tra rn e th y l fchiuram d is u l f id e  to

improve s o lu b i l i ty .  The b e s t so lv e n ts  f o r  th e  copolymer were 

cyclohexanoae5 m ethyl iso b u iy l  ketone and d ioxane. P l a s t i c i z ­

ing was fo llow ed by a d d it io n  o f a n tio x id a n ts  and f i l l e r s  on 

a  rubber m i l l .  Subsequent s o lu tio n  on a  b a l l  m il l  r e s u l te d  in  

laco u e rs  which on a d d it io n  o f  cu rin g  ag en ts  were ready fo r  

a p p lic a t io n .

2 . P roof o f  Copolymer 3xisben.ce. — Chloroprene has icunc. oc 

o u ts t r ip  m e th ac ry lic  a c id  in  i t s  r a t e  o f e n te r in g  th e  p o ly m eriza tio n  

r e a c t io n .  D espite the d if fe re n c e  in  r e a c t iv i ty  between ch loroprene 

and m eth acry lic  a c id  in  em ulsion, i t  has been e s ta b lis h e d  th a t  

t ru e  copo lym erization  i s  ach ieved .

P o lych lo rop rene and po lym ethacry lic  a c id  have found 

to  be incom patib le . P o lych lo roprene i s  a  ty p ic a l  rubber and 

e a s i ly  m ille d , w hile  po iym othacry lic  a c id  i s  h a rd , b r i t t l e  

re s in o u s  m a te r ia l ,  c o u p le te ly  unworkable on a  rubber m ill*

A ttem pts to .m i l l  even sm all p o r tio n s  o f  po lym ethacry lic  a c id  

in to  po lych lo rop rene  have been q u ite  u n su c ce ss fu l. The C-MA 

copolymers have found to  be workable on a  rubber m i l l ,  even a t  

r e l a t iv e ly  h ig h  m eth acry lic  a c id  co n ten ts  (c a -30 p e rc e n t)  in  

th e  copolym er.

F u rth e r  evidence of the  e x is te n c e  of a  t ru e  copolymer
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i s  p re se n te d  "by the  e x tr a c t io n  d a ta  o f  gum samples o f th e  C-MA. 

copolymer, c o n ta in in g  1 2 .J p e rcen t a c id .  The Soxhlet e x tra c tio n  • 

w ith  m ethanol, in  which no lym etbocry lic  a c id  i s  so lu b le , fo r  *4€> 

hours, y ie ld e d  th e  e x tra c te d  copolymer co n ta in in g  12.2 p e rcen t 

a c id  as determ ined  by c h lo r in e  a n a ly s is ,  a c tr-’c t io n  w ith  

petro leum  e th e r  yielded a ls o  a  p ro d u c t c o n ta in in g  12.2 p e rce n t 

a c id . This e x tr a c t io n  d a ta  would imply th a t  a. tru e  ch lo rcp ren e- 

m ethacry lic  a c id  copolymer e x i s t s ,  e x h ib i t in g  a  reasonably  homogeneous 

com position , s in ce  th e re  was no in d ic a t io n  o f  f r a c t io n a l  e x tr a c t io n  

o f th e  copolymer in  th e  two c h a r a c t e r i s t i c a l l y  d i f f e r e n t  s o lv e n ts ,  

m ethanol and petroleum  e th e r .

3* E ffe c t o f Com position and C onversion. -  The e f f e c t  o f com position 

and co n v ersio n  on th e  m echanical p ro p e r t ie s  has been in v e s tig a te d  

fo r  th e  copolym ers p rep a red  a t  3O0 C. In  th e  range o f com positions 

nJ*icl c o rv e rs io n s  i^is 1.0s p rs  'pCiii.svscL

w ith  copolymers co n ta in in g  12 to  lb  p ercen t a c id  and of conversions 

between 50 and oO p e rc e n t.  I t  can be observed from the  d a ta  in  

Table I th a t  fo r  com positions above l 6 p e rc e n t a c id , t e n s i l e  

s tre n g th  and e lo n g a tio n  a t  b reak  e x h ib it  a  downward tre n d . A 

converse tre n d  e x is t s  in  the re m a n e n t s e t  d a ta .
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Table I

The C-MA Copolymer P ro p e r tie s* : S f fe c t  o f  C om rosition.

Conversion A cid T e n s ile  E longation  a t  A5TM se t 
7? psx«_______ or3---i )o_________ ______

61 11 .6  U730
62 12 .h  603°
60 12.6  Dp2U
61 li t .  3 5530
6l  15 .5  6360

15 .5  6020 
§§ 15-9 5730
09 l b .1  5020
6s  16 .2  5650
57 16. s  5210
68 20.3 %S0

7ho 17
DOtr \ D“» f 1
310 l k
670 13
650 IS
670 21
640 IS
620
575 54

* / 1 r a r t  MgO vras added ju s t  p r io r  to  u se  as  a  s lu r
Films a i r - d r i e d  one da.v, caked 2 hours a t  120° Cm

The e f f e c t  o f  conversion  bee00:3s apparen t from the 

d a ta  o f Table I I .  Gum specimens of th e  C-MA copolymer, c o n ta in in g  

15 p e rcen t a c id  e x h ib it  t e n s i l e s  o f  1350 2680 f o r  29 end 55

p e rc e n t conversion  r e s o e c t iv e ly ; s im ila r  change in  t e n s i le  i s  

apparen t f o r  copolymers of 21 n e rc en t a c id .  On she o th e r  hand, 

d a ta  in  Table I  seem to  in d ic a te  th a t  conversion  above 65 p e rc en t 

w i l l  r e s u l t  i n  p o o re r e l a s t i c  p ro p e r t ie s ,  presumably because 

o f  in c reased  b ranch ing  and c ro s s - l in k in g  d u rin g  p o ly m erisa tio n .
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Table I I

The C-MA Copolymer Pro- e r t i e s * ; E ffec t o f Conversion.

Conversion A cid T en sile  E longation  ASTK se t 
%^  jb_________ p s i_______ a t  b reak  ^  ^

53 6,h  QSO 1600 72
29 15 1 ^ 0  llUO
55 19 2S3C sUo 6b
33 21 3330 770 60
4s 21 3S20 690 U9

★ / Coxsolvmers a i r —d rieb  f o r  20 - ay s _ Ho cu r in n  a  -enb added. 
Four p a r t s  tuads m ille d  'in to a t t a i n  com plete s o lu b i l i ty .

9-. M od ifica tion  and M ill in g .-  S u lfu r has been used  a s  a  m odifying 

agent tn rcugncu t thus in v e s t ig a t io n  to  ren d er tiie uolyoyi’ so iu o ie  

in  a p p ro p ria te  so lv en ts  fo r  lacq u er a p p l ic a t io n . The mechanism of 

su lfu r  .m odification  fo r  - o lych loroprene :jas been in v e s tig a te d  by 

Mochel and P e te rse n  (33) > V;“C concluded th a t  s u lfu r  e n te rs  the 

polymer a s  a  ccaonomer because some t h i r t y  s u lfu r  atoms a re  cca­

b ined  in  each polymer m olecule, some 2 to  6 s u lfu r  atoms in  a  row, 

randomly d is t r ib u te d  thorough the  chain* On subsequent treatm ent 

w ith  te t r a n e th y l  thiuraxa d is u l f id e ,  th e  s u lf u r - s u l fu r  bonds a re  

broken and th e  improved s o lu b i l i ty  o f th e  polymer ach ieved  by 

reducing  the  average m olecu lar weight below th e  c r i t i c a l  value, 

o f  g e la t io n .

Presum ably a  s im ila r  mechanism o f m o d ifica tio n  p re v a ils  

fo r  th e  C-MA copolymer. In  the  p re lim in a ry  in v e s t ig a t io n  the 

use o f  1 .5  to  3 p e rc e n t s u lfu r  produced no a-paT-ent change in
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s o lu b i l i ty  o r in  the-polym er p ro p e r t ie s  (23)* Subsequently , the 

e f f e c t  o f  v a r ia t io n s  in  th e  method o f  in tro d u c in g  the s u lfu r  

m o d ifie r  in to  trie p o ly m erisa tio n  system  was s tu d ie d  w ith  l / 4  and 

1/2 p a r t  s u l f u r .  In  one method, the s u lfu r  was f i r s t  d isso lv e d  

in  carbon d i s u l f id e ,  th en  d isp e rse d  in  th e  aqueous phase and the 

carbon d is u l f id e  removed by b o i l in g ,  fo llow ed  by th e  a d d it io n  of 

monomers and the  i n i t i a t o r .  When th i s  method was used  in s te a d  

o f th e  common method o f  d is so lv in g  th e  s u lfu r  in  th e  ch loroprene 

monomer, the  po ly m eriza tio n  r a t e  was aoproxim ately  doubled. No 

s ig n i f ic a n t  d if fe re n c e  in  the t e n s i l e  p ro p e r t ie s  o f th e  r e s u l ta n t  

polym ers was observed (Table I I I ) .  The d if fe re n c e  betw een 1 /4

-’rl 1 to -v-so c«'

very  s l i g h t .

T able I I I

The C—'-‘A Copolymer P ro o e r tie s* ; E f fe c t o f  S u lfu r  M o d ifica tio n .

P a r ts  Method o f Conversion Acid T e n s ile  E longation  ASM 
s u lfu r  A ddition  o f  $  % o s i .

Sulfur**
a t  breaio *

„ 4̂-\J
4.

1 /4  Chloroorene

i/2

i / 2
1 /2

so ruo ion
»

CSo

B a ll  m ille d

71

71
55
79
bS

7*s

7 .8
4.6
7.S
S.3

1671u

1360
1200
1380
1240

910

800
990
910
9 SO

10

7
. 10 
15 s

A / /“* 1 v> r— «■>» 4“  ̂T f*" /-3■y jl>iu out cL̂ Oixv uooui

**/ Methods o f  s u lfu r  a d d it io n :
C hloroprene s o lu tio n : D isso lved  in  th e  ch lo roprene phase be­
fo re  i t  was d isp e rse d  in  th e  w a te r ohase .

B a ll  m ille d : D ispersed  in  th e  w a te r phase by b a l l  m ill in g
w ith  w ater p lu s  T r ito n  X-301 b e fo re  potassium  p e r s u l f a te  and 
monomers were added.

CS2 : Added to  w ater phase as  s o lu t io n  in  CS2 ; b e fo re  add in g
po tassium  p e r s u l f a te  and monomers, CS2 i s  f la sh e d  o f f .
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The e f f e c t  o f  v a r ia t io n s  in  m il l in g  c f  the copolymer lias 

been in v e s t ig a te d .  I t  i s  e v id e n tly  not su b je c t to  v a r ia t io n s  in  

trea tm en t w ith in  reaofcnoble l im i t s .  P la s t i c i s in g  fo r  5 m inutes w ith  

m oderately  t i g h t  r o l l s  e f f e c ts  th e  d e s ire d  improvement in  s o lu b i l i ty  

w ithout s ig n i f ic a n t  change in  f ilm  p ro p e r t ie s  from th o se  o f th e  

polym ers n o t su b je c te d  to  m illin g  ( Table 17). Hev,-ever, m illin g  

f o r  20 m inutes caused  a  s ig r i i f le a n t  decrease  in  t e n s i l e  s tre n g th  and 

an in c re a se  5 ri rerm anent s e t . M illin g  f o r  even a  sh o rt t in e  w ith  

e x c e ss iv e ly  t i g h t  r o l l s  caused, c u r in g  on th e  m il l  as cvidencedby 

g ra in y  s o lu t io n s ,  lev: t e n s i le  m l  e lo n g a tio n .

-n_. u-i -s ttt
L.'. iUlw «i. V •

The C-MA Copolymer P r o ro r t ie c * ; E f fe c t o f  K il l in g .

Conversion A cid Polymer** 'Toture o f T e n s i le , Sion r.tio r. A lT K  
 ______ ‘1- tre a tm e n t film ________ n s i .  a t  break ,": se tg y

71 7 .0 a smooth lb 70 S10 3
71 7 .5 b f a i ly  s . IOCO 570 5
71 .7-8 c smooth IbJO 910 10
55 •-.6 a smooth 1620 020 s
21 4 .6 b f a i r l y  s . 7b0 670 k
55 ’4 .6 c smooth 1200 590 10
ss 10 .3 c rough 2110 610 lb-
ss 1 0 .s d smooth loJG 7p0 26

* / lo  cu rin g  ag en t used .
**/ JSLymer T reatm ent:

(a )  Ho a d d i t io n a l  m il l in g  a f t e r  phenyl be ta  naptbylsanine added; 
Tuads added as  s lu r ry .

(b) 15 m inutes a d d i t io n a l  m il l in g  w ith  very  t ig h t  r o l l s  iv ith - 
out p l a s t i c i s c r ;  Tuads added a s  a  s lu rry /.

(c) Tuads m il le d  in  fo r  5 m inutes w ith  m oderately  t ig h t  r o l l s .
(d) Tuads m ille d  in  fo r  20 m inutes w ith  m oderately  t ig h t  r o l l s .
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5. Copolymer S t a b i l i t y . -  There i s  ev idence th a t  C-MA copolymers 

a re  s u b je c t  to  f re e  r a d ic a l  i n i t i a t e d  sim ultaneous d eg rad a tio n  and 

c ro s s - l in k in g  p ro cesses  on s to ra g e , common to a l l  rubbers* Accord­

i n g ly , one p a r t  o f  phenyl beta, nsx>hthylamine as  an a n tio x id a n t i s  

m ille d  in to  th e  polym er. Tifhen no t t r e a te d  w ith  phenyl b e ta  naphth-

xrT̂ n’ixr>0 tf^S 'vO~J ' 2.S SV^ ' 0HG ScL 1) V tilO SV’Ol’G.vl.O'n.

o f  hydrogen c h lo r id e .  Sven when th e  a n ti-o x id a n t i s  in co rp o ra ted , 

th e  polym er w i l l  undergo some s t i f f e n in g  on prolonged s tan d in g , 

accompanied w ith  re d u c tio n  in  s o lu b i l i t y .  This decrease  in  s o lu b i l i ty  

i s  r e a d i ly  overcome by m il l in g , w ithou t any apparen t d e tr im e n ta l 

e f f e c t  on polym er p r o p e r t ie s .  Corresponding s t i f f e n in g  of th e  

film s c a s t  from th e  lacq u e r s o lu tio n s  w i l l  be d iscu ssed  in  a  l a t e r  

s e c tio n  o f t h i s  r e p o r t .  The s h e l f  s t a b i l i t y  o f th e  lacq u e rs  has 

been found to  be  s a t i s f a c to r y  a s  ev idenced by r.o a p p re c ia b le  change 

in  th e  la c q u e r  v is c o s i ty  on -prolonged p e rio d s  o f s to rag e  ( 23) -

6 . Copolymer C u re .-  The C-MA copolym ers were cu red  w ith  a  number 

o f in o rg a n ic  and organic compounds. Heat cu res were e f fe c te d  w ith  

m etal o x id es  l i k e  m agnesia, z inc oxide and l i th a rg e  and w ith  magnesium 

c a rb o ra te  f o r  the  prim er copolymer (h igh  a c id  and c o n v e rs io n ). A 

number o f o rg an ic  compounds and .also 7in c  oxide and magnesia were 

found to  produce vary in g  degrees o f a i r  c u re . Aromatic diam ines

and polyhydroxy benzenes were found to  be the most e f f e c t iv e  o rgan ic  

compounds. The e f f e c t  o f  th e se  c u r in g  agen ts  w i l l  be d iscu ssed  in  

d e ta i l  in  co nnection  w ith  the  d isc u ss io n  on v is c o e la s t ic  p r o p e r t ie s .

7 . K in e tic s  o f Copoiyrnerl^ation . -  To g a in  some in s ig h t in to  th e  n a tu re  

o f  th e  copolym er, th e  e x te n t to  which ch lo roprene and m eth acry lic
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a c id  e n te r  in to  p o ly m eriza tio n  has to  be co n s id e red . C onsequently, 

r e la t iv e  r e a c t iv i ty  r a t io s  la v e  been determ ined f o r  b o th  em ulsion 

and b u lk  p o ly m eriza tio n . The r e s u l t s  a re  as fo llo w s: in  em ulsion

r«£=0. lo±D.07. These r e l a t iv e  r e a c t iv i ty  r a t io s  were c a lc u la te d

w ith  d i f f e r e n t  i n i t i a l  monomer ch arg es. The method o f  c a lc u la t io n  

lias been developed by Mayo and Leads (3 0 ), using  th e  in te g ra te d  form 

o f th e  copolymer com position equation  to a d ju s t  f o r  the appre­

c ia b le  d r i f t  in  monomer c o n c e n tra tio n , i f  p o ly m eriza tio n  i s  c a r r ie d

tio n s  o f th e  two monomers, and Mp and M2 a re  th e  moles o f the 

monomers unpolym erized a t  the  end o f th e  p o ly m eriza tio n . The con­

s ta n ts  rp  and were ev a lu a ted  g ra p h ic a lly '. The in te r s e c t io n s  

o f th e  stua-ght l in e s  f o r  d if f e r e n t  experim ents on rp  versus r^  

p lo t ,  gave unique s o lu tio n  f o r  r̂ _ and r P. The s iz e  o f  the a re a  

in to  which th ese  in te r s e c t io n s  f e l l  gave in d ic a tio n  o f the e r ro r

from th e  d a ta  o f  the copo lym erization  experim ents, c a r r ie d  out 

.ng th e  fo llow ing  eq u a tio n :

wnere p -( l- r i_ )  /  ( 1 - r ? ) , M-^°and MSj a re  the  i n i t i a l  m olar co n cen tra -
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involved  in  th e  v a lu es  o f r-j_ -aid r,->. The d a ta  u t i l i s e d  fo r  these  

c a lc u la t io n s  a re  summarised in  Table V.

Table V

Composition o f  the C-MA Copolymers 
Charge Folymer Com position Conversion

Wt. $  m e tm c ry lic  a c id  Wt.tf M ethacry lic  Acid_________p_____

S n a ls io n  Fol_yrr:BPiH3.'tAC«i{l)

10 3 .0  74
20 d .s  20
30 5-h 64
r.^ nr~ 71 CT̂
H U  - P  •  0  J  fr-r~\ T L

70 2S.3 4 .1
go 61.1 . 6 .4

Bulk p o ly m e risa tio n  (2)

20 17.3 24
40 2g . I  5
pO 27.0  10
70 40.2 5
onj"'

(1) Emulsion p o ly m e risa tio n  re c ip e : 100.5 gms r e d i s t i l l e d  
w ate r, 4 .65  T r i to n  X-301, 0.182 gms
50 gns monomers.

(2) Bulk p o ly m eriza tio n  re c ip e : 0 .25  gps benzoyl re ro x id e ,
'  50 gms monomers.

I t  i s  r e a d i ly  observed th a t  th e re  i s  a  c o n s id e rab le  

d iffe re n c e  in  the  r e l a t iv e  r e a c t iv i ty  r a t io s  between em ulsion 

and b u lk  system s. T h is  r e s u l t  i s  no t unexpected a s  n e tb a c ry lic  

a c id  is  q u ite  w ater so lu b le : i t s  c o n c e n tra tio n  i s  e f f e c t iv e ly  

reduced in  th e  po lym eriz ing  -chase. Consequently m eth acry lic  a c id  

w i l l  e x h ib it  an a p p a re n tly  lower copo lym eriza tion  r e a c t iv i ty  in  

em ulsion. These r e s u l t s  a re  in accordance w ith  th e  trea tm en t 

o f  Wall (4 6 ), v;ho s ta te d  th a t  th e  d if fe re n c e  in  r e a c t i v i t i e s
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between b u lk  and em ulsion po ly m eriza tio n  depends on t i e  d i s t r ib u t io n  

c o e f f ic ie n ts  between th e  o i l  and aqueous p h ases . The r e a c t i v i t i e s  

f o r  em ulsion p o ly m eriza tio n  a re  consequen tly  a  fu n c tio n  of the 

m oncner-water charge r a t i o .

The in s tan ta n eo u s  monomer polym er c c m o s it io n  r e la t io n ­

sh ip  f o r  b o th  em ulsion and b u lk  systems a re  d e p ic te d  in  i 'ig a re  I I .  

These cu rves a re  o b ta in ed  by u t i l i s i n g  th e  copolymer com postion 

eq u a tio n . Both cu rves .are tyo ic .n l schem atic cono lym eriza tion  

cu rv es , where one r e a c t iv i ty  (rq )  is  l e s s  than  u n ity  and the  o th e r  

(ro ) i s  g r e a te r ,  i . e .  mcncmsr Mp i s  wore r e a c t iv e  than monomer- M-, 

w ith  b o th  ty v es  o f  growing fre e , r a d ic a l .  I t  i s  a ls o  a r r a r e n t  

from F ig u re  I I  th a t  f o r  any monomer com bination th e  copolymer 

from b u lk  p o ly m eriza tio n  has a  more uniform  com position than  the  

one from th e  em ulsion u o ly n e r iz a tio n  by c o n ta in in g  le s s  o f  th e  

more r e a c t iv e  monomer, c h lo ro p re n e , in  i t s  i n i t i a l  com position .

The in s tan tan eo u s  -and average -polymer com position  a re  

c lo t t e d  a s  a  fu n c tio n  o f  conversion  in  F ig u re  I I I  and I ? .  These 

curves in d ic a te  th e  conversion  a t  which the in stan tan eo u s  com position 

s t a r t s  to  d e v ia te  ap p rec iab ly  from th e  average com position . These 

curves a re  r e s t r i c t e d  to  a  p a r t i c u la r  monomer ch arg e . T h ir ty  w eight 

p e rc e n t ( 30 .7  r o le  p e rc e n t)  m e th ac ry lic  a c id  was chosen us a  r e ­

p r e s e n ta t iv e  i n i t i a l  ch arg e . I t  can be observed from th i s  re ­

p re s e n ta t io n  th a t  in  em ulsion system n o ly m eriza tio n  can be c a r r ie d  

ou t to  60-65 percenjfconversion  w ithout a p p re c ia b le  d r i f t  in  composi­

t i o n .  In  b u lk  f o r  conversions up to  ~fO p e rcen t q u ite  a  homogeneous 

copolymer w i l l  r e s u l t .
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The average copolymer com position v e rsu s  conversion  

was c a lc u la te d  from th e  detenn ined  r e la t iv e  r e a c t iv i ty  r a t io s ,  

u t i l i s i n g  th e  eq u a tio n  g iven  by W alling an a  B riggs: (US)I

lA°o
M2 • (Mt r  - ^ r 2 F!̂ 7 + 1

  = v- 1 vnere: ^  = 1

r i  + jts —

The curves f o r  in s ta n ta n e o u s  composition, versu s  conversion  were 

o b ta in ed  from th e  average com position c a lc u la t io n s  by p lo t t in g  

th e  moles o f  n e t ia c r y l ic  a c id  (Mp) a s  a  fu n c tio n  o f the  t o t a l  

ro le s  o f monomer (M-i+Vo) in  the  corolvm er. The s i one o f th.is 

curve w i l l  r e p re s e n t  th e  in stan tan eo u s  compos i t  ion. o f the  copolymer 

a t  the  co n v ersio n  corresponding  to  the a b s c is s a  o f  th e  p o in t .

These curves o f th e  com position o f th e  polymer -forming in s ta n ta n e o u s ly , 

c lo t t e d  a g a in s t  th e  conversion  a re  thus in te g r a l  d is t r ib u t io n  curves 

o f  the copolymer com position .

S k e is t  (10) has analyzed  the  d r i f t  o f  conolymer composi­

t io n  a s  a  fu n c tio n  of co nversion . A ccording to  S k e is t  the heavy 

v e r t i c a l  l in e s  in  F ig u re  I I I  and IV, in d ic a tin g  the p o r tio n s  o f 

th e  curves which l i e  between 25 p e rc e n t and 75 n e rce n t conversion , 

a r e  c a l le d  " in te r q u a r t i l e  ranges" and they g ive a  num erical measure 

o f  the d is p e rs io n  o f  com position in  th e  h ig h  conversion  polym er.

The d isp e rs io n  I s  s a t i s f a c to iy  in  b o th  c a s e s , e s p e c ia l ly  f o r  the  

copolymer o b ta in ed  by b u lk  p o ly m eriza tio n , e x h ib it in g  an " in te r ­

q u a r t i le  range" o f 23 to  33 compared w ith  10 to  37 f ° r  emulsion 

system .

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



I t  i s  i n te r e s t in g  to  no te  th a t  the  in stan tan eo u s 

coreposition cn rves fo r  b u lk  .and em ulsion systems approach 

IOC p e rc e n t conversion  in  n -uked ly  d i f f e r e n t  manners. The 

"hu lk  curve" has an i n f i n i t e  s lo re  a t  f in i s h ,  w hile  th e  “em ulsion 

curve" has a  sm all f i n i t e  s lo p e . The c h a r a c te r is t i c  d iffe re n c e s  

a re  b rought out more s t r ik in g ly  when th e  s lopes o f  th e  in te g ra l  

d i s t r ib u t io n  cu rves a re  p lo t te d  a g a in s t  the  in stan tan eo u s 

copolymer com position . F igu res V and 71 a re  the r e s u l ta n t  d if f e r e n -  

% 1:7T. d l21r ib u t io n  everves slicv/irv. t'.ve x'ivicXicvi oi* ulvx x irviX cc^el.— 

y re r  which p o sse sse s  a  cozm o s i t i n  in  each range, i . e .  the a re a  

uxid.8r* c’vrvs s uv.re£Ta nv*" two s t  rxdnvsovis ccurves ve"’X*esen'bs

the f r a c t io n  of th e  t o t a l  clm rpe th a t  has been converted  tc  covclyroer 

o f  th e  g iv en  com position range . The* d i f f e r e n t i a l  d i s t r ib u t io n  curves 

a re  s u ro lio d  w ith  an a'-uciliazy conversion  a x is ,  in d ic a t in g  the 

correspond ing  co n v ersio n s  invo lved .

The d i f f e r e n t i a l  d i s t r ib u t io n  curve fo r  the b u lk  system 

e x h ib its  on ly  a  s in g le  re n k , whereas th e  curve f o r  the  em ulsion 

cooclymer i s  U-shaped in d ic a t in g  c leavage of the copolymer 

com position in to  two d i f f e r  n t g roups. I t  can be n o ted , however, 

th a t  no a p p re c ia b le  c leavage w i l l  occur below 85 p e rcen t co n v ersio n .

3 .  Mechani c a l  I r o p e r t i e s  o f the  C hloroprene-M etnacrylic Acid Copolymers.

1 . In tro d u c t io n .-  In  ty p ic a l  amorphous rubber th e  th re a d - l ik e  m olecules 

a re  s u f f i c i e n t ly  long to  became thoroughly  en tang led  and do no t in ­

te r a c t  s tro n g ly  enough to  become c r y s ta l l i s e d .  The s id e  clia ins in  

the  m olecule a re  r e l a t iv e ly  a n o la r .  These s id e  chains produce s te r i c
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hindran.ce to  Tree z*otation, b u t a lso  p rev en t easy c p y s tn l l i s a t ic n  

by making c lo se  pack ing  more d i f f i c u l t .  In  a  rubber s p e c ia l 

k irk s  a rc  in tro d u ced  by double bonds v iiich  reduce trie tendency 

to  -rack to g e th e r  and c r y s t a l l i s e .

•The ch lo rcp ren e-m eth ac ry lic  a c id  copolymers seen to  

p o ssess  some o f th e  f a c to r s ,  which re ta rd , th e  ru b b e r - l ik e  

e l a s t i c i t y .  The p o la r  s id e  groups e re  p rov ided  by the  cn rb o ry l 

groups, which induce in te rc h a in  a t t r a c t io n s  and reduce the  e l a s t i ­

c i t y .  However» th e  carbony l groups u re se n t w il l  a t  th e  same time 

re o re s s  th e  c r y s ta l  l i s a t  ion. commonly/ observed in  po ly  ch loroprene (13) '

I f  an e las to m er i s  su b jec t to  e x te rn a l s t r e s s e s  some 

m otion of ch a in  segments r e s u l t s .  In amorphous p o lym ers, th e  

p resen ce  o f  s t r e s s  causes a  b ia se d  m otion o f ch a in  segm ents, 

b o th  r jic rc  and macro Brov/nian movements being  a f f e c te d .  Micro 

Brownian movement i s  th e  change in  th e  shape of th e  m olecule, 

v;hile macro Brownian movement i s  the movement of th e  whole m olecule 

in  r e l a t io n  to  i t s  n e ig h b o rs . The s tr e s s -b ia s e d  micro Brownian 

movement a r r e a r s  a s  a  r e ta rd e d  e l a s t i c  re sp o n se , w hile th e  s t r e s s -  

b ia se d  macro Brownian movement i s  t ru e  flow . C onsequently, under 

an  e x te rn a l  s t r e s s  th e  fo llo w in g  mechanisms w i l l  c o n tr ib u te  to  the  

t o t a l  e l a s t i c  deform ation : in s ten eo u s e l a s t i c i t y ,  c o n f ig u ra tio n a l

o r  re ta rd e d  e l a s t i c i t y  and v isco u s flow .

U ltim ate  s tr e n g th , e lo n g a tio n  a t  b reak  and permanent 

s e t  o r r e s id u a l  e lo n g a tio n  a re  the  m echanical p r o p e r t ie s  which 

o re  most e a s i ly  determ ined  and a re  commonly re p o rte d  in  s tu d ie s  of 

h igh  polym eric m a te r ia ls .  T hese, o f c o u rse , a re  a ls o  dependent on
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th e  s t r u c t u r a l  and c o n f ig u ra tio n a l p ro p e r t ie s  o f  the polymer.

An amorphous rubber in  uncured s ta te  w i l l  e x h ib it  low 

t e n s i l e  s tre n g th s  and w i l l  ex tend  to  s e v e ra l thousand percent o f  

i t s  i n i t i a l  le n g th  b efo re  ra p tu re  o ccu rs . Under e x te rn a l s t r e s s ,  

ta n g lin g  and in te rc h a in  fo rc e s  a re  g e n e ra lly  n o t s u f f ic ie n t  to  

p rev en t s lip p a g e  of whole ch a in s  p a s t one an o th er to  r e s u l t  in  

ru p tu re .  However, in  case  o f  s u f f ic ie n t ly  h igh  m olecu lar w eight 

where reaso n ab ly  high  te n s i l e s  a re  r e a l iz e d ,  polym ers b reak  la rg e ly  

by th e  r u r tu r e  o f prim ary valence  criains in  c o n tra s t  w ith  th e  

s lip p a g e  o f  ch a in s  fo r  lower m olecu lar w eight polym ers.

An elastom er can  be cu red  o r  v u lcan ized  by in tro d u c in g  

prim ary  or secondary valence fo rc e s  between the neighboring  

c h a in s . These valence fo rc e s  p rev en t th e  ex ten s iv e  s lip p ag e  o f 

ch a in s  p a s t  one an o th e r on an a " p l ic a t io n  o f a  fo rc e , The cured  

s t a t e  can  be g e n e ra lly  c h a ra c te r is e d  by improved u ltim a te  t e n s i l e  

s tr e n g th ,  h ig h  modulus and  low permanent se t as compared to  th e  

gum specim en. In te rc h a in  fo rc e s  can a lso  be p rov ided  by r e in ­

forcem ent w ith  f in e  p a r t i c l e s  of carbon b la c k . I r r e v e r s ib le  

s o rp t io n  o f ch a in s  on th e  su rfa c e  o f th e  carbon p a r t i c le s  i s  be­

l ie v e d  to  be re sp o n s ib le  f o r  th i s  re in fo rcem en t.

C r y s ta l l iz a t io n  i s  ano ther extrem ely im portant s t r u c tu r a l  

c o n s id e ra tio n  o f the  m echanical b eh av io r o f high polym ers. Upon 

s t r e tc h in g  l in e a r  polym ers w i l l  become o r ie n te d  and by mutual vanr- 

der V/aais' in te r a c t io n ,  th e  fo rm ation  o f c r y s t a l l i t e s  f o r  a  number 

of them w i l l  take  p la c e . The e x is te n c e  of these  c r y s t a l l i t e s  w i l l  

v i r t u a l l y  e lim in a te  lo n g itu d in a l  s lip p ag e  of ch a in s  and y ie ld  the  

polym er s tro n g  even a t  uncured s t a t e s .  S y n th e tic  ru b b ers  w hich
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do not c r y s t a l l i z e  when, s tr e tc h e d , g e n e ra lly  e x h ib it  low s tre n g th s , 

except when compounded w ith  re in fo rc in g  pigment such as carbon 

b lack . C onversely, r e in fo rc in g  pigm ents in te r f e r e  w ith  c r y s t a l l i t e  

fo rm ation  and in  g e n e ra l do no t improve th e  s tre n g th  o f s t r e tc h  

c r y s ta l l i z a b le  m a te r ia ls .

2 . V isc o e la s tic  P r o p e r t ie s . -  V isc o e la s tic  p ro p e r t ie s  o f  a  g re a t  

number o f th e  C-MA. copolymer f r e e  f ilm s  have been in v e s t ig a te d  by 

s tudying  th e i r  creep  b eh av io r. These f ilm s  inc lude  b o th  gum 

snecimens ana cureo. ±.Xxins. fro..: waese exoem nents i  o v.*as ncoeQ. 

to  a r r iv e  a t  an u n d erstan d in g  o f  s t r u c tu r a l  e f f e c ts  a s  w ell as  

th e  e f f e c t  o f  cu rin g  ag en ts  and aging  c h a r a c te r i s t i c s .

*.■*% <■» r*r\rnrr»ni <*+*i  ̂t 0/3 V\»r ^ r*   ---

a  co n s tan t s t r e s s  and reco rd in g  th e  time dependent deform ation  o f

th e  film s a t  co n s ta n t tenm sraturs*  C onstant s t r e s s  was achieved

by u s in g  a  h y p erb o lic  ten s io n  bob, f i r s t  d e sc rib ed  by D a h lcu is t,

H endricks and T aylor ( l3 ) .T h e  p r o f i l e  o f th i s  bob i s  such th a t

when lowered in to  w a te r , the  buoyant fo rc e  ex ac tly  compensates

the  in c rease  in  s t r e s s ,  due to  th e  d ecrease  in  c r o s s - s e c t io n a l

a re a . The eq u a tio n  o f  th e  bob i s :

1  =   !—  1
Lo * H

W„
a d

where n. i s  th e  ra d iu s  a t  h e ig h t H, i s  th e  t o t a l  i n i t i a l

lo ad , Lo i s  th e  le n g th  o f  th e  t e s t  specimen, and d i s  th e  ap p aren t

d e n s ity  o f th e  bob which i s  made equal to  th a t  o f th e  l iq u id  (w a te r) .

Deform ation d a ta  v;ere used  to  compute com pliances ( in v e rse  

moduli) which were g e n e ra lly  p lo t te d  a g a in s t th e  logarithm  o f the
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tim e. A m n b er o f  such sem i-log  p lo t s  a re  d ep ic ted  in  F igu re  V III . 

Corresponding,; l i n e a r  " re s e n ta t io n  i s  g iv en  in  F igure V II. An. ad­

vantage of t h i s  sem i-log  p re s e n ta t io n  w i l l  1600016 apparen t in  th e  

th e o r e t ic a l  c o n s id e ra tio n s  o f she d i s t r ib u t io n  o f r e ta rd a t io n  t in e s .  

These p lo t s  a re  a ls o  more convenient a s  th e  v a r ia t io n s  a t  s h o rt
« • .... ■» _» -n _ _  -n T-»_ _ ___ _ j_ t n   l t —      ”i 3 ____
w  G G T 'G  j ’ i j p  C1 X  f V  O u s e  I T S  G  C L  •• p T * ? -? :" * '.  i t d r ?  l  .g? ! f n.f. ’ s  l -  _L r x v i - v  C* Q  ~. t p  j _  x c-v T i s j

lo g  tim e r e la t io n s h ip  a re  r e a l i s e d .

In an a ly z in g  a  s e t  o f creep  d a ta ,  and a lte rn a tin g  to  f i t  

th i s  d a ta  to  th e  em p ir ica l  model (Model 3 ) , one f in d s  th a t  a t  l e a s t  

fo u r r e ta rd e d  elements a re  necessary  to  d e p ic t th e  t o t a l  deform a;tion 

oif "t̂ G Swccirien jfc r̂ l̂.rriG-scrX*3 £*x*cm go scvoi'oX g* 1cu.cnncl

m inutes, where th e  l in e a r  compliance-time p lo t  approaches a  s t r a ig h t  

l in e .  The fo llo w in g  procedure was employed in  f i t t i n g  th e  e r o e r i -  

menoao- data, to  tn e  err?irm m - riocie-i-.

The g e n e ra l creep  fu n c tio n  can be w r it te n  in  th e  fo llo w in g

form:

x  i E . i E i i
s  ■ 3 , -  1 ( 1 - .  ‘ " ' ‘ J +

where th e  s u p e rs c r ip t  E im olies  th a t  th e  corresponding  param eters be­

long to  th e  em p irica l model.

The e f f e c t iv e  v is c o s i ty  can be s u b tra c te d  from the t o t a l  

compliance g iv in g  r i s e  to  £(t) :

■ / i )T i tE . f , - y ^ ’
t i t )  =  f  -  i t  =  1  +

As t  approaches i n f i n i t y  the  term z w i l l  approa.cn zero and th u s

we can def in e  x , . 1 c ,
<5> H  = \ ■+-
1 G\

£
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t o  can be now w r i t te n  as :

$ ( t ) - 4- £ (oo) - 1
i t / i  e. 1

'  1 I

and,

- V t 1

"PAs i s  co n s tan t fir a  g iv en  tim e -sc a le , i t  i s  ap p aren t th a t  th e  

p lo t  log[4>(«x>)- | v e rsu s  t in e  w i l l  a llo w  x c to  be ev a lu a ted  from

th e  s lope o f  th e  p l o t .  The t in  e -s c a le  f o r  t h i s  p a r t i c u la r  r  £ i s  

determ ined by th e  e x te n t o f  p o in ts  f a i l i n g  to  th e  s t r a ig h t  l in e  

-cert ion  of th i s  r i o t .  The e f fe c t iv e  c o o r l io r c e , , i s  r e a d i ly

c a lc u la te d  from th e  above ex p ress io n . A fte r  s u b tra c tin g  th e  con­

t r ib u t io n  o f  th i s  r e ta rd e d  elem ent, ti Cn21 IhG "uSd.

.and th e  param eters  fo r  a  new re ta rd e d  elem ent determ ined . A d d itio n a l 

r e ta rd e d  elem ents a re  determ ined u n t i l  th e  e n t i r e  creep  curve i s  

f i t t e d .  The C-MA copolymer ( 13. 3$  a c id , 5^$ co n v e rs io n ) , when 

cured w ith  10 p a r t s  E th y l Zimate and 2 p a r t s  diam ine diphenylene 

methane fo r  2 hours a t  120° C, produced creep  d a ta ,  which co u ld  

be re p re se n ted  by th e  fo llo w in g  a n a ly t ic a l  ex p ress io n :

-IQ-5 (-i_a  ̂ _ ) 1.7—1 n“5 f-\ „~t/lo.S\■Z Q S ? V i . .

3. 53x10- 5 ( !_ e t / 1C° )  + 5 . OOxlO-5  (1-3

•  j '  n

r5 n _9
) + 3 .O9 xlO t

I t  i s  of i n t e r e s t  to  n o te  th a t  th e re  i s  v ery  l i t t l e  v a r ia t io n  in  

th e  com pliances be long ing  to  v a rio u s  re ta rd e d  elem ents. Time
I

s c a le s , co rresponding  to  the determ ined r e ta rd a t io n  tim es a re
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g iv en  in  Table VI:

Table VI

Apparent Time S ca les  fo r  R e ta rd a tio n  T ines.

R e ta rd a tio n  Time, rain. T ine s c a le ,  Mi n .

i “ 7 0 . Q _  S
I i  - - ✓  ^

1 6 .S S -  cO
100 bO -  350
SU5 350 -23CO

An am rcx im a te  .d is trib u tio n , fin e t-io n  01 r e ta rd a t io n

tim es has been d e riv e d  acco rd ing  to  th e  method employed by Andrews

( 6) ,  who d e r iv e s  th e  corresponding r e la t io n  fo r  s t r e s s  re la x a tio n .

The approxim ate d i s t r ib u t io n  of r e ta rd a t io n  tim es in

term s o f lo g a rith m ic  tim e, L ( io g 't ') ,  a t  any value  o f r e ta rd a t io n

tim e x  , i s  equal to  th e  s lope o f th e  c reep  curve p lo t te d  as  f / s

v e rsu s  the  lo g arith m  of th e  tim e ( lo g t )  a t  she same value  o f  t .

E i i s  approxim ation  can be o b ta in ed  in  th e  fo llow ing

fa sh io n . The t o t a l  re ta rd e d  e l a s t i c  com pliance fo r  a  continuous

d is t r ib u t io n  o f r e ta rd a t io n  tim es can be ’w ritte n  as

](t) = jJ (t)  (1 -  ) cl-r
Using th e  s u b s t i tu t io n  L (log,0T )=2.tt J (  X ) , we have

r )  d  i o ^ z  =  ] ( t )  d-T

and s u b s t i tu t in g  in to  J  ( t )  one o b ta in s

](t) = LUo^H! - t
and

j( t)  = f L ( €.og -n) <z /x d  toqr i- CJ 00
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D if fe r e n t ia t in g  w ith  re s p e c t  to  lo g  t  g iv es

d3(t) _
d t

L  ( too r ) 2.3 oi t e ^  1
d  to q t

.00

I f  th e  d i s  t r i h u t  ion. fu n c tio n  i s  cons to u t in  a  reg io n , 

and s in c e  th e  rem ain ing  in te g ra l  has a  v a lu e  o f u n ity

i - rJ~cO
1*S0 2> i

oo .
f T .-V c

d r

and i f T * >
T = P %  -

J, t

Thus we o b ta in  th e  d e s ire d  r e la t io n :

<3.
7 fcTt' f L(  too

“V  «
A ccording to  t h i s  approxim ate p re s e n ta t io n  o f the d is ­

t r ib u t io n  fu n c tio n  o f r e ta rd a t io n  tim es, L ( lo g .)  .as determ ined 

from th e  s t r a ig h t  l i n e  com pliance -  le g  t  p lo t  (F ig u re  IX) i s  

equal to  b .2  x  10"5  cm2/gm , fo r  th e  tim e -sc a le  o f one to  sev e ra l 

thousand m inu tes. To compare t h i s  c o n s ta n t v a lu e  f o r  the  d is ­

t r ib u t io n ,  fu n c tio n  w ith  th e  p rev io u sly  determ ined  com pliance con­

t r ib u t io n s  o f  e f f e c t iv e  re ta rd e d  e lem ents, th e  fo llo w in g  reaso n in g  

can be employed. The d i s t r ib u t io n  o f r e ta rd a t io n  tim es in  te rn s  

o f lo g a rith m ic  tim e i s  r e la te d  to  th e  d i s t r ib u t io n  in  terras o f 

l in e a r  tim e,

s=L ( lo g  r  ) = 2.303 t J ( t )

where s i s  th e  s lo p e  of the  compliance -  lo g t  p l o t .
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A ccordingly , ^

=  f  ] ( t )  i t  =
JT, 2.303

c td
~  *cll

In th is  p a r t i c u la r  ca se ,

] h , U  = S ti _  « u « i < s /  { „ i  =  q .2 * l o " s  lot X‘-
3-

■rne apparen t v a lu es  xor x, ana Tt  can De ob ta in ed  rrom Table VI 

and J  ( t-j_, %2>) c a lc u la te d .  H esu lts  o f t h i s  comparison a re  g iven  

in  Table V II.

Table V II.

D is tr ib u tio n  o f  R e ta rd a tio n  Times by L inear and 

Logaritm nic Method.

Time S ca le , min. J  (t-j_, t 2 )* J ^ l )  fe2) **
C\rr*~-! cm ”  "! a5 — 1 a 5

0 .9  -  S 3. 9s  3*99
S -  60 3 .47  3.67

60 -  350 3*53 3*22
350 -  2300 5*00 —

* R etarded  com pliances from ^ e f fe c t iv e  model" tre a tm e n t.
** R etarded com pliances from the  approxim ate d is t r ib u t io n  fu n c tio n .

I t  i s  ap p aren t from Table VII th a t  e x c e lle n t agreement i s  

ob ta in ed  f o r  r e l a t iv e ly  sh o rt t in e - s c a le s ;  fo r  long t id e s  fhe a g ree ­

ment becomes p o o re r . T h is i s  due to  the  d i f f i c u l ty  in  determ ining  

the  exact t im e -s c a le s  invo lved  . A lso , a f t e r  350 m inutes, L ( lo g  x  ) 

i s  n o t co n s ta n t any lo n g e r . Consequently J  ( X. ) i s  no longer p ro ­

p o r tio n a l  to  l / X  and the  sim ple a n a ly t ic a l  trea tm en t g iven above 

f a i l s .
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In  F igure IX, a re  g iv en  th e  d is t r ib u t io n  fu n c tio n  under 

c o n s id e ra tio n , and a ls o  a  number o f o th e r  ty p ic a l d i s t r ib u t io n  

fu n c tio n s . These cu rves have been ob ta in ed  from th e  com pliance -  

lo g  time p lo t s  a f t e r  s u b tra c tio n  o f  th e  v is c o s i ty  c o n tr ib u t io n .

A f l u i d i t y  o f cm^/gm has been used  fo r  a l l  sam ples, a

?.rV» 4/“» V* h o  i i i n f  i  f i  4 >a r  ' f f d  T n*Oi t_/W . !UO W i  WX J.WW £

Table V III g iv e s  a  number o f apparen t f l u i d i t i e s ,  a s  determ ined

from the  runs c a r r ie d  o u t to  s u f f ic ie n t ly ' long tim es to  have th e

com pliance-tim e p lo t s  approach s t r a ig h t  l in e s  ap p a ren tly  w ith in
_ G

experim ental e r ro r .  V a ria tio n  o f th ese  f l u i d i t i e s  Is  from 2.2x10
—o  2to  2 .OS x  10""° cm / gnu I t  i s  seen th a t  i f  the  com pliances a r e  . 

determ ined a f t e r  about 5000 m inu tes, h ig h e r  f lu i d i t i e s  a re  o b ta in e d , 

w hile  a f t e r  SQ00 m inu tes, tne v a r ia t io n  i s  only' frcm 2 .2  to  p .5^10—̂

cnh/gn. I t  i s  shown th a t  even though a  “v is c o s i ty ” term car. be

o b ta in ed  from ap p a ren tly  s t r a ig h t  l in e s  a t  50CX) m inutes, low er 

f l u i d i t i e s  fo r  th e  same experim ent w i l l  r e s u l t  i f  determ ined 

a f t e r  SOuO m inutes (Table V I I I ) .
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Table V III  

F lu id i ty  o f  the G-MA. Copolymers 

Run Ho. Cure;
min. cm^/gm

SOOO
5000
6030
KTv.-y*

4000
t o )

3 .5  x  1<S
1 .1  x  ICP
7 .2  x  101?

d'.QSx 10s
9 . 12x 1(39

10000 3.09x 109

11000 2 . 20x 10*9

113 P h lo ro g lu c in o l, 5p»> a i r  cu re
113 ” " » »
114 p-phenylen  'ed iam in e , a i r  cu re
JO M H H n
43 » i! t« n
23 S in e  ox ide , 5p* a i r  cu re  
3 E th y l Zimate ICp diamino diphenylene

m ethane, 2 p ., 2 h r s . ,  a t  i20°C 
7 E th y l Zimate lOp diamino d irk en y leao  

m ethane, 2 p .,  2 h r s . ,  a t  120° C.+
13 days a i r  cu re

I t  may be concluded th a t  f l u i d i t i e s  determ ined a t  JCOO m inutes 

si/l-lX xncXncLs scms ^xins r e ta rd e d  response , while th i s

may be to  a  l e s s e r  e x te n t tru e  o f f l u i d i t i e s  determ ined a t  

2000 m in u tes , any e r ro r  in tro d u ced  by u s in g  the  sm a lle r  f lu d d i te s  

w i l l  be co rrespond ing ly  l e s s .  S ince th e  SGOO m inute f l u i d i t i e s  

do n o t d i f f e r  ap p rec iab ly  f o r  th e  v a rio u s  sam ples, a  va lue  o f  

3 x  10~5 cm^/gn was chosen a s  re p re s e n tin g  a  most reasonab le  

e s tim a te . I t  should a lso  be borne in  mind th a t  th e  t ru e  flow  

c o n tr ib u tio n  need n o t be Newtonian, s in c e  in te m o le c u la r  

a t t r a c t io n s  would be a f f e c te d  by o r ie n ta t io n  during  s tr e tc h in g .  

Thus, i t  i s  n o t l ik e ly  th a t  any f u r th e r  d i f f e r e n t i a t io n  in  

f l u d i t i e s  o f the  v a rio u s  samples would be j u s t i f i e d  a t  a l l .

The d i s t r ib u t io n  curves o b ta in ed  seem to  f a l l  g e n e ra lly  

in to  two c la s s e s ;  one in which th e  curve shows an in c re a se  in  

com pliance w ith  lo n g er tim e and one in  which th e  o p p o site  i s  

observed . S ince a l l  such d i s t r ib u t io n  curves would be expected  

to  e x h ib it  a  maximum and to f a l l  o f f  on e i th e r  s id e  i t  a r r e a r s
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a s  i f  each curve were only a  p o r tio n  o f  a  t o t a l  ”b e il-sh ap ed "  

d is tr ib u tio n , fu n c tio n , r e s u l t in g  from a  sigm oid com pliance-log  

p lo t  ( 4 l ) .

In  F igure  X, a  number o f h y p o th e tic a l  d is t r ib u t io n  

fu n c tio n s  have been p lo t te d ,  r e s u l t in g  from creep  curves s h if te d  

only in  tim e s c a le .  T h is i l l u s t r a t i o n  shows th a t  i f  a  creet? study  

were to  be conducted in  a  l im ite d  range o f time th re e  d i f f e r e n t  

types o f c reep  curves would be ob ta in ed  a f t e r  flow  c o n tr ib u tio n  has 

been su b tra c te d , i . e .  ap p aren t s t r a ig h t  l i n e s ,  convex and con­

cave com pliance-log  t  p lo t s .  T his i s  e x a c tly  what i s  found i n  th e  

case o f C-MA. copolymers v u lcan ized  by v a rio u s  ty re s  o f cu rin g  a g en ts  

The p o r tio n  o f  th e  d is t r ib u t io n  fu n c tio n s  d e riv ed  from such creep  

cu rv es, o f  c o u rse , a lso  have th e  re q u ire d  shape.

The t o t a l  a re a  under the  d i s t r ib u t io n  curves re p re se n t 

th e  t o t a l  com pliance. The p o s it io n  o f the  maximum, however, g iv es  

in fo rm ation  reg a rd in g  th e  r e ta rd a t io n  tim e, a t  which th e  bu lk  o f  

th is  com pliance i s  e f f e c t iv e .  The curves which have t h e i r  peaks 

a t  sh o rt tim es a re  consequently  l iv e ly  ru b b ers  which quickly  

respond to  th e  a p p lie d  s t r e s s .  Of co u rse , uncured rubber i s  

a s so c ia te d  w ith  v ery  h igh  t o t a l  com pliance and can be co n sid e red  

a s  l iv e ly ,  b u t i t  a lso  e x h ib i ts  c o n s id e ra b le  flow . When a  polymer 

i s  v u lcan ized  th e  t o t a l  com pliance w i l l  be reduced, i . e .  the  d is ­

t r ib u t io n  cu rves become f l a t t e r .  However, F igu re  IX shows a n o th e r  

in te re s t in g  e f f e c t ,  namely th a t  th e  com pliance peaks a r e  s h i f te d  

to  v a rio u s  p o s i t io n s  on th e  t im e -sc a le s . This s h i f t  i s  obv iously  

a  fu n c tio n  o f  cu re  which w i l l  be d isc u ssed  a t  a  l a t e r  p o in t .
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FIGURE X

HYPOTHETICAL SHIFT OF CREEP CURVES AND ITS EFFECT 

ON THE APPROXIMATE DISTRIBUTION FUNCTION

OF RETARDATION TIMES

lo g  t im e
‘E x p e r im e n ta l  t i m e - s c a l e

lo g  x
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R e p ro d u c ib ility - o f th e  c reep  experim ents lias been found 

to  be s a t i s f a c to r y .  R esu lts  of fo u r  creep  experim ents o f oO m inute 

d u ra tio n  (ca  500‘p  e lo n g a tio n ) on tire C-MA gum film s  ( 1 1 . ac i d ,

53$ conversion) a r e  summarised in  Table iX. These f ilm s  were c a s t  

from la cq u e rs  w ith  cyclohexanone, m ethyl iso b u ty l k e tcn e  so lv en t 

and were a i r - d r i e d  f o r  28 days and f in a l ly  su b jec te d  to  vacuum 

a t  room tem perature f o r  5 days. A ccordingly , changes in  com pliances 

due to  th e  p resen ce  o f so lv en t in  f ilm s  a re  assumed to  be n e g lib le .  

A lso, employed s t r e s s e s  were s u f f ic ie n t ly  c lo se  to  produce no 

s ig n if ic a n t  v a r ia t io n  in  com pliances. These fo u r  c reeo  experim ents 

were c a r r ie d  out in  tire course  o f  9 days. As i t  w i l l  b e  seen 

e lsew here, seme ag ing  i . e .  red u c tio n  in  com pliance can  be assumed 

to  occur in  t h i s  in te r v a l .  Compliance f o r  sh o rt tim es a re  l e a s t  

dependent on s t r u c tu r a l  v a r ia t io n s  and ag in g , a s  only  sh o r t r e ­

ta rd a t io n  tim es a re  in vo lved . A ccordingly , b e s t  r e p ro d u c ib i l i ty  

o f  the creep  experim ents ’was r e a l iz e d  w ith  one m inute com pliances, 

a s  compared w ith  com pliances measured a t  10 and 5'̂  m in u tes.

Table IX

R e p re d u c ib ili ty  o f Creep Experim ents.

gm x lo'r 
10 min. 50 m in.

—  —7 7 S5—
2.76 6 . SO
2 . 9b 7 .08
2 .9 6  6 .56

ireep  behav io r has been s tu d ie d  

f o r  s tr e s s e s  rang ing  from 2.96 to  12.53 hg/cm . These v a r ia t io n s  

in  s t r e s s  were brought about by u t i l i z i n g  specimens o f  v a rio u s  

th ick n ess  and w id th . The d a ta , summarized in  Table X, seem to  p o in t

S tre s s
kg/bm2

Conpliance 
1 m in.

to.ol 1 .22
7-23 1 .2 1
7.19 1 .23
7 .10 1 .23

The e f f e c t  o f  s t r e s s  on <
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to  sm all In c rease  in  com pliance on in c re a s in g  s t r e s s .  A ccordingly , 

approxim ately  fo u r - fo ld  d iffe re n c e  in  s t r e s s  produced one m inute 

com pliances v ary in g  from 3*02 to  3-35 x  10“^  cm2/g n , co rrespond ing  

e lo n g a tio n s  rang ing  from S3 to  U95 p e rc e n t .  A s im ila r  tre n d  

p r e v a i ls  f o r  ten  m inute com pliances.

T aoie X

Width o f

E ffe c t o f  S tre s s  on Creep

S tre s s
spec Imen, i n . kg/  cnc

3/S
A k3/S

' 2 .3 6  
U .Ss
p.OS
6. sy 

12 . 5~

O
cm'

3*p2
3 .^9
3 .5 1
7 O C  J ' J J

1 min._________________ 10 m in.
E longation , C om pliance,SLohsation, 

% cmS/gtn x  10H %
~E T
IFF
177
241
Hoc ' j j

y r £ r
1 2 .3 s
12.30

■275"
579
622

o

3 . The E ffe c t  of Cure and Aging on V isc o e la s tic  P r o p e r t ie s .-  Creep 

experim ents have found to  he  u s e fu l  in  studying  th e  changes o f 

v is c o e la s t ic  p ro p e r t ie s  o f th e  C-MA copolym ers, due to  th e  in t ro ­

duction  o f v ario u s  c u rin g  system s, and a ls o  due to  ag in g . Both 

cu r in g  ag en ts  and ag ing  have te e n  found to  change s ig n i f ic a n t ly  

th e  v i s c o e la s t ic  p ro p e r t ie s  o f  the C-MA copolymer f ilm s . A ccord ing ly , 

th ese  creep  experim ents y ie ld  u s e fu l  in fo rm ation  f o r  c r i t i c a l  

e v a lu a tio n  of polym eric f ilm s , w hether u sed  fo r  c o a tin g  a p p lic a t io n s  

o r  e lsew here. Creep d a ta  s a s  supplem ented w ith t e n s i l e  s tre n g th s  

to  y ie ld  more in fo rm ation  a t  out th e  s t a t e  o f cure and ag in g .

G enerally  ag ing  was considered  to  occur i f  the red u c tio n  in  

com pliances was accompanied w ith  c o n s id e ra b le  red u c tio n  in  t e n s i l e s .  

Conversely':, i f  re d u c tio n  of com pliance was accompanied w ith  improvement
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in  t e n s i l e s ,  the c u rin g  p ro cess  was assumed to  be co n tin u in g .

In th i s  in v e s t ig a t io n , a i r  cu res  have been g iven  m ajor 

a t te n t io n ,  s in ce  h e a t cu res  a re  not p r a c t i c a l ly  f e a s ib le  in  c o a tin g  

a p p lic a t io n . However, b e fo re  in v e s t ig a t in g  v a rio u s  cu ring  agen ts  

in  d e t a i l ,  th e  e f f e c t  o f  h ea t on the  c reep  behav io r o f the  C-MA 

copolymer gun specimens w i l l  be d iscu ssed .

(a) S i f e e t  o f h e a t . -  The e f fe c t  o f  h e a t on the  C-MA 

ccnclym er gam specimens was b r ie f ly  in v e s tig a te d  to  ob ta in  some 

inform ation, f o r  com parison o f h e a t and a i r  c u re s . R esu lts  o f 

th e  creep  experim ents a re  summarised in  Table XI e r f  f ig u re  XI,

Table XI

E ffe c t  of Heat on Creep },
S tre s s  Com pliance, cirg/gnx 10*1”

Run Ho. Cure kg/cm^ 1 rain. 10 min.

38 l4  days, a i r  cu re  6 .58  2.4-3 b.U^
40 1 h r .  120° C. S.Sto 2 .^4  p .51
41 2 h r s .  120° C. 8 .4p 2 .41 4 .p0
33 6 h r s .  120° C. S .97 1.S5 2.72
35 26 h r s .  120° C. g .3 7  1.3S 1.6S

The a n t ic ip a te d  polymer s t i f f e n in g  on h e a tin g  was apparen t 

from decrease  in  com pliance, e s p e c ia lly  when determ ined a t  tim es 

exceeding 5 m inu tes. A cco rd ing ly , one m inute com pliances e x h ib ite d  

an in s ig n if ic a n t  charge in  th e  range o f  customary co rin g  c o n d itio n s  

(no t more th an  2 hours a t  120° C .) C onsequently , h e a tin g  from 1 

to  26 hours a t  120° C. produced a  " s tra ig h te n in g  cut" e f f e c t  o f the

com pliance-log  t in e  p l o t s ,  and was accompanied by a  decrease of s lo p e .

For one hour cu re  L ( lo g - t )  was 2 .3  x 10- i | cm2/gm as  compared to  3 .1  

x 10” ̂  cm2/  gm f o r  a  26 hour bake.
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i t  was o f  i n te r e s t  to  n o te  th a t  no a p p rec ia b le  change in  

t e n s i le  s tr e n g th  was r e a l i s e d  on h e a tin g . E longation  a t  b reak  and 

ASTM s e t  decreased  w ith  an in c re a se  in  bake. These d a ta  a r e  sum­

m arised  in  Table X II.

Table X II .

E ffe c t o f  Heat on C-MA Copolymer 

Gumstock

Sun No. Cure T e n s ile ,  E longation a t  ASTM
_____________________p s i .__________ break ,_dp________ s e t ,  $

^-aye, a.——* cure  1565 1^20 l h
ko  1 h r . , 120 °C 1700 1360 ^5
Hi 2 h r  s . ,  120° C IbSO 1210 35
33 6 h rs.,1 2 0 °C  IS70 1060 15
35 26 h r s . , 120*0 1350 S90 S

(b) E f fe c t  o f M etal O xides. -  Magnesia and zinc ox ide , 

which a re  cu sto m arily  used  in  com bination fo r  neoprene v u lc a n iz a te s  

have b o th  e x h ib ite d  e x c e lle n t c u r in g  c h a r a c te r is t i c s  f o r  th e  C-MA 

copolymers (1 , 23) .  Both h ea t and a i r  cu res  have produced fav o rab le  

r e s u l t s ;  a i r  cu re s , of co u rse , have re q u ire d  a  p e r io d  o f  one to  

se v e ra l weeks to  e x h ib it  a  f u l l  c u re . However, th e  u se  o f m agnesia 

has h o t been f u l ly  s a t i s f a c to r y ,  a s  th e  a d d itio n  o f  m agnesia s lu r ry  

to  lacq u ers  produces g e la t io n  in  a  r e l a t iv e ly  sh o r t tim e (1 ,2 3 ) . 

A ccordingly , zinc oxide was chosen a s  a  more d e s ira b le  m etal oxide 

fo r  the  C-MA copolymer cu re .

Creep experim ents were conducted  on th e  C-MA copolymer 

f ilm s , co n ta in in g  up to  10 p a r t s  o f  z inc ox ide. Concurrent t e s t s  

on t e n s i l e  s tre n g th  were a lso  perform ed. These t e s t s  were conducted
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on v u lc a n iz a te s  c o n ta in in g  1 ,8 , 10 p a r t s  o f zinc oxide a f t e r

about a  month o f  a i r  cure  and were re p e a te d  a f t e r  some seven months 

o f s to ra g e . R e su lts  o f th ese  experim ents a re  summarised in  T ab les 

XIV and XV and in  F igu re  XU.

T able XIV

Creep Behavior o f the  C-MA copolymer*; E ffe c t of Sine Oxide

Sun No. Curing A gent, A ir cu re , S tre s§  Conpliance cm2/gm x 105
p a r t s  ZnO days kg/cm2 r iu u n  10' m in i "100 min.

OK— — 28 s . 50 29.S 70.2 —

82 _ 150 S.2b 2b. 1 bg.S —

2b 1 22 9.S9 lb .  6 23.2 32.9
100 1 282 10.28 9.66 18.1 1 7 .3r-,-7 5 20 10.10 b.2S 5.91 7.88
112 5 239 10.90 f i 4.28 6 .05

22 10 "i i*>t 10,00 1.59 2,93 b ,9F
02 10 22S Q-FO 0.70 1.42 2.S§

* /  C-MA copolymer 11 .8 $  a c id , 53$ conversion .

T able XV

The C-MA Copolymer P ro p e r tie s* ; E ffe c t o f Zinc Oxide.

Curing A gent, A ir Cure, T e n s ile , E longation  a t  ASTM s e t ,  
p a r t s  ZnO________ days______ p s i ._____ b re a k , _________ $_______

l b  1570 lH so  7b
1 10 8660 goo 27
5 20 6g so  7co  11
5 239 62bo b 6o  13

10 19 7510 630 30
10 226 73SO 320 38

* /  C-MA copolymer 11 . 8$  ac id - 53$  Conversion-

Gradual d ecrease  in  com pliance and in c rease  in t e n s i l e  

s tre n g th  upon in c re a s in g  the  amount o f z inc  oxide i s  ap p aren t from 

th ese  d a ta .  Corresponding decrease  in  e lo n g a tio n  a t  b reak  and 

f lu c tu a t io n  in  permanent s e t  a re  a lso  o f in t e r e s t .
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The changes in  c reep  behav io r i l l u s t r a t e d  by F igure XII 

a re  seen to  be o f co n s id e ra b le  m agnitude. These changes a r e  not 

r e a l iz e d  from th e  u ltim a te  t e n s i l e  s tre n g th  and e lo n g a tio n  data. 

These creep  curves can a lso  be used to  v is u a l is e  th e  charges in  

th e  approxim ate d i s t r ib u t io n  fu n c tio n s  fo r  r e ta rd a t io n  tim es.

Up to  tim es o f  more than 100 m inu tes, when the flow  c o n tr ib u tio n  

from th e  assumed f lu i d i t y  (3 n  10~9 cnfYgm ) i s  n e g l ib le ,  the  

slone o f th e  creep  curves can b e  taken  a t  v ario u s  p o in ts  to 

re o re se n t th e  corresponding  p o in ts  a t  the  d i s t r ib u t io n  curve.

With one p a r t  zinc oxide, L (lo g 'C ) i s  equal to  3 .5  x  10” -3 cm /gm 

over the range from a  few m inutes to  above one hundred m inutes, 

in d ic a t in g  th a t  the p la te a u  ox th e  d is t r ib u t io n  curve i s  reached 

in  a  few m inutes. F ive and 10 c a r t s  of zinc oxide nroduee d is ­

t r ib u t io n  fu n c tio n s  o f  d i f f e r e n t  c h a ra c te r ;  th e  t o t a l  com pliance 

be ing  le s s  and th e  peak o f th e  d is t r ib u t io n  curve i s  ap p aren tly  

s h i f te d  to  longer tim es. However, th e re  i s  no ap p re c iab le  

d if fe re n c e  between 5 and 10 p a r t s  o f  zinc oxide cu rv es; L ( lc g 'C ) ;  

a t  1 ,10 , and 100 m inutes fo r  th e  two amounts of zinc oxide a re  

1 . 6 , 1 . 1 ; 1 . 7 , 1 -7 ; and 2 . 1 , 2 .0  x  10”5 cm^/gn r e s p e c t iv e ly .  There 

i s  a  re d u c tio n  in  t o t a l  com pliance on in c reased  amount o f  z inc  

ox ide , b u t th e  peak of the  d i s t r ib u t io n  curve does n o t seem to  

be s h i f te d  a p p rec iab ly .

When th e  z inc  oxide cu re  specimens were s to re d  up to 

e ig h t months, a  co n s id e rab le  d ecrease  in  com pliance h as taken 

p la c e . This i s  apparen t from F ig u re  XU and a ls o  from F ig u re  XIU 

where some fo u r  c reep  curves have been run  w ith  specimens (some
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g e l  p re se n t)  cu red  w ith  5 p a r t s  z inc  o x id e , a f t e r  b , l l ,2 5  sn^- 2*4-5 

days. These experim ents a re  a lso  summarized a t  Table X U , and 

the co n cu rren t changes in  t e n s i le  s t r e n g th  and e lo n g a tio n  a re  

g iven  in  Table XVU* Seduction  o f t e n s i l e  from 70^0 to  6?M0  p s i  

and o f e lo n g a tio n  from 65O to  H60 p e rc e n t p r e v a i ls  fo r  th e  tim e 

p e r io d  m entioned. S im ila r  s n a i l  d ecrease  in  t e n s i le  -and re ­

ductio n  in  e lo n g a tio n  i s  apparen t f o r  th e  experim ents d e sc rib ed  

in  Table XIV and XV.

On ag in g , an on in c rea se  o f  z in c  oxide co n ten t th e  re ­

d u c tio n  in  t o t a l  com pliance is  ap p a ren t, a s  evidenced by th e  

successiv e  d ecrease  in  th e  s lo p e  of th e  c reep  cu rv es . In  g e n e ra l 

i t  can be s a id  th a t  5 and 10 p a r t  z in c  o x ide  cu res  r e s u l t  in  

rubbers of a  sm all degree o f " l iv e l in e s s ” , i . e .  th e i r  response to  

an a p p lie d  s t r e s s  i s  slow as  compared to  some e th e r  c u rin g  a g e n ts , 

which a r e  d isc u ssed  elsew here, However, w ith  zinc oxide cu res  

the  C-MA copolym ers have ex h ib ite d  th e  h ig h e s t t e n s i le  s tre n g th s  

(7500 p s i .  -  10 p a r t s  zinc o x id e ) .

In  many a p p lic a t io n s ,  th i s  s t i f f e n in g  o f  rolym er f ilm s  

would be o f u tm ost im portance and th e r e fo re  these  r e l a t iv e ly  sim ple 

creeo experim ents would be o f c o n s id e ra b le  va lue  in  such e v a lu a tio n s .
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Table XVI

Creep B ehavior ox th e  C-MA Copolymers* ; Aging.

Bun A ir C ure, S tre s s   Compliance, cm^/gm x 10 ̂
Ko. days_________kg/'cm^ 1 min. 10 min. IQO min.

19 6 9.56 5-93 s.iij- 11.9s
20 11 9 .93 5.52 7.43 10. MO
21 25 9-^5 H-.66 6.51 S .97
9 0 J J C  7  n 1  rr  t - t  /  £252dM-p f .d ?  -r.iU 5* ip { '5 'J

* f  G-MA copolymer — ll.SfC a c id , 53/̂  conversion; cu re  -  5 p a r t s  ZnO.

Table X7I I  

The C-MA Copolymer P ro p e rtie s  * , Aging.

A ir Cure, T e n s ile ,  E longation  ASTM S e t,
days___________ p s i ,  a t  b reak . 7?________ %______

6 7gUo 650 12
11 7010 600 12
fir— f l  —rr\ T t

2U5 o2h0 U50 13

. * /  C-MA copolymer -  11 . aci d,  53$ conversion ; cure -  5 p a r ts  ZnO.

(c) E f fe c t  o f Organic Compounds. -  Due to  th e  d e s i r a b i l i ty  

o f  a i r  cu res  in  c o a tin g  a p p lic a tio n  and a lso  to  o b ta in  lacq u ers  o f 

improved s t a b i l i t y  and homogeneity as compared to  those cured 

w ith  m etal o x id es, a  number o f organic compounds o f v ary ing  

n a tu re  were in v e s t ig a te d  a s  cu rin g  agen ts  fo r  th e  C-MA copolymer.

The compounds under in v e s t ig a t io n  included conventional rubber 

a c c e le ra to rs  and s t a b i l i z e r s ,  arom atic diamines and polyhydroxy- 

benzenes.

When cu red  w ith  5 p a r ts  cu rin g  agent p e r  100 p a r t s  o f
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polymer th e  r e s u l t s  from th e  creep  experim ents (Table XVIII) 

seem to  d iv id e  th e  o rganic compounds te s te d  in to  two c a te g o r ie s ;  

f i r s t ,  compounds which promote v ary in g  degress o f cu re  and second, 

compounds which a c t  a s  e f f e c t iv e  p la s t i c i s in g  a g e n ts . X ith 

arom atic  diam ines a  most e f f e c t iv e  a i r - c u r e  was o b ta in ed  in  

lv  days a s  evidenced by co n s id e rab le  reduction, in  com pliances, 

when compared to  th e  gum -stock, and a lso  by c o n s id e ra b le  in c re a se  

in  th e  t e n s i l e  s tre n g th  (Table XIX). Somewhat l e s s e r  degrees of 

cure in  lh  days were o b ta in ed  w ith  pcly l'ydrcsybensenes, l ik e  

p h lo ro g lu c in o l, and a ls o  w ith  d iphenylquanid ine. The r e s t  of the  

compounds d id  no t e x h ib i t  any cu rin g  a c t io n  b u t in c re a se d  th e  

com pliances a s  compared to  those o f th e  gum-stock. The correspond­

ing  t e n s i l e  s tre n g th s  were a lso  im paired . Captax, A lt ax , Du Font 

A c c e le ra to r  SOS, E thy l S e len ac , phenyl b e ta  naphthylam ine and p a ra  

to lu id in e  were re p re s e n ta t iv e s  of t h i s  groutu

I t  i s  in t e r e s t  to  note th a t  in  case of arom atic  am ines, 

a t  l e a s t  two fu n c tio n a l groups a re  n ecessary  fo r  e f f e c t iv e  cu re .

This becomes apparen t in  comparing th e  r e s u l t s  o f p-pkenylenediaraine 

and p - to lu id in e  cu re s ; th e  l a t t e r  a c ts  as  an e f f e c t iv e  p l a s t i c i s in g  

agen t w hile  p-phenylenediam ine i s  th e  most e f f e c t iv e  c u r in g  agent 

o f  th e  compounds te s te d .

The creep  experim ents and th e  t e n s i le  t e s t s  were rep ea ted  

a f t e r  more than  *4- months o f s to ra g e . These r e s u l t s  a re  a lso  

summarized in  Tables XVIII and XIX. A number o f ty p ic a l  creep  

experim ents a re  a ls o  shown in  F igu re  XIV. I t  i s  obvious th a t  

g e n e ra lly  the  red u c tio n  o f com pliances, accompanied by a  "s tra ig h te n in g  

out" o f th e  sem i-log com pliance tim e p lo ts  has taken  p la c e  on
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con tin u ed  a i r  cu re .

T h is  o b se rv a tio n  in d ic a te s  th e  red u c tio n  in  t o t a l  com pliance, 

and a ls o  shows th a t  th e  d i s t r ib u t io n  o f  r e ta rd a t io n  t ir .e s  over a  

w ider t in e  range has tak en  p la c e .  The s lo p es  of th e  creep  curves 

o f  the sneciinens cu red  w ith  polyhydrosybenzenes and arom atic 

diam ines a f t e r  be in~  s to re d  fo r  more th an  U months become q u ite  

sm all and th e  v a r ia t io n s  in s lopes become d i f f i c u l t  to  determ ine . 

A ccordingly no a ttem pt has been made in  t h i s  connection  to  determ ine 

th e  d is t r ib u tio n , fu n c tio n s  and to  lo c a te  t h e i r  p o s s ib le  p eak s . I t  

can  be n o tic e d , however, th a t  p h en o lic  type cures  w i l l  produce 

s t r a ig h t  l i n e  creep  p lo t s  in  a  much s h o r te r  tim e of a i r  cu re  than  

by arom atic diam ine c u re s . At f i r s t ,  w ith  pheno lic  c u re s , the 

d i s t r ib u t io n  fu n c tio n  has i t s  peak a t  r e la t iv e ly  sh o r t tim es as  

cghioclx*3& to  clioniinc cnrss$ cine, vri.i.1. th c r6 fo r^  r^ST^oticl 11101*0 oiii-CKTxy 

to  a p p lie d  s t r e s s e s .  On ag in g  th i s  d i s t in c t io n  becomes le s s  

ap p a re n t. I t  i s  o f  i n te r e s t  to  no te  th a t  even w itn  phenyl b e ta  

naphtnylam ine, which i s  cu sto m erily  u sed  a s  an a n tio x id a n t,  the 

re d u c tio n  in  com pliance r e s u l t s  on co n tin u ed  s to ra g e .

U ltim ate  t e n s i l e  s tre n g th s  a lso  y ie ld  u s e fu l  in fo rm ation  

in  reg a rd  to  cu re  and ag in g  (Table XIX). Maximum te n s i l e  s tre n g th s  

o f 53^0 p s i .  lav e  been o b ta in ed  w ith  5 p a r t s  of p-phenylenediam ine 

a s  a  cu rin g  ag e n t. With polyhydroxybenzenes, p h lo ro g lu c in o l ex­

h ib i te d  2700 p s i .  a s  th e  b e s t r e s u l t .  O rganic compounds which 

were not e f f e c t iv e  cu rin g  ag en ts  a s  determ ined from th e  creep 

d a ta , have shown te n s i l e  s tre n g th s  which a re  g e n e ra lly  le s s  th an  

th a t  of the  C-MA gam -stock, 1570 p s i .  w ith  these  compounds, on
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s to ra g e  f u r th e r  re d u c tio n  in  te n s i le s  lias occured, even though, 

red u c tio n s  in  compliance a re  e v id e n t.

P ro longed s to rag e  has g e n e ra lly  l i t t l e  e f f e c t  on th e  

t e n s i l e  s tre n g th s  o f th e  C-MA copolymer which had o r ig in a lly ' been 

v u lcan ized  w ith  diam ine and polyhydrcxybenzene t y e  c u rin g  ag en ts  

'w ith a ro m atic  diam ines on pro longed s to ra g e  most compounds produce 

sons in c re a se  and g e n e ra lly  approach ^COQ p s i . ,  i n i t i a l l y  e x h ib ite d  

by p-phenylenediam ine c u re . A ccordingly  b en z id in e , d ia n is ic lin e  and 

diamino d iphenylene methane have shown an in c rease  from the  i n i t i a l  

3770, 2660, and 2620 p s i .  to  5000, 3890 and bii-10 p s i .  re s p e c t iv e ly  

on pro longed  a i r  c u re . I f  p-phenylenediam ine i s  need in  equ im olar 

q u a n t i t ie s  to  ben z id in e  i t  i s  o f in t e r e s t  to  note th a t  a lso  

o r ig in a l ly  alm ost id e n t ic a l  t e n s i l e  s tre n g th s  o f 3S'^0 and 3770 p s i .  

a r e  r e a l iz e d .

W ith polyhydroxybenzene c u re s , an in te r e s t in g  tre n d  be­

comes a p p a re n t. The compounds used  can be l in e d  up in  t h e i r  

d ec reasin g  o rd e r  o f e f fe c tiv e n e s s  a s  c u rin g  ag en ts ; p h lo ro g lu c in o l, 

r e s o rc in o l  and c a te c h o l. Hydroquinone has to  be o m itted  a s  i t  i s  

n o t com plete ly  com patible w ith  the  C-MA copolymer. The above order 

has  been reduced from th e  creep  experim ents and a ls o  from the  

te n s i l e  d a ta .  I t  appears th a t  th e  s p a c ia l  a v a i l a b i l i ty  the 

hydrosy l groups to  produce in te rc h a in  lin k ag es  determ ines th e  

e f fe c t iv e n e s s  o f  these  c u rin g  a g e n ts .
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T ab ls  m i l

Creep Behavior of th e  C-MA. Copolymers*; A ir Curo with.
Organic Compounds.

Run No. Curing ag en t, 
5 p a r t s

A ir Cure, S tre s s ,
kg/cm2days i  mm.

lia n c e  crn^/gm x 10~ 
10 min. IDOlrilh;

2S
28b
'43
49b
64
50
50b
46
46b'h'.

39

93030

i|5U. s
72,

42b
32
^2b
48

48b
51

37
29

29b
52 

,52b
30 
30b
71

gb
o 2 d

l 4
IPO

p-phenylenedia-
mine

b.PS 
S. 24 
c: lias

2.48
2.41
c c l

6.45 
4.3 s
i cr; i jl • y~r .41

ii it 135
14

s . 4s 0.51 O.bb p .8b
benz id in e s . 51 1.30 2.50 4.45

11
l6 7 3.52 0.b2 o . l l 0.95

p h lo ro g lu c  in o l l 4 9.51 1.84 3*19 4.69
« i 4o 9-75 1.01 1.25 1.45

dxan i s j.c.xne l 4 9.11 1 .53 3. G3 p.
diam ino dipheny-

l 4le n e  methane S.59 1.27 2.31 1.25
r e s o rc in o l l 4 8.15 2,28 4 .QF T ✓ ✓:: 137 8.82 — 2.00 2.74
d ipheny lauan id ine 14 0 n  - '0 2 2.04 ii C; —

orri'i '“"'h Ql l 4 ° .b l 0 ‘in.... • —
I! !! l) jl_L. i J. e 70 •“"O- 1.64 rr; —

c a te c h o l l 4 10.S5 5.10 - —
u 134 9.18 1.55 2 . 4p -

Thi ones 14
9.S4

p 7,7 r > . \ ,O.-r-4- —
w 183 2.07 4.08 -

pheny l b e ta  nap-
s.6sht'nylam ine l 4 3.45 — —

it ti 122 7.65 2.23 4.46
b e ta  n i t ro s o  nap-

h thy lam ine 14 9.42 3.82 - -
E th y l Selenac l 4 7.25 3.01 — —
A c c e le ra to r  808-

5.6510 p a r t s 14 3*90 11.50 —
11 * 11 162 7.31 p . op 3.86 —

p - to lu ia in e l 4 9.73 4.17 — -
11 11 128 9.35 2.58 5.^3 —
C artax l 4 8.62 4.30 -

ii 192 10.79 4.40 — —
A T v r\ 1 vcw 14 c-r "7 c?• 1 <-> I t <?o~T 9 Ut. - =

0 091 10.60 4.25 — —
hydroouinone l 4 9.26 2.20

4 1
-

11 433 8.^4 1.54 3.61

* /  C-MA Copolymer 11. 8$ ac id ; 53$ conversion .

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



-Uo-

T able XIX

•The C-MA Copolymer P ro p e r tie s  * ; A ir Cure w ith  Organic Compounds 

Run Ho. Curing a g en t, A ir cu re , T e n sile  E longation  ASTM s e t ,
% i

26 
12 
28 
35
n

45

3
11
2°

8 
U5

5 p a r t s days p s i . a t  bre^

28
lig
49b

gum
p-phenylenediam ine

l 4
l 4

1570
5% o

1420
290

11 11 135
. 14

53,80 660
64 " “ 2.9Up 3s4o 960
50 b en sid in e 14 3770 1020
FOh 11 167 “Ten

f  ' i\y

46 p h lc ro g lu c  in o l ~1 .4 27CO 12*40
46b it l4o 2760 830
44 d ia n is id in e 14 2bo0 1260
44b it

xs 3§90 750
IQ
J t  J !

^ i orwi va A  ̂ V><-\v*\t•’■"J
u-.0*u*iiw J-Oi iSZi

QUOA
C4'CU 1170

methane
32b 11 11 133 94io 710

r e s o rc in o l 14 2330 1120
h r v
VJW 1! 137

2240
1000

U5
45b

diohenylcruanidine 14 1160
'  11 i4o 1360 980

2-3 o-ajnino phenol 14 1720 1300
43b ti t! 141 lb50 990
42 c a te c h o l 14 1630 1300
42b 11 134 1750 1065
32 Thionex »i 1 Tf3i ** 1500
32b ti 188 io 4o 1150
48 phenyl b e ta  m aphthyla-

14
4gb

mine 1900 i 4oo
II II 13 122 1050 1120

51 B eta n i t ro s o  naphthb l 14 1500 12*40
51b n 11 11 136 1690 960
37 E th y l Selenac 14 1450 1420
37b ti ii 180 1320 1020
29 A c ce le ra to r  808-10 p a r ts

149014 1580
29b 11 n 11 ti 162 670 1150
52 p - to lu id in e 14 1800 1300
52b 11 128 1020 1080
30 Captax 14 1370 1550
-» /-VS..yjQ 192 820 1330
31 A ltax 14 1350 1550
31b n 162 930 1300
62 hydroquinone 14 1250 1200
62b n 133 1750 1020

32
d8
32
faQ 0j

%
S3

1°^3
72
27

57

48
S3
90 
7 S
91 
50
33

* / C-MA Copolymer 11, 8$  a c id , 53^  conversion .
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(d) F u r th e r  E v a lu a tio n  o f Aromatic Diamine a n i  Fol*hy droxyb enc ene 

Cures. -  The r e s u l t s  o f  th e  p re lim in a ry  s tudy  on organic c u rin g  ag en ts  

have w arran ted  a  more thorough in v e s t ig a t io n  o f  diam ine and polyhydro- 

xybenzenes c u re s . P h lo ro n u c in o l and p-chenylenediam ine were used a s  

re p re s e n ta t iv e  corunounds in  eouim oler c u v n t i t ie s  (5 p a r t s  ph lorqg luc 'ino l)- 

To g a in  f u r th e r  in s ig h t  in to  th e  n a tu re  o f th e se  c u re s , creep  b eh av io r, 

nf "‘'j’' t ' ’e amount o f e n ^ t^ ^ i r l s  (*-ri t h  m etnm ol}

were determ ined a f t e r  11 , 26 and 50 days o f a i r  cu re . Also the weight 

lo s s  o f f re e  f ilm s  was determ ined in  a  two month p e rio d  o f a i r  d ry in g .

To p o ss ib ly  g a in  f u r th e r  in form ation  on c u re , commercial iTeoorene AC 

lacq u ers  were te s te d  co n cu rren tly  w ith  th e  C-MA copolymer f ilm s .

R esu lts  o f  th e  creep  experim ents on th e  C-MA film s a re  

shown in  F ig u re  XV and Table XX. For oho ’C-MA gum specimens r e l a t iv e ly  

l i t t l e  decrease  in  com pliance was observed on s tan d in g  fo r  5'0 cay s .

V/it/1"' T'Vi 1 o^cr ^ u c ^ o 1 c ; ' " ' ^ p i-y a ii  ̂p ̂ v-.q 0^ r' 00 ^ ̂  S'S in

com pliance on co n tin u ed  a i r  cu re , acco: u an ie d  w ith  a spread ing  o f 

r e ta rd a t io n  tim es over a  w ider t in e  s c a le .  Corresponding com pliances 

were le s s  fo r  p-phenylenediam ine c o re s , and accompanying spread ing  of 

re ta rd a t io n  t in e s  was a ls o  le s s  a s  evidenced by creep  curves of mors 

concave c h a ra c te r  than  th o se  r e s u l t in g  from p h lo ro g lu c in o l cu rv es.
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3 . CO 6 O'1W • wS-- -

2.05 r“ -

l . p l 4.41 —
1 *̂7 1»C| p 7 * k 70 J ' J JT • r'i JL 9 A'hf 1 Î Q O CO• JZJ
G.26 l ’.2b l . b 7
C.S'r 1.70 5.17
0 .70  
0 .45

1 .26
0 .6 s

2 . iq
1.04

T r fc le  XX

Creep of th e  C-MA. Copolymers*; Fh loroy luc in o l .1110. r-rh o n y le n e d ia -  
mine Cures.

Cur in s  agent A ir cu re , Cc:rrliance c;n^/ £jnxlOT
days 1 min. 10 :;lh , ICO ..Ah.

11
25ft1’"'>/

p h lo ro g lu c in o l, 5 w arts  11II OC
a  ̂ 56

c-nhenylenediam ine ^-.2$[p 11
" 25

50

* j  C-MA copolymer 12 . 7,* a c id ; yxfe conversion .

In  F isu re  XVI a  few of the r re v io u s lv  d iscu ssed  creep  

experim ents a re  p lo t te d  on an exaggerated  sc a le  of com pliance; th e se  

runs were a ls o  c a r r ie d  to  a  lo n g er exoeriaien tu l t i r e  s c a le .  C uite 

an  ab ru p t change in  slope o f the creep  curves during  th e  experim ent 

i s  ap p a ren t, r e s u l t in g  in  creep curves re p re se n ted  by two s t r a ig h t  

l in e  p o r tio n s  o f d i f f e r e n t  s lopes on the  co n o lian ce -lo g  t  p lo t .

T his s o r t  o f  o b se rv a tio n  has been a ls o  made by Hahn and Sazdik (22) 

in  t h e i r  c reep  study o f neoprene 3 .

D eterm ination  o f the  approxim ate d is t r ib u t io n  fu n c tio n s , 

L (logTo), becomes a s so c ia te d  w ith  sore d i f f i c u l t i e s  in  in te rp r e ta t io n

a s  a  second maximum would be r e a l iz e d  i f  a  co n stan t v is c o s i ty  con­

t r ib u t io n  i s  su b tra c te d , (F igure LX). Presumably a  change in  v isco u s 

flow  i s  a s so c ia te d  w ith  th e  change in  th e  slope o f  the  creep  cu rve . 

Also th e  d i s t r ib u t io n  fu n c tio n  o f  a  more "norma l 11 shape would r e s u l t  

i f  the  new flow  c o n tr ib u tio n  i s  taken in to  account.
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No s a t i s f a c to r y  creep  experim ents cou ld  be c a r r ie d  out 

w ith  Neoprene AG. I t  was s im ila r  in  i t s  b ehav io r to  a  sajnple of 

Goodyear’s Neoprene c o a tin g , by showing no a p p re c ia b le  creep  w ith  

a  s t r e s s  o f some 10 kg/cud- b u t which e x h ib it  la rg e  creep  and neck­

ing  under la r g e r  s t r e s s e s .

T e n s ile  s tr e n g th , e lo n g a tio n  a t  b reak  and ASTM s e t  a re  

summarised in  Table XXXfor th e se  experim ents. T e n s ile  s tre n g th s  

fo r  the  C-MA. copolymer show improvement on in c o rp o ra tio n  o f  cu rin g  

systems and a ls o  on s tan d in g  w ith  p h lo ro g lu c in o l cu re ; the t e n s i le  

o f 1790 p s i . ,  determ ined a f t e r  11 days of a i r  cu re  Improved to  

2S9G c s i .  a s  measured a t  ^0 days. With r—phenylenediam ine cu re  

a  maximum te n s i l e  U32O p s i .  was achieved a f t e r  2b d ays. Neoprene 

AC gum specimen had a  t e n s i le  o f  kSjp  p s i .  a f t e r  11 days, in ­

c rea s in g  to  5250 p s i*  fo r  50 days of a i r  cu re . These h igh  te n s i le s  

f o r  the  gum specimens were n e t unexpected, as  Neoprene AC i s  in  

h igh s ta te  o f  c r y s t a l l i n i t y  e sp e c ia lly  when s tr e tc h e d .  Upon in ­

c o rp o ra tio n  o f p h lo ro g lu c in o l, th e  t e n s i le  was reduced to  pcCQ 

p s i . ,  and v e ry  l i t t l e  change was no ted  on s ta n d in g . P araphenylene-- 

diamine produced improved te n s i le s  (53'CO p s i . ) ,  which a lso  showed 

no s ig n if ic a n t  change on s tan d in g .

R e su lts  o f  th e  Soxhelt e x tra c tio n s  o f th e  C-MA copolymer 

f ilm s a re  summarised in  Table XXII. Methanol was chosen as a  so lven t 

because p h lo ro g lu c in o l, p-phenylenediam ine and k e to n ic  so lv en ts  a re  

a l l  so lu  b le  in  i t .  The C-MA gum film s were about 10 p e rcen t 

e x tra c ta b le  ; the  gum specimens of Neoprene AC d id  not y ie ld  more 

than  7*5 r e r c e n t  e x tr a c ta b le  m a te r ia l,  d e tra c t io n s  f o r  the  cured
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specimens show no more th a n l2 .5  re rc e n t  e x trm  ta b le  m a te r ia l  f o r  the 

C-MA copolymer and 10.5  p e rcen t fo r  neoprene AC v u lc a n iz a te s . In 

comparison w ith  the c o n tro l these  r e s u l t s  imply th a t  a  c a r t  of the  

cu ring  agen t i s  f irm ly  hound to  the polymer to  yield i t  n o n -e x tra c t-  

a b le . In te s t in g  the  gum e x tra c ts  w ith  2 U d in i  tro p h sn y lh y d raz in e , 

a  p o s it iv e  t e s t  fo r  the carbony l group r e s u lte d , being  le s s  d i s t i n c t

jr* u. >. . j_ _  *w«-* — a A  m u  ^  — —v a- 4-  _■ —  _  j r * ___ i _______ i .  ^  „  j - '- .  T
i,Hf’ OlidiU U-L ItOUjJX'diC? .JiV • iliO  V-L tXli-VcillU -LII Viitf i  j. tatir> ŷu.

s to rag e  seems to  be a  necessary7 co n c lu sio n , E x trac tio n s  a f t e r  2b days' 

o f  a i r  cure r e s u l te d  in  le s s  d i s t in c t  t e s t s  f o r  the  carbonyl group, 

E x tra c ts  from p-pheijylenediam ine cured  specimens gave a lso  a  t e s t  

f o r  prim ary amines w ith  n ic k e l c lilo rid e  and 5 -n itro sa lic y la ld e h y d e .

As r e te n t io n  of ketone so lv en ts  in  the  C—MA ccno'hmiep film s  

has been sugge s te d  by se v e ra l o b se rv a tio n s , the w eight lo s s  o f  f re e  

polymer film s  has been determ ined in  the course o f  two months,

1 "nrr p w r i r i y  -r r-\ n n r i a f o r v f  r*Hi‘ * r i  -y~\ art--' rs'n t*. c*V*4i*-< V u w wUj.10vi.Uiv —x* vcV̂ ux̂ /* ‘s  '—'A ^  *■ a—j* * «*

lo s s  o f approxim ately  2 gram fre e  f ilm s  was recorded  p e r io d ic a l ly  

a f t e r  h days of a i r  cu re  on g la ss  p ish e s . These d a ta  a re  shown in  

F igure XVII. The w eight lo s s  o f lie opr one AC specimens d id  not 

exceed O.p p e rcen t in  a  50 oay p e r io d , w hile  the w eight lo s s  fo r  

the  cured  C-MA film s  was approxim ately b  p e rc e n t. The carboxyl 

group in  the  C-MA copolymer i s  ap p aren tly  e f fe c t iv e  in  tra p p in g  some 

of th e  ke to n e '.so lv en t by a s so c ia tio n . I t  i s  of i n te r e s t  to  note th a t 

fo r  gum samples of b o th  C-MA copolymer and Neoprene AC, co n sid e rab ly  

le s s  weight lo s s  occured than fo r  specimens w ith  cu rin g  a g e n ts .

This seems to  in d ic a te  th a t  some more so lv en t i s  a s so c ia te d  w ith  the  

cu rin g  agent and rem ains in  the film s  f o r  some tim e. A fte r  pO days 

o f a i r  d ry ing  th e se  f re e  film s were dryed to  co n s ta n t w eight in  vacuo
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a t  50° C. A d d itio n a l s n a i l  decrease  in. w eight occured, rang ing  from 

0 p e rc e n t f o r  Neoprene AC gum sample to  0.97  p e rc en t f o r  Neorrene 

AC, cu red  w ith  p h lo ro g lu c in o l.
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Table XXI

P hlorog lucino l and p-Phenylenediamine as Curing Agenfc3 fo r  the C-MA 
Copolymer* and Neoprene AC.

Polymer and 
Curing Agent Amount ,$

T e n sile , p s i.
A fter A ir cure,Days

11 26 50

Nlon;nation a t  Break 
A fte r A ir Cure,days 

11 26 50

i  ASTM s e t ,  $
A fter Air Cure,Bays 

11 26 50

C-MA -- 1325 1750 1590 1030 950 960 70 57 54
Neoprene AC - H63O 5150 5250 890 820 880 35 24 28

C-MA, ph lo rog lucino l 5 1790 i860 2890 1000 840 830 49 30 21

Neoprene AC, 
ph lo rog luc ino l 5 3600 3520 3710 83.0 85O 830 33 34 28

C-MA, p-phenylene- 
diamene 4.29 31**0 4320 4120 870 880 8J0 51 38 39
Neoprene-AC, p- 
phenylenediamene 4.29 5300 5320

0£0O

900 8&) 8^0 35 36 42

* / C-MA copolymer 12.7$  ac id ; 55$ conversion.

iun
Y



Table XXII

E x tra c tio n  of the C-MA Copolymer Film s w ith  M ethanol.* /

Film E x trac ted  Film  E x trac t
♦ ♦wb .  loss.gm s A Wt. lo s s dry Y /t.,g;is. Corresponding 

»ft.  lo s s

A fte r  11 days a i r  c u re .
_u-r-m -  gum r \  1 1 s s  r \ r —v* r r \  *1 cr«-ve*

u . j - y u o
“7
1 O-8-

Neoprene AC-gun 0.1592 7.55 0.1b05 7.57
C-MA, p h lo ro g lu c in o l 0.2777 12 .FS — —
Neoprene AC " 0 .P.1S9 9 *b5 — —

C-MA, p-phenylenediam ine 0.2567 11.24 O.2363 10.35
Neoprene Ac ” 0 . 22S5 i.u.35 G.2G33 9-20

A fte r  26 days a i r  cu re .

C-MA -  gum 0.1574 Q-U7 m *
Neoprene AC-gun O.I503 7 n?I *
C-MA, p h lo ro g lu c in o l O.2665 12.2
Neonrene AC " 0.2115 9 .45
C-MA, p-phenylenediam ine 0.2787 1 2 .2 '
Neoprene AC 55 0.2033 9.19

/ v— C/OpUo-̂ r juoj. • j jv )̂J/^ conversion.

O.l^SO 3 . 4g
0 . 14^6 0 .73

11
0.1822 S .Ip
0 . 2b01 11. 3S
o.isyo s.47
fL crog lucinci

and O.OS^S gms p-phenylenediam ine used  in  each f ilm .
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5e in f  ore ene a t . -  The p o s s ib i l i ty  to  re in fo rc e  the 

C—MA copolymer w ith  various carbon, b lack s  and hydrophobic s i l i c a  

was in v e s t ig a te d . The r e s u l t s ,  summarised in  Table !QCEII in d ic a te  

th rt g e n e ra lly  no ap p rec iab le  re  in f  ore er.ent i s  o b ta in ed , r a th e r  

lo ad in g s  up to  20 and Uo p a r t s  carbon, b la ck  r e s u l t  in  im paired  

t e n s i le  s tre n g th s ,  reduced e lo n g a tio n s  and in creased  permanent 

s e ts .  Hydrophobic s il ic a , load ings o f  10 and 20 p a r ts  have 

e f fe c te d  some i::r rover.ent as 00.10:0x91 to  th e  c o n tro l.  However, 

permanent s e t  has in creased  as  in  th e  p rev io u s  c a se . R eduction 

in  com pliance has a lso  taken p la c e  when go ing  fro.1;- 10 to  20 p a r t s  

hydrophobic s i l ic a *  as  evidenced by th e  c reeo  t e s t s  d e p ic te d  in  

F igure  XVIII.

As th e  C-MA c o rc ly re r  i s  a c id ic  in  i t s  n a tu re ,  i t  was 

o f  in t e r e s t  to  determ ine th e  e f f e c t  o f  b a s ic  and a c id ic  carbon 

b lack s  a s  lo ad in g  a a t e r i a l s .  Huber IIX, a  ch a rn e l b lac k  and 

P h ilb la c k  0 , h ig h  a b ra s io n  furnace b la c k  were chosen a s  re ­

p re s e n ta t iv e  m a te r ia ls , e x h ib itin g  com parable su rfac e  a r e a s .

There was some in crease  in  gum te n s i l e  s tre n g th s , w hile w ith  

cured sanp les  (p-phenylenediam ine ) no improvement was r e a l is e d .  

However, in  b o th  cases th e re  was an in c re a se  in permanent s e t  on 

lo ad in g . The creep experim ents conducted or' th e se  samples 

shewed th a t  th e re  was no red u c tio n  in  com pliance fo r  gum specimens 

a s  compared to  the c o n tro l ,  Vfith cu red  sam ples, lo a d in g  a f fe c te d  

a  n o tic e a b le  red u c tio n  in  com pliance. There was no d a ta  to  in ­

d ic a te  b a s ic  d iffe re n c e s  between the  two carbon b la c k s . This 

presum ably Im plies th e  la c k  o f p a r t ic ip a t io n  o f the carboxyl 

groups on carbon b lack  s o rp tio n .

These r e s u l t s  a re  in  conform ity w ith  th e  a n t ic ip a te d

ten d en c ies  o f the C-MA copolymer as  a  s t r e s s  c ry s ta l l iz a D le  rubD er.
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Table XXIII

The C-MA Copclymer P ro p e r t ie s : E ffe c t o f Loading.

Polymer Load, c a r t s  ( 3) T e n s ile . E longation ASTM S'
r s i a t  b reak , $ i

15 .7^  a c id ,  o6j>b conv •  (1) R .S ., 2 5370 olO 19
h  11 11 n P -33,2 5200 605 IS
n  11 n  11 P -77,20 4-700 500 22
11 f t if H P -33*1̂ 33.10 53° —

13.2$  a c id ,59^  conv. (1) ,2 5bbO obO
n  it  »  11 E .F .C . ,2 57l40 710 12
11 11 11 11 E.P.O . , 20 J+650 530 13
If fl II !! E.F.C .,U o 1+330 440 i p;— y

l l .S ^  a c id , 53‘P conv •  (2) —
-7  r\r\r\i jyO 400 20

11 ‘ 11 t i * "  11 Hydrophobic
s i l ic a . ,  10 1+670 370 25

t i  11 11 11 5. C
s i l ic a . ,  20 ^•530 ISO 37

(1) Cure: Ons n3ut Mgp — 2 hours a t  12GC C.

( 2 ) Cure: 10 p a r ts  E th y l Zim ate, 2 p a r t s  diamino diphenylene
m ethane- 2 months a i r  d ry in g .

(} ) R .5 . -  Royal S p e c tra  -  c o lo r  31 : ck
E.F.C . -  Hhsy p ro c e ss in g  Channel B lack ,

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



T a b l e  X X I?

The C-MA Copolymer P ro p e r tie s  ( l ) ;  E ffe c t o f Acid and 
B asic  Carbon. B lacks.

Curing Agent Load, p a r t s  (3 ) T e n s ile ,  E longation  ASTM
"_______________ p s i .  a t  b reak  % s e t ,  ft

(2) -  -  1750 950 57
EuberHX ,10 24-90 880 110

— Phi lb  la c k  0 ,10  25-00 SOO 9^

( 2) p -pheny lened ia 'r.ine ,;i .3p -  U32O SSO 52
o-phenylened iam ine, ^-.50 Huber HX,10 U000 710 52

« “ * P h ilb la c k  0 ,10  Uo40 730 4o

( 1) C-MA copolymer 12. 7^  a c id , 55$ co n v ersio n . T ested  a f t e r  two 
weeks o f a i r  cu re .

( 2 ) T ested  a f t e r  26 days of a i r  c u re .

( 3 ) Huber HX -  p5 = U.d; su rfa c e  a re a  JS o a r t i c a l  s iz e
365A*

Ph^ilblack 0 -  uHf 9 *0 ; su rface  a re a  84 p a r t i c a l  s iz e
34 7a  .
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FIGURE XVIII , ;

CREEP OF, THE C-MA ■ COPOLYMERS: REINFO EICEMBNT

WITH 'CARBON BLACK !AHi> ;  ' ’
HYDROPHOBIC SILICA.

L egend?
H- Hubar HX Bl&ck 
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ip... h y d r o p h o b ic  . .a i l ic A  .t

;l~ 20  p. hydrophobic 3i l l p a
100

Tirap, minute.3



were o r ig in a l ly  undertaken  to  le a rn  more about th e  m echanical 

behav io r o f  the  C-MA vu lcan iza t- 'S  and on th a t  a d d i t io n a l  in fo r ­

m ation base some c o r re la t io n  w ith  th e  r a in  e ro sio n  b eh av io r. The 

la c k  of r a in  e ro sio n  d a ta , however, has h indered  th i s  c o r re la t in g  

program . Only one s e r ie s  o f  C o rn e ll r a in  e ro sio n  t e s t  f ilm s  , 

p rep ared  in  th i s  la b o ra to ry  (1 ) ,  have co n cu rren tly  been te s te d  

f o r  th e i r  v is c o e la s t ic  b eh av io r. These r e s u l t s  a r e  summarized 

in  Table XXV and F ig u re  XIX. I t  i s  apparen t th a t  th e re  i s  no 

obvious c o r r e la t io n  between th e  two t e s t s .  Goodyear*s and 

G ates1 neoprene co a tin g s  lav e  thus f a r  e x h ib ite d  most d e s ira b le  

r a in  e ro sio n  r e s is ta n c e  c h a r a c te r i s t i c s ,  and b o th  have e x h ib ite d  

extrem ely low com pliances, a s  compared w ith  those of th e  C-MA 

v u lc a n iz a te s . However, th e  g e n e ra l re d u c tio n  in  com pliance has 

h o t n e c e s s a r i ly  re s u l te d  in  Improved r a in  ero sio n  r e s is ta n c e .

Zinc oxide v u lc a n iz a te s  have been shown o f  being in f e r io r  to 

organic cu rin g  a g e n ts . The b e s t  o rgan ic  cu rin g  system c o n s is te d  

o f  d ianinadipheny 1 ene methane and G oodyear's A c c e le ra to r  9S3-C; 

t h i s  system would be expected to  e x h ib it  r e l a t iv e ly  low com pliance 

Cures w ith  Goodyear’s A cc e le ra to r  9S3-C produced second b e s t 

r e s u l t s ,  b u t  e x h ib ite d  v a r ie d  creep  b eh av io r (F igure  XIX). I t  

seams th a t  a t  the p re se n t s ta te  o f  knowledge th e  e f f e c ts  o f 

c u re , p ig m en ta tio n , f i l l e r s ,  and. smoothness o f  the  c o a tin g  a re  

a l l  im portan t to  r e s u l t in g  in  a  s a t i s f a c to ry  r a in  e ro s io n  r e ­

s is t a n t  c o a tin g .

I t  has been re p o rte d  th a t th e re  i s  some "bubb ling11 

w ith  th e  C-J4A copolymer specimens during  th e  r a in  e ro s io n  t e s t .

I t  was b e lie v e d  th a t  t h i s  might r e s u l t  from some so lv e n t which
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has "been tra p p ed  by th e  c o a tin g . A ccord ing ly , in  a d d itio n  to  

o re v io u s ly  d e sc rib e d  w eight lo s s e s  of f r e e  f ilm s , creep  ex p eri­

ments were ru n  on th e  C-MA cooolymer when c a s t  from t ’nree 

d i f f e r e n t  so lv e n t com binations of cyclohexanone, m ethyl iso b u ty l 

ketone, to lu en e  and x y len e , and a f t e r  id e n t ic a l  a i r - c u r e  (2k days) 

V aried  c reep  beiiav ior r e s u l te d  (F igu re  XX). The m ixture
1 a  <-» _ —. —.___-I —• -» f  -r-fT lr-n 4* a  i 4-1̂, ̂Uy  V U J - U L 1 V  U i  U J - U  5 i ' i f T  V l - ^ V  U -  l i j i j v u v J - X  r v « m  o  i m  v u u v / o u  v i i o

creep curve of h ig h e s t com pliance. The y J ; pO m ix tu re  of m ethyl 

iso b u ty l k e to n e , to lu en e  and 25 : 37- 5 : 37*5 m ix ture  o f  methly 

iso b u ty l  k e f one, to luene  and xylene y ie ld e d  alm ost id e n t ic a l  

c reep  cu rv es . The f i r s t  so lv en t m ix ture o f cyclohexanone and 

m ethyl iso b u ty l ke tone  was expected  to  rem ain lo n g e s t in  the 

la cq u e r f ilm s  a s  cyclohexanone i s  th e  h ig h e s t  b o i l in g  o f  the 

so lv e n ts  u sed , and th e re fo re , welds th e  h ig h e s t com pliance.

The o th e r  two so lv en t m ix tu res  dem onstrate th a t to lu en e  and 

xylene b o th  a r e  la rg e ly  l o s t  during  t h i s  r e r io d .  I t  i s  r rc b a b le  

th a t  ketones in  g e n e ra l may be excected  to  rem ain lo n g e r in  

copolymer f ilm s  due to  a s s o c ia t io n  w ith  th e  carboxyl groups.

T his assum otion  i s  c o n s is te n t  w ith  th e  c r e e r  d a ta .
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6. E f fe c t  o f Comoosition and C onversion on Creep

B e h a v io r .-  Due to  g ra d u a lly  in c re a s in g  in te n n o le c u la r  fo rc e s  

when in c re a s in g  th e  n e th a c ry lic  a c id  co n ten t in  th e  copolymer, 

one would expect a  g rad u a l re d u c tio n  in  com pliance. Reduction 

in  com pliance i s  a lso  a n t ic ip a te d  on in c rea sed  co n v ersio n s. A 

s e r ie s  o f  th e  C-MA copolymers o f  a c id  co n ten t vary ing  from 6 .U 

to  21 p e rc e n t and o f  conversions v a ry in g  from 25 to  55 r e rc e n t  

were te s te d  fo r  t h e i r  creep  behav io r and t e n s i l e  p ro p e r t ie s  

(T ables XXV and I I ) .

Table XXVI

Green Behavior o f th e  0—KA. Copolymers* ; E ffee t  o f
a c id  C ontent and Conversion.

Polymer
Acia5 C onversion, Curing a g e n t, S t r e s s ,  Compliance cm^/gm x  10

^   p a r t s  - k g /csn  1 min. ' lO .n in . ICQ a in .

6 .U 23 -  S. 93 '4.66
15 29 7 . 6O . 2 .10  6.92
15 55 -  S .6U 1.29  3 . 2U
21 33 -  s.33 ' 1 .27  3*02
21 48 -  9 .22  I.OU 2.21
21 US p h lo ro g lu c in o l,5 10.82 0 .8b  1 .62  3 .91
21 US p—oheny 1 ene-

diam ine,U .29 S .IS  0 .S1 1 .U6 2.92

* / Four p a r t s  o f  te tra m e th y l th iuram  d is u l f id e  m ille d  in  to  a t t a i n  
com plete s o lu b i l i ty .  Film s a i r - d r i e d  f o r  20 days b e fo re  t e s t in g .

Creep b eh av io r o f th e se  copolymers i s  a ls o  shown in  F igure  XXI,

in d ic a t in g  th a t  th e  p re d ic te d  tre n d  p r e v a i l s .  I t  i s  o f in t e r e s t  to

n o te  th a t  the  two C-MA copolymers o f 15 and 21 p e rcen t a c id  r e s u l te d

in  alm ost id e n t ic a l  creep  cu rv es, b u t e x h ib ite d  co n v ersio n  o f  55 and

33 .p ercen t re sp e c tiv e ly ’ . A pparen tly , m olecular w eight o f  the  h ig h er

conversion  polymer i s  such th a t  to  cause th e  two eopolyrners to  show

s im ila r  creeo  b eh av io r.
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The C-MA copolymer o f 21 p e rcen t a c id  and b-S p e rc en t conversion  

was a lso  cured  w ith  V r o r t s  p lilo ro g lu c in o l and h,2$  p a r t s  p -p h o ry l-  

enediam ine, to  observe the e f f e c t  o f  h ig h e r a c id  co n ten t on th ese  c u re s , 

p re v io u s ly  d escrib ed  in  d e ta i l  f o r  a  copolymer o f  I d .7 p e rc e n t a c id .

I t  was o f  co n s id e rab le  in te r e s t  to  n o te  th a t  in  th is  case  p h lo ro g lu c in o l 

cu re  r e s u l te d  in  a  t e n s i le  o f  hpSO p s i .  ( s e t—225&) w hile tn a t  of 

p-phenylenediam ine cure was only 31S0 p s i .  ( s e t  3^ ) *  The diamine cu re  

s t i l l  e x h ib i ts  a >lower com pliance than  th a t  shown by p h lo ro g lu c in o l 

cures b u t th e  d iffe re n c e  lias become co n sid e rab ly  le s s  as  compared to  

s im ila r  runs in  F igure XV fo r  a  copolymer o f 12.7 p e rcen t a c id .

As a  r e s u l t  o f th i s  d a ta  and th a t  o f Xeorrone AC v u lc a n iz a te s , 

i t  seems p la u s ib le  to  assume th a t  th e  G—MA copolvmers a re  a i r —cured  

m ainly through ch loroprene u n i t s  w ith  p-phenylenediam ine, w hile  

through carboxyl groups w ith  p h lo ro g lu c in o l.
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A. Copolymer P re p a ra tio n s .

1. S au lsio n  Fc lyr.nr i  c a t i  on. -  Monomeric ch loroprene was 

o b ta in ed  as a  50 re rc e r .t  in h ib i te d  ry le n e  so lu tio n  fro n  I .E . du 

Pont de Kemours and Co-vrnany. G la c ia l m e th acry lic  a c id  c o n ta in in g

0 .1  p e rcen t hy'roquinon:* a s  an in h ib i to r  was o b ta in ed  from "Rohm 

and S ta s  Cotrroany. Chloroprene was fm e tio n a te d  under reduced 

p re s su re  (220 and ISO ninEg) im m ediately p r io r  to  u se ; meth- 

a c r y l ic  ac id  was frac tio r.ee . a t  about 5 rrflg  and i t  cou ld  be s to re d  

under r e f r ig e r a t io n  fo r  s e v e ra l  weeks r r i o r  to  u s e .

Polym erizations- were c a r r ie d  out in  6 ounce c i t r a t e  

b o t t l e s  f i t t e d  vrith crown car.s . The b o t t le s  were enlarged by f ir s t-  

in tro d u c in g  e m u ls if ie r  s o lu t io n , p rep ared  from r e d i s t i l l e d  w ater 

and T r i to n  X-301 ( a  20$ nouecus em ulsion c f  an  a ih y l  a r y l  p o ly s th e r  

s u l f a te ,  ob ta in ed  from, Rohm and Haas Company). M oths,crylic a c id  

was in tro d u ced  to  the  p rev io u s ly  coo led  em ulsion and the  m ixture 

frozen  s o l id .  D i s t i l l e d  ch lo ron rene  and s u lf u r  were added and 

the  re a c tio n  v e sse l shaken v ig o rio u s ly  to  e f f e c t  a  com plete d isp e rs io n  

o f s u lf u r  in ch lo ro p ren e . Potassium  p e r s u l f a te  c a ta ly s t  was added 

ju s t  b e fo re  ca rp in g  th e  b o t t l e ,  p o ly m eriza tio n s  have'been  c a r r ie d  

out bo th  under n itro g e n  atm osphere, and w ithou t a ttem p ts  to 

e lim in a te  a i r  from th e  re a c t io n  v e s s e l .  Ho armament e f f e c t  on 

r a t e  o r rclyiner p ro p e r t ie s  has been observed because of some a i r  

which may remain in  the  r e a c t io n  v e s s e l .  For p o ly m eriza tio n , th e  

b o t t l e s  were r o ta te d  end-over-end  a t  30 rpm in  a ' co n stan t tem peratu re  

w ater b a th . Imm ediately a f t e r  th e  d isc o n tin u a tio n  of the r e a c t io n , 

th e  l a t i c e s  were short-stom ped  w ith  an em ulsion c o n ta in in g  5 ,8  m arts
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bydroquinone, 5-8 p a r t s  • te traxnethy l thium ra d is u l f id e ,  5*3 p a r t s  

Triton. X-301 and ICO -parts o f d i s t i l l e d  w ater. The s h c r t- s to p  was 

p rep a red  by p ass in g  th e  m ixture s e v e ra l tim es through a  c o l lo id  m i l l .  

One cub ic  ce n tim e te r  o f th e  s h o r t- s to n  was added fo r  each 5 gns o f  

monomer charged. '

2 . C oagulation  and  D rying The sh o rt-s to p p e d  l a t i c e s

were usually" co ag u la ted  w ith  s a tu ra te d  s o lu tio n  o f sodium c h lo r id e  

o r sodium sulfate.-at room tem p era tu res . l a t i c e s  from no lyrner i  s a t  ions

tenm eratures (ut) to 70° C) to  o b ta in  washable c o a g u la te s . When co­

a g u la te d  a t  room tem peratu re  colym ers in  a  f o ra  of f in e  powders

- 1 -r -m ,*3 T.ra ̂  ̂  n  3  ra "* d  3  C  ̂  "Vv * '*-*'**  ̂ 1A  i p  o f̂ irvv̂ '■ v'__

a tu r c ;  e a s i ly  washable ro d u c ts  r e s u l te d  from th i s  l a t t e r  p ro ced u re . 

’Xtis cos^'ulxit^d. ''ooX'ro»cr*o v/S'^s *ccx*n Xnt*-o snioXX tdxscos ctno. v.’ĉ sliscL 

thoroughly  w ith  d i s t i l l e d  ’mater u n t i l  th e re  was no a c id  in  the 

w ashings. The e c ly n e rs  were d r ie d  to  co n s tan t w eight in  vacuo 

a t  Uo° to  50° C. D rying r e q u ire d  2'4 to  12 h o u rs , end was f a c i l i t a t e d  

by -passing th e  polymer through a ru b b er m ill  to  expose new su rfa c e .

The cry polym er was p la s t i c i z e d  by ad d in g  2 .5  p a r t s  t e t r a -  

ruethyl thiuram  d is u l f id e  on a co o led  rubber m i l l .  One " a r t  phenyl 

b e ta  naphthylam ine was added co n c u rren tly  to  serve as an a n ti-o x id a n t .

3 . Bulk P o ly m e riz a tio n .-  S u lk  p o ly m eriza tio n s  were c a r r ie d  

ou t to  o b ta in  d a ta  fo r  th e  r e l a t iv e  r e a c t iv i ty  d e te rm in a tio n . As 

in  the em ulsion system , th e  p o ly m eriza tio n  was c a r r ie d  out in  6 ounce 

c i t r a . te  b o t t l e s .  At room tem pera tu re , m eth acry lic  a c id  and ch lo ro ­

prene were weighed a c c u ra te ly  in to  th e  r e a c t io n  b o t t l e s ,  vdiich were
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p re v io u s ly  flu sh ed  w ith  n i tro g e n . Immediately b e fo re  capping , 9 -5  

p e rc e n t benzoyl perox ide  v/as added a s  an i n i t i a t o r .  P o ly m erisa tio n  

vas c a r r ie d  ou t in  th e  co n s tan t tem perature w ater b a th  a t  30°C. 

Conversions rang ing  from 5 to  2̂4- p e rc e n t were o b ta in ed  fo r  p o ly ­

m e r is a tio n  tim es o f to  PS h o u rs . Upon d isc o n tin u a tio n  o f the 

p o ly m e risa tio n  no s h o r t- s to p  v/as added, because o f th e  low r a t e - o f  

p o ly m e risa tio n . Im m ediately, th e  co n ten ts  o f  the re a c t io n  b o t t l e s  

was em ptied in to  pCO cc of w ater and u s in g  an a s p ir a to r  sub jo c te d  

to  reduced  p re ssu re  to  e lim in a te  th e  u n reac ted  ch lo rop rene . Tin 

to r n  polymer was ca re fu lly 7 washed w ith  d i s t i l l e d  w ater u n t i l  th e re  

was no a c id  i i t  th e  w ashings. The polym ers were d r ie d  to  co n s ta n t 

w eight in  vacuo a t  p0° C

w-. Compounding and C u re .-  Pigments were in c o rp o ra ted  to  th e  

polym er by u s in g  a  rubber m i l l .  Minimum amount o f tim e, to  g e t 

com plete m ining, was e:nployred. ITo cu rin g  ag en ts  were added =£ 

t h i s  s ta g e .

Ten to  f i f t e e n  -percent la c q u e rs  in  cyclohexanone o r in  

mixed cyclohexanone and m ethyl is o b u ty l  ketone were p rep a red  by 

b a l l  m il l in g  w ith  f l i n t  b a l l s ,  U sually  two to  seven days b a l l  

m il l in g  v/as s u f f ic ie n t  to  o b ta in  ap p a ren tly  ge l f r e e  la c q u e rs .

B efore the a p p l ic a t io n  o f  a  la c q u e r, the c u rin g  system  

v/as in c o rp o ra te d . Organic c u r in g  ag en ts  were d isso lv e d  in  a  minimum 

o f  so lv e n t and added to  th e  la c q u e rs  sh o rtly  b e fo re  u se . M etal 

ox ides were p rep ared  a s  0 .5  to  2 p e rce n t s lu r r i e s  by b a l l  m il l in g  

in  the same so lv en t as used  in  th e  la c q u e r . These s lu r r i e s  were 

added to  the  lacq u ers  im m ediately b e fo re  u se .

5* P re p a ra tio n  o f F ilm s f o r  T est P u rp o ses .-  M echanical
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te s t in g  of th e  C-MA coco lyners was conducted on f re e  f ilm s , g e n e ra lly  

b to  6 m il ls  in. th ic k n e ss , o b ta in ed  from polym er la cq u e rs . These 

f ilm s  were o b ta in ed  by r e a r in g  the Lacquers on Uxb inch  g la s s  or t i n  

p la t e s ,  p laced  on c a re fu l ly  le v e l le d  s te e l  p la t e s  to r e s u l t  in  film s  

o f  uniform  th ick n e ss . In  case o f  gum specimens or those fo r  a i r  c u re , 

the f ilm s  were removed from the  p la te s  a f t e r  they were allow ed to  a i r  

dry a  minimum o f 72 h o u rs. T his removal was a f fe c te d  by Immersion of 

the  g la s s  p an e ls  in  w ater fo r  a  few m inutes. The r e s u l t in g  f ilm s  

were d u sted  w ith  talcum  powder to  p rev en t s t ic k in g .  Film s from 

oven c u re s , u su a lly  fo r  2 hours a t  120*0-, were removed from g la s s  

p la te s  in  th e  same fash io n , w hile  th o se  from th e  t i n  p la te s  by 

amalgamating the  t i n .

G enerally  the f ilm s  were c u t in to  l / h  inch  s t r i p s  f o r

m echanical t e s t in g .  For t e n s i le  measurements, the  th ick n ess  o f

the f ilm s  was determ ined 'with a  d in l-gauge  m icrom eter. The average

c ro s s - s e c t io n a l  a re a  of the  creep  specim ens, however, was c a lc u la te d

d i r e c t ly  from the  w eigh t, d e n s ity , and le n g th  of the specimen.
*

D ensity  o f a  re p re s e n ta tiv e  C-MA film  (12.--/J a c id , 55$ conversion) 

v:as determ ined accord ing  to  ASTM procedure (5 ) ,  and v/as found to  be 

1 .235.

B. A n a ly tic a l

1. Copolymer A n a ly s is .-  The p e rcen tag e  conversion  o f  the 

monomers in to  polymer was c a lc u la te d  from the  dry polymer w eight 

and th e  monomer charge.

(a) Acid T i t r a t io n .-  To determ ine th e  com position o f the 

copolymer, th e  amount of u n reac ted  a c id  in  a  10 cubic c e n tim e te r  

la te x  sample was determ ined. The washing w ater o f the  co ag u la ted  

sample v/as saved and the amount o f u n reac ted  ac id  determ ined by
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t i t r a t i o n  of a l ic u o t  p o r tio n s  w ith  0 .1  N sodium hydroxide s o lu t io n . 

The w eight o f  m ethaery lic  a c id  po lym erised  was th u s  known, and th e  

p e rc e n t a c id  in core leaner cou ld  be c a lc u la te d . This method was 

su b je c t to  e r ro r s  due to  some p h y s ic a l lo s s e s .  A ccordingly th e  

p re c is io n  o f th e  .method was n o t e n t i r e ly  s a t i s f a c to r y .  However, i t  ■ 

was g e n e ra lly  more s a t i s f a c to r y  than  d i r e c t  t i t r a t i o n  o f  the  polymer 

i t s e l f  in  view of s o lu b i l i ty  d i f f i c u l t i e s .

(b) C h lo rine  A nalysis  by Sodium Peroxide Fusion ..- Sodium 

p erox ide  fu s io n  of the r c ly n e r  v/as c a r r ie d  ou t in  a  P a r r  bomb, a  

f in e ly  d iv id ed  0 .15 pram sample was fused  w ith  15 gms sodium 

perox ide  u sin g  0 .1  gn sucrose  and 0 .5  5 -" benzoic a c id  as  i n i t i a t o r .  

Flame ig n i t io n  vs? found to  produce s u b s ta n t ia l ly  com plete fu s io n  ( P I ) . 

The fu s io n  m ix tu re  was d isso lv ed  in  200 cc o f d i s t i l l e d  w ater and 

a c id i f ie d  w ith  n i t r i c  a r id .  C h lo rine  was determ ined by Y olhard 

t i t r a t i o n .

C hlo rine  a n a ly s is  lias been re p o rte d  to  be c o n s is te n t ly  

2 p e rcen t low fo r  pure  po ly ch lo ro p ren e  (2 1 ,3 ) . C onsequently , th e  

c o n s is te n t  e r ro r  in  a n a ly s is  has been r ro u e r ly  c o rre c te d  from 

the  t i t r a t e d  ch lo ro rre n e  c o n te n t,  p re c is io n  o f t h i s  method has 

found to  be q u ite  Sal. 0 -L sf'chG to r y .

2. Copolymer e x t r a c t io n .-  S tandard Soxhlet e x tra c t io n s  w ith  

m ethanol, oetro leum  e th e r  and e th e r  have been c a r r ie d  out on gum 

samples and on -polymer f ilm s . Film s were cu t in to  l / b  in ch  squares 

and -were e x tra c te d  fo r  US hours w ith  350 cc so lv e n t. Both the  

e x tra c te d  f ilm s  and the  r e s u l t in g  e x tr a c ts  have been d r ie d  to  co n s ta n t 

w eight in  vacuo a t  50°C. With e x t r a c ts  from f re e  f ilm s , 2 cc p o r tio n s  

were te s te d  w ith  2,4- d in itro p h en y lh y d raz in e  fo r  carbonyl compounds
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i . e .  f o r  ketone so lv e n ts  and w ith  n ic k e l  c h lo r id e  and 5 - n i t r o s a l ic y -  

la ldehyde  fo r  prim ary  amines in  case  o f diamine c u re s .

3 . Loss o f  Solvent from F ilm s ,-  The aolymer f ilm s  were 

p re p a re d  a s  d e sc rib ed  elsew here, and s tr ip p e d  fo u r days a f t e r  

p re p a ra tio n , p e r io d ic a l ly  the w eight change was determ ined on an 

a n a ly t ic a l  balance  and th e  v e rcen t w eight lo s s  was computed, 

based  on th e  i n i t i a l  f ilm  w eight (c a . 2 gpis).

C. T e stin g

1. Green A p p ara tu s .-  The creep  a p p a ra tu s , clamp assem bly 

and the  ten sio n  bob liave been d e p ic te d  in  F ig u res  XXII to  XXVII.

In  th i s  ap p a ra tu s , th e  polymer specimens were deformed under 

co n s tan t s t r e s s  in  g la s s  tubes (1*39 inches o u ts id e  d iam e te r,)  

which were p la ce d  v e r t i c a l ly  in to  a  c o n s ta n t tem perature w ater 

b a th  (2^x12x12 in c h e s ) . In s e r t io n s  f o r  th e  g la s s  tu b es, and th e  

h o le s  f o r  the  clamp assembly' were d r i l l e d  in to  th e  s la te  bottom , 

and th e  tubes cemented in  p la c e  w ith  a  commercial se a lin g  compound, 

"G-asket-Goo” ITo.l. , made by Pep M anufacturing Company. Temperature 

c o n tro l  was ach ieved  by means o f  a  mercury therm al re g u la to r  in  

connection  with* a  mercury r e la y ,  b o th  m anufactured by The American 

Instrum ent Company. The w ater in  th e  b a th  was c ir c u la te d  by a  v e r t i c a l  

immersion pump. (Schaar and Company.)

The specimens were h e ld  in  th e  g la s s  tubes w ith  two s p e c ia l ly  

designed  aluminum clamps (F igu re  XXV)to p rev en t s lip p ag e . The inner 

su rfa ce s  o f the  clamps were co rru g a te d  in  such a  fa sh io n  th a t  uniform  

p re s s u re  was e x e r te d  by th e  clam ps, even though th e  specimen was
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d is to r t e d  to  a  wavy shap e .. No apparen t s lip p ag e  was encountered  

"by u sin g  th e se  clam ps. The upper clamp was h e ld  s ta tio n a ry  by 

two p ie c e s  o f  0 .025 inch  d iam eter p iano  w ire and a  te n n in in a tin g  

hook, which was fa s te n e d  to  a  3A  inch  s ta in le s s  s te e l  c ro ssb a r .

The hook was h e ld  in  p la c e  by two a d ju s ta b le  c o l la r s  on the c ro ss ­

b a r . The i n i t i a l  le n g th  o f th e  specimen was 3 cm, th e d is ta n c e

between th e  two clampSc The low er clamp was connected by two 

p ian o -w ires  to  th e  te n s io n  bob. P r io r  to  th e  a p p lic a tio n  o f  the  s t r e s s  

to  th e  specimen, th e  base  o f  th e  bob touched the su rface  o f th e  w ate r.

The shape o f the  te n s io n  bob was determ ined by th e  ex­

p re s s io n , d isc u sse d  e a r l i e r .  At f i r s t ,  Formica Gauge-Wood was 

machined in to  th e  re q u ire d  shape, and th e  mean d e n s ity  o f th e  bob 

a d ju s te d  to  th a t  o f  w ater by d r i l l i n g  a  p ro p er s iz e  ho le  in  the  

bottom o f th e  bob and  covering th e  opening. Formica Gauge-Wood 

was n o t a  s a t i s f a c to r y  m a te r ia l ,  however, a s  th e  lam in a tin g  la y e rs  

absorbed  some w ater and caused a  d is to r t io n  and weight in c rease  

o f  th e  bob. A s a t i s f a c to r y  bob was made by machining th re e  a p p ro p ria te  

s e c tio n s  ou t o f  L u c ite  ro d s , w hich then  ’were fu sed  to g e th e r to  y ie ld  

a  d im ensionally  s ta b le  bob. (F igure  XXVII).

A sh o rt fo c a l  le n g th  (5 cm) ca th e to m eter was used to  

determ ine the  deform ation  of th e  specimen.

2 , p rocedure  fo r  Creep D e te rm in a tio n s .-  The specimens 

f o r  th e  c reep  d e te rm in a tio n s  were p rep ared  acco rd in g  to  th e  method 

d e sc rib e d  p re v io u s ly . To d e te c t  any p o s s ib le  d e fe c ts  or flaw s, 

th e  specimens were c a r e fu l ly  checked under m icroscope. A fte r  

w eighing and determ in ing  th e  exact le n g th  of th e  specimen fo r  

c ro s s - s e c t io n a l  .area c a lc u la t io n s ,  th e  gsuge marks were p laced  on 

the  sample w ith  C e l- f le x  e l a s t i c  w hite  p r in t in g  in k . The gauge marks
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were o f  11Y” shape ;md aproxim ately  2 .S cm a p a r t  to  y e ld  re a d ily  

observab le  marks o f  re fe re n ce  fo r  c a th e to n e te r  re ad in g s . The 

marked creep  specimen was c a re fu l ly  fa s te n e d  between th e  clamps - 

(3 era a p a r t ) , and a  th in  p iece  o f  w ire  (b  m il d iam eter) bound 

around the assem bly to  j u s t  support th e  w eight o f  the lower 

clamp. The specimen, was co n d itio n ed  in  th e  ap p a ra tu s  fo r  a t  l e a s t

1R hours b e fo re  the  creep  experim ent was c a r r ie d  o u t. At zero

tim e th e  p ie c e  o f  w ire was cu t w ith  d is s e c t in g  s c is s o rs  to t r a n s f e r  

th e  s t r e s s  from th e  w ire  to  the specimen and the stopw atch s ta r te d ,  

f i r s t  read in g s  cou ld  con v en ien tly  be made approxim ately  0 .1  m inute 

a f t e r  th e  s t a r t  o f th e  experim ent. Subsequent read in g s  were made

■* *. ̂  . —. *■. — X T *• —1 *3 ... — <U* . «h- ay, ... A  ̂ a~a 1̂ . X* , —. —. *7̂ ». r. ^cits S txU 'oo i. XO0LL O^ t/xit? l i c i v u i O  Ox. S  -; fc;'— x * A i b ’J  wiiC uux±^. c t«

th e  'upper clamp had to  be fo llow ed  o c c a s io n a lly , and any change was 

e x tra p o la te d  to  in te rm ed ia te  ti-mes.

In  c reep  experim ents, i t  i s  custom ary to  r e p o r t  the  change 

in  com pliance versu s  tim e. Compliances were c a lc u la te d ,  u t i l i z i n g  

th e  fo llo w in g  form ula:

t -  aI.A<J —
Slo

Where J  i s  th e  com pliance, a  1=1^ - l o  , i . e .  th e  le n g th  of specimen 

a t  tim e, t ,  mil us the  o r ig in a l  le n g th ; A i s  the  c r o s s - s e c t io n a l  a re a  

o f th e  specimen and S i s  th e  lo ad .

3 . T e n sile  T e s t in g .-  U ltim ate  t e n s i l e  s tre n g th  was determ ined 

w ith  a  S c o tt I P b in c lln d ed  p lan e  t e n s i l e  m achine. The te n s i le s  were 

computed on th e  i n i t i a l  c r o s s - s e c t io n a l  a r e a ,  averag ing  ten  de te rm in a tio n s .
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B efcre t e s t  the  specimens v/ere co n d itio n ed  fo r  a t  l e a s t  2-1 hours 

a t  21° C and b5 ^ e rc e n t r e l a t iv e  hum idity . Because of co n s id e ra b le  

s lip p a g e , e lo n g a tio n  a t  b reak  was determ ined by p u l l in g  marked 

s tri-n s  to  ru p tu re  by hand. The f in a l  e lo n g a tio n  was determ ined  

v is u a l ly  w ith  a  s t e e l  r u l e r ,  g rad u ated  to  one one-hundreths o f  an  

inch . Permanent so t was measured acco rd ing  to ASTM procedure  ('■-), 

which re q u ire d  e lo n g a tio n  to  ycQ p e rc e n t fo r  10 m inu tes, fo llow ed  

by f r e e  recovery f o r  10 m inu tes. The re s id u a l  e longation , was de­

f in e d  as  permanent s e t .  E longation  and permanent s e t  "were reco rd ed  

a s  an average o f  tlire e  d e te rm in a tio n s .
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V 5UM-1RY

(1) Copolymers o f  ch lo rop rene  and n e th a c ry lic  a c id  have been 

p rep ared  in  n e r s u l f a te  i n i t i a t e d  em ulsion system s a t  30®C, u t i l i s i n g  

s u lfu r  m o d ific a tio n . Subsequent trea tm en t w ith  te t r a n e th y l  thiurarn 

d is u l f id e  rendered  the  copolymer so lu b le  in  k e to n es , n a r t ic u ln r ly

in  cyclohexanone and m ethyl iso b u ty l ketone, and a lso  in  d io x rre .

(2) The ch lo rop rene  -  n e th acp y lic  ac id  co:-olyr.iers have been 

in v e s t ig a te d  over a  ivaig-e of eompositiun. from. 5 to  2p r e r c e a t  rneth- 

a c ry l ic  a c id . Trie optimum u r or or t i e s  were ach ieved  w ith  conolyners 

c o n ta in in g  12 to  lo  re rc e n t  a c id  and o f conversions between FO to

6.: r .e rce n t. S a t is f a c to ry  cores were ob ta ined  w ith  m etal ox ides, 

arom atic d iam ines, and rolyhydro:<ybenzenes. B est t e n s i l e  streng th , 

o f  7500 p s i .  h as  been ob ta ined  w ith  copolymers a i r  c red  w ith  te n  

p a r t s  o f zinc ox ide . Mo re in fo rcem en t was r e a l iz e d  w ith  carbon b la c k .

(3) R e la tiv e  r e a c t iv i ty  r a t io s  have been determ ined f o r  both  

emulsion and b u lk  p o ly m eriza tio n . The r e s u l t s  a re  a s  fo llo w s: in

em ulsion a t  30°C, r ^ . c - s - o ^ ,  0#1k 4  0 . 3 5 ; in  3^  a t  300c ,

r G- 1 H  0 .5 ,  r.,^=0.1b± 0 .0 7 . The d if fe re n c e  in  th e s e  r a t io s  

between th e  b u lk  and emulsion system s i s  a t t r i b u t e d  to  the  w ater 

s o lu b i l i ty  o f n e th a c ry lic  a c id . The bu lk  copolymer i s  more homogeneous 

than  th e  em ulsion cooo lyner.

(U) The v is c o e la s t ic  p ro p e r t ie s  o f the  ch lo ro p ren e-m eth acry lic  

a c id  copolymers have been -.studied by creep experim en ts. These s tu d ie s  

inc luded  th e  in v e s t ig a t io n  of creep  behav io r upon in c o rp o ra tio n  of 

v a rio u s  cu rin g  ag en ts  and a ls o  on pro longed  a i r  c-ire . E ffe c tiv e
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cu res  r e s u l te d  in  reduced  t o t a l  com pliance a s  compared to  th e  gum 

specim ens. On. p ro longed  a i r  c u re , red u c tio n  in  com pliance was 

a ls o  r e a l i s e d .  When com pliance is  p lo t te d  versus the  logarithm  of 

ti'.e tim e, creep  curves a r e  m ostly  o f  concave or s t r a ig h t  l in e  

c h a ra c te r .  Upon a d d it io n  of v a rio u s  cu rin g  system s, th e  shape 

of the  creep  curves i s  a f fe c te d .

The approxim ate d is t r ib u te .- a  fu n c tio n  o f  re ta rd a t io n  tim es, 

in  terms of lo g a rith m ic  tim e, L ( lo g  t  ) ,  a t  any va lue  o f r e ta rd a t io n  

tim e, v , i s  g iven  by th e  slope  o f the  complianc e - lo g  t  p lo t  a t  any 

tim e t .  A ccord ing ly , th e  spectrum o f  r e ta rd a t io n  tim es i s  au p rec iab ly  

changed on in c o rp o ra tin g  v a rio u s  cu rin g  systems and on ag ing . In 

a d d it io n  to  th e  change in  t o t a l  com pliance, s h i f t  in  the bu lk  o f the  

r e ta rd a t io n  tim es i s  a ffec ted *
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