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SYNTHESIS AND CHARACTERIZATION OF POLY (2-METHOXY- 
CY ANURATE) OF BISPHENOL-A AND BISPHENOL-F 

* 
Veena Vangani, S u j a t a  S. Kansara  and N.K. Patel '  

D e p a r t m e n t  of Chemis t ry ,  Facul ty  of Science,  
M.S. Universi ty  of Raroda, Baroda-390 002, 

India 

'Depar tment  of Chemis t ry ,  S a r d a r  P a t e l  University,  
Vallabh Vidyanagar-388 120, India 

ABSTRACT 

Synthesis  and c h a r a c t e r i z a t i o n  of thermal ly  s t a b l e  polycyanura te  
is being r e p o r t e d  here.  The  polycyanura te  is a copolymer obtained 
by in te r fac ia l  polycondensat ion of bisphenol-A, bisphenol-F and  2-meth- 
oxy-4,6-dichloro-s-triazine. The copolymer  obtained is c h a r a c t e r i z e d  
by var ious means.  Spec t roscopic  c h a r a c t e r i z a t i o n  includes IR and 
N M R .  Solution s tudy  includes t h e  de te rmina t ion  of intr insic  viscosit ies 
in solvents  such as chloroform,  d ich loroe thane ,  dioxane and  ni t ro-  
e thane .  Molecular  weights  a n d  polydispersity w e r e  d e t e r m i n e d  by 
ge l  permeat ion  chromatography method.  Mechanical  proper t ies  w e r e  
d e t e r m i n e d  by Instron tens i le  tes te r .  Thermal  proper t ies  and k ine t ic  
p a r a m e t e r s  l ike a c t i v a t i o n  energy  and  order  of reac t ion  w e r e  also 
de termined .  All t h e  e x p e r i m e n t a l  observat ions support  t h e  f o r m a t i o n  
of a thermal ly  s t a b l e  copolymer  having good solubili ty,  mechanica l  
proper t ies  a n d  rigidity.  

INTRODUCTION 

T h e r m a l  s tab i l i ty  of polymer ic  m a t e r i a l s  f ind use par t icu lar ly  in 
a e r o s p a c e  and i n s t r u m e n t s  w h e r e  fa i lure  of most  of t h e  plast ics  
and  polymeric  m a t e r i a l s  is observed due t o  degrada t ion  and/or  sof t -  
ening. A typical  approach  to this  problem is t o  ut i l ize  s t a b l e  nuclei  
s u c h  as s - t r iaz ine  and s e a r c h  for  methods to  c o n n e c t  t h e  nuclei  
by thermal ly  s t a b l e  l inkages.  Polycyanura tes  a r e  known for  the i r  
s tab i l i ty  because  of t h e  s - t r iaz ine  moie ty  in t h e  main  cha in  s t r u c t u r e .  
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194 VANGANI, KANSARA, AND PATEL 

However they  a r e  general ly  insoluble and infusible, hence  a r e  non- 
processible [ 1-31. Nakamura  et al. [4] synthesized various polycya- 
nura tes  using d i f fe ren t  bisphenols by interfacial  polycondensation 
method in presence  of ca t ion ic  emulsif ier ,  and in d i f fe ren t  solvents. 
Recent ly  various workers  [5-71 h a v e  synthesized poly (2-methoxycya- 
n u r a t e )  of bisphenol-A, poly (2-methoxycyanurate)  of bisphenol-C 
(PMCRC), poly (2-methoxycyanurate)  of bisphenol-F (PMCBF) and  
invest igated s o m e  a s p e c t s  of solut ion proper t ies  and physical proper- 
t ies .  These polymers  a r e  found t o  be  soluble only in chloroform and 
th is  may b e  due  t o  regular  a r rangement  of monomeric  uni ts  in macro-  
molecular  chains. With a view of destroying t h e  regular  a r r a n g e m e n t  
of monomer ic  uni t s  in homopolymer chains, it is a imed t o  synthesize 
and to  s tudy t h e  c h a n g e  in propert ies  of polycyanurate  of mixed 
bisphenols. 

The  present  paper  repor t s  t h e  synthesis  of poly (2-methoxycyanurate)  
of bisphenol-A and  bisphenol-F (PMCBF A) obtained by in te r fac ia l  
polycondensation of equimolar  mixture  of bisphenol-A and bisphenol-F, 
and 2-methoxy-4,6-dichloro-s-triazine. The polymer was  c h a r a c t e r i z e d  
by IR, NMR, viscosity, and GPC. Mechanical and t h e r m a l  proper t ies  
of t h e  polymer w e r e  a l so  s tudied.  

EXPERIMENTAL 

Mater ia l s  

Various monomers  required for polymerizat ion reac t ion  w e r e  prepared  
and/or  purified as follows. 4,4’-dihydroxydiphenyl m e t h a n e  (bisphe- 
nol-F) w a s  synthesized as repor ted  b e f o r e  [8]. Repea ted  c rys ta l l iza t ion  
f r o m  hot  w a t e r  and finally f r o m  benzene  yield pure whi te  product  
having m.p. 162-1 63°C. 4,4’-dihydroxydiphenyl propane (bisphenol-A) 
w a s  obtained commercial ly .  I t  w a s  crystal l ized f r o m  benzene  having 
m.p. 156°C. 

2-Methoxy-4,6-dichloro-s-triazine (MDT) w a s  synthesized according 
to  t h e  method repor ted  e l sewhere  [9]. The solid product  w a s  recrystal l -  
ized f r o m  pe t ro leum e t h e r ,  m.p. 88-90°C. 

Synthesis 

I n t e r f a c i a l  po lycondensa t ion  of 2-methoxy-4,6-dichloro-s-triazine 
with bisphenol-A and bisphenol-F w a s  car r ied  out  as follows. Poly- 
mer iza t ion  reac t ion  condi t ions w e r e  opt imized  by varying t h e  propor- 
t ion  of emulsif ier ,  monomer, solvents  and  s t i r r ing r a t e  to give high 
molecular  weight  and a b e t t e r  yield. In a typical  reac t ion ,  solution 
of 0.025 moles  of bisphenol-A, 0.025 moles  of bisphenol-F, 0.1 moles 
of NaOH and 0.125 g m  of emulsif ier  ( c e t y l  dimethyl  benzyl ammonium 
chloride) in w a t e r  was  s t i r r e d  vigorously. To t h e  emulsif ied mixture ,  
0.05 moles  of MDT in CHC13 w a s  added. The resul t ing m i x t u r e  was  
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s t i r red  f o r  5 hr. at 8-lO"c. Af te r  t h e  reac t ion  period w a s  over ,  
t h e  solution w a s  poured in to  methanol ,  resul t ing in t h e  prec ip i ta t ion  
of t h e  polymer in t h e  f ibrous form.  The  polymer was  washed thorou- 
ghly with w a t e r ,  t h e n  with methanol  and  finally dr ied a t  50°C. 

Characterization 

IR s p e c t r a  of polymer PMCBFA, in f o r m  of f i lm was  recorded on 
Shimadzu 408 spec t rophotometer .  NMR of polymer in C D C l  was 
recorded on Perkin Elmer (R-32), 90 h H z  Spec t rometer .  The in?rinsic 
viscosities of polymer w e r e  de te rmined  in chloroform,  dichloroethane,  
dioxane and  n i t roe thane  at 30°C using a n  Ubbelohde Viscometer .  
The  weight  - and number.  a v e r a g e  molecular  weights  of t h e  polymer 
w e r e  de te rmined  by g e q  p e r p e a t i o n  c h r o  a ography technique with 
columns of pore  s ize  10 , 10 , 10' and 10' using CHC13 as e f f l u -  
e n t  with flow r a t e  of 2 ml/min. The instrurnent  was  ca l ibra ted  using 
s tandard  polystyrene samples  of known molecular  weights  under 
t h e  s a m e  conditions. 

The u l t i m a t e  mechanica l  proper t ies  of PMCBFA i.e. tensi le  s t rength ,  
modulus and % elongat ion at break were  de te rmined  f r o m  stress-s t ra in  
d a t a  measured at room t e m p e r a t u r e  by means  of Instron tensi le  
t e s t e r  wi th  a cross  head speed  of 0.2 cm/min.  Specimens w e r e  5 
c m  in length and 1.0 c m  wide dumbbells. 

The  glass t ransi t ion t e m p e r a t u r e  was  de te rmined  on DSC Du P o n t  
9000 d i f fe ren t ia l  scanning ca lor imeter .  Measurements  on 2.64 mg 
samples  w e r e  c a r r i e d  out  f rom 25°C t o  500°C in air  at a scanning 
r a t e  of 40"C/min. Thermograms were  recorded on Shimadzu TG-30 
ins t rument  a t  t h r e e  d i f f e r e n t  heat ing r a t e s  in air. 

J,(iii) C H C I ~ - H ~ O  i n t e r f a c e  

cccr, 
+ ( n - i )  H C I  
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Fig. I : IR spectra of PMCBFA film. 

f 

Fig. 2 : NMR spectra of PMCBFA. 
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Table - 1 

Posi t ions and peak heights of d i f f e r e n t  protons of PMCBFA 

Chemical  Integral  Average  number 
sh i f t  6 peak height of moles  of Assignment 
(PPm) ( m m )  protons 

1.7 24  ac x 6 Six protons 
of isopropyl p u p  
of bisphenol-A 

3.9 3 3  6 + 2 (2 - ac) Methoxy protons of 
MDT and methylene  
protons of 
bisphenol-F* 

7.1 5 6 5  a C + 8 (2 - ac) Aromat ic  protons 
of bisphenol-A and 
bisphenol-F 

~~~ ~~~ 

* Assuming 'a ' moles of bisphenol-A moiety and (2 - a ) moles of 
C C 

bisphenol-F moiety per  2 moles  of MDT of polymer chain. 

RESULTS AND DISCUSSION 

IR s p e c p a  of polymer PhilCBFA is shown iql F,ig., 1. Absorptions a t  
1176cm- and in t h e  r a n g e  of 1202-1229cm indica te  t h e  presence  
of e t h e r  linkage formed on polymerizat ion.  Other  c h a r a c t e r i s t i c  
absorpt ion bands due  t o  respec t ive  funct ional  groups of monomer ic  
uni ts  c a n  also b e  seen  in t h e  below figure. 
From NMR we have  ascer ta ined  ?he composition of t h e  copolymer 
as has  been  d o n e  before  [lo-121. Fig. 2 shows NMR s p e c t r a  of PMCBFA 
The  position and peak heights  f o r  d i f fe ren t  protons a r e  compiled 
in Table-I .  Q u a n t i t a t i v e  information about  t h e  polymer having bisphe- 
nol-A and bisphenol-F in 1:l mole  r a t i o  c a n  be  obtained as explained 
below. Any unit segment  of PMCBFA polymer will conta in  in average,  
2 moles  of methoxy cyanur ic  chlor ide and 2 moles  of bisphenol-A 
and bisphenol-F together .  Suppose ac moles of bisphenol-A is present  
in t h e s e  two moles  of bisphenols, t h e n  t h e r e  will b e  2-a moles 
of bisphenol-F. Tota l  number of protons present  in t h e  unit Segment  
will be 6 ( f rom t w o  moles  of MDT) + 6 ac (from ac moles  of bisphenol- 
A) + 2 (2-a ) f r o m  (2-a ) moles of bisphenol-F. Thus t o t a l  6 + 6 a  
+ 2 (2-ac) 5 10 + 4 a protons a r c  responsible for  t o t a l  integra5 
height  of 57mm. Therefgre  57/10 + 4 a_ mm integral  height  is due  
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Table - 2 

Intrinsic viscosities, fi and Mn of PMCBFA at 3OoC 
W 

Solvent  G ~ . I  o5 mn.105 RWIO" 

Chloroform 0.90 1.71 

1,2-Dichlo- 0.83 
r o e  t hane 

Dioxane 0.67 

Nitroe-  0.45 
t h a n e  

~~ 

I .09 I .56 

to o n e  proton. a moles  of bisphenol-A have  6 a  protons and  respon- 
s ible  in tegra l  heist of 24 mm. C 

6ac = 24 10 + 4ac 

. ' .  a N 1 
C 

Therefore  unit s e g m e n t  of PMCBFA conta ins  1 mole  of bisphenol-A 
and I mole  of bisphenol-F. Thus NMR with IR analysis conf i rm t h e  
proposed s t r u c t u r e  of polymer Phl CBFA. 
Intrinsic viscosi t ies  [ 'I ] of PMCBFA in d i f f e r e n t  solvents  at 30°C 
alongwith t h e  number and weight  a v e r a g e  molecular  weights  obtained 
by GPC method a r e  shown in Table-2. Resul ts  show t h a t  chloroform 
is  t h e  b e s t  solvent  for  t h e  polymer as [q] is t h e  highest in chloroform 
at given tempera ture .  Molecular weight  of t h e  polymer l ies  in t h e  
range  of most  of commercial ly  i m p o r t a n t  thermoplast ics .  The thermo-  
g r a m s  (TGA) of PMCBFA at d i f fe ren t  hea t ing  r a t e s  in a i r  a r e  shown 
in Fig.3. 
The ac t iva t ion  energy  and  r a t e  of reac t ions  w e r e  de te rmined  accord-  
ing to  F r e e m a n  and Anderson method [I  3,141. The ac t iva t ion  energy 
and t h e  order  of reac t ion  (Table-3) r e f l e c t  t h a t  t h e  f i r s t  s t a g e  degra-  
dat ion is probably d u e  to  random chain  scission reac t ion ,  which is  
induced by oxygen present  in air. 
Higher  s tabi l i ty  d u e  to resonance present  in PMCBFA resul ts  in 
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Fig. 3 : TGA of PMCBFA in air at three different heating rates 
(a)  IO"C/min (b) 2O0C/rnin ( c )  50aC/min 

higher  a c t i v a t i o n  energy  values. Init ial  s i t e  for oxygen a t t a c k  is 
l ikely to  be isopropylene or methylene  l inkage [15]. After  hydrogen 
a b s t r a c t i o n  f r o m  e i t h e r  of the  groups,  respec t ive  uns tab le  rad ica ls  
could r e a r r a n g e  t o  a s t a b l e  rad ica l  as follows: 

R. radical 

T C 6 H 4  - C(CH3) - C g H 4 W - "  c - - - j  

O C ~ H ~  - E ( c H ~ ) c H ~  - C ~ H ~ O  
I 

F 2  

R'. radical 

--QC6H4 - e H  - C 6 H 4 ~  ..... ( 2 )  

R. (R.') + O 2  ----+ R OO.(R'OO.) ..... ( 3 )  

ROO.(R'OO.) + Polymer  -----9 ROOH (R'OOH) + R". ..... (4) 
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Table - 3 

Mechanical and thermal properties of PMCBFA 

Polymer  Ph4CBA PMCBF PMCBFA 

Solvent  Chloroform Chloroform Chloroform 
1 ,2  Dichloroethane 

dioxane 
n i t r o e t h a n e  

Tensi le  - - 87 5 
s t r  e n g t  5 
(kg cm- 1 

K g / c m  

4 Moduly  - - 2.4~ 10 

Elongation - 4.0 
at break % 

Glass I65  I60 I56 
Transi t ion 
Temp.  ( "C)  
Decomposi t ion 350 350 350 
Temp.  ( 'C) 

W X  6 -  I 

200 TEMPERATURE (OC) 
400 500 

Fig. 4 : DSC of PMCBFA in air. 
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Table - 4 

Kinetic parameters of PMCBFA obtained from TGA thermograms 

Heat ing  1 st t rans i t ion  2nd t rans i t ion  
r a t e  
(Oc/ mi in) 

Act iva t ion  O r d e r  Act iva t ion  O r d e r  
energy ,  E ( n) energy,  E (n) 
(Kcals)  (Kcals) 

10 47.0 I .o 38.0 

20 46.1 1.1 36.8 

50 42.2 1.4 38.8 

0.8 

0.7 

1.1 

T h e s e  peroxides  decompose  homolyt ical ly  to give .OH and RO. (R'O.). 

Polymer  + .OH ----- 4 R". + H 2 0  ..... ( 5 )  

Polymer  + RO.(R'O.) ----j R". + ROH (R'OH) ..... (6) 

T h e  second s t a g e  having lower ac t iva t ion  energy  (Table-3) is probably 
d u e  to  t h e r m a l  decomposi t ion of lower molecular  weight  compounds 
f o r m e d  during f i r s t  s t a g e  decomposi t ion (i.e. c h a i n  scission). DSC 
c u r v e  of PMCBFA is shown in Fig.4. 
T h e  mechanica l  proper t ies  of PMCBFA, solubili ty and  t h e r m a l  proper-  
t i e s  of PMCBA, PMCBF and PMCBFA a r e  l is ted in Table-4. T h e  
tens i le  s t r e n g t h  and  high modulus value of PMCBFA c lear ly  ind ica te  
t h a t  polymer possesses  good mechanica l  proper t ies  and  high rigidity 
which a r e  required for appl icat ions l ike f i lms  and sheets .  The ther -  
m o g r a m s  show t h a t  decomposi t ion begins around 350°C. T h e  weight  
loss is less t h a n  50% e v e n  at 5OO0C, indicat ing good t h e r m a l  s tabi l i ty .  
Compar ison  of t h e  resu l t s  shown in Table-4 shows t h a t  PMCBFA 
h a s  g o t  b e t t e r  c h o i c e  for  var ious so lvents  t h a n  PMCBA and PMCBF. 
O t h e r  t h e r m a l  c h a r a c t e r i s t i c s  of PMCBFA a r e  s imilar  to PMCBA 
and PMCBF. Thus t h e  present  polymer has  exce l len t  solubili ty and 
h e n c e  processibi l i ty  wi thout  a f f e c t i n g  t h e  t h e r m a l  propert ies .  
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