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ABSTRACT

The present in v e stig a tio n s  deal with the study o f  

the e f f e c t  o f  alkylene groups on the p rop ertie s  o f .  

p o ly (a lk y len e  terep h th a la te ) homopo ly e s te r s  and copoly ­

e s te r s . The cop o ly este rs  were prepared "by melt conden­

sa tion  o f  low and high m olecular weight PET with low 

m olecular weight poly(hexam ethylene terephthalate)(PH T), 

poly(octam ethylene terephthalate)(PO T) and polyC deca- 

methylene terephthalate)(PD T).

PET and PET having ranging from 0 .1 8 -0 .6 0  d l /g

and 0. 2- 0.4  d l /g  r e s p e c t iv e ly  ( in  p h e n o l-te tra ch lo ro - 

ethane at 35°C ) were prepared by changing the time o f  

polycondensation  from 1 .5 -4  h. The {p jj o f  POT and PDT 

was 0.2 (a f t e r  2 .5  h o f  melt fu s io n ) and 0.18 d l /g  (a f t e r  

4 h o f  polycondensation ) r e s p e c t iv e ly . C opolyesters having 

fo llow in g  io mole fra c t io n s  o f  PHT or POT were prepared -  

sample EH1 or E01 (7 .9 2 ) ,  EH2 o r  E02 (2 0 .5 4 ), EĤ  o r  E03 

(3 4 .0 2 ), EH4 o r  E04 (4 3 .6 4 ), EF  ̂ o r  E05 ( 53 . 7 2 ), EHg or 

EOg (7 4 .7 8 ) and EĤ  or  EO  ̂ (8 7 *5 ). PET-PDT cop o ly esters  

were prepared by changing the $> mole fra c t io n  o f  PDT from 

2 (ED.,), 5 (ED2 ), 10 (E B j) and 20 (BD4 ). A ltogether 

18 cop o ly ester  samples were prepared.

Melt fu sion  o f  PHT { £ 0 '  = 0 . 3  d l /g ) ,  POT =

0.2 d l /g )  and PDT(/:̂ 7  = d l /g ) ,  w ith commercial PET
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( # 7 -  0.62 d l /g ,  = 14000) was a lso  done. Three such 

cop o ly ester  samples were prepared by b lending PET with 

5 mole 1° o f  PHT, POT and PDT and these have been designated 

as B3.|, K)  ̂ and FD̂  r e s p e c t iv e ly . M elt-blending o f  PET 

with 7 mole $ o f  PHT o r  POT (sample IH2 o r  K>2 ) and 10 mole $> 

o f  PHT (sample ) was a lso  carried  o u t. Seven samples 

were thus obtained by melt fu sion  o f  high m olecular weight 

PET with o ligom eric  PHT, POT and PDT. The various polymer 

samples were ch aracterised  by IH and NMR spectroscopy .

In tr in s ic  v is c o s ity  o f  cop o ly esters  was h igher than 

homop&lyesters. The con d ition s o f  melt fu sion  were optim ised 

by varying the duration  o f  re a c t io n . Maximum U 0  in  

phenol:TCE was obtained a ft e r  3 h o f  polycondensation  at 

265°C. Therefore, the cop o lyesters  were prepared by 

carry ing  out the rea ction  fo r  3 h.

Density o f  cop o ly esters  decreased with an increase 

in  i» mole fra c t io n  o f  PHT/POT/PDT in the PET backbone.

Isotherm al c r y s ta l l iz a t io n  was done at 80°C fo r  

d if fe r e n t  times and ra te  o f  c r y s ta l l iz a t io n  was follow ed by 

small angle l ig h t  s ca tte r in g  (SAIS). A c h a ra c te r is t ic  

usual type o f  pattern  ty p ica l o f  sp h eru lite , w ith lob es  

at 45°  to the p o la r iz e r  d ir e c t io n , which i s  norm ally 

observed in PET, was observed in PHT, POT and PDT a ls o . 

S p h eru litic  patterns were observed a fte r  quenching, 1 sec,

5 sec , and 1 min in PDT, POT, PHT and PET r e s p e c t iv e ly  

which in d ica te  the fo llow in g  rate  o f  c r y s t a l l iz a t io n .

PDT> POT > PHT > PET
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The sp h eru lite  radius increased as the time o f  c r y s t a l l i ­

za tion  increased . A comparison o f  u ltim ate sph eru lite  

radius o f  PET-PHT copolymers with PET-POT copolymers 

in d ica te s  that fo r  the same com position the sph eru lite  

rad iu s was la rg er  in PET-POT copolym ers.

A decrease in the T , T and T was observed withg e m  ,

the increase in  number o f  methylene groups in the PET

backbone. In the samples con tain ing  20 mole $> to  70 mole %

o f  comonomers two endothermic tra n s it io n s  (T ) werem
observed. The higher Tm value i s  a ttr ib u ted  to the PET 

b lock  and lower fo r  PHT/POT b lo ck s . In cop o ly esters  having 

20 mole $> to 87*5$ o f  comonomer two exotherm ic peaks were 

observed in  the co o lin g  curves. The high temperature peak 

may be a ttr ib u ted  to c r y s ta l l iz a t io n  o f  PET and the peak 

a t lower temperature to b locks o f  PHT/POT/PDT. Some 

inform ation regarding the c r y s ta l l iz a t io n  was a lso  obtained 

by the slope o f  c r y s ta l l iz a t io n  curves. In corporation  o f  

f l e x ib l e  segments in  PET reduced the onset temperature o f  

c r y s ta l l iz a t io n  exotherm.

Thermal s t a b i l i t y  o f  polymer was evaluated by 

dynamic thermogravimetry. An in crease  in  the.number o f  

methylene groups resu lted  in a decrease in  IDT, T , T 

and IPDT. This may be a ttrib u ted  to the h igher f l e x i b i l i t y  

o f  the backbone.



Seven cop o ly ester  samples (iH .j, IHg, K).,,

KJg, ^ 1  ) were spun in to  f ib r e s  using a bench s ca le  spinning 

and drawing u n it. F ibres obtained were drawn to d if fe r e n t  

draw ra t io s  (3,4 and 5*320 at 100°C. Heat se tt in g  o f  5 ; DR 

f ib r e s  was done at 135°C fo r  30 min in  an a ir  oven under 

taut con d ition s . A decrease in the i n i t i a l  modulus and an 

in crease  in 1* e longation  was observed with the increase  in  

the number o f  methylene groups in the PET backbone.

DSC stu d ies o f  cop o ly ester  f ib r e s  in d ica ted  a 

decrease in  T. , Tc and Tm on in creasin g  the number o f  

methylene groups in PET backbone. In h e a t-se t  f ib r e s  

endothermic and exotherm ic tra n s it io n s  associa ted  with T
6

and Tc were absent.

A decrease in the density  and b ire fr in g en ce  was 

observed on increasin g  number o f  methylene groups in PET 

backbone. X-ray d if fr a c t io n  pattern  o f  cop o ly este rs  was 

s im ila r  to that o f  PET. Percentage c r y s t a l l in i t y ,  Herman's 

o r ien ta tion  fa c to r  and amorphous o r ie n ta tio n  was found to 

be lower than that o f  PET in 5 : DR h e a t-se t  cop o ly ester  

f ib r e s .

Higher moisture regain  was observed at 65$ and 

84$ r e la t iv e  humidity. The dyeing was ca rr ied  out using 

d isperse  dye (C ibacet Orange 2R) w ithout using a c a rr ie r  

at ltd 0C. B etter d y e a b ility  in  cop o ly este r  f ib r e s  was

iv



V

observed compared to PET. I n i t i a l  ra te  o f  dyeing was 

very high in cop o ly esters  than in  PST. Good co rre la tio n  

between °h c r y s t a l l in i t y  and modulus, e lon ga tion -a t-break  

and d if fu s io n  c o e f f i c ie n t  was observed.

These stud ies thus in d ica te  that chem ical stru ctu re  

and f in e  stru ctu re  o f  copolymers a f f e c t  the variou s u se fu l 

p ro p e rtie s  o f  f ib r e s .
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