
C H A P T E R  I V

R E S U L T S  A N D  D I S C U S S I O N S

In th is  stu d y , T he attem pt w a s d on e  to  r e c la im  T P A  fro m  u sed  PET  
b o ttle s . F irst, tw o  m eth od s: sa p o n ific a tio n  and n eu tra l h y d r o ly s is  h ave  
b e e n  stu d ied  to  d eterm in e  op tim u m  c o n d itio n s . S e c o n d ly , d ep o ly m er iz a tio n  
o f  P E T  w h ile  that PE T  w as m ix e d  w ith  anoth er p la s tic , P V C , w ere  d on e. 
F in a lly , th e  p rod u cts from  th ese  exp er im en ts  w ere  c h a ra c ter ized  b y  F T -IR  
and N M R .

4 .1  S a p o n if ic a t io n

P E T  w a s  rea cted  w ith  N a O H  so lu tio n  at v a r io u s c o n d itio n  to  p ro v id e  
e th y le n e  g ly c o l  and an in term ed iate  p rodu ct, d iso d iu m  terep h th a la te . T he  
in term ed ia te  w a s  th en  a c id if ie d  w ith  co n cen tra ted  HC1 c a u s in g  T P A  to  
p rec ip ita te . T h e rea c tio n  is  sh o w n  in  F igu re 4 .1 .

F ig u r e  4 .1  T he sa p o n ific a t io n  o f  PE T
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T he resu lts  are sh o w n  in  T ab le  4 .1  and p lo tte d  to  g iv e  the  
cu rve in  F igu re 4 .2 .

4.1 .1  The effect o f  N aO H  con ten t

Tab le  4 .1  % y ie ld  o f  P T A  in  sa p o n ific a t io n  w ith  v a r io u s N a O H  co n ten t

P T A N a O H  co n ten t (% พ /พ  N a O H /P E T )
25 4 0 50 60 75 100

w e ig h t  (g ) 5 .3 3 1 1 .4 9 12 .35 12 .33 1 2 .3 2 12 .31
y ie ld  (% ) 4 1 .1 8 8 .6 9 5 .2 95 .1 9 5 .0 9 4 .9

F ig u r e  4 .2  % y ie ld  o f  P T A  versu s N a O H  co n ten t

T he cu rve in d ica ted  that th e 50%  พ /พ  (N a O H /P E T ) w a s  the  
o p tim u m  con ten t. A t a co n ten t b e lo w  50%  พ /พ , th e r e a c tio n  w a s  n ot 
c o m p le te . In con trast w ith  th e  h ig h er  N a O H  con ten t, th e  p ro d u ct m ig h t be  
ca rb o n ized  r esu ltin g  in  a lo w e r  y ie ld . [23]
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T he resu lts  are sh o w n  in  the T ab le  4 .2  and illu stra ted  in
F igu re 4 .3 .

4 .1 .2  The effect o f  tem pera tu re

T a b le  4 .2  % y ie ld  o f  P T A  in  sa p o n ific a t io n  w ith  v a r io u s tem p erature

P T A T em peratu re (°C )
150 180 2 1 0 2 4 0 2 7 0

w e ig h t  (g ) 7 .1 4 1 2 .4 9 1 2 .4 4 12 .41 1 2 .3 5
y ie ld  (% ) 55 .1 9 6 .3 9 5 .9 9 5 .7 9 5 .2

F ig u r e  4 .3  % y ie ld  o f  P T A  v ersu s tem p erature  

B y  th e sam e c o n sid e r a tio n  as b e fo re , the cu rve sh o w e d  that the
o p tim u m  tem p erature w a s 180°c.
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4 .1 .3  The effect o f  tim e

tim e.
T ab le  4 .3  and F igure 4 .4  sh o w s th e resu lts  o f  v a ry in g  reaction

T a b le  4 .3  % y ie ld  o f  P T A  in  sa p o n ific a tio n  w ith  v a r io u s  rea c tio n  tim e

P T A T im e (m in u tes)
5 15 3 0 4 5 60

w e ig h t  (g ) 9 .5 7 1 2 .1 6 12.41 1 2 .6 3 1 2 .4 9
y ie ld  (% ) 7 3 .8 9 3 .8 9 5 .7 9 7 .4 9 6 .3

100 

90 

80 

70

60 5 15 25 35 45 55
Tim e (m inutes)

/oyield o f  PTA

F ig u r e  4 .4  % y ie ld  o f  P T A  versu s rea c tio n  tim e  

A s d isc u sse d  b efo re , th e o p tim u m  r e a c tio n  tim e  w a s 45
m in u tes.
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For e c o n o m ic  a sp ects , th e sh ortest tim e  is  n e c e s s a iy . T he  
optim u m  rea c tio n  tim e , in  th is  stud y, w as 45 m in u tes . It is  a lo n g  tim e, 
h en c e , it sh o u ld  be d ecrea sed  to  in crea se  e c o n o m ic  e f f ic ie n c y .

T o ob ta in  th e op tim u m  tim e for  e c o n o m ic  p ra c tice s , the 
r e a c tio n  tem p erature sh o u ld  be in crea sed  from  1 8 0 ° c  to  2 1 0 ° c  and N aO H  
co n ten t h e ld  at 50%  พ /พ  (N a O H /P E T ). T he r e a c tio n  p ressu re  w as  
in c r ea s in g  to  2 3 0  p s ig  corresp o n d in g  to  the in crea sin g  tem p eratu re. The  
resu lts  o f  var iou s op eratin g  tim es o f  1, 5 , 15, 3 0 , 4 5 , and  6 0  m in u tes  are 
sh o w n  in  T ab le  4 .4  and F igu re 4 .5 .

T a b le  4 .4  % y ie ld  o f  P T A  in  sa p o n ific a tio n  w ith  v a r io u s  r e a c tio n  tim e  
(o n  e c o n o m ic  a sp ects).

P T A T im e (m in u tes)
1 5 15 3 0 45 60

w e ig h t  (g ) 12 .63 12.61 12 .59 12.55 1 2 .5 0 1 2 .4 4
y ie ld  (% ) 9 7 .4 9 7 .2 97 .1 9 6 .8 9 6 .4 9 5 .9

F ig u r e  4 .5  % y ie ld  o f  P T A  versu s reaction  tim e (o n  e c o n o m ic  a sp ec t)
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T he curve d en oted  that th e  o p tim u m  o p eratio n  tim e w a s 1 
m in u te  at 2 1 0 ° c .  L on ger p eriod  o f  tim e , h ig h er  ca rb o n iza tio n  ca u sed  lo w er  
y ie ld s , a lth o u g h , the d iffe re n ce s  m ay  n ot be s ta tis t ic a lly  s ig n ifica n t.

For the rec la m a tio n  o f  TP A  b y  sa p o n ific a t io n , th e optim um  
c o n d itio n s  are as fo llo w s:

N a O H  con ten t 50 % พ /พ  (N a O H /P E T ),
T em perature 2 1 0 ๐c  (a t 2 3 0  p s ig ) ,
T im e 1 m in u te .

T he co n v er s io n  o f  PET w a s 100% , w h erea s  the y ie ld  o f  TP A  
w a s fo u n d  to be 97 .4% .

T h ese  resu lts  w ere  sh o w n  that th e resu lt can  b e  a ch iev e d  by  
h ea tin g  PE T  in  N a O H  so lu tio n . It w a s n ot n e c e ssa r y  to  u se  an oth er so lv e n t  
in  con tra st to  a p rev io u s report u s in g  D M S O  [22], F urtherm ore, the  
r e a c tio n  tim e  o f  th is stud y w as le s s  than in  a re la ted  report u s in g  3 0  m in u tes  
[23],

N e v e r th e le s s , the re co v er y  o f  T P A  b y  n eu tra liza tio n  o f  the  
sa lts  w ith  a cid  w a s w a ste fu l b ec a u se  a cid  and b a se  w ere  c o n su m ed  and sa lts  
w ere  crea ted . D isp o sa l o f  th e sa lts w o u ld  h av e  a n e g a tiv e  e f fe c t  on  the  
en v iro n m en t.
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4 .2  N e u tr a l  h y d r o ly s is

PE T  d ep o ly m er iz a tio n  w a s carried  out in  th e  p re se n c e  o f  w ater at 
e le v a te d  tem p erature. T P A  and e th y le n e  g ly c o l  w ere  r ec la im ed  b y  o n e-step  
rea c tio n  as sh o w n  in  F igure 4 .6 .

J  ท HO—CH2CH2-OH

F ig u r e  4 .6  T h e  neutral h y d r o ly s is  o f  PE T

4 .2 .1  The effect o f  tem pera tu re

T h e resu lts  are sh o w n  in  T ab le  4 .5 .

T a b le  4 .5  % y ie ld  o f  P T A  in neutral h y d r o ly s is  w ith  v a r io u s tem perature

P T A T em peratu re ( ๐C )
2 1 0 2 4 0 2 7 0

w e ig h t  (g ) N D N D 1 2 .4 8
y ie ld  (% ) N D N D 9 6 .2
N o te  : N D  m ean s n o t d e tec ted  b ec a u se  o f  in co m p ete  reaction .

T h e data sh o w e d  that lo w e r  tem p eratu res g e n e r a lly  ca u sed  
s lo w  h y d r o ly s is  rates and g a v e  in c o m p le te  rea c tio n  o v er  rea so n a b le  tim e  
p er io d s. It w a s  d eterm in ed  that the o p tim u m  tem p erature w a s  2 7 0 ° c .
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4 .2 .2  The effect o f  reaction  time

T he resu lts  are sh o w n  in  T ab le  4 .6 .

T a b le  4 .6  % y ie ld  o f  P T A  in  neutral h y d ro ly s is  w ith  v a r io u s rea c tio n  tim e

P T A T im e (m in u tes)
1 3 5 15 3 0

w e ig h t  (g ) N D N D 1 2 .5 2 1 2 .4 8 12 .4 5
y ie ld  (% ) N D N D 9 6 .5 9 6 .2 9 6 .0

N o te  : N D  m ea n s n o t d etec ted  b ec a u se  o f  in c o m p le te  rea ctio n .

T h e a b o v e  data sh o w e d  that the op tim u m  r e a c tio n  tim e  w a s 5 
m in u tes. T h ere  w a s n o  s ig n if ic a n t d iffe re n ce  w ith  lo n g er  rea c tio n  tim es.

4 .2 .3  The re la tion  o f  T em perature a n d  R eac tio n  Time

A s d isc u sse d  b efo re , the shorter rea c tio n  tim e  c o rresp o n d ed  to  
the h ig h er  tem p erature. F igu re 4 .7  d isp la y s  th e re la tio n  b e tw e e n  
tem p erature and rea c tio n  tim e.

Time (minutes)



46

From  th e a b o v e  cu rve, it w a s c o n c lu d e d  that the r ec la m a tio n  o f  
TP A  b y  neutral h y d ro ly s is  has th e  op tim u m  c o n d itio n  as fo llo w s :

T em peratu re 2 7 0  ๐c  (a t 7 0 0  p s ig )
T im e 5 m in u tes

T h e y ie ld  o f  terep h th a lic  a c id  w a s  d eterm in ed  to  b e 9 6 .5 % , 
w h erea s the c o n v er s io n  o f  PET w a s 100% .

T he neutral h y d r o ly s is  is  a p er fec t m eth o d  fo r  r e c la im in g  T P A . 
T h is m eth o d  w a s e f fe c t iv e  w ith o u t th e u se  or p ro d u ctio n  o f  o rgan ic  
rea g en ts , p rod u cts or in o rg a n ic  sa lts  that w o u ld  harm  th e en v iro n m en t.

A cco rd in g  to  the resu lts  o f  th is  stu d y , th e  rea c tio n  tim e  w a s  
le s s  than  in  the w ork  o f  M en d o k i [24 ] w h ich  had r e s id e n c e  tim e  o f  the  
p ro c ess  m ore than  3 0  m in u tes. F urtherm ore, it w a s  n o t n e c e ssa r y  to  op erate  
u nd er n itro g en  p ressu re  as th e w ork  o f  T u stin  e t.a l. [2 5 ], T h u s, th e  neutral 
h y d r o ly s is  in  th is  stu d y  c o u ld  be op erated  in  a c o n tin u o u s  m an n er as 
illu stra ted  in  F igu re 4 .8 .
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F ig u r e  4 .8  S ch em a tic  d iagram  for  rec la im in g  P T A  in  c o n tin u o u s  p ro c ess

F irstly , PE T  w o u ld  b e  ch o p p ed  in to  a p articu lar s iz e  and fed  
c o n tin u o u s ly  in to  th e h y d ro ly zer . T he steam  w o u ld  a g ita te  th e  P E T  to  
p ro v id e  h ea t tran sfer and to m a x im iz e  co n ta ct b e tw e e n  th e  PE T  and the h ot  
w a ter  in  th e  h y d ro ly zer . T h e h y d r o ly s is  tem perature m ig h t b e  2 7 0 ° c  and  
th e vap or p ressu re  o f  w a ter  w o u ld  co rresp o n d in g  to  th e  rea ctio n  
tem p erature. A cco rd in g , to th is  stu d y, th e r e s id e n c e  tim e  in  th e  h y d ro ly z e r  
w o u ld  b e  f iv e  m in u tes.

N e x t , th e  m ixtu re  o f  so lid  and liq u id  p ortion  w o u ld  b e  ta k en  apart at 
a filtra tio n  u n it. T he liq u id  c o m p o n e n t c o n ta in in g  w a ter  and e th y le n e  
g ly c o l  w o u ld  b e sen t to  a d is t illa t io n  co lu m n  fo r  th e  r e co v er y  o f  e th y le n e  
g ly c o l . T he so lid  w o u ld  b e  transferred  to  th e su b lim a tio n  u n it as a T P A -  
p u r ific a tio n  step .

T here w ere  m a n y  te c h n iq u e s  for  su b lim a tio n . O n e o f  th e  b est  
te c h n iq u e s  is  th e su b lim a tio n /c o n d e n sa tio n  m eth o d  [2 5 ], In th is  m eth o d , the  
so lid  is  h ea ted  to  a tem p erature a b o v e  its d ew  p oin t. T h e d e w  p o in t var ies  
as a fu n c tio n  o f  th e  p ressu re  and m o le  ratio  o f  w ater  to  TP A . For e x a m p le , 
w h en  the w ater:T P A  ratio  is  3:1 at ab ou t 0.1 a tm o sp h ere  p ressu re , th en  the
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d ew  p o in t is  3 1 5 ° c .  T h is tech n iq u e  can  a lso  b e  c o n s id e r e d  as steam  
d istilla tio n .

N e x t , the h ea ted  vap or stream  e n su in g  from  the su b lim a tio n  unit 
w o u ld  be c o o le d  to a tem perature b e lo w  its d ew  p o in t in  the c o n d e n sa tio n  
unit. A  c o n d e n sa tio n  tem perature b e lo w  a b ou t 2 3 0 ° c  is  p referred  for  
c o n d e n sa tio n  o f  T P A  from  the vap or in  th e on e  a tm o sp h ere  p ro cess .

T he w h ite  so lid  o f  T P A  co n ta in ed  in  a c o n d e n sa tio n  v e s s e l  w o u ld  
m o stly  b e flo a t in g  on  the top  o f  th e c o n d e n se d  w ater . C y c lo n in g  and  
filtra tio n  are th e  preferred  m ean s o f  c o lle c t in g  th e p ro d u cts. A  p o rtio n  or 
all o f  th e w ater  u sed  in  the su b lim a tio n /c o n d e n sa tio n  p r o c e ss  c o u ld  be  
return ed  to th e h y d ro ly zer  or p ortion s m igh t a lso  b e  reverted  to  the  
su b lim a tio n /c o n d e n sa tio n  op eration .

4 .3  S tu d y  o f  te r e p h th a l ic  a c id  r e c la m a tio n  fr o m  m ix e d  P E T  a n d  P V C

P E T  and P V C  w a s m ix e d  in  var iou s ratio s, 100 :0  7 5 :2 5  5 0 :5 0  and  
2 5 :7 5  b y  w e ig h t. T he rea ctio n  w a s stu d ied  under th e o p tim u m  c o n d itio n  o f  
ea ch  m eth o d , 5 0 % w /w  (N a O H /P E T ), 2 1 0 ° c ,  1 m in u te  fo r  sa p o n ific a t io n  
and 2 7 0 ° c ,  5 m in u te  fo r  neutral h y d r o ly s is , to d eterm in e  th e  e f fe c t  o f  P V C  
on  rec la m a tio n  o f  T P A  from  m ix e d  p la stic s .

T h e resu lts  are p resen ted  in  T ab le  4 .7 .
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T a b le  4 .7  % y ie ld  o f  P T A  in neutral h y d r o ly s is  and sa p o n ific a t io n  
o f  M ix ed  P V C  and PET.

% y ie ld  o f R atio  o f  P E T /P V C  (% b y w e ig h t)
T erep h th a lic  acid 100:0 7 5 :2 5 5 0 :5 0 2 5 :5 0

S a p o n if ic a tio n 9 7 .4 9 7 .3 9 7 .2 9 7 .2
N eu tra l h y d ro ly s is 9 6 .5 9 6 .3 9 6 .2 9 6 .2

N o  s ig n if ic a n t  d iffe re n ce s  in  terep h th a lic  a c id  y ie ld  w a s fo u n d . It 
can  b e  sa id  th at P V C  d id  n o t a ffe c t  e ith er  o f  th e re c la m a tio n  m eth od s.

H o w e v e r , in  neu tral h y d ro ly s is , th e pH  o f  P E T /P V C  m ix e d  so lu tio n  
com p ared  w ith  the p H  o f  PET so lu tio n  d ecrea sed  from  7 to  1. It c o u ld  be  
sa id  that P V C  w a s d ec o m p o se d  at th e r e a c tio n  tem p erature. T he  
d e c o m p o s it io n  o f  P V C  w as first n o ted  at tem p eratu re n ear 1 0 0 ° c  [2 6 -2 7 ] ,  
b y  m o le c u la r  w e ig h t  and therm al co n d itio n s . A s  d eh y d ro ch lo r in a tio n  
o ccu red  and h y d ro g en  ch lo r id e  w a s e v o lv e d , th e  P V C  b e c o m e  d isco lo u red . 
T em p era tu re-sen sitiv e  a lly lic  g ro u p in g s and tertiary  ch lo r in e  w ere  form ed  
and u n z ip p er in g  occu rred , lea d in g  to  th e fo rm a tio n  o f  p o ly e n e  structures 
w h ich  le d  to  d isco lo ra tio n .

B o th  sa p o n ific a t io n  and neu tral h y d r o ly s is  m e th o d s  c o u ld  gen era te  
h y d ro c h lo r ic  acid ; h en c e , th e sa p o n ific a tio n  m eth o d  w a s sa fe  fo r  th is  case. 
S o d iu m  h y d ro x id e  u sed  in  th e m eth o d  w o u ld  trap th e a c id  that form ed .



4 .4  P r o d u c t  c h a r a c te r is a t io n

4.4 .1  F u n ction al grou p s

T he F T -IR  sp ectru m  o f  T P A  from  ea ch  o p tim u m  c o n d itio n  w as  
th e sam e as d isp la y e d  in  A p p en d ix  A l .  It w a s  s im ila r  to  th e  IR sp ectru m  o f  
A ld rich  L ibrary [2 8 ], T h e sp ectru m  in d ica ted  th e  p r e se n c e  o f  a v ery  broad
O -H  stre tch in g  in  th e  r e g io n  o f  3 ,3 0 0 -2 ,5 0 0  c m '1. T h e p ea k  at 1 ,7 0 2  cm '1 
co rresp o n d s to  c = 0  stretch in g . T he C - 0  stre tch in g  is  at 1 ,2 9 8  c m '1. 
A sy m m etr ic  and S y m m etr ic  ca rb o x y la te  a n io n  stre tch in g  are app arent at 
1 ,5 8 0  and 1 ,4 3 0  c m '1, r e sp e c tiv e ly . It is  a lso  aro m a tic  C -H  stretch in g  at 
3 ,1 0 0  cm '1, w h erea s  the p eak s at 943  cm '1 resu lts  fro m  p a ra -su b stitu ted  out-  
o f-p la n e  rin g  b en d in g .

4 .4 .2  The stru ctu re

T P A  fo rm  ea ch  o p tim u m  c o n d itio n  w a s  ch a ra cter ised  by  
13C -N M R  as sh o w n  in  A p p en d ix  A 2 . T he sp ectru m , su p p orted  b y  Sad tler  
standard [2 9 ] , sh o w e d  s ig n a ls  w ith  ch e m ica l sh ifts  at 130 , 135 , and 168  
ppm  w ith  th e  ratio  o f  2 :1 :1  corresp o n d in g  to  th e  stru cture o f  T P A , 
e sp e c ia lly .
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4 .4 .3  A c id  num ber

T he acid  n um ber w as d eterm in ed  by  b ack -titra tio n  and 
ca lc u la te d  b y  the eq u atio n  sh o w n  in  3 .2 .4 .3 .

T he resu lts  are sh o w n  in  T ab le  4 .8 .

T a b le  4 .8  a cid  n um ber in  m g  K O H /g  o f  terep h th a lic  acid

S am p le a cid  n um ber (m g  K O H /g )
1 6 7 5 .7 5
2 6 7 4 .7 9
3 6 7 5 .7 5

A vera g e 675 .43

T he a cid  n um ber is  an o v era ll p urity  m easu rem en t o f  T P A . A  
p er fe c tly  pure sa m p le  w o u ld  h ave an a cid  n um ber o f  6 7 5 .5  m g  K O H /g , but 
the lo w  im p u rity  le v e ls  m ade the a cid  num ber m e a n in g le ss  as a q u a n tita tiv e  
in d ic a tio n  o f  p urity , and it w a s b e in g  p h a sed  out. T he a c id  n u m b er o f  T P A  
that w a s  m ore than  673  m g  K O H /g  w o u ld  be c o m m e r c ia lly  a cc e p ta b le ! 18], 
H e n ce , the p rod u ct from  th is stu d y  w a s  su ff ic ie n tly  pure fo r  the p rep aration  
o f  h ig h  q u a lity  PET.
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