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CHAPTER II

THEORETICAL CONSIDERATION

2.1 Overview of municipal plastic wastes [4-13]

2.1.1 Municipal Solid Wastes (MSW)

M a n y  parts o f  th e in d u stria l w o r ld  fa c e  se r io u s  p ro b lem s o f  
m a n a g in g  th e  g en era tio n  and d isp o sa l o f  M S W . It is  e s tim a te d  that 73%  o f  
the M S W  w e n t to  la n d fill  or w a s o th e r w ise  d isp o se d  o f, 13%  r e c y c le d , and  
14%  in c in era ted . T h e d isp rop ortio n a te  am ou nt o f  w a ste  g o in g  to  la n d fills , 
th e c lo s in g  o f  m a n y  o f  th e se  s ite s , and  th e lack  o f  eq u a l n u m b ers o f  
rep la cem en t s ite s  is  th e  d isp o sa l a sp ec t o f  the so lid  w a ste  p ro b lem . T h is  
has r e c e iv e d  m u ch  a tten tio n  in  the m ed ia  and is  g e n e r a lly  k n o w  as the  
“la n d fill  c r is is” . In th e  p a st tw o  d eca d es , th e m em b er  o f  a c t iv e  op eratin g  
la n d fills  in  U S A  h as d ecrea sed  b y  75% . W ith in  th e  n e x t  f iv e  y ea rs , o n e -  
th ird  o f  th e  la n d f ills  cu rren tly  in  o p eratio n  w il l  b e  fo r c e d  to  c lo s e  b ec a u se  
o f  stricter  g o v ern m en ta l reg u la tio n  on  grou nd  and w a ter  co n ta m in a tio n  and  
on  la n d fill  ca p a c ity .

P la st ic s  in  th e M S W  stream  are a m in o r  c o m p o n e n t (a b o u t 8%  
by w e ig h t  or 16%  b y  v o lu m e ), but it is  p la stic  m a ter ia ls  w h ic h  h ave  
attracted  th e g rea test a tten tion  o f  the en v iro n m en ta l p ressu re  gro u p s. T he  
rea so n  fo r  th is  a tten tio n  appears to  b e  re la ted  to  tw o  fa c to rs  : m o st p la stic  
m ateria ls  are rea d ily  id e n tif ia b le  in  th e w a ste  stream  and  p la s t ic s  are n ot
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b io d eg ra d a b le  and reta in  th eir  in teg r ity  is  la n d f ills  (o n ly  1% o f  p la stic s  
w a ste  is  r e c y c le d . T h at is  a r e c y c lin g  rate ab ou t 1 /1 0  th at o f  g la ss  and a 
m ere 1 /25 that o f  a lu m in iu m  ca n s). A s  a n um ber o f  o b serv ers  h a v e  p o in ted  
out n e ith er  o f  th e se  fa c to rs  is  str ic tly  p ecu lia r  to  p la s t ic s , m a n y  so -c a lle d  
b io d eg ra d a b le  m a teria ls  rem ain  id e n tif ia b le  e v e n  a fter  lo n g  p er io d s  o f  burial 
in  la n d fill  s ite s . W h at is  u n d en ia b le  is  the p u b lic  a w a ren ess  o f  p la stic  
p a ck a g in g  as a  so u rce  o f  litter  and a lso  th e p o te n tia l fo r  p o s t  co n su m er  
w a ste  p la stic , e s p e c ia l ly  b o ttle s , to  b e  sep arated  b y  th e  co n su m er  from  the  
rest o f  th e  w a ste  stream .

p red o m in a n tly  o f  c o m m o d ity  th erm o p la stic  m a ter ia ls , a fea tu re w h ich  
r e fle c ts  th e  h ig h  co n tr ib u tio n  from  p ack a g in g  w a ste . T h e  ty p e s  o f  p la stic  in  
m u n ic ip a l w a ste s  are sh o w n  in  F igu re 2 .1 . A  b rea k d o w n  o f  th e so u rces o f  
p o st-c o n su m e r  w a ste s  is  p resen ted  in  F igu re 2 .2 .

T h e  p la s t ic  c o m p o n e n t  o f  th e  M S W  strea m  c o n s is ts

PS PVC 
9% 4% PET

HDP
29°/

LDPE
41%

Figure 2 .1  P la stic  M ateria ls in  p o st-c o n su m e r  w a s te  [7 ],
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Figure 2.2 P rod u ct c a teg o r ie s  o f  p o st-c o n su m e r  w a ste  [7],

2.1.2 Plastic Code

T he so lu tio n  is  a stu d y  in  s im p lic ity  : an ea sy -to -rea d , 
u n iv ersa l c o d e  that id e n tif ie s  ea ch  p la stic  co n ta in er  b y  resin . T he volu n ta ry  
c o d in g  sy ste m  p ro p o sed  b y  T he S o c ie ty  o f  th e  P la st ic s  Indu stry  (S P I) 
c o n s is ts  o f  an a cro n y m  o f  th e resin  u sed  and a co rresp o n d in g  c o d e  n um ber  
as sh o w n  in  F igu re 2 .3 . T h is in fo rm atio n , m o ld e d  in to  th e  b o tto m  o f  a 
co n ta in er , w il l  a id  in  r e c y c le r s ’ sortin g  e ffo r ts .

PETE (Polyethylene terephthaiate)

HDPE (High Density Polyethylene)

V (vinyl, Polyvinyl chloride) ^  (,^

Other

LDPE (Low Density Polyethylene) 

pp (Polypropylene)

PS (Polystyrene)

Figure 2.3 P la stic s  r e c y c lin g  b y  num ber.
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2.1.3 Type of Plastic Waste

W a ste  p la stic s  c o n s is t  o f  p la stic s  resin  or p ro d u ct that m u st be  
r e p r o c e sse d  or d isp o se d  of.

Industrial Plastic Waste is  p la stic  w a ste  g en era ted  b y  v ariou s  
in d u stria l sec to rs , n o n -co n su m er  p la stic , w h ic h  in c lu d e s  w a ste  from  
m o ld ers , con v erters , p ack ers, resin  m an u factu rers, and  so  on . N o r m a lly  th is  
p la stic  w a ste  is  e a sy  to  id e n tify , c o m e s  from  a s in g le  so u rce , can  b e  
p r o c e s se d  o n  trad ition a l m o ld in g  eq u ip m en t and m a y  b e  co m m in g led . S o m e  
c le a n in g  m a y  b e requ ired .

Post-Consumer Plastic Waste is  an y  p la stic  th at h as b ee n  u sed  
b y  th e  co n su m er  and d iscard ed . It a p p lie s  to  an in d iv id u a l p la stic  or to  
m ixtu re  o f  p la stic . It c o u ld  b e  o n e  ty p e  o f  p la stic , su ch  as H D P E  m ilk  ju g s  ; 
tw o  ty p e s  o f  p la s tic s , su ch  as P E T  b ev era g e  b o ttle s  w ith  H D P E  b a se  cu p s ; 
or a m ix tu re  o f  a large v a r iety  o f  p la stic s .

Commingled Plastic Waste m a y  b e  a m ixtu re  o f  tw o  p la stic s  
or a v a r ie ty  o f  p la stic s . P E T  and PE , the fo c u s  o f  m o st p o st-c o n su m e r  
p la stic  w a s te  c o l l e c t io n  p r o g r a m s, are s a id  to  b e  c o m m in g le d .  
“C o m m in g le d ” a lso  is  u sed  to  d escr ib e  p o st-c o n su m e r  p la stic  w a ste  that 
in c lu d e s  a m ix tu re  o f  a ll ty p es  o f  re s in s  that are in  m u ltila y ered , p rin ted , 
la m in a ted , p la ted , p ig m en ted , p a in ted , or m o d if ie d  form s.

Contaminated Plastic Waste m ay h a v e  n o n -p la s t ic  m ateria l 
e n c lo s e d , su ch  as p ap er fo i l ,  w o o d  ch ip s , f lo o r  sw e e p in g s , lu n ch  b a g s, 
p ro d u ct r e s id u e , a lu m in iu m  c lo su re s , w ire  rec la im , fib re  w a ste , m a g n etic  
strip s, and  p la tin g .
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Nuisance Plastics are w a ste  p la stic s  that ca n n o t be  
r e p r o c e sse d  in to  v ia b le  c o m m erc ia l p rod u cts u nder th e  e x is t in g  te c h n ic a l-  
e c o n o m ic  c o n d itio n s .

Scrap Plastics are w a ste  p la stic s  that are ca p a b le  o f  b e in g  
re p r o c e sse d  in to  c o m m e r c ia lly  a ccep ta b le  p la stic  p rod u cts.

2.1.4 Separation o f Plastic Waste

B o th  in d u stria l and p o st-c o n su m e r  p la stic  w a s te s  o fte n  occu r  
as m ix tu res o f  g en e r ic  gro u p s o f  p la stic s . T here are m a n y  a ttem p t to  
sep arate  th em . T h e fo l lo w in g  sep a ratio n  tech n iq u es  h a v e  b ee n  e x a m in e d  :
(1 )  f lo a t /s in k  sep aration , (2 )  e lec tro sta tic  sep aration , and (3 )  a u tom ated  
sorta tion .

2.1.4.1 Float/Sink Separation

T he th ree  m a in  p la stic  co m p o n en ts  o f  m u n ic ip a l p la stic  
w a ste  - P o ly o le f in s , P V C , and PS - h a v e  s lig h tly  d iffe re n t d e n s it ie s . T he  
d e n s ity  o f  th e  5 m o st freq u en t b u lk  p la stic s  are sh o w n  in  F igu re 2 .4 . T he  
f lo w c h a r t o f  su ch  a p r o c e ss , p ro p o sed  b y  th e บ .ร . B u reau  o f  M in e s , is  g iv e n  
in  F igu re 2 .5 . T h e sep a ratio n  is  a ch iev e d  u s in g  fo u r  liq u id  m e d ia  : w ater  
(p  =  1 g /c m 3), tw o  w a te r -a lc o h o l m ix tu res (p  =  0 .9 3  and 0 .9 1  g /c m 3), and  an  
a q u eo u s sa lt so lu tio n  (p  =  1 .2 0  g /c m 3).
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Density (g/cm3)
0.9 1.0 1.1 1.2 1.3 1.4 1.5

PVC r ir-------►

PET ■ \
PP
PE PM

PS ฒ
Figure 2 .4  T h e d e n s it ie s  o f  5 m o st freq u en t b u lk  p la stic s .

Figure 2.5 T h e o re tic a l fo u r-sta g e  s in k -flo a t sc h e m e  fo r  sep a ratin g  
w a ste  p la s tic s  m ixtu re

A t p resen t th e sep aration  o f  p la s t ic s  a cco rd in g  to  
d en sity  in  p ra ctice  is  o n ly  u sed  fo r  th e  c o m b in ed  sep a ratio n  o f  p o ly e th y le n e  
(P E ) and p o ly p r o p y le n e  (P P ) in  w ater  u s in g  a h y d r o c y c lo n e  or a f lo ta tio n  
unit. It is  n o t p o s s ib le  to  separate  p o ly v in y lc h lo r id e  (P V C ) from  P E T  or PE  
from  PP b e c a u se  th e  d iffe r e n c e  in  d en sity  is  to o  sm a ll or th e y  h a v e  th e  sam e  
d en sity .
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2 .1 .4 .2  E lec tro s ta tic  S ep ara tion

T he m ix e d  p la stic  are first su b jec ted  to  p re-trea tm en t  
and th en  g iv e n  o p p o s ite  ch a rges b y  fr ic tio n  (F ig u re  2 .6  sh o w s  th e  p r in c ip le  
o f  th e e le c tr o sta tic  sep a ratio n  p ro c ess). W h en  th e  p a r tic le s  c o m e  in to  
con ta ct, so m e  e le c tr o n s  p a ss  o v er  w ith  ea ch  co n ta ct, so  th at th e co n ta ct  
partners b e c o m e  p o s it iv e ly  or n e g a tiv e ly  charged .

Figure 2 .6  E lec tro sta tic  S ep aration  P r o c e ss

T h e in te n s ity  o f  th e ch arg in g  and th e  + /-  s ig n  d ep en d  
g rea tly  u p o n  th e  p retreatm en t. E x a m p les  o f  th e  p aram eters are re la tiv e  
a tm o sp h er ic  h u m id ity  and th e  ty p e  o f  c o n d itio n in g  m ed iu m . T h e se  are 
su r fa c e -a c tiv e  su b sta n ces  w h ic h  are add ed  in  p a r ts-p er -m illio n .

P a rtic les  treated  in  th is  w a y  are ch a rg ed  so  th at w h en  
fr e e -fa llin g  in  a h ig h -v o lta g e  f ie ld , th ey  m ay  b e d e f le c te d  to  th e  e le c tr o d e s  
and so  can  b e  sep arated  from  ea ch  other. T h e tw o  sep a ratin g  fla p s  at the  
b ottom  m ay  b e  u sed  to  con tro l th e  q u a lity  o f  th e  co n c en tr a te s . T he  
u n sep arated  m id d le  p ro d u ct is  fe d  b ack  in to  th e p ro c ess  aga in .
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A c c o r d in g ly , th is  p ro c ess  sh o u ld  id e a lly  be u sed  to  
sep arate  b in ary  m ix tu res. I f  a m ixtu re  h as m ore than  tw o  p la s tic s , it  is  v ery  
d iff ic u lt  to  co n tro l th e ch arg in g  b eh av iou r . H o w e v e r , P V C  is  an e x c e p t io n  
to  th is . A s P V C  is  a lm o st a lw a y s  n e g a tiv e ly  ch a rged  in  re la tio n  to  o ther  
p la s t ic s , it  can  u su a lly  b e  sep arated  o u t o f  m ix tu res o f  an y  n u m b er o f  
p la stic s . T he tr ib o e lec tr ic  ch arg in g  se q u e n c e  is  sh o w n  in  F igu re 2 .7 . 
A c c o r d in g  to  th is , in  p r in c ip le  a ll the p la stic s  l is te d  m a y  b e sep arated  from  
e a c h  o th er, rega rd less o f  th eir  d en sity .

Charging (position)

PVC . ■
------ ►

PET

pp

PE

PS ■

Figure 2 .7  T r ib o e lec tr ic  ch arg in g  se q u e n c e

2 .1 .4 .3  A u to m a ted  S orta tion

A u to m a tin g  th e  co n ta in er-so rtin g  p r o c e ss  h as b e e n  a 
m ajor c o s t-c o n ta in m e n t g o a l o f  the r e c y c lin g  in d u stry . B a s ic  sortin g  
te c h n o lo g y  w a s  d e v e lo p e d  in  1 9 8 9  w h e n  the p la stic s  r e c y c lin g  in d u stry  
b eg a n  to  m o v e  b e y o n d  PE T  so d a  b o ttle s . In 1991 th e fir st au to m a ted  
co m m e r c ia l l in e s  w ere  so ld  to  separate PE T  and P V C , and b y  th e  m id d le  o f  
1 9 9 4 , o v er  6 4  au to m a tic  sortin g  lin e s  w ere  op eratin g  n a tio n a lly . In a d d itio n
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to  so r tin g  P E T /P V C , autom ated  sy ste m s w ere  a lso  u sed  to  sep arated  H D P E , 
c o lo u r  sep arated  PE T , and P V C . B y  th e en d  o f  1 9 9 4 , th e  A m erica n  P la stic s  
C o u n c il (A P C ) p la n s to  in sta ll a p la s tic s  re co v er y  fa c il ity  (P R F ) in  O regon  
ca p a b le  o f  so rtin g  a ll o f  th e co m m o n  p a ck a g in g  p la stic s  b y  res in  ty p e .

A u to m a ted  sy ste m s im p rov e  th e  q u a lity  o f  the separated  
p ro d u ct b y  e lim in a tin g  su b jec tiv e  ju d g e m e n t on  d iff ic u lt - to -d is t in g u ish  
m a teria ls . P E T /P V C  sep aration  is  n o t e f fe c t iv e  w h en  o n ly  m an u al sortin g  
te c h n iq u e s  are u sed , b u t au tom atic  sy s te m s  h e lp  g e t  f in a l co n cen tra tio n s  o f  
P V C  in  P E T  to  p a r ts-p er -m illio n  le v e ls .

T he autom ate d etec to rs  fa ll in to  fo u r  c a teg o r ie s  : X -ray , 
s in g le  w a v e le n g th  in frared  (IR ), fu ll-sp ec tru m  IR , and co lo u r . T h e ea r lie st  
a u to m a tic  sep a ratio n  sy ste m s u sed  X -r a y s , w h ic h  are s t il l  th e  m o st e f fe c t iv e  
m ea n s o f  d eterm in in g  th e  p resen ce  o f  P V C . T h e c h lo r in e  a tom  in  th e  P V C  
m o le c u le  e m its  a u n iq u e  sig n a l in  th e p re se n c e  o f  X -ra y s  p resen ted  b y  e ith er  
X -ra y  tr a n sm iss io n  (X R T ) or X -ra y  f lu o r e sc e n c e  (X R F ). T h e X R T  s ig n a l  
p a ss e s  th r o u g h  th e  c o n ta in e r , ig n o r in g  la b e ls  an d  o th e r  su r fa c e  
co n ta m in a n ts , and  is  cap a b le  o f  d e tec tin g  a se c o n d  co n ta in er  that m a y  b e  
รณ ck  to  th e  first. X R F  b o u n c e s  o f f  th e su rface  o f  th e  co n ta in er  and is  
u se fu l fo r  f in d in g  an y  P V C , in c lu d in g  la b e ls  and cap s.

S y stem s for  sep aratin g  m u ltip le  ty p e s  o f  p la s tic s  u tiliz e  
a s in g le  w a v e le n g th  o f  th e near in frared  (N IR ) sp ectru m . T h e se  sy ste m s  
fo c u s  o n  s im p le  d eterm in a tion  o f  o p a c ity ; th e y  sep arate  th e  stream  o f  m ix e d  
c o n ta in e rs  in t o  c le a r  (P E T  a n d  P V C ) ,  t r a n s lu c e n t  (H D P E  an d  
p o ly p r o p y le n e ) , and  op aq u e (a ll p ig m en ted  m a teria ls  and  n o rm a lly  m ix e d ,  
c o lo u r e d  H D P E ) stream s.

T he n e w e s t  and m o st so p h is tic a te d  d etec to rs  e m p lo y  
fu ll  sp ectru m  n ear infrared . S in ce  a ll m a teria ls  absorb  IR  to  d ifferen t  
d eg r ee s , e a c h  r es in  h as a u n iq u e  “fin g erp rin t” w h ic h  a llo w s  th e se  d etec to rs  
to  a ccu ra te ly  sep arate  ea ch  o f  th e resin s. C u rren tly , f ilte r s  for  in d iv id u a l
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w a v e le n g th s  are u sed  fo r  rapid  id e n tif ic a tio n s . T here is  p ro m ise  fo r  ev en  
faster , lo w e r -c o s t  sy ste m s.

T h e c o lo u r  d etecto rs are v ery  sm a ll cam era s ca p a b le  o f  
id e n tify in g  a n u m b er o f  co lo u rs . W h en  c o m b in e d  w ith  a r e s in -sp e c if ic  
d etector , th e y  p erm it a v a r ie ty  o f  sorts.

D e te c to r s  are u s u a lly  arra n g ed  in  o n e  o f  three  
c o n fig u r a tio n s  as sh o w n  in  F igu re 2 .8  :

•  S in gle  d e tec to r /s in g le  con ta in er  : T h is  is  th e  s im p le st  
se t-u p  fo r  sin g u la ted  co n ta in ers . A s  e a c h  con ta in er  
p a ss e s  th e d etecto r , sev era l in - lin e  rea d in g s  are taken  
and a d e c is io n  is  m ad e b y  the com p u ter . W h ile  u su a lly  
accu rate , th is  p ro c ess  is  su b jec t to  errors i f  th e  con ta in er  
h as a large la b e l b lo c k in g  th e  s ig n a l and lim itin g  the  
am ou n t o f  data to  th e  com p uter.

•  M u ltip le  d e tec to r /s in g le  con ta in er  : A s  e a c h  con ta in er  
p a ss e s , it is  to  id e n tify  b y  a se r ie s  o f  d e tec to rs  tak in g  
m u ltip le  read in gs resu ltin g  in  a m o re  a ccu ra te  read in g .

•  M u ltip le  d e tec to r/m u ltip le  co n ta in er  : T h e standard  
c o n fig u ra tio n  for  a m a s s -f lo w  sy ste m . D e te c to r s  are 
sp a ced  to  co v er  th e  w id th  o f  th e  c o n v e y o r . W h en  the  
target m ateria l is  sp o tted , its  p o s it io n  o n  th e  b e lt  is 
n o te d  and an e jec to r  re m o v es  it  p rior  to  fa llin g  o f f  the  
en d  o f  the b elt.

C h am b erla in /M R C , H unt V a le y , M d . and  A u to m a tio n  
Industrial C o n tro l, B a ltim o re , h av e  in tro d u ced  th e ir  P o ly S o r t a u tom atic  
p la stic  b o ttle  so r tin g  sy ste m  as illu stra ted  in  F igu re 2 .9 .
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1. Single detector/single sample

2. Multiple detector/single sample

3. Multiple detector/multiple samples 
D e te c to r. '

I

Primary stream
Source: American Plastics Council

Figure 2 .8  T hree m ain  d etec to r  sy stem s are u sed  in  ty p ic a l  
sep a ratio n  and sortin g  setu p s.

Figure 2 .9  T y p ica l autom ated  sortin g  sy stem  fo r  p la stic  b o ttle s
and o p tica l sca n n in g  d ev ice .
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T he P o ly S o r t is  d e s ig n e d  to  r e c e iv e  c o m m in g le d  p la stic  
b o tt le s  in  e ith er  b a led  or cru sh ed  form . T he b o ttle s  are p rep ared  in  a 
m an n er c o n s is te n t  w ith  o th er  sortin g  sy ste m s. T h e heart o f  th e  sy ste m  is  a 
so p h is tic a te d  v id e o  cam era  and c o lo u r  m o n ito r  in co rp o ra tin g  a strob e to  
d etec t and d is t in g u ish  co lo u rs  in  the in sp e c te d  p la stic  b o ttle s .

T h is  o p tica l sca n n in g  d e v ic e  in te r fa c es  w ith  a 4 8 6 -b a s e d  
com p u ter  to  m a tch  th e  c o lo u r  o f  th e  b o ttle  a g a in st a m aster. T h e d etec to r  is  
rep u ted  to  d e te c t  m a tch es fo r  up to  16 m ill io n  sh a d es o f  co lo u rs .

In a d d itio n , th e  sy ste m  can  b e  p rogram m ed  to  d isregard  
la b e ls  o n  th e  b o ttle s . F o llo w in g  c o lo u r  d etec tio n , a n ea r-in frared  d e tec tio n  
sy ste m  d e s ig n e d  to  sca n  th e  s in g le -b o ttle  stream  at a rate o f  a p p ro x im a te ly  
3 0 0 0  t im e s  p er m in u te , to  d eterm in e in  le s s  th an  19 m s th e prim ary resin  
fo u n d  in  e a c h  on e . T h is is  a c c o m p lish e d  b y  m a tch in g  the in terferogram  
p ro d u ced  b y  th e  b o ttle  to  a k n o w n  “m a ster” fo r  ea ch  b a se  resin  as d o w n ­
lo a d e d  in  th e  sy stem .

A n o th er  su p p lier  o f  au to m a ted  so rtin g  sy s te m s  fo r  a ll  
p la stic  b o tt le s  is  M a g n etic  S ep aration  S y stem s (M S S ), Inc. Its sy stem , 
B o ttle S o r t , in co rp o ra tes  a sen so ry  apparatus d e s ig n e d  to  d e te c t  and  
m e c h a n ic a lly  sep arate  c o m m in g led  p la stic  b o tt le s  in  a p r o c e ss  that in c lu d es  
s ix  fu n c tio n s  : d eb a lin g , screen in g , se n s in g , sep a ratio n , and e le c tr o n ic  
co n tro l. S e n s in g  is  p erfo rm ed  b oth  o p tic a lly  and w ith  X -ra y  flu o r e sc e n c e .

A n  o p tica l se n s in g  d e v ic e  h a v in g  a tr a n sm iss io n  ou tp u t 
ran ge o f  2 0 0  to  1 5 0 0  n m  d etec ts  b o th  th e  r es in  c o m p o s it io n  and th e  sh ap e  o f  
th e in sp e c te d  con ta in er . A d d itio n a lly , a v id e o  cam era  is  e m p lo y e d  to  
id e n t ify  c o lo u r e d  co n ta in ers v ia  co m p u ter ized  sp ectro g ra p h ic  m a tch in g . 
T h is in fo rm a tio n  is  a lso  p ro c esse d  th rou gh  a h ig h -sp e e d  m icr o p r o ce sso r  
that h as th e  a b ility  to  p erform  a lg o r ith m ic  a n a ly se s  and alarm  the  
p ro g ra m m ab le  lo g ic  co n tro ller  to  actuate  an e je c t io n  apparatuร to  sort the
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d esired  b o ttle . F in a lly , an X -ray  f lu o r e sc e n c e  se n so r  is  d e s ig n e d  to sort 
PV C  b o tt le s  from  th e PE T  b o ttle  fraction .

2 .1 .5  P la s tic  R e eye  l in s

A S T M  D -5 0 3 3 -9 0  c la s s if ie d  p la s tic s  r e c y c lin g  in to  fo u r  ty p es  
o f  te c h n o lo g ie s  as fo llo w s :

1. P rim a ry  R ecyc lin g  \ T he c o n v e r s io n  o f  scrap  p la s tic s  by  
standard  p ro c ess in g  m eth o d s in to  p ro d u cts h a v in g  p erform an ce  
ch a ra cter is tics  e q u iv a len t to  th e o r ig in a l p ro d u cts  m ad e o f  
v ir g in  p la stic s .

2 . S eco n d a ry  R ecyc lin g  : T he c o n v e r s io n  o f  scrap  or w a ste  
p la s tic s  b y  o n e  or a co m b in a tio n  o f  p r o c e s s  o p era tio n s in to  
p rod u cts h a v in g  le s s  d em a n d in g  p erfo rm a n ce  req u irem en ts  
th an  th e  o r ig in a l m ateria l.

3 . T ertia ry  R ecyc lin g  : T he p ro c ess  te c h n o lo g ie s  o f  p ro d u cin g  
c h e m ic a ls  and fu e ls  from  scrap or w a ste  p la stic s . 4

4 . Q u a tern a ry  R ecyc lin g  : T he p r o c e ss  te c h n o lo g ie s  o f  reco v er in g  
e n erg y  from  scrap or w a ste  p la stic s  b y  in c in era tio n .
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2.2 Chemical Recycling [14-15J

R ev ers in g  p o ly m e r iza tio n  throu gh  p y r o ly s is  reg en era tes  m o n o m ers, 
or in  so m e in sta n c es , p recu rsors to  m o n o m ers, a ll o f  w h ic h  h a v e  b een  
d er iv ed  from  natural g a s or crude o il. C on vertin g  a p la s tic  b ack  in to  its  
m o n o m ers crea tes a fe e d s to c k  fo r  reco n stru ctin g  the sa m e g e n e r ic  p o lym er . 
C o n v e r s io n  o f  a p la stic  in to  its  m o n o m eric  p recu rsors le a d s  to  e ith er  n e w  
p la s tic s , or o th er  p ro d u cts lik e  g a so lin e , h ea tin g  o il , and  asp h alt.

T h e app rop riate te c h n iq u e  d ep en d s u p o n  th e  ty p e  o f  p la s tic  in  the  
w a ste  stream . P la s t ic s  su ch  as p o ly e ste r s , p o ly a m id e s , and  p o ly u reth a n es  
are crea ted  v ia  rev e r s ib le  rea c tio n s. It is  fe a s ib le  to  co n v er t th e se  p la stic s  
b ack  to  th eir  im m ed ia te  starting  m ateria ls , w h ich  are v a lu a b le  and can  be  
u sed  to  rem ak e th e  p la stic . O ther p la stic s  su ch  as H D P E , p p , and P V C  are 
crea ted  v ia  irrev ersib le  rea c tio n s. T h ese  p la stic s  can  b e  co n v er te d  in to  
b a s ic  p e tro c h e m ica l co m p o n en ts  th rou gh  p y r o ly s is . Further r e fin in g  and  
p u r ifica tio n  step s iso la te  m o n o m ers and h ig h -p erfo rm in g  fu e l in g red ien ts .

Route
A

Route
B

Source: M. พ. Meszaros, Amoco Chemical

Figure 2.10 T h e a ltern ative  d ep o ly m er iz a tio n  rou tes



19

F igu re 2 .1 0  illu stra tes  th e  b a sic  c o n c ep ts  o f  d ep o ly m er iz a tio n . 
P la st ic s  p ro d u ced  th rou gh  r e v ers ib le  rea c tio n s can  b e r e c y c le d  throu gh  
R ou te  A  or B in  th e  fig u re , w ith  R ou te  A  u su a lly  p ro v id in g  m ore v a lu a b le  
m ateria ls .

P la st ic s  p ro d u ced  v ia  irrev ersib le  rea c tio n s m u st tra ve l th rou gh  R ou te  
B. T h e n e w  p rod u cts p ro d u ced  v ia  e ith er  route are in d is tin g u ish a b le  from  
th o se  p ro d u ced  from  v irg in  raw  m ateria ls . T he fo l lo w in g  te c h n iq u e s  are 
id e n t if ie d  b y  th e  r e c y c lin g  rou te  o u tlin ed  in  th e figu re: c h e m ic a l and  
th erm al d ep o ly m er iz a tio n  (R o u te  A ); p y r o ly tic  l iq u e fa c t io n  and g a s if ic a t io n  
(R o u te  B )

2 .2 .1  C h em ica l a n d  T herm al D ep o lym eriza tio n

A lc o h o ly s is -h y d r o ly s is  is  a form  o f  ch e m ica l d ep o ly m er iz a tio n  
(R o u te  A ). S tep  g ro w th  (c o n d e n sa tio n ) p o ly m ers , w h ich  in c lu d e  p o ly e s te r s ,  
p o ly a m id e s , p o ly u reth a n es , and  p o ly e th e rs , can  b e  r e c y c le d  in  th is  m anner. 
F orm s o f  a lc o h o ly s is  c a lle d  m e th a n o ly s is  and g ly c o ly s is  e f fe c t iv e ly  red u ce  
c o n d e n sa tio n  p o ly m e r s  to  m o n o m er  or p o ly m e r iza b le  o lig o m e r s  b y  
r ev ers in g  th e  p rep arative  ch em istry . For y ea rs, p o ly e s te r  m ak ers h a v e  
co n v er ted  in d u stria l P E T  p la n t scrap  to  m o n o m er  v ia  m e th a n o ly s is  and  
g ly c o ly s is .

T h erm al d ep o ly m er iz a tio n  a lso  fa lls  u nd er R o u te  A . W h en  
certa in  p la s tic s  su ch  as p o ly m eth y lm eth a cry la te , p o ly s ty r e n e , and v a r io u s  
a ceta l h o m o p o ly m e r s  are h ea ted  in  th e a b sen ce  o f  o x y g e n , h ig h  y ie ld s  o f  
c o m p o n e n t m o n o m ers resu lt. T h e m o n o m ers are iso la te d , p u r if ied , and  
su b se q u e n tly  u sed  to  sy n th e s iz e  n e w  p o ly m ers . S u ch  a p r o c e ss  is  in  
c o m m e r c ia l u se  in  India, w h ere  scrap  p o ly m e th y lm e th a c r y la te  is  th erm a lly  
d e p o ly m e r iz e d  to  m e th y lm eth a cry la te  (its  m o n o m er). T h e r e c a p t o e d  
m o n o m ers are u sed  to  p ro d u ce  v irg in  p o ly m eth y lm eth a cry la te .
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2 .2 .2  P y ro ly tic  L iqu efaction  a n d  G asifica tion

P y ro ly tic  liqu efaction  fa lls  u nd er R ou te  B . T h e p r o c e ss  is 
sim ila r  to  th erm al d ep o ly m er iza tio n , but p ro d u ces liq u id  p recu rsor  p rod u cts  
in stea d  o f  m o n o m ers. T h is liq u e fa c tio n  m u st b e  c o n d u c te d  in  th e  a b sen ce  
o f  o x y g e n  to  p rev en t p ro d u ctio n  o f  o x y g en a ted  p rod u cts.

T h e  liq u id  p rod u cts are s im ila r  to  n aphtha, a v a lu a b le  refin ery  
stream . M a n y  p etro c h e m ica l and p la stic s  fe e d s to c k s  are d er iv ed  from  
naptha. T h e  liq u id s  p ro d u ced  b y  p y r o ly s is  o f  p la s t ic s  are p articu larly  
v a lu a b le  b e c a u se  th e y  are p r in c ip a lly  a lip h a tic  c o m p o u n d s, r ich  in  
h yd ro g en .

A lth o u g h  p y r o ly tic  l iq u e fa c tio n  y ie ld s  a w id er  v a r ie ty  o f  
p etro c h e m ica l p rod u cts u nder R ou te  A , it  h as certa in  ad van tages: F irst, 
p y r o ly tic  l iq u e fa c t io n  treats a ll p la stic s  and n o t ju s t  th o se  that ca n n o t be  
r e c y c le d  u n d er R ou te  A . S eco n d , liq u e fa c t io n  p ro c ess  c o n d itio n s  can  be  
se le c te d  to  m e e t th e  o v era ll therm al d eg rad ativ e  req u irem en ts o f  m o st  
p la stic s . T h e  m a k es prior sep aration  o f  w a ste  p la s tic s  u n n ec e ssa r y , 
in c lu d in g  th e  rem o v a l o f  fo o d  and paper im p u ritie s , w h ic h  a lso  are 
p y r o ly z e d  to  o th er  c h e m ica l p rod u cts. F in a lly , th is  p r o c e ss  co n v er ts  w a ste  
p la s tic s  in to  a l iq u id  that is  read y  for  transport and in tro d u ctio n  to  a p la n t as 
a p e tro c h e m ica l fe e d sto c k .

C a ta ly tic  crack in g , w h ic h  p ro d u ces m u ch  o f  th e  r e f in e r y ’s 
g a s o lin e  and p e tro c h e m ica l fe e d s to c k s , u se s  h ig h  tem p eratu res and ca ta ly sts  
to  red u ce  th e  m o le c u la r  w e ig h t o f  var iou s re fin ery  stream s. A m o c o  re ce n tly  
sh o w e d  th at p o ly e th y le n e , p o ly p r o p y le n e , and  p o ly s ty r e n e  can  b e  co n v er ted  
to  u se fu l h yd ro ca rb o n  p rod u cts in  a ca ta ly tic  cracker. H ig h -o c ta n e  n aphtha, 
w h ic h  h as v a lu e  as g a so lin e  or p etro ch em ica l fe e d s to c k s , is  p ro d u ced  from  
c a ta ly tic  cra ck in g  o f  p la stic s . O n e d raw b ack  is  that im p u ritie s  fo u n d  in  
p la s tic s , su ch  as c h lo r in e  or m eta ls , can  d ea c tiv a te  th e  ca ta ly st.
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P y ro ly tic  G asifica tion  fa lls  u nd er R ou te  B . G a s ific a tio n  
p r o c e sse s  u su a lly  requ ire harsh  c o n d itio n s , su ch  as h ig h  tem p eratu res or 
ca ta ly sts , and  p ro d u ce  an o le fin -r ic h  h yd ro carb on  g a s or a sy n th e s is  gas  
p rod u ct [1 5 ],

O n e p y r o ly tic  g a s if ic a t io n  p ro c ess  is  stea m  crack in g , w h ich  
p ro d u ces o le f in s  form  the lig h ter  h yd ro carb on s (n ap th a) v ia  cru d e-o il 
d istilla tio n . T h e o le f in s  can  y ie ld  p o ly p r o p y le n e  and th e  variou s  
p o ly e th y le n e s . S team  crack in g  o fte n  e m p lo y s  a  f lu id -b e d  reactor, in  w h ich  
a r e la tiv e ly  in ert m ateria l ( lik e  sand  or g ra v e l) is  u se d  as a h ea t-tran sfer  or 
c a ta ly tic  m e d iu m  to  p ro d u ce  a fa s t p y r o ly tic  rea ction .

N a p h th a  is  c o n tin u o u s ly  fe d  in to  th e cracker, and  th e  p rod u ct  
g o e s  to  e x is t in g  sep a ratio n  and p u r ifica tio n  u n its  to  p ro d u ce  m o n o m ers for  
m ak in g  n e w  p la stic s . B r itish  P etro leu m  h as a lread y  d em o n stra ted  that 
p la stic s , a fter  liq u e fa c tio n , m ix  w e ll  w ith  n ap hth a  to  g iv e  e x c e l le n t  y ie ld s  o f  
e th y le n e  and  p ro p y len e  in  a steam  cracker.

B  a tte lle  h as a p a ten t-p en d in g  p y r o ly tic  g a s if ic a t io n  u n it that 
red u ces a c o m m in g le d  w a ste  stream  o f  lo w -  and h ig h -d e n s ity  p o ly e th y le n e  
(L D P E  and  H D P E ), p o ly s ty re n e  (P S ), and  p o ly v in y lc h lo r id e  (P V C ) in to  a 
g as o f  4 0 %  e th y le n e , 27%  m eth an e, 17%  h y d ro g en , and o th er  fra ctio n s  
[1 5 ].

S y n th e s is  g a s, a m ixtu re o f  carb on  m o n o x id e  and h y d ro g en , is  
p ro d u ced  b y  th e  p artia l o x id a tio n  o f  p la stic s  u s in g  h ig h  tem p eratu res and a 
s p e c if ic  a m o u n t o f  o x y g en . T h ese  g a se s  are v a lu a b le  fe e d s to c k s  for  the  
m an u fa ctu re  o f  a m m on ia , m eth an o l, m e th y l-t-b u ty l eth er  (M T B E ), and  
a ce tic  acid .
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2 .3  M a te r ia l  P r o f ile s  [1 6 -1 8 ]

2 .3 .1  P o lye th y len e  terep h th a la te  (PET)

A fter  th e p artia l ban  on  the u se  o f  a c r y lo n itr ile -b a se d  barrier  
p la stic s  b y  th e  U S  au th o rities  (F o o d  and D ru g  A d m in istra tio n , F D A ), 
th erm o p la stic  p o ly e s te r s  h a v e  b e e n  u se d  in  th eir  p la ce .

M an u factu re  [16]

PE T  is  m an u factu red  b y  th e u su a l m e th o d  fro m  d im eth y l 
terep h th a la te  or terep h th a lic  a c id  and e th y le n e  g ly c o l  w ith  a n tim o n y , 
germ an iu m  or titan iu m  o x id e  as ca ta ly st (F ig u re  2 .1 1 ) .  C o n tin u o u s  
p o ly m e r iza tio n  in  th e  m e lt resu lts  in  p rod u cts w ith  h ig h  r e s is ta n c e  to  h ea t  
and th erm o -o x id a tio n . In a ll c a se s , so lid  p h a se  p o ly c o n d e n sa tio n  at 
tem p eratu res b e tw e e n  180  and 240°c is  carried  out. V o la t ile  c o m p o u n d s  
are r em o v ed  b y  p a ss in g  n itro g en  or b y  vacu m m .

OR
Catalyst

o __ o
H a  -li— 'B - a - C H 2 C H 2 - a  -H

ท

R = H or CH-)
H O -CH 2CH2 -O H  ROH

F ig u r e  2 .1 1  M a n u factu rin g  o f  P o ly e th y le n e  terep h th a la te

T he b o ttle  grad es m u st h av e  a lo w  c r y s ta lliz a tio n  rate (in  
con trast to  in je c tio n  m o ld in g  g ra d es) to  rem ain  crysta l c lear . T h is  is  
a c h ie v e d  b y  h ig h  m o le c u la r  w e ig h t  (> 2 3 ,0 0 0 ) ,  h ig h  d ie th y le n e  g ly c o l  
co n ten t and s lig h t n u c lé a tio n  ( lo w  c a ta ly st con cen tra tio n ).
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G en era l D escrip tio n

T he ch a racter istic  p ro p erties o f  p artia lly  c r y sta llin e  P E T  are 
h ig h  stren gth  and s t if fn e ss , fa v o ra b le  creep  ch a ra cter is tics , hard su rfa ce  
ca p a b le  o f  b e in g  p o lish e d , h ig h  d im en sio n a l sta b ility , g o o d  s lip  and w ea r  
p ro p erties, g o o d  e le c tr ica l, m ed io cre  d ie lec tr ic  p ro p erties, and  h ig h  
c h e m ic a l r e s is ta n ce .

T h e  in c o r p o r a tio n  o f  b u lk y  c o m o n o m e r  u n its  su ch  as 
iso p h th a lic  a c id  an d /or C H D M  (c y c lo h e x a n e  d im e th y lo l)  e n a b le s  the  
c r y sta llin ity  o f  PE T  to  b e  red u ced  so  that e v e n  th ic k -w a lle d  m o ld in g s  are 
transparent. T h e se  am orp h ou s m o d ific a tio n s  are u sed  w h e n  th e  req u ired  
p ro p erties are H ig h  tr a n sp a re n cy , h ig h  to u g h n e ss , fa v o ra b le  creep  
ch a ra c ter is tics , fa v o ra b le  slip  and w ea r  ch a ra cter is tics , r e s is ta n c e  to  stress  
crack in g , lo w  sh rin k age and h ig h  d im e n s io n a l stab ility .

P ro cess in g

P E T  b o ttle s  are m an u factu red  in  tw o  sta g es. F irst a p a r iso n  is  
in je c tio n  m o ld ed . T h is is  sw u n g  in to  a b lo w  m o ld  and b ia x ia lly  o r ien ted  b y  
stretch  b lo w  m o ld in g . T he m e lt tem p erature m u st th ere fo re  n o t e x c e e d  260 

to  290°c. R e s id e n c e  tim e  in  th e  p la s t ic iz in g  cy lin d er  m u st b e  sh ort and  
sh ear stress d uring  p la s tic iz a tio n  lo w .

T rade nam es

P o ly e th y le n e  terep h th a la te  has m an y  d iffe re n t trade n a m es up  
to  th e  m an u factu rers, su ch  as, A m ite  from  A k zo  E ngng . P la st ic s , C le a rtu f  
from  G o o d y ea r  T ire and R ubber C o ., K odar or K od ap ak  fro m  E astm an  
C h em . Int., P o ly c le a r  from  H o e c h st., etc .
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2 .3 .2  T erep h th a lic  a c id  and D im e th y l terep h th a la te

T erep h th a lic  acid  , C 8H 60 4, h as th e  IU P A C  n am e 1 ,4 - 
b e n z e n e d ic a r b o x y lic  acid . D im eth y l terep h th a la te  , C 10H 10O 4, is  a lso  
k n o w n  as 1 ,4 -b e n z e n e d ic a r b o x y lic  acid  d im eth y l ester . (T h e  ch em ica l 
stru ctures o f  terep h th a lic  acid  and d im eth y l terep h th a la te  are sh o w n  in  
F igu re 2 .1 2 )  T h e a c id s  are p ro d u ced  b y  o x id a tio n  o f  the m e th y l grou p s on  
the co rresp o n d in g  p -x y le n e . A fter  o x id a tio n  to  a c a r b o x y lic  a c id , reaction  
w ith  m e th a n o l g iv e s  th e m eth y l ester , d im eth y l terep h th a la te .

T erep h th a lic  acid  D im eth y l T erep h th ate

Figure 2 .1 2  C h e m ic a l structures o f  terep h th a lic  a c id  and its d im eth y l e ster

P h ysica l p ro p e r tie s

T erep h th a lic  a c id  , M W  1 6 6 .1 3 , is  a v a ila b le  a c o m m e r c ia lly  as 
a fr e e - f lo w in g  p o w d e r  c o m p o sed  o f  rou n d ed  cry sta ls . It fo rm s n e e d le s  i f  
r e c r y s ta lliz e d  s lo w ly . V ap or p ressu re is  lo w  : 0 .0 9 7  k P a  at 250°c, w ith  
su b lim a tio n  at 402°c (a tm o sp h er ic  p ressu re). M e ltin g  h a s b ee n  rep orted  at
427°c.

D im e th y l terep h th a late  , M W  1 9 4 .1 9 , m e lts  at 1 4 0 .6°c and has  
s u ff ic ie n t  v ap or  p ressu re  for  vacu u m  d istilla tio n . T h e  m o lten  form  is
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preferred  c o m m e r c ia lly , but fla k es  and b riq u ettes are a v a ila b le  w h en  lon g  
transport d is ta n c es  are requ ired.

T erep h th a lic  acid  is  a stab le  co m p o u n d  w ith  lo w  so lu b ilit ie s  in 
m o st so lv e n ts . T h e a c id  is  so lu b le  at > 1 0  g  p er 100  g  so lv e n t  at room  
tem p era tu re  w it h  a m m o n iu m , p o t a s s iu m , o r  s o d iu m  h y d r o x id e ,  
d im eth y lfo rm a m id e , and d im e th y lsu lfo x id e . T etram eth y lu rea  and  p yrid in e  
ea ch  d is s o lv e  ca. 7 g /1 0 0  g.

D im e th y l terep h th a late  is  a lso  sta b le , and  m ore so lu b le  in  
c o m m o n  o rg a n ic  so lv e n ts  than th e  acid . Its m ain  p h y s ic a l p ro p erties are a 
m e ltin g  p o in t b e lo w  th e p o in t o f  d egrad ation , and a  v a p o r  p ressu re  w h ich  
a llo w s  fo r  p u r if ic a tio n  b y  d istilla tio n .

P rodu c tio n

p -X y le n e  is  the fe e d sto c k  for  a ll terep h th a lic  a c id  and d im eth y l  
terep h th a la te  p ro d u ction . O x id a tio n  ca ta ly sts  and c o n d itio n s  h av e  b een  
d e v e lo p e d  w h ic h  g iv e  n ea r ly  q u an tita tive  o x id a tio n  o f  th e  m eth y l grou p s, 
le a v in g  the b e n z en e  ring v ir tu a lly  u n to u ch ed . T h e se  c a ta ly sts  are 
co m b in a tio n s  o f  c o b a lt, m a n g a n ese , and b ro m in e , or c o b a lt  w ith  a c o ­
o x id a n t, e .g .,  a ce ta ld eh y d e .

A m o c o  C h em ica l and M itsu i S ek k a  p a rtic ip a te  in  jo in t-v e n tu r e  
co m p a n ies , and b o th  h a v e  lic e n s e d  th e fa m o u s p r o c e ss  w h ic h  is  d istr ib u ted  
around th e  w orld . F igu re  2.13 illu stra tes th e p r o c e s s in g  d iagram  o f  the  
A m o c o  P r o c e ss . A  so lu b le  co b a lt-m a n g a n ese -b ro m in e  c a ta ly s t  sy s te m  is  the  
heart o f  th e  p ro c ess . A  fe e d  m ixtu re o f  p -x y le n e , a c e tic  a c id  as so lv en t, 
c a ta ly st, and o x y g e n  in  c o m p ressed  air as th e o x id a n t is  c o n tin u o u s ly  fe d  to  
the o x id a tio n  reactor. T he p ro c ess  is  op erated  at 175-225°c and 1 5 0 0 -3 0 0 0  
kPa. O ver 98%  o f  th e  p -x y le n e  is  reacted , and th e  y ie ld  o f  terep h th a lic  acid  
is  > 9 5  m ol% .
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Figure 2.13 C a ta ly tic , liq u id -p h a se  o x id a tio n  o f  p -x y le n e  to  
terep h th a lic  a c id  b y  the A m o c o  P r o c e ss  [18] 

a) O x id a tio n  reactor; b) Surge v e s se l;  
c ) F ilters; d) D ryer;
e ) R esid u e  st ill;  f)  D eh y d ra tio n  co lu m n .
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2.4 Previous works [19-25]

E arly  s tu d ie s  for  th e r e c y c lin g  o f  p o ly e th y le n e  terep h th a la te  h av e  
b een  d em o n stra ted  in  th e  fo l lo w in g  p aten t literatu res.

B r o w n so m b e  [19 ] has reported  that PET c o u ld  b e  sep arated  from  
m ix e d  p o ly m e r  b y  co n ta c tin g  the m ix e d  p o ly m er  r e c y c le  stream  w ith  a 
so lv e n t  w h ic h  s e le c t iv e ly  d is s o lv e s  th e PET. T he P E T  re co v er e d  w a s  
p refera b ly  c o m b in e d  w ith  “v irg in ” P E T  and further p r o c e s se d  to  in crea se  its  
m o le c u la r  w e ig h t. A  large so lv e n t r e c y c le  stream  w o u ld  b e  g en era ted  b y  
the p ro c ess . D isc h a r g e  o f  the so lv e n t to  th e en v iro n m en t m u st b e  a v o id ed .

D u p o n t and G upth  [20 ] h av e  d ecr ib ed  a p ro c ess  w h e r eb y  terep h th a lic  
p o ly e s te r  w a s  treated  w ith  an e x c e s s  o f  an a lc o h o l h a v in g  6 -2 0  carb on  
atom s in  th e  p re se n c e  o f  a ca ta ly st. E th y len e  g ly c o l  c o u ld  b e  d is t il le d  from  
th e m ix tu re  a n d  t e r e p h th a la t e  d ie s te r  w a s  p r o d u c e d . B e c a u s e  
tra n se ster ific a tio n  is  an eq u ilib r iu m  p r o c e ss , a large e x c e s s  o f  th e  a lc o h o l  
w a s g e n e r a lly  req u ired  to  ob ta in  an a ccep ta b le  y ie ld  o f  d ie sters  o f  T P A  
(e v e n  th o u g h  d is t illa t io n  o f  e th y le n e  g ly c o l  fa v o red  th e  fo rm a tio n  o f  th e  
ester  o f  th e  reactan t a lc o h o l b e c a u se  o f  the eq u ilib r iu m ), and, in  order to  
o b ta in  p u r if ied  terep h th a lic  a c id  (P T A ), su b seq u en t p u r if ic a tio n  and  
h y d r o ly s is  s tep s  w o u ld  b e  required.

C u d m ore [21] h as p o in ted  ou t that PE T  scrap  c o u ld  b e u sed  for  
r e co v er in g  e th y le n e  g ly c o l  and e ith er  terep h th a lic  a c id  and d im eth y l  
terep h th a la te  (D M T ). T he p ro cess  in c lu d ed  d ep o ly m er iz a tio n  o f  a slurry o f  
scrap  P E T  b y  h y d r o ly s is  or m e th a n o ly s is , and  su b se q u e n tly  c r y sta lliz a tio n  
o f  th e  d esired  produ ct. B e c a u se  D M T  w a s u sed  le s s  than  P T A , the
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m e th a n o ly s is  w a s  n ot im portant. M o reov er , T h e u se  o f  m eth a n o l in  p ro cess  
w o u ld  harm  th e en v iron m en t.

T in d a ll and Perry [22 ] h av e  sh o w n  a sa p o n if ic a t io n  p r o c e ss  fo r  the  
d eg rad atio n  o f  PET in to  sa lts o f  terep h th a lic  acid . T h e p o ly m er  w a s first  
d is s o lv e d  in  co n cen tra ted  su lfu r ic  a c id  - a step  w h ic h  g e n e r a lly  h as a 
d etrim en ta l e f fe c t  on  th e  e th y le n e  g ly c o l  p o rtio n  o f  th e  resin .

S ch w a rtz  [23 ] h as d escr ib ed  a p ro c ess  fo r  r e c y c lin g  p o ly e ster . T he  
p ro c ess  step s g en e ra lly  in c lu d ed  fir st co m b in in g  p o ly e s te r  f ilm  w ith  an 
a lk a lin e  so lu tio n  to  form  a slurry. T he slurry w a s  h ea ted  to  tem p erature  
b e tw e e n  205°c and 315°c 5 ca u sin g  e th y le n e  g ly c o l  to  evap orate  w h ich  
c o u ld  th en  b e  c o lle c te d . T he rem ain in g  p ro d u ct stream  w a s  th en  m ix e d  w ith  
w ater  and  filte re d  to  rem o v e  an y  u n d isso lv e d  im p u ritie s . T h e aq u eo u s  
filtra te  c o u ld  b e  a c id if ie d  ca u sin g  terep h th a lic  a c id  to  p rec ip ita te .

M a n d o k i [2 4 ] h as su g g e ste d  a p ro c ess  fo r  the n eu tral h y d ro ly tic  
d e p o ly m e r iz a tio n  o f  c o n d e n sa tio n  p o ly m ers. T he p r o c e ss  w a s  co n d u c te d  in  
a c o n tin u o u s  m ann er and co m p rised  in tro d u c in g  c o n d e n sa tio n  p o ly m er  in to  
an a q u eo u s  h y d r o ly s is  z o n e  at a tem perature o f  b e tw e e n  200°c and 300°c, 
and su p era tm o sp h er ic  p ressu re o f  at lea st 15 a tm o sp h eres. H ig h  p ressu re  
steam  w a s  in tro d u ced  in to  th e lo w e r  p o rtio n  o f  th e  h y d r o ly s is  z o n e  
u n d ern eath  th e le v e l  o f  the p o lym er . T he stea m  a g ita ted  th e  p o ly m e r  to  
p ro v id e  h ea t transfer to  a cce lera te  the h y d r o ly s is  rea ctio n . Further, a 
p o rtio n  o f  th e  steam  c o n d e n se d  to  p ro v id e  w ater  w h ic h  w a s  a reactan t in  th e  
h y d r o ly s is  rea ctio n . A n  a q u eou s so lu tio n  o f  th e  p ro d u c t(s) o f  the h y d r o ly s is  
rea ctio n  w a s  w ith d ra w n  from  an u pper p ortion  o f  th e  h y d r o ly s is  zo n e .
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T u stin  [2 5 ] h as in d ica ted  a p ro c ess  fo r  r e co v er y  o f  terep h th a lic  acid  
and e th y le n e  g ly c o l  from  PE T . T he p ro c ess  w a s  a s ix -s te p  p ro c ess  
in c lu d in g  : (1 )  co n ta c tin g  a resin  w ith  w ater  and p ressu r ized  w ith  n itro g en  
at e le v a te d  tem p erature, (2 )  c o o lin g  th e resu ltin g  m ix tu re , (3 )  r e c o v e r y  o f  
th e e th y le n e  g ly c o l  from  th e liq u id  p ortion  in  th e p re se n c e  o f  w ater  v ap or  at 
e le v a te d  tem p erature to  p ro d u ce  a v ap or c o n ta in in g  terep h th a lic  a c id  and  
w ater , (5 )  c o o lin g  terep h th a lic  a c id  w ater  vap or m ix tu re  to  a tem p erature  
b e lo w  th e  d e w  p o in t o f  terep h th a lic  a c id  and (6 )  c o l le c t in g  th e  p o ly m e r  
grad e terep h th a lic  acid .
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