
IN T R O D U C T IO N

1.1 P ro b lem  S ta te m e n t

S ince p la s tic s  are w id e ly  used in  fa ce t o f  ou r l i f e  p r im a r i ly  
because they are l ig h t ,  s tro ng , c h e m ic a lly  in e r t,  and in e xpens ive . 
P las tics  accoun t fo r  ro u g h ly  a q u a rte r o f  a ll s o lid  waste by vo lum e . 
Some po lym e r can be degraded by exposure  to  h ig h  tem pe ra tu re , Oxygen  
and ozone, u lt r a v io le t  l ig h t ,  m o is tu re , and ch em ic a l agents. O fte n  
m u lt itu d e  exposures, such as a c o m b in a tio n  o f  m o is tu re  and heat o r 
oxygen and l ig h t ,  can re s u lt in  acce le ra ted  d e te r io ra t io n  ( J o e l,1995).

P o ly o le f in  l ik e  p o ly e th y le n e  is the m ost d om in a n t type  o f  
po lym e rs  used in  d a ily  l i f e ,  e s p e c ia lly , shopp in g  bag . I t  is non - 
degradab le  p o lym e r because o f  h ig h  m o lec ju la r w e ig h t h yd ro ca rbon  tha t  
con ta in s  o n ly  ca rbon  atoms and hyd rogen  atom s w h ic h  lin k e d  w ith  
hyd rogen  bonds . The type o f  s tru c tu re  causes the ch em ica l s ta b il i ty  
and shows h y d ro p h ob ic  p ro p e rty  . O w in g  to  ve ry  lo w -w e ig h t- to  vo lum e  
ra t io , p la s tic s  tend  to  occupy  m ore space than  the o th e r m a te r ia l in  
la n d f i l ls  . F u rth e rm o re , m ost p la s tic s  rem a in  m ore o r less unchanged in  
la n d f i l ls  even a fte r  a p e r io d  o f  tw o  decades th a t p resen t a m a jo r waste  
d isposa l p rob lem  ( H aung et a l , 1990) .

To reduce the vo lum e  o f  p la s tic s  waste to  la n d f i l ls ,  e s p e c ia lly  
packag ing , the re  are th ree  a lte rn a t iv e s  to  so lve  p la s tic s  waste p rob lem  : 
re c y c lin g , in c in e ra t io n  and b io d e g ra d a tio n  . F o r re c y c lin g , com m e rc ia l
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p la s tic s  is a s ig n if ic a n t ly  co n tem po ra ry  issue fro m  m any aspects such as 
the need to reduce the vo lum e  o f  p la s tic s  waste th a t is sent to  la n d f i l ls  
and to  converse non -renew ab le  pe tro leum  resou rce . M o s t c o m m o d ity  
p la s tic s  are now  be in g  re c y c lin g  in  U n ite d  S tates and E u rope  tha t 
in c lu d e  p o ly  (e th y le n e  te re ph th a la te ) (P E T ) and p o ly o le f in s  . H ow eve r  
the to ta l cost o f  p ro d u c in g  re c y c lin g  p la s tic s , in c lu d in g  c o lle c t io n  
and re c y c lin g  is ty p ic a lly  20%  h ig h e r than fo r  the  v i r g in  re s in  . In  the  
case o f  in c in e ra t io n , p la s tic s  can be bu rned  to  p roduce  em iss io n  o f  
ca rbon  d io x id e , n itro g e n  ox id e , w a te r va po r and th e rm a l energy. On 
the o th e r hand in c in e ra t io n  o f  p la s tic s  waste can p roduce  c a rc in o g e n ic  
d io x in s  un less b u rn in g  at ve ry  h igh  tem pe ra tu re  ( J o e l,1995).

F in a lly  5 b io d e g ra d a tio n  o ffe rs  an a ttra c t iv e  a lte rn a t iv e  to  so lve  
p la s tic s  waste p rob lem s . C onsequen tly , the re  has been m uch  a c t iv i ty  
in  d e ve lopm en t o f  b iodeg radab le  packag ing  m a te r ia ls  to  rep lace  
non -deg radab le  pe tro leum -based  th e rm op la s tic s  . P o lym e rs  such as 
ch ito san  (P e nn is i, 1992), p u llu la n  (Y e n ,1974) and p o ly  (h y d ro x y  
b u ty ra te -c o -h y d ro x y v a le ra te ) (P oo l ,1989 ) had been in v e s tig a te d  fo r  
pa ckag ing  a p p lic a t io n  . A no th e r in te re s t in g  b io d eg ra d ab le  m a te r ia l is 
s ta rch  because o f  its  lo w  cost, its  a v a i la b i l i t y  as a g r ic u ltu ra l 
su rp lu s  raw  m a te r ia l ( W iedm ann and S tro be l, 1991 ) . H ow eve r, 
f i lm s  o f  pure s ta rch  are b r it t le n e s s  and s u ffe r fo r  p o o r w a te r re s is tance  
( W h is t le r  and H i l lb e r t ,  1944 ) . In  o rde r to  be s u ita b le  fo r  packag ing , 
p la s tic  f i lm s  m ust m eet standards fo r  s tre ng th , f le x ib i l i t y ,  n o n - to x ic ity ,  
oxygen  im p e rm e a b il ity , w a te r res is tance , and lo w  cos t o f  b o th  s ta r tin g  
and p rocess ing  . T he re fo re , i t  is necessary to  com b in e  i t  w ith  s y n th e tic  
p o lym e r to  p roduce  use fu l m a te r ia l . The m a jo r s ta rch  used in  w es te rn  
and eastern co u n tr ie s  is co rn  in  e ith e r n a tiv e  o r m o d if ie d  fo rm s . O the r  
type  o f  s ta rch  tha t had been in ve s tig a te d  in c lu d e d  r ic e  s ta rch , 
po ta to  s ta rch , (L im  et a l , 1992) and m a ize s ta rch  (L o o m is  et a l, 1993 and
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1.2 V a r io u s  type s  o f s ta rc h

T a b le l . l  A m y lo se  and am y lo p e c tin  co n te n t and degree o f  p o ly m e r iz a t io n  
o f  va rio u s  starch ( W h is t le r  et a l 5 1980 ) .

Goerge et al, 1994) . However, no report on study o f  tapioca starch fo r
preparation o f  biodegradable plastic .

S ta rch A m y lose
% (พ /พ )

A m y lo p e c tin
% (พ /พ )

A ve rage
DP

am ylose

A ve rage  DP , 
a m y lo p e c tin

C orn 28 72 80 2 ,000 ,000
Pota to 21 79 3000 2 ,000 ,000
W hea t 28 72 800 2 ,000 ,000

T ap io ca 17 83 - 2 ,0 00 ,000
W axy m a ize 0 100 - 2 ,000 ,000

Sorghum 28 72 - -
R ice 17 83 - -
Sago 27 73 - -

A r ro w ro o t 20 80 , -
A m y lom a ize 50-80 20-50 - -

D P= degree o f  p o lym e r iz a t io n
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T a b le l.2  A ve rage  ch em ica l c o m p o s it io n  o f  s ta rch  g ranu les  
( W h it le r  et a l , 1980 )

S tarch M o is tu re  
at 65% RH  
at 2 0  ° c

L ip id s  
% on 
DS

P ro te in s  
% on DS, 
N x6 .25

Ash
% on
DS

Phosphors  
% on DS

C orn 13 0.6 0.35 0.1 0.015
Pota to 19 0.05 0.06 0.4 0.08
W hea t 14 0.8 0.4 0.15 0.06

Tap ioca 13 0.1 0.1 0.2 0.01
W axy m aize 13 0.2 0.25 0.07 0.007

Sorghum 13 0.7 0.3 0.08 -
R ice - 0.8 0.45 0.5 0.1 ..
Sago - 0.1 0.1 0.2 0.02

A m y lom a ize 13 0.4 - 0.2 0.07
Sweet po ta to 13 - - 0.1 -

RH  = re la t iv e  h u m id ity .
DS = d ry  substance.
N  = n itro g e n  con ten t .

V a r io u s  types o f  s ta rch  has d if fe re n t ch em ica l c o m p o s it io n  as 
revea led  in  T ab le  1.1 and T ab le  1.2 . I t  shou ld  be no te th a t ta p io ca  
sta rch  has ch em ica l c o m p o s it io n  s im ila r  to  severa l types o f  s ta rch  
in c lu d in g  co rn  s ta rch  . H ow eve r, they are co ns is t o f  am ylose and 
am y lo p e c tin  w ith  q u ite  d if fe re n t pe rcen tages, p a r t ic u la r ly  by com pa rin g  
to co rn  s ta rch  , as p resen ted  .
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There are abundan t s ta rch  a v a ila b le  in  T h a ila n d , e s p e c ia lly  
ta p io ca  s ta rch  . N ow adays its  m a jo r e x p o rt is in  the fo rm s  o f  a n im a l 
feed p e lle ts , d ry  sheets and pow de r . I t  is ve ry  cheap and ove r supp ly . 
I t  is thus w o r th w h ile  to  e xp lo re  the a lte rn a t iv e  u t i l iz a t io n  o f  ta p io ca  
s ta rch  as the s ta r c h - f i l le d  th e rm o p la s tic  . A c c o rd in g ly , th is  research  
w o rk  has been pa id  the a tte n t io n  on the in c o rp o ra t io n  o f  ta p io ca  s ta rch  
in to  lo w  d e n s ity  p o ly e th y le n e  and focussed  on the m echan ica l s tre ng th  o f  
re s u lt in g  m ix tu re  .
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