
C H A P T E R  III 
E X P E R IM E N T A L

3.1  M a ter ia ls

3.1.1 L -lactide f(3»S,)-c /.y -3 ,6 -D im eth y l-l,4 -d ioxan e-2 ,,5 -d ion e) (99.5%  in 
water)

L -lactide w as purchased from B io  Invigor C orporation C o ., Ltd.
3 .1 .2  32 m ol%  E thylene V inyl A lcoh ol C op olym er (E V A L  F 1 7 L  1.8 M FI) 

32 m ol%  E thylene V inyl A lcoh o l C op olym er w as purchased from
Kurarey.

3 .1 .3  Catalyst
2 -eth y lh exan oic  acid  T in (II) (รท(O ct)2 ) w as purchased from  Sigm a.

3 .1 .4  Stabillizers
Z inc Stearate (Z n (C i7 H 3 5 C O O )2) and C alcium  Stearate 

(C a (C i7 H 3 5 C O O )2 ) w ere ordered from Im perial Industrial C hem ical C o ., Ltd.
3 .1 .5  Solvents

C hloroform  (CHC13), isopropyl a lcoh ol, and d im ethylform am ide  
(D M F ) w ere purchased from Lab Scan C o ., Ltd.

3 .2  E q u ip m en ts

3.2.1 Brabender M ixer
For ring-open ing polym erization , the m ixture o f  lactide m onom er (5 0  

w t %) and E V O H  (50  w t %) m ix ed  w ith 0.1 w t % o f  รท(O ct ) 2  and 5 w t % o f  Zn/C a  
stearate stab ilizer w as p laced  in  the cham ber used  as p olym erization  reactor w ith  
purged w ith  N 2 gas. F irstly, 25  g EV O H  and รท(O ct ) 2 w ere added to the cham ber and 
m ix ed  for 3 m in. Then the 25  g lactide and Zn/C a w ere added and m ix ed  further for  
30  m in. The operating tem peratures w ere varied at 185, 195, and 20 5  ๐c .  The rotor 
sp eed s w ere m aintained at 4 0  and 60  rpm.
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3 .2 .2  T w in  S crew  Extruder
For reactive extrusion  p olym erization , the lactide m onom er and 

E V O H  are used as received  w ithout further purification. A m ixture o f  lactide and 
E V O H  m ix ed  with 0.1 wt%  o f  รท(O ct ) 2  catalyst and 5 wt%  o f  Zn/C a stearate stab i­
lizer. The prepared m ixture is transferred into a C olin  D -8 0 1 7  T 20 tw in -screw  e x ­
truder h av in g  a screw  diam eter o f  25 m m  and a L /D  ratio 30 used  as p olym erization  
d evice . T he p olym erization  occurs during the barrel from hopper to d ie at the tem ­
perature o f  about 80 , 160, 190, 2 2 0 , 22 0 , and 2 2 0  °c, resp ectively . T he p olym er is 
extruded through a strand die and p elletised . The screw  speed  (30 , 4 0 , 50 , and 60  
rpm), m on om er to p o lym er ratio (5 0 /5 0 , 6 0 /4 0 , 7 0 /3 0 , and 8 0 /2 0  w t % ), and m on o­
m er to catalyst ratio (0 .1 , 0 .3 , and 0.5 w t %) are varied.

3 .2 .3  S oxhlet extraction
The resu lting polym ers received  in the reactive extrusion  w ere puri­

fied  by extraction w ith  isopropyl a lcoh ol at the tem perature o f  about 183 °c for 3 h 
and w ith  ch loroform  at the tem perature about 160 ๐c  for 3 h. A fter that the resulting  
y ie ld s w ere dried in vacuum  ov en  at the tem perature o f  85 °c for the extracted p o ly ­
m er w ith  isopropyl a lcoh ol and 60  °c for the extracted p olym er w ith  chloroform . 
Then the extracted p olym ers w ere characterized by FTIR spectrom eter and N M R  for 
studying the chem ical structure and calcu lating the am ount o f  the graft cop o lym er  
and hom opolym er, con version , and degree o f  grafting.

3 .2 .4  C om pression  M ould ing
The crude graft cop o lym ers obtained from bulk tw in  screw  extruder 

w ere prepared into thin film  w ith  0 .35  m m  th ickness by using a L abtech com p ression  
m oulding m achine w ith  preheating for 5 m in, fo llo w ed  by heating for 20 m in at a 
force o f  25  kN . The operating tem peratures o f  m ould w ere m aintained at 200 °c and 
coo led  d ow n  to room  tem perature. Then these thin film s w ere used  to study the co lor  
intensity. M oreover, the crude polym ers w ere prepared into the sheet w ith  3 m m  
th ickness by using a L abtech com p ression  m ould ing m achine w ith  the m ethod w h ich  
w as sim ilar to the form er m ethod. A fter that, these sheets w ere cut into dum bbell- 
shape for in vestigatin g  the tensile  properties.
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3 .2 .5  Fourier Transform  Infrared S p ectroscop y (FT -IR )
Infrared spectra o f  isopropyl alcohol and chloroform  extracted  

E V O H -g-P L A  cop o lym ers w ere recorded on  a N ico le t N ex u s 67 0  FT-IR spectrom e­
ter in the frequency range o f  4 0 0 0 -4 0 0  cm ' 1 w ith  32 scans at a resolution  o f  4 cm '1. 
Sam p les w ere prepared by castin g 0.5 w t % chloroform  solu tion s on K Br p ellets, fo l­
lo w ed  by vacuum  drying at 50  ๐c  for 48 h. T he conversion  and degree o f  grafting are 
calcu lated  by u sin g FTIR.

3 .2 .6  N u clear M agn etic  R esonance Spectroscopy (N M R )
'h  N M R  m easurem ent, the sam ples w ere d isso lved  in D M S O -d 6  in 5 

m m  N M R  tubes at room  tem perature. The sam ple concentration w as about 1.0 % by  
w eigh t. N M R  spectra w ere recorded on a Varian X L -3 0 0  N M R  spectrom eter w ork­
in g  at 3 0 0 .0 3 2  M Hz for protons.

3 .2 .7  T herm ogravim etric A n alysis (T G A )
T G -D T A  curves w ere co llec ted  on a Perkin-E lm er Pyris D iam ond  

T G /D T A  instrum ent. The sam p les w ere loaded on the platinum  pan and heated from  
. 5 0 ° c  to 55 0  ° c  at a heating rate o f  10 °c /m in  under N 2  f lo w  o f  100 m L /m in .

3 .2 .8  D ifferentia l S can n in g  C alorim etry (D S C )
D S C  analyses w ere carried out by using a Perkin-E lm er D S C  7 in ­

strum ent. T he sam p les w ere first heated from  2 0 ° c  to 20 0  ° c  and coo led  d ow n  w ith  
a f lo w  rate o f  10 m l/m in . The sam p les w as then reheated to 2 0 0 ° c  at the sam e rate.

3 .2 .9  X -ray D iffraction
X -ray d iffraction profiles w ere m easured on a R igaku M od el D m ax  

2 0 0 2  d iffractom eter w ith  N i-filtered  Cu K a radiation operated at 4 0  k v  and 30  m A . 
T he film  sam p les w ere observed  on  the 20  range o f  2 -3 0  degree w ith a scan  speed o f  
2  d egree/m in  and a scan step o f  0 . 0 2  degree.

3 .2 .1 0  S canning E lectron M icroscop y (SE M I
Scanning electron  m icroscop y w as perform ed on JEOL JS M -5 410  

M od el to observe the m orp h ology  o f  the sam ples. The extrudates obtained  from  
tw in -screw  extruder w ere broken in liquid nitrogen. A ll o f  the sp ecim en s w ere coated  
w ith  go ld  under vacuum  before observation  to m ake them  electrica lly  con d u ctive.
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3 .2 .11  G el P erm eation Chrom atography (G PC )
G el P erm eation Chrom atography (G PC ) w as carried out in D M F  so l­

vent as the m ob ile  phase using K D -8 0 6  M  colum n and R ID -1 0A  detector. The D M F  
so lven t w as filtrated w ith  M N  615  0  155 mm  filter paper under the vacuum . The 
crude p o lym ers w ere d isso lv ed  in  D M F  at the concentration 0 .5  w t % and filtrated  
w ith  0 .45  m m  diam eter o f  filter before injecting into the colum n. The con d ition s o f  
this m achine w ere 4 0 -8 5  ๐c  co lu m n  tem perature, 1 m l/m in  f lo w  rate, and 30  m in  run 
tim e. M o lecu lar w eig h t and m olecu lar w eigh t distribution o f  P L A  w ere calcu lated  in 
reference, to a p olystyren e calibration.

3 .2 .1 2  D yn am ic  M echanical A n a lysis  (D M A )
D M A  analyse w ere carried out by using a d yn am ic-m ech anica l ana­

lyzer G A B O  E P L E X O R  QC 25 instrum ent. The sam ples w ere 13 m m  X 55 m m  X 3 
m m  (w idth  X length X th ick ness). The testing temperature w as -30  to 100 ° c ,  10 H z  
for frequency. Static and dynam ic strains w ere 3 % and 1.5 %, resp ectively . T he ten ­
sion  m ode w as used.

3 .2 .1 3  U n iversal T estin g  M achine
The ten sile  properties w ere tested by using an Instron 4 2 0 6  U n iver­

sal T estin g M achine w ith  cross-head  speed o f  50 m m /m in. The sam ples w ere in the 
dum bbell-shape. The s ize  o f  sam p le sp ecim en  w as 13 mm w idth  o f  narrow section , 
90  m m  length  o f  narrow section , and 3 m m  thickness.

3 .3  M e th o d o lo g y

3.3.1 S yn thesis o f  PL A  w ith  EV O H  by solution  ring-open ing p o lym eriza ­
tion

R in g-op en in g  p olym erization  o f  lactide w as conducted  u sin g  stan­
nous octoate (รท(O ct)2 ) as catalyst. The 10 g E V O H  w as d isso lv ed  in 40  m l to lu en e  
and heat at 185 ° c .  T h is m ixture w as p laced in a round bottom  flask, together w ith  
15 g lactide m onom er and solution  o f  0.1 wt% . รท(O ct ) 2  catalyst. The round bottom  
flask w as sealed  and con d ition ed  in oil bath kept at a temperature o f  2 0 0  ° c  and v ig ­
orou sly  shaken until the m onom er w as m elted  and the catalyst w as com p lete ly  m ixed  
w ith the m olten  m onom er. Then the reaction w as operated about 24  h. A fter that the
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reaction w as stopped by quenching to room  temperature. The reacted so lu tion  w as  
opaque. T he p olym erization  product w as precipitated w ith  d ich lorom ethane for 
ch em ica l an alysis by FTIR spectrom eter.

3 .3 .2  S yn thesis o f  P L A  w ith  E V O H  by using Brabender M ixer W 50
For r in g-open ing p olym erization , the m ixture o f  lactide (5 0  w t %) 

and E V O H  (5 0  w t %) m ixed  w ith  0.1 w t % o f  รท(O ct ) 2  and 5 w t % o f  Zn/Ca  
stearate stab ilizer w as taken in  the cham ber used as p olym erization  reactor w ith  
purged w ith  N 2 gas. T he operating tem peratures w ere varied at 185, 195, and 205 ° c .  
The rotor sp eed s w ere m aintained at 40  and 60  rpm.

3 .3 .3  S yn thesis o f  P L A  w ith  E V O H  by using T w in -screw  Extruder
For reactive extrusion  polym erization , the lactide m on om er and 

E V O H  are used  as received  w ith out further purification. A  m ixture o f  lactide and 
E V O H  m ixed  w ith  0.1 wt%  o f  รท(O ct ) 2  catalyst and 5 wt%  o f  Zn/C a stearate stab i­
lizer. The prepared m ixture is transferred into a C olin  D -8 0 1 7  T 20 tw in -screw  e x ­
truder having a screw  diam eter o f  25 m m  and a L /D  ratio 30  used  as polym erization  
d ev ice . The p olym erization  occurs during the barrel from  hopper to die at the tem ­
perature o f  about 80, 160, 190, 2 2 0 , 22 0 , and 22 0  ° c ,  resp ectively . The p olym er is 
extruded through a strand die and p elletised . The screw  speed (30 , 40 , 50 , and 60  
rpm ), m onom er to polym er ratio (5 0 /5 0 , 6 0 /4 0 , 70 /3 0 , and 8 0 /2 0  w t %), and m on o­
m er to catalyst ratio (0 .1 , 0 .3 , and 0 .5  w t %) are varied.

3 .3 .4  S oxh let Extraction
The crude graft cop o lym ers w ere purified by extraction w ith  isopro­

pyl a lcoh ol at the tem perature o f  about 183 ° c  for 3 h. A fter that the resu lting y ie ld s  
w ere dried in  vacuum  oven  at the tem perature o f  85 ๐c .

3 .3 .5  Preparation o f  B iop lastic  F ilm
The crude graft cop o lym ers obtained from bulk tw in screw  extruder 

w ere prepared into thin film  w ith  0 .3 5  mm  thickness by using a Labtech com p ression  
m ou ld ing  m achine w ith  preheating for 5 m in, fo llow ed  by heating for 2 0  m in at a 
force o f  2 5  kN . The operating tem peratures o f  m ould w ere m aintained at 2 0 0  ° c  and 
coo led  dow n to room  tem perature. Then these thin film s w ere used  to study the color  
in tensity . M oreover, the crude p olym ers w ere prepared into the sheet w ith  3 mm  
th ick ness by u sin g  a Labtech com p ression  m ould ing m achine w ith  the m ethod w hich



37

w as sim ilar to  the form er m ethod. A fter that, these sh eets w ere cut into dum bbell- 
shape for in vestigatin g  the ten sile  properties.
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