
C H A P T E R  I 
I N T R O D U C T I O N

S ynthetic  polym ers are w idely  used, but a single po lym er has lim ited 
p roperties for com m ercial applications. Synthesis o f  a new  m aterial w ith  
requ ired  p roperties is not alw ays feasible and possib le . T o im prove the range 
o f  po lym er p roperties, w ithout a ttem pting  synthesis o f  a special po lym er, 
b lend ing  o f  tw o or m ore polym ers is one solution. A lthough th is is a sim ple 
approach to  im prove polym er properties, a com m on p rob lem  arises because 
o f  lim ited m iscib ility . T hus it is generally  necessary  to  try  som e m ethod  o f  
com patib ilization  such as addition o f  block or graft copolym ers, addition  o f  
reactive  po lym er, or reactive b lending (Folfes and H ope, 1993). T he addition  
o f  b lock or graft copolym ers is extensively  studied  bu t is an expensive 
m ethod  (B raun  e t  a l ,  1996). R eactive b lend ing  p rovides a su itable 
com patib ilizer in a cheaper and m ore effective w ay. H ow ever, m any 
d ifferen t reactions m ay occur w ith in  processing  equipm ent and lead to 
produce  a variety  o f  reaction  products. The occurrence o f  these  reaction  
p roducts w ill depend on p rocessing  conditions and on the b lend com position . 
K now ledge o f  the relationship  betw een processing  conditions and reaction  
p roducts is fundam ental to understand ing  how  to  contro l the u ltim ate  
po lym er p roperties.

T in ear low density polyethylene (L L D PE ) is a com m ercial p lastic  
that is m ain ly  used for film  applications and packaging. Its lim ited  properties 
in e lasticity  and the d ifficulty  to control its th ickness cause som e p rob lem s in 
processability . In this w ork, b lend ing  o f  L L D PE  and natural rubber (N R ) 
w ith  m aleic anhydride (M A ) as a com patib ilizer in the presence  o f  D C P  is 
studied. M aleic  anhydride (M A ) is w idely  used as a com p atib ilizer for 
reactive  b lend ing . Som etim es, only using m aleic anhydride does no t give the
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best results. M any researchers have tried  to use d ifferent types o f  perox ide  to 
ach ieve the h ighest am ount o f  grafted m aleic anhydride onto po lyo lefins and 
o ther po lym ers (G aylord e t  a l ,  1987, Sam ay e t  a l ,  1995). M any types o f  
reaction  p roducts including graft copolym er and cross-linked  gel m ay occur. 
G raft copo lym er is the p referred  p roduct because it can locate at the b lend 
in terface and therefore  act as a com patib iliser. The analytical m ethods that 
have been w idely  applied to  determ ine the am ount o f  graft copo lym er are 
titration  o f  the anhydride groups, and F T IR  spectroscopy. T here is abunan t 
literature on the use o f  F T IR  for quantification  o f  grafted  M A  on 
po lypropy lene (R oover e t  a l ,  1995, Sclavon e t  a l ,  1996, 2000), 
po lyethylene (Sam ay e t  a l ,  1995 and K elar e t  a l ,  2000), and ethy lene- 
propy lene copolym er (พ น  e t  a l ,  1991). M oreover, including o f  various 
characteriza tion  techniques such as FTIR , TG A  and tensile  p roperties can 
reveal effect o f  reactive products on p roperties o f  the blends. A ttem ps m ade 
to  correlate  the graft copolym er or grafted M A  polym er to m echanical 
properties o f  the blends. C ontent o f  graft copolym er and grafted  M A  
products varied  w ith  processing  condition  to  v erily  their in fluence on final 
m orphology and m echanical properties.

1 .1  L in e a r  L o w  D e n s i ty  P o ly e t h y le n e

L L D P E  is a short chain branch ing  polyethylene, w hich  is synthesized  
from  copolym erization  o f  ethylene and other a lpha olefins. T he com onom ers 
that com m ercially  used are 1-butene, 1-hexene, and 1-octene. T he m olecu lar 
w eigh t o f  L L D P E  resins is in range 10,000 — 100,000. T he m elt index can 
range from  0.5 -  15 g/10 m in. A  general structure o f  L L D PE  is show n in 
F igure  1.1
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F ig u r e  1 .1  M olecu lar structure o f  L LD PE.

L L D P E  is a hard, tough therm oplastic  m aterial that ex trem ely  versatile . 
The o ther p roperties o f  L L D P E  can be described as chem ically  inert, good 
resistance to  so lvents, acid, and alkalines, good dielectric  characteristics and 
barrier p roperties. The outstand ing strength  p roperties m ake L L D P E  resins 
applicab le  in m any applications includeing  fdm s, coatings, m old artic les and 
extrusions.

1 .2  N a t u r a l  R u b b e r  (N R )

T here are m any types o f  rubber trees in the w orld . T he only 
com m ercia lly  in terested rubber tree is the para  rubber tree, H e v e a  
b r a s i l i e n s i s , w h ich  show s several excellen t p roperties in vu lcan ized  and 
unvulcan ized  states.

R aw  natural rubber m ainly  contain  c is-l,4 -p o ly iso p ren e  w hich  is about 
93-95 % , 2 -3%  proteins, 2%  acetone-so luble  resins, w ater, sm all am ou n t o f  
sugars, and a little m ineral m atter. T he chem ical structure o f  cis-1 ,4- 
po ly isoprene is show n in F igure 1.2.
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F ig u r e  1 .2  T he chem ical structure o f  c is-l,4 -p o ly isop rene .

N R  has m olecu lar w eight in the range o f  104 to  107. The m astication  can 
reduce the m olecu lar w eight o f  N R . D ue to  naturally  occurring, p roperties o f  
N R  are depend ing  on grow ing condition  such as clim ate, seasons, and soil 
condition.

1 .3  P o ly m e r  B le n d

P olym er b lend  is a m ix tu re  o f  at least tw o polym ers or copolym ers. 
B lending  o f  po lym er w ill com bine the excellen t properties o f  m ore than  one 
ex isting  po lym er. M oreover, the advantage o f  po lym er b lend  is the w ide 
range m ateria l p roperties obtained by changing  the b lend com position . 
P o lym er b lend  can be p repared  w ith  p rocessing  m achines such as tw in -screw  
extruder, tw o-ro ll m ill, and B anbury in ternal m ixer. There is either 
hom ogeneous and heterogeneous po lym er b lending. F or hom ogeneous 
b lends, each b lend  com ponent loses th eir un ique properties and the blend 
properties are about the average o f  both  blend com ponents. For 
heterogeneous blends, the p roperties o f  each b lend  com ponent still p resen t. 
T he poor p roperties o f  one com ponent can be im proved by the strength  o f  
the o ther b lend  com ponent. T here are several o f  m orpholog ies o f  
heterogeneous blends. The m ost frequently  founded are i) a d ispersion o f  one
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1 .4  C o m p a t ib i l i z a t io n  o f  P o ly m e r  B le n d s

T he w eak  and brittle  blends are obtained due to  uncom patib ilized  
b lends. D uring  m elt m ixing, the in terfacial tension  is low er than in the solid 
state. In the solid  state, the presence o f  the d ispersed phase  in a m atrix  
brings abou t stress concentration  and w eak in terfaces. T here are m any 
m ethods for com patib ilization . The m ost w idely  used are the adding o f  the 
th ird  com ponent, o r by in s i tu  chem ical reaction , w hich  leads to lo w er the 
in terfacial tension. T he low er in terfacial tension  brings about h igher 
deform ation  and stretching o f  the dispersed phase  so that the sm all size o f  
partic les is ob tained  and the blend properties is im proved. M oreover, the 
p resence o f  com patib ilizer m olecules at the in terface w ill p reven t the 
partic les coalescence during processing.

T he m ethod  o f  com patib ilization  can be broadly  div ided into 4 types:
1. A ch ievem ent o f  therm odynam ic m iscibility .
2. A ddition  o f  b lock and graft copolym ers.
3. A ddition  o f  functional/reactive polym ers.
4. In  s i tu  grafting /polym erization  (reactive b lending)

1.4.1 T herm odynam ic M iscib ility
T he m iscib ility  betw een polym ers can be determ ined  by G ib b ’s 

free energy  o f  m ixing:
A G m =  AHm - TASm (1.1)

w here  AGm is the G ib b ’s free energy o f  m ix ing  
AHm is the enthalpy o f  m ixing 
ASm is the enthalpy o f  m ixing

p o ly m e r  in  th e  m a trix  o f  a n o th e r p o ly m e r an d  ii) a c o -c o n tin u o u s  tw o -p h a se
m o rp h o lo g y . T h e  ty p e  o f  m o rp h o lo g y  th a t w ill  o b ta in  d e p e n d s  o n  th e
c h a ra c te r is tic  o f  th e  b le n d  co m p o n en t.
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T is tem perature.
The hom ogeneous m iscible blend requires a negative free energy 

o f  m ix ing  (AGm <  0) and then AHm - TASm < 0. F or po lym er, the en tropy  o f  
m ix ing  is very  low. Thus to  achieve the negative free energy, the m ix ing  
m ust be exotherm ic. This requires the specific in teractions betw een  the b lend 
com ponen ts such as hydrogen bonding, ion-dipole, d ipole-dipole, and donor- 
accep to r in teractions. In fact, only the V an der W aals in te raction  w ill 
norm ally  occurs in the reactions.

1.4.2 A dd ition  o f  B lock  and G raft C opolym er
T he addition  o f  b lock  and graft copolym er is a typ ical research  

approach  to  com patib ilize  po lym er blends. F or good com patib ilizers, the 
em ulsifica tion  o f  po lym er blends is achieved as seen by the finer 
m orphology  and better properties. N orm ally , b lock or graft copolym ers 
conta in  segm en ts that are sim ilar to  the blend com ponent. B lock  or graft 
copo lym er are m ostly  located  at the b lend in terfaces as show n in F igu re  1.3.

In terface

GRAFT BLOCK

F ig u r e  1 .3  B lock  and graft copolym er that located at the in terface.

1.4.3 A ddition  o f  R eactive Polym er
T he reactive po lym er is consisted  o f  a po lym er that m iscib le  w ith 

one b lend com ponen t by chem ical m odification  to  have som e functional
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groups capable to react w ith  the second blend com ponent. T he reactive 
po lym er w ill generate  block or graft copolym er only at in terface th rou gh  the 
chem ical reactions (Folfes and H ope, 1993). M oreover, th is type o f  
com patib ilizer consum es a shorter processing  tim e than the p rem ade b lock  or 
graft copolym ers due to relatively  h igher diffusion rate o f  shorter chains 
m oving  to  the interfaces.

1.4.4 R eactive  B lending

processin g  equipm ent. In general b lend com ponents can be chosen  for the 
m odifica tion  by reactive com patibilizer. This m ethod produces 
com patib ilizer v ia  in  s i tu  form ation o f  copolym ers or in teractive po lym ers. 
The chem ical that is m ost w idely  used for m odification o f  po lym er is m aleic 
anhydride.

1 .5  T h e  R e a c t io n  o f  M A  w ith  P o ly m e r .

M aleic  anhydride has its dual functionality  w hich are “ene” or rad ically  
active double bond size and the nucleoph ilically  reactive anhydride as show n 
in F igure 1.4 (B urlett and Lindt, 1993).

R eactive  b lending allow s chem ical reaction  occurring  w ith in

“ene” o r ] 
reactive site

nucleophilic  
reactive site

F ig u r e  1 .4  M aleic  anhydride and its dual functionlity-“ ene” or rad ical active 
site and nuccleoph ilic  site.
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T he reaction  o f  M A  w ith polym ers, m aléation, can occurs in 2 w ays:
1.5.1 M aléation  v ia  D iel-A lder R eaction

T his D iel-A lder reaction  occurs w ith  unsatu rated  po lym er 
m olecu le  at h igh tem perature. The m echanism  o f  th is type o f  reaction  is 
show n in F igure  1.5.

F ig u r e  1 .5  D iels-A lder reaction  o f  m aleic anhydride w ith  N R.

1.5.2 M aléation  v ia  R adical Species
T he free radical can be generated  from  a radical generating  

species or m echanochem ically  generated  rad icals. The m aléation  can occur 
w ith  both saturated  and unsaturated  polym er. This type o f  reaction  requires 
low er tem peratu re  than the D iels-A lder type. H ow ever, th is m ay cause 
problem  w ith  crosslink ing  and degradation  in the elastom ers. The 
m echanism  o f  M A  w ith  N R  via  a free rad ical reaction is show n in F igure
1.6.

F ig u r e  1 .6  M aléation  o f  m aleic anhydride w ith  N R  in presence o f  free 
rad ical.
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For polyethylene, a free radical in itiator is needed. H ow ever, the 
use o f  high tem perature  for m elting polym er can affect on the decom position  
o f  the initiator. Thus it w ill be better if  using the in itiator that has long 
decom position  tim e. U nder appropriate condition, the reaction  y ields a 
po lym er conta in ing  append o f  succin ic anhydride and M A. The m echanism  
o f  M A  w ith  po lyethylene v ia a free radical reaction is show n in F igure 1.7.

F ig u r e  1 .7  M aléation  o f  m aleic anhydride w ith L L D PE  in presence o f  free 
radical.
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