
CHAPTER II
L I T E R A T U R E  S U R V E Y

C houdhury  e t  a l ,  (1990) รณdied the fracture su rface  m orphology  o f  
various th erm o p lastic  rubber and rubber vu lcanizates based  on natural 
rubber (N R ), e thy lene propy lene diene rubber (E P D M ), nitrile  rubber 
(N B R ), po lyethy lene (PE) and po lypropy lene (PP), nam ely  N R -P E , N R -P P , 
E P D M -P E , E P D M -P P  and N B R -P P  as a fonction  o f  b lend  ratios 70/30 and 
30/70 rubber to  p lastic  ratios, levels o f  in teraction , rates, tem peratu res and 
m odes o f  testing . T he d ifferen t b lend ratios resu lted  chan g ing  fracture  
surface. A ddition  o f  a th ird  com ponent like E P D M  or ch lorinated  
po lye thy lene  (C PE ) to  a certain  percentage did  no t change the fracture  
m orphology . S ulfur curing  in the N R -P E  blend  p rodu ced  m ore ductile  
m atrix  than  perox ide  curing  system s. The surface m orp ho logy  w as changed  
w ith  m odifica tion  o f  both  rubber and p lastic . A  few  flow  lines, sm all ho les 
and a few  cracks w ere  observed. A t various tem peratu res, rates and m odes 
o f  testing  show ed sim ilar features on the fracture  surface.

Q in  e t  a l ,  (1990) studied m echanical p roperties, structure, and 
m orphology  o f  N R /L D P E  blends prepared by d ifferen t p rocessin g  m ethods. 
B lends w ere  p repared  by unvulcan ized  and static  or dynam ic  vulcan izations. 
M orpho logy  for unvulcan ized  N R /L D P E  blends show ed phase  inversion  
occu rring  be tw een  N R /L D PE : 40/60 to 60/40, bu t for dynam ically  
vu lcan ized  b lends L D P E  rem ained a continuous p h ase  even N R /L D P E  
70/30. M echan ical p roperties o f  dynam ically  vu lcan ized  b lends w ere h igher 
than  those  o f  unvu lcan ized  blends but low er than  th ose  o f  statically  
vu lcan ized  b lends. Som e physical properties such as tea r strength , 300%  
m odulus, hardness and perm anent set w ere  m ain ly  dependen t on the
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properties o f  plastic  phase. These properties increased w ith  increasing  
L D P E  in  d ifferen t p rocessing  m ethods.

L ee and M oet (1993) studied  fatigue behav ior o f  N R  and B R  blend . 
T hey  m easured  the energy  release rates, w hich  re lated  fatigue c rack  
p ropagation  from  the load-d isp lacem ent curves. A t an in itial state c rack  
occu rred  slow ly  because o f  ozone attack. T hen  crack p rop ag ated  qu ick ly  
due to  the m echanical rupture and the ox idative effect. T he fracture su rface  
and  fracture  profile  show ed m icrocracks and crack  tip  rough en in g  w h ich  
w ere  tw o  m echanism s contro lling  crack propagation .

G ent and W ang (1993) stud ied  the cu tting  resistance  o f  
po lye thy len e. T hey used cu tting  apparatus to  cut a long the cen terline. T he 
to ta l energy  G c, expended in cu tting  and tearing. F racture  energ ies from  th is 
techn ique  w ere  sm aller than from  sim ple tearing  co rresponding  red uction  in 
p lastic  y ield ing . C utting  resistance decreased  w ith  increasing  tem pera tu re  
and o rien ting  d irection , w hile  they w ere p ropo rtional to  y ield  stress. F rom  
va lues o f  G c and w ork-to-break  in tension  Ub, the effective d iam eter o f  th e  
crack  tip  (p lastic  zone) w as m any tim es larger than  the b lade  tip  rad ius or 
one to  th ree spherulite  diam eter. In all cases, m ost o f  G c for po ly e th y len e  
w as expended  in p lastic  yielding.

T he m echanical p roperties o f  b lends o f  y -irrad iated  and u n irrad ia ted  
low  density  po lyethylene (LD PE) and po lyam ide 6 w ere  m ade by V alen za  e t  
a l ,  (1993). T hey stud ied  the effects o f  the m odifications in duced  by th is 
irrad ia tion  on the final properties. B lends o f  L D P E  irrad iate  at low  dose rate  
and 25%  o f  po lyethylene show ed som e im provem ent in tensile  p ro p ertie s 
bu t b lends o f  L D PE  irrad iated  at h igh dose rate show ed a drastic  decrease  in 
the  sam e properties. T hese results ind icated  the d ifferen t effects o f  y- 
rad ia tion  in LD PE. F unctional groups w ere  form ed in the L D P E  irrad ia ted  at 
low  dose tare, w hile  a m inor am ount o f  functional groups and gel w ere  
observed  in the L D PE  irrad iated  at high dose rate. F unctional g roups gave
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M achado (1994) stud ied  the com patib ilization  o f  im m iscib le  b lends. 
T here w ere  four im m iscib le b lend  system s: styrene-m aleic  anhyd ride/ 
s ty rene-acry lon itrile  (SM A /S A N ), styrene-m aleic  anhydride/acry lon itrile- 
bu tad iene-sty ren e  (SM A /A B S), po ly (v iny lidene fluoride)/S A N  
(P V F2/S A N ), and PV F2/A B S. The effect o f  adding  up to  1% w t o f  a  th ird  
po lym er th at is m iscib le  w ith  each b lend com ponent, PM M A , w as 
determ ined . T he addition  o f  P M M A  brought to  th e  im provem ent o f  
m echan ical p roperties such as tensile  strength , e longation , and  no tch ed  
im pact strength. M oreover, the addition  o f  P M M A  resu lted  in  finer and 
m ore  un ifo rm  dispersions o f  the prim ary  b lend  com ponents.

T he im pact properties o f  the therm oplastic  com posites con ta in ing  
g round  rubber tires (G R T) had been  im vestigated  by P ram an ik  e t  a l ,
(1995). L L D P E  w as used as the po lym er m atrix. A dding  d iffe ren t 
com patib ilizer or m odified  G R T w ere the m ethods to  im prove im pact 
strength . T he use o f  epoxidized natural rubber (E N R ) and e th y len e-co ­
acry lic  acid  (E A A ) com patib ilizer system  im proved  th e  im pact p roperties 
depend ing  on the com position  o f  the com posites. Increasing  E N R  conten t, 
the  im pact energ ies or ductilities o f  som e com posites increased. T he 
d icum yl perox ide  (D C P)/m aleic  anhydride (M A ) system  show ed a great 
increase  in im pact strength  w ith  an increase in the m elt v iscosity  o f  the 
com posites. T he coating  o f  G R T w ith  curing  and co-curing  agen ts sh ow ed  a 
m oderate  increase in im pact properties. T here are th ree  m echan ism s to  
im prove im pact strength: im proved in terfacial adhesion , e lastom er 
toughen in g  o f  the m atrix  phased, and m atrix  phase crosslink ing .

A xtell e t  a l .1 (1996) investigated  the effect o f  m odified  N R  
com patib ilizers on polyam ide 6 /N R  blends. M ale ic  anhydride m o d ified  N R

r is e  in te ra c tio n  w ith  p o ly a m id e . T h e se  m o d if ic a tio n  a ffe c te d  im p a c t
p ro p e r tie s , w h ic h  w e re  m u c h  h ig h e r  th a n  th o se  o f  u n irra d ia te d  L D P E
b le n d s .
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w as used  to  com patib ilize  th is blend. T he b lend  com patib ilization  occurred  
by physical in teraction  and by chem ical form ation from  in  s i tu  copolym ers. 
A  h igher degree  o f  d ispersion o f  rubber w as a resu lt o f  addition  o f  the 
com patib ilizer. T he presence o f  the sm aller rubber partic les gave greater 
toughness to  the blends and im proved m echanical properties such as C harpy  
im pact strength , tensile  strength  and elongation  at break.

K itao  (1997) used C harpy im pact test to  study the brittle-ductile  
transition  tem peratu res (B D T T ) o f  d ifferen t degree o f  crysta llin ity  
po lye thy lene  such as LD PE , L L D PE , M D PE , and H D PE . H e investigated  
the effect o f  cooling  p late tem peratures, Tp on the B D TT. W hen Tp w as 
increased  for M D PE  and H D PE , B D T T  fell but C harpy  im pact value, E t 
increased. F or tensile  test o f  H D PE  a rise in  Tp b rought an  em brittlem ent 
and a reduction  in strength. The rise in Tp enhanced  crysta lliza tion  and 
m olecu lar en tang lem en t loss. T hese evidences p rom oted  a crack  sh ield in g  
e ffect by  m icrovo id  form ation, w hich  increased  im pact strength .

C igana e t  a l ,  (1997) used tw o trib lock  copolym ers o f  
sty rene/e thy lene-bu ty lene/sty rene  (SE B S) to  com patib ilize  a b lend  o f  80%  
vo lum e po lysty rene (PS) and 20%  vo lum e e thy lene-propy lene  rub b er 
(E PR ). T hey  used C harpy and Izod im pact test to  determ ine the effect o f  the 
com patib ilization , w hich  related  m orphology. T hey found th a t for the low er 
m olecu lar w e ig h t in terfacial agent, a transition  from  b rittle  to  ductile , 
occurred  around 20%  interfacial agent (based  on the vo lu m e o f  the m inor 
phase). It w as not observed w ith  the high m olecu lar w eigh t in terfacial agent.

T anrattanaku l e t  a l., (1997) stud ied  fracture m echan ism s o f  po ly  
(ethy lene tereph thala te) (PET) and blends w ith  sty rene-bu tad ien e-sty rene  
(S E B S ) elastom ers. The SEBS elastom ers w ere func tionalized  w ith  0-4.5 
w t%  m aleic  anhydride graft on the m idblock. A ll the functionalized  SEB S 
elastom ers effectively  increased the toughness o f  PET. F rom  frac tography 
ind icated  th a t PET  and the b lend w ith  un fun ctiona lized  SEB S fractured
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th rou gh  crazing  w ith  brittle  m anner. B lend ing  w ith  a functionalized  SEB S 
caused  the fracture m echanism  to  change from  crazing  to  ductile  yield ing . 
P E T  hydroxyl end groups reacted  w ith  the anhydride resu lting  graft 
copo lym er form ation  w hich  thought to  act as an em ulsifier to  decrease  
partic le  size and im prove adhesion. T hese factors in troduced  cavita tion , 
w hich  re lieved  the triax iality  at the no tch  roo t and enhanced  shear y ield ing .
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