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

P olym er b lend  is a m ix tu re  o f  at least tw o polym ers. It is a  low -cost 
w ay  to develop  novel m aterials. T ypically , po lym er b lend  is im m iscib le  
b lend , w hich  d isplays very poor m echanical properties due to  w eak  
adhesion. P rocess to  m odify  in terfacial p roperties o f  an im m iscib le  b lend, 
com patib ilization , has been used to  so lve th is p roblem  (A xtell e t  a l ,  1996). 
R eactive  b lend ing  is an alternative w ay o f  com patib ilization . It can  occur in 
m any  w ays, for exam ple, form ation o f  in  s i tu  graft or b lock  copo lym ers by 
chem ical bond ing  reactions betw een reactive  groups o f  com ponen ts, etc 
(F lokes e t  a l . , 1993).

It has been know n that the com patib ilizer reduces the in terfacial 
tension , perm its a finer dispersion , stabilizes m orphology , and enhances 
in terfacia l adhesion. O ne w ay o f  considering  in terfacial adhesion  is 
destruc tive  test m ethod  or deform ation test m ethod. I f  the b lend  has strong 
cohesio n  and  in terfacial adhesion, the fracture is d ifficu lt to  occur. T he 
streng th  o f  m aterial depends on types o f  m aterial, shape/size  o f  the test 
specim en , loading  (test m ethod), and testing  conditions e.g. tem pera tu re  and 
speed  (T akaki e t  a l ,  1994). M ost generally  fracture is caused  by d irect 
load ing  in d ifferen t system  o f  force, for exam ple, tensile , bend ing , etc. It is 
in te resting  to  study fracture behavior from  d ifferen t test m odes. In th is w ork  
the fracture  behav ior o f  the L L D P E /N R  blends by in  s i tu  reac tion  have been  
stud ied  varied  w ith  m echanical force and tim e, e.g., im pact, tear, creep, and 
tensile  test and the effect o f  w eathering  to the blends.
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1.1  B a c k g r o u n d

1.1.1 F racture
F ractu re  refers to  the separation  w ith in  an object. It is defined  

both  as rup tu re  o f  the surface w ith  and w ithou t com plete separa tion  o f  a 
body because  o f  external or in ternal forces (R osato, 1993). M echan ical 
failure  is conducted  from  the applied  external forces, w h ich  lead  the 
m ateria ls to  deform , crack or break  in to pieces. The loads m ay be app lied  in 
tension , com pression , bending, and im pact for a short or a long p eriod  o f  
tim e. In addition  to  force, environm ent is an im portan t factor. W hen  
m ateria ls expose to  outdoor environm ents, they serve som e effects from  a 
loss o f  color, slight crazing and cracking, to  a com plete  b reak  dow n o f  a 
po lym er structu re  (Shah, 1984).

T he fracture resistance  o f  a po lym er depends on the m ateria l 
m echan ical p roperties (elasticity , p lasticity , and v iscoelastic ity ) and the 
m icrostruc tu re  (A lger, 1989).

1.1.2 M echan ical failure
1 .1 .2 .1  Im p a c t

Im pact tests are h igh-speed  fracture test. T he te s t 
m easures the energy to break a specim en. T he im pact p roperties o f  the 
po lym eric  m ateria ls are d irectly  related  to  toughness, w hich  is defined  as the 
ab ility  o f  the po lym ers to absorb energy. T he h igher im pact strength  o f  a 
m ateria l, the  h igher toughness is. The factors affect the im pact strength  such 
as ra te  o f  loading, tem perature , orientation , p rocessin g  conditions and types, 
degree  o f  crystalline, and m ethod  o f  loading (Shah, 1984).
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1.1.2.2 Tearing
T ear test is the determ ination  o f  the force to  p ropagate  a 

tear in p lastic  film  and th in  sheeting. This test is generally  tensile  test m ade 
on sheets or film s w hich  have a cut or a notch  (N ielsen , 1994). T he 
specim ens m ay be  trouser tear test p ieces in w hich  the tw o trouser legs are 
held  in the tw o  ja w s  o f  the testing  m achine as show n in F igure  1.1. T he 
m axim um  force is recorded  and div ided by the film  or sheet th ickness to give 
the tear resistance  (B row n, 1988).

s

F ig u r e  1 .1  P osition ing  o f  tear test p iece in testing  m achine.

1.1.2.3 Creep
Polym ers generally  exhib it tim e dependent deform atio n  

un d er constan t loads, i.e., creep (K enner, 1986). W hen po lym ers are loaded  
to  load level less than  tensile  strength for brittle  polym ers or y ield  streng th  
for ductile  po lym er, strain  increase. I f  the m aterial b reak ing  occurs, it is 
ca lled  creep rupture. C reep and creep rupture  are affected by factors such  as 
app lied  stress level, tem perature, and environm ent (air, w ater, hum id ity , and 
so lvents, etc.) (Jayaram an, 1997). C reep and creep rupture  tests  can  be 
pe rfo rm ed  in  tensile , com pressive, and flexural test. In th is w ork  the 
d isp lacem en ts are m easured  as a fonction o f  tim e in tension  m ode at am bien t 
conditions.
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1.1.2.4 Fatigue
Fatigue is the pheno m enon  o f  failure  or fracture  o f

m ateria ls under repeated  or oscilla tory  loading at stress level m uch  low er 
th an  m onoton ie  loading  (K inloch, 1983). There are m any k inds o f  fatigue 
te ste r such as tensile  or flexural tests at constan t deform ation  or constan t 
stress, and bend ing  instrum ents. G enerally  fatigue failure  causes by the 
p rogressive  grow th  o f  cracks. F racture  m echanics determ ine the rate  o f  crack  
p ropagation  in term  o f  the local stress at the crack tip , w hich  is expressed  by 
a stress in tensity  factor, K  as show n in equation  1.4.

w here Y is num erical factor th at depends only  on the 
geom etry  o f  the specim en and ratio o f  crack length /w id th , 8 is ex ternally  
app lied  stress, and a is crack length. The rate o f  crack grow th  per cycle  o f  
load ing  is then  given by

w here A  and m  are constan ts characteris tic  a g iven 
m ateria l (N ielsen , 1994).

1.1.2.5 Tension
Tensile  test is a m easurem ent o f  the ab ility  o f  a m ateria l to 

w ith stan d  forces at a constan t rate th at tends to stretch  it and to  de te rm in e  its 
ex tension  before  breaking. W hen the specim en e longates, its resistance  
increases and is detected  by a load cell. S tress and stra in  are m easured  until 
the  specim en  breaks. The tensile  stress and strain  are defined  as:

K  =  Y ô V â ( 1.1)

( 1.2)

T en sile  stress Tensile  force (1 .3)

S train

O riginal cross - sectional area 
C hange in length (1.4)O riginal length (guage length)
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T he relative  stiffness o f  a m aterial is indicated  by tensile  m odulus (Shah, 
1984) w h ich  is defined  as:
„  .1 11 D ifference in stress , 11 ensile  m odulus = ---------------;------ ----------- —------------  (1 .5)D ifference in corresponding  strain

1.1.3 E nvironm ental failure
E nvironm ental resistance is the resistance o f  m ateria ls to  change 

p roperties as a resu lt o f  exposure to som e environm ent (B row n, 1988). uv 
rays, hum id ity , m icroorganism s, ozone and oxygen, heat, and po llu tion  are 
the m ajor environm ental factors that seriously  affect polym ers.

T he energy  o f  uv rad iation  is strong  enough to b reak  m olecu lar 
bonds, w h ich  brings about therm al ox idative degradation  as show n in F igure
1.2 (C osta  e t  a l ,  1997). T he results are em brittlem ent, d isco loration , and the 
reduction  in physical and electrical p roperties. A ccelerated  w eatherin g  have 
been  used  to  speed up natural w eathering  process by  exposure to  an artific ia l 
ligh t sources, for exam ple, carbon arc lam ps, xenon arc lam ps, and 
fluorescen t lam p (Shah, 1984).
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F ig u r e  1 .2  A  therm o-oxidation  reaction .
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