
CHAPTER III
E X P E R IM E N T A L

3.1 M a ter ia ls

3.1.1 M ale ic  A nhydride Grafted on H D P E  (M A H -gH D P E )
H igh -d en sity  p o lyeth y len e (H D P E ) grafted w ith  m aleic  anhydride, 

Fusabond'*’ em p lo y ed  in th is study w as a grade E M B 1 0 0 D  supplied  by Creative  
P olym er Co. Ltd. The properties o f  Fusabond® E M B 1 0 0 D  are g iv en  in T able 3.1

T a b le  3.1 P h ysica l properties o f  M A H -gH D P E  (Fusabond® E M B 1 0 0 D )*

P ro p er tie s U n its T est re su lt T e st m eth o d
B ase resin - H D PE -
D en sity g /cc 0 .96 A  STM  D  792
M A H  grated content wt% 0.9 FT-IR
M elt F lo w  Rate g /1 0  m in 2.0 A S T M  D  1 2 3 8 ,1 9 0 °c /2 1 .6 k g
*D ata supplied  by D upont

3 .1 .2  H igh -D en sity  P olyeth ylen e (H D P E )
H igh -d en sity  p o lyeth y len e  em p loyed  in the study w as an injection  

m old in g  grade H 5 4 8 0 S  supplied  by Thai P o lyeth y len e  C o., Ltd. The properties o f  
H D P E . H 5 4 8 0 S , are g iven  in Table 3.2

T a b le  3 .2  P h ysica l properties o f  H D PE (H 5 4 8 S ) **

P ro p er tie s U n its T est resu lt T e st m eth o d
M elt F lo w  Rate g /1 0  m in 0.80 A S T M  D  1238
D en sity g/cnr’ 0 .9 5 4 A S T M  D  1505
M eltin g  point ๐c 131 A S T M  D  2117
**D ata supplied  b y  ' liai P o lyeth y len e C o.. Ltd
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3 .1 .3  N y lo n  6 (P o lyam id e-6 )
N y lo n  6 used for the study w as an in jection  m o ld in g  grade 1013B  

supplied  by U B E  N y lo n  (T hailand) Ltd. The properties o f  N y lo n  6 , 1013B , are g iven  
in Table 3.3

T a b le  3 .3  P hysical properties o f  N y lo n ô  (1 0 1 3 B )* * *

P ro p er tie s U n its T est re su lt
M oisture content wt% 0.03
R elative v isco s ity - 2 .43
Extractable content wt% 0.15
A m in e group X  10_i eq /g 4.5
C arboxyl group X 1 0 ° eq /g 5.8
M eltin g  point ° c 2 1 5 -2 2 5
***D ata  supplied  by U B E  N ylon .

3 .1 .4  Z inc A cetate  D ihydrate
Z inc acetate dihydrate A R . Grade w as supplied  by A jax F inechem .

3 .2  E x p e r im e n ta l

3.2.1 Z inc N eutralization  o f  M aleic A nhydride Grafted on  H D PE
The required am ount o f  M A H -gH D P E  w ith  z inc acetate dihydrate w as  

dried and prem ixed  in a tum ble m ixer for 10 m in and then m elt-neutralized  in a tw in-  
screw  extruder (C ollin  D -8 0 1 7  T -20) at 2 3 0 ° c  and screw  speed at 35 rpm. L evels o f  
neutralization o f  M A H  studied in this work w ere 10%, 25% , 50% , 75% , and 100%  
neutralization, and com p lete  neutralization w as assum ed. The obtained  m aterials 
w ere dried and kept in sealed  p lastic bags to prevent any contact w ith  m oisture. The  
neutralization reaction w as confirm ed by Fourier Transform  Infrared Spectroscopy  
(FT-IR ). FT-IR  spectra o f  both unneutralized and neutralized  M A H -gH D P E  w ere  
obtained u sin g  a N ico le t  N ex u s  6 70  FT-IR spectrom eter in the w avenum ber range o f
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4 0 0 0 -4 0 0  cm '1 w ith  32  scans at a resolution o f  2 cm"1. A  thin film  sam ple for FT-IR  
w as prepared by com p ression  m old ing.

3 .2 .2  B len d s and Sam ple Preparations
The required am ount o f  H O PE, N y lo n  6 and zinc-neutra lized  M A H -  

gH D P E  w ere prem ixed  in a tum ble m ixer for 10 m in fo llo w ed  by drying in a vacuum  
oven  at 6 0 ° c  for 24  h. T he m aterials were then blended in a C o llin  D -8 0 1 7  T -20  
tw in -screw  extruder w ith  a screw  speed  o f  35 rpm and tem perature 2 3 0 ° c .  The lev e ls  
o f  com p atib ilizer  used in these studies w ere 1 and 10 part per hundred o f  resin (phr). 
T est sp ecim en s w ere prepared using a W abash V  50  H 50-ton  com p ression  m old in g  
m achine. B lend sam p les w ere placed in a picture fram e m old , and the m old  w as 
preheated at 2 5 0 ° c  for 3 m in in the press w ithout applied force. T he m old  w as then 
com pressed  under a force o f  10 tons for a further 2 m in, after w h ich  the m old  w as 
co o led  to  4 0 ° c  under applied force. T est sp ecim en s w ere cut from  the m olded  sheets  
using  a pneum atic punch m achine.

T a b le  3 .4  B lend  com p osition  o f  N y lo n  6 /H D P E  w ith  zinc-neutralizaed  M A H -  
gH D P E

N o.
N y lo n  6 /H D P E  b len d

N y lo n  6 (% w t) H D P E  (% w t) C o m p a tib iliz e r  (p h r ) N e u tr a liz a tio n  (% )
1 100 0 0 -
2 0 100 0 -
oJ 80 20 0 -
4 20 80 0 -
5 80 20 1 0
6 20 80 1 0
7 80 20 1 25
8 20 80 1 25
9 80 20 1 50
10 20 80 1 50
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N o .
N y lon  6 /H D P E  b len d

N y lo n  6 (% w t) H D P E  (% w t) C o m p a tib iliz e r  (p h r ) N e u tr a liz a tio n  (% )
11 80 20 1 75
12 20 80 1 75
13 80 20 1 100
14 20 80 1 100
15 '8 0 20 10 0
16 20 80 10 .0
17 8.0 20 10 25
18 20 80 10 25
19 80 20 10 50
20 20 80 10 50
21 80 20 10 75
22 2 0 80 10 75
23 80 20 10 100
24 20 80 10 100

T a b le  3 .5  T w in -screw  extrusion  conditions for neutralizing and b lendin g

C o n d itio n s Z o n e  1 Z o n e  2 Z o n e  3 Z o n e  4 Z o n e  5 Z o n e  6

T em p era tu re  (๐C ) 80 200 215 215 2 20 2 30

S crew  sp eed  (rp m ) 35

3 .2 .3  S cannin g E lectron M icroscop y  (SEM I
Scan n in g  electron  m icroscop e (S E M ), JEO L 5 2 0 0 -2 A E  (M P I5 2 0 0 1 )  

w as used to study phase m orp h ologies o f  the blends. The sp ecim en s w ere  fractured 
in liquid nitrogen and etched using (i) hot x y len e  (for H D P E  m inor b len d s) and (ii) 
form ic acid (for N y lo n  6 m inor blends). The sp ecim en s w ere then coated  w ith  gold  
under vacuum  and all scanning electron m icrographs w ere taken using 15 k v  w ith  at
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1500x m agnification . T he num ber average diam eter ( d T1.) o f  d ispersion  phase w as  
evaluated by S E M A fore softw are, using  equation (1):

w here ท i is the num ber o f  droplet and d T1. is the diam eter o f  the i t h  droplet.

3 .2 .4 . T en sile  T est
A n  Instron U niversal tester w as used to m easure ten sile  properties o f  

the blend sam p les using  com pressed  sp ecim en s. T estin g  w as carried out fo llo w in g  
the procedure outlined  in A S T M  D 6 38-91  test procedure using  a crosshead  speed  o f  
50 m m /m in and a gau ge length 50 m m .

3 .2 .5  D ifferen tia l Scanning C alorim etry

A ll scans w ere m ade under nitrogen atm osphere (N 2) to m in im ize  ox id ative  
degradation. Tem perature calibration w as obtained by m easuring the m elting  
tem perature o f  indium  elem ent. 7 -10  m g sam p les w ere p laced  in an alum inum  pan 
and sealed . T he sea led  pans w ere heated from 3 0 ° c  to 2 5 0 ° c  at a heating rate o f  
8 0 °c /m in , and held  at 2 5 0 ° c  for 5 m inutes to rem ove any therm al history and then  
co o led  to 3 0 ° c  at 1 0 °c /m in . The sam ples w ere then heated from  3 0 ° c  to 2 5 0 ° c  at 
1 0 °c /m in . C rystallin ity  for each p o lym er com ponent o f  the com p atib ilized  blends  
w as determ ined from  k n ow led ge o f  the ratio o f  the m eltin g  enthalpy for 100%  
crystallin ity o f  pure com ponents. The crystallin ity o f  each  com p on en t in the blend  
w as ca lcu lated  u sin g  Equation (2):

d n t  =  E (n Édi)/7 ii (1)

Therm al an a lysis o f  b lends w as carried out on  a P erkin-E lm er D S C  7.

(2)

w here Xc.i is the percent crystallin ity  for the 7th p olym er com p on en t (n y lon  or 
p olyeth y len e), พ 1 is the w eight fractional o f  polym er com p on en t in the blend, A H i  is
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the m eltin g  enthalpy o f  the com ponent present in  the b lends, AH f i  is the heat o f  
fusion  for the 100%  crystallin ity  o f  the pure p o lym er com p on en t (1 9 0  J/g for N y lon  
6, and 293 J/g for H D P E ). C rystallization  and m eltin g  tem peratures w ere determ ined  
by the tem perature corresponding to m axim um  heat flow .

3 .2 .6  D ynam ic M echanical A n alysis (D M A )
D ynam ic m echanical analyses (D M A ) o f  the N y lo n  6 /H D P E  blends 

w ere studied using  a S o lid  A nalyzer R SA  II (R heom etric S c ien tific ). T he storage 
m odulus (E ’) and lo ss  m odulus (E ”) w ere m easured as a function  o f  temperature. 
The 3-p oin t bend fixture w as used to m ount the sam p les and tem perature step  o f  4  K 
intervals w ere used. A ll experim ents w ere perform ed at 1 H z frequency and 0 .025%  
strain am plitude u sin g  static force tracing dynam ic force.

3 .2 .7  Capillary R heom eter
A  C E A S T  R h eo log ic  5000 T w in-bore C apillary R heom eter w as used  

to evaluate m elt-rh eology  o f  the zinc-neutralized  M A H -gH D P E , neat N y lo n  6, neat 
H D PE, and the as-prepared blends. The inner diam eter and the length o f  the barrel 
used w ere 9.95 and 300 m m , respectively , w ith  capillary diam eter o f  1 m m  (L /D  =  
20) and all m easurem ents w ere operated at 240°c. T he apparent v isco s ity  o f  all the 
blends data w ere com puted  by V isualR H E O , a softw are based  on C eastV IE W  
platform  to be used w ith  R h eo log ic  and Smart R H E O  instrum ent for p rocess test 
evaluations.
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