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E X P E R I M E N T A L

3.1 Materials

The m ateria ls used in th is thesis were com m erc ia l grade. The  

com m erc ia l in je c tio n  grade h igh -dens ity  po lye thy lene  (H D P E ) Polcne R1760 (M F I2.16 

kg. 463 K =  9.0 g/10 m in ) and the h igh im pact ac ry lon itr ile -bu tad iene -s ty rene  (A B S )  

Polcne G A850 (MFI5 kg. 473 K = 18.0 g /10 m in ) were supplied by  1RPC Pub lic  

Com pany L im ite d , Rayong, Tha iland . M a le ic  anhydride (M A H )  and d icum y l 

perox ide (DCP  98% ) were purchased from  A ld r ic h , Germany.

3.2 Apparatus and experiments

Fo llow in g s  are the lis t o f  m a jo r instruments used il l th is research

1. LTE26 -40  C o -ro ta ting  in te rm esh ing tw in -sc rew  Lab Tech  

Eng ineering  tw in  screw extruder, Tha iland , hav ing a screw  

diameter, D  o f  26 mm  w ith  an L ID  ra tio  = 40, w ith  a ro ta tiona l 

speed o f  40 rpm.

2. D iffe re n tia l Scanning C a lo rim e te r DSC -200 N E TZS C H , Germ any

3. C ap illa ry  Rheometer R H -7  Rosand S ing le Bore, U n ited  K ingdom

4. Scanning E lectron M icroscope  JSM -5800 L V  JE O L , Japan

5. Fou rie r T rans fo rm  In fra red spectrometer B ruke r Tensor 27,

G erm any
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6. In je c tio n  m o ld in g  mach ine Tosh iba ISiOOG 100M T , Japan

7. Un ive rsa l testing machine L lo y d  LR 10K , U SA

8. Pendulum  im pact tester 258D . U S A

9. Xenon W eather meter, Suga, Japan w ith  tile  fo llo w in g  cond ition :

- Irrad iance 25~70W /m 2 (300~400nm ) in range o p tio n a lly  se lection  

se tting and autom atic opera tion  adjustment.

- W ave length 340 nm.

- Sample fram ew ork d iam ete r w ith  960 mm , m ax im um  o f  108 

( 150x70 m m ) fo r the sample insta lla tions.

3.3 Compatibilizer Preparation

3.3.1 Preparation and purification of MAH-g- HDPE
M od ific a tio n  o f  the h igh -dens ity  po lye thy lene w ith  M A H  was carried  

out in a co -ro ta ting  in te rm esh ing tw in -sc rew  extruder. Lab Tech Eng ineering  

tw in  screw extruder, model LTE26 -40 , hav ing  a screw diameter, D  o f  26 mm  

w ith  an L ID  ra tio  =  40, w ith  a ro ta tiona l speed o f  40 rpm . The w e ll p re -m ixed  

materia ls were then in troduced in to  the hopper o f  the tw in -sc rew  extruder shown  

in F igure 3.1. The con figu ra tions and barre l temperatures were set and con tro lled  

fo r each zone as fo llow s  : zone 1 = 378K , zone 2 =  398K , zone 3 = 408K , zone 4 

= 418K , zone 5,6 = 423K , zone 7,8 = 433K , zone 9 =  443K  and d ie  zone = 443K .
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Figure 3.1 Con figu ra tions , barrel and temperature zones o f  the tw in -sc rew  
extruder

Long-strand extrudates were chopped in to  granules using the Lab Tech  

Engineering pe lle tize r (m ode l LZ -120 ). M A H  was added in  the range o f  1 to 5 

phr based on the po lym e r, w h ile  DCP in it ia to r used was kept constant at 0.5 phr.

P u rifica tio n  was carried out as fo llow s : M A H  grafted HOPE (2 g) was 

disso lved in  100 m L  toluene at 333 K  fo r 1 h. A fte r the com ple te  d isso lu tion , the 

g ra ft copo lym er was prec ip ita ted by adding acetone at room  temperature to 

remove the unreactcd M A H . The p rec ip ita ted g ra ft copo lym e r was dried  in an 

oven (Heraeus model V TR 5022 ) at 313 K  fo r 24 h to remove the residual solvent.

3.3.2 Determination of the MAH content in the graft copolymer
The quan tity  o f  M A H  grafted 11DPE was de term ined by titra tio n  o f  the  

acid groups derived from  the hyd ro lys is  o f  anhydride func tiona l group in to  

ca rboxy lic  acid. A fte r  the d isso lu tion  o f  1.0 g o f  pu rifie d  M A H  grafted HDPE  in 

100 m L  o f  to luene at the b o ilin g  temperature, 0.2 m L  o f  wate r was added to
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hyd ro lyze  the anhydride fu n c tio n a lity  in to  the ca rboxy lic  aetd group. A fte r  the 

so lu tion  was re fluxed  fo r 2 h to com ple te  the hyd ro lys is , the ca rboxy lic  acid  

concentra tion was determ ined by titra tio n  w ith  0.025 N potassium  hyd rox ide  in  

ethanol in the presence o f  1% cthano lic  phcno lph tha le in  so lu tion  as an acid-base  

ind ica to r. The ca rboxy lic  acid concentra tion was then converted to the M A H  

content as fo llow s  (Ana , Joao and F ige iro , 2008).

M A H  (% w t) = (( Vo- V\ ) N  / 2 พ) X 98 X 100% (3.1)

where N  is the concentra tion (m o l/L )  o f  potassium  hyd rox ide  d isso lved in  

ethanol. Vo and V\ are the vo lumes o f  the K O H  used in  the b lank titra tio n  and in  

those titra ted  w ith  the samples, respective ly . พ  is the w e igh t (g) o f  the H D P E -g - 

M A I I  sample.

3.3.3 Characterization of the compatibilizer system by Fourier 
Transform IR spectroscopy

The p u rif ie d  M A H  grafted HDPE  powder was com pression-molded  

in to  a th in  f i lm  d isc w ith  a th ickness o f  less than 50 pm  fo r Fou rie r T rans fo rm  

In fra red (F T IR ) characteriza tion . Then FT1R spectra o f  the H D P E -g -M A  were  

recorded using a Fou rie r T rans fo rm  In fra red  spectrometer (B ru ke r Tensor 27) 

w ith  4 cm ’ 1 reso lu tion  fo r 32 scans. For comparison, the pure HDPE , and M A H  

were also characterized by the IR technique.

im v n , .พ  ; า7?
.ล ร ท ะ ฟ ้ย น .,..( ๆ^00
?น1.สือนป.ี........ .

1 0  พ  1*®
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3.4 Blends Preparation

The blends were prepared in  the co -ro ta ting  in te rm esh ing  tw in -sc rew  as 

the one used in  section 3.3.1. The w e igh t ra tios o f  A B S  and H D P E  were 100/0, 

80/20, 60 /40, 50/50, 40/60, 20/80, and 0/100. The M A H -g -H D P E  w ith  the  

highest g ra ftin g  degree o f  M A H  on to  HDPE  chains at a constant content at 2.0  

ph r was added. V arious b lend com pos itions prepared are g iven in  Tab le  3.1.

T a b le  3.1 C om pos ition  o f  A B S /M A H -g -H D P E /H D P E  blends

No.
A B S /M A H -g -H D P E /H D P E

(w t% /p h r/w t% )
W e igh t fra c tion

A B S M A H -g -H D P E H D P E
1 100/0/0 1.00 0.00 0.00
2 0 /0 /100 0.00 0.00 1.00
3 80/2 /20 0.78 0.02 0.20
4 60 /2 /40 0.59 0.02 0.39
5 50 /2 /50 0.49 0.02 0.49
6 40 /2 /60 0.39 0.02 0.59
7 . 20 /2 /80 0.20 0.02 0.78

The w e ll p re -m ixed  m ateria ls were then in troduced in to  the hopper o f  

the tw in -sc rew  extruder shown in  F igure  3.1. The con figu ra tions and barre l 

temperatures were con tro lled  fo r  each zone as fo llow s  : zone 1 = 453 K , zone 2 =  

453 K , zones 3,4 =  463 K , zone 5, 6 =  473 K , zone 7, zone 8 = 478 K , zone 9 and

die zone =  483 K .
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The long-strand extrudates were chopped in to  granules using the Lab  

Tech Eng ineering  pe lle tize r and subsequently d ried  at 343 K  fo r 6 h.

3.5 Rheological properties

A n  RH7 Rosand sing le  bore cap illa ry  rheometer was used to  

characterize the flo w  p roperties in terms o f  shear stress and shear v iscos ity . The  

tests were carried out at a w ide  range o f  shear rates (20 to 9000 ร '1) at a test 

temperature o f  473 K . D im ens ions o f  the cap illa ry  d ie used were 1 m m  in  

diam eter, 16 m m  length and 180° en try  angle w ith  an aspect ra tio  (L /D ) o f  16:1. 

The m ate ria l was firs t preheated in  a barre l fo r 5 m inu tes under a pressure o f  

app rox im a te ly  3-5 M Pa to  get a com pact mass. The excess m ate ria l was then 

au tom a tica lly  purged u n til no bubbles were observed. The test was then carried out 

at the set shear rate con tro lle d  v ia  a m icroprocessor. D u rin g  the test, the pressure 

drop across cap illa ry  channel and m e lt temperature was captured v ia  a data 

acqu is ition  system. The apparent va lue o f  shear stress, shear rate and shear 

v iscos ity  were ca lcu lated us ing the de riva tion  o f  the Po iseu ille  law  fo r ca p illa ry  

f lo w :

Apparen t w a ll shear stress (Pa); T =R A P (3 .2 )

Apparen t w a ll shear rate (ร '1); (3 .3 )
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โ
Apparen t shear v iscos ity  (Pa ร); //, =  ; , (3 .4)

Y ' P P

where Ap  is a pressure d rop across the channel (Pa), Q  is vo lum e tric  f lo w  rate 

(ทา3ร’ 1), R  is the cap illa ry  radius (ทา), and L  is the length o f  the cap illa ry  (ทา). The  

values o f  R  and L  used in th is  w o rk  were 1 ทาทา and 16 ทาทา, respective ly .

3.6 Thermal analysis

The m e lting  and glass trans ition  temperatures o f  the blends were 

stud ied using DSC200 under a n itrogen atmosphere w ith  a heating and coo lin g  rate  

o f  10 K  m in ’ 1. The temperature cyc le  consisted o f  an in it ia l heating from  303 K  to  

493 K , fo llow ed  by coo lin g  to 303 K  and a second heating to 493 K . Data were  

co llec ted du ring  the second heating thermogram .

3.7 Morphological observation

The SEM  samples fo r m o rpho logy  studies were d ire c tly  taken from  the 

broken pieces o f  the blends a fte r the im pact test. The sample surfaces were etched  

w ith  to luene to better reveal the m icros truc tu re . E tch ing  was pe rfo rm ed at room  

temperature fo r 2 h, a fte r w h ich  the surfaces were rinsed, dried at 343 K  fo r 6 h. 

The sample was immersed in 2%  O sO j aqueous so lu tion  fo r s ta in ing  the 

unsaturated components at room  temperature fo r 12 h. A fte r  rem ova l from  the 

sta in ing  so lu tion , the samples were ca re fu lly  washed to remove the unrcactcd
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O s 0 4. Then (lie  samples were coated w ith  go ld to prevent charg ing before they  

were exam ined under SEM  observation.

3.8 Mechanical properties

3.8.1 Tensile property measurement
The dum bbe ll specimens fo r the tensile p rope rty  measurement were  

prepared accord ing to A S T M  D4101. They were tested in accordance w ith  A S T M  

D638. The sample was pu lled , by  the tensile testing m achine, from  both ends. The  

force requ ired to p u ll the specimen apart, and the extents tha t the sample was 

stretched before its breakage were measured.

3.8.2 Flexural strength testing
The fle xu ra l test measures the force required to bend a beam under a 3- 

po in t load ing cond ition . Test specimens o f  3.2 mm X 12.7 m m  X 128 m m  fo r the 

measurement o f  fle xu ra l strength were prepared fo llo w in g  A S T M  D4101. They  

were tested acco rd ing  to the standard test method o f  A S T M  D790. The specimen  

was placed on the tw o  supports and a load was applied at the center. The load at 

y ie ld  measured at a 5%  de fo rm ation /s tra in  o f  the ou te r surface is the fle xu ra l 

strength. The test beam is under compressive stress at the concave surface and 

tensile stress at the convex surface.

3.8.3 Izod impact strength testing
Testing  specimens o f  64 mm  x 12.7 m m  X 3.2 ทาทา fo r the measurement 

o f  Izod im pact strength were prepared by  fo llo w in g  A S T M  D4101. They were
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tested accord ing to A S T M  1)256. A pendu lum  swung on its (rack and struck a 

notched, cantilevered p las tic  sample. The energy lost (requ ired to break the 

sample) as the pendulum  con tinued on its path was measured from  the distance o f  

its fo llo w  through.

3.9 Weathering test

The weathering e ffe c t o f  the blends on the phys ica l and m echanica l 

properties were carried out in  a xenon weather meter (Suga Xenon W eather meter). 

They were tested acco rd ing  to A S T M  G 155 fo r 100, 200, and 300 h. A t the 

te rm ina l o f  weathering tim e  in te rva l, the specimens in the shape fo r each physica l 

properties testing were removed from  the oven and cooled down to room  

temperature on a fla t surface fo r 24 h before p rope rty  test. Transparent p roperty  

was reported in terms o f  opac ity  o f  specimens by using co lo r measurement 

(G re tagM acbeth Instrument C o lo r-E ye  7000A ). The weathering resistance was 

reported in terms ye llowness d iffe rence  ( À E )  o f  the blends before and a fte r the 

test using the C IE  co lo r d iffe rence  equation (La rra in , Schaefer and Reed, 2008).

A E  =  (A L *2 +  Aa*2 + A b ’ 2) 1/2 (3 .5 )

where A L  is the co lo r d iffe rence o f  lig h t and dark, Aa is the co lo r d iffe rence  o f  red 

and green and Ab is the co lo r d iffe rence  o f  y e llow  and blue.
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