CHAPTER III

EXPERIMENTAL WORK

3.1 Materials = V//’ |

In this study stafli _.: : 7 ensit ' polyethylene, under the
tradename of HIZE s used. It was manufactured by Bangkok
Polyethylene Co., Lt | E 1s'shown in Figure 3.1.

Figure 3.1: The chemicabstructure of hi%hwdens’iﬁy ﬁo%ethylene (HDPE).
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Two type of fillers are used, the organic filler and the inorganic
ones. The organic filler was obtained from Thai Carbon Black Co., Ltd.
It has a density of 1.80 g/em’. The average particle size is 29 nm.
Mineral or inorganic fillers used in the present study are calcium
carbonate and talc. Both fillers were obtain from Surinthip Omya Co.,
Ltd. The CaCO; has a density of 2.7 g/cm”® and the average particle size
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of 2.5 um. The talc has an identical density with the CaCOs, i.e. 2.7g/m’

but the average particle size is doubled, 1.e. 5 um.

3.1.3 Coupling Agents

The fillers were trea ‘ti%upling agents provided by
LL

— S —
Kenrich Petrochemic? e ir@llers were surface treated
7 i u B

with  Neoalkoxy tri itanate [Titanium [V

neoalkoxy, tris(dodeg ‘ v | The organic filler was surface

A3
‘o v/
AUBINTNINYINT
(a) Neoalkoxy tn?odecyl-benzencsulfoyyl (b) Negalkoxy tri (dodegtylpyrophosphato)

an (Wi bk g ] 11 i ) rctanotc i

(dodec?lphenyl) sulfonato|. (dioctylpyrophosphato tris(dioctyl)
pyro- phosphato].

Figure 3.2: The chemical structure of titanate coupling agents for

inorganic and organic fillers in the present study.
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3.2 Fillers Surface Treatments

The fillers were dried in an air circulating oven at 110°C for at least
24 hours. The slurry method for application of titanate coupling agent
was suitable for the present in surfage treatment of the filler particles.
Titanate coupling agent was dissolved 1 a small quantity of methyl ethyl
ketone (MEK) solvent." Tt was then pouied into a mixing chamber and
more solvent was gradually’added, In the MEK solutions of titanate
coupling agent, tho/ gncentratlon of the Neoalkoxy tridodecyl-
benzenesulfonyl tltan,a{e ATi ﬁanlum =I»V neoalkoxy, tris (dodecylphenyl)
sulfonato] was 0.5%, 0 75% 10"/‘{ and 1.5% respectively on basis
weight of CaCO; and O 598 on b351s welght of talc while the Neoalkoxy
tri (dodectylpyrophosphato); tltanatc ITuanlum IV neoalkanolato tris
(dloctylpyrophosphato trls(dloctyl) pyrgi-aphosphato] was 1% on the basis
weight of carbon blanL_'Ehe_ﬁﬂer_wa&addedﬁﬁpr continously stirring

the solution for 1 hour To eliminate the solvent the slurry was dried in

the oven at 70°C for about 48 hours.
3.3 Compounding

HDPE and the fillers were compounded using a twin-screw
extruder (Brabender) shown in Figure 3.3 HDPE pellets and the filler
powder such as CaCO; powder were fed simultaneously into the separate
teeder of the extruder. The HDPE and the fillers were ted simultaneously
into the extruder by using a separate feeder. The HDPE pellet was fed by

a vibration feeder and the powder filler was ted by a screw teeder. To
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prevent overloading the extruder drive at very high filler content the filler,
the filler mass flow rate was gradually increased until the desired rate was
reached. The barrel temperatures are set at 180°C, 190°C, 190°C
respectively from the feeding zone to the die zone. The screw speed is 50
rpm.  An exit rod die with two ‘3.5 mm-nozzols was used. The

compositions of the filled-HDPE are showa«n Table 3.1 and Table 3.2.

-

(a) ] (b)

Figure 3.3: The twinsserew extruder the feeding machanism with (a) the

barrel and screw extfuder and (b).screw feedet.




43

Table 3.1: The composition of CaCO; filled-HDPE.

CaCO; (Phr)* Coupling Agent (%)

0.5 0.75 1.0 15
10 J \ v v
20 _‘\ v
30 __-- v
40 v
50

“Parts by v

In some compo iof: . of fillers are used. Pre-
mixing of the fillers must eﬁg T

This 1s carried out by us

o feeding to the extruder.

ender and pre-mix for 30 min.
After extrusion, thc extrudate. and was gquenched in the water bath,
drawn and pelletiz .._-.:._:a:-.:::-.:_s:;:;:_;;;.-a;_._.\ oven at 110°C for 1

hour in order to for 'ﬁ

The ﬁlﬁ W’%’% %’ﬁpﬁ%&}iﬂoﬁmg to the design

based on Factorial Design Thgory Therg are 5 varible factors, each

vared A RER G IR INYIA El
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Table 3.2: The 2° Factorial Design for filled- HDPE systems.

Fillers/Filler Low level (phr) High level (phr)
A (CaCO; , treated ) 0 30
B (CaCO;, untreated ) ,. 0 15
/
C (talc, treated ) ' /C/ 0 15
D (talc, untreated surface) _— () 15
. -
E (carbon black, treated) . | 0 5

3.4 Molding and S 7/ 8

?/
Samples for / nical ;%'eésurements were prepared by
e

llédf HDP:EZj;p’éllets in the form of plates. The
v Rdda

compression molding
thickness of the plates are 2, 3 and 4 mm. The compression molding
machine is shown in Figur;e,..i;}—_;_lt. Tlf@ndition of molding is set at a
temperature of 199%dmpmssumiiM£&ém 10 min. For cooling,
the molded plate ;sj ipoled by water cooling at é’-&rflte of -10°C/min until
the temperature w:;; brought down to 55°C. “After air cool to room
temperature, fthe | plates with| 2 mm 1n thickness fwere punched to form
specimens of dumbbell shape for tensile test. Rectangular bars for Izod
impact“and ‘heatideflection temperature test were prepared and cut into
the respective sample size requirements of each test by using the plates
with 3 mm in thickness. The cutting of specimens for compression test

was done by using a high precision diamond saw.
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Figure 3.4: The compressi n moldi
- wiia
3.5 Mixing LT,
Mixing was ﬁ 4
WS50E) as shown in Fi igure 3.5. The

Platen

+——T1— Mold plunger

Guide pins

Mold cavity

‘Platen

ydraulic
er

nd mold.

mﬁnal mixer (Brabender
PE pellets and the CaCO,, talc

and carbon bﬂpuﬂo@] Wer ﬂ%wﬁtﬂlﬁ‘@ and dry blended

prior to m1x1ng in the internal mixer. The_ mixer temperature was set at

190°C idrorbbpeed s Smimd T4 perigdlo i Vlkept constant

at 10 mm
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(a) Yz v (b)
v

dd

Figure 3.5: The mixing machine and diﬁiving'-gpptrol unit consists of (a)
heater, rotor and drive ‘eléments of mixer and (b) mixer,

control system for the exiruder.

3.6 Mechanical Testing
3.6.1 Tensile Test

The tensile test'is applied to ineasure the! forcé response! when-the
filled and unfilled HDPE samples were pulled at a constant strain rate.
The test provides a means to characterize the machanical properties of the
filled and unfilled HDPE in terms of the elastic modulus, elastic strength
and elongation at yield and at failure. The tensile properties were
measured according to the ASTM D-638 test procedure by using a

mechanical testing machine (Instron model 4501). The dumbbell
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specimen of type IV was used. The specimen dimension for tensile test is
shown in Figure 3.6. The gauge length was 25 mm. The crosshead
speed was set constant at 5 mm/min. The initial crosshead seperation
was 64 mm. The test was carried out at standard testing condition of 23
°C and 50% relative humidity. - Ten spéﬁyens were tested for each
composition. Only average valucs were jeporte‘d"

g— . 4
|

7/ T
£/ '_ v W-Width of narrow section 6

e / . L-Lengthof narrow section 33
3— \3 “ WO-Width over-all 19
L_ _J 4 i‘ 4 4LO-Length over-all 115
"'l }" A j} G-Gauge length 25
5 .a;u L b 1‘5 Distrance between grips 64
- o £ ‘ j.j_._;.ﬁg&adlus of fillet 14
o RO-Outim;gdjus 25
"‘! j‘: '_'L')

Figure 3.6: The dimensions of tensile test specimen of type IV according
ASTM:D+638

3.6.2 ‘Conipression Tést

The compression testing of polymers is not as widely used as the
tensile or the flexural tests although it is a test that vields useful
information. Quite often, plastics products are subjected to compressive
load tor a long period of time. Their deformation is hence induced or
caused by the compressive stress. Test specimens in square shape of 12

x12 mm with a thickness of 3.6 mm were compressed between two
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parallel plates. The compression testing was measured by using a
mechanical testing machine (LLOYD model 2000R). The crosshead
speed was set constant at 5 mm/min. The test was conducted at a
standard condition of 23°C. Ten specimens were tested for each

composition. Only average values wété/g)orted.
F ‘_i,::-’ ‘
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3.6.3 Hardness Test

Hardness 1s clo?//a.ted. to étrength, stitfness, scratch resistance,

wear resistance and s. | The hardness test are based on the

conditions and procedtire se m the A(STM D-2240 (Shore or Durometer

hardness) was carried out mg gi Durbﬂleter Instrument. There are three

:a;,;'

types of pin-shaped indentors Wi Wthh gave measurements in A, B, C, D,

DO, O, OO scales as illustrated-in F1gtire‘3‘7 ThJer; A scale is often used

for measuring soﬁerjmatenals such as elastom?fs ) It covers the range

from 20A to 95SA. Tllp D scale 1s often used for h_grdcr materials such as
soft plastics; it generally.covers the range from 40D to 90D (40D~95A).
The D scale is usedifor the test of filledcand unfilled HIDPE systems in the
present study. The test specimens are 3 mmiin thickness’ The hardness
measurement'is 'pérformed ‘at’various locations on-each’ sample surface
which was flat and parallel with its bottom surface. The test was carried
out at standard testing condition of 23°C and 50 % relative humidity.
Ten specimens were tested for each composition. Only average values

were reported.



NoTE 2—Durometer scale comparison chart only. This is not and
cannot be used as a conversion reference.

Type A 10 20 30 40 50 60 70 80 90 100
Type B 10 20 30 40 50 60 70 80 90 100
Type C 1020 30 40 50 60 70 80 90 100
Type D 10 20 30 40 50 60 60 70 80 90 100
Type DO 10 20 30 40 50 60 70 80 90 100
Type O 10 20 30 40 50 60 70 80 90 100
Type OO 10 20 30 40 50 60 70 80 90 100
—8 —12/2.5mm
' _ .0501.005
[ | 1.40/ L1Smm

—— =
—

e — ——

L~ 2.38:008mm

lm.. 7/
QUEJ’J g

[ ]
2.5 20.04 mm

RN RN RENA Y

(c) Indentor for Type DO. O. and OO Durometers
NoTe—Spring Force Combinations:
Force, N = 0.550 + 0.075 H,
where H, = hardness reading on Type A, B and O durometers.
Force, N = 0.4445 H,
where H, = hardness reading on Type C, D and DO durometers.
Force, N = 0.203 + 0.00908 H.,
where H,, = hardness reading on Type OO durometers.

Figure 3.7: Durometer sacle. Indenter and Spring Force Combinations.

49
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3.6.4 Izod Impact Test

[zod impact test was applied to measure the energy to break a

notched specimen upon application of a sudden load by using a

pendulum. Notching was m ‘)’l ing a revolving multitooth cutter
disc. Both the feed spee ” d were constant thoughtout
the notching operatiotw-"—; n of a high cutter speed

and a slow feed rates

al demage than a slow
cutter speed and a fa rates or a high cutter
pact specimens were

notched (45°) by usifig Bsarimibdts tting apparatus. The

notched specimens wer: edaccor he ASTM D-256 procedure
on the Izod Toyoseiki T ycf?@% tester, notched specimen
and specimen support are sb@gﬁ?u}, 8. The test was carried out
at standard testing ¢ondition © relative humidity. Ten

specimens were tested Ouly average values were

ﬂUEJ’J‘VlEJWEWEJ']ﬂﬁ
’QW’]ﬂﬁﬂ‘imﬂmﬂﬂﬁl’]aﬁl

reported.
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Point of impact

b _‘@od test specimendimensions and
i -1.”“"!" .
' %2“

S ciﬂ{‘ﬁn support arrangement.

Figure 3.8: The Izﬁmp ot

sos A BRtial 11 TN EN3
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measured. This is indicated by the energy to break or crack plastics at a
high and vanable weight. The plate of compression molded specimens
with 2 mm in thickness was tested according to the procedure set in the
ASTM D-3029. The test was done by using an Energy Absorbtion tester
(model D-4092). The falling weight machine is shown in Figure 3.9. The

test was performed at room temperature of 25°C. The energy absorbed
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versus the sample deformation and the dart velocity were obtain for each

sample. Five specimens were tested for each composition. Only average

values were reported.

Control
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Figure 3.9: The falling weight testing machine.
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3.7 Sample Characterization

3.7.1 Differential Scanning Calorimeter (DSC)

The melting point and ¢rystallinity of the filled HDPE
were tested according T | 7 tsquipment used was the

Differential Scanning

er nt Instrument tester. The
DSC heater and sampie Colls are 5 3.10. Each filled and
' g as possible. It was
migium e was heated from 40
°C to 220°C at a heati te ﬂ 1 C scan of the specific
energy against the temperat * bta The melting point and the
degree of crystallinity of o@- were calculated based upon the fact
that 100 % crystaniﬁity HDPE tequires anénergy of 293 J/g.
\ _

e %ﬂjﬂ‘a‘
ammnmmﬁﬁwmé’a

Figure 3.10: The DSC sample cell: the sample (S) and the reterence (R)

pans.
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3.7.2 Dynamic Mechanical Thermal Analysis (DMTA)

The technique of DMTA was the used to determine the glass
transition temperature (T,) of polymers via their state of chains motion.
In this method, the sample is deforn}ed cyclically under the sinusodial
stress amplitude (usually as a functi /df the sine wave), while the
temperature was raised.. The results mdlcateatthe sinusodial stress-strain

. . — —__"
relationship. Many mo/des't)

be loaded under tensions

vibration are possible. The specimen can

Oxi n co press10n bending and shear, but the

most popular mode of
cantilever) as show 1n
DMTA test are 0.1 to 11

1s selected.

The T, of eacanDPE formulatlon was measﬁr;d by using dynamic
mechanical thermal'-{galyser (model DMTA Mk Hiﬂgolymer Laboratory).

The single cantilever‘flnode was used. The spec’ffhen was a regtangular
bar of 5 mm incwidthy 25 morin length and 2 mm 4n thickness. The test
was made at a frequency of 1 Hz. The heating rate was 3°C/min. The
specimen wils tested fiom “1E50%C to] H00°C " The| T, lofithé HDPE is seen

at the peak of tan d.
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shear mode.

In this experiment, the tensile stress can be defined a function of

time (¢) and it may be expressed as:
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o = ¢° sin(w?) (3.1)

where o° = amplitude of applied stress
iy of oscillation = 2xf

w = angular ferque ’
V @ress is also a sinusoidal
TE—

The strain respo th

function which may

(3.2)

The laggin and the strain is
illustrated in Figure 3.

Figure 3.12: The representation of viscoelastic behaviour in polymers; the

sinusodial stress (o), with the strain response (€) and

lagging phase angle (3).
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In an ideal elastic solid, the stress follows Hooke's law, i.e.

where ¢ = FEg

O = stress

The strain is ss (or 6 =0). Equation

(3.2) can be writter

(3.3)
In an ideal viscous“flow "f ess follows Newton's law of
: LA :
viscousity, as shown in-Equation (3 .4 tress-1s aways the 90° (8 =

n/2) leading phas ';'

)
ﬂuﬂqwﬂﬂ%%ﬂwni 34
s anSnenay o9

= -6/(n®) cos(of) = -£° cos(m!)

Integr

=-g" sin(m/2-mt) = €” sin(wz-7/2)
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At temperature below T,, polymers behave as Hooken solids and
there 1s very small deformation. At the vicinity of the T,, their behavior is
viscoelastic. The & is time and temperature dependence; its values a

between 0° for total elastic and 90° for total viscous.

applied cyclical strey i mplex stress (¢ *) as
shown below. ‘ DN i

(3.6)
Where i =
Equation ( 3.2) can be writtenas: -
] 3.7)

)
ratio oi;?jﬂﬁ;?fg ﬁg{ipiﬁﬂ(ﬁtﬁqﬁ be defined as the

QRININTAUYPIAINLIAY

= —3) exp(id) (3.8)
€

e

The complex modulus can be solved into two components, £’ and
E”. With the substitution of Euler’s identity [exp(id) = cosd + isind] into

Equation. (3.8). one will get Equation (3.9).
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Ex = [:—2—) cos(d) + (Q;J sin(d) 3.9
A

Equation (3.9) may be written in general form as following:-

(3.10)

(3)/cos(8) (3.11)

measures the recoverable
strain energy in the 1on: £ d the loss modulus and it is
-~ related to the hysteresi ..'.ﬂ ssipation. The ratio of the loss and to

the storage moduli is the/os : gk}' _-: ) ). The relationship of DMTA

parameters at each local temperature is best summarised in Figure

.13

Figure 3.13: The DMTA parameter test.



3.7.3 Heat Deflection Temperature (HDT)

The heat deflection temperature is also called the heat distortion
temperature. The method of test is set in the ASTM D648. The test

specimen 1s mounted on support ich are 10.16 cm (4 inch.) apart and

loaded by a beam as shown in Figure \ bending stress of either 66

psi (455 Pa) or 246 p& Pa) is&n the center of the span.
/ 4 B

The test 1s conducted 1

the temperature increased at a
constant rate of 2°C temperature at which

the sample attains a d

s AT
THERMOMETER. _~g .

fu NUINT
CURES=CIb- 2ol IERET

Figure 3.14: The instrument of heat deflection temperature test.
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3.7.4 Density Test

The polymers density depends on whether a majority of the chains
are linear or branched, the avera ed molecular weight and the past
thermal history. Polymers hd*q!\ range from 0.88-2.3 g/cm’.

The density mcasurem lastl performcd by using the

density gradient tec
ASTM D-1505. T

the technique set in the

column should be a
nonsolvent for the r an alcohol mixture.
Suitable liquid syst A ) a@ density gradient column
are listed in Table 3.

il

Table 3.3: Liquid systems ﬁi‘_ﬁgnm 7 dient technique.

.r | o+ )
J,"/fl/ v.’.“; '

ity Range (g/cm®)

Methanol- benzyﬁlcoho}- . 0.80-0.92
Isopropanol-water 0.79-1.00
Isopropﬂlﬂtﬁjm; ;?118 m j W E-J "] 1.11
Ethanol chonte achloride fq 1.59
ARTRITh A NIy

od 1.00-1.41
Watcr-calcxum nitrate 1.00-1.61
Carbon tetrachloride-trimethylene dibromide 1.60-1.99
Trimethylene dibromide-ethylene bromide 1.99-2.18
Ethylene bromide-bromoform 2.18-2.89
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Toluene and carbon tetrachloride are selected for the density
gradient study of the HDPE composites in the present work. Several
mixtures of liquids can be prepared at many compositions as a function of
gradient density from 0.87-1.59 g/cm®. The position along the height of
the tube against the liquid density Was calibrated to form a calibration
curve for the determination of the samp(’&nsﬂy

9

3.7.5 Scanningynfn Mic&oscope (SEM)

In scanning el% 1 roscopy, electron can be reflected from the

E -‘

surface of the object avhich are’ '0 used tor display. The incident

electrons from the electton ource actepf as a beam, which 1s then scanned
.a F

over the entire area of fr ctum surfaccs *,u The morphology of fractured

composites was studied by_.dgsm’g a scggrgng electron microscope (JOEL

JSM 840A). The fras £ ied with 300 A° gold.
wd

The accelerating vc;ltéfge for the SEM was 10 KV~

3.7.6 Pglanzed LightiMietoscopy

This mothod 15 especially.gaod for studying spherulites because of
the difference in the birefingence between the crystal lamellae and the
amorphous regions or the ditferent orientation of the lamellae as radiate
out from the centre in all directions. The spherulites morphology were
studied using a polarized light microscope (Nikon Optiphot-2) as is
schemetically represented in Figure 3.15. The light source passes the

polarizer to filtrate the single angle plane of light. The analyser rotated to
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the crossed position of the polarizer which has been placed between the

specimen and the eyepiece.

Figure 3.15: The polari ni seope: & it source: P polarizer: Sp

d A analyser.

sample is cut "r—--.-_
section. The methﬁ of cu

Figure 3.16. The thinsfilm was placed on a glass microscope slide and a

cover fp trfle %Un’@- 34&1%3 st 0 opfidalmicroscope.
‘QW’]@\‘!ﬂ‘iﬂJ 1N)ANYA Y

Knife

Specimen . =—p
—_—

Figure 3.16: The cutting of a thin film from a moulded plate.

J ate into a very thin

bv u%g a knife as shown in
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