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Figure 2-3 Effect of melt temperature on onset of elastic
turbulent in polyethylene. [Howells,1962]
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stress at onset of elastic turbulence in poly(methyl
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Figure 2-5 The storage modulus and complex viscosity as a
function of frequency.[Nuyen,1992]
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Figure 2-6 Shear modulus(G) at 1 Hz versus temperature
for a polyurethane rubber filled with increasing amounts of
sodium chloride.[Nielsen,1974]
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Figure 2-7 Damping(tand ) at 0.2 Hz versus temperature
for a polyurethane rubber filled with increasing amounts of
sodium chloride. [Nielsen,1974]
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Figure 3-1 The behavior of stress relation.
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Figure 3-2 The behavior of creep and recovery.
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Figure 3-3 Schematic representation of capillary rheometer.
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Figure 3-4 Schematic representation of rotational
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Figure 3-5 The edge effect of rotational rheometer at high
shear rate.
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Figure 3-6 Viscosity as a function of shear rate for
Newtonian, Pseudoplastic and Dilatant fluids.
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Figure 3-7 The variation of stress and strain with time for a
viscoelastic material.
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Figure 3-8 The different variations of stress and strain with
time for elastic, viscos and viscoelatic material.
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Figure 3-9 The logarithm of the relation modulus as a
function of temperature for semicrystalline(isotactic)
polystyrene and fully amorphous(atatic) polystyrene in three
‘'versions : low molar mass uncrosslinked, and high molar
mass uncrosslinked and crosslinked.[ Gedde, 1995]
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4-1
@

Taisox 9003 0.954 g/cm?®
132 MFI 0.3 g/10min
(b) J. Rettenmainer& Sohne GMBH
Celluflex 100
% 250u m 87 % 100 pum 37 % 50y m
20~30pm 0.10 ~ 0.12 g/cm? 6
+2%
(©
1. LLDPE-MA Du Pont Fusabond E
Series MB-226D(
) 0.9% 122
2. HDPE-MA Du Pont Fusabond E
Series MB-100D(
) 0.9% 136
3. HDPEgAA Uniroyal Chemical
PB1009( ) 6%
4. SEBSgMA Shell Karton FG-
1901X(
28% ) 2%

5. PPgMA Uniroyal Chemical
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PB3002( ) 0.2%

Table 4.1 Physical properties of matrix and compatibilzers.

(ASTM D1238, 2.16 kg, 190 )

Compatibilize | HDPE| LLDPE| HDPEg | HDPEg | SEBSg PPGMA
r 9003 | gMA MA AA MA
MI, g/10min.| 0.3 0.6 0.78 4.41 17.5 2.95
Degree of — 0.9 0.9 6 2 0.2
grafting, wt %
4-2
(@ 65
48
(b) ( ) PSM30
3.2 mm L/D=44.9 10
(Centerline Distance )= 26.2 mm 0.25
mm 80 RPM)
Engelhardt FA 50/500 VBR
(c) 65 48
Dynisco LCR 7001 4-1
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0.5mm 170
Rheometrics RDA2 4-2
150 170 190

(d) PerkinElmer
7e 43 12x13x3 mm
1Hz 2 /min
65 48

Figure 4-1 The dynisco capillary rheometer.
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Figure 4-3 The schematic of dynamic mechanical analyzer.
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shrear rate (%)
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Figure 5-1 Melt viscosity vs. shear rate for HDPE at

different temperature.
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Figure 5-2 Melt viscosity vs. shear rate for HDPE/WF
composites of 70/30 weight ratio at different temperatures.
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Figure 5-3 Shear stress vs. shear rate for HDPE at different

temperatures.
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[| —o— T=IC
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100 1

10 100 1000

e rae(Sh

Figure 5-4 Shear stress vs. shear rate for HDPE/WF
composite of 90/10 weight ratio at different temperatures.
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dea dress(kPa)

Figure 5-5 Shear stress vs. shear rate for HDPE/WF
composite of 80/20 weight ratio at different temperatures.
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shear rate (s%)

Figure 5-6 Shear stress vs. shear rate for HDPE/WF
composite of 70/30 weight ratio at different temperatures.
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Figure 5-7 The critical stress(kPa) for neat HDPE and
HDPE/WF composites at various temperatures.
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16kY B8x 288sm 0473 B7-18-2081

Figure 5-8 HDPE extrudate displaying glossy surface at 150
, shear rate = 1.44s™,

i

RDPESOOD3 1
16kV 58 x 200¥m B472 B7=-18=-2881

Figure 5-9 HDPE extrudate displaying sharkskin fracture at
150 , shear rate = 125,



70/30 1.44

15kV 68x 208Fm 8473 B7-18-2801

Figure 5-10 HDPE/WF=70/30 extrudate displaying rough
surface at 150 , shear rate = 1.44s™,

5-2
5-2-1
5-11~ 513 HDPE

<ls? >]s?!

HDPE
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Figure 5-11 Melt viscosity vs. shear rate for HDPE/WF
composites of various weight ratio at 150
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Figure 5-12 Melt viscosity vs. shear rate for HDPE/WF
composites of various weight ratio at 170
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Figure 5-13 Melt viscosity vs. shear rate for HDPE/WF
composites of various weight ratio at 190
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Figure 5-14 The N1 vs. Shear rate for HDPE/WF
composites of various weight ratio at 150
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Figure 5-15 Meélt viscosity vs. shear rate for neat HDPE at
various temperatures.
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0001 0.01 0.1 1 100
shear rate (S
Figure 5-16 Melt viscosity vs. for

HDPE/WF=90/10 at various temperatures.
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Figure 5-17 Melt viscosity vs. shear rate for

HDPE/WF=80/20 at various temperatures.
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Figure 5-18 Melt viscosity vs. shear rate for

HDPE/WF=70/30 at various temperatures.
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Figure 5-19 Melt viscosity vs. shear rate for
HDPE/WF=70/30 modified with PPgMA at 170
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Figure 5-20 Melt viscosity vs. shear rate for
HDPE/WF=70/30 modified with LLDPEgMA at 170
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—O0— LLDAgVIA
—v— HDHgMA
—o— HDFEGAA
o 1et6 1
g
le+5 1
0001 001 01
shear rate (s7)
(@

Figure 5-21-a Melt viscosity vs. shear rate for HDPE/WF
composites of 70/30 weight ratio with different
compatibilizers(10 phr) at 150 in low shear rate region.
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—0— HDFEAA
—A— FBIVMA
—— FRMA

—— HDFEWF=30

10000 1

viscostty (Pa-s)

10 100
shear rate (sV)

(b)

Figure 5-21-b Melt viscosity vs. shear rate for HDPE/WF
composites of 70/30 weight ratio with different
compatibilizers(10 phr) at 150  in high shear rate region.
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viscostity (Pa-s)

letb 1
0.001 0.01 0.1 1
shear rate (s7)
@

Figure 5-22-a Melt viscosity vs. shear rate for HDPE/WF
composites of 70/30 weight ratio with different
compatibilizers(10 phr) at 170  in low shear rate region.
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—e— HDFEWF=0

10 100
shear rate (sV)

(b)

Figure 5-22-b Melt viscosity vs. shear rate for HDPE/WF
composites of 70/30 weight ratio with different
compatibilizers(10 phr) at 170  in high shear rate region.
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Figure 5-23-a Mt viscosity vs. shear rate for HDPE/WF
composites of 70/30 weight ratio with different
compatibilizers(10 phr) at 190 in low shear rate region.
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Figure 5-23-b  Meélt viscosity vs. shear rate for HDPE/WF
composites of 70/30 weight ratio with different
compatibilizers(10 phr) at 190  in high shear rate region.
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Figure 5-24 Melt viscosity vs. shear rate for HDPE/WF
composites of 70/30 weight ratio with different
compatibilizers(10 phr) at 150
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Figure 5-25 Melt viscosity vs. shear rate for HDPE/WF
composites of 70/30 weight ratio with different
compatibilizers(10 phr) at 170

66



let6

let5 -

le+4 -

viscostity (Pa-s)

1et+3 -

0001 001 01 1 10 100

shear rate (s7)

Figure 5-26 Melt viscosity vs. shear rate for HDPE/WF
of 70/30 weight ratio with different
compatibilizers(10 phr) at 190

composites
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0.080 1

0075 1 —o— 2phr
I —0— 4phr
0070 1 A 6 phr

Temperature (°C)

Figure 5-27 DMTA curves of the HDPE/WF composites of
70/30 weight ratio with LLDPEgMA at different
concentration. The tand peaks are presented as a function
of temperature.
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Figure 5-28 DMTA curves of the HDPE/WF composites of
70/30 weight ratio with LLDPEgMA at different
concentration. The storage modulus(E ) are presented as a
function of temperature.
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tan d

005 4

004

003 +
-150

Temperature (°C)

Figure 5-29 DMTA curves of the HDPE/WF composites of
70/30 weight ratio with HDPEgMA at different concentration.
The HDPE tand peaks are presented as a function of
temperature.
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let9

Figure 5-30 DMTA curves of the HDPE/WF composites of
70/30 weight ratio with HDPEgMA at different concentration.
The storage modulus(E ) are presented as a function of
temperature.
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—0— 4phr
0070 — Gphr

Figure 5-31 DMTA curves of the HDPE/WF composites of
70/30 weight ratio with HDPEgAA at different concentration.
The HDPE tand peaks are presented as a function of

temperature.
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let9

Temperature (°0)

Figure 5-32 DMTA curves of the HDPE/WF composites of
70/30 weight ratio with HDPEgAA at different concentration.
The storage modulus(E ) are presented as a function of

temperature.
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TR —v— 8phr

0070 | o~ 10p //

Figure 5-33 DMTA curves of the HDPE/WF composites of
70/30 weight ratio with PPgMA at different concentration.
The HDPE tand peaks are presented as a function of
temperature.

76



let9

—0— 2phr
—0— 4phr
—— 6 phr
—v— 8phr

200 -150 -100 50 0 0 100 150
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Figure 5-34 DMTA curves of the HDPE/WF composites of
70/30 weight ratio with PPgMA at different concentration.
The storage modulus(E ) are presented as a function of
temperature.
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Figure 5-35 DMTA curves of the HDPE/WF composites of
70/30 weight ratio with SEBSgMA at different concentration.
The HDPE tand peaks are presented as a function of
temperature.
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Figure 5-36 DMTA curves of the HDPE/WF composites of
70/30 weight ratio with SEBSgMA at different concentration.
The storage modulus(E ) are presented as a function of
temperature.
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Figure 5-37 DMTA curves of the HDPE/WF composites of
70/30 weight ratio with different compatibilizers at 10 phr.
The HDPE tand peaks are presented as a function of
temperature.
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Figure 5-38 DMTA curves of the HDPE/WF composites of
70/30 weight ratio with different compatilizers at 10 phr. The
storage modulus(E ) are presented as a function of
temperature.
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1e+6

Figure 5-39 The frequency sweep curves of the HDPE/WF
composites of 70/30 weight ratio with various compatibilizers.
The storage modulus are presented as a function of frequency
at 150
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Figure 5-40 The frequency sweep curves of the HDPE/WF
composites of 70/30 weight ratio with various compatibilizers.

The complex viscosity are presented as a function of
frequency at 150
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Figure 5-41 The frequency sweep curves of the HDPE/WF
composites of 70/30 weight ratio with various compatibilizers.

The storage modulus are presented as a function of frequency
at 170
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Figure 5-42 The frequency sweep curves of the HDPE/WF
composites of 70/30 weight ratio with various compatibilizers.

The complex viscosity are presented as a function of
frequency at 170
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