
A P P E N D IC E S

A P P E N D IX  A : N o m e n c la tu r e

AFM - Atomic force microscopy
APPJ - Atmospheric Pressure Plasma Jet
ASTM - American Standards Testing Method
ATR - Attenuated Total Reflection
BPO - Benzoyl Peroxide
DBD - Dielectric Barrier Discharge
DCP - Dicumyl Peroxide
DMA - Dynamic Mechanical Analysis
DPPH - 131 -Diphenyl-2-picryhydrazyl
DR - Draw Ratio
DSC - . Differential Scanning Calorimetry
ENR - Epoxidized Natural Rubber
EVA - Ethylene Vinyl Acetate -
FT-IR - .Fourier Transform Infrared
FWHM - Full Width at Half Maximum
GPC - Gel Permeation Chromatography
HDPE - High Density Polyethylene
IPA - Isopropanol
LCB - ‘ Long Chain Branch
LDPE - Low Density Polyethylene
LLDPE - Linear Low Density Polyethylene
LNR - Liquid Natural Rubber
MA - Maleic Anhydride
MFI - Melt flow index
MWD - Molecular Weight Distribution
NMR - Nuclear Magnetic Resonance
NR - Natural Rubber
PE - Polyethylene
PE-g-MA - Polyethylene-grafted-Maleic Anhydride
PMMA - Polymethyl methacrylate
POM - Polarizing Optical Microscopy
pp - Polypropylene
RMS - Root Mean Square
SCB - Short Chain Branch
SEC - Size Exclusion Chromatography
SEM - Scanning Electron Microscopy



SPM
TWE
UHMWPE -
u v
VLDPE
v p c

™  :

Scanning Probe Microscopy
Twin-Screw Extruder
Ultra High Molecular Weight Polyethylene
Ultraviolet irradiation
Very Low Density Polyethylene
X-ray Photoemission Spectroscopy
X-ray Diffraction



APPENDIX B: Table of values for particular measurement

[Parenthesis shows the chapter to which the table is related.]
T a b le  I Oxygen permeability of the uniaxial-drawn films produced via the blending 
system of LLDPE and rubber phase(s) [IV]

S a m p le O x y g en  P e r m e a b ility  (cm J.m il/m 2 .d .b ar)
D ra w  R a tio =  15 D ra w  R a tio  =  20

LLDPE 12136 + 21 1115 + 16
LN 80 1374 + 19 1175 + 12
LN 90 1193 + 25 1117 + 15

LEN 80 1360 + 18 1196 + 12
LEN 90 1123 + 22 1037 + 9

LMEN 80 6008 + 149 8870 + 175
LMEN 90 8046 + 243 9139 + 274

T a b le  II Melt flow index of the low-dose peroxide modified LLDPE [V]

P r o cess in g
C o n d itio n s M ea su red  M F I (g /1 0  m in )

dE Ohy TJVQJCl M eth o d  o f  P ero x id e  A d d itio n£ o C/3
(°C) (phr) (min') M eth o d  I (M i) M eth o d  II (M ii) M eth od  III (M iii)
200 0.1 70 0.0261 + 0.0032 0.0433 + 0.0109 0.0192 + 0.0006
200 0.1 30 0.0312 + 0.0010 0.0692 + 0.0015 0.0204 + 0.0007
200 0 70 0.5508 + 0.0055 0.5508 + 0.0055 0.5508 + 0.0055
200 0.02 70 0.1352 + 0.0005 0.1885 + 0.0019 0.0349 + 0.0003
200 0 30 0.6108 + 0.0046 0.6108 + 0.0046 0.6108 + 0.0046
200 0.02 30 0.2126 + 0.0042 0.3585 + 0.0023 0.1296 + 0.0011
170 0.1 70 0.0258 + 0.0014 0.0448 + 0.0003 0.0161 + 0.0001
170 0.1 30 0.0212 + 0.0008 0.0418 + 0.0002 0.0152 + 0.0003
170 0 70 0.5037 + 0.0058 0.5037 + 0.0058 0.5037 + 0.0058
170 0.02 70 0.0989 + 0.0007 0.1190 + 0.0017 0.0338 + 0.0004
170 0 30 0.7070 + 0.0124 0.7070 + 0.0124 0.7070 + 0.0124
170 0.02 30 0.3590 + 0.0022 0.4488 + 0.0023 0.2840 + 0.0084
185 0.05 50 0.0672 + 0.0037 0.0815 + 0.0004 0.0289 + 0.0009
185 0.06 50 0.0475 + 0.0010 0.0590 + 0.0012 0.0278 + 0.0002
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T a b le  III  23 factorial experimental level with MFI as a response variable [VI]

E stim a ted  E ffe c t  fro m  2 3 F a c to r ia l D esig n  ะ 
M F I as a R e sp o n se  V a r ia b le A v era g ed

M F I
(g / 10 m in )Mean Main Effects Two-Factor

Interactions
Three-Factor

Interaction
c P R CP CR PR CPR

+ + + + + + + + 0.0192
+ + + - + - - - 0.0204
+ + - + - + - - 0.0349
+ + - - - - + + 0.1296
+ - + + . - - + - 0.0208
+ - + - - + - + 0.0152
+ - - + + - - + 0.0338
+ - - - + + + - 0.2840

Estimated variance at set of center point condition
ร2 = ■ 7.40E-07

Thus, the variance of each effect
[(1/8) + (1/8)] ร2 =. 1.85E-07

The estimated standard error of an effect
4.30E-04
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T a b le  IV  Summary of model fitting for MFI [VI]

S et Y r =  bo +  b 2 X 2  +  b 3 X 3  +  b 2 3 X 2 X 3

M i Y(x) = 0.5017 - 4.8247 x 2 -0.005272 x 3 +0.0527 X2X3
Estimated 0 0940 1 3072 0.001750 0.0243 Standard error

M ii Y(x) = 0.7112 - 6.5873 x 2 - 0.007738 Xj +0.0745 X2X 3
Estimated 00774 1 0983 0.001442 0.0204 Standard error

M iii Y(x) = 0.4116 -3.9998 x 2 -0.005403 x 3 +0.0546 X2X3
Estimated 00886 1 2 3 1 5  0.001649 0.0229 standard error

T a b le  V  Summary of model fitting for MFI: analysis of variance for the model fitted 
to the MFI data [VI]

S et S S T S S R S S E F F V a lu e  
from  T a b le R 2

M i 0.1051 0.0900 0.0151 9.94 F  0.05,3,5 = 5.41 0.8564

M ii 0.1840 0.1674 0.0166 16.77 F  0.01,3,5 = 12,06 0.9096

M iii 0.0638 0.0504 0.0131 6.28 F  0 05.3, 5 = 5.41 0.7902



Table VI Generated surface radical concentration of nitrogen-APPJ aged in ambient air with the vertical distance
of 122 cm. [VII]

Test Label 201088 151066 151077 151088 101066 101077 101088 10966 10977 10988 10866 10877 10888

Gas Flow Rate (L/min)
Processing Gas (Jet) 20 15 15 15 10 10 10 10 10 10 10 10 10

Feeding Gas 10 10 10 10 10 10 10 9 9 9 8 8 8

Pellet Velocity (til's) 1'733 1.1871 1.187] 1.1871 0.8376 0.8376 0.8376 0.8155 0.8155 0.8155 0.7569 07569 0.7569

Applied Voltage (kV) ร.ร 6.6 7.7 ร.ร 6.6 7.7 ร.8 6.6 7.7 ร.ร 6.6 7.7 8.8

Measured Power (พ) 44 9 19 44 10 30 44 10 30 44 10 30 46

Jet Length (cm) 20 5 5.0 16.5 18.5 5 0 14.0 15.0 8.0 13.0 14 0 7.0 12.0 13.0

Residence Time
(ร) 9.STE-02 1.6SE-02 1.14E-01 1.31E-01 2.39E-02 1.31E-01 1.43E-01 6.13E-02 1.23E-01 1.35E-01 5.28E-02 1.19E-01 1.32E-01

(ms) 9.8TE-01 1.6SE+01 1.14E-02 1.31E+02 2.39E-01 1.31E+02 1.43E-02 6.13E-01 1.23E+02 1.35E-02 5.28E+01 1.19E-02 1.32E+02

Estimated Jet Volume (cm3) 1.03E-01 2.51E-00 8.30E-00 9.30E+00 2.51E-00 7.04E+00 7.54E-00 4.02E-00 6.54E+00 7.04E-00 3.52E+00 6.03E-00 6.54E+00

Estimated Treatment Volume (cm3) S.SOE-ÛO l.OlE+00 6.79E-ÛÛ 7.79E+00 l.OlE+00 5.53E+00 6.03E+00 2.51E+00 5.03E+00 5.53E+00 2.01E+00 4.53E-00 Î.03E+00

Watt Density (พ ,cm3) 4.27E-00 3.58E+00 2.29E-00 4.73E+00 3.9SE+00 4.26E+00 5.S3E+00 2.49E+00 4.59E+00 6.25E+00 2.84E+00 4.97E+00 7.04E+00

Plasma Dosage (J/cm3) 4.21E-01 6 03E-02 2 60E-01 6.18E-01 9.50E-02 5.60E-01 8.36E-01 1.52E-01 5.63E-01 ร.43E-01 1.50E-01 5 91E-01 9.30E-01

Total Radical Concentration mol cm' 2-01E-07 1.13E-07 1.81E-07 1.53E-07 2-06E-07 2.34E-07 2.25E-07 1.94E-07 2.10E-07 2.04E-07 -3.05E-08 -1.83E-08 3.42E-08

Generated on Pellet Surface mmol / kg of pellet 3.17E-00 1.7SE+00 2.SÎE+00 2-41E+00 3.24E-00 3.6SE+00 3.54E+00 3.05E+00 3.30E+00 3.21E+00 -4.S0E-01 -2.88E-01 5.39E-01



Table Vl(cont’) Generated surface radical concentration of nitrogen-APPJ aged in ambient air with the
vertical distance of 122 cm. [VII]

Test Label 10766 10777 10788 9966 9977 9988 8866 8877 8888 7766 7777 7788

Gas Flow Rate (L'min)
Processing Gas (Jet) 10 10 10 9 9 9 8 8 8 7 7 7

Feeding Gas - - — 9 ' 9 . 9 8 8 8 7 7 7

Pellet Velocity (m s) 0.T20r 0.7207 0.-207 0.6772 0.6772 0.6772 0.5429 0.5429 0.5429 0.4110 0.4110 0.4110

Applied Voltage (k\*) 6.6 7 - ร.ร 6.6 7.7 8.8 6.6 7 7 8.8 6.6 7.7 8.8

Measured Power (พ) 9 2S 46 8 27 46 8 20 45 9 20 45

Jet Length (cm) 7 0 110 12.0 5.5 so 11.5 6.5 8.5 10.0 6.5 7.5 8.5

Residence Time
(ร) 5 55E-02 1 11E-01 1.25E-01 3.69E-02 7.38E-02 1.26E-01 6.45E-02 1.01E-01 1 29E-01 8.52E-02 1.09E-01 1.34E-01

(ms) 5 55E+01 1 1 IE-02 1 25E-02 3.69E-01 7.3SE-01 1.26E+02 6.45E+01 1.0 IE—02 1 29E-02 8.52E-K)1 1.09E+02 1.34E+02

Estimated Jet Volume (cm3) 3 52E+00 5 53E-00 6.03E+00 2.77E-00 4.02E-00 5.7SE-00 3.27E-00 4.27E-00 5.03E-00 3.27E-rOO 3.77E+00 4.27E+00

Estimated Treatment Volume (cm3) 2.01E+00 4.02E-i-00 4.53E+00 1.26E+O0 2.51E+00 4.27E+00 1.76E+O0 2.77E-00 3.52E+00 1.76E+00 2.26E+00 2.77E+00

Watt Density (พ/,cm3) 2.56E+00 5.Q6E+00 7.62E-00 2.89E+00 6.71E+00 7.95E-00 2.45E+00 4.68E-00 ร.95E+00 2.75E+00 5.30E+00 1.05E+01

Plasma Dosage (J/cm3) 1.42E-01 5.62E-01 9.52E-01 1.07E-01 4.96E-01 9.98E-01 1.58E-01 4.74E-01 1.15E+00 2.34E-01 5.81E-01 1.41E+00

Total Radical Concentration mol / cm* -7.Î8E-08 -1.26E-08 6.97E-09 1.42E-07 1.60E-07 1.45E-07 9.01E-08 1.12E-07 1.10E-07 7.80E-08 1.24E-07 8.96E-08

Generated on Pellet Surface mmol / kg of pellet -1.19E-00 -1.9SE-01 l.lOE-Ol 2.24E-00 2.53E-K)0 2.28E-K)0 1.42E+00 1.77E+00 1.73E+00 1.23E+00 1.95E+00 1.41E+00



Table VII Generated surface radical concentration of nitrogen-APPJ aged in ambient air with the vertical distance
of 30 cm. [VII]

Test Label 201088 151066 151077 151088 101066 101077 101088 10966 10977 10988 10866 10877 10888

Gas Flow Rate (L min)
Processing Gas (Jet) 20 15 15 15 10 : 10 10 10 10 10 10 10 10

Feeding Gas 10 10 10 10 10 / 10 10 9 9 9 8 8 ร

Pellet Velocity (m/s) 1.7733 1.1871 1.1871 1.1871 0.8376 0.8376 0.8376 0.8155 0.8155 0.8155 0.7569 0.7569 0.7569

Applied Voltage (kV) ร.ร 6 6 -ๆ: ร.ร 6.6 7.7 ร.ร 6.6 7.7 8.8 6.6 7.7 ร.ร

Measured Power (พ) 44 9 19 44 10 ■ 3.0 44 10 30 44 10 30 46

Jet Length (cm) 20 5 5.0 16.5 18 5 5.0 14.0 15.0 8.0 13.0 14.0 7.0 12.0 13.0

Residence Time
(ร) 9 S'E-02 1 6SE-02 1.14E-01 1.31E-0] 2.39E-02 1-31E-01 1.43E-01 6.13E-02 1.23E-01 1.35E-01 Î.2SE-02 1.19E-01 1.32E-01

(ms) 9.S7E-01 1.68E*01 1.14E-02 1.31E-02 2.39E-01 1.31E+02 1.43E+02 6.13E+01 1.23E-02 1.35E4-02 5.28E+01 1.19E+02 1.32E+02

Estimated Jet Volume (cm') 1.03E-01 2.51E-00 ร.30E-00 9.3 OE—00 2.Î1E+00 7.04E+00 7.54E-00 4.02E+00 6.54E+00 7.04E+00 3.Î2E+00 6.03E^00 6.Î4E+00

Estimated Treatment Volume (cm-*) S.S0E-00 1.01E+00 6.79E-00 7.-9E-00 1.01E+00 5.53E+00 6.03E-00 2.51E+00 5.03E-00 5.53E+00 2.01E+00 4.53E-00 5.03E+00

Watt Density (พ»'cm3) 4.27E-00 3.58E+00 2.29E-00 4.73E+00 3.9SEwOO 4.26E+00 5.83E4-00 2.49E+00 4.59E-1-00 6.25E+00 2.84E4-00 4.97E+00 7.04E+00

Plasma Dosage (J/’cnP) 4.21E-01 6.03E-02 2.60E-01 6.18E-01 9.50E-02 5.60E-01 ร.36E-01 1.52E-01 5.63E-01 8.43E-01 1.50E-01 5.91E-01 9.30E-01

Total Radical Concentration mol / cm* 1 64E-07 1 05E-0T 1.5ÎE-07 1 -OSE-07 l.SJE-07 2.15E-07 2.13E-07 1.92E-07 2.09E-07 1.98E-07 -3.44E-08 •2.87E-08 2.75E-08

Generated on Pellet Surface mmol / kg of pellet 2.57E-00 1.6ÎE+00 2.44E-00 1.70E+00 2.91E+00 3.38E4-00 3.35E+00 3.01E+00 3.29E+00 3.12E-K)0 -8.57E-01 -4.52E-01 4.33E-01



Table VII (conf) Generated surface radical concentration of nitrogen-APPJ aged in ambient air with the
vertical distance of 30 cm. [VII]

Test Label 10766 10777 10788 9966 9977 9988 8866 8877 8888 7766 7777 7788

Gas Flow Rate (L.’min)
Processing Gas (Jet) 10 10 10 9 9 9 8 8 8 7 7 7

Feeding Gas 7 7 7 9 9 9 8 8 8 7 7 7

Pellet Velocity (เท/ร) 0.7207 0'207 0.7207 0.6772 0.6772 0.6772 0.5429 0.5429 0.5429 0.4110 0.4110 0.4110

Applied Voltage (kV) 6.6 7 7 ร.ร 6.6 7.7 8.8 6.6 7.7 8.8 6.6 7.7 8.8

Measured Power (พ) 9 2S 46 8 in 46 8 20 45 9 20 45

Jet Length (cm) 7.0 11.0 12.0 5.5 8.0 11.5 6.5 8.5 10.0 6.5 7.5 8.5

Residence Time
(ร) 5.55E-02 1.11E-01 1.25E-01 3.69E-02 7.38E-02 1.26E-01 6.45E-02 1.01E-01 1.29E-01 8.52E-02 1.09E-01 1.34E-01

(ms) 5.Î5E-01 1.11E-02 1.25E-02 3.69E+01 7.38E+01 1.26E-02 6.45E+01 1.01E+02 1.29E+02 8.52E+01 1.09E+02 1.34E+02

Estimated Jet Volume (cm'') 3.Î2E-00 5-53E+00 6.03E-00 2.77E+00 4.02E+00 5.78E+00 3.27E+00 4.27E+00 5.03E+00 3.27E+00 3.77E+00 4.27E+O0

Estimated Treatment Volume (cm3) 2.01E-00 4.02E+00 4.53E+00 1.26E+00 2.51E+00 4.27E+00 1.76E+00 2.77E+00 3.52E+00 1.76E+00 2.26E+00 2.77E+00

Watt Density (พ 'cm3) 2.Î6E-00 5.06E+00 •.62E+00 2.S9E+00 6.71E+00 7.95E+00 2.45E+00 4.68E+00 8.95E+00 2.75E+00 5.30E+00 1.05E+01

Plasma Dosage (J'crn3) 1.42E-01 5.62E-01 9.52E-01 1.07E-01 4.96E-01 9.98E-01 1.58E-01 4.74E-01 1.15E+00 2.34E-01 5.81E-01 1.41E+00

Total Radical Concentration mol cm' -1.42E-07 -1.19E-0" -3.02E-09 1.19E-07 1.56E-07 1.24E-07 8.47E-0S 8.56E-08 8.53E-08 5.58E-08 7.72E-08 5.93E-08

Generated on Pellet Surface mmol kg of pellet -2 24E-00 -1.S8E+00 -4.75E-02 1.87E+00 2.45E+00 1.94E+00 1.33E+00 1.35E+00 1.34E+00 8.78E-01 1-21E+00 9.32E-01
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Table VIII Concentration of radicals generated on the LLDPE surface treated via 
DBD. [VII-VIII]
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R ad ica l Concentration  

G enerated on the Treated L L D P E  Surface

(mol/cm') (mmol/kg o f pellet)

7.6 0.2 0.2 ร 1.22E-07 + 6.90E-09 1.92E+00 + 3.09E-01
8.3 0.2 0.2 ร 1.40E-07 + 1.11E-08 2.20E+00 + 1.74E-01
9.0 0.2 0.2 ร 1.32E-07 + 6.57E-09 2.08E+00 + 1.03E-01
8.3 5 5 ร 1.26E-07 + 2.82E-Ô9 Î.98E+00 •+ 4.44E-02
8.3 5 10 s 1.32E-07 + 5.44E-09 2.07E+00 1+ 8.56E-02

: C
O 

! น
ป้ 5 30 ร 1.27E-07 + 1.26E-08 1.99E+00 + 1.98E-01

8.3 5 10 min 1.25E-07 + 7.12E-09 1.97E+00 + 1.12E-01
8.3 10 5 ร 1.24E-07 + 6.84E-09 1.96E+00 + 1.08E-01
ร .3 10 10 s 1.2SE-07 + 2.02E-09 2.02E-00 + 3.18E-02
ร .3 10 3 0 ร 1.31E-07 + 3.04E-09 2.06E+00 + 4.78E-02
ร. 3 10 10 min 1.25E-07 +_ 2.15E-09 1.97E+00 + 3.39E-02

8.3 15 5 ร 1.33E-07 +_ 2.72E-09 2.09E-00 +_ 4.27E-02
8.3 15 10 ร 1.42E-07 +_ 1.48E-08 2.23E+00 + 2.33E-01
ร .3 15 30 ร 1.21E-07 + 7.20E-09 1.91E+00 + 1.33E-03
8.3 15 10 min 9.87E-0S + 1.36E-08 1.55E+00 + 2.14E-01
ร .3 30 5 ร 1.92E-07 +1 1.O6E-0S 3 O SE-00 + 1 66E-01
8.3 30 10 ร 2.35E-Û7 + 6.35E-09 3.70E-KX) + 9.99E-02
ร .3 30 30 ร 1.67E-07 + 9.33E-09 2.63E+00 + 1.47E-01
ร .3 30 10 min 1.37E-07 +_ 4.27E-Q9 2.15E+00 + 6.73E-02

8.3 60 5 ร 1.26E-07 + 5.31E-09 î 9SE-00 + ร.36E-02
ร .3 60 30 ร 2.01E-07 + 6.54E-09 3.I6E+00 + 1.03E-01

8.3 60 30 ร 1-66E-07 + 5.12E-09 2 61E-00 + ร. 06E-02
8.3 60 10 min 1.49E-07 + . 4.6-E-09 2.34E-00 + 7.36E-02
9.0 5 5 ร 1.94E-07 + 4.42E-09 3.05E+00 + 6.96E-02
9.0 30 5 ร 1.69E-07 + 7.4"E-09 2 65L - 00 + 1.18E-01
9.0 15 5 ร 1."IE-07 + : 1.59E-0S 2-69E-00 + 2.50E-01
9.0 30 5 ร 1.S7E-07 + 5.11E-09 2.94E-00 + S.05E-02
9.0 60 5 ร 1.Î5E-07 + , 4.34E-09 1 ร:]-. - 00 + 6.S3E-02



Table IX Measured density, DSC analysis, oxygen permeability and MFI of LLDPE bulk modified with various
methods. [IX]

Reactive Processing Parameters
Density

(g/cm3)

D S C  M easurem ent
Oxygen Permeability M F I

D B D

(kV)

D C P

(phr)

Tm

(°C)

Tc A H % Crystallinity

(°C) (J/g) ’(%) (cm3.mil/m: .d.bar) (g/10 min)

0 0 0.912 + 0.002 123 106 183 63 6214 l± l 37 2.02 + 0.02
0 0.02 0.905 7 .  0.004 123 106 172 59 9040 i + ! 146 0.62 + 0.01
0 0.06 0.900 y f ; 0.003 125 104 133 46 7694 171 127 0.13 _+ 0.00
0 0.10 0.867 + 0.004 123 105 86 30 9056 7  198 0.05 7 0.00

ร.? 0 0.915 + 0.004 123 104 201 69 1089 ± 19 1.57 4* 0.02
ร.3 0.02 0.900 ; 7  0.004 122 107 110 38 2408 7  32 0.70 + 0.00
ร.3 0.06 0.900 I t ;  0.002 124 108 123 42 7824 |7 182 0.16 + 0.00
ร.3 0.10 0.869 ; + ■ 0.006 120 108 105 36 9183 + 26 0.05 + 0.00
9.0 0 0.901 + 0.004 122 103 132 45 1135 ± 42 1.69 + 0.01
9.0 0.02 0.SS2 7  0.004 122 106 105 36 2138 7  15 0.77 7 0.00
9.0 0.06 0.S96 ± 0.005 123 107 117 40 8665 7  53 0.16 + 0.00
9.0 0.10 0.SS2 7  0.004 121 108 120 41 9518 _7j 64 0.09 + 0.00



Table IX (cont’) Tensile properties and measured melt strength of LLDPE bulk modified with various
methods. [IX]

Reactive Processing Parameters Tensile Properties M e lt  Strength

D B D D C P Yield Strength
Ultimate
Strength

% Strain at 
Ultimate 
Strength

Young ร M odulus at 190 °c at 200 ° c at 210 °c

(kV) (phr) (M Pa) (M Pa) (%) (M Pa) (cN) (cN (cN)
0 0 11.4 + 0.3 21.3 ■f 0.5 1264 + 38 100.2 : + 2.7 15.4 + 0.2 34.1 + 0.7 40.5 + 0.4
0 0.02 12.1 + 0.2 29.3 + 0.3 1874 + 28 123.5 ; + 2.4 4.9 + 0.1 10.3 + 0.1 17.5 + 0.2
0 0.06 11.7 + 0.4 25.2 + 0.7 " 1543 + 60 118.0 + 7.2 5.6 + 0.2 11.2 + 0.1 19.5 4- 0.3
0 0.10 12.4 + 0.5 3 LS + 0.8 1138 + 66 146.3 + 6.9 9.3 + 0.1 17.8 + 0.2 24.7 + 0.2

8.3 0 16.7 + 1.3 42.2 + 1.5 1638 + 128 204.1 + 14.2 22.1 + 0.9 36.2 + 0.8 42.0 + 0.6
ร.3 0.02 12.6 + 0.3 26.5 + 0.5 1732 + 42 126.5 + 3.4 18.7 + 0.8 41.2 + 0.3 43.5 + 0.3
ร 3 0.06 11. ร + 0.2 27.4 + 0.4 1665 + 31 134.8 + 2.8 ร.5 +1 0.2 13.2 + 0.1 16.3 + 0.2
ร.3 0.10 10.7 + 0.3 24.4 + 0.6 1955 + 49 106.8 + 3.7 10.6 +1 0.1 19.7 + 0.1 27.6 Ü: 0.3
9.0 0 17.3 + 1.0 49.2 + 1.1 2200 + 9 a 166.2 + 14.1 16.4 + 0.0 39.0 + 0.5 47.2 + 1.0
9.0 0.02 11.4 + 0.0 24.7 + 0.1 1638 + 5 147.3 + 8.3 7.4 + 0.0 12.4 + 0.2 22.5 + 0.2
9.0 0.06 11.9 + 0.6 4S.0 + 1.1 1312 + 91 153.0 + 11.2 8.1 + 0.0 17.3 + 0.2 20.3 +1 0.1
9.0 0.10 10.5 + 0.4 23.2 + 0.S 1704 + 71 88.0 + 1.3 11.4 7 0.2 21.5 + 0.3 29.4 + 0.3



REFERENCES

Andreas, ร., James, Y. J., Steven, E. B., Jaeyoung, p., Gary, ร. ร., and Robert, F. H., 
(1998) The Atmospheric-Pressure Plasma Jet: A Review and Comparison to 
Other Plasma Sources, IEEE Transactions on Plasma Science. 26 (6), 1685- 
1694

Bhowmick, A.K., Heslop, J., and White, J.R., (2001) Effect of stabilizers in 
photodegradation of thermoplastic elastomeric rubber-polyethylene blends - 
a preliminary study, Polymer-Degradation and Stability. 74, 513-521 

Borcia, G., Anderson, C.A., and Brown, N.M.D., (2003) Dielectric barrier discharge 
for surface treatment: application to selected polymers in film and fibre 
form, Plasma Sources Science and Technology, 12, 335-344 

Briassoulis, D., (2004) An overview on the mechanical behaviour of biodegradable 
agricultural gilms, Journal of Polymers and the Environment. 12(2), 65-81 

Chaoqin, L., Yong, Z., Yinxi, z., (2003) Melt grafting of maleic anhydride onto low- 
density polyethylene/polypropylene blends, Polymer Testing, 22, 191-195 

Chaozong, L., Naiyi, c., Norman, M.D. B., and Brian, J. M., (2004) Effects of DBD 
plasma operating parameters on the polymer surface modification, Surface 
and Coatings Technology. 185, 311-320

Chan, C.-M., and Ko, T.-M., (1996) Polymer surface modification by plasmas and 
photons, Surface Science Reports. 24. 1 -54 

Chaozong, L., Norman, M.D. B., and Brian, J. M., (2006) Uniformity analysis of 
dielectric barrier discharge (DBD) processed polyethylene terephthalate 
(PET) surface, Applied Surface Science. 252, 2297-2310 

Changquan, พ., and Xiangning, H., (2006) Polypropylene surface modification 
model in atmospheric pressure dielectric barrier discharge. Surface and 
Coatings Technology, 201, 3377-3384

Dahlan, H.M., Zaman, M.D.K., and Ibrahim, A., (2002) The morphology and thermal 
properties of liquid natural rubber (LNR) compatibilized 60/40 NR/LLDPE 
blends. Polymer Testing. 215 905-91 1



180

Dealy, J.M., and Wissbrun, K.F., (1990) Melt rheology and its role in plastics 
processing: Theory and applications, Van Nostrand Reinhold. New York 

Demetres, B., (2005) The effects of tensile stress and the agrochemical Vapam on the 
ageing of low density polyethylene (LDPE) agricultural films. Part I. 
Mechanical behaviour, Polymer Degradation and Stability, 88, 489-503 

Dilaral, P.A., Briassoulis D., (2000) Degradation and Stabilization of Low-density 
Polyethylene Films used as Greenhouse Covering Materials, Journal of 
Agricultural Engineering Resource. 76, 309-321 

Fang, Z., Qiu, Y, Zhang, c , and Kuffel, E., (2007) Factors influencing the existence 
of the homogeneous dielectric barrier discharge in air at atmospheric 
pressure, Journal of physics D: Applied Physics, 40, 1401-1407 

Feldman, D., Polymer Barrier Films, (2001) Journal of Polymers and the 
Environment. 9(2), 49-55.

Ferencz, S.D., and Sorin, M., (2004) Macromolecular plasma-chemistry: an emerging 
field of polymer science, Progress in Polymer Science. 29, 815-885 

Fridman, A.A., and Kennedy, L.A., (2004) Plasma Physics and Engineering, Taylor 
and Francis. New York

Gabriel, c , and Munstedt, H., (2002) Influence of long-chain branches in 
polyethylenes on linear viscoelastic flow properties in shera, Rheoligical 
Acta. 41. 232-244

He, C.X., Wood, A.P., and Dealy, J.M., (2004) Broad frequency range 
characterization of molten polymers, Journal of Rheology. 48(4), 711-724 

Helmut, M., and Dietmar, A., (2005) Rheological measuring techniques and their 
relevance for the molecular characterization of polymers for the molecular 
characterization of polymers, Journal of Non-Newtonian Fluid Mechanics, 
128,62-69

Hanafi, I., Poh, B.T., (2000) Cure and tear properties of ENR 25/SMR L and 
ENR 50/SMR L blends, European Polymer Journal. 36, 2403-2408 

Hernandez, R.J., Seike, S.E.M., and Culter, J.D.. (2000) Plastics Packaging. Hanser
Publishers



181

Hollander, A., Wilken, R., and Behnisch, J., (1999) Surface radical analysis on 
plasma-treated polymers, Surface and Coatings Technology, 116-119, 991- 
995

Iwata, H., Kishida, A., Suzuki, M., Hata, Y., Ikada, Y., (1988) Oxidation of 
polyethylene surface by corona discharge and the subsequent graft 
polymerization, Journal of Polymer Science : Part A: Polymer Chemistry, 
26, 3309-3322

Janzen, J, and Colby, R., (1999) Diagnosing long-chain branching in polyethylenes, 
Journal of Molecular Structure, 485-486, 569-584

John, P.I., (2005) Plasma sciences and the creation of wealth, Tata McGraw-Hill, 
New Delhi

Johnson, T., and Thomas, ร., (1999) Nitrogen/oxygen permeability of natural rubber, 
epoxidised natural rubber and natural rubber/epoxidised natural rubber 
blends, Polymer, 40, 3223-3228

Johnson, T., and Thomas, ร., (2000) Effect of epoxidation on the transport behaviour 
and mechanical properties of natural rubber, Polymer, 415 7511 -7522

. Liau, W.B., (1999) Dynamic mechanical relaxation of lightly cross-linked epoxidized 
natural rubber, Polymer, 40, 599-605

Lieberman, M.A., and Lichtenberg, A.J., (1994) Principle of Plasma Discharges and 
Material Processing, John Willy & Sons.Inc.

Machado, A.V., Covas, J.A., and Duin, M.V., (2001) Effect of polyole®n structure 
on maleic anhydride grafting, Polymer, 42, 3549-3655

Marais, ร., Hirata, Y., Langevin, D., Chappey, c., Nguyen, T.Q., and Metayer, M.,
(2002) Permeation and sorption of water and gases through EVA copolymers 
films, Materials Resource Innovation, 6, 79-88

Markus, G., (2001) Melt rheology of polyolefins, Progress in polymer science, 26, 
895-944

Maria'n, L., Hana, D., Barbora, L., A.M. Barros-T., Tito, T., Maria, Z., Lubomi'r, L.,
(2003) Plasma surface modification of polyethylene, Colloids and surfaces 
A ,222,125-131



182

Masayuki, A., Toshifumi, Y., Takayuki, พ ., Junzou, K., and Yoshitake, ร., (2007) 
Application to cleaning of waste plastic surfaces using atmospheric non- 
thermal plasma jets, Thin solid films, 515, 4301-4307 

Mengge, L., Wei, Y., Chixing, Z., Jinghua, Y., (2005) Conversion measurement in 
polyethylene/peroxide coupling system under steady shear flow, Polymer, 
46, 7605-7611

Moad, G., (1999) The synthesis of polyolefin graft copolymers by reactive extrusion, 
Progress in Polymer Science, 24, 81-142

Ono, R., and Oda, T., (2000) Measurement of hydroxyl radicals in an atmospheric 
pressure discharge, IEEE Transactions on Industry Applications. 36, 82-86 

Osman, G. E. and Nihan, N., (2003) Effect of inorganic filler phase on mechanical 
and morphological properties of binary immiscible polymer blends, Polymer 

'■ •Bulletin. 49, 465-472.
Peacock, A.J., (2000) Handbook of Polyethylene: Structures, Properties, and 

Applications, Marcel Dekker. New York.
Poh. B.T., Kwok, c . p.,and Lim, G. H., (1995) Revision behavior of epoxidized 

natural rubber, European Polymer Journal. 31(3), 223-226 
Poh, B.T., Ismail, H., Quah, E.H., (2001) Fatigue, resilience and hardness properties 

of unfilled SMR L/ENR 25 and SMR L/SBR blends, Polymer. 20, 389-394 
Premamoy, G., Debaprasad, D., and Amit, c., (1997) Reactive melt processing of 

polyethylene: effect of peroxide action on polymer structure, melt rheology 
and relaxation behaviour, Polymer, 38(25), 6175-6180 

Rajesh, D., and Mark, J. K., (2003) A model for plasma modification of 
polypropylene using atmospheric pressure discharges, Journal of Physics D: 
Applied Physics. 36, 666-685

Seng-Neon, G., and Ziana, A. H., Partial conversion of epoxide groups to diols 
in epoxidized natural rubber, Polymer. 38, 1953-1956 

Sobha, V.N., Zachariah, o., and Sabu. T., (2002) Melt elasticity and flow activation 
energy of nylon 6/polystyrene blends, Materials letters. 57, 475-480



183

Suzuki, M , Kishida, A., Iwata, H., and Ikada, Y., (1986) Graft Copolymerization of 
Acrylamide onto a Polyethylene Surface Pretreated with a Glow Discharge, 
Macromolecules, 19, 1804-1808

Suwanda, D, and Balke, S.T., (1993) The reactive modification of polyethylene. II: 
Mechanical modeling, Polymer Engineering and Science, 33(24), 1592-1605 

Tahara, M., Coung, N.K., and Nakashima, Y., (2003) Improvement in adhesion of 
polyethylene by glow-discharge plasma, Surface & Coatings Technology, 
173-174, 826-830

The, P.L., Mohd, I.Z.A., Hashim, A.S., Karger-Kocsis, J., and Ishiaku, บ.ร., (2004) 
Effects of epoxidized natural rubber as a compatibilizer in melt compound 
natural rubber-organoclay nanocomposites, European Polymer Journal, 40, 
2513-2521

Tzoganakis, c., Vlachopoulos, J., and Hamielec, A.E., (1988) Production of 
controllèd-rheology polypropylene resins by peroxide promoted degradation 
during extrusion, Polymer Engineering and Science, 28(3), 170-180 

Vale'ria, D. R., Helson, M. da c., Anderson, O. P., Marisa, C.G. R., ATlton, de S.G.,
(2004) Study of low concentration of dicumyl peroxide on the molecular 
structure modification of LLDPE by reactive extrusion, Polymer Testing. 23, 

- 949-955
Varghese, ร., Karger-Kocsis, J., and Gatos, K.G., (2003) Melt compounded 

epoxidized natural rubber/layered silicate nanocomposites: structure- 
properties relationships, Polymer, 44, 3977-3983 

Wagner, H.-E., Brandenburga, R., Kozlovb, K.V., Sonnenfeldc, A., Michela, p., and 
Behnkea, J.F., (2003) The barrier discharge: basic properties and 
applications to surface treatment, Vacuum, 71,417-436 

Wang, C.X., and Qiu, Y.P., (2007) Two sided modification of wool fabrics by 
atmospheric pressure plasma jet: Influence of processing parameters on 
plasma penetration, Surface and Coatings Technology, 201,6273-6277 

Warda, L.D., Badyala, J.p.s, Goodwinb, A.J., and Merlinc, P.J., (2005) Solventless 
coupling of perfluoroalkylchlorosilanes to atmospheric plasma activated 
polymer surfaces, Polymer. 46, 3986-3991



184

Wood, A., P.M., Deaby, J.M., de Grood, A.W., and Redwine, O.D., (2000) Effect of 
molecular structure on the linear viscoelastic behaviour of polyethylene, 
Macromolecules, 33, 7489-7499

Wood, A., P.M., (2001) The effect of long chain branches on the shear flow 
behaviour of polyethylene, Journal of Rheology, 45(1), 203-210

Wulin, Q., Takashi, E., Takahiro, H., (2005) A novel technique for preparing of 
maleic anhydride grafted polyolefins, European Polymer Journal, 41, 1979- 
1984

Xanthos, M., (1992) Reactive Extrusion: Principles and Practice, Polymer Processing 
Institute, Hanser Publishers, New York

Zhanhai, Y., Jinghua, Y., Yongxian, ร., Guowei, J., and Yuchun, ร., (2007) 
Preparation and properties of a reactive type nonionic surfactant grafted 
linear low density polyethylene, Polymer Bulletin, 59, 135-144



Name: Miss Patchara Tasanatanachai
April 28,1981
Thai

CURRICULUM VITAE

Date of Birth:
Nationality:
University Education:

1998-2001 B.Sc. (Hons.) (Materials Science), Chulalongkom University,
Thailand.

Publications:
1. P. Potiyaraj, R. Sirisook, p. Tasanatanachai, and p. Ratanamethangkoon, (2003) 

Effects of Blending Techniques on Physical and Mechanical Properties of High 
Density and Low Density Polyethylene Blends. Journal of Scientific Research, 
Chulalongkom University (Section T), 2, 357-367.

2. p. Tasanatanachai, and R. Magaraphan, (2007) Polystyrene/Plasma Treated Clay 
Nanocomposites. Solid-State Phenomena, 121-123, 1493-1496.

3. p. Tasanatanachai, N. Singsat, A. M. Jamieson, and R. Magaraphan, (2008) 
Breathable Eilm from Reactive Processing of LLDPE/NR Blends with ENR and 
Maleic Anhydride. International Polymer Processing, in press.

4. p. Tasanatanachai, c. Tzoganakis, and R. Magaraphan, (2008) Rheological 
Modification of LLDPE through Reactive Processing With Peroxide.
International Polymer Processing, in press.

Proceedings and Presentations:
1. p. Tasanatanachai, N. Singsat, A. M. Jamieson, and R. Magaraphan, (2004, April 23- 

25) Film Foaming to Enhance Gas Permeability via reactive processing of 
LLDPE/Epoxidized Natural Rubber Blends with Maleic Anhydride. Paper 
presented at RGJ-Ph.D. Congress V, Pattaya, Thailand.

2. P. Tasanatanachai, c. Tzoganakis, and R. Magaraphan, (2006, December 6-8) 
Rheological Investigation through Capillary Die of LLDPE with Low-Dose



186

Peroxide. Proceedings of A WPP 2006, Asian Workshop on Polymer Processing, 
Bangkok, Thailand.

3. p. Tasanatanachai, and R. Magaraphan, (2007, March 1-4) Enhanced Oxygen 
Barrier and Interfacial Adhesion of PS/Clay Nanocomposites via Plasma Surface 
Modification. Paper presented at APS March Meeting 2007, Denver, CO, USA.

4. p. Tasanatanachai, J. Engemann, c . Tzoganakis, and R. Magaraphan (2008, 
January 30 -  February 1) Surface Modification of Polyethylene using Atmospheric 
Pressure Air Dielectric Barrier Discharge. Proceedings of PACCON 2008, Pure 
and Applied Chemistry Conference, Bangkok, Thailand.

5. p. Tasanatanachai, J. Engemann, c . Tzoganakis, and R. Magaraphan, (2008, 
February 24 -  27) Plasma-Assisted Continuous Modification of Polyethylene. 
Proceedings of SPE International Polyolefins Conference 2008. Houston, TX, 
USA.


	APPENDICES
	REFERENCES
	CURRICULUM VITAE

