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APPENDICES

Appendix A Pressure Drop of Ethylene during the Adsolubilization and 
Admicellar Polymerization Process
Table A1 Dissolution of ethylene into water (blank) for the first and second steps.

First step Second step
Time (h) Pressure drop (psi) Time (h) Pressure drop (psi)

No.l No.2 No.3 Ave No.l No.2 No.3 Ave
0 0 0 0 0.00 0 0 0 0 0.00
1 3 5 4 5.00 1 0 0 0 0.00
2 5 7 6 6.00 2 0 0 0 0.00
3 8 9 7 8.00 3 0 0 0 0.00
4 10 10 10 10.00 4 0 0 0 0.00
5 10 10 10 10.00 5 0 0 0 0.00
6 10 10 10 10.00 6 0 0 0 0.00
7 10 10 10 10.00 7 0 0 0 0.00
8 10 10 10 10.00 8 0 0 0 0.00
9 10 10 10 10.00 9 0 0 0 0.00
10 10 10 10 10.00 10 0 0 0 0.00
11 10 10 10 10.00 11 0 0 0 0.00
12 10 10 10 10.00 12 0 0 0 0.00
13 10 10 10 10.00 13 0 0 0 0.00
14 10 10 10 10.00 14 0 0 0 0.00
15 10 10 10 10.00 15 0 0 0 0.00
16 10 10 10 10.00 16 0 0 0 0.00
17 10 10 10 10.00 17 0 0 0 0.00
18 10 10 10 10.00 18 0 0 0 0.00
20 10 10 10 10.00 20 0 0 0 0.00
21 10 10 10 10.00 21 0 0 0 0.00
22 10 10 10 10.00 22 0 0 0 0.00
23 10 10 10 10.00 23 0 0 0 0.00
24 10 10 10 10.00 24 0 0 0 0.00
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Table A2 E t h y l e n e  p r e s s u r e  d r o p  f o r  t h e  a d s o l u b i l i z a t i o n  a n d  a d m i c e l l a r

p o l y m e r i z a t i o n  s t e p s  o f  t h e  s y s t e m  w i t h  s u r f a c t a n t  a t  8 . 2  m M  s u r f a c t a n t

c o n c e n t r a t i o n  a n d  3 : 1  i n i t i a t o r  t o  s u r f a c t a n t  r a t i o .

Adsolubilization process Admicellar polymerization process
Time (h) Pressure drop (psi) Time (h) Pressure drop (psi)

No.l No.2 No.3 Ave No.l No.2 No.3 Ave

0 0 0 0 0.00 0 0 0 0 0.00
1 6 5 6 5.67 1 7 6 5 6.00
2 8 7 8 7.67 2 9 8 9 8.67
3 10 9 9 9.67 3 16 14 13 14.33
4 11 9 10 10.00 4 18 18 18 18.00
5 11 9 10 10.00 5 22 23 21 22.00
6 11 10 11 10.67 6 23 25 23 23.67
7 11 10 11 10.67 7 25 26 24 25.00
8 11 10 11 10.67 8 26 26 25 25.67
9 11 10 11 10.67 9 26 26 25 25.67
10 11 10 11 10.67 10 26 27 26 26.33
11 11 10 11 10.67 11 26 27 26 26.33
12 11 10 11 10.67 12 26 27 26 26.33
13 11 10 11 10.67 13 26 27 26 26.33
14 11 10 11 10.67 14 26 27 26 26.33
15 11 10 11 10.67 15 26 27 26 26.33
16 11 10 11 10.67 16 26 27 26 26.33
17 11 10 11 10.67 17 26 27 26 26.33
18 11 10 11 10.67 18 26 27 26 26.33
20 11 10 11 10.67 20 26 27 26 26.33
21 11 10 11 10.67 21 26 27 26 26.33
22 11 10 11 10.67 22 26 27 26 26.33
23 11 10 11 10.67 23 26 27 26 26.33
24 11 10 11 10.67 24 26 27 26 26.33
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Table A 3  E t h y l e n e  p r e s s u r e  d r o p  f o r  t h e  a d s o l u b i l i z a t i o n  a n d  a d m i c e l l a r

p o l y m e r i z a t i o n  s t e p s  o f  t h e  s y s t e m  w i t h o u t  s u r f a c t a n t  a t  8 . 2  m M  s u r f a c t a n t

c o n c e n t r a t i o n  a n d  3 : 1  i n i t i a t o r  t o  s u r f a c t a n t  r a t i o .

Adsolubilization process Admicellar polymerization process
Time (h) Pressure drop (psi) Time (h) Pressure drop (psi)

No.l No.2 No.3 Ave No.l No.2 No.3 Ave
0 0 0 0 0.00 0 0 0 0 0.00
1 4 6 3 4.33 1 8 7 5 6.67
2 7 8 5 6.67 2 14 10 10 11.33
3 8 9 8 8.33 3 16 15 13 14.67
4 10 10 9 9.67 4 19 19 18 18.67
5 10 10 10 10.00 5 22 23 22 22.33
6 10 10 10 10.00 6 23 24 24 23.67
7 10 10 10 10.00 7 24 24 24 24.00
8 10 10 10 10.00 8 24 24 24 24.00
9 10 10 10 10.00 9 24 24 24 24.00
10 10 10 10 10.00 10 24 24 24 24.00
11 10 10 10 10.00 11 24 24 24 24.00
12 10 10 10 10.00 12 24 24 24 24.00
13 10 10 10 10.00 13 24 24 24 24.00
14 10 10 10 10.00 14 24 24 24 24.00
15 10 10 10 10.00 15 24 24 24 24.00
16 10 10 10 10.00 16 24 24 24 24.00
17 10 10 10 10.00 17 24 24 24 24.00
18 10 10 10 10.00 18 24 24 24 24.00
20 10 10 10 10.00 20 24 24 24 24.00
21 10 10 10 10.00 21 24 24 24 24.00
22 10 10 10 10.00 22 24 24 24 24.00
23 10 10 10 10.00 23 24 24 24 24.00
24 10 10 10 10.00 24 24 24 24 24.00
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Table A4 E t h y l e n e  p r e s s u r e  d r o p  f o r  t h e  a d s o l u b i l i z a t i o n  a n d  a d m i c e l l a r

p o l y m e r i z a t i o n  s t e p s  o f  t h e  s y s t e m  w i t h  s u r f a c t a n t  a t  8 . 2  m M  s u r f a c t a n t

c o n c e n t r a t i o n  a n d  6 : 1  i n i t i a t o r  t o  s u r f a c t a n t  r a t i o .

Adsolubilization process Admicellar polymerization process
Time (h) Pressure drop (psi) Time (h) Pressure drop (psi)

No.l No.2 No.3 Ave No.l No.2 No.3 Ave
0 0 0 0 0.00 0 0 0 0 0.00
1 5 5 4 4.67 1 10 10 8 9.33
2 7 7 6 6.67 2 17 17 14 16.00
3 8 9 7 8.00 3 24 25 23 24.00
4 10 11 8 9.67 4 28 29 28 28.33
5 10 11 10 10.33 5 31 34 32 32.33
6 11 11 10 10.67 6 33 37 36 35.33
7 11 11 10 10.67 7 37 41 40 39.33
8 11 11 10 10.67 8 40 42 42 41.33
9 11 11 10 10.67 9 42 42 42 42.00
10 11 11 10 10.67 10 43 42 42 42.33
11 11 11 10 10.67 11 43 43 43 43.00
12 11 11 10 10.67 12 44 43 43 43.33
13 11 11 10 10.67 13 44 43 43 43.33
14 11 11 10 10.67 14 44 43 44 43.67
15 11 11 10 10.67 15 44 43 44 43.67
16 11 11 10 10.67 16 44 43 44 43.67
17 11 11 10 10.67 17 44 43 44 43.67
18 11 11 10 10.67 18 44 43 44 43.67
20 11 11 10 10.67 20 44 43 44 43.67
21 11 11 10 10.67 21 44 43 44 43.67
22 11 11 10 10.67 22 44 43 44 43.67
23 11 11 10 10.67 23 44 43 44 43.67
24 11 11 10 10.67 24 44 43 44 43.67
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Table A5 E t h y l e n e  p r e s s u r e  d r o p  f o r  t h e  a d s o l u b i l i z a t i o n  a n d  a d m i c e l l a r

p o l y m e r i z a t i o n  s t e p s  o f  t h e  s y s t e m  w i t h o u t  s u r f a c t a n t  a t  8 . 2  m M  s u r f a c t a n t

c o n c e n t r a t i o n  a n d  6 : 1  i n i t i a t o r  t o  s u r f a c t a n t  r a t i o .

Adsolubilization process Admicellar polymerization process
Time (h) Pressure drop (psi) Time (h) Pressure drop (psi)

No.l No.2 No.3 Ave No.l No.2 No.3 Ave
0 0 0 0 0.00 0 0 0 0 0.00
1 4 3 5 4.00 1 9 7 11 9.00
2 6 6 7 6.33 2 18 15 14 15.67
3 8 7 9 8.00 3 23 19 18 20.00
4 9 9 9 9.00 4 28 24 22 24.67
5 10 10 10 10.00 5 33 30 28 30.33
6 10 10 10 10.00 6 38 36 34 36.00
7 10 10 10 10.00 7 40 39 37 38.67
8 10 10 10 10.00 8 42 41 40 40.00
9 10 10 10 10.00 9 42 40 41 41.00
10 10 10 10 10.00 10 42 41 41 41.33
11 10 10 10 10.00 11 43 41 41 41.67
12 10 10 10 10.00 12 43 41 41 41.67
13 10 10 10 10.00 13 43 41 41 41.67
14 10 10 10 10.00 14 43 41 41 41.67
15 10 10 10 10.00 15 43 41 41 41.67
16 10 10 10 10.00 16 43 41 41 41.67
17 10 10 10 10.00 17 43 41 41 41.67
18 10 10 10 10.00 18 43 41 41 41.67
20 10 10 10 10.00 20 43 41 41 41.67
21 10 10 10 10.00 21 43 41 41 41.67
22 10 10 10 10.00 22 43 41 41 41.67
23 10 10 10 10.00 23 43 41 41 41.67
24 10 10 10 10.00 24 43 41 41 41.67
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Table A6 E t h y l e n e  p r e s s u r e  d r o p  f o r  t h e  a d s o l u b i l i z a t i o n  a n d  a d m i c e l l a r

p o l y m e r i z a t i o n  s t e p s  o f  t h e  s y s t e m  w i t h  s u r f a c t a n t  a t  1 5  m M  s u r f a c t a n t  c o n c e n t r a t i o n

a n d  3 : 1  i n i t i a t o r  t o  s u r f a c t a n t  r a t i o .

Adsolubilization process Admicellar polymerization process
Time (h) Pressure drop (psi) Time (h) Pressure drop (psi)

No.l No.2 No.3 Ave No.l No.2 No.3 Ave
0 0 0 0 0.00 0 0 0 0 0.00
1 5 4 6 5.00 1 3 9 5 5.67
2 7 6 9 7.33 2 16 16 9 13.67
3 9 7 10 8.67 3 20 22 20 20.67
4 10 10 11 10.33 4 24 25 24 24.33
5 11 11 12 11.33 5 30 29 27 28.67
6 11 11 12 11.33 6 32 30 32 31.33
7 12 11 12 11.67 7 36 32 35 34.33
8 12 11 12 11.67 8 37 33 37 35.67
9 12 11 12 11.67 9 38 35 37 36.67
10 12 11 12 11.67 10 38 37 38 37.67
11 12 11 12 11.67 11 38 38 38 38.00
12 12 11 12 11.67 12 38 38 39 38.33
13 12 11 12 11.67 13 38 38 39 38.33
14 12 11 12 11.67 14 38 38 39 38.33
15 12 11 12 11.67 15 38 38 39 38.33
16 12 11 12 11.67 16 38 38 39 38.33
17 12 11 12 11.67 17 38 38 39 38.33
18 12 11 12 11.67 18 38 38 39 38.33
20 12 11 12 11.67 20 38 38 39 38.33
21 12 11 12 11.67 21 38 38 39 38.33
22 12 11 12 11.67 22 38 38 39 38.33
23 12 11 12 11.67 23 38 38 39 38.33
24 12 11 12 11.67 24 38 38 39 38.33
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Table A 7  E t h y l e n e  p r e s s u r e  d r o p  f o r  t h e  a d s o l u b i l i z a t i o n  a n d  a d m i c e l l a r

p o l y m e r i z a t i o n  s t e p s  o f  t h e  s y s t e m  w i t h o u t  s u r f a c t a n t  a t  1 5  m M  s u r f a c t a n t

c o n c e n t r a t i o n  a n d  3 : 1  i n i t i a t o r  t o  s u r f a c t a n t  r a t i o .

Adsolubilization process Admicellar polymerization process
Time (h) Pressure drop (psi) Time (h) Pressure drop (psi)

No.l No.2 No.3 Ave No.l No.2 No.3 Ave
0 0 0 0 0.00 0 0 0 0 0.00
1 4 3 6 4.33 1 4 10 7 7.00
2 7 5 8 6.67 2 12 18 16 15.33
3 9 6 9 8.00 3 19 23 21 21.00
4 9 7 10 8.67 4 26 29 27 27.33
5 9 11 10 10.00 5 32 29 29 30.00
6 9 11 10 10.00 6 33 33 32 32.67
7 9 11 10 10.00 7 33 34 35 34.00
8 9 11 10 10.00 8 34 34 35 34.33
9 9 11 10 10.00 9 34 35 36 35.00
10 9 11 10 10.00 10 35 35 36 35.33
11 9 11 10 10.00 11 35 35 36 35.33
12 9 11 10 10.00 12 35 35 36 35.33
13 9 11 10 10.00 13 35 35 36 35.33
14 9 11 10 10.00 14 35 35 36 35.33
15 9 11 10 10.00 15 35 35 36 35.33
16 9 11 10 10.00 16 35 35 36 35.33
17 9 11 10 10.00 17 35 35 36 35.33
18 9 11 10 10.00 18 35 35 36 35.33
20 9 11 10 10.00 20 35 35 36 35.33
21 9 11 10 10.00 21 35 35 36 35.33
22 9 11 10 10.00 22 35 35 36 35.33
23 9 11 10 10.00 23 35 35 36 35.33
24 9 11 10 10.00 24 35 35 36 35.33
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Appendix B Weight Loss of Polyethylene on the Glass Fiber Surface 
Table B Percentage weight loss of various types of surface modified glass fiber.

Surfactant Initiator to
Condition

Weight loss(g) Weight
concentration

(mM)
surfactant

ratio
No 1 No 2 Average loss

(%)
Untreated 
glass fiber

0.0008 0.0010 0.0009 0.0300

As-received 
glass fiber

0.0020 0.0021 0.00205 0.0672

8.2 3:1 Admicellar 
and solution 
treated glass 
fiber

0.0048 0.0050 0.0049 0.1636

8.2 3:1 Solution 
treated glass 
fiber

0.0047 0.0046 0.00465 0.1552

8.2 6:1 Admicellar 
and solution 
treated glass 
fiber

0.0060 0.0060 0.0060 0.2003

8.2 6:1 Solution 
treated glass 
fiber

0.0059 0.0059 0.0059 0.1970

15.0 3:1 Micelle, 
admicellar 
and solution 
treated glass 
fiber

0.0051 0.0052 0.00515 0.1719

15.0 3:1 Solution 
treated glass 
fiber

0.0050 0.0052 0.0051 0.1702
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Appendix c Mechanical Properties of Glass Fiber Reinforced HDPE 
Composites

Tensile strength at yield of glass fiber reinforced HDPE composites
Table Cl The tensile strength values of untreated and as-received glass fiber
reinforced HDPE composites.

No. Tensile strength at yield of glass fiber/HDPE composite (Mpa)
Untreated glass fiber As-received glass fiber

1 23.832 24.072
2 23.532 23.877
3 23.377 23.777
4 23.702 23.907
5 23.451 24.086
6 23.470 23.169
7 23.943 23.439

Mean 23.615 23.761
SD 0.21 0.34
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Table C 2  T h e  t e n s i l e  s t r e n g t h  v a l u e s  o f  v a r i o u s  t y p e s  o f  s u r f a c e  m o d i f i e d  g l a s s  f i b e r

r e i n f o r c e d  H D P E  c o m p o s i t e s .

No.

Tensile strength at yield of glass fiber/HDPE composite (MPa)
8.2 mM Surfactant concentration 15 mM Surfactant 

concentration
3:1 Initiator: surfactant 6: Hnitiator:surfactant 3:1 Initiator: surfactant
Admicellar 
and solution 
treated glass 

fiber

Solution
treated
glass
fiber

Admicellar 
and solution 
treated glass 

fiber

Solution
treated
glass
fiber

Micelle,
admicellar

and
solution 
treated 

glass fiber

Solution
treated
glass
fiber

1 27.814 27.333 27.512 27.903 28.169 27.352
2 27.094 26.810 27.318 27.136 26.811 27.076
3 27.025 27.694 27.030 27.400 27.816 27.335
4 26.930 27.242 27.683 27.052 26.689 27.769
5 27.436 27.623 26.713 27.180 27.687 27.961
6 27.657 26.845 27.435 27.536 27.992 27.564
7 26.925 27.522 26.715 27.180 26.689 28.119

Mean 27.269 27.296 27.201 27.341 27.408 27.597
SD 0.36 0.35 0.39 0.30 0.65 0.37
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Flexural strength at yield of glass fiber reinforced HDPE composite
Table C3 The flexural strength values of untreated and as-received glass fiber
reinforced HDPE composites.

No. Flexural strength at yield of glass fiber/HDPE composite (Mpa)
Untreated glass fiber As-received glass fiber

1 33.337 33.220
2 32.852 33.359
3 33.191 33.304
4 32.568 33.352
5 33.379 32.694
6 32.575 32.766
7 33.121 32.871

Mean 33.003 33.081
SD 0.34 0.29
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Table C 4  T h e  f l e x u r a l  s t r e n g t h  v a l u e s  o f  v a r i o u s  t y p e s  o f  s u r f a c e  m o d i f i e d  g l a s s

f i b e r  r e i n f o r c e d  H D P E  c o m p o s i t e s .

No.

Flexural strength at yield of glass fiber/HDPE composite (Mpa)
8.2 mM Surfactant concentration 15 mM Surfactant 

concentration
3:1 Initiator: surfactant 6 ะ 1 Initiator : surfactant 3:1 Initiator : surfactant

Admicellar 
and solution 
treated glass 

fiber

Solution
treated
glass
fiber

Admicellar 
and solution 
treated glass 

fiber

Solution
treated
glass
fiber

Micelle,
admicellar

and
solution 
treated 

glass fiber

Solution
treated
glass
fiber

1 35.529 35.739 36.487 35.522 34.843 35.811
2 35.306 35.651 35.941 34.878 34.752 35.790
3 34.196 35.853 35.511 34.424 35.068 35.451
4 35.029 35.548 34.999 35.347 36.073 35.266
5 35.376 35.122 36.220 35.047 36.345 34.992
6 34.486 36.675 35.228 34.732 36.299 34.890
7 35.139 35.560 34.875 34.607 36.149 34.277

Mean 35.001 35.593 35.607 35.080 35.647 35.211
SD 0.61 0.23 0.62 0.43 0.72 0.54
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Impact strength of glass fiber reinforced HDPE composite
Table C5 The impact strength values of untreated and as-received glass fiber
reinforced HDPE composites.

No. Impact strength of glass fiber/HDPE composite (KJ/m2)
Untreated glass fiber As-received glass fiber

1 9.0 9.5
2 9.0 9.8
3 7.9 9.7
4 8.2 9.3
5 8.0 9.0
6 9.0 9.3
7 8.8 9.7

Mean 8.55 9.47
SD 0.50 0.29
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Table C 6  T h e  i m p a c t  s t r e n g t h  v a l u e s  o f  v a r i o u s  t y p e s  o f  s u r f a c e  m o d i f i e d  g l a s s

f i b e r  r e i n f o r c e d  H D P E  c o m p o s i t e s .

No.

Impact strength of glass fiber/HDPE composite (KJ/m2)
8.2 mM Surfactant concentration 15 mM Surfactant 

concentration
3:1 Initiator: surfactant 6:1 Initiator: surfactant 3:1 Initiator: surfactant

Admicellar 
and solution 
treated glass 

fiber

Solution
treated
glass
fiber

Admicellar 
and solution 
treated glass 

fiber

Solution
treated
glass
fiber

Micelle,
admicellar

and
solution 
treated 

glass fiber

Solution
treated
glass
fiber

1 8.0 7.6 8.1 8.2 8.3 8.3
2 7.9 8.2 7.4 6.8 7.3 7.7
3 8.1 7.9 7.1 8.4 8.8 7.2
4 7.6 8.3 7.4 7.0 8.5 7.2
5 7.4 8.7 6.8 8.3 7.0 7.0
6 7.2 7.1 8.4 8.1 7.0 7.0
7 7.8 7.2 7.7 7.2 7.6 7.5

Mean 7.71 7.86 7.56 7.71 7.78 7.41
SD 0.33 0.59 0.56 0.68 0.74 0.47
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