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APPENDICES
Appendix A Non-Reactive Compatibilization (Chapter IV)

For preparation of PS/NR graft copolymer, the gel or crosslinked structure
of NR could occur via free radical reaction. During mixing, the screw speed affected
to gel content as shown in Table AL and related to Figure 4.,

Table A1 Gel content of PS/NR blend with various screw speeds

Screw Speed Gel Content
(rpm) (Wt%)

30 12.05 + 1.09

35 9.66 + 1.09

40 4.98 +0.95

45 191 + 1.08
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The influence of non-reactive compatibilizer, (PS/NR) loading on
mechanical properties of the compatibilized Nylon L2/NR blend was also investigated
as shown in Tables A2-A4 and related to Figures 4.5-4.7.

tabte A2 Impact energy of Neat Nylonl2, Nylonl2/NR binary blend and
[Nylon 22/NR]/[PSINR] blends with various PS/NR contents

M aterials Impact Energy (J/m)

Neat Nylon 12 11206+ 113
Nylon 12/NR 230.17 1864
[Nylon 12/NR]/[PSINR]
5 phr 34589 £ 1852
10 phr 37854 + 1769
15 phr 320.09 £ 1654
20 phi- 30031 £ 1658
25 phr 261.82 £ 1364

Tante A3 Tensile modulus of Neat Nyloni2, Nylonl2/NR binary blend and
[Nylon 22/NR]/[PSINR] blends with various PS/NR contents

Tensile Modulus
M aterials

(MPa)

Neat Nylon 12 1100.02 + 10.24
Nylon 12/NR 836.3  12.39
[Nylon 12/NR]/[PSINR]

5 phr 847.36 £ 13.09

10 phr 870.46 + 1421

15 phr 854.34 + 11.30

20 phr 82356 + 14.97

25 phr 79645 + 1365
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table A4 Tensile yield stress of Neat Nylonl2, Nylonl2/NR binary blend and
[Nylon 12/NR}/[PSINR] blends with various PS/NR contents

Tensile Yield Stress
M aterials
(MPa)

Neat Nylon 12 4011 1043
Nylon 12/NR 2191 £0.45
[Nylonl 2/NR]/[PSINR]
5 phr 22631039
|Ophr 23.0410.41
15 phr 2196 £0.37
20 pir- 2099 £0.38

25 phr 20451043
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Appendix B Reactive Compatibilization: Preparation (Chapter V)

The toughness enhancement of polystyrene (BS) has been done by
incorporating with natural rubber (NR) via reactive blending using dicumyl peroxide
(DCP) as an initiator and maleic anhydrice (MA) as a grafting modifier. The various
parameters affecting the impact energy, i.., an amount of maleic anhydride (3 and 5
wi%) and a different mixing procedures (one-step and two-step mixings) were
investigated as shown in Table BL and related to Figure 5.3,

Tante 81 Impact energy of Neat PS, PS/NR blend and PS-NR-MA blends with
various mixing procedures and maleic anhydride (MA) contents

M aterials Type of Mixing Impact Energy (J/m)
PS One-step 2050 £2.00
PSINR One-step 44,61 +3.03
PSINRIMA-3 One-step 56.74 £2.29
PSINRIMA-5 One-step 54.78 £2.00
PSIMNR-3 Two-step 5146 +2.30

PSIMNR-5 Two-step 49.93 £2.66
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Appendix ¢ - Reactive Compatibilization: Rheological Properties (Chapter VI)

Figure Cl shows the effect of shear rate on the extrudate swell of the
compatibilized NylonI2/NR blend at 7 phr of PSIMNR. This result was related to
Figure 6.11.

Shear rate (1/s)
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Figure C2 demonstrates the influence of reactive compatibilizer (PS/MNR)
content on the extrudate swell. This result was related to Figure 6.12,

2

[PA12/NR}/[PS/MNR]
)
(&}
=]
=

PA12INR

T Ll

3 pill
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—10 phr

Figure C2 The extrudates of [Nylonl2/NR]/[PS/MNR-3] blends with various
compatibilizer contents at 210 °c and shear rate of 100 '1



228

Appendix D Reactive Compatibilization: Thermal Properties, Phase
Morphology and Mechanical Properties (Chapter V1)

Table D1 shows the influence of compatibilizer content (L-10 phr) and MA
loading (3 and 5 wt%) on thermal properties of the compatihilized blends.

Tabte o1 Melting temperature (Tm), crystallization temperature (Tc) and degree of
crystallinity of the blends

Materials Tm (1s) Tc Tm(2nd) AHm %XC
ccy o o (o)
Neat Nylon 12 191 1495 1778 521 212
NylonI2/NR 1772 1484 171718 401 204
[Nylon L2INRY[PSINR]

Lphr mr 41 14 398 205

3 phr 1778 1490 1766 379 198

5 phr 198 1480 182 313 20,0

7 phr 1792 1480 1783 372 202

10 phr 1780 1487 17714 363 202

[Nylon 22INRY[PSIMNR-3]

Lphr 1o 1483 1712 393 202

3phr 191 475 17183 301 205

5 phr 1776 1484 1776 387 20.7

7 - 193 416 1118 362 19.7

10 phr 190 1487 1719 348 195

[Nylon 12INR]/[PSIMINR-5]

Lphr 1785 1488 1776 480 24T

3phr 185 1484 1787 414 216

5 phr 1789 1484 1780 383 205

7 phr 192 1497 1771 374 203

10 phr 190 1489 1713 37.? 20.7
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Figures D1-D6 and Table D2 illustrate the influence of compatibilizer
content (1-10 phr) and MA loading (3 and 5 wt%) on phase morphology and rubber
particle size of the compatibilized blends.

Figure D1 SEM micrographs (x5,000) of the cryofracture surfaces of the
uncompatibilized blend and the compatibilized blends with various PS/NR content.
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Figure D2 SEM micrographs (x 10,000) of the cryofracture surfaces of the
uncompatibilized blend and the compatibilized blends with various PS/NR content.
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Figure D3 SEM micrographs (x5,000) of the cryofracture surfaces of the
uncompatibilized blend and the compatibilized blends with various PS/IMNR-3
content.
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Figure D4 SEMmicrographs (x10,000) of the cryofracture surfaces of the
uncompatibilized blend and the compatibilized blenas with various PYMNR-3
content,
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Figure D5 SEM micrographs (x5,000) of the cryofracture surfaces of the
uncompatibilized blend and the compatibilized blends with various PS/MNR-5
content.
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Figure D6 SEM micrographs (x 10,000) of the cryofracture surfaces of the
uncompatibilized blend and the compatibilized blends with various PSIMNR-5
content.
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Table D2 Diameter of dispersed rubber phase of NylonI2/NR binary blend and
[Nylon 12/NR]/compatibilizer blends with various compatibilizer types and contents

Rubber Particle Diameter*

Materials
(pm)

Nylon12/NR 0.7240.38
[NVIonI2INR]/[PSINR]

1phr 063:+0.38

3phr 05740.36

5 phr 047 £047

7phr 046:+0.32

10phr 04440.25
INylonl2INRY[PSIMNR-]

1phr 0494033

3phr 04502

5phr 034+ 017

Tphr 03140.17

10phr 0374021
INylon2INRY/[PSIMNR]

Lphr 054 £0.49

3phr 038:40.23

5phr 0374021

7phr 0424032

10 phr 041 40.33

*Tre aueregp caneterof oLt 10 rLkter cvairs ety st e EVimoray s
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Tables D3-D9 show the influence of compatibilizer content (1-10 phr) and
MA loading (3 and 5 wt%) on impact, tensile and flexural properties of the
compatibilized blenc.

Table D3 Impact energy of Neat Nylonl2, Nylonl2/NR binary blend and
[Nylonl2/NR]/compatibilizer blends with various compatibilizer types and contents

Materials

Impact Energy

(J/m)
Neat Nylonl2 1152319.12
Nylon12NR 24111 £ 17.15
[NylonI2ZNR]/[PSINR]
Lphr 36743 £25.03
3phr 37559 £23.46
bphr 402.86 £26.71
pnr 434,67 £23 46
10pr 47.79£21.63
[Nylon22NR]/[PSIMNR-3]
Lphr 42146 £26.42
3phr 458,86 £27.26
bphr 48174 £28.26
Tphr 503.98 +27.14
10pr 49346 £28.82
[NylonI2/NR]/[PS/MNR-5]
1 41349 £24.84
3phr 4147 £21.63
5 - 467183 £24.52
Tphr 482.89 £24.81
10pr 476,94 £26.09



231

Table D4 Tensile modulus of Neat Nylonl2, Nylonl2/NR binary blend and
[Nylonl2/NR]/compatibilizer blends with various compatibilizer types and contents

Tensile Modulus

Materials
(MPa)
Neat Nylonl2 124328 £76.54
Nylonl2/NR 845.26 181.21
[Nylonl2/NRJ/[PSINR]
1pr 851.25 +83.16
3phr 86971 +80.26
5phr 875,77 +78.95
Tphr 80449 +83.22
10 phr 920.3 £81.29
INylonl2/NR}/[PSIMNR-3]
Lphr 875.36£79.54
3phr 804.26+74.26
5 phr 024,87 465,24
Tphr 1194.26 + 6658
10phr 087,26 +71.26
INylonl2/NR}/[PSIMNR-5]
1phr 862.26 +81.33
3phr 881,14+ 86,67
5 phr 00174 +82.27
Tphr 985.22 £76.69
10phr 0675447625
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Table D5 Tensile stress at yield of Neat Nylonl2, Nylonl2/NR binary blend and
[Nylon 12/NR]/compatibilizer blends with various compatibilizer types and contents

Tensile Stress at Yield

Materials (MPa)
Neat Nylon 12 4748+ 174
Nylon12NR 071+ 1%
[Nylon Z2/NRY[PSINR]
Lpnr 138.25 £2.54
3phr UL+ 197
5 phr 3B7742.05
7phr 8L £2.47
10 phr 3301 + 169
INylon2INRY[PSIMNR-3]
1plir 3790 +2.03
3phr 160+ 186
5phr 3657+ 167
7phr 46,85+ 150
10 phr 3083+ 187
[Nylon Z2/NR/[PSIMNR-5]
1pr 3543+ 174
3phr 35.00£2.98
5phr 375042.42
7pilk 31.0342.26
10 phr 38.20+3.08
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Table D6 Elongation at break of Neat Nylonl2, NylonI2/NR binary blend and
[Nylon 12/NR]/compatibilizer blends with various compatibilizer types and contents

Elongation at Break

Materials

(%)
Neat Nylon12 12641590
Nylon12/NR 84.70+ 740
[Nylon 22/NR]/[PSINR]
i} 81.36 £5.06
3phr 92.58 16.89
Dpr 104.3318.19
- 106.98 £7.48
10ph 11568 +8.12
[Nylonl2/NR/[PSIMNR-3]
1m- 88.3316.85
3phr 10556 £ 571
Sphr 1088916.19
7phr 129,88 £5.55
10 phr 129%£7.09
[NylonI2/NR]/[PSIMNR-5]
1 9%.25 %744
3phr 99.89 £6.98
Sphr 105.3517.36
Tphr 11597 +5.74
10 phr 106.18 £ 8.26
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Table D7 Flexural modulus of Neat Nylonl2, Nylonl2/NR binary blend and
[NylonI2/NR]/[PS/MNR-3] with various compatibilizer contents

Flexural Modulus

Materials
at 0.5%-1.0% (MPa)

Neat Nylon 12 527.7435.2
Nylon12/NR 3131313
[Nylon 12/NRJ/[PSIMNR-3]

Lpr 12194265

3phr 12814306

5phr 344307

7phr 1034216

10phr 1387429.2

Table D8 Hexural stress of Neat Nylonl2, Nylonl2/NR binary blend and
[NylonI2INR]/[PSIMNR-3] with various compatibilizer contents

Flexural Flexural Stress Flexural Stress
Materials Strength at 5% Strain at Break
(MPa) (MPa) (MPa)
Neat Nylon12 3B8.70+112 2169+ 114 3H2A4+ 15
Nylon12/NR 1434098 84718 1210+ 188
INylon[2INRY[PSIMNR-3]
Lphr 24681201 1370+ 187 2136097
3 4% +14h U071 2073114
bphr H46+1% 1466109  22.00+1.19
Tphr 26161153 15024086 215:18%

10phr 2000+12  1478+£108  2203£2.00
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Table D9 Flexural strain of Neat Nylon 12, Nylon 12/NR hinary blend and
[NylonI2/NR]/[PSIMNR-3] with various compatibilizer contents

Materials Flexural Strain (%)
Neat Nylon 12 1097+ 15%
Nylon12/NR 1280+ 123
[Nylon L2/NRY/[PSIMNR-3]

1pr 1180+ 191

3pr 1187201

5phr 20+ 134

Tphr 0B+2.33

10 i 12104219
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