REFERENCES

Charoenpongpool, ., Nithitanakul, M. and Grady, B.p. (2013). Melt-neutralization
of maleic anhydride grafted on high-density polyethylene compatibilizer for
polyamide-s/high-density polyethylene blend: effect of neutralization level
on compatibility of the blend. Polymer Bulletin 70(1), 293-309.

Chuah, H.H. (2001). Poly(trimethylene terephthalate). Encyclopedia Of Polymer
Science and Technology, John Wiley & Sons, Inc. 3.

Ebewele, R.0. (1996). Polymer science and technology. Florida: CRC Press.

Guerrero, ¢., Lozano, T., Gonzalez, V. and Arroyo, E. (2001). Properties and
morphology of poly (ethylene terephthalate) and high-density polyethylene
blends. Journal of Applied Polymer Science 82(6), 1382-1390.

Huang, JM. (2003). Polymer blends of poly (trimethylene terephthalate) and
polystyrene compatibilized by styrene-glycidyl methacrylate copolymers.
Journal of Applied Polymer Science 88(9), 2247-2252.

Jafari, S.H., Asadinezhad, A., Yavari, A., Khonakdar, H.A. and Bohme, F. (2005).
Compatibilizing Effects on the Phase Morphology and Thermal Properties of
Polymer Blends Based on PTT and m-LLDPE. Polymer Bulletin 54, 417-
426.

Joshi, M., Misra, A. and Maiti, S.N. (1991). Polybutylene terephthalate/high-density
polyethylene alloys. I. Morphological studies. Journal of Applied Polymer
Science 43, 311-328.

Joshi, M., Misra, A. and Maiti, S.N. (1992). Poly(butylene terephthalate)/high
density polyethylene alloys. Il. Mechanical properties and rheology. Journal
of Applied Polymer Science 45, 1837-1847.

Kang, T.K., Kim, Y. Lee, W.K., Park, HD. Cho, W.J. and Ha, c¢.s. (1999).
Properties of uncompatibilized and compatibilized poly (butylene
terephthalate)-LLDPE blends. Journal of Applied Polymer Science 72(8),
989-997.

Koning, ¢., Duin, M.V., Pagnoulle, c. and Jerome, R. (1998). Strategies For
Compatibilization OfPolymer Blends. Prog. Polym, Sci. 23, 707-757.
Krutphun, p. and Supaphol, p. (2005). Thermal and crystallization characteristics of
poly (trimethylene terephthalate)/poly (ethylene naphthalate) blends.

European Polymer Journal 41(7), 1561-1568.

Lahor, A., Nithitanakul, M. and Grady, B.p. (2004). Blends of low-density
polyethylene with nylon compatibilized with a sodium-neutralized
carboxylate ionomer. European Polymer Journal 40, 2409-2420.

Peacock, AJ. (2000). Handbook of Polyethylene Structures, Properties, and
Applications New York: Marcel Dekker, Inc.

Piorkowska, E. and Rutledge, G.c. (2013). Handbook of Polymer Crystallization:
W iley.

Qi, R., Nie, J,, Zhou, ¢., Mao, D. and Zhang, B. (2006). Influence of high density
polyethylene-g-maleic anhydride on compatibility and properties of poly
(butylene terephthalate)/high density polyethylene blends.  Journal of
Applied Polymer Science 102(6), 6081-6087.



1

Retolaza, A., Eguiazabal, J. and Nazabal, J. (2002). A lithium ionomer of poly
(ethylene-co-methacrylic acid) copolymer as compatibilizer for blends of
poly (ethylene terephthalate) and high density polyethylene. Polymer
Engineering & Science 42(11), 2072-2083.

Retolaza, A., Eguiazabal, J. and Nazabal, J. (2003). Poly (ethylene-co-methacrylic
acid)-lithium  ionomer as a compatibilizer for poly (ethylene
terephthalate)/linear low-density polyethylene blends. Journal of Applied
Polymer Science 87(8), 1322-1328.

Rex, W.J. and Tennant, D.J. (1949). Polymeric linear terephthalic esters, Google
Patents.

Run, M .-t., Wang, H.-s. and Li, X. (2012). Morphology, mechanical, rheological,
and thermal properties study on the PTT/ABS/SCF composites. Composite
Interfaces 19(5), 333-351.

Run, M., Hao, Y. and Yao, ¢c. (2009). Melt-crystallization behavior and isothermal
crystallization kinetics of crystalline/crystalline blends of poly (ethylene
terephthalate)/poly (trimethylene terephthalate). Thermochimica Acta
495(1), 51-56.

Sinthavathavorn, ., Nithitanakul, M., Magaraphan, R. and Grady, B.p. (2008).
Blends of Polyamide s with Low-Density Polyethylene Compatibilized with
Ethylene-Methacrylic ~ Acid Based Copolymer Jlonomers: Effect of
Neutralizing Cations. Journal of Applied Polymer Science 107, 3090-3098.

, Y.-J., Hu, G.-H., Lambla, M. and Kotlar, H.K. (1996). In situ compatibilization
of polypropylene and poly (butylene terephthalate) polymer blends by one-
step reactive extrusion. Polymer 37(18), 4119-4127.

Utracki, L.A. (2002). Compatibilization of Polymer Blends. Can. J. Chem. Eng, 80,
1008-1016.

Wang, Y. and Run, M. (2009). Non-isothermal crystallization kinetic and
compatibility of PTT/PP blends by wusing maleic anhydride grafted
polypropylene as compatibilizer. JPolym Res 16, 725-737.

Xue, M.L., Yu, Y.L. and Chuah, HH. (2007). Reactive Compatibilization of
Poly(trimethylene terephthalate)/Polypropylene Blends by Polypropylene-
graft-Maleic Anhydride. Part 2. Crystallization Behavior.  Journal of
Macromolecular Science 46, 603-615.

Xue, M.L., Yu, Y.L., Chuah, H.H. and Qiu, G.X. (2007). Reactive Com patibilization
0f Poly(trimethylene terephthalate)/Polypropylene Blends
byPolypropylene-graft-Maleic Anhydride. Part 1. Rheology, Morphology,
Melting, and Mechanical Properties. Journal of Macromaolecular Science 46,

387-401.
Xue, M.L., Yu, Y.L., Chuah, HH. Rhee, JM., Kim, N.H. and Lee, JH. (2007).
Miscibility and compatibilization of poly(trimethylene

terephthalate)/acrylonitrile-butadiene-styrene blends. European Polymer
Journal 43. 3826-3837.

Yang, J., Shi, D., Yao, Z, Xin, z. and Yin, J. (2002). Effect of the Compatibilization
of Linear Low-Density Polyethylene-g-Acrylic Acid on the Morphology and
Mechanical Properties of Poly(butylene terephthalate)/Linear Low-Density
Polyethylene Blends. Journal of Applied Polymer Science 84. 1059-1066.



12

Yao, z, Yinz,, G, Liu c., Tong, J., Ren, L. and Yin, J. (2000). Morpholog}/,
thermal behavior, and mechaniical properties of PAG/UHMWEE. blends with
HDPE-g-MAH as a compatibilizing agent. Journal of Applied Polymer
Science 75(21. 232-238.



13

APPENDICES
Appendix A Mechanical Properties
A Universal testing machine was used to measure the tensile strength,
Young’s modulus, and elongation at break of the blends. The tests were followed
according to ASTM D638 test procedure, using a crosshead speed of 50 mm/min,
Results were averaged from five specimens per each batch of the blends.

Table Al Tensile test results of PTT

No.  Width Thickness Young’s modulus  Tensile strength

(mm)  (mm) (MPa) (MPa)

1 1246 405 1078.88 6041
2 1246 406 1065.47 60.29
3 1% 403 105543 60.46
4 1288 404 103157 59.96
5 1269 402 1052.25 60.16
Mean 1056.72 60.26

SD. 1748 0.20



Table A2 Tensile test results of HDPE

No. Width Thickness  Young’smodulus ~ Tensile strength

(mm)  (mm) (MPa) (MPa)

1 125% 397 619.61 24.59
2 R 3% 627.58 24.32
3 1M 39 598.06 24.82
4 1250 39 648.84 25.06
5 M 401 572.17 2354
Mean 613.25 2447

SD. 26.19 0.52

Table A3 Tensile test results of LLDPE

No. Width Thickness Young’s modulus  Tensile strength

(mm)  (mm) (MPa) (MPa)

1 28 3% 180.08 147
2 L4 3R 19053 1142
3 1Y 33 192.34 1148
4 125 3% 170.03 1089
5 1259 404 152.70 1063
Mean 177.14 1118

SD. 16.33 0.39



Table A4 Tensile test results of PTT/HDPE 80/20

No. Width Thickness  Young's modulus — Tensile strength

(mm)  (mm) (MPa) (MPa)

1 1223 3% 922.68 4378
2 1% 3% 860.79 44,09
3 L5 39 92459 44.88
4 0% 3% 901.49 44,66
5 AU 3R 905.04 44,86
Mean 902.92 4445

SD. 25.70 0.49

Table A5 Tensile test results of PTT/HDPE 60/40

No. Width Thickness Young’smodulus — Tensile strength

(mm)  (mm) (MPa) (MPa)

1 231 3% 81155 39.63
2 123 400 795.99 39.73
3 LB 39 810.31 38.29
4 123 3% 172.64 39.33
5 LR 3% 786.23 38.70
Mean 795.34 39.14

SD. 1647 0.62



Table A6 Tensile test results of PTT/LLDPE 80/20

No. Width Thickness  Young’smodulus  Tensile strength

(mm)  (mm) (MPa) (MPa)

1 R340 672.26 397
2 13 Al 706.50 40.84
3 402 L& 76346 40.17
4 2B 39 697.09 40.26
5 4 400 71451 38.21
Mean 710.76 39.70

SD. 33.46 105

Table A7 Tensile test results of PTT/LLDPE 60/40

No. Width Thickness Young’s modulus — Tensile strength

(mm)  (mm) (MPa) (MPa)

1 12239 39 DA3.T4 26.66
2 1246 400 55159 27.38
3 1¥% 3% 560.49 2111
424 400 530.60 26.82
5 1239 400 556.40 2708
Mean 548.56 21.13

SD. 11.82 0.42



Table A8 Tensile test results of PTT/HDPE/MAH-g-HDPE 80/20/0.1

No. Width Thickness  Young’smodulus  Tensile strength

(mm)  (mm) (MPa) (MPa)

1 1229 39 838.49 431
2 21 400 912.73 44,14
3 1% 3R 940.28 44,58
4 1224 39 946.81 4540
5 1230 397 935.20 44,39
Mean 914.70 4456

SD. 44,49 049

Table A9 Tensile test results of PTT/HDPE/MAH- g-HDPE 80/20/0.5

No. Width Thickness ~ Young’smodulus ~ Tensile strength

(mm)  (mm) (MPa) (MPa)
11221 400 93159 il
2 120 403 835.05 44,89
3 1% Al 942.68 44.85
4 40 39 905.94 44,33
5 13 40 884.45 44,28

Mean 899.94 411

SD. 42.76 040



Table A10 Tensile test results of PTT/HDPE/MAH-g-HDPE 80/20/1

No. Width Thickness  Young’s modulus  Tensile strength

(mm)  (mm) (MPa) (MPa)

1 1229 3% 885.65 4593
2 27 3% 934.64 45,64
3 LR 40 938.51 45.69
4 2% 401 912.56 46.23
5 1229 3% 995.83 46.32
Mean 925.44 459

SD. 27,06 031

Table All Tensile test results of PTT/HDPE/MAH-g-HDPE 80/20/5

No. Width Thickness Young’smodulus  Tensile strength

(mm)  (mm) (MPa) (MPa)

1 1230 3% 814.11 43.29
2 1% 400 87183 43,67
3 24 39 881.16 4259
4 2R 3B 910.16 43,67
5 1229 39 901.75 43.86
Mean 875.80 4342

SD. 37.76 051



Table A12 Tensile test results of PTT/HDPE/MAH-g-HDPE 60/40/0.1

No. Width Thickness  Young’s modulus  Tensile strength

(mm)  (mm) (MPa) (MPa)

1 228 3% 861.16 40.74
2 123 397 815.88 40.12
3 1231 3% 789.80 3883
4 23 3% 82590 4047
5 128 3% .21 3B.97
Mean 602.00 39.83

SD. 5383 0.87

Table A13 Tensile test results of PTT/HDPE/MAH-g-HDPE 60/40/0.5

No. Width Thickness Young’smodulus ~ Tensile strength

(mm)  (mm) (MPa) (MPa)

1 1232 3% 834.04 40.26
2 1231 3% 842.08 40.03
3 LR 30 869.21 40.79
4 3 3% 806.88 40.95
5 LR3I 3B 133.24 40.69
Mean 817.09 40.54

SD. 5187 0.38



Table Al4 Tensile test results of PTT/HDPE/MAH-g-HDPE 60/40/1

No. Width Thickness  Young’s modulus  Tensile strength

(mm)  (mm) (MPa) (MPa)

1 28 3% 817.13 40.16
2 1229 3% 825.19 41.19
3 1230 3% 847.21 4044
4 1240 39 817.99 39.89
5 LB 3 78754 40.10
Mean 819.01 40.36

SD. 21.38 051

Table A5 Tensile test results of PTT/HDPE/MAH-g-HDPE 60/40/5

No.  Width Thickness Young’smodulus ~ Tensile strength

(mm)  (mm) (MPa) (MPa)

1 240 397 187,17 39.63
2 LB 39 75040 39.22
3 LB 30 79179 39.98
4 1231 39 692.73 39.04
5 L3I 3% 78173 39.26
Mean 760.88 3943

SD. 4144 0.38



Table AL6 Tensile test results of PTT/HDPE/Na-EMAA 80/20/0.1

No. Width Thickness  Young’smodulus  Tensile strength

(mm) () (MPe) (MPa)

1 D5 3% 045,37 4597
2 DR 3R B77.00 4175
3 DB 3 83479 481
oAU 3% 87303 46.49
5 0 3% 91376 4586
Mean 898.79 46,58

SD. 3053 076

Table A17 Tensile test results of PTT/ELDPE/Na-EMAA 80/20/0.5

No. Width Thickness  Young’s modulus  Tensile strength

(mm)  (mm) (MPa) (MPa)

1 1229 3% 937,62 46.25
2 2 3% 921.97 47,09
3 AU 3% 874.04 46,05
4 2B 3% 898.20 46.52
5 1% 33 86L.71 4546
Mean 896.71 46.21

SD. 3L75 0.60



Table A8 Tensile test results of PTT/HDPE/Na-EMAA 80/20/1

No. Width Thickness  Young’smodulus ~ Tensile strength

(mm)  (mm) (MPa) (MPa)

1 1226 39 977.20 4724
2 122 3% 933.39 46.69
3 L®¥ 3% 936.67 46.65
4 02A 3R 83,71 46.92
5 2 39 88331 46.83
Mean 916.86 46.87

SD. 4853 0.24

Table A19 Tensile test results of PTT/HDPE/Na-EMAA 80/20/5

No. Width Thickness Young’s modulus — Tensile strength

(mm)  (mm) (MPa) (MPa)

1 2B 39 78149 2203
2 1229 3% 188.44 .73
3 LR 39 82247 4331
4 1229 400 814.13 4305
5 L3 3% 889.13 4251
Mean 819.13 273

SD. 4210 049



Table A20 Tensile test results of PTT/HDPE/Na-EMAA 60/40/0.1

No. Width Thickness  Young’s modulus  Tensile strength

(mm)  (mm) (MPa) (MPa)

1 2271 39 82041 36.56
2 123¥% 39 825.06 3193
3 13 39 789.95 436
4 02H 3% 851.80 42.26
5 1% 3N 852.31 4303
Mean 829.11 40.68

SD. 25.50 3.20

Table A2L Tensile test results of PTT/HDPE/Na-EMAA 60/40/0.5

No. Width Thickness Young’s modulus ~ Tensile strength

(mm)  (mm) (MPa) (MPa)

1 231 3% 821,88 40.98
2 LR 3% 840.18 4092
3 Ry 3 849.77 41.40
4 1221 3% 80758 3987
5 B 3% 796.59 34.46
Mean 82440 3953

SD. 2214 2.89



Table A22 Tensile test results of PTT/HDPE/Na-EMAA 60/40/1

No. Width Thickness  Young’smodulus  Tensile strength

(mm)  (mm) (MPa) (MPa)

1 23 39 807.53 3951
2 13 39 826.86 34.56
3 23 39 133.26 232
4 2% 3% 845.70 37132
5 LA 3% 851.36 43.19
Mean 812.94 39.38

SD. 47.75 3.56

Table A23 Tensile test results of PTT/HDPE/Na-EMAA 60/40/5

No.  Width Thickness Young’smodulus  Tensile strength

(mm)  (mm) (MPa) (MPa)

1 1000 400 79949 37.84
2 1000 400 82082 3.12
3 0¥ 34 789.71 38.58
4 12¥ 3% 74658 36.72
5 R¥ 3R 761.93 3849
Mean 18371 319

SD. 29.64 0.75



Table A24 Tensile test results of PTT/LLDPE/MAH-g-HDPE 80/20/0.1

No. Width Thickness  Young’smodulus ~ Tensile strength

(mm)  (mm) (MPa) (MPa)

1 1226 3% 17761 41.66
2 271 3% 75408 41,79
3 21 3% 750.12 41,66
4 1230 39 129.76 41.69
5 1B 3R 12884 41.49
Mean 148.08 41.66

SD. 2.1 01

Table A25 Tensile test results of PTT/LLDPE/MAH-g-HDPE 80/20/0.5

No. Width Thickness Young’s modulus — Tensile strength

(mm)  (mm) (MPa) (MPa)

1 31 39 14837 42.29
2 L3 3R 144,63 42,85
3 1232 400 18341 41.60
4 1231 3% 766.34 42.26
5 134 39 17583 4293
Mean 163.72 42.39

SD. 16.69 0.54



Table A26 Tensile test results of PTT/LLDPE/MAH-g-HDPE 80/20/1

No. Width Thickness  Young’smodulus  Tensile strength

(mm)  (mm) (MPa) (MPa)

1 1223 3% 782,99 41.36
2 LB 397 800.22 4212
3 1229 39 80352 40.94
4 231 39 797.68 40.98
5 LR 3% 789.29 41.69
Mean 194.74 4.4

SD. 842 0.50

Table A27 Tensile test results of PTT/LLDPE/MAH-g-HDPE 80/20/5

No.  Width Thickness  Young’smodulus  Tensile strength

(mm)  (mm) (MPa) (MPa)

1 1230 39 17542 41,07
2 1230 400 794,03 41.50
3 123 40 78102 41.9
4 2B 40 192.32 41.79
5 1Y 39 13383 41.35
Mean 17532 4153

SD. 24.46 0.35



Table A28 Tensile test results of PTT/LLDPE/MAH-g-HDPE 60/40/0.1

No. Width Thickness  Young’smodulus  Tensile strength

(mm)  (mm) (MPa) (MPa)

1 122% 3% 558.95 26.62
2 LA 39 D475 2746
3 1B 39 539.09 2101
4 123B 3% 567.46 26.65
5 24 3% 577.01 2101
Mean 05745 26.95

SD. 1568 0.34

Table A29 Tensile test results of PTT/LLDPE/MAH-g-HDPE 60/40/0.5

No. Width Thickness Young’s modulus ~ Tensile strength

(mm)  (mm) (MPa) (MPa)

1 240 398 562.94 28.00
2 1246 3% 538.46 21.28
3 L4 3% 553.22 26.64
4 1231 3% 580,01 28.55
5 1% 3B B13.47 28.29
Mean 561.62 21.15

SD. 1649 0.78



Table A0 Tensile test results of PTT/LLDPE/MAH-g-HDPE 60/40/1

No. Width Thickness  Young'smodulus  Tensile strength

(mm)  (mm) (MPa) (MPa)

1 123% 397 561.62 21.78
2 LRH 400 548.89 2893
3 1R¥H 3N 546.23 26.92
4 123% 3% 554.34 2180
5 13 39 565.95 27.36
Mean 55541 21.86

SD. 8.33 071

Table A3L Tensile test results of PTT/LLDPE/MAH-g-EIDPE 60/40/5

No.  Width  Thickness ~Young’s modulus  Tensile strength

(mm)  (mm) (MPa) (MPa)

1 24 39 564.19 28.14
2 1246 401 568.24 28.19
3 2B Al 56291 28.14
4 1240 39 584,57 2748
5 L4 39 566.09 21.38
Mean 569.20 2187

SD. 8.62 0.40



Table A32 Tensile test results of PTT/LLDPE/Na-EMAA 80/20/0.1

No. Width Thickness  Young’s modulus — Tensile strength

(mm)  (mm) (MPa) (MPa)

1 1226 400 133.92 40.10
2 7 39 796.26 39.46
3 1% 400 78591 41,06
4 028 3% 719.73 39.28
5 128 39 14643 4077
Mean 77165 40.13

SD. 29.36 0.78

Table A33 Tensile test results of PTT/LLDPE/Na-EMAA 80/20/0.5

No.  Width  Thickness Young’s modulus  Tensile strength

(mm)  (mm) (MPa) (MPa)

1 1228 3% 79649 41.87
2 R 3% 826.45 201
3 1228 3% 767.09 41.82
4 10228 3% 818.49 4143
5 R34 3R 796.20 40,67
Mean 600.94 41.56

SD. 23.17 0.54



Table A3 Tensile test results of PTT/LLDPE/Na-EMAA 80/20/1

No. Width Thickness  Young’s modulus  Tensile strength

(mm)  (mm) (MPa) (MPa)

1 1229 3% 815.17 4175
2 1Y 397 176,61 41371
3 1229 397 756.90 41.32
4 1232 39 780.52 4183
5 1229 399 17403 4183
Mean 780.65 41,62

SD. 2131 0.25

Table A35 Tensile test results of PTT/LLDPE/Na-EMAA 80/20/5

No.  Width  Thickness Young’s modulus  Tensile strength

(mm)  (mm) (MPa) (MPa)

1 23 3% 12169 30.65
2 3 39 754,04 30.75
3 1B 39 174,25 30.88
4 1229 3% 182.04 39.99
5 ¥ 397 148.20 39.90
Mean 7956.04 39.83

SD. 23.13 0.13



Table A3 Tensile test results of PTT/LLDPE/Na-EMAA 60/40/0.1

No.

Ol B N

Width  Thickness

(mm)
1242
1242
1242
1244
1243
Mean
SD.

()
3%
3%
397
397
397

Young’s modulus
(MPa)
654.60
640.90
606.91
611.07
612.77
625.25
202

Tensile strength
(MPa)
28.34
30.77
30.9
32,05
3051
30.52

135

Table A37 Tensile test results of PTT/LLDPE/Na-EMAA 60/40/0.5

No.

13 2 TN~ SO G RN

Width  Thickness

(mm)
1243
1240
1243
1241
1241
Mean
SD.

()
3%
392
39
394
394

Young’s modulus
(MPa)
554.79
510.18
121
546.54
539.70
538.48

1689

Tensile strength
(MPa)
26.15
26.08
21.19
26.99
28.98
278

117

a



Table A38 Tensile test results of PTT/LLDPE/Na-EMAA 60/40/0.1

No. Width Thickness  Young’smodulus — Tensile strength

(mm)  (mm) (MPa) (MPa)

1 1238 3% 521.70 26.68
2 R 39 544.19 26.55
3 LR 3% 507.79 2693
4 R 3% 523.18 27.04
5 13% 3% 546.08 26.16
Mean 529.79 26.67

SD. 158 0.35

Table A39 Tensile test results of PTT/LLDPE/Na-EMAA 60/40/0.5

No. Width Thickness Young’smodulus  Tensile strength

(mm)  (mm) (MPa) (MPa)

1 1238 3% 512.20 25.08
2 L4 3% 52153 2503
3 1240 39 507.06 2569
4 240 3% 471.28 24.14
5 & 3% 496.02 25.19
Mean 502.82 2503

SD. 2096 0.56



93

lzod impact strength was measured using a Zwick impact tester
according to ASTM D256 test procedure with a 2.7 J pendulum. Results were
averaged from ten specimens per each batch of the blends.

Table A40 Impact strength (KJ/m2) of PTT, HDPE, and LLDPE

No. Impact strength (KJ/m2)
PTT HDPE LLDPE

1 11 123 8.0
2 6.6 107 433
3 11 115 50.7
4 11 118 46.6
5 11 129 136
6 6.6 118 4.1
1 11 116 435
8 6.7 123 46.9
9 11 123 50.7
10 11 11 518

Mean 10 119 476

SD. 0.26 051 23



Table A4l Impact strength (KJ/m2) of PTT/HDPE and PTT/LLDPE

No. Impact strength (KJ/m2)
PTT/HDPE PTT/LLDPE
80/20 60/40 80/20 60/40
1 69 14 15 6.7
2 68 82 68 81
3 6.8 15 15 13
4 6.9 81 15 12
5 6.8 81 6.8 19
6 69 8.0 15 19
! 69 15 11 19
8 6.9 8.6 8.6 13
9 6.8 80 6.8 13
10 6.9 10 81 8.0
Mean 6.9 18 14 16

SD. 0.05 047 0.58 0.46



Table A42 Impact strength (KJ/m2 of PTT/HDPE/MAH-g-HDPE

No. Impact strength (KJ/m2)
PTT/HDPE/MAH-g-HDPE

B0/20/0.1 8012005 80I20/L  80/20/5  60M40/0.1 60/40I05 60O/l 60405
19 19 63 14 19 19 16 16

16 6.8 69 15 8.0 18 86 15
6.9 14 14 11 15 60 61 19
15 6.8 14 11 19 8.0 16 6.2
15 15 14 11 15 8.0 81 15
69 14 15 15 19 8.6 8.0 15
6.6 14 14 14 15 16 16 15
69 15 14 11 19 8.0 16 15
6.9 15 14 15 19 80 15 84

0 75 14 14 14 19 8.0 16 15
Mean 72 13 13 13 18 8.0 18 1.1
SD. 0% 026 02 018 019 024 034 03

© o —J O U1 B~ W NI
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Table A43 Impact strength (KJ/m?2) of PTT/HDPE/Na-EMAA

No. Impact strength (KJ/m?2)

PTT/HDPE/Na-EMAA
175 15 15 16 8.2 81 15 81
2 13 15 15 15 81 8.2 81 80
3 715 15 16 15 15 8.6 81 80
4 76 15 14 15 88 81 81 8.0
5 T4 15 16 16 15 82 81 8.0
6 75 15 15 14 81 81 8.0 8.0
[ 14 15 14 15 8.7 81 80
8 T4 16 16 15 15 81 8.0 13
9 75 16 16 14 15 81 81 8.0

S

14 15 16 15 6.1 61 15 14
Mean 75 15 15 & 19 62 19 19
SD. 008 005 007 007 052 0 023 02
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Table A44 Impact strength (KJ/m2) of PTT/LLDPE/MAH-g-HDPE

No. Impact strength (KJ/m2)
PTT/LLDPE/MAH-g-HDPE

1 75 15 82 15 14 82 13 19
2 82 81 88 88 14 15 14 13
3 15 15 82 15 86 81 13 19
4 82 81 16 19 80 19 86 13
5 8.7 81 88 15 14 86 13 8.0
6 8.7 15 8.7 16 80 15 13 13
1 8.7 81 88 81 80 15 81 13
8 8.7 15 16 88 81 81 19 13
9 15 8.6 16 81 80 81 13 13

0 74 8.1 81 19 8.0 15 13 8.6
Mean 81 60 82 19 19 19 16 16
SD. 059 047 053 053 03r 03r 046 046
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Tahle A5 Impact strength (KJ/m2) of PTT/LLDPE/Na-EMAA

No. Impact strength (KJ/m2)

PTT/LLDPE/Na-EMAA
1 69 12 8.7 14 8.6 18 15 8.6
2 15 88 81 81 8.0 6.6 8.0 8.0
3 87 69 15 14 13 18 81 80
4 81 15 15 88 8.6 84 8.0 8.0
5 T4 69 15 15 8.6 18 81 80
6 87 8.7 81 81 8.6 13 8.0 6.5
769 14 15 15 19 9.0 14 8.0
8§ 69 81 81 15 80 84 80 8.0
9 88 8.7 69 8.7 69 18 81 8.0

S

6.8 8.6 86 13 80 9.0 8.0 8.0
Mean 7.7 19 18 78 8.0 8.0 79 19
SD. 08 077 057 057 059 05 025 052
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Appendix B Rheological Properties

All blends are measured for the shear viscosity by the capillary rheometer
(CEAST Rheolgic s000). The investigation is recorded at temperature 250 ¢ with a
temperature tolerance is set at <05 ¢ The inner diameter of the barrel is 15 mm,
while the inner diameter and the length of the die were Land 20 mm (i.e. LD =20,
respectively. Approximately so ml pellets were inserted to the bore and pressed well.
After preheating 300 seconds, an automatic data collection system is used to analyze
the test results.

Table B1 Melt viscosity of pure polymer

shear rate  Apparent Viscosity (Pa.)
("  PTT HDPE LLDPE
0 187 6225 187
100 17675 50213 169.75
200 15556 37488 14500
400 14147 27231 1205
800 12025 19098 9548
200 10492 15384 8193
1600 9416 13130 729
3200 7162 8709 5283
6400 4996 5637 36.36



Table B2 Melt viscosity of uncompatibilized blends
Apparent Viscosity (Pa.s)
PTT/HDPE PTT/HDPE PTT/LLDPE PTT/LLDPE

Shear rate
()
50
100
200
400
800
1200
1600
3200
6400

80/20
325.2
204.63
198.00
16091
12202
100.79
85.17
58.57

39.01

60/40
353.90
290.00
251.06
196.28
147.66
12025
101.68
66.06
45.09

80/20
239.50
194.52
157.18
12350
67.32
10.69
601
41.32
21.76

60/40
190.25
166.00
13361
108.53
84.76
70.38
61.34
42.00
21.60

100

Table B3 Melt viscosity of PTT/HDPE : 80/20 blends with different MAH-g-HDPE

content

shear rate  Apparent Viscosity (Pa.s) of PTT/HDPE : 80/20 with MAH-g-HDPE

()
5
10
20
40
800
1200
1600
3200
6400

0 phr
325.25
25463
198.00
16091
122,02
100.79
8517

58.57

39,01

0.1 phr
36/.75
31113
254,63
20159
146.77
120.25
102.56
68.52
45.09

05 phr
396.00
325.38
265.25
208.66
152,08
12319
105.22
70.29

4642

1phr
410.25
346.50
286.44
22281
160.03
129,68
11008
1361

43.30

5 phr
594.00
466.75
360.75
268.78
192.75
15384
13041
85.98
56.04
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Table B4 Melt viscosity of PTT/HDPE : 60/40 blends with different MAH-g-HDPE

shear rate  Apparent Viscosity (Pa.s) of PTT/HDPE : 60/40 with MAH-g-HDPE

0.1 phr
375.00
31113
244.00
18744
137.92
11317
%.38
63.88
42,00

05 phr
410.25
339.50
268.75
20159
14500
117.89
99.47

66.75

4371

Lphr
424.25
353.63
21231
206.88
147,66
12143
10345
68.97
45,09

5 phr
594.00
47388
30.13
256.41
17859
142,65
120.69
1957
bL61

Table B5 Melt viscosity of PTT/LLDPE : 80/20 blends with different MAH-g-

shear rate  Apparent Viscosity (Pas) of PTT/LLDPE 80/20 with MAH-g-HDPE

content
("1 0 phr
5 35350
100 290.00
200 25106
400 196.28
800 147.66
1200 12025
1600 101.68
3200 68.08
6400 45.09
HDPE content
(1 0 phr
5 239.50
100 194.52
200 157.18
400 12350
800 87.32
1200 70.69
1600 60.81
3200 41.32
6400 21.76

0. phr
226.25
205.13
173.25
14853
116.70
9431
80.46
5393
36.25

05 phr
339.50
282.88
22631
17681
12731
103.74
87.98

60.13

39.90

Lphr
311.00
261.63
208.63
166.22
122.89
99.02
84.44
57.25
38.35

5 phr
466.75
353,63
282.94
212.19
15384
12378
106.10
1250
4797
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Tahle B6 Melt viscosity of PTT/LLDPE : 60/40 blends with different MAH-g-
HDPE content

shear rate  Apparent Viscosity (Pa.s) of PTT/LLDPE 60/40 with MAH-g-HDPE

( '1)

)
100
200
400
800
1200
1600
3200
6400

0 phr
190.25
166.00
13381
108.53
84.76
70.38
61.34
42.00
21.60

01 phr
212.00
176.75
141.44
114.94
91.06
1122
67.20
46.86
3L1T

05 phr
226.25
190.88
155.56
120.25
91.95
78.98
10.73
49,07
33.05

Lphr
240.00
198.00
159.13
130.84
101,67
84.29
1383
50.84
3393

5 phr
361.75
290.00
229.88
17681
128.20
104.92
90.19
6101
4.11

Table B7 Melt viscosity of PTT/HDPE : 80/20 blends with different Na-EMAA

content

shear rate  Apparent Viscosity (Pa.s) of PTT/HDPE : 80/20 with Na-EMAA

()
5
100
20
40
800
1200
1600
3200
6400

0 phr
325.25
254,63
198.00
160.91
122,02
100.79
85,77

58.57

39,01

01 phr
361.75
304.13
251.06
196.28
147,66
119.06
10212
69.19

46.20

05 phr
410.25
332.38
265.25
208.66
151.19
124.38
105.22
70.95

46.75

1phr
424.25
332.38
268.75
210.44
151.19
123.19
105.22
10.73
46.75

5 phr
BLT5
318.25
241.56
192.75
142.34
11376
98.14
67.64
45,09
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Tahle B8 Melt viscosity of PTT/HDPE : 60/40 blends with different Na-EMAA

content

shear rate  Apparent Viscosity (Pa.s) of PTT/HDPE : 60/40 with Na-EMAA

(9

5
100
20
40
B0
1200
1600
3200
6400

0 phr
35350
290.00
25106
196.28
147,66
12025
101,68
68.08
45,09

0.1 phr
35350
215.15
219.25
17153
12731
104.92
89.74

6167

4123

05 phr
380.00
297.00
240.50
182.13
13439
109.64
94.16

63.22

41,67

Lphr
43850
332.38
258.13
198.03
14323
116.12
99.02
66.31
4355

5 phr
438.50
346.50
21231
203.34
14589
116,71
100.35
66.98
44.10

Table B9 Melt viscosity of PTT/LLDPE : 80/20 blends with different Na-EMAA

content

shear rate  Apparent Viscosity (Pa.s) of PTT/LLDPE : 80/20 with Na-EMAA

(9

5
100
200
40
B0
1200
1600
3200
6400

0 phr
23950
194,52
157.18
12350
87.32
70.69
60.81
4132
21.76

0.1 phr
198.00
198.00
17681
15031
11583
93.72
80.46
54.60
37114

05 phr
25450
233.38
187.44
15031
116.70
94.90
80.90
55.70
3147

1phr
297.00
254.63
208.63
169.75
122.89
100.79
85.32

5791

38.68

5 phr
297.00
25463
201.56
175.06
126.44
10197
85.17
57.91
38.68
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Table BIO Melt viscosity of PTT/LLDPE : 60/40 blends with different Na-EMAA

shear rate  Apparent Viscosity (Pa.s) of PTT/LLDPE : 60/40 with Na-EMAA

content

(1 0 phr
50 190.25
100 166.00
200 13381
400 10853
800 84.76
1200 70.38
1600 61.34
3200 42.00
6400 27.60

Inclexer under a 2.16-kg load at 250 ¢ according to ASTM D1238 test procedure.

01 phr
25450
20513
166.19
136.16
102.56
87.82
75.59
52.16
.37

05 phr
25450
20513
166.19
13791
10433
86.65
1411
51.50
3448

1phr
212.00
190.88
162.69
130.84
10167
84.29
1383
50.62
3382

5 phr
240.50
198,00
166.19
136.16
10344
86.05
1383
50.84
.37

The weight of the polymer flow for 10 min was measured by a melt flow



Table B 11 Melt flow index

No.

PREBRREREBEESEEERBREBS©® NS o s oo

=283

Formulas

PTT/HDPE

PTT/LLDPE

PTT/HDPE

PTT/LLDPE
PTT/HDPE/MAH-g-HDPE
PTT/HDPE/MAH-g-HDPE
PTT/HDPE/MAH-g-HDPE
PTT/HDPE/MAH-g-HDPE
PTT/HDPE/MAH-g-HDPE
PTT/HDPE/MAH-g-HDPE
PTT/HDPE/MAH-g-HDPE
PTT/HDPE/MAH-g-HDPE
PTT/HDPE/Na-EMAA
PTT/HDPE/ Na-EMAA
PTT/HDPE/ Na-EMAA
PTT/HDPE/ Na-EMAA
PTT/HDPE/ Na-EMAA
PTT/HDPE/ Na-EMAA
PTT/HDPE/ Na-EMAA
PTT/HDPE/ Na-EMAA
PTT/LLDPE/MAH-g-HDPE
PTT/LLDPE/MAH-g-HDPE
PTT/LLDPE/MAH-g-HDPE
PTT/LLDPE/MAH-g-HDPE
PTT/LLDPE/MAH-g-HDPE
PTT/LLDPE/MAH-g-HDPE
PTT/LLDPE/MAH-g-HDPE
PTT/LLDPE/MAH-g-HDPE
PTT/LLDPE/Na-EMAA
PTT/LLDPE/ Na-EMAA
PTT/LLDPE/ Na-EMAA
PTT/LLDPE/ Na-EMAA
PTT/LLDPE/ Na-EMAA
PTT/LLDPE/ Na-EMAA
PTT/LLDPE/ Na-EMAA
PTT/LLDPE/ Na-EMAA
Pure PTT

Pure HDPE

Pure LLDPE

44

ratio

pellets

()
640

6.89
6.8
6.48
6.72
6.6
6.9
6.61
6.85
6.45
6.30
6.39
6.55
6.84
124
6.86
6.46
6.25
6.20
6.23
6.58
665
658
6.66
6.49
6.36
643
6.37
6.50
6.60
6.17
6.62
6.35
6.49
6.42
6.34
707
6.05
6.49

1
0.94
15
0.69
159
093
0.87
0.80
050
071
0.69
058
0.24
102
0.9
0.82
0.66
0.72
0.69
061
0.54
124
115
106
0.75
1
1%
120
0.70
123
106
0.9
0.86
15
1%
13
1%
14
0.26
10

2
092
119
0
162
10
0.94
0.86
052
0.67
0.69
0.60
0.27
106
0.9
0.82
0.67
072
0.66
0.60
053
12
120
106
0.74
173
134
12
072
12
109
106
0.87
1%
15
13
il
123
029
181

Weight of - Weight of extrudates
(9/30s)

3
0.9
iy
0.72
160
100
0.9
0.85
051
0.70
0.6
0.60
0.2
107
0.94
0.80
0.68
0.72
0.68
0.60
0.55
1%
iy
106
0
L74
138
1%
0.74
124
108
104
0.88
1%
15
139
124
134
030
176

1880
2300
1380
3180
1860
1740
1600
1000
1420
1380
1160
480
2040
1880
1640
1320
1440
1380
1220
10.80
2480
2300
21.00
1500
3420
2700
24,00
1400
2460
21.00
1980
1720
30.40
30.80
26.60
520
28,60
520
34.00

1840
2380
1420
3240
2080
1880
170
1040
1340
1380
1200
540
21.00
19.00
1640
1340
1440
1832
1200
1060
240
2400
2.2
1480
3460
2680
2420
1440
2540
280
21.00
1740
3080
3040
2140
2420
2460
580
3620

MF (g/L0min)

3
1920
240
1440
3200
2000
1920
17.00
1020
14.00
1360
1200
500
2140
1880
1600
1360
1440
1360
1200
1100
520
240
21.20
1540
380
2160
2500
1480
2480
2160
2080
1760
320
30.60
2180
2480
2680
6.00
3.2

dverage
1880
2340
1413
3207
1980
1841
1673
1020
1387
1373
1187
507
2093
1887
1621
1340
1440
1353
20
1080
2480
B47
213
1507
3453
2113
2440
1440
249
247
2053
1740
3080
3060
221
473
2667
567
313

105

SD.
0.40
0.40
031
031
il
0%
0.64
0.2
042
0.12
0.3
031
050
0.12
023
0.2
0.00
031
0.12
0.20
0.40
0.50
0.12
031
031
042
053
040
042
042
0.64
020
0.40
020
061
0.50
200
042
110
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Appendix ¢ Thermal Properties

Thermal analysis was carried out on a differential scanning calorimeter,
DSC Q1000. All scans were made under nitrogen atmosphere to minimize oxidative
degradation. The temperature calibration of the DSC was obtained by measuring the
melting temperature of indium as a standard. 10 mg of samples were encapsulated in
an aluminum pan, heated from -85 ¢ to 275 ¢ at a heating rate of 10 c/min, held for
1 min at this temperature to remove their thermal history, followed by cooling to -
8 ¢ at 10 C/min, and held for 5 min again. After that, samples reheat to 275 ¢ with
heating rate of 10 ¢/min. The crystallinity of the sample was also determined from a
knowledge of the ratio of the melting enthalpy for 100% crystallinity of pure

components. The absolute crystallinity of the blend was calculated using equation;
AH x 100%
AC AHfXwt.fractio

where; X is the % weight fractional crystallinity, AH is the melting enthalpy of the
component present in the blends, AHf is the heat o fusion for the 100% crystallinity

of the pure component, (145 Jig for PTT, and 293 Jig for HDPE and LLDPE)
(Piorkowska et ai, 2013).



Table CI' Summary of DSC results of PTT/HDPE/MAH-g-HDPE hlends

Systems

PTT
HOPE
PTTIHDPE
PTT/HDPE/MAH-
PTT/HDPEIMAH
PTT/HDPEI/M AH
PTT/HDPEI/MAH
PTTIHDPE
PTT/HDPEI/MAH
PTT/HDPEI/MAH
PTT/HDPEI/M AH
PTT/HDPEI/MAH

g-HDPE

-g-1IDPE
-g-HDPE
-g-HDPE

-g-HDPE
-g-HDPE
-g-HDPE
-g-HDPE

ratio

100

100
80120
80/20/0 1
80/20/0 5
80/20/1
80/20/5
60/40
60/40/0 1
60/40/0 5
60/40/1
60/40/5

Onset

(°C)

1202
119.7
120.0
1201
1199
1205
1197
1199
1200
1201
1206

Cooling

Onset
(°C)
1874

1851
1863
1864
186.4
186.2
1831
1826
1834
1836
184.6

Tc
(°C)
1800

180°1
1795
1805
1790
17
1770
171
1784
L
1753

AH,

(19)
46.9

34,7
29
39
36
a5
259
242
249
239
23

Onset
<°C)

123.7
1233
1234
1232
1233
1238
1245
1244
1242
1243
1244

™

1324
129.8
1304
1302
1300
130.7
1308
1309
1312
1312
1313

Heating
X. Onset
%) (C)
218 8
713 -
66.6 2243
51 2193
647 2193
619 219.8
66.6 2199
69.4 2223
650 2203
61 6 2201
64.5 2202
68.3 220.2

™

217

2215
2276
2273
2276
2276
2213
2275
217
2215
2213

AHm

(19)
48.0

346
H4
358
53
%1
247
2.1
254
260
254

Xc
(%)
31
298
05
308
305
303
284
300
292
299
292

107
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Table C2 Summary of DSC results of PTT/LLDPE/MAH-g-HDPE blends



Table C3 Summary of DSC results of PTT/HDPE/Na-EMAA blends

Systems

PTT

HOPE

PTTIHDPE
PTT/HDPE/Na-EMAA
PTT/HDPE/Na-EMAA
PTT/HDPE/ Na-EMAA
PTT/HDPE/ Na-EMAA
PTT/HDPE
PTT/HDPEINa-EMAA
PTT/HDPEINa-EMAA
PTT/HDPE/ Na-EMAA

PTT/HDPE/Na-EMAA

ratio

80/20
80/20/0 1
80/20/0 5
80/20/1
80/20/5
60/40
60/40/0 1
60/40/0 5
60/40/1
60/40/5

119.7
118.9
118 9
119.0
119.7
119.7
119.6
119.6

119.4

PE
Tc
<C)

118 7
1170
1140
115 1
115 4
116.6
118 5
118.4
118 7
118.5
117 8

Cooling

Onset
(°C)
187 4

185 1
187 1
188 0
188.7
194 2
183.1
183.8
185.8
186 9

195.2

Tc
(°C)
180 0

180.1
1800
182.1
184 4
190.8
1770
178.5
1814
1816

191.1

All,

)
469

Onset

123.7
123 3
123 4
123 4
123.4
123 1
1245
124 6
1241
123 9

124.8

132.4
129.8
128.9
129 3
129 3
1299
130 8
130 8
130 5
130.4
1319

Xc
(%)

713

Heating

Onset
(°C)
218 8

224 3
219.7
218.9
2177
219 9
222.3
2
219 6
219 3

208

221.5
227 4
2275
2273
226.5
2213
221.4
2272
2272

2270

AHm

(/9)
480

36.8
358
375
37T
24.7



Table C4 Summary of DSC results of PTT/LLDPE/Na-EMAA blends

Systems

PTT

I.LDPE

PTTILLDPE
PTTILLDPE/Na-EMAA
PTT/ILLDPE/Na-EMAA
PTT/ILLDPE/Na-EMAA
PTT/LLDPE/ Na-EMAA
PTT/LLDPE
PTT/ILLDPE/Na-EMAA
PTT/LLDPE/ Na-EMAA
PTT/LLDPE/ Na-EMAA
PTT/LLDPE/Na-EMAA

ratio

80/20
80/20/0 1
80/20/0 5
80/20/1
80/20/5
60/40
60/40/0 1
60/40/0 5
60/40/1
60/40/5

171
1127

10,

112 4

110 5
107.3

1,

105 8

105 1

110.5

m,
1100
102

108.7

Cooling

186.3
186 1
186 7
187 9
195 0
183 3
183.6
185 4
187 9
196.0

178 8
178 0
182 3
1824
190

175 8
174 1
176 1
183 9
192 1

AlL

(Vi)

46 9

Onset

(°C)

118.3
114.7
1142
113 6
114 8
1127
117.9
1174
1174
1176
177.1

TO

VI
123.5
123 4
123 3
1230
123.4
1217
124 1

1215

o,
n,

Heating

227.5
2276
2273
227 4
226 7
227 4
2273
227 4
227.1
226.2

Alim
(/g)

48 0



Appendix D Morphological Properties

Fracture micrographs were studies using a scanning electron
microscope (JEOL, JSM-S410LV), operated at 15 kv. The sample fractured under
liquid nitrogen. The specimens were then coated with gold to make samples
electrically conductive. The number average diameter ((/,) was calculated using

(h=z{«( )T
where; ,isthe numberofdroplet and ( /isthe diameter of the zth droplet.

Table D1 The number average diameter ((/,) of dispersed phase of PTT/PE/MAH-g-
HDPE

MAH-g-HDPE PTT/HDPE ratio PTT/LLDPE ratio

content (phr) 80/20 60/40 80/20 60/40
0 2.99 3.57 2.13 3.43
0.1 1.07 &5 1.73 1.62
0.5 1.79 117 1.36 2.18
1 2.21 1.22 1.77 1.29
5 2.06 1.07 131 1.66

Table D2 The number average diameter ((/,) of dispersed phase of PTT/PE/Na-
EMAA

Na-EMAA PTT/HDPE ratio PTTILLDPE ratio

content (phr) 80/20 60/40 80/20 60/40
0 2.99 3.57 2.13 3.43
01 1.84 0.85 1.80 1.20
0.5 2.63 1.42 1.76 2.10
1 1.61 137 1.27 1.77

5 0.86 1.26 1.59 1.82
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