
REFERENCES 

 

Andersen, P. and Hodson, S.K. (2001). Thermoplastic starch compositions incorporating a 

particulate filler component. US Pat. 6,231,970.  

Avérous, L., Fringant, C. and Moro, L. (2001). Starch-based biodegradable materials suitable 

for thermoforming packaging. Starch/Stärke 53, 368 – 371. 

Averous, L., Moro, L., Dole, P. and Fringant, C. (2000). Properties of thermoplastic blends: 

Starch – polycaprolactone. Polymer 41, 4157 – 4167. 

Bastioli, C Properties and applications of Mater-Bi starch-based materials. Polymer 

Degradation and Stability 59, 263 – 272. 

Bastioli, C., Bellotti, V. and Montino, A. (1994). Biodegradable polymeric composition based 

on starch and thermoplastic polymers. US Pat. 5,292,782. 

Bastioli, C., Bellotti, V. and Montino, A. (1995). Biodegradable polymeric composition based 

on starch and thermoplastic polymer. US Pat. 5,412,005. 

Bello-Perez, L.A. and Paredes-Lopez, O. (1995). Effect of solutes on the retrogradation of 

stored starches and amylopectins: A calorimetric study. Starch/Stärke 47, 83 – 86. 

Beuhler, F.S., Schmid, E. and Schultze, H. (1994). Starch/polymer mixture, process for the 

preparation thereof, and products obtainable therefrom. US Pat. 5,346,936. 

Bikiaris, D., Pavlidou, E. Prinos, J. Aburto, J. Alric, I. Borredon, E. and Panayiotou, C. 

(1998). Biodegradation of octanoated starch and its blends with LDPE. Polymer 

Degradation and Stability 60, 437 – 447. 

Billmeyer, F.W. Jr. (1996).Textbook of Polymer Chemistry. Wilmington, Delaware. 

Chinnaswamy, R. and Hanna, M.A. (1990). Extrusion-grafting starch onto vinylic polymers. 

Starch/Stärke 43, 396 – 402. 

De Carvalho, A.J.F., Curvelo, A.A.S. and Agnelli, J.A.M. (2001). First insight on the 

composites of thermoplastic starch and kaolin. Carbohydrate Polymers 45, 189 – 194. 

De Graaf, R.A., Kerman, A.P. and Janssen, L.P.B.M. (2003). Material properties and glass 

transition temperature of different thermoplastic starches after extrusion processing. 

Starch/Stärke 55, 80 – 86. 

 79

 
 
 



Forssell, P.M., Mikkilä, J.M., Moates, G.K. and Parker, R. (1997). Phase and glass transition 

behaviour of concentrated barley starch-glycerol-water mixtures, a model for 

thermoplastic starch. Carbohydrate Polymers 34, 275 – 282. 

Godbole, S., Gote, S. and Chakrabarti, T. (2003). Preparation and characterisation of 

biodegradable poly-3-hydroxybutyrate–starch blend films. Bioresource Technology 86, 

33 – 37. 

Hulleman, S.H.D., Janssen, F.H.P. and Feil, H. (1998). The role of water during the 

plasticization of native starches. Polymer 39, 2043 – 2048. 

Jenkins, R., Gould, R.W. and Gedcke, D. (1981) Quantitative X-Ray Spectrometry, Marcel 

Dekker, Inc., pp 1 - 4. 

Khalil, M.I., Farag, S., Aly, A.A. and Hebeish, A. (2002). Some studies on starch-urea-acid 

reaction mechanism. Carbohydrate Polymers 48, 255 – 261. 

Kim, J., Kim, W. and Shin, M.A. (1997). Comparative study on the retrogradation of rice 

starch gels by DSC, X-ray and α-amylose methods. Starch/Starke 49, 71 – 75. 

Liu, Z.Q., Yi, X.S. and Feng, Y. (2001). Effects of glycerine and glycerol monostearate on 

performance of thermoplastic starch. Journal of Materials Science 36, 1809 – 1815. 

Lorcks, J., Pommeranz, W. and Schmidt, H. (2001a). Biodegradable polymeric mixtures 

based on thermoplastic starch. US Pat. 6,235,815. 

Lorcks, J., Pommeranz, W. and Schmidt, H. (2001b). Composition and methods for 

manufacturing thermoplastic starch blends. US Pat. 6,235,816. 

Myllärinen, P., Partanen, R., Seppälä, J. and Forssell, P. (2002). Effect of glycerol on the 

behaviour of amylose and amylopectin films. Carbohydrate Polymers 50, 355 – 361. 

Paul, D.R. and Newman, S. (Eds) (1978). Polymer Blends. Vol. 2, Academic Press, New 

York.  

Ratto, J., Stenhouse, P.J., Auerbach, M., Mitchell, J. and Farrell, R. (1999). Processing, 

performance and biodegradability of a thermoplastic aliphatic polyester/starch system. 

Polymer 40, 6777 – 6788. 

Shogren, R.L., Swanson, C.L. and Thomson A.R. (1992). Extrudates of cornstarch with urea 

and glycols: Structure/mechanical property relations. Starch/Stärke 44, 335 – 338. 

 80

 
 
 



Shogren, R.L.S. (1995). Preparation, thermal properties, and extrusion of high-amylose starch 

acetates. Carbohydrate Polymers 29, 57 – 62. 

Shogren, R.L.S. and Jasberg, B.K. (1994). Ageing and properties of extruded high-amylose 

starch. Journal of Environmental Polymer Degradation 2, 99 – 109. 

Shogren, R.L.S., Fanta, G.F. and Doane, W.M. (1993). Development of starch-based plastics 

– A re-examination of selected polymer systems in historical perspective. Starch/Stärke 

45, 276 – 280. 

Sita, C., Focke, W.W. and Kruger, A.J. (2003). Tensile properties of thermoplastic starch. 

Paper presented at the 2nd Africa MRS Conference, 8 – 11 December, University of the 

Witwatersrand, Johannesburg, South Africa. 

Skoog, D.A. and Leary, J.J. (1992) Principles of Instrumental Analysis, 4th ed., Saunders 

College Publishing, pp 357 - 381.  

Souza, R.C.R. and Andrade, C.T. (2001). Processing and properties of thermoplastic starch 

and its blends with sodium alginate. Journal of Applied Polymer Science 81, 412 – 420. 

Thermo Corsaro, R.D. and Sperling, L.H. (Eds) (1990). Sound and Vibration Damping with 

Polymers. ACS Symposium Series 424, American Chemical Society, Washington, D.C., 

USA. 

Valle, G.D., Colonna, P. and Tayeb, J. (1991). Use of twin-screw extruder as a chemical 

reactor for starch cationization. Starch/Stärke 43, 300 – 307. 

Van Soest, J.J.G. and Borger, D.B. (1996). Structure and properties of compression-moulded 

thermoplastic starch materials from normal and high-amylose maize starches. Journal of 

Applied Polymer Science 64, 631 – 644. 

Van Soest, J.J.G. and Knooren, N. (1997). Influence of glycerol and water content on the 

structure and properties of extruded starch plastic sheets during ageing. Journal of Applied 

Polymer Science 64, 1411 – 1422. 

Van Soest, J.J.G. and Vliegenhart, J.F.G. (1997). Crystallinity in starch plastics: 

Consequences for material properties. TIBTECH 15, 208 – 213.  

Van Soest, J.J.G., Benes, K. and De Wit, D. (1996a). The influence of starch molecular mass 

on the properties of extruded thermoplastic starch. Polymer 37, 3543 – 3552. 

 81

 
 
 



Van Soest, J.J.G., de Wit, D. and Vliegenhart, J.F.G. (1996b). Mechanical properties of 

thermoplastic waxy maize starch. Journal of Applied Polymer Science 61, 1927 – 1937. 

Van Soest, J.J.G., Hulleman, S.H.D., De Wit, D. and Vliegenhart, J.F.G. (1996c). Changes in 

the mechanical properties of thermoplastic potato starch in relation with changes in B-type 

crystallinity. Carbohydrate Polymers 29, 225 – 232. 

Willett, J.L. and Doane, W.M. (2002). Effect of moisture content on the tensile properties of 

starch/poly(hydroxyester ether) composite materials. Polymer 43, 4413 – 4420. 

Williams, K.L. (1987) An Introduction to X-Ray Spectrometry, Allen and Unwin, pp 1-110.  

Yu, J., Chen, S., Gao, J., Huawu, Z., Zheng, H., Zhang, J. and Lin, T.A. (1998). Study on the 

properties of starch/glycerine blend. Starch/Stärke 50, 246 – 250. 

Yu, L. and Christie, G. (2001). Measurement of starch thermal transition using differential 

scanning calorimetry. Carbohydrate Polymers 46, 179 – 184. 

 

 82

 
 
 



 83

APPENDICES 

 

 

 

 
 
 



APPENDIX A: X-RAY DIFFRACTION SPECTRA 
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Figure A1: XRD spectra of the TPS-PVB blend containing 0% PVB blends at 30 °C and 60% RH 
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Figure A2: XRD spectra of the TPS-PVB blend containing 22% PVB blends at 30 °C and 60% RH 
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Figure A3: XRD spectra of the TPS-PVB blend containing 50% PVB blends at 30 °C and 60% RH 

 86

 
 
 



 
78% PVB

78 % P VB  30  DAYS  - File : CORDE LIA0 3-4 0.raw - Typ e: 2Th /Th  locke d - S tart: 5 .0 00  ° - E nd : 7 0. 00 0 ° - Ste p:  0.0 4 0 °  - Ste p tim e:  1.  s -  Tem p .: 2 5 ° C (Ro om ) - Time  Sta rted : 0  s - 2-Th eta : 5 .00 0 ° -  Th eta:  2. 50 0 ° - Chi: 0.0
78 % P VB  AFTER 2 1  DAYS - File:  CORDEL IA03 -27 .raw - Typ e: 2 Th /Th locked  - Sta rt: 5 .00 0  ° - En d : 7 0.0 00  ° - Step : 0 .0 40  ° - S tep  tim e: 1 . s - T em p.:  25  °C (Roo m ) - Tim e Starte d: 0 s - 2 -The ta: 5.0 0 0 °  - The ta: 2 .5 00  ° - 
78 % P VB AFTER 7  DAYS  - File : CORDEL IA0 3-2 0.raw - Typ e: 2 Th /Th  locke d - S tart: 6 .0 00  ° - E nd : 7 0. 00 0 °  - Ste p: 0.0 4 0 °  - Step  tim e:  1. s - Tem p .: 2 5 ° C (Ro om ) - Time  Sta rt ed:  0 s - 2-Th eta : 6. 00 0 ° - Th eta:  3.0 0 0 °  - C
78 % P VB DA Y3 - File:  CORDEL IA03 -13 .raw - Typ e: 2 Th /Th locked  - Sta rt: 6 .00 0  ° - En d : 7 0.0 00  ° - Step : 0 .0 40  ° - S tep  tim e: 1 . s - T em p.:  25  °C (Roo m ) - Tim e Starte d: 0 s - 2 -The ta: 6.0 0 0 °  - The ta: 3 .0 00  ° - Ch i: 0 .0 0 °  - 
78 % P VB - File:  CORDEL IA03 -6.ra w - Typ e: 2Th /Th  locke d - S tart: 6 .0 00  ° - E nd : 7 0 .00 0 ° - St ep:  0. 04 0 °  - Ste p t im e : 1.  s - Tem p .: 2 5 °C (Room ) -  Time  St arted : 0  s - 2-Th eta : 6 .00 0  ° - Th eta : 3. 00 0 ° - Chi: 0.0 0  ° - Ph i: 0 .0

Li
n 

(C
ou

nt
s)

0

10 0

20 0

30 0

40 0

50 0

60 0

70 0

80 0

90 0

10 00

11 00

12 00

13 00

14 00

15 00

16 00

17 00

18 00

19 00

20 00
21 00

22 00

23 00
24 00

25 00
26 00

27 00

28 00

29 00

30 00

31 00

32 00

33 00

2-Theta - Scale
6 1 0 20 30 4 0

 
Figure A4: XRD spectra of the TPS-PVB blend containing 75% PVB blends at 30 °C and 60% RH 
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Figure A5: XRD spectra of the TPS-PVB blend containing 92% PVB blends at 30 °C and 60% RH 
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Figure A6: XRD spectra of the TPS-PVB blend containing 100% PVB blends at 30 °C and 60% RH 
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APPENDIX B: EXPERIMENTAL PROCEDURES 

 

Blend Processing 

 

Extrusion 

For a single-screw extruder, assuming the extruder was initially purged with polyethylene: 

 

1. Turn on the main power supply, open the cooling water tap and set the temperature. 

(The temperature profile will depend on the formulation of the blend.) 

2. Purge the extruder using this 100% HDPE with a high MFI so as to push out the 

high-molecular-weight HDPE which is used for cleaning the extruder. 

3. Stop the extruder and decrease the temperature settings to the intermediate values set 

for the respective blends to be extruded. 

4. Fill the hopper with dry blend/TPS mixed with polyamide granules or with PVB 

shavings.  

5. Turn the screw on and maintain the screw rate at 30 r/min. 

6. Extrude all of the starch/polymer mix. (The extrudate is air-cooled and manually 

coiled after exiting extruder. This prevents the extrudate from forming lumps, 

resulting in long strands that can be pelletised.) 

7. Monitor the current (torque) in the extruder and ensure that it does not exceed 10 

amps. If it does, then proceed with emergency shut-down procedures. 

8. Maintain a continuous supply of material in the feed hopper. 

9. Pass 100% HDPE with a high MFI, while increasing the temperature profile. Once the 

temperatures are high, purge with a lower-MFI HDPE material to ensure that all the 

TPS/polymer blends have been cleaned out of the extruder. 

10. Do not leave starch in the extruder for extended periods of time as material degrades 

in the extruder. 

11. Turn off the main power supply. 

12. Leave the system to cool and after 40 minutes, turn off the cooling water supply. 
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Injection Moulding Machine 

 

Start-up 

1. Turn on the main power switch at the wall and at the back right of the machine. 

2. Turn on the cooling water pump and adjust to the required flow. 

3. Check D button for any alarms. 

4. Press the temperature button to set the temperatures. Enter the password when 

prompted, then set the desired temperature value. 

5. Start the heating. 

6. Wait for the oil to heat to the setpoint temperature of 45 °C and for all temperature 

zones to reach the setpoint. Allow 20 minutes for the machine to equilibrate. 

7. Ensure that the nozzle is in place on the barrel end and set the temperature. 

8. Empty the hopper of previous material and remove dust particles. 

9. Fill the hopper with the material to be injection moulded. 

10. Load the correct mould and set the mould open. 

11. Initially set all speeds low (for safety reasons). 

12. Set the clamping force at the desired value of 500 kN – based on the mould. 

13. Press the ‘speed profiles’ key and set all the values. 

 

Operation and Optimisation 

1. The soft keys from both the injection unit page and the mould set-up page can access 

the injection profile, the holding profile and the dosing profile pages. These pages and 

the process optimisation page can be used to optimise the automatic process during 

operation. Initially, set one value for dosing speed, injection speed and holding 

pressure. 

2. Set the machine on either manual or automatic mode and press the start button for the 

procedure of injection moulding. 

 

Shut-down 

1. Clear all alarms. 

2. Turn off the main power switch at the wall and at the back right of machine. 

3. Leave the water pump on for an hour to allow the machine to reach room temperature. 
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Tensile Tests 

1. Turn on the main power supply to the Lloyds machine. 

2. Ensure that the 5 kN load cell is connected to the machine. 

3. Set the test conditions for extension to 5 mm/min. 

4. Input the sample shape and dimensions and specify the number of replicates. 

5. Balance the load. 

6. Shut the grips until they are touching and reset the extension distance to zero. 

7. Open the grips to the desired gap. 

8. Reset the distance to zero. 

9. Balance the load. 

10. Place the sample between the grips and ensure that it is vertical. 

11. Start the test. 

12. Remove the sample after it has snapped and the test is complete. 

13. Reset the gap between the plates. 

14. Balance the load. 

15. Place the next sample between the grips and start the next test. 

16. When testing of all the samples is complete, save the data and exit Merlin. 

17. Turn off the main power supply. 
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APPENDIX C: RAW DATA ON TENSILE TESTS 

 

 

Table C1: TPS-PVB blends – day 1 data 

Mass Fraction Modulus, MPa Tensile Strength, MPa Elongation-to-break, % 

PVB TPS Average Std.Dev,% Average Std.Dev,% Average Std.Dev,%

0 1 127.41 5.85 6.47 2.02 31.50 7.06 

0.08 0.92 139.12 2.12 6.90 0.67 32.55 1.58 

0.22 0.78 91.87 5.84 4.61 3.49 31.34 7.37 

0.50 0.5 30.82 6.28 3.06 5.69 228.72 11.11 

0.78 0.22 8.69 7.46 13.90 5.85 364.39 4.08 

0.92 0.08 5.52 11.48 9.12 13.07 345.68 3.24 

1 0 2.98 0.15 7.54 0.55 346.03 14.69 

 

 

Table C2: TPS-PVB blends – day 3 data 

Mass Fraction Modulus, MPa Tensile Strength, MPa Elongation-to-break, % 

PVB TPS Average Std.Dev,% Average Std.Dev,% Average Std.Dev,%

0 1 193.37 3.37 8.46 3.25 24.93 1.49 

0.08 0.92 189.71 2.54 8.61 1.39 27.30 2.60 

0.22 0.78 124.22 4.20 5.44 5.03 26.91 5.78 

0.50 0.5 39.19 17.17 4.01 7.57 195.12 31.10 

0.78 0.22 7.46 17.37 13.61 18.06 369.20 2.93 

0.92 0.08 5.30 12.62 9.47 10.32 353.57 3.37 

1 0 4.77 8.58 8.81 7.69 389.78 3.91 
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Table C3: TPS-PVB blends – day 7 data 

Mass Fraction Modulus, MPa Tensile Strength, MPa Elongation-to-break, % 

PVB TPS Average Std.Dev,% Average Std.Dev,% Average Std.Dev,%

0 1 283.16 3.30 10.69 3.09 20.05 4.06 

0.08 0.92 243.79 2.25 9.74 1.62 23.05 5.34 

0.22 0.78 161.27 4.54 6.30 3.13 22.63 8.04 

0.50 0.5 41.70 4.87 4.39 3.45 267.51 5.02 

0.78 0.22 8.83 2.61 14.36 3.30 345.26 1.24 

0.92 0.08 4.89 9.82 8.39 11.56 318.23 5.46 

1 0 4.06 8.12 6.91 5.60 328.38 2.03 

 

 

Table C4: TPS-PVB blends – day 14 data 

Mass Fraction Modulus, MPa Tensile Strength, MPa Elongation-to-break, % 

PVB TPS Average Std.Dev,% Average Std.Dev,% Average Std.Dev,%

0 1 269.68 8.00 10.03 7.35 15.54 27.77 

0.08 0.92 227.18 9.04 9.79 3.73 19.18 9.59 

0.22 0.78 143.43 1.78 6.56 3.39 24.14 10.18 

0.50 0.5 40.51 11.42 4.62 3.19 216.90 14.07 

0.78 0.22 6.82 2.25 12.86 2.59 380.18 2.81 

0.92 0.08 4.05 8.88 7.34 7.51 359.67 4.02 

1 0 3.99 10.07 7.26 10.07 374.93 4.83 
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Table C5: TPS-PVB blends – day 21 data 

Mass Fraction Modulus, MPa Tensile Strength, MPa Elongation-to-break, % 

PVB TPS Average Std.Dev,% Average Std.Dev,% Average Std.Dev,%

0 1 267.27 3.63 10.49 1.40 16.79 0.76 

0.08 0.92 145.53 0 8.89 0 22.47 0 

0.22 0.78 145.01 12.35 5.89 4.37 23.46 8.02 

0.50 0.5 45.34 5.23 3.49 2.57 241.05 16.07 

0.78 0.22 5.86 5.39 10.38 7.63 409.13 2.67 

0.92 0.08 2.46 15.91 5.49 12.83 396.46 4.43 

1 0 1.61 4.46 2.97 12.37 332.93 7.27 

 

 

Table C6: TPS-PVB blends – day 30 data 

Mass Fraction Modulus, MPa Tensile Strength, MPa Elongation-to-break, % 

PVB TPS Average Std.Dev,% Average Std.Dev,% Average Std.Dev,%

0 1 314.99 0 10.35 0 13.31 0 

0.22 0.78 149.09 6.77 6.22 3.73 19.71 5.38 

0.50 0.5 44.38 3.46 3.47 4.04 255.95 7.35 

0.78 0.22 5.42 7.66 9.95 7.12 409.30 2.37 

0.92 0.08 1.84 15.72 3.65 14.85 353.29 3.67 

1 0 1.56 12.49 1.37 10.36 205.94 19.84 
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PVB-Euremelt blends 

 

Table C7: PVB-E2138 blends – day 1 data 

Mass Fraction Modulus, MPa Tensile Strength, MPa Elongation-to-break, % 

E2138 PVB Average Std.Dev,% Average Std.Dev,% Average Std.Dev,%

0.0 1 3.2 15.41 6.10 11.15 335 4 

0.25 0.75 2.7 12.20 3.86 15.90 364 7 

0.5 0.5 6.8 9.24 5.30 2.72 417 1 

0.75 0.25 21.1 3.30 2.97 2.94 260 7 

1.0 0 30.9 4.9 4.0 2.3 459.7 6.1 

 

 

Table C8: PVB-E2138 blends – day 17 data 

Mass Fraction Modulus, MPa Tensile Strength, MPa Elongation-to-break, % 

E2138 PVB Average Std.Dev,% Average Std.Dev,% Average Std.Dev,% 

0.0 1 4.05 8.88 7.34 7.51 359.67 4.02 

0.3 0.75 3.80 8.10 3.11 5.14 320.82 2.55 

0.5 0.5 7.80 12.97 3.98 2.50 370.47 2.83 

0.8 0.25 25.31 6.41 2.96 3.69 238.48 2.51 

1.0 0 32.59 12.08 3.76 2.39 356.82 18.90 
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Table C9: PVB-E2138 blends – day 51 data 

Mass Fraction Modulus, MPa Tensile Strength, MPa Elongation-to-break, % 

E2138 PVB Average Std.Dev,% Average Std.Dev,% Average Std.Dev,% 

0.25 0.75 3.0 1 3 0 344 6 

0.50 0.5 7.1 0 4 0 367 22 

0.75 0.25 24.9 0 3 1 235 16 

1 0 31.2 1 4 0 292 26 

 

 

Table C10: PVB-E2140 blends – day 1 data 

Mass Fraction Modulus, MPa Tensile Strength, MPa Elongation-to-break, %

E2140 PVB Average Std.Dev
,% Average Std.Dev,

% Average Std.Dev,
% 

0 1 3.23 15.41 6.10 11.15 335.23 4.18 

0.25 0.75 2.05 12.37 2.17 6.88 405.04 9.44 

0.5 0.5 3.41 5.67 2.55 3.14 382.36 7.39 

0.75 0.25 8.43 8.72 2.78 1.40 314.18 4.61 

1 0 15.35 0.06 5.25 10.30 509.72 3.07 

 

 

Table C11: PVB-E2140 blends – day 14 data 

Mass Fraction Modulus, MPa Tensile Strength, MPa Elongation-to-break, % 

E2140 PVB Average Std.Dev,% Average Std.Dev,% Average Std.Dev,% 

0 1 4 8.88 7.3 7.5 359.7 4.0 

0.25 0.75 4 10.10 2 8 323 9 

0.5 0.5 2 3.87 2 10 388 6 

0.75 0.25 9 4.45 2 4 272 12 

1 0 17 0.00 4 0 499 0 
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Table C12: PVB-E2140 blends – day 30 data 

Mass Fraction Modulus, MPa Tensile Strength, MPa Elongation-to-break, % 

E2140 PVB Average Std.Dev,% Average Std.Dev,% Average Std.Dev,% 

0 1 2 12.5 1.4 10.4 205.9 19.8 

0.25 0.75 4 7.1 3 3.1 385 5 

0.5 0.5 5 8.0 3 3.5 345 4 

0.75 0.25 11 10.0 3 1.6 295 3 

1 0 17 3.0 5 0.1 486 2 

 

 

 

Table C13: TPS-E2140 blends – day 1 data 

Mass Fraction Young's Modulus (MPa) Tensile Strength (MPa) Elongation-to-break, % 

E2140 TPS Average Std.Dev,% Average Std.Dev,% Average Std.Dev,% 

0 1 127.4 6 6 2 31 7 

0.08 0.92 95.3 9 6 7 45 14 

0.22 0.78 39.0 11 3 4 112 4 

0.50 0.5 25.2 4 2 7 169 14 

0.78 0.22 21.5 14 2 8 371 20 

0.92 0.08 18.4 7 2 3 479 13 

1 0 3.2 15 6 11 335 4 
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Table C14: TPS-E2140 blends – day 14 data 

Mass Fraction Young's Modulus (MPa) Tensile Strength (MPa) Elongation-to-break, % 

E2140 TPS Average Std.Dev,% Average Std.Dev,% Average Std.Dev,% 

0 1 269.7 8 10 7 16 27.8 

0.08 0.92 181.4 10 9 6 31 27.7 

0.22 0.78 75.1 7 5 3 82 17.0 

0.50 0.5 35.9 8 2 15 107 9.4 

0.78 0.22 24.9 10 2 7 389 20.4 

0.92 0.08 20.4 6 2 7 319 7.1 

1 0 4.0 10 7 10 375 4.8 

 

 

Table C15: TPS-E2140 blends – day 30 data 

Mass Fraction Young's Modulus (MPa) Tensile Strength (MPa) Elongation-to-break, % 

E2140 TPS Average Std.Dev,% Average Std.Dev,% Average Std.Dev,% 

0 1 315.0 0 10 0 13 0 

0.08 0.92 133.1 6 7 6 31 8 

0.22 0.78 64.3 12 5 5 76 12 

0.50 0.5 20.9 10 2 9 322 27 

0.78 0.22 17.0 8 2 15 271 30 

0.92 0.08 3.2 15 6 11 335 4 

1 0 315.0 0 10 0 13 0 
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Table C16: TPS - E2138 blends – day 1 data 

Mass Fraction Young's Modulus (MPa) Tensile Strength (MPa) Elongation-to-break, % 

E 2138 TPS Average Std. Dev,% Average Std. Dev,% Average Std. Dev,% 

0 1 127.4 5.85 6.47 2.02 31 7 

0.8 0.92 84.6 8.27 4.45 0.08 23 2 

0.22 0.78 62.2 7.57 4.48 0.52 46 5 

0.5 0.5 48.5 4.70 2.60 0.42 61 11 

0.78 0.22 26.0 2.13 1.80 0.14 109 17 

1 0 18.9 0.00 2.97 0.00 205 0 

 

 

Table C17: TPS - E2138 blends – day 7 data 

Mass Fraction Young's Modulus (MPa) Tensile Strength (MPa) Elongation-to-break, % 

E 2138 TPS Average Std.Dev,% Average Std.Dev,% Average Std.Dev,% 

0 1 283.16 3.30 10.69 3.09 20.05 4.06 

0.8 0.92 171.18 2.13 7.90 17.27 17.39 4.55 

0.22 0.78 117.88 7.02 5.51 5.00 29.97 17.42 

0.5 0.5 48.90 12.65 2.32 15.16 59.05 15.74 

0.78 0.22 32.80 11.16 2.47 11.05 99.90 10.94 

1 0 3.23 15.41 6.10 11.15 335.23 4.18 
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Table C18: TPS - E2138 blends – day 35 data 

Mass Fraction Young's Modulus (MPa) Tensile Strength (MPa) Elongation-to-break, % 

E2138 TPS Average Std.Dev,% Average Std.Dev,% Average Std.Dev,% 

0.8 0.92 179.3 14 6.78 0 11 1 

0.22 0.78 123.3 13 6.54 3 23 10 

0.5 0.5 49.3 2 3.23 0 40 5 

0.78 0.22 35.0 1 2.29 0 77 0 

1 0 3.2 15 6.10 0 335 4 

 

 

Table C19: TPS-PVB-E2140 blends – day 1 data 

Mass Fraction Modulus, MPa Tensile Strength, MPa Elongation-to-break, % 

TPS PVB Eu2140 Average Std.Dev,% Average Std.Dev,% Average Std.Dev,% 

1 0 0 127 5.9 6.5 2.0 31.5 7.1 

0.67 0.17 0.17 26 1.9 2.1 0.1 207.5 6.1 

0.33 0.33 0.33 5 0.2 1.4 0.0 353.9 30.5 

0.16 0.17 0.67 12 0.8 1.2 0.0 242.3 29.4 

0.17 0.67 0.17 2 0.2 1.5 0.2 450.7 24.5 
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Table C20: TPS-PVB-E2140 blends – day 14 data 

Mass Fraction Modulus, MPa Tensile Strength, MPa Elongation-to-break, % 

TPS PVB E2140 Average Std.Dev,% Average Std.Dev,% Average Std.Dev,%

1 0 0 269.68 8.00 10.03 7.35 15.54 27.77 

0.66 0.17 0.17 47 4.4 4.2 0.2 176.7 8.9 

0.33 0.33 0.33 7 0.4 2.3 0.1 349.4 12.0 

0.17 0.17 0.67 12 2.4 2.2 0.1 388.8 79.5 

0.17 0.67 0.17 2 0.2 3.1 0.3 404.3 23.3 

 

 

Table C21: TPS-PVB-E2140 blends – day 30 data 

Mass, % Modulus, MPa Tensile Strength, MPa Elongation-to-break, % 

TPS PVB E2140 Average Std.Dev,% Average Std.Dev,% Average Std.Dev,%

100 0 0 315 0 10.4 0 13.3 0 

66.8 16.6 16.6 49 2.6 4.2 0.1 150.4 3.4 

33.3 33.3 33.3 9 0.9 2.3 0.1 356.9 14.4 

16.6 16.6 66.8 14 0.8 1.5 0.2 212.7 22.1 

16.5 66.8 16.6 3 0.2 3.1 0.2 431.1 18.2 
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Table C22: TPS-PVB-anhydride blends – day 1 data 

Mass, %  Mass Fraction Modulus, MPa Tensile Strength, MPa Elongation-to-break, % 

TPS PVB Anhydride Average Std.Dev,% Average Std.Dev,% Average Std.Dev,% 

0 0 0 127 5.9 6.5 2.0 31.5 7.1 

0.92 0 0.08 135 3.0 7.9 1.5 29.3 6.8 

0.78 0.11 0.11 79 18.8 3.9 7.4 17.2 14.3 

0.5 0.25 0.25 57 16.6 3.4 2.6 33.2 5.0 

0.39 0.38 0.25 36 19.5 3.8 1.9 111.4 1.4 

0.25 0.5 0.25 8 16.3 6.5 5.7 219.1 1.5 

0.11 0.64 0.25 6 3.5 10.0 2.2 265.1 1.8 

 

 

Table C23: TPS-PVB-anhydride blends – day 3 data 

Mass, %  Mass 
Fraction Modulus, MPa Tensile Strength, MPa Elongation-to-break, % 

TPS PVB Anhydride Average Std.Dev,% Average Std.Dev,%  Average Std.Dev,% 

100 0 0 193.4 3.0 8.0 3.0 25.0 1.0 

92 0 8 205 4.8 9.9 2.0 25.9 4.8 

78 11 11 129 19.2 4.5 2.7 12.9 12.1 

50 25 25 70 7.5 3.7 3.0 34.2 6.7 

39 38 25 35 18.1 3.4 2.6 108.0 9.5 

25 50 25 7 11.5 6.5 3.1 233.9 1.1 

11 64 25 5 5.1 8.9 2.2 283.9 2.1 
 

 103

 
 
 



 

Table C24: TPS-PVB-anhydride blends – day 7 data 

Mass, %  Mass Fraction Modulus, MPa Tensile Strength, MPa Elongation-to-break, % 

PVB Anhydride TPS Average Std.Dev,% Average Std.Dev,%  Average Std.Dev,% 

0 0 1 283.2 3.3 10.7 3.1 20.0 4.1 

0 8 0.92 286 12.0 12.0 0.0 20.2 2.0 

11 11 0.78 157 2.8 5.8 0.2 14.1 2.0 

25 25 0.5 85 4.0 4.4 0.1 32.3 1.4 

38 25 0.39 44 285.8 4.3 0.1 106.3 20.2 

50 25 0.25 7 0.6 7.5 0.5 222.2 5.3 

64 25 0.11 7 0.1 11.0 0.2 263.3 5.2 

 

 

Table C25: TPS-PVB-anhydride blends – day 14 data 

Mass, %  Mass Fraction Modulus, MPa Tensile Strength, MPa Elongation-to-break, % 

% PVB % gypsum TPS Average Std.Dev,% Average Std.Dev,%  Average Std.Dev,% 

0 0 1 269.68 8.00 10.03 7.35 15.54 27.77 

0 8 0.92 268.42 7.25 12.47 0.15 22.23 0.55 

11 11 0.78 248.34 78.18 5.12 0.31 12.77 1.94 

25 25 0.5 99.29 13.58 4.41 0.01 29.57 2.32 

38 25 0.39 42.29 7.87 4.01 0.13 123.07 13.10 

50 25 0.25 10.70 4.48 7.03 1.11 293.84 55.70 

64 25 0.11 6.27 0.38 10.61 0.38 285.27 3.64 
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Table C26: TPS-E2140-Anhydride blends – day 30 data 

Mass, % Mass 
Fraction  Modulus, MPa Tensile Strength, Ma Elongation-to-break, % 

PVB Anhydride TPS Average Std.Dev,% Average Std.Dev,% Average Std.Dev,%

0 0 1 314.99 0 10.35 0 13.31 0 

0 8 0.92 255.95 23.41 10.90 0.18 21.74 0.47 

11 11 0.78 154.25 20.10 5.15 0.75 14.39 5.76 

25 25 0.5 135.69 17.26 4.13 0.12 21.25 1.54 

38 25 0.39 34.48 8.26 3.44 0.23 88.81 21.24 

50 25 0.25 5.64 0.41 4.99 0.41 259.99 13.24 

64 25 0.11 4.59 0.26 8.50 0.58 287.83 22.68 
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