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Appendix A: Differential Scanning Calorimeter Thermograms For 

ENR/A4 blends 

 

ENR 11/9/06, 11.09.2006 13:45:05

ENR 11/9/06, 5.3440 mg

Glass Transition

Onset -26.02 °C

Midpoint -24.03 °C

Heating Rate 10.00 °Cmin -̂1

Midpoint ASTM,IEC -24.01 °C

Delta cp ASTM,IEC 0.392 Jg -̂1K -̂1

Integral -6.23 mJ

  normalized -1.17 Jg^-1

Onset -24.59 °C

Peak -20.52 °C

Endset -15.30 °C

Heating Rate 10.00 °Cmin -̂1

Left Area 29.49 %

Right Area 70.51 %

mW

0.5

min

°C-35.0 -30.0 -25.0 -20.0 -15.0 -10.0 -5.0

20.5 21.0 21.5 22.0 22.5 23.0 23.5

^exo^exo^exo^exo ENR-11/9/06-aENR-11/9/06-aENR-11/9/06-aENR-11/9/06-a 11.09.2006 14:13:1511.09.2006 14:13:1511.09.2006 14:13:1511.09.2006 14:13:15

 SW 8.10 SW 8.10 SW 8.10 SW 8.10eeeeRRRRTATATATASSSSLab: METTLERLab: METTLERLab: METTLERLab: METTLER  
 

Figure 1  DSC thermogram for ENR 50 

 

 

 

4MA 11/9/06, 11.09.2006 11:51:01

4MA 11/9/06, 6.8900 mg

Integral -4.21 mJ

  normalized -0.61 Jg -̂1

Onset -31.90 °C

Peak -23.84 °C

Endset -16.46 °C

Heating Rate 10.00 °Cmin -̂1

Left Area 49.50 %

Right Area 50.50 %

Glass Transition

Onset -33.26 °C

Midpoint -28.42 °C

Heating Rate 10.00 °Cmin -̂1

Midpoint ASTM,IEC -29.00 °C

Delta cp ASTM,IEC 0.141 Jg -̂1K -̂1

mW

0.5

min

°C-38.0 -36.0 -34.0 -32.0 -30.0 -28.0 -26.0 -24.0 -22.0 -20.0 -18.0 -16.0

20.2 20.4 20.6 20.8 21.0 21.2 21.4 21.6 21.8 22.0 22.2 22.4

^exo^exo^exo^exo 4MA-11/9/06-a4MA-11/9/06-a4MA-11/9/06-a4MA-11/9/06-a 11.09.2006 12:11:4111.09.2006 12:11:4111.09.2006 12:11:4111.09.2006 12:11:41

 SW 8.10 SW 8.10 SW 8.10 SW 8.10eeeeRRRRTATATATASSSSLab: METTLERLab: METTLERLab: METTLERLab: METTLER  

  

Figure 2  DSC thermogram for alkyd A4
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4MA10 11/9/06, 11.09.2006 16:16:08

4MA10 11/9/06, 6.1310 mg

Glass Transition

Onset -17.56 °C

Midpoint -5.13 °C

Heating Rate 10.00 °Cmin -̂1

Midpoint ASTM,IEC -8.15 °C

Delta cp ASTM,IEC 0.202 Jg -̂1K -̂1

Integral -24.98 mJ

  normalized -4.07 Jg -̂1

Onset -28.19 °C

Peak 2.46 °C

Endset 30.80 °C

Heating Rate 10.00 °Cmin -̂1

Left Area 46.57 %

Right Area 53.43 %

mW

0.5

min

°C-30 -20 -10 0 10 20 30

21 22 23 24 25 26 27

^exo^exo^exo^exo

 SW 8.10 SW 8.10 SW 8.10 SW 8.10eeeeRRRRTATATATASSSSLab: METTLERLab: METTLERLab: METTLERLab: METTLER  

 

Figure 3  DSC thermogram for A40.5 reacted at ambient temperature for 3 hours 
 

 

 

 

4MA11-3H-rt 22/11/06, 22.11.2006 11:19:31

4MA11-3H-rt 22/11/06, 6.3960 mg

Integral -38.71 mJ

  normalized -6.05 Jg -̂1

Onset -26.92 °C

Peak 4.96 °C

Endset 37.88 °C

Heating Rate 10.00 °Cmin -̂1

Left Area 46.83 %

Right Area 53.17 %

Glass Transition

Onset -19.69 °C

Midpoint -6.64 °C

Heating Rate 10.00 °Cmin -̂1

Midpoint ASTM,IEC -9.19 °C

Delta cp ASTM,IEC 0.302 Jg -̂1K -̂1

mW

0.5

min

°C-30 -20 -10 0 10 20 30 40 50

21 22 23 24 25 26 27 28 29

^exo^exo^exo^exo 4MA11-3H-rt 22/11/06-a4MA11-3H-rt 22/11/06-a4MA11-3H-rt 22/11/06-a4MA11-3H-rt 22/11/06-a 22.11.2006 16:26:2122.11.2006 16:26:2122.11.2006 16:26:2122.11.2006 16:26:21

 SW 8.10 SW 8.10 SW 8.10 SW 8.10eeeeRRRRTATATATASSSSLab: METTLERLab: METTLERLab: METTLERLab: METTLER  

 

Figure 4  DSC thermogram for A41.0 reacted at ambient temperature for 3 hours 
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Integral -7.34 mJ

  normalized -1.05 Jg -̂1

Onset -27.63 °C

Peak -16.37 °C

Endset -2.87 °C

Heating Rate 10.00 °Cmin -̂1

Left Area 37.30 %

Right Area 62.70 %

Glass Transition

Onset -31.37 °C

Midpoint -7.34 °C

Heating Rate 10.00 °Cmin -̂1

Midpoint ASTM,IEC -19.23 °C

Delta cp ASTM,IEC 0.403 Jg -̂1K -̂1

4MA15- 22/11/06, 22.11.2006 17:16:20

4MA15- 22/11/06, 6.9800 mg

mW

0.5

min

°C-35.0 -30.0 -25.0 -20.0 -15.0 -10.0 -5.0

20.5 21.0 21.5 22.0 22.5 23.0 23.5

^exo^exo^exo^exo

 SW 8.10 SW 8.10 SW 8.10 SW 8.10eeeeRRRRTATATATASSSSLab: METTLERLab: METTLERLab: METTLERLab: METTLER  

Figure 5  DSC thermogram for A41.5 reacted at ambient temperature for 3 hours 

 

 

 

 

Integral -9.51 mJ

  normalized -1.54 Jg^-1

Onset -29.27 °C

Peak -14.53 °C

Endset -1.71 °C

Heating Rate 10.00 °Cmin -̂1

Left Area 43.48 %

Right Area 56.52 %

Glass Transition

Onset -24.97 °C

Midpoint -18.33 °C

Heating Rate 10.00 °Cmin -̂1

Midpoint ASTM,IEC -19.52 °C

Delta cp ASTM,IEC 0.272 Jg -̂1K -̂1

4MA11-1H-rt 13/11/06, 13.11.2006 12:39:35

4MA11-1H-rt 13/11/06, 6.1610 mg

mW

0.5

min

°C-30.0 -25.0 -20.0 -15.0 -10.0 -5.0 0.0 5.0

21.0 21.5 22.0 22.5 23.0 23.5 24.0 24.5

^exo^exo^exo^exo

 SW 8.10 SW 8.10 SW 8.10 SW 8.10eeeeRRRRTATATATASSSSLab: METTLERLab: METTLERLab: METTLERLab: METTLER  

 

Figure 6  DSC thermogram for A41.0 reacted at ambient temperature for 1 hour 
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4MA11-2H-rt 22/11/06, 22.11.2006 12:51:27

4MA11-2H-rt 22/11/06, 6.9850 mg

Integral -40.18 mJ

  normalized -5.75 Jg -̂1

Onset -29.57 °C

Peak -3.05 °C

Endset 29.40 °C

Heating Rate 10.00 °Cmin -̂1

Left Area 39.80 %

Right Area 60.20 %

Glass Transition

Onset -22.85 °C

Midpoint -12.60 °C

Heating Rate 10.00 °Cmin -̂1

Midpoint ASTM,IEC -14.11 °C

Delta cp ASTM,IEC 0.334 Jg -̂1K -̂1

mW

0.5

min

°C-30 -20 -10 0 10 20 30 40 50

21 22 23 24 25 26 27 28 29

^exo^exo^exo^exo

 SW 8.10 SW 8.10 SW 8.10 SW 8.10eeeeRRRRTATATATASSSSLab: METTLERLab: METTLERLab: METTLERLab: METTLER  

 

Figure 7  DSC thermogram for A41.0 reacted at ambient temperature for 2 hours 

 

 

 

 

4MA11-3H-rt 22/11/06, 22.11.2006 11:19:31

4MA11-3H-rt 22/11/06, 6.3960 mg

Integral -38.71 mJ

  normalized -6.05 Jg -̂1

Onset -26.92 °C

Peak 4.96 °C

Endset 37.88 °C

Heating Rate 10.00 °Cmin -̂1

Left Area 46.83 %

Right Area 53.17 %

Glass Transition

Onset -19.69 °C

Midpoint -6.64 °C

Heating Rate 10.00 °Cmin -̂1

Midpoint ASTM,IEC -9.19 °C

Delta cp ASTM,IEC 0.302 Jg -̂1K -̂1

mW

0.5

min

°C-30 -20 -10 0 10 20 30 40 50

21 22 23 24 25 26 27 28 29

^exo^exo^exo^exo 4MA11-3H-rt 22/11/06-a4MA11-3H-rt 22/11/06-a4MA11-3H-rt 22/11/06-a4MA11-3H-rt 22/11/06-a 22.11.2006 16:26:2122.11.2006 16:26:2122.11.2006 16:26:2122.11.2006 16:26:21

 SW 8.10 SW 8.10 SW 8.10 SW 8.10eeeeRRRRTATATATASSSSLab: METTLERLab: METTLERLab: METTLERLab: METTLER  

 

Figure 8  DSC thermogram for A41.0 reacted at ambient temperature for 3 hours 
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4MA11-4H-rt 22/11/06, 22.11.2006 15:04:27

4MA11-4H-rt 22/11/06, 5.5180 mg

Integral -19.91 mJ

  normalized -3.61 Jg -̂1

Onset -30.80 °C

Peak 3.80 °C

Endset 28.67 °C

Heating Rate 10.00 °Cmin -̂1

Left Area 41.39 %

Right Area 58.61 %

Glass Transition

Onset -17.77 °C

Midpoint -5.16 °C

Heating Rate 10.00 °Cmin -̂1

Midpoint ASTM,IEC -7.20 °C

Delta cp ASTM,IEC 0.330 Jg -̂1K -̂1

mW

0.5

min

°C-30 -20 -10 0 10 20 30 40 50

21 22 23 24 25 26 27 28 29

^exo^exo^exo^exo 4MA11-4H-rt 22/11/06-a4MA11-4H-rt 22/11/06-a4MA11-4H-rt 22/11/06-a4MA11-4H-rt 22/11/06-a 22.11.2006 17:11:5122.11.2006 17:11:5122.11.2006 17:11:5122.11.2006 17:11:51

 SW 8.10 SW 8.10 SW 8.10 SW 8.10eeeeRRRRTATATATASSSSLab: METTLERLab: METTLERLab: METTLERLab: METTLER  

 

Figure 9  DSC thermogram for A41.0 reacted at ambient temperature for 4 hours 

 

 

 

 

4MA11-5H-rt 11/9/06, 11.09.2006 14:32:15

4MA11-5H-rt 11/9/06, 6.2360 mg

Integral -13.23 mJ

  normalized -2.12 Jg -̂1

Onset -21.18 °C

Peak -1.21 °C

Endset 16.47 °C

Heating Rate 10.00 °Cmin -̂1

Left Area 44.40 %

Right Area 55.60 %

Glass Transition

Onset -17.35 °C

Midpoint -3.54 °C

Heating Rate 10.00 °Cmin -̂1

Midpoint ASTM,IEC -7.83 °C

Delta cp ASTM,IEC 0.257 Jg -̂1K -̂1

mW

0.5

min

°C-25.0 -20.0 -15.0 -10.0 -5.0 -0.0 5.0 10.0 15.0 20.0 25.0

21.5 22.0 22.5 23.0 23.5 24.0 24.5 25.0 25.5 26.0 26.5

^exo^exo^exo^exo 4MA11-5H-rt-11/9/06-a4MA11-5H-rt-11/9/06-a4MA11-5H-rt-11/9/06-a4MA11-5H-rt-11/9/06-a 11.09.2006 15:12:5811.09.2006 15:12:5811.09.2006 15:12:5811.09.2006 15:12:58

 SW 8.10 SW 8.10 SW 8.10 SW 8.10eeeeRRRRTATATATASSSSLab: METTLERLab: METTLERLab: METTLERLab: METTLER  

 

Figure 10  DSC thermogram for A41.0 reacted at ambient temperature for 5 hours 
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4MA11-6H-rt 23/11/06, 23.11.2006 13:56:27

4MA11-6H-rt 23/11/06, 7.0720 mg

Integral -19.17 mJ

  normalized -2.71 Jg -̂1

Onset -20.75 °C

Peak 11.44 °C

Endset 30.44 °C

Heating Rate 10.00 °Cmin -̂1

Left Area 53.99 %

Right Area 46.01 %

Glass Transition

Onset -13.14 °C

Midpoint 0.76 °C

Heating Rate 10.00 °Cmin -̂1

Midpoint ASTM,IEC -1.23 °C

Delta cp ASTM,IEC 0.297 Jg -̂1K -̂1

mW

0.5

min

°C-20 -10 0 10 20 30 40

22 23 24 25 26 27 28

^exo^exo^exo^exo

 SW 8.10 SW 8.10 SW 8.10 SW 8.10eeeeRRRRTATATATASSSSLab: METTLERLab: METTLERLab: METTLERLab: METTLER  

 

Figure 11  DSC thermogram for A41.0 reacted at ambient temperature for 6 hours 
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Appendix B: Differential Scanning Calorimeter Thermograms For 

ENR/PHA blends 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12  DSC thermogram for mcl-PHA 
 

 

 

Glass Transition

Onset -67.06 °C

Midpoint -57.02 °C

Heating Rate 20.00 °Cmin^-1

Method: LEE SIANG1

  -100.0-100.0°C 20.00°C/min

  100.0--100.0°C -20.00°C/min

  -100.0-100.0°C 20.00°C/min

PHA 170C, 27.03.2007 15:59:10

PHA 170C, 5.6000 mg

mW

2

min

°C-90.0 -80.0 -70.0 -60.0 -50.0 -40.0 -30.0

20.5 21.0 21.5 22.0 22.5 23.0 23.5

^exo^exo^exo^exo

 SW 8.10 SW 8.10 SW 8.10 SW 8.10eeeeRRRRTATATATASSSSDEMO Vers i onDEMO Vers i onDEMO Vers i onDEMO Vers i on  

 

Figure 13  DSC thermogram for mcl-PHA after heated at 170°°°°C for 30 minutes 
 

 

 

Glass Transition

Onset -67.06 °C

Midpoint -57.02 °C

Heating Rate 20.00 °Cmin^-1

Method: LEE SIANG1

  -100.0-100.0°C 20.00°C/min

  100.0--100.0°C -20.00°C/min

  -100.0-100.0°C 20.00°C/min

PHA 170C, 27.03.2007 15:59:10

PHA 170C, 5.6000 mg

mW

2

min

°C-90.0 -80.0 -70.0 -60.0 -50.0 -40.0 -30.0

20.5 21.0 21.5 22.0 22.5 23.0 23.5

^exo^exo^exo^exo

 SW 8.10 SW 8.10 SW 8.10 SW 8.10eeeeRRRRTATATATASSSSDEMO Vers i onDEMO Vers i onDEMO Vers i onDEMO Vers i on

 
Glass Transition 
Onset -69.71 °C 
Midpoint -59.28 °C 
Heating Rate 20.00 °Cmin^-1 

 

 
Method: LEE SIANG1 
  -100.0-100.0°C 20.00°C/min 
  100.0--100.0°C -20.00°C/min 
  -100.0-100.0°C 20.00°C/min 

 

 
PHA 30C, 27.03.2007 12:37:36 
PHA 30C, 5.8000 mg 
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Integral -7.15 mJ

  normalized -1.37 Jg^-1

Onset -33.82 °C

Peak -26.50 °C

Endset -16.88 °C

Heating Rate 10.00 °Cmin^-1

Left Area 37.92 %

Right Area 62.08 %

Glass Transition

Onset -35.27 °C

Midpoint -31.27 °C

Heating Rate 10.00 °Cmin^-1

Midpoint ASTM,IEC -31.67 °C

Delta cp ASTM,IEC 0.194 Jg^-1K^-1

EP73, 11.07.2007 15:49:22

EP73, 5.2340 mg

mW

0.2

min

°C-40.0 -35.0 -30.0 -25.0 -20.0 -15.0 -10.0

26.0 26.5 27.0 27.5 28.0 28.5 29.0

^exo^exo^exo^exo

 SW 8.00 SW 8.00 SW 8.00 SW 8.00eeeeRRRRTATATATASSSSLab: METTLERLab: METTLERLab: METTLERLab: METTLER  

 

Figure 14  DSC thermogram for P30 after reacted at 170°°°°C for 30 minutes 

 

 

 

 

Integral -8.00 mJ

  normalized -1.40 Jg^-1

Onset -38.47 °C

Peak -29.68 °C

Endset -18.62 °C

Heating Rate 10.00 °Cmin^-1

Left Area 44.27 %

Right Area 55.73 %

Glass Transition

Onset -39.03 °C

Midpoint -34.00 °C

Heating Rate 10.00 °Cmin^-1

Midpoint ASTM,IEC -34.80 °C

Delta cp ASTM,IEC 0.193 Jg^-1K^-1

EP55, 12.07.2007 09:58:31

EP55, 5.7160 mg

mW

0.2

min

°C-50.0 -45.0 -40.0 -35.0 -30.0 -25.0 -20.0 -15.0 -10.0 -5.0

25.0 25.5 26.0 26.5 27.0 27.5 28.0 28.5 29.0 29.5

^exo^exo^exo^exo

 SW 8.00 SW 8.00 SW 8.00 SW 8.00eeeeRRRRTATATATASSSSLab: METTLERLab: METTLERLab: METTLERLab: METTLER  

 

Figure 15  DSC thermogram for P50 after reacted at 170°°°°C for 30 minutes 
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Integral -9.98 mJ

  normalized -1.59 Jg^-1

Onset -43.23 °C

Peak -31.86 °C

Endset -20.92 °C

Heating Rate 10.00 °Cmin^-1

Left Area 49.92 %

Right Area 50.08 %

Glass Transition

Onset -42.20 °C

Midpoint -32.80 °C

Heating Rate 10.00 °Cmin^-1

Midpoint ASTM,IEC -37.08 °C

Delta cp ASTM,IEC 0.172 Jg^-1K^-1

EP 37, 17.07.2007 09:46:18

EP 37, 6.2700 mg

mW

0.5

min

°C-45.0 -40.0 -35.0 -30.0 -25.0 -20.0 -15.0

25.5 26.0 26.5 27.0 27.5 28.0 28.5

^exo^exo^exo^exo

 SW 8.00 SW 8.00 SW 8.00 SW 8.00eeeeRRRRTATATATASSSSLab: METTLERLab: METTLERLab: METTLERLab: METTLER  

 

Figure 16  DSC thermogram for P70 after reacted at 170°°°°C for 30 minutes 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 17  DSC thermogram for P90 after reacted at 170°°°°C for 30 minutes 

EP170C30m 7/11/06, 07.11.2006 12:03:10

EP170C30m 7/11/06, 5.1900 mg

Glass Transition

Onset -27.84 °C

Midpoint -25.09 °C

Heating Rate 10.00 °Cmin -̂1

Midpoint ASTM,IEC -25.45 °C

Delta cp ASTM,IEC 0.317 Jg -̂1K -̂1

Integral -7.35 mJ

  normalized -1.42 Jg -̂1

Onset -27.34 °C

Peak -22.20 °C

Endset -16.39 °C

Heating  Rate 10.00 °Cmin -̂1

Left Area 46.27 %

Right Area 53.73 %

mW

0.5

min

°C-32.0 -30.0 -28.0 -26.0 -24.0 -22.0 -20.0 -18.0 -16.0 -14.0 -12.0

20.8 21.0 21.2 21.4 21.6 21.8 22.0 22.2 22.4 22.6 22.8

^exo^exo^exo^exo EP170C30m 7/11/06-1EP170C30m 7/11/06-1EP170C30m 7/11/06-1EP170C30m 7/11/06-1 07.11.2006 16:18:3107.11.2006 16:18:3107.11.2006 16:18:3107.11.2006 16:18:31

 SW 8.10 SW 8.10 SW 8.10 SW 8.10eeeeRRRRTATATATASSSSLab: METTLERLab: METTLERLab: METTLERLab: METTLER

 Glass Transition 
Onset -58.64 °C 
Midpoint -51.95 °C 
Heating Rate 10.00 °Cmin^-1 
Midpoint ASTM,IEC -53.19 °C 
Delta cp ASTM,IEC 0.301 Jg^-1K^-1 

 

 

10.00 °Cmin^-1 

Integral -13.02 mJ 
  normalized -1.17 Jg^-1 
Onset -56.22 °C 
Peak -47.37 °C 
Endset -38.22 °C 
Heating Rate 
Left Area 43.20 % 
Right Area 56.80 % 

 

 
11.10mg 
SAMPLE EP19 

Method: LEE 
dt 1.00 s 
  -100.0-100.0°C 10.00°C/min 
  100.0--100.0°C -10.00°C/min 
  -100.0-100.0°C 10.00°C/min 
Synchronization enabled 

 


