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ABSTRACT

two animal proteins and whole potato flour, was studied and their kinetics
and thermodynamic behavior during pyrolysis was investigated. The proteins
used in this study included whey protein and bovine gelatin, which were extracted
from the wastes of animal breeding and processing industries.
Methods: To study kinetics of thermal decomposition, various isoconversional
methods including Friedman, Flynn-Wall-Ozawa, Kissinger-Akahira-Sunose, and
Starink were used and the kinetic parameters of thermal decomposition were calculated
for bioplastic samples consisting of bovine gelatin-whole potato flour (BG), whey
protein-whole wheat flour (Wh) and whole potato flour (P) as control.
Findings: The results showed that the variation in activation energy calculated by the

l l ypothesis: The pyrolysis process of bioplastics, prepared from a mixture of

Friedman method for BG, Wh and control (P) bioplastic samples was 60.15-214.65 kJ/mol,
' 59.16-264.07 kJ/mol and 50.38-216.68 kJ/mol, respectively. Prediction of reaction

renewable energy, model using Criado’s method in the conversion ranges of 0.1-0.4, and 0.1-0.9, in order

blend bioplastic, to cover the behavior of the bioplastics in two modes of processing and producing

renewable energy, respectively, showed that in all investigated bioplastics, Valensi

pyrolysis, model (D,) in processing mode and Jander model (D,) in the second mode had the
isoconversional method, best linearity coefficient (R?) between theoretical master plots and experimental
potato, reduced rates. Thermodynamic analysis showed that the maximum enthalpy change

for BG was observed in the conversion of 0.5 and was equal to ~210 kJ/mol and
for the control and Wh bioplastics were observed in the conversion of 0.6 and were
equal to ~259 kJ/mol and ~212 kJ/mol, respectively. The results of this study not only
determined the thermal behavior of potato-based bioplastics at different temperatures
and the thermal decomposition process, but also helped to generate renewable energy
from bioplastic wastes.
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Table 1. Some common reaction models for the study of thermal decomposition kinetics [21,26].
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Fig. 1. TGA results for (a) BG and (b) Wh blend bioplastics
and (c) control bioplastics, at the various heating rates (B =5,
10, 20 and 30°C/min) and DTG curve at the heating rate of

10°C/min as instance.
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Fig. 2. Variation of activation energy (E ) for: (a) BG, (b) Wh, and (c) control bioplastics at various conversion ratios (o) during

thermal decomposition process, based on various isoconversional methods (Fri, FWO, Sta, KAS,), and (d) the compression of

them based on Fri method.
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Table 2. The ranges of calculated activation energies and frequency coefficients based on various isoconversional methods.

Bioplastic type Isoconversional method E (kJ/mol) A (1/s)

Fri 60.15-214.65 5.9x10%3.0x10"

FWO 68.75-160.58 4.2x10%-3.1x10"

Bo KAS 64.29-159.29 1.5x103-2.3x10"2
Sta 64.55-159.55 1.6x103-2.5x10"

Fri 59.16-264.07 5.2x10%1.8x10%

FWO 52.67-185.90 1.2x102-9.7x10"

Wh KAS 48.28-185.79 4.2x10'-9.4x10"
Sta 48.53-186.04 4.5x10'-9.9x10"

Fri 50.38-216.68 5.8x10'-3.2x10"

. FWO 61.66-216.86 7.5x10'-3.3x10"7
KAS 57.65-218.27 3.0x10'-4.5x10"

Sta 57.89-218.49 3.2x10'-4.7x10"
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Fig. 3. Variation of frequency factor (A ) for (a) BG, (b) Wh and (c) control bioplastics at various conversion ratios (a) and dif-

ferent heating rates (B =5, 10, 20 and 30°C/min) based on Friedman method, and (d) the compression of them at the heating rate

of 5°C/min.
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Fig. 4. Approximation of reaction model using Criado’s method and comparison of R?, with considering different heating rates for

BG bioplastics as instance, in two ranges for conversion ratio including between: (a) 0.1 to 0.4 and (b) 0.1 to 0.9.
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Table 3. Calculated thermodynamic parameters (enthalpy variations, AH ), Gibbs free energy variations (AG,) and entropy varia-

tions (AS ) at the heating rate of 5°C/min, for BG, Wh and control (P) bioplastics in various conversion ratios (o).

BG Wh P

o AH, AG, AS, AH, AG, AS, AH_ AG, AS,

(kJ/mol) (kJ/mol) (J/mol) | (kJ/mol) | (kJ/mol) (J/mol) (kJ/mol) (kJ/mol) (J/mol)
0.1 93.46 150.95 -100.78 59.14 151.95 -163.75 46.94 155.35 -188.58
0.2 56.32 153.21 -169.86 55.36 152.21 -170.89 54.35 154.66 -174.49
0.3 94.59 150.86 -98.63 95.71 149.74 -95.34 114.02 151.27 -64.80
0.4 180.85 147.88 57.80 187.16 146.67 71.44 159.88 149.70 17.72
0.5 209.95 147.18 110.04 145.34 147.83 -4.38 185.99 148.74 64.78
0.6 197.22 147.47 87.21 259.29 145.16 201.36 211.84 147.58 110.66
0.7 164.95 148.29 29.21 110.86 149.04 -67.36 205.84 149.44 98.11
0.8 120.66 149.68 -50.88 153.19 150.34 5.03 104.01 151.63 -82.84
0.9 105.48 150.26 -78.49 176.72 146.88 52.65 160.74 149.61 19.36
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