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ABSTRACT In this study, a mass reduction model during the torrefaction process was established and characteristics as fuel were
analyzed. A naturally-dried pepper stem sample was crushed and thermogravimetric analysis was performed. Based on the
experimental results, activation energy and frequency factor were induced and then the rate constant was driven. Mass decrease was
predicted at 200°C, 230°C, 270°C by mathematical model and compared with the experimental results. To investigate the properties of
pepper stem as fuel, elementary analysis (EA) and Calorimetric measurement were performed. Result of elementary analysis,
composition of carbon was increased from 40.11% at raw material to 57.3% at 270°C 40min process, but case of oxygen and
hydrogen, they were decreased from 35.12%, 5.7% at raw materials to 20.5%, 5.7% at 270°C 40min process respectively. Caloric
value was increased from 4,405 cal/g to 6,038 cal/g. But higher caloric value, less energy yield was shown by mass reduction during
process.
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Nomenclature m : number of date

o : conversion M : mass reduction rate, %

A : frequency factor §! My :amount of mass decreased, %

: ’ . M : initial 9
d; : difference between ith estimated and ith measured © initial mass, %
values M;  :remaining mass, %
P k : rat tant, 1
E. : activation energy, kJ/mol rate constant, 1/s
R : universal gas constant, 8.3144 J/mol*K

E, : energy yield, %
RMSE': root mean square error
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Y, :gravimetric yield, %
Y;  :ith measured value
EA :eclement analysis
HHYV : higher heating value

TGA : thermogravimetric analysis
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Fig. 1. Prototype capsule
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Fig. 2. Kinetic scheme of torrefaction
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Fig. 3. The curve of weight decrease vs temperature at
various heating rate
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Fig. 4. Kinetic analysis by Arrhenius method

Table 1. Activation energy, Frequency factor by Arrhenius

method
Activation energy Frequenc¥ Factor
[kd/mol]
200C 8.498 7.145X107
230C 10,184 1.3x10™
270C 14,106 5.1}10°
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Table 2. Mass decrease, RMES and R® between experiment and simulation

10min 20min 30min 40min RMSE R

. Experiment 2.69% 7.31% 9.16% 12.03%
200C 0,3273 0.9715

Simulation 3.61% 8.15% 12.58% 16,81%

. Experiment 3.78% 9.69% 15.13% 22.34%
230C 0.,1354 0,9936

Simulation 4.64% 10,75% 16,64% 22.15%

. Experiment 7.5% 20.04% 34.71% 50.22%
270C 0,1518 0.,9910

Simulation 7.82% 18,88% 29.01% 37.91%
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Table 3. Element analysis of the pepper stem

N [%] C [%] H [%] 0 [%]

Raw 2.535 40.114 5.698 35.121

10min 2,733 41.249 5.692 35.676

5 20min 2.379 43.174 5.503 32,232
200C

30min 2.47 44.64 5.458 30.861

40min 2.221 46,245 5.415 31.49

10min 2,388 42,665 5,665 32,969

5 20min 2.3 44.35 5,377 32.261
230C

30min 2,627 47,371 5,375 29,238

40min 2.652 48,74 5,226 27,366

10min 2.08 42,942 5,564 33.316

. 20min 2.735 47.231 5.243 29.122
270C

30min 2.419 52.131 5.192 28.31

40min 2.795 57,296 4,667 20.505
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Table 4. Results of Duncan’s new multiple test and Heating

value

Name Heating value [cal/g]
270°C 40min 603839
270°C 30min ” 5177.98
230°C 40min 495171
230°C 30min ” 4760.64
270°C 20min ” 4744.34
200°C 40min 4663.31
200°C 30min " 4553.71
230°C 20min " 453818
200°C 20min 44776
230°C 10min " 446182
200°C 10min ? 4416.85
270°C 10min 441316

Raw 440599

A), B), C), D), E), F), G), H) Duncan grouping

o=005
Error degrees of freedom 24
Error mean square 919, 2679
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