Korean Chem. Eng. Res., Vol. 43, No. 6, December, 2005, pp. 683-690

740| njo| =0} Elsies

Zadista sehysta)
305-764 TAA] F735- T& 220
#Shorol 27| EA Tl
305-600 THAA] F497- AT 712

(2005 9€¥ 164 A<, 2005 10€ 21 AH)

Kinetics on the Microwave Carbonization of Rice Chaff

Ji Hyun Kim, Seung Kon Ryu and Dong Kook Kim**

Department of Chemical Engineering, Chungnam National University, 22(0), Gung-dong, Yuseong-gu, Daejeon 305-764, Korea

*Korea Institute of Energy Research, 71-2, Jang-dong, Yuseong-gu, Daejeon 305-600, Korea
(Received 16 September 2005; accepted 21 October 2005)

o OF

i =
A% vlo| Atz Wfeka 119 HEHEES 710 A Bslol o3 wekie) nlwaioleh, 9% 300-600°C
oA 717} 308 Fok A BEeki 0] HSEEE AT A3 BEeEst 718 E A W BEECH

vy} @8] S7HIAIRE A wlo|ARuE Ak YARAE T ZAMA o] ST ©hel7) o] ekttt 1
2L} 600 °ColA] 303 &<t ©SIAIA C/H E1]7F 3.0 o)/dR1 ©83A 6 wins FA TIA7]aL vlo]ARIE X
A¥et A3} &slrt & FQlar 10 SR wlolg s} QIARAE W ARl oEsIGlon A7 gslel wixrA|
= Arrhenius 2] 0% 2 THFQIT). olu) vlo|A 2w} ghsl® dojzl sl 2] gslef ulste] A w2
Hhdof| REEE A E A ZAnk ol vlolaRa 553 v, & FullE] A A (initiator) = ARS-E Bk o
gt vlo| A2y} oux) o] Ui Fuj71d Ao 7191k Zlow ) wlo| ARy}l F550) gt 94719 3*
¥} &5l A ] 'Sl 9 kgl oish 93 AESIGITh

Abstract — The microwave carbonization of rice chaft was performed, and their kinetics were compared to those of
conventional thermal carbonization. Thermal carbonization was carried out at 300-600 °C for 30 minutes. The weight
loss and C/H mole ratio remarkably increased as increase of temperature, while there was no carbonization by micro-
wave dielectric heating in spite of increasing incident power and irradiation time. However, microwave carbonization
was successfully performed by addition of 6 wt% of thermal carbonized rice chaff, it’s C/H mole ratio is larger than 3.0,
as a catalytic initiator to uncarbonized rice chaff, and the kinetics was depended on the incident power and irradiation
time, resulting in the coincide with thermal carbonization to the Arrhenius equation. The activation energy of micro-
wave carbonization was quite low as compared to that of thermal carbonization, while the kinetic constant was large.
This is due to the internal volumetric heating characteristics of carbonized rice chaff by microwave. The effect of ash,
and C/H mole ratio and amount of carbonized rice chaff were investigated on microwave carbonization.
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Table 1. Physico-chemical properties of the as-received rice chaff

Elementary analysis [wt% ] C 36.40
H 482
N 1.14
S 0.06
(0] 39.28
Ash 18.3
C/H mole ratio [-] 0.63
Component analysis [wt% ] Moisture 5.8
Fat 0.3
Cellulose 58.7
Lignin 16.9
Ash 18.3
Mean particle size [um] 31
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Fig. 1. Schematic diagram of microwave carbonization apparatus.
1. Microwave generator 6. Waveguide
2. Magnetron head 7. Directional coupler

3. Dummy load 1 8. Power meter
4. 3-stub tuner 9. Dummy load 2
5. Reactor
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Fig. 2. TGA and DTA thermograms of the as-received rice chaff at
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Fig. 3. Weight loss of the as-received rice chaff during thermal car-
bonization at 50 cm® N,/min.
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Table 3. Elementary analysis, C/H mole ratio and weight loss of the rice chaff prepared after thermal carbonization

Elementary Analysis [wt% | C/H mole ratio Weight loss
C H N S [-] [Wt%]
TC 300 4215 3.19 1.15 0.009 1.10 36.86
TC 400 40.35 2.14 1.12 0.006 1.57 50.32
TC 500 38.00 1.17 0.95 0.005 2.71 55.31
TC 600 36.51 0.86 1.14 0.005 3.54 58.77
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Fig. 4. Weight loss and P, /w of microwave carbonized rice chaff for 30
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Fig. 5. P,/w vs C/H mole ratio by microwave carbonization.
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Fig. 9. Effect of microwave incident power on weight loss of the
mixed rice chaff at 50 cm® N,/min.
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Table 4. Kinetic constant and parameters on microwave carbonization
of the mixed rice chaff

Kinetic constant ~ Activation energy ~ Frequency factor

[k, min™] [E,,, kJ/mol] [A, min™!]
MC 400 0.87
MC 500 1.39 65 3.0 x 10°
MC 600 2.19

Table 5. Comparison of the Kkinetic constant and parameters between
thermal and microwave carbonization

Kinetic constant ~ Activation energy ~ Frequency factor

Methods

[k, min™!] [E,,, kJ/mol] [A, min™]
-109

TC  11x10°xe” 109 1.1 x 10°
-65

MC 3.0 x102x ¢ 65 3.0 x 107

10
—no— Hajaligol 6,000 [5]
D\D+ —+=—Suuberg 1,000 [7]
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Fig. 10. Comparison of mass loss kinetics (The values next to author
names or carbonization methods indicate the heating rate, in
K/min).

Qgaon plolaze Bale T 2ud B RS o 4 9)
oh R, R B3 olUIAE 2855 MEAE AT W
217} F7h] we S Sk 218 o 4 itk 9
o R vlo|a R} Be A S A Bake] 95k niAR
Arthenius 2 0% 2 31 F79] ©EEEE 9PA] 7P e v]
7o} Wl Qg0 sRIEit.

d

(1) D23 kAl vlo| 23} AR B8l Qgko.
v Aol FHld NAE Eddsto] AugAL et e
i, upehr] A4 o7 gslel 'l AE FullA AR 6 wid%
285t As Au9A7) 56 wi7hA] Q] AR AE Hol= s}
o|Foitt. olu] AT FA7} EFSkAL = 32 vlo] A=y} g
glol] PEEE 719 vIAA FEE LS

(2) €4 4 vlo|a 2y} ghslz doPd &3} ol x| g} RISl
2 2 S A Egit) 44 gste] o st &3} ouR|=
109 ki/mol®] 32 3t UERE= Whd vlo] A 23} ghsle] ofst &
35} A= 65 kiimol2 Y2 ghs Holal Qlal wlo| a2y g
gloll &Jgh WImRIA= A4 ghske} vjwd wj =14 wgkor, no]
Az} gglol| o3t S A4 vt} v)wet w 9Fs] %
t}. o]i= mlo]|ARi}e] Fuld B4, & vl el digh nlo]a®
b} U 2] YRH-u71E 5407 Qlsle] EIAAE vl whE
TEELER 2o 25 EUAZY] wjitelnt. o|w nlo] = s} g
A FA gkske) vl A2 Arrhenius 213 o] EEES
Il AL 'k v)7ed el dapkg-o & E1E I}

(3) ©5h=7) 3.0 o)/l FHullA JAIAIE 7k wlo| = st
ofux| o2 HE] ke ZA3) ool SJsle] mWE FEE &2

Korean Chem. Eng. Res., Vol. 43, No. 6, December, 2005



690 A -

L5 50 7] el vkt Tl Aed vl
g} gl eHdste] 882 5 Sl 7kedo] AAH AT

X =
HoE

-

—

—

. Bilbao, R., Arauzo, J. and Millera, A., “Kinetics of Thermal
Decomposition of Cellulose: Part II. Temperature Differences
Between Gas and Solid at High Heating Rates,” Thermochimica
Acta, 120, 133-141(1987).

2. Bilbao, R., Arauzo, J. and Millera, A., “Kinetics of Weight Loss
by Thermal Decomposition of Different Lignocellulosic Materi-
als. Relation Between the Results Obtained from Isothermal and
Dynamic Experiments, Thermochimica Acta, 165, 103-112(1990).

. Bilbao, R., Arauzo, J. and Millera, A., “Kinetics and Modeling
of Gas Formation in the Thermal Decomposition of Powdery
Cellulose and Pine Sawdust,” Ind. Eng. Chem. Res., 34(3), 786-
793 (1995).

4. Hajaligol, M., “Rapid Pyrolysis of Cellulose!’ Ph. D. Thesis,

Department of Chemical Engineering, MIT(1980).

5. Hajaligol, M., Howard, J. B. and Peters, W. A., “Product Com-
positions and Kinetics for Rapid Pyrolysis of Cellulose;’ I & EC
Process Des., 21, 457-465(1982).

6. Baker, R. R., “Thermal Decomposition of Cellulose.’ J. Thermal
Anal., 8, 163-175(1975).

7. Suuberg, E. and Dalal, V. F., “A Study on the Effects of Heating
Rate and Ambient Oxygen on the Global Rates of Cellulose
Pyrolysis) Proc. East. States Sect. Comb. Inst., November, 65-
71(1987).

8. Varhegyi, G., Antal, M. J., Szekely, T. and Szabo, P., “Kinetics of
the Thermal Decomposition of Cellulose, Hemicellulose, and
Sugar Cane Bagasse!” Energy & Fuels, 3, 329-335(1989).

9. Vovelle, C., Mellottee, H. and Delbourgo, R., “Kinetics of the

Thermal Degradation of Cellulose and Wood in Inert and Oxida-

W

sfelsst M43d M6z 20054 123

R

tive Atmospheres,” 19th Symp. (Int.) Comb., The Combustion Insti-
tute, Pittsburgh, 797-805(1982).

10. Kim, D. K., Cha, Ch. Y., Lee, W. T. and Kim, J. H., “Microwave
Dehydrogenation of Ethane to Ethlyene.’ J. Ind Eng. Chem., 7(6),
363-374(2001).

11. Caddick, S., “Microwave Assisted Organic Reactions, Tetrahe-
dron, 51, 10403-10432(1995).

12. Cha, Ch. Y., Kim, B. 1., Robert, E. L. and Elaine, M. Y. Q.,
“Recation Rate of Microwave Pyrolysis of Coal in Char Bed.’
Fuel science and Technology Int'l., 11(9), 1269-1287(1993).

13. Fu, Y. C., Blaustein, B. D. and Sharkey, A. G., “Reaction of Coal
with Nitrogen in an Microwave Discharge],’ Fuel, 51, 308-311(1972).

14. Gasner, L. L., Denloye, A. O. and Adamchak, F. R., “Micro-
wave and Conventional Pyrolysis of Bituminous Coal,’ Chem. Eng.
Commun., 48, 349-354(1986).

15. Chemat, S., Aouabed, A., Bartels, P. V., Esveld, D. C. and Chemat, F.,
J. Microwave Power Electromagnetic Energy, 34, 55-67(1999).

16. Alves, S. S. and Figueiredo, J. L., “Pyrolysis Kinetics of Ligno-
cellulosic Materials by Multistage Isothermal Themogravimetry;’
J. Anal. Appl. Pyrolysis, 13, 123-134(1988).

17. Milosavljevic, L. and Suuberg, E. M., “Cellulose Thermal Decompo-
sition Kinetics : Global Mass Loss Kinetics,’ Ind. Eng. Chem. Res.,
34(4), 1081-1091(1995).

18. Shafizadeh, F. and Chin, P. P. S., “Thermal Deterioration of
Wood.” ACS Symp. Ser., 43, 57-81(1977).

19. Thurner, F. and Mann, U., “Kinetic Investigation of Wood Pyrol-
ysis. Ind. Eng. Chem. Proc. Des. Dev., 20(3), 482-488(1981).
20. Agarwal, P. K., Agnew, J. B., A., Ravindran, N. and Weimann,
R., “Distributed Kinetic Parameters for the Evolution of Gaseous

Species in the Pyrolysis of Coal;’ Fuel, 66, 1097-1106(1987).

21. Liu, Q., Hu, H., Zhou, Q., Zhu, Sh. and Chen, G., “Effect of
Inorganic Matter on Reactivity and Kinetics of Coal Pyrolysis.’
Fuel, 83, 713-718(2004).



