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A Study on The Thermal Properties and Activation Energy of
Rapidly Torrefied Oak Wood Powder using Non-isothermal
Thermogravimetric Analysis'
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ABSTRACT

This study investigated thermal properties and activation energy (E,) of torrefied oak wood powders treated with var-
ious torrefaction times (0, 5, 7.5, 10 min) by using non-isothermal thermogravimetric analysis at heating rates of 10,
20, 40°C/min to check the feasibility of rapidly torrefied oak wood powders as a fuel. As the torrefaction time in-
creases, onset of thermal decomposition temperature, lignin content, and the amount of final residue of torrefied oak
wood powders were accordingly increased with reduced hemicellulose content. E, was determined by using Friedman
and Kissinger models and respective R-square values were over 0.9 meaning very good availability of calculated E,
values. The E, values of the samples were decreased with the increase of torrefaction time and the lowest E, value ob
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served in the torrefied oak wood powders treated for 7.5 min showed high feasibility of rapidly torrefied oak wood

powder as a biomass-solid refuse fuel.

Keywords : torrefied oak wood powder, thermogravimetric analysis, activation energy, biomass-solid refuse fuel

LS Torrefaction)= FAAS = 24 3170 A
200-300C o] Ardor w2 2wo g& =
47 volewfa W EAste sR ALH
acid AH 9 FuAEZ oA FTFS 3 ofjyx] ¥
=8 277l o AAe] o e g0l
£k o m(Bourgois et al., 1989; Medic et al., 2012), Z
ol 71 vEEsE R fe] A YA @55t
A W Az - ke dopshe AR 2
=]31 QJth(Lee and Kang, 2015).

whesl AeiE =) voloulse) QR 54
o 9] v, Yaps, AFTRY 5 ol
Hog BXE 4~ Qlcti(Burhenne ef al., 2013; Yang
et al.,, 2014; Wilk et al., 2015). IFM=E EFF
F4(Thermogravimetric analysis)s 2= H 3o w2
Aze] Zeuste Aol exe] gaE 274
Re @ wlew 544 dolenasl dis
12 Fa2s, EF2EoA9 Fus) A=t &
559 o 5 dE3| A%} Kissinger, Friedman,
Arrhenius, Flynn-Wall-Ozawa 52| AAPHS A&3H
243t ofldA] &40l 7Hsst, o5 Sl A=
Clor ARe) 54 9w AME 9% Ao
(Yao et al., 2008; Wu et al., 2014).
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3.1. €5 =40l 2ot S £ Het
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30-700C 9] &%= WHeLollAl 37kA] $2<41=(10, 20,
40°C/min)2 =743t FZTH(Thermogravimetry, TG)
TA9] d g Bojfth 449 AEe S245E
o] F7ret BWAGOl FARE FEje] TG AL et

Y A 2 4 olrk Frs SR 2o 4
H o

2R 3l= FE AEEo|th(Mohan et al., 2006).
TGHAIS] 1000 H-aoll 4 £ 27} ek 2
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Sslojglel ol Zue] 7|olstm(Uzun and
Sarioglu, 2009), 220-400C2] 2= oA FE3
o olek FRUATL 2 Aol AL ABELA
o SrAdlER A0 &) 2= FHt yElo] gl
L Aoz AR ETKYang ef al., 2007). GE-3 24
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Fig. 1. TG curves of torrefied oak wood powders
treated with various torrefaction time at different
heating rates: (a) 10C/min, (b) 207C/min, and (c)
40C /min.
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of vielsl} WE4E S, Ak YAl e
| AERZ 2~ oFo] 7FAF 7] wjFott. 400- 43OC
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Fig. 2. DTG curves of torrefied oak wood powders
treated with various torrefaction time at different
heating rates: (a) 107C/min, (b) 207C/min, and (c)
40C /min.
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Table 1. Maximum thermal decomposition temperature of torrefied oak wood powders treated with various tor-

refaction time at different heating rates

Heating rate Torrefaction time

Maximum thermal decomposition temperature

(C/min) (min) (Tpears C)
0 360.08
5 359.94
10 7.5 357.70
10 355.76
0 370.62
5 373.36
20 7.5 371.56
10 368.89
0 369.80
5 372.08
40 7.5 388.76
10 383.46

Table 2. Thermal degradation temperatures calculated from TG, DTG and DTG curves of torrefied oak wood
powders treated with various torrefaction time at the heating rate of 10%/min

Torrefaction time

Parameter - - - -
0 min 5 min 7.5 min 10 min
Tonsert (C) 251.73 252.47 253.15 253.16
Tsnoulder (C) 304.15 304.15 301.75 N/A
Toeak (C) 360.08 359.94 357.70 355.76
Torer (T) 378.92 380.33 381.01 380.64
Tinoutder = Tonser (C) 52.42 51.68 48.60 N/A
Tottset = Tpeak (C) 18.84 20.39 23.31 24.88
WLonset (%0) 6.54 5.57 4.02 4.00
WLshoutder (%0) 20.69 17.76 15.77 N/A
WL peak (%0) 55.82 51.31 49.70 46.40
WLottser (%0) 70.76 65.72 65.14 62.82
Tr00 (%) 82.59 78.64 77.86 76.74

g maol weksl HelAzt F7bo] wE
TG, DTG, 2x nu]R <d=82nd Derivative
Thermogravimetry, D’TG) Z419] #3le} o]5 719
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of A WA peak 2= grol sigsl= DTG=A19] A
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Fig. 3. TG, DTG and D’TG curves for non-torrefied

oak wood powder at the heating rate of 107 /min.
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Qg BN HIE x=
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X = (W‘ - Wt)/(wl - Wf) ................................... (1)

o710l A, Wi, Wi, W=
AlZbe] e

A7 Ame) e 7,
27, 00N BAS ejulgey &

olg B4 WELH FUT BE A8 B4 T} ouA AT

ok, sl FoslolAl Alzkel ue Aol Wk
W4 0, HEAS ke WA o, AN

ofefet ol A= WET 4 Uck.

dX/dt = kf(X) ....................................................... (2)

_._EAV\ k= E‘_}gjl oz
A Lheholznz
4 Slck

k = A eXp(-E/RT) .............................................. (3)

o]7]o| A, Ex= 243} of | A (kJ/mol), R 7] A4k
258314 J/K - mol), A= HFS & A}smo] wlolz}
(min), 2213 T Adewg oujsi, 43)2
2(2)2 ZAstsld e o] A@)E 18 £ 9k

dx/dt = A exp(-E/RT)(X) s 4)

3.2.1. Friedman £AddhH
WA AT A@)9] FRlol 25 FHshd of
o] A(5)E ¥< 4= Uth(Friedman, 1964).
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=AML 712715 o gstd EA% AuAE
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Fig. 4. Typical iso-conversion plot of the torrefied oak wood powders treated with various torrefaction time by

Friedman method: (a) 0 min, (b) 5 min,

Hhels)h A)7ko] AhiFez #e AlRE o] 37
Holulr] wjEo] 471 Atz AlEETHYao ef dl.,
2008).

3.2.2 Kissinger Sttt

Kissinger SA1HPH S 0 421 oL DTG4 0] A4 2]
Gt 25 Tpea 4k ©18310] 243} o\ &
Fohe WO ofe] AT 2ol ek 5 9)
Ch(Kissinger, 1957).

In(BTpeak’) = E/RTpeak = IN(ARVE) roovveeomsseoesssees (©6)

o7]olA, p= SEHE(C/mingE e HE

(c) 7.5 min, and (d) 10 min.
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Table 3. Comparison of activation energy and R-square values for torrefied oak wood powders treated with vari-
ous torrefaction time by Friedman and Kissinger methods

Friedman Kissinger
Torrefaction time
Ea (kJ/mol) R? Ea (kJ/mol) R?
0 min 211.13 0.99 432.82 0.92
5 min 209.72 0.99 350.04 0.93
7.5 min 148.80 0.99 143.84 0.99
10 min 158.03 0.99 161.08 0.99

-9.0

-10.54

T T T
1.54 1.56 1.58

1000/T (K™

T
1.52

Fig. 5. Kinetic analysis of torrefied oak wood pow-
ders treated with various torrefaction time by
Kissinger method.
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