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Pyrolysis /combustion‘characteristics and kinetic
analysis of Indonesia lignite sludge
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Betjing 100025 China)

Abstract: In order to obtain mechanisms of pyrolysis and combustion of Indonesia lignite sludge and provide direction
for its industrial reuse the thermogravimetric( TG) analysis method to study the pyrolysis and combustion process of In-
donesian lignite sludge was adopted under different heating rate and the characteristic parameters were discussed. Ki—
netic analysis was performed by the Coats-Redfern method. The results show that heating rate has positive effects on
characteristic parameters. For pyrolysis process TG data fit linearly in three different but continuous regions. The
weighted mean activity energy is 43.2 33.2 and 33.9 kJ/mol separately under different heating rates. For the same
conversion region the activity energy keeps almost unchanged under different heating rates; while at the same heating
rate the activity energy of pyrolysis increases with conversion rate. For combustion process the data fit linearly quite
well over the whole reaction process. The reaction order for 10 30 and 50 °C /min is 2 1.5 and 1.5 respectively while

the activity energy is 101.74 72.93 and 51. 82 kJ/mol respectively.
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Table 1 Proximate and ultimate analysis of the local lignite
1% 1% Qpa!
M, A Vai FCyy Caa Hy 0.4 N Sad (J=g™")
11.57 18. 89 40. 42 29.02 45.20 3.34 20. 30 0. 46 0.14 17 943
2
Table 2 Proximate and ultimate analysis of lignite sludge sample
1% 1% Qy !/
My A Vaa FCyy Caa Hyy 0.4 N Sad (J=g™")
10. 12 16.93 40. 37 32.58 48. 84 3.95 18. 89 1. 06 0.21 19 461
1.2 80 mL/min.
METTLER - TOLEDO 40 mL/min
TGA/SDTA851 5
+0.25 C 0.1 pgo
10 mg 10 30 50 °C /min 2.1
25 C 1 000 °C. 1 43 um
(e(N;) > TG DTG 3
99.9%) 80 mL/min; . T
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Table 3 Characteristic parameters of pyrolysis process.for Indonesia lignite sludge
H(Cemin-) Ty/C  T,/C (dol/dr) . /(mgesmin~') T,/€N TC AT ,/C  D/(mgemin+K3) Vi/% V.I%
10 53 313 0.171 408 580 159 3.63 x107° 37.9 53.2
30 74 330 0. 506 429 589 157 10.10 x10~° 37.6 48.7
50 90 332 0. 835 427 598 158 16.30 x 10 ~° 38.9 49.3
330 ~590 C 26% 0
o DTG 429+C 2.1.1
4
~ 16
3 590 ~1 000 C
11.2% . (dw/d7) . :
H, CO T, .
CH, CO,.
DTG 700 °C 2.1.2
850 ~900 C
o 3 1 DTG
8 13-14 3 ( .
o )
10 °C /min
1 000 °C TG o 0
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Table 4 Characteristic parameters of pyrolysis process for various lignite sludge( heating rate of 10 °C/min)
/pm T,/C (dw/d7) . /( mg * min~") T,,/C
10 ~ 100 313 0.171 408
o 45 290 0.123 450
18 <125 294 0. 143 417
6 44 ~53 350 0.232 503
4 44 ~63 300 0.216 425
2 12+
(M) (V) 50.49% 33 10 }@ —=— 10 ‘C/min
—o— 30 C/min
53.2% o 8F —— 50 ‘C/min
£
48.7% 49.3% 50.4% - 1 6f
=
4 L
; 2
° 0 200 400 600 800 1 000
EIC
2.2 g )
2 =
=
5 )
=11}
° T < o6
;T T T be e
y Ly y 1y ) =) —=— 10 C/min
x dow/ X -Igr —— 30 C/min
P (do & —o— 50 ‘C/min
. I ol
7)o (AT e S T e Bo T
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(b)
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Fig.2 TG - DTG curves for combustion of lignite sample
5
Table 5 Characteristic parameters of combustion process for various lignite sludge
/ Tl T/ Til T/ il (dw/d7) ya ! (dw/d7) e/ S/
(°C * min!) C C C C C (mg * min~") (mg * min~") (107 3%2 « min~2 « K73)
10 53 168 288 315 460 0.92 0.38 15.2
30 76 178 285 355 486 1.42 0.97 58.3
50 90 185 280 367 547 1.65 1.34 87.9
T, ( 3) 16 - 17
T, S ;
15 T
o _ (do/d) , (do/d) ,,, 0 SET( ).
) TiT,
2 5 Tpl o
T, sz N T,
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Table 6 Ignition temperature of different lignite
T,/C 288 342 270 296 310 409 325
S/(107%%?2 « min "% « K7?) 58.30 43.00 5.07 — — 2.18 285. 60
ln[l - (1 -a) 1‘"] n AR(I ZRT)] E (10%=10° ) RT/E<1
(1 - n) bE RT (2) (3) .
(2) n 1/T
n=1 ~E/Rs
1[ lnl—a)]_1 AR( 2RT)] (3) 31
bE RT 7=0.2~3.0
o M (2)  (3)
Wy ~ Wy o 3
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mg; B °C /min; n <R
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Fig. 4 Linear fitting results in different intervals for pyrolysis experiment
4 R n
n 0. 999 o 7
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Table 7 Pyrolysis Kinetic parameters of indonesia lignite
/(°C * min~") @ /K n E/(kJ* mol™h) A/min ! R
0.05 ~0.55 544 ~738 0.8 36. 11 21.45 0.999 42
10 0.55~0.80 738 ~910 2.8 38.23 81. 82 0.999 56
0.80 ~0.95 910 ~1 018 1.8 103.75 316 186. 08 0. 999 98
0.05 ~0.55 548 ~753 0.3 31.82 20. 49 0.999 43
30 0.55~0.80 753 ~928 2.8 39.25 250. 44 0.999 33
0.80 ~0.95 928 ~1 091 2.0 49.78 455.79 0. 999 99
0.05 ~0.55 551 ~754 0.3 32. 46 38.03 0. 999 40
50 0.55~0.80 754 ~915 2.8 42,93 819.71 0.999 38
0.80 ~0.95 915 ~1 069 1.5 46. 25 339.32 1. 000 00
o Cumming o 10 C/
» min A
E = qFE +0,E, + By + + o, Epe (4)
a(i=12 ++ n) i ; 1
l - o
10 30 50 °C /min
43.2 33.2° 33.9 kJ/mol. Coats — Redfern
( 8-
8
Table 8 Comparison of pyrolysis activity energy between different lignite
/mm /(°C * min~") /K /(kJ * mol 1)
0.01 ~0.10 10 ~50 400 ~1 100 30 ~45
% <1 10 ~30 500 ~ 850 58 ~91
% 0.097 ~0. 125 30 ~ 150 400 ~1 200 100 ~500
26 <0.3 10 300 ~900 41 ~77
12 <0.25 10 300 ~1 200 30
8 3.2
E n 0.3~4.0
o (2) (3)
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Fig. 5 Fitting curves of the combustion experiment

Table 9 Combustion Kinetic parameters of Indonesia lignite sludge sample

/(°C * min~") «a /K

n E/(kJ * mol ") A/min ! R

10 0.05 ~0.95 529 ~ 689
30 0.05 ~0.95 542 ~725
50 0.05 ~0.95 545 ~803

2 101. 74 2.13x10°8 0.998 3
1.5 72.93 5.41 x10°° 0.998 4
1.5 51.82 6130 x10 73 0.9950

(dw/dT)

max

E o
; 33 ~43 kJ/mol.
10 °C /min
103. 75 kJ/mol o

E ;
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