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Kinetics of Pyrolysis of Corn Stover and Its Fermentation Residue
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Abstract. The pyrolysis characteristics of fermentation residue of corn stover was analyzed. The pyrolysis
kinetics were studied with FWO and Starink methods. The most probable mechanism function of pyrolysis
also was evaluated by Malek method. The effect of anaerobic digestion on corn stover was deduced by
comparing with the untreated corn stover. The results of proximate and ultimate analysis showed that the
volatile content of fermentation residue was decreased by 19.48% compared with the untreated corn
stover and the fixed carbon content was increased by 27.87% . The oxygen content was decreased by
24.25% , which was an advantage for pyrolysis. The analysis of lignocellulose illustrated that cellulose
and hemicellulose were decreased by 39. 94% and 30. 96% , respectively, while the lignin was increased
by 109. 14% , which contributed to the maximum weight loss rate of fermentation residue decreasing and
the carbon yield was much higher after pyrolysis. The results of pyrolysis kinetics showed the activation
energy of fermentation residue was 91 ~ 130 kJ/mol, which was lower than that of corn stover. The
mechanism function curve of two samples had similar trends, which can be divided into two parts. When
the conversion ratio () was less than 0.6, they can be illustrated by order of reaction (n =2)
mechanism model. When the conversion ratio («) was more than 0. 6, the pyrolysis of corn stover was in
accord with the cylindrical symmetric three-dimensional diffusion mechanism (D4 ), while fermentation
residue was more inclined to the spherical symmetric three-dimensional diffusion mechanism (D3). The
research result can provide a theoretical basis for optimization of process conditions and industrial
application of fermentation residue turning to bio-fuel.
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Tab.1 Proximate and ultimate analyses of corn stover and its fermentation residue %
g Tolk g3 #r JLR I
B k4 oy VR 5 i 18 C H 0 N s
BV N LT 6.29 £0.21 4.39+0.11 73.53 +0.68 15.79 +0.24 39.95 +0.08 5.46 +0.05 48.58 +0.08 1.44 +0.01 0.46 £0.03
KR 4.87 +0.14 15.81 £0.22 59.13 +0.47 20.19 £0.29 40.55+0.20 4.99+0.03 36.80+0.16 2.09 +0.04 0.53+0.03
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Tab.2 Lignocellulose content of corn stover and its

fermentation residue %
FE b eI PR YR NG
18.95 + 31.39 + 41.05 + 6.34 +
FAKFEH
0.13 0.38 0.22 0. 84
L 23.74 = 18.85 28.34 = 13.26 =
R
0.32 0.59 0. 88 0.58
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() DTG iz K 2K B W4 iy X I i B 7,20 991 |y 327 °C Al
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Fig.1 TG and DTG curves of corn stover and its fermentation residue
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Tab.3 Four stages of corn stover and its fermentation residue pyrolysis

P i TR B Tk B B PR A fifk B B ALK B

o X/ C 0 ~150 150 ~235 235 ~470 470 ~ 850
AR RER/ % 5.7 1.1 63.2 6.2

R X /C 0 ~150 150 ~225 225 ~480 480 ~ 850
SR KT/ % 6.6 1.1 49.8 5.9
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2 iR, BOKFEFF M LR TR i 9 DTG fi &34
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Jai 227 2 R Ay i B RIS, DT 5 30 T Ao 0
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1 VA (L, R i R 2 Rl A 22 BRSO, T RS AT IR 1)
B R R AR W] TR B TR i, L ROR RS AT A A
figp U N SR X MKAR S TR I A A O, T
AW A5 AL T, 2 4 B0 IR A B Ol R B,
D, fEH5 K, A 50 28R AR 45 e ) i ol % 1,
D, BN o TR FR R B AR, K R 4 R
WERRSE , BT P AL R AR AR, R LR E
RS B A A U Y B R R R ) R AR
il F ik 850°C i, T KR AT 5 K A 1 T I 0 AR
HAS AU R ER, R EMEN S FEIH
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4 iU, R ML SRt dos T &
BEVE M, 43 Ak 5.22 x 1074 5 1.41 x 107 0 &
KGR T Z IO R R, X — T 5 AR FSFF
W K o R A G, O3 — T TN R OK R AT AE
R R o A O, o R R T R
R R TR & 20T DL 4 R PH S 5 10 7S in 34 %
KT R T s 0 TR 25 G R A8 2
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Tab.4 Pyrolytic parameters of corn stover and its fermentation residue
B T./C D,/ (% min~") T../C D,/ (% -min~") T,,,/C V/% D
oK FF 235 23.34 337 1.86 80 76.2 5.22x10°*
KR 225 12. 06 341 1.55 110 63.6 1.41 x10°*

2.3 BBIAESN

& 3a.3b 730 i BT FWO :45 ) 19 FOKF5 #F
P HKREERWEW 1g8 5 1/T L& 18, & 4a.4b
G g 3T Starink 2 15 B B B OK RS AT K OH K B A
W 1g(B/T ) 5 1/T LA B, AR M 0.1
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P A RPARAK, B LUK L HERR . i i FWO Al
Starink ¥:15 3 ) T K 55 FF K e & B2 78 #1035 1L fig
OrA N S R . 5 WoR PR T SRS Y 1
feBEAE B, M H R #4948 0.96 DL b o 13 B i i
X B TG oA B RAT MBI 45 R DL SOE AL RE B R T
St BORAEFF S H R T TH I 1005 L RE Y B B 1L R
AR Al IR R R, b a K 0.1

a=0.4
a=0.8

0.9 R " 3

2.8x107 3.0x107 3.2x107° 3.4x107 3.6x10° 3.8x10° 4.0x10° 4.2x10°*
T-VK-!

(a) FKFEHF

B A 7 AR RE AR, 0 2 R W S AL fig Starink T8 {H
1L 12.61 kJ/mol, 7£ 0.1 <a <0.7 JEHE P, HiE
fRRERG IR /N B R, EORFE AT AL 5 H R B i
(495 Ak BE 43 B 1E 94. 86 ~ 119. 36 kJ/mol F191. 49 ~
105. 02 kJ/mol Z 8] ; i % {6 % o 35 5] 0.8 W}, i 1k
REXS A B K48 &, 43 Al ik 3 T 145. 48 kJ/mol Fil
130. 52 kJ/mol,

163 DT R T, AR 0.1 B, FOKFS
FEXF I 1) A TRLEE Oy 241 ~ 247°C, it 2k 5 /2 1h K
Or CEERER ORER DR W 55 I HE R AT AR
(8, BT L I S 355 A BB A5 41K 5 T 2 T V8 3 XoF 7 1) A A T
FEAL R 123 ~135°C, BB 19 2% 31 0] 3 B2 dy 7K 43 #7
SRR, b B 05 L e B A%, A 12. 61 k]/mol, &

0.9 : . 5 7
2x107 3x10° 4x10° 5x10° 6x1023 7x10° 8x10?
T-/K!

(b) KEFHE

B3 FWO ikt pla
Fig.3 Linear fitting results by FWO method
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a=0.2 a=0.3
a=0.6 a=0.6
A 2.8x1073 3.0x10 3.2x107 3.4x10~ 3.6x10 3.8x107 4.0x10~* 4.2x10°3 i 3x107 4x10° 5x10* 6x10° 7x10°* 8x1073
1
K4 Starink P2 LG
Fig.4 Linear fitting results by Starink method
RS TRARAUERTEABRARERABEEELEERERY
Tab.5 Activation energy and R’ of corn stover and its fermentation residue under different conversions
FRFEFT KB &
AL R FWO & Starink FWO & Starink
E/(kJ-mol ") R? E/(kJ-mol ") R? E/(kJ-mol ") R? E/(kJ-mol ") R
0.1 53.88 0.982 54. 60 0.984 44.78 0.992 12.61 0.986
0.2 94.76 0.993 94. 86 0.993 91.49 0.992 91.29 0.994
0.3 103. 21 0. 996 103. 20 0. 996 93. 61 0.978 93.71 0.979
0.4 112. 25 0.970 111.21 0.970 95. 19 0.974 94. 96 0.974
0.5 118. 65 0.999 116.79 0.992 105. 02 0.975 104. 85 0.969
0.6 119. 36 0. 996 117.12 0.994 97.91 0.990 97.38 0.991
0.7 129. 24 0.972 126. 87 0.981 103. 69 0.997 103. 11 0.995
0.8 141. 50 0.993 145.48 0.989 130. 51 0.999 130. 52 0.999

Wm0 A5 3 10 A T A T A T b i B 2K
L5 5 A R 48 = 3] 0.2 ~ 0. 3 BF, % nij #4 A I B2 7
282 ~305°C Z[a], 1 Ik FE 3 [l Ak T 2F 2 2% P o A4 i
R0 1 5 B DX, b B T Ak R B0 BE A — A A X R
SE B U 5 1 B KRGk B 0.8 B X A g R A
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TLRE™ 5 SO B0 45 0 B — 3
2.4 PAFRYLIE OF EHE BT
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0 e AndE M = W o 53R 6 (R n SR
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B 5 AT, ST 5 S2 s R E e — 3, it 1k
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s DU Y5 D S L R R 7 B A o it 2R i
i 28 B M4 o 43 A 5 T BE AE 340 ~350°C, S AL
() B5e KR R 28X W IR BE T, — B W2
A LRI b A3 S 50K A 1 B R o3 B 2 A B B, 1)
U0 BT 45 2 R Malek ¥ o A8 A RS 4 B4 A% 5
SEHEAT T A0 AT, LA A3 0,55 ~ 0. 6 i Bl o 43 Bt A
B o R B, 43 56 ;BN R no=2 ALEE S Rl L
B S R K o= 173 BB R AR 4T o
Malek % 43 B 1A Sk B 5¢ I L 0T 43 o0 2 S Bt 4y
SR I — 4§ O (D) 5 Bl L A% B R K
(F1) IR 43 Bl DTG W {E X N7 i B o5 . PF
PL, B AL TA R A it R A 2ok B2 1T 43 Sy 2 A B, a3
P AL R R 0.6 AbREIT o K AR AT B LA BN B2
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Tab.6 Reaction Kinetic mechanism function

R ERAER N HLHL BIERX G(a) M ()

1 Parabola &£ || — 4P (D) o’ %u'_l

2 Valensi J5 i ZHEYE(D2) a+(l-a)ln(l -a) [-In(l-a)]"!

3 Jander J5 =YL BRIE KRR (D3) [1-(1-a)'?]? (1 -a)[1-(1-a)”]""

Ginstling — Brounshtein
tling ounshte = O B T RE T B (D4) l—la—(l—a)z/" i[(l_a)—l/f!_l]—l
it 3 :
5 Avrami — Erofeev J5 2 FEHL S AZ MBS A K, n=1/2 (A2) [ -In(1 7&)}1/2 2(1 -a)[ =In(1 701)]1/2
6 Avrami — Erofeev J5 f& FEAL A% FN Bt G A, n=1/3 (A3) [ -In(1 —oz)}l/3 3(1 —a)[ -In(1 -a) JZ/B
it BT 80 A% i i A= L A
7 Mample A1 3 -In(1 -a) 1-
rer AR AT — B (F1) ¢ *

8 — b2 IR (F2) (1l -a)! (1-a)?

9 B o2 i (F3) (1-a) — (-’

10 Wi 4 (58] A A (T AR FH ST SR [ A JE X FR (R2) 1-(1-a)' 2(1-a)'?

11 W A BRCAR (A HISE T 7, BROE X Bk (R3) 1-(1-a)'” 3(1-a)*?

12 S I 28 8 n=2 1-(1-a)? %(I_Mfl

gk, e &2 3 T2 2R B B = HE SR B 2R
PR, LA RN T PR
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Tab.7 Kinetics parameters of different reaction mechanism functions of corn stover and its fermentation residue

JURH A b B it JBE 3 i/ C. HLFE b X AT E/(kJ-mol™") R?

1B B 260 ~ 340 R RE(n=2) y =8.76x +5. 12 72.85 0.997

350 ~ 460 D2 y =10. 16x +6. 15 84.50 0.916

350 ~ 460 D3 y =19.79x +5.95 164. 51 0.976

350 ~ 460 D4 y=13.27x +6.59 110. 34 0.948

K FF 350 ~ 460 A2 y= —2.56x +6.59 -21.32 0. 872
92 B

350 ~460 A3 y= —-6.28x +6.91 -52.19 0.986

350 ~460 Fl y=8.57x+5.66 71.31 0.963

350 ~ 460 R2 y =0.69x +6.77 5.70 0.068

350 ~ 460 R2 y =3.04x +6. 74 25.28 0.755

51 BB 260 ~ 340 SR H(n=2) y=7.34x +7.44 61.02 0. 999

360 ~470 D2 y =3.30x +6. 54 27. 41 0. 494

360 ~470 D3 y =12.09x +6. 35 100. 53 0. 909

360 ~470 D4 y =6.10x +7. 00 50.70 0.756

KW 360 ~470 A2 y= —4.48x +6.68 -37.23 0.922
#2 B

360 ~470 A3 y= —7.49x +6. 96 -62.24 0.984

360 ~470 Fl y=4.55x+5.83 37.82 0.787

360 ~470 R2 y= —2.86x +6.96 -23.80 0. 687

360 ~470 R2 y=—0.70x +6.93 -5.87 0.028
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