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oy JCE ST Tk s 5o
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Fig. 1 Schematic diagram of bench-scale experimental apparatus
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K, EXWRX Q) R,

=2 100% 3)

Wo — We
K. w, MEEMBIWIGRE, g w MM B2 E, g5 w WS RN G RATE, g

2 (2) B AR AT AL B A 1) B AR D7 #2 . AR R BOC B AL 1k 5 R SRR i =X (2) TH 3
125 SR 2 R AILEE

1) ToAE AL oIk B T AR M 2 B AR AR 7k, AR ST T e o B R
HL B bR R ORE S 5 AR 225 . SRS AL RE TSR P M AR M, AR AR IE T KAS . FWO i fil
Friedman 7% 3 7 1501,

KAS a0k 4) fios .

B . AR E,
N =N e TR )
K. T, 8 DTG ML MIEEERE, K; G) N flo) WESER, HuRm ) i,
“ da A T E
G(a) = o [—JO exp(- )T (5)
FWO 154 an=L (6) s o
lgﬂzlg[}% —0.4567%—2.315 (©)
Friedman £ 3235 X0 A0 (2) B - Bk 15, HA =L (7) Urs .
In (ﬂj—;) = [Af(@)] - ™)

X @), (0~ (7) BTG, ATRGEREFRRAHE AL £, Pedeai nopLEE R s i 0]
SRAFIRATH T 40



1642 ok L B ¥ W %165

2) EEIE . FRIE R —FhREGE A 1T SN AL I R A fle) MBI G 0L o ] poo) B BHEE T AT
DAAS 3 5 A 1 S DML BRI p) Rk K=K (8) B o

p(x) = p(%) = 0.00484exp(—1.0516%) (8)
DI a=0.5 B 2% 40, 45630 (5) 5N ©®), i EREFREA, AL ©9) Fis.
Gl@  pW ©)

G(0.5) p(0.5)

mﬁggﬁwmﬁmig,wﬁﬂgﬁﬁﬁiﬁig,%w¢@@MﬁM%ﬁﬁ%T%ﬁ
OB SR
2 BEREHIR
21 EMRARE ST RS Y NES

YRR — D E R NIR R, BT AKRE A R SR, B8 & T RS AR . KRR
o B b E K R SN, HAR 2R AR A L (10)~ 28 (13) Fis .

Biomass — char + H, + CO + CO, + CH, + C,H,, + tarsAH > 0 (10)
C+H,0-H,+CO AH=118.5kJ-mol™ (11)
CO+H,0 - H,+CO, AH=-40.9kJ-mol (12)

CH, +H,0 - 3H,+CO AH =206.3kJ-mol’ (13)

i o B DN BRI R ST AR I L L AR T K AR AR S X A T A ) SR A
R

)R o RFAS TSI AL TR (0 22 90 BORE b DR AT B, A () R A 308 B8 X s T ok B 1 B i DL
K2, i 2 m &, WA A ) B #i A< T CO A CO, o FEBE IR T imil T R, nd H, o He )
M 5% LLR 3T 5] 209% DL L, SR B AUAR B T BETR S BT CO, B AR R B AR R B B
il B2 (9 T Xt CO, 177 R IC R E M5 CO W il FARBE R A BTl #E . (HARE BN, W
KB B H, 5 T B, 7E 900 °C FikF] 26.96%, Hon] HE R JEAZ A oA 4 5 KR
REZ TR, —FH PR T B B (6 SR e ok W7 28 0B, o0 7 i o 4 A S o TR AL Y
HiTF BABRE A 2k, Wil s Tamek, s—20i/hr T8 mte,

90 90
C_lcH, g H, ) [ ICH, ZAH,
80 PR CO, B COEEE] b it 80 Y Co, BRI CO W A
70+ 70+
=
60 | B s 60T
N B Sy
D 50F & B 501
i Ll
2 o} | £ 40F
3 - oyl
20f i 20
10 [IL i }l; g 10t
0 3 i 3 = =M 0 = | =
500 600 700 800 900 700 800 900
ISR/ °C PRI E/C
(a) FZHIAJE (b) 77/E

2 FREIBEETEMABSERAMBSSER

Fig. 2 Gas production from pyrolysis of fir sawdust and bamboo sawdust at different temperatures
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Fig. 3 Gas production from pyrolysis of fir sawdust and bamboo sawdust with different moisture content at 700 °C
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Fig. 4 Gas production from pyrolysis of fir sawdust and bamboo sawdust with different catalyst content at 700 °C



1644 ok L B ¥ W Fl6 &

TR R MIE AL RERRAR, ARAIL L« KA AR He S N 5 HF o 7 8 S 1o, 5 R R 15 Na,CO, R 3F T AR
R HFHRMIFZ, Na'5-OH 5-COOH fz i, A= h%-ONa 5{-COONa, Bk H", #Emife it 7 H, 1Y
A

FR 4 B R S0, AR A A R R T2 S50, VIR EE 900 °C, AW &K
R 40%, Na,CO; fEALFNA NN 4% . W AR JE §l & 10 RO EAR TS, @A N gk
76% L L, XEHTEMAREHTERZMNGHERSRTE.

22 EYIRRBESHES T

it — T A Y R R R S AR AR B, X AR W R AT IR A0 M 5 AR -4 A1 6 S B
I3

1) A=W Jon RS R A o3 T o AR BT R B Gk R — G B B ML AR — B B R
A=) BT N R K A3 A5 e DL BG5S A Y R o N TESE I Be g AR v, A
R AR L 2o, SRR KEH, KBRS ED, AR COo. COo, 5 CHY,
5 = B BEU R BR A £ 4 R 5K R A .

FETHIRE F R 20 °Comin' {9 £ R X4 T Ah B AR W TORE S AT R A, LR R
WLE S, FESEIA 1, 280 AEY T 210 °C B ¥ AL T I K B By, TR 200 6%; 7E 210~
400 °C it B B ok 55 TRy Be AR, R R EE R B N R RE A LR R B, R WO
U, B 60% Ay, HAFEEAE, 75300 C A48 DTG ik b 8L 18 e, X & T4 8
TP ERZ TR, RAAERKESMITE; 5 =B rh A A R TR R ZE
5, MR TE R R R 28.38%, ATE B EBURAUN 13.97%, X & H TS bR & AR
JE AW T L A R A B AT RIS R T AR AU R, BRI T AR
RETE I KA AT 4 28 WAL T R B 2 W it R, AR iE AR i Rk — 25 7 g 20,

100 20 100 20
I T kR oo TRty o KR
80 | ; ° e ORI | o go [ MrEdL e REEAE |6 _
70 [ ! W BEII o 70 L : BB =
s 60 B Coo 12 E o 60[ WrEd E 12 B
3501 boet S : e
LEQ 40 [ A -8 2:5 ﬂ 40 [ i‘g
30 [ o 30[ 1
20, 14 X 20[ $ i 8
10 .I/ ° P ‘~‘~°~~-o-~o--o~.-4~_~g,'“Q'_“; 0F 2 / 5\0-@
0 Voot . 7 . i 1)) 0de 1 gon. . > 9re-a-0-0.01
0 100 200 300 400 500 600 700 800 900 0 100 200 300 400 500 600 700 800 900
AR/ C AR IR EEC
(a) ZHAJE (b) 11)8

5 ERMABEVERESTERK
Fig.5 Thermogravimetric diagram of fir sawdust and bamboo sawdust
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Fig. 6 IR spectra of fir sawdust and bamboo sawdust
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WG Y BN A OS RBRE RFERE TG L S *2 EEBRZHESINABIINESH
AL, FEX R R T B S 2T . Table 2 pyrolysis kinetic parameters by model-free method
1) TR . KAS % . FWO ¥l Friedman S— AR ]
25 3 B R N T Ak T Bl A e A R R « R EXmol' ¢ R Ekmol'
AR AR 2. AR ACER O e AT I AR AR KASHE - 099679 11832 - 099959  117.17
A 2R, R 2 AN, ERAES5E KAS 0.1 099801 11848 0.1 098724  91.88
2% Ak e T B A5 R 4 B A 11832 F 117.17 02 099866 12312 02 098696 101.10
kI'mol', T HIMNMEFEREW NAHIT; 1€ FWO % 03 099828 12701 03 098865 114.80
5 Friedman 397, 2 FAEY) BRIAEHAL R 0=0.1~ WO 04 099875 13049 04 098714 12321
0.7 B WL MELEE, Bz X a7t 0.5 099806 13192 0.5 0.98606 126.01
BIHECEE, B E IS e T B ah 0.6 099837 13487 0.6 098952 130.81
1k 130.42 1 117.84 kI'mol™, 28 A 5 1 i 0.7 099815 147.02 0.7 098841 137.05
FEREMS = TPT)E s Ja H TG ALie ¥ EH g R - 13042 F¥ - 117.84
43 5 A 131.83 Al 118.75 kI-mol ™", £2 W A J5 #4 0.1 099781 11969 0.1 098578 9184
AR S T8 . 2 Fh AW 5 no TG AL RE 15 02 099853 12437 02 098558  101.36
GE & A R 3 m e ok, X2 i T E PV R 03 099811 12831 0.3 0.98757 115.64
A, A 2 1 o 25 DR HL A 2 1 R S PR T R Frcdmantt 04 099862 131.86 0.4 098598 12435
AN, FTERe R TERVE R, K 0.5 099787 13328 0.5 098482 127.19
B LR 2 2R, TR AL REE N PR 0.6 099821 13630 0.6 098859 132.17
G, B =M ARRZEE MR, Tk 0.7 099798 14899 0.7 098743 13867
ek — A1 s - 131.83 P - 118.75

2) EE o DAHE A=Wy Jot ) 3R ik S 0 2ot A 3
W — G, RS RNA A FAR W, Y PR AR B R A 2 O i, TR
KPR A RE B o gt X — e R X THR R 350 10, 20, 40 Kemin™ f9 A4 9 BB gt ad R 0E 47 =
FUELA . TS AL BE(E R KAS % . FWO 3 1 Friedman % 3 F 7 ik IR IS A BE RS (B . ERIE
LG IR LI 7, A=W o AR i 5 A E BE 6 L2 pR B0AY B U SO Y TT A R LR 3. B 7 T E
L GBS R B T BE 8 B M R A PO B, HUROW SRR, YEO AEPY dLds i, CREFER
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Fig. 7 Fitting results under different heating rates by Master-plots method
x3 TRARENEFNABDNFESE
Table 3  Pyrolysis kinetic karameters of different reactions orders
HHAIE (=
G@ R E/Xlmol!' A5  G@ R E/kImol! AT

FHE# /(K min ™)

10 F5.6 095757 137.87 3.66x10" F4.59 094529  122.05  2.60x10"
20 F5.23 095107 13925 2.25x10" F3.79 0.93325 116.42 3.38x10°
40 F3.94 092552  129.18 1.00x10" F2.35 0.916 18 98.71 2.48x107
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TR .
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Mechanism of pyrolysis of sawdust biomass to produce highly reducing gas
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Abstract Due to the high cost for reducing iron tailings by gas-based magnetization roasting, this paper
explored the mechanism of gas production, which was based on the cheap, easily obtaining, and good potential
for reducing gas production characteristics of biomass. Through single-factor experiments, the effects of
temperature, water content, and Na,CO, catalyst addition on the fir sawdust and bamboo sawdust were explored.
Besides, the gas production characteristics between these two sawdust were investigated by TG-IR. By kinetic
analysis, the pyrolysis mechanism function and activation energy of fir sawdust and bamboo sawdust were
determined. The results indicated that the moisture content below 40% was conducive to reduce gas production.
When the pyrolysis temperature was 700 °C and the addition amount of Na,CO, was 4%, the proportion of
reducing gas in the pyrolysis gas of dried fir sawdust was about 76%, and that of bamboo sawdust was about
66%. Both of the reducing gases are concentrated in the second stage of pyrolysis, which can be better described
by the reaction series model. By calculated, the activation energy of Chinese fir sawdust was 118.32~135.43
kJ-mol™; while the activation energy of bamboo sawdust was 112.39~118.75 kJ-mol™. The results can provide
technical guidance for the preparation of reductive gases by biomass pyrolysis.

Keywords fir sawdust; bamboo sawdust; pyrolysis; reducing gas; kinetics
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