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Comparative Investigation of the CO, Gasification Characteristics of
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Abstract: The CO, gasification characteristics of in-situ char and ex-situ char of biomass were comparatively investigated
by using rice straw and pine as samples. Effects of char structure and metal catalyst on difference of the char gasification
reactivity were explored by acid-washing and catalyst loading, respectively. Kinetic analysis was conducted with a hybrid
model. The results show that, gasification reactivity of in-situ char is significantly higher than that of ex-situ char. During
the process of cooling and reheating, the organic functional groups in char undergo further breakage and recombination,
leading to volatilization and more stable aromatic structures. Besides, the morphology of metal catalyst is changed and
more stable linkage may be formed between metal and char matrix, which deactivate the catalyst. Activation energy of the
in-situ char and the ex-situ char are slightly different from each other, while the pre-exponential factors differ widely,
which can be attributed to the numbers of active spot on char surface.
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Table 1 Ultimate and proximate analysis of raw materials
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) Ultimate analysis (%)
Raw materials

Proximate analysis (%)

Coar Haar Our Near Sa Aq Vaar FCar
Pine 47.64 6.35 45.92 0.09 0 1.42 82.03 17.97
Rice straw 37.99 5.65 55.84 0.43 0.09 14.50 84.39 15.61
*The oxygen content was calculated by subtraction method.
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Fig. 1 CO, gasification reactivity of raw rice straw char
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Fig. 2 CO, gasification reactivity of raw pine char
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Fig. 3 Gasification reactivity index of biomass chars

HER R 5 FILEFIFRAE
FRUVEMAARHERR T & @ AL /ER, K ZARAJR
R &Rt E, H K 3RRESRHELER
R, MRS ERAARR) Raw-Char. H-Char #11
K-Char JLF2 AT RAE

& 4 25 Raw-Char #1 H-Char g4 B HIHIHE
B LTAMETER] . R OB AR AR TR
FE R RS A LA AR IR], LR A 0 5 5 0 1T R
1% 5, Raw-Char 1 H-Char 7F 3 230 ~ 3 670 cm |
Z AR s R AR o [ R R O R

2.2



553 1

DRSS AR AR R S R R CO, U T 173

(el C=0 (4R s i BLAE 1650 ~ 1900 cm ™',
950 ~ 1 300 cm ' HfkEE C—O—C B RS
1410 cm™ 12 330 cm™" BT A4 B B v 77 e
AALE Y. 1450 ~ 1600 om [ IE k5 7 m
PRBNERIEIE . 625 ~900 cm 'y C-H 25 ihdEzh, wf
PIEH, H-Char,, 1#2%E. C=0 fil C-0 ZFHHEH &
W H-Chary, A8/, EEHFA RS, 2
TR A NUE REM A= T E— 20 M e 4, A7
AR o3 RS I S A5 o

\,\/wv

"= N
74g| 1167 1095 2338 3028 3630
! \/ |
876 ! 4\‘1 2‘ ‘\ —— Raw-Char,
\‘ “\‘1 584 —— Raw-Char,

1695 2330 3032 3634

s

o

2

g 1585

B e Wi e\ NN

2 | ga3 [ 1693 o3 3030 3637

E I W 2360

e ! v o

= 874 1406] —— H-Char
“ —— H-Char

1584
500 1000 1500 2000 2500 3000 3500 4000

Wavenumbers (cm ™)
K4 HEPEER FT-IR A

Fig. 4 FT-IR curves of biomass chars
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Table 2 Microcrystalline structural parameters of the char samples
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Raw-Char;, 0.405 0.773 1.87 1.91
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Table 3 Kinetic parameters for CO, gasification of biomass
chars

Sample E (kJ'mol ") A (min™")
Raw-Char;, 190.66 5.05 x 107
Raw-Char,, 186.92 2.61 % 107
A H-Char;, 252.73 1.26 x 10°
Rice straw 9
H-Char,, 254.67 1.17 x 10
K-Char;, 149.01 1.31 x 10°
K-Char,, 145.71 6.68 x 10°
Raw-Char;, 122.43 432 % 10*
Raw-Char,, 125.80 3.05 x 10*
. H-Char;, 240.61 325 x 10°
Pine ;
H-Char,, 219.80 455x%10
K-Char;, 91.41 8.23 x 10°
K-Char,, 83.80 2.92 x 10°
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