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Effects of pyrolysis pressure on the
properties and gasification reactivities of biomass chars

DING Liang]‘2 , ZHANG Yong-qi' , HUANG Jie-jie1 , WANG Zhi-qing1 , FANG Yi-tian'
(1. Institute of Coal Chemistry, Chinese Academy of Sciences, Taiyuan 030001, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Biomass chars were prepared under different pyrolysis pressures in a pressurized fixed bed reactor.
The evolution of chemical composition and physical structure of the biomass chars with the change of pyrolysis
pressure were observed by BET, XRD, CHNS elemental analyzer and ICP-AES. The reactivities of biomass
chars were evaluated by a thermogravimetric analyzer. The results show that the yields of biomass chars increase
with increasing pyrolysis pressure, but reach a plateau above 1.0 MPa. With increasing pyrolysis pressure C
content in biomass chars increases, while H content and BET surface area decrease. The degree of graphitization
of corn stalk char and sawdust char increases with increasing pyrolysis pressure, while that of rice husk char
shows almost no dependence on pyrolysis pressure. The average gasification rates of corn stalk char and sawdust
char all decrease with increasing pyrolysis pressure, while pyrolysis pressure has little influence on the
gasification rate of rice husk char. Compared the evolution of BET surface area and carbon crystallite structure of
biomass chars with biomass char gasification rate, it shows that the difference of carbon crystallite structure of
biomass chars, which was brought out by the change of pyrolysis pressure, mainly contributes to the difference
of gasification rate of biomass chars prepared under different pyrolysis pressures.
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Table 1 Proximate and ultimate analyses of biomass samples

Proximate analysis w,,/ % Ultimate analysis w,,/ %
Sample "
M A 14 FC C H (0] N S,
Corn stalk 8.87 4.51 71.58 15.04 44.14  2.73 38.7 0.74 0.31
Sawdust 8.11 1.99 75.43 14.47 44.89  3.01 40.83  0.84 0.33
Rice husk 7.68 19.45 56.99 15.88 37.01 2.32 32.49 0.66 0.39

" . by difference

1.2 E£#H& GiRaE JT  E A RGP R S BT ROV X A FE 15 min,
ANTRIIAE S EERE R A AR IR PR A [ 2 SR IS AR R AR AR T X H B 200, DG BRI, 2
PR EEAT, b2 ESEHINEAE (PTGA, Cahn TG- ek BRig L350 g B, BCH A i (T B AR T 35 2
151, Thermal cahn, USA) BGi&E i, WA 1, EZ WX SR EEARAE ) , 2547 Uil 4 i, # Bk
RIERG MRS HIRGEMEERGA N, B W LT E RN E S 5T BRI, 120 25 B il &
Ff S B0 A5 R R, B TR BE 900 T 4 R BT IE] RESL K IrRIE R AR E /N T 0. 15 mm AT
15 min #AfEES70.1.1.0.2.0.3.0 MPa, BUFEAH] RIS TPREH . BLEIAYRE FE N CS-0. 1, T I R
RGBT MG 21 WA BEAEREHI MBI, J18 0.1 MPa [ FORFEFFEERES,
EIE RGN FRLE R PGER AN H, 1 1.3 SRR
R R FR AT B AR A% B R Y i A AR RS R D) R A R 0 L R T R Trista
AFES X R EE A4, H N, W H 10 min J5 L 3000 MRS 5 . SR N, W A R 7E - 196 C
10 T/minFt 488 I IFRHF 30 min (ER S A,  IEATWRA IR H BET W6 M5 09 B L R i FRL,
SR e i I TS B AN RGN AR S BT RO X 4 R 45 # 7E Bruker D8 Advance X HTEZRAT ST
B 15 min SRR R BRES X, RRRER R AT E R XS T, WA WT, Cu Ko 58 4T 8 LK
JEBUE L IEERRE . R TR EIRE F R 30KV B B 15 mA | 10° ~ 80° F1 4 | 1 i 1 R



511 3

T 5 A IR 0 R AR SR B A OB RE A2 ) 1311

2(°)/min, M Vario EL TG AT EE Fh 1 C .
H NS & &7l %, KM Thermo ICAP 6300 Hi
TR G 58 B I R SR ASORT R i 1 4 B4
J& Btk 4 R e R AT E

® g ,
6 5
21 3
20
19
18 17
—16
23
24e—b = —14 a
| 7 i
I 2
i) :
NN
I i
22 I [ 8
\“—E .
10 9
L A i 5 PR 1A
Figure 1 Scheme of high pressure pyrolysis fixed bed reactor

1: react gas; 2. furnace gas; 3. purge gas; 4. mass flow
controller; 5. purge gas in; 6: pressure release valve;
7. furnace gas in; 8 react gas in; 9. thermolcouple;
10. furnace gas out; 11 furnace; 12. furnace vessel;

13 quarze tube; 14 joint coupling ring;
15 react and purge gas out; 16 ball valve;
17 . alumina crucible; 18 sample cell; 19 screw nut;
20 platinum wire; 21 permanent magnet;
22 cold trap; 23 . back pressure regulator; 24 . vent out
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Figure 2 Curve fitting results of
XRD of biomass chars prepared at 0. 1 MPa
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Table 2 Proximate and ultimate analyses of biomass chars prepared at different pyrolysis pressures

Proximate analysis w,/%

Ultimate analysis w ./ %

Sample
A 14 FC C H o’ N S,

CS-0.1 12.80 3.22 83.98 86.72 1.43 10. 48 1.00 0.37
CS-1.0 11.00 2.90 86.10 87.41 1.36 9.89 0.94 0.40
CS-2.0 11.37 2.59 86.04 88.20 1.28 9.15 0.93 0.43
CS-3.0 11.58 2.48 85.94 89.18 1.19 8.27 0.92 0.43
SD-0.1 8.79 3.88 87.33 90.53 1.52 6.94 0.85 0.16
SD-1.0 7.61 2.54 89.85 90.92 1.33 6.81 0.81 0.12
SD-2.0 8.02 1.93 90. 06 92.66 1.32 5.10 0.81 0.11
SD-3.0 8.05 1.93 90.02 94.19 1.15 3.75 0.82 0.10
RH-0. 1 51.02 4.26 44.72 87.67 1.41 8.95 1.55 0.41
RH-1.0 47.52 3.84 48. 64 87.95 1.19 8.73 1.58 0.54
RH-2.0 47.36 3.64 49.01 88.99 1.11 7.88 1.59 0.42
RH-3.0 47.41 3.23 49.37 90.73 1.00 6.26 1.65 0.36
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Table 3 BET surface areas of biomass
chars with pyrolysis pressures

Pyrolysis pressure

BET surface area A/(m’-g™")
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Table 4 Effect of pyrolysis pressure on

002 peak intensity of biomass chars

p/MPa CS SD RH
0.1 31.6 1.8 36.3
1.0 5.0 0.2 3.2
2.0 1.6 - 1.3
3.0 1.0 - 1.2

—. not detected
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Pyrolysis 002 peak intensity
pressure p/MPa CS SD RH
0.1 691 883 1113
1.0 793 1232 1151
2.0 823 1382 1174
3.0 919 1392 1199
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Figure 4 Reactivity comparison of biomass chars prepared at different pyrolysis pressures:
(a) and (b) for CS (c¢) and (d) for SD (e) and (f) for RH
0:0.1 MPa; @: 1.0 MPa; A: 2.0 MPa; a: 3.0 MPa
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Table 6 Effect of pyrolysis pressure on the average reaction rate
of biomass chars after normalization with 002 peak intensity
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CS SD RH
0.1 33.77 27.36 3.25
1.0 31.17 28.44 3.16
2.0 29.18 27.36 3.29
3.0 32.58 25.77 3.38
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Table 7 Major inorganic elements in biomass chars prepared at 0. 1 MPa

Inorganic elements ( dry sample) m /(mmol-g™")

Sample -
Al Ca Fe K Mg Na Si
CS-0.1 0.04 0.24 0.03 1.32 0.27 0.05 0.60
SD-0. 1 0.03 0.79 0.01 0.38 0.00 0.03 0.09
RH-0.1 0.03 0.10 0.03 0.40 0.07 0.03 7.38
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