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Effect of CO, on pyrolysis behaviors of lignite
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Abstract; The pyrolysis of Huolinhe lignite under CO, atmosphere was carried out in a thermobalance and a fast
heating-up fixed bed reactor. The distribution of gases, char yield and its property such as element, surface
structure, FT-IR spectra were analyzed. By this, the effect of CO, on the pyrolysis behaviors was studied. The
results show that CO, gasification of the nascent char, which destroys the hydrogen-containing char structure, not
only promotes cracking of benzene ring and fracture of hydroxyl, methyl and methylene groups etc. , but also
weakens the interaction between H and char matrix and increases the H fluidity, leading to the increase in the
generation of H radicals. These H radicals can combine with other free radical fragments generated from fracture
of the coal macromolecules to produce more volatiles. This will produce the char with a high specific surface and
high pore volume and porosity. The introduction of CO, promotes the coal pyrolysis and generation of volatile,
resulting in decrease in char yield and increase in the evolution amount of H,, CO, CH, and other small
molecules hydrocarbons.
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Table 1 Proximate and ultimate analyses of HLH lignite sample

TE T CO, MR T FE R

FERIEATT CO, SR PTG, %455 T CO,
X2 BRI 7 SRR T ) 43 A S 3 A X2 AR
AIFITC R & & 04T, i
M AL

JEURHEEE FH 22 AR (HLH) %8 1 26 5ok
SERERE G5y, 15 R4 5
180 pm) HYMERE; SR, 76 383 K H25 T4 4 h DIfR
Ky EERAERE . RERER Tk 5 B F T 2 5y
L 1, KA A2 s 3 2.,

+4ii S 80 ~ 100 H (154 ~

Proximate analysis w,,/ % Ultimate analysis w,,/ %
M A Vv FC C H (0} St N
2,42 20.14 30.21 47.23 63.47 3.72 7.97 1.33 0.95
* by difference
R2 EMTRERSHLFAR
Table 2 Chemical composition of HLH lignite ash
Content w/ %
SiO, Al O, Fe, O, CaO MgO SO, K,O Na,O TiO, P,0,
49.19 21.85 11.73 8.04 1.79 2.20 1.23 1.04 1.43 0.28
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Figure 1 Schematic diagram of the pyrolysis apparatus

1 temperature controller; 2. furnace; 3 reactor;

W dE . W HFSE 8 min i 37 BB BER R i G 9 ik 4. thermocouples; 5: quartz hanging basket; 6: quartz tube;

TB A PRI T N, AU PR AR R, AR
w2

14,15 sample transporter

SEE TR 550 ~ 1 000 °C, K RBSR N N, H

CO, 5 N, Wik

= 4\4,/\

SRR NERRA S g 14 EERNBELRS

7. air bag; 8. heater band; 9. spherical valve;

10,11,12,16: valve; 13 mass flow controller;

F]FH Micromeritics AutoPore TV9500Series 1%
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Figure 3  Yield of the char under the mixture atmosphere
50% CO, and 50% N, atmosphere and pure N, atmosphere
M : mixture atmosphere 50% CO, and 50% N, ;
® . N, atmosphere
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Figure 4 FT-IR of the char under the mixture atmosphere of 50% CO, and 50% N, and pure N, atmosphere at 800 C
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Figure 5 FT-IR of the char under the mixture atmosphere of 50% CO, and 50% N, at the different pyrolytic temperature
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Figure 6 EDX of the char under N, atmosphere at 800 C

HIREAEAL T PR BANRE T T2 2R i
HEFIUS N PEZRIE T O 48, HAE R i b il
fp S O HREMIAIE N H H 37 & H A 5 i
B TERVR RS O BREM ML, A TR
PEAE, CO, P B 738 2R~ SR TG PR 5 5 208
AR ERRY BN, n] DLBEIR & A~ R 45 M, — T i
et TR P IV P LS R AT 4 i v A7 BR A4
ATFRL; 5 —Jr T, AT LA H -5 HAR B AS 14 1) 245
AL T S AR S, AR R 2 S A

FEU P R D XSS R SRR T
P KR A R EERE R (LG T 2 A ) S
A AT e S At /N TS AR S 2
BRGHIIE DL, Bt 30 Z g A RSk
PEA RS> T2 4R BRI A 2 CO, B A
PEE T ARSI E L, CO, A S N ARE HE T BE A
MRETT

spectrum: 7-1  range: 20 eV

total cnts=1 3063 linear auto-VS=315
- —300

- Si 1250

1200

1150

1100

50

00 10 20 30 40 50 60 70 80 90 10.0

K7 50% CO, f150% N, IRESHAT
800 T AL EDX i 4]
Figure 7 EDX of the char under the mixture atmosphere
of 50% CO, and 50% N, at 800 C
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Figure 8 EDX of the char under the mixture atmosphere
of 50% CO, and 50% N, at 700 C
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Table 3 Content of C and H of char obtained from 1 g coal
pyrolysis under 50% CO, atmosphere and pure N, atmosphere

50% CO, " atmosphere

N, atmosphere

/' C 550 700 800 550 700 800
Cw/'% 62.47 66.17 63.43 61.28 62.77 62.12
Hw/% 2.64 2.05 1.51 2.52  1.79 1.37

*

. mixture atmosphere of 50% CO, and 50% N,

2.2.2.3 FEMREEHERSH

AR R R 53 RT3 1 W AR BB AL B Y
K AT AT RS A A FL AL KA
(L, AT RS e R TR FLAR oA S FL A5 A S 80
Ak, T HEE CO, XALEHSE Xty
M 243054 700 1 800 °C I WA 41 F BTS2k 2
IFLBRZS A S E b A5 R L3k 4 FIEk 5,

Fz4 700 CH 50% CO, SEML N, SR TTERBEENFLEN
Table 4 Pore structure parameters of the pyrolysis char under 50% CO, atmosphere and pure N, atmosphere at 700 C

Total intrusion volume Total pore area

Atmosphere

Average pore diameter Median pore diameter

Porosity / %

v/ (mL-g™) A/(m*-g") (4V/A) /pm (volume) d /pm
N, 0.56 6.15 45.11 0.36 6.58
50% CO, 0.76 9.28 53.97 0.33 5.31

%5 800°C Bf50% CO, SEMA N, SR TEMELENFLEY
Table 5 Pore structure parameters of the pyrolysis char under 50% CO, atmosphere and pure N, atmosphere at 800 C

Atmosphere N, 50% CO,
Temperature ¢t /C 700 800 700 800
BET surface area A /(m*-g™") 106. 56 142.10 160. 32 228.42
Average pore diameter d /nm 2.81 2.36 2.75 2.37
Micropore volume v /(cm®-g™") 0.065 0.084 0.085 0.135
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Figure 9 Effects of pyrolytic temperature on H, yield
under CO, atmosphere and N, atmosphere
M : mixture atmosphere of 50% CO, and 50% N, ;
® . mixture atmosphere of 20% CO, and 80% N, ;

A : N, atmosphere
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Figure 12 Effects of pyrolytic temperature on CO yield

under CO, atmosphere and N, atmosphere
M : mixture atmosphere of 50% CO, and 50% N, ;
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A : N, atmosphere
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