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Investigation on transferring and release characteristics of chlorine
during pyrolysis of low rank coal
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Abstract: In order to reveal the release mechanism of chlorine( Cl) in low rank coal during pyrolysis process, a
low rank coal from northern Shaanxi was pyrolyzed at different temperatures, particle sizes and heating rates in a
tubular reactor and a Thermo Gravimetric-Infrared-Mass spectrometry ( TG-IR-MS) to investigate the transferring
and release characteristics of Cl during pyrolysis process. The dynamic model of Cl transferring and release was
built based on the process of coal pyrolysis. The results show that the chloric species from the pyrolysis of low
rank coal is HCI and little Cl,, and the temperature strongly influences the release rate of Cl during pyrolysis in
the tubular reactor. With the pyrolysis temperature increasing from 300 to 800 C, the release rate of CI increases
significantly , reaching to 49.5% at 800 C , while the fraction of Cl in the char decreases and the fraction of CI in
coal tar and pyrolysis gas increases gradually. The release rate of Cl has a maximum of 35. 8% as the particle
size is 3. 0—-4. 0 mm. The particle size also affects the distribution of CI in pyrolysis products. Moreover,
increasing the heating rate is beneficial to the devolatilization, and the release rate of Cl in coal changes obviously
as the heating rate is 15-25 C/min, but much higher heating rate will result in the decrease of the release rate of
Cl in coal. Most Cl species in the coal tar is in form of water-soluble inorganic chlorides, and therefore the
ultrapure water can present a better performance to remove chlorides. The release activation energy of chlorine in
pyrolysis is about 20 kJ/mol.
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Table 1 Proximate and ultimate analyses of coal sample

Proximate analysis w,/%

Ultimate analysis w ./ %

W -1
d/mm A v FC C H N S wea/(ng-g )

<6 5.74 32.23 62.03 81.62 4.97 0.97 0.29 710
0.0-1.0 7.24 31.88 60. 88 79.98 4.81 1.00 0.38 793
1.0-2.0 4.68 32.58 62.74 80.51 4.91 1.04 0.26 688
2.0-3.0 5.15 32.66 62.19 81.05 5.00 1.00 0.25 636
3.0-4.0 5.22 32.62 62.16 80.74 4.99 1.00 0.27 600
4.0-5.0 5.12 32.20 62.68 81.16 5.00 1.04 0.25 569
5.0-6.0 5.16 32.40 62.44 80. 86 4.99 1.02 0.26 565

* . By ECS3000
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Figure 1 Pyrolysis experimental system

1: N, cylinder; 2. flowmeter; 3. pyrolysis device;
4. pyrolytic reaction tube; 5. silica wool;
6: low & constant temperature bath;

7. gas washing bottle with acetone; §: gas collection bag
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Figure 2 TG-DTG curves during coal pyrolysis
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Figure 3 MS curves of gases released during coal pyrolysis
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Figure 5 Effect of temperature on char

yield and chlorine release
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Figure 12 Kinetic curve of chlorine
release during coal pyrolysis
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Table 2 Kinetic parameters of chlorine evolution at different heating rates

Heating rate/( C +min™")

Activation energy E,/(kJ-mol™")

1

Frequency factor A/min” Relative coefficient R*

5 18.59
10 19.07
15 19.15
20 19.62

0. 0459 0.9774
0.1007 0.9802
0.1381 0.9564
0.1949 0.9573

®3 TARAHETEREHNFESH

Table 3 Kinetic parameters of chlorine evolution at different particle sizes

Particle size d/mm

Activation energy E,/(kJ-mol™")

Frequency factor A/min” Relative coefficient R*

0.0-1.0 21.42 0.2794 0.9973
1.0-2.0 20.62 0.2215 0.9400
2.0-3.0 20.33 0.1238 0.9764
3.0-4.0 20.16 0.1921 0.9638
4.0-5.0 20.25 0. 1866 0.9736
5.0-6.0 20.38 0.2132 0.9783
3 4 % JERERIFE M 3.0-4. 0 mm B}, S A9 BRIk B i K

FIH TG-IR-MS & HE AR 52 R, $4fi <A
ORI & A 414 L HCL A ¢, AL H
HCI By Rl B B KT CL, R

HP TR T A s I R v UG I R v S P R
RIS ol 3, 7E 300-800 C 444, &
1) e ik 258 i o YL 1) - v LA A, 800 C B, S Y
BEMCRIR B R 49. 5% 3 AAEE AT 140 5%
s I T AT AR AR S 9 53 A B O 5 #R
fife i B2 15 T 600 C B, A A G 43 A RS i
FER ., e AR T A R TR e S R TSR )
A AP

B ARG, SRR S N 5 0
S ik

{H 35. 8% ; A G 1Y oA e R s /D I 218 3
i, B S U oA R R AR SRR I, FE T AR
() oA R NNBRBE R/ o H e A TR R A ) T
FE R BRI, 23 v 1) T TR TR AS ) 4 G ) B
I H v Tl TR U TR SR 7 ) b i o0 A R R AR
AR,

AR B R R e AR o B v, ST R I REOR
AR, AEEFE T E S, Frgsr s 5 rii
AT DA B K e G2 ) B TR P A A T 5 1R
B HRARE AR R A A o A b, SRR R %) 3% AL RE 34 7
20 kJ/mol 47 .
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