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Effect of pressure on structure and combustion reactivity of pyrolysis coal char
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Abstract: Pressurized oxy — fuel combustion has attracted much attention, which is considered to be a more efficient and cleaner
second—generation oxy—fuel combustion technology. As the first step of coal combustion, different pyrolysis conditions ( pressure, atmos-
phere , heating rate,etc.) directly affect the physical and chemical structure of char,which in turn leads to different combustion reactivity.
At present,under the conditions of pressurized oxy—fuel combustion, there is few report on the correlation between the reactivity and struc-
tural properties of char. A pressurized concentrating photothermal apparatus whose maximum heating rate could reach 80 °C/s was inde-

pendently designed and established. Two kinds of Zhundong coals, Hongshaquan ( HSQ) and Wucaiwan (WCW) were selected to pre-
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pare char under different pressures (atmospheric pressure —1.5 MPa) and pyrolysis atmospheres (N, ,CO, ). The specific surface area an-
alyzer, Raman analyzer , thermogravimetric analyzer were used to systematically investigate the influence of pressure and pyrolysis atmos-
phere on the structural characteristics of char and its combustion reactivity. The results show that under inert N, atmosphere , the char yield
of HSQ and WCW coal at 1.5 MPa increase by 3.54% and 10.49% , respectively, compared with atmospheric pressure. While under CO,
atmosphere , compared with atmospheric pressure ,the char yield of HSQ coal at 1.5 MPa decreases by 16.40% , and the char yield shows
opposite trends with pressure changes under two kinds of atmospheres. Under N, atmosphere , the specific surface area of HSQ/WCW char
increases from 24.20/14.85 m*/g to 26.27/46.19 m*/g with the pressure increases from atmospheric pressure to 0.4 MPa. However, when
the pressure continues to increase to 1.5 MPa, the specific surface area of HSQ/WCW char decreases from 26.27/46.19 m*/g to 21.21/
39.46 m*/g. Under the same pressure, the pore structure of char prepared under CO, atmosphere is more developed. At atmospheric pres-
sure and 1.5 MPa,the specific surface area of HSQ char prepared under CO, atmosphere is 6.46 and 9.03 times that of char prepared un-
der N, atmosphere ,respectively. This is also the main reason why the combustion reactivity of HSQ char prepared under CO, atmosphere is
better than that prepared under N, atmosphere. With the increase of pressure, whether it is prepared under N, atmosphere or CO, atmos-
phere, the ratio of I ¢p,y.vg) /1 calculated by the peak fitting calculation of the Raman spectra of two kinds of chars gradually decreases,
and the chemical structure of the chars tends to be more stable, which also make the combustion reactivity of chars prepared under high
pressure decreases. However, under the same pressure , the ratio of / cp,yp.yg) /I, of HSQ char prepared under CO, atmosphere is lower than
that prepared under N, atmosphere. Under high pressure,the gasification reaction of CO, and char is enhanced,which consume more amor-
phous carbon, so the difference of I ,y;.yr) /1) is more obvious under two kinds of atmospheres. However,due to the dominant effect of
the difference in physical pore structure , HSQ char prepared under CO, atmosphere has better combustion reactivity. It could be concluded
that the combustion reactivity of char is affected by physical structure and chemical structure.

Key words : oxy—fuel combustion ;pyrolysis ; pressure ; char; CO, ;specific surface area;chemical structure ; combustion reactivity

0 3 = G RSB 10 A I 33 3 AL 45 H P S ), %
B CO, 43R M 3T, 45 252 10 AL R0 v 7L 2% 1 L

BRI AR, 25 A B AR R S U I 7 A % A 2R B KN, Zhang

A BRI E IR T AT, 0 B SRR b B AE R R T SELOT ST T DR IR S 1 T R LB CO, 43 JE X
HEAT, R I T —TH i pRE R R BT FHRLE R R RS20, RILBEE CO, 4% FE [ 1
M, S R T — O A R O b PR —— i T, A5 1 G 2 T AR RIAL AR R | T e 4 0 7 38
ARG s O B AR AU R R RE LB, 4B RSN 25 I Ak M X
RSB TE BE F HEAT BRIAE R IO I 4 (1 5 ) L ) B8 5% g 11 5 o O B
IR R SR B PR AE T BE R AE Y 0 A B Y Jiménez 255 AE NI R 5 R L VPAY T 7 %L RA
I, IS, ST PR 1 8 (1 0 75 2 5 R 458 4 g 2
AT BRRBER S 1 2B SR AT th Al A B S A A TE B T, A 5 552 R

A, FEIERRNG 50 i S A A ) ) BRI b 22544 o7 AN 4 B e R, R R A OV g B
FHIURBE RO FE S . Qing 1 EH U Bk WL RS TIORGOS B 5 3 e —
WA AR R i R, COBR T 2 5 BURZEIE , R A I 07 1 PR G A0 B A 2 45 ) (AL
MR T BB T R BN, 8 2 {7 A 1 sty B L 6 ) 11 2 T BN IR 1 3 2

BEAETF B AR BE R IN,  ER I €O, nl fie 7 £ ¢
FHEINGE S, A T HALSA S50 . Brix % @
PET I SN AR IR AT ST, B N, F CO, 4T il 45
EE 2 BET Lo 3R T AR DL K45 4 43 7= ISR 22 R
R, TN R 2 SRR e S SRR B AN 2 T 3 S )
PRI o N TN SRR, S s T S R
SUR(COIUR N, ) B 803 2 (0 RREAORE B9 Jd 422 4 o
R FRBUE RS (CAnFLBR S | LR AR
DA R AT s Al B 45 ) AR A8 Ak T 532 o 4 R 114
MEPET ) Gouws & HFSE T 0,/C0, KA F €O,

FHAE , AN [F AR (N, (CO, ) T BEAE S 1
SRR Z A R 75 AT BN R SR IR A Hb

ARG VD SN TS 2 P AR I T
WFFE , T A TSI 8L ST N i RGP T
IR &, 6% T AR 7 (0.1~1.5 MPa) B #4
i SA(N, . CO,) N AYBEAR R T bE 2R TE AR 3 BT
P2 AT A A AT CRIE F-Be B 48 T e ) ik
Fif SRR IR R 2 S HE R PR R W), Ry it — 25 4
IR & AR R R R

69



2021 4F55 4 14

ik 4 4 H# K

www.chinacaj.net

%27 %

1 ik 7
1.1 HmESE

JIT T Sy v ] i st o 2 b DX 1) R 1 0 A
(WCW 1) FIZLVD IR AHAE (HSQ 1) o 2 PR M
e 4%, S BORI AR N 74~ 150 wm B4R TR Y
il g R, H AR B B B AR . AR (0.110 %

0.003) g HEBEES 7R AL LA R AL R
T il B R S0 9 MPa, JE S EL AR N (6.47 +
0.01) mm . /&~ (2.65£0.01) mm BRI WOk, 16
SRR R B A ICE AR N 1 mm /ML, LR
1.33 mm , TR AR SE R W0 Sz 1 3 2
i JOURE P PR IR B 2 AR Y Tl A BT FIOT R
M1,

F1 EEHILSHITERES

Table 1 Proximate analysis and ultimate analysis of coal samples
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Fig.1 Diagram of pressurized concentrating photothermal apparatus
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Fig.4  Adsorption/desorption isotherms of char samples prepared under different pyrolysis conditions
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