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structure. However, there are few studies on the relationship between the evolution of functional group and the
characteristics of chemical looping reaction, especially the comparative studies on different types of oxygen carriers
have not been reported so far. In order to explore the relationship between the functional group structure in coal and
the characteristics of chemical looping combustion, the chemical looping combustion experiments of bituminous coal
were carried out by means of the small fixed-bed reactor and Fourier infrared analyzer. The results showed that after
adding iron-based oxygen carrier (Fe4Al6) or copper-based oxygen carrier (Cu4Al6), the CO; concentration of Juye
(JY) coal increased by 52.25% and 59.16%, respectively. The maximum carbon conversion rate increased by 8.93%
and 30.36%, respectively. The reaction effect of Cu4Al6 was better. When Cu4Al6 was used as bed material, the
evolution of surface functional groups in JY coal was accelerated, the reaction rates of aliphatic hydrocarbon structure,
aromatic carbon skeleton and aromatic CH were significantly improved. Aliphatic -CH3; and —CH2 in coal were active,
and reaction rate was quite fast, which were the main sources of gas phase products in the initial stage of chemical
looping combustion. Aromatic carbon skeleton and aromatic CH were stable and inactive, and reaction rate was
relatively slow, which were the main sources of gas phase products in the middle and late stages of chemical looping
combustion.
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Fig.1 Schematic diagram of the chemical looping combustion

(AT RE R PR AR AR T Hh, A R R R 25 AR
XF S SRV SR ARV RIE FE AR D, R B X AN R R A3,
SR IR S5 LUAE 78 28 AT AR LR

AHIF FEAE S50 = AT AR R b, S HCH F 1 Fe
H(FedAl6)Fl Cu FEEH M(CudAle), IR T AFRIKET
BRI TAR TY MR S M2 K e AT AR R
S3 BT IR B [AVE A0 2 S B R s, R ST
TSSO 5 48] 5 40 22 B S R PE 2 (R RBE &R, DA SR B
THIREAL 22 B R )58 o
2.1 MRS

LSRR B R e B I (RRTRR TY AR A

Bl RifE 88~126 um, FH T Mo BT AIC /0 #4500 3%
1.

Air reactor
(oxidation reaction)

FedAl6 Fll CudAl6 B E AR ARG 0100
Fe(NO3)3-9H,0 5( Cu(NO3),-3H0 Bt Bl v Fl 7K Vi J B



1122 U = N

$19 %

T 80 120 CHEE M, k2SRRI A& &
v-ALOs; KA ZETIE, KRR EAFE N 100 CIEE T4
M T 24 h, BGET 900 CH IR 3 h, &

HF & i 43 J5 75 180~460 um ff] FedAl6 5% CudAl6 # A A
Wki. FedAl6 B¢ CudAl6 HEMH, Fe,0; 8k CuO 5
y-ALOs [T Ly 4:6.

R 1 BN SHFRTRS

Table 1

Proximate and ultimate analysis of coal sample

Proximate analysis (ad, wt%) Ultimate analysis (ad, wt%) .
Sample Lower heating value/(MJ/kg)
A M \Y FC C H N S O
Juye (JY) coal 8.3 1.88 34.08 55.68 74.74 4.58 1.28 0.5 8.66 29.45
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Fig.2 Schematic diagram of the experimental setup of chemical
looping combustion
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2955 RCHj; asymmetric stretching vibration
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1377 Aromatic —CHj3
1000~910, 860, 810, 750, Substituted aromatic hydrocarbon CH,
684(weak) ash in coal
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Table 3 Peak areas of the functional groups of JY coal at different time

Reacti Wavenumber/cm™
Sample i Ca(;tl()ll’l Aliphatic—CH3/—~CH, Aromatic C=C Aromatic C-H
ime/min
2955 2917 2852 1601 144 866 808 751 Total area
JY/Fe4Al6 0 0.5686 6.1897 3.4371 23.9397 10.6812 0.5487 1.5503 1.5901 3.6891
1 0.3265 1.0465 0.9325 12.1646 3.7330 0.7309 1.3770 1.1859 3.2538
3 0.1299 0.0756 0.0739 2.6938 1.2174 0.8140 0.9727 0.3684 2.1551
6 0.0765 0.1659 0.0724 1.5015 - 0.1017 0.5273 - 0.6290
10 0.0468 0.0228 0.0112 1.550 0.3221 0.1158 0.2740 - 0.3898
60 0.0893 0.0508 0.0380 1.6706 - 0.1057 0.4124 - 0.5181
JY/Cu4Al6 0 0.5686 6.1897 3.4371 23.9397 10.6812 0.5487 1.5503 1.5901 3.6891
1 0.1805 0.2915 0.1924 5.4735 1.1640 0.9007 1.5803 0.8717 3.3527
3 0.1181 0.2834 0.1017 1.0635 0.6660 0.0445 0.0301 0.0034 0.0780
6 0.1362 0.1719 0.0512 0.7803 - 0.0322 0.1923 0.0055 0.2300
10 0.1671 0.0440 0.0557 1.8335 - 0.0367 0.6024 0.0660 0.7051
60 0.1433 0.0461 0.0261 0.9853 - 0.0146 0.2365 0.2246 0.4748
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FedAl6 KMNAR CO, Fl HO. HIE 9(b)rl &1, it
CudAl6 FEA4 CuO M CuALO4 HFhZH sy, ZibJE s+
N Cu0 Il ALOs, FRIATE/NAY ] 78 K B3 56 1F
CudAl6 HRGERL T 73 BRI d b e AR 3, i
FEERIFEE . B T CudAl6 H1f) CuO KA 4 ke
Oy, [FIW JY JEWLHE K 7 FAFEMIER 77, 5 Oy RN
% CO, Al H,O. H T CudAl6 B a5 . B &
WARB BN IR, R N2 TS S R 2 KA
SN, SALFEITES CudAl6 N AR CO, AT HoO.
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FE IR AE I G ) 3 5 A

4 % b
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wRrf, EEYTY N R S SRR B 3K TR T
R, 1SRN

(1) 5 ALO; #fiLt, FedAl6 BY CudAl6 1EFREH,
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