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ABSTRACT: Oxygen carrier (OC) is the basis for chemical
looping combustion of coal and inert support is the necessary
part of OC. AL,O3; was adopted as the typical inert support and
the reaction of Liupanshui (LPS) coal with Fe,O;, CuO based
OC was systematically investigated by various experimental
means, including thermogravimetric analysis (TGA), Fourier
transform infrared spectroscopy(FTIR), field scanning electron
microscopy coupled with energy-dispersive X-ray spectrometry
(FSEM-EDX) and X-ray diffraction (XRD) analysis. It was
found that, the introduction of Al,O3 to Fe,Os; and CuO made
the surface areas of these two OC greatly increased and the
pore distribution more optimized, which benefited the primary
gaseous products of LPS coal to react with Fe,O; and CuO.
Furthermore, during the reaction of LPS with these two OC,
the optimized pore size distribution promoted more sufficient
reaction of LPS coal with Fe,O;, and thus more Fe,O; was
reduced into lower valence oxides than Fe;O4; but for CuO
based OC, their solid reduced products with LPS were Cu,
Cu,0, and the real inert support CuAl,O4 present in the CuO
based OC was also found to have some reactivity and be
reduced to CuAlQO,. Finally, Fe;Al,(Si04); was identified out
by the interaction of the deep reduced Fe,O;, part of Al,05 and
SiO, for the reaction of LPS with Fe,O; based OC, but
(Cugo1sMg; 785) (AlySisOyg) was formed for the reaction of LPS
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coal with CuO based OC.
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PRBEHIR, VE RIS SRR S BB Ri AR, LA
BT, ATy, B B0
RORESA, AU AR AR B B NO, ¥
Az [RINERAT CO, W2 BRI, TEREAAMN) 43 B
SEEME I, MR RO S, Gk fa] A Ak
B, o] DA 2SR B CO,, 8T )5 it i sl
HEREAE I,

BRI AL S BRI ROR (R TS AR Al &
REAE A UG A, Dt e Bk, 22 RT3
SRR, AMGE R R S S 30 S A A8 AR 1)
AR, B A AR T A R T e, SR
PSR A 7800 NPT, AR A I T 4 R AR
1, NI E A2 1) £ 2 NiO. Fe,O3 1 CuO 4,
Shen™™! % Zhao 14y 5l NiO FE42 4 1A L5 AR
SR IERE I S N HEAT T 8T 55T NiO v 713K
e, Yang!”). Berguerand™® 1 Xiao %5 A °10153 )%
Fe, 05 FEA AR L SR A7 5 AN AR 1) S B 2R 4T
TS BT CuO 5 R Je b 2 B s B, I
AR BRI R A R, Caol™ K2 Dennis!" 4y 5 56}
CuO B BB 2= BB EAT T T

B T s SR AAA Y, YE PR A R
FEH Iy AR BRI 2 G S N 7
b, SRR G R R AT S N IR R ORRR L Pukpe gl
3R PUBBURIRRRE AE ) (1 G5, #E S JEH &
BLRAE T o an N L 2 1 TR A A
ALO;. SiO;. ZrO, Al TiO, 27, R M4 I8
A S RN I PR %, (ERR T A
PAOTIEE B AR ()5, DA R 5 e 4 A
HLEE IIFFE L3 R Bk, Abad!" AT Sirwardane 25
BRI, 4 Fe,05 B BAIE ENE T FesOy
MEMEADE, &5 ALO; EREER &Y
FeALOy, Ifii NiO. CuO Fl MnyO; £ 58K
ALOs. SiO, JEHAHNIAR IR #h M ERR £ Zhao 46
LTSL A M R R A 5 NHO LA B A PR BT S5
BL, NiO L) Si0, iy S e N e 1 NipSiOye

R, ASCRHRERIAR, XS HKITELPS
B 5 H Fe,05 & CuO V& 14 J S A4 S s 1k 38 A4
ALOs A4 BRSO (1) S5 IR P 3R AT T 1 48 1) A
5%, R L AMNE L (Fourier transform infrared
spectroscopy, FTIR)X“AH KB 7= 4) 1 40 73 i AT IR
al, R Y 5 3 BRI g S 2 BT A (field

scanning electron microscopy coupled with energy-

dispersive X-ray spectrometry, FSEM-EDX)X [l #H
T O TGS B SN 20 3 AT T SR F XA o
¥ (X-ray diffraction, XRD)X} [ 4H [z N F=#)3E4T 5
B, ORI ALOs X LPS M5 Fe,05.
CuO J N AFPE )5 o

1 SKEES

1.1 Hmbl &R

SCIG IR LPS U0, SEAE RO AR B Lk
ATWTEE R, P AR AE DRt R AT 0% 23, IURORE
AT 63~106 pm IRERORLEAT OIS . TSR T
AR, BHE4E Fe,03, CuO LLAFIELE N 8:2 11
Fe,05/ALO; il CuO/ALO; A HE, BIRHUUIKE
HBRBHR U IR A Be & VA ( sol-gel combustion
synthesis, SGCS)ill#, HAK T ZZ i & i
nSCER TR o ok T s 4 (1 42 At o EA T
BERIGE 7y, JIEH 63~106 pm MAEAARER, 5
LPS FEFEFE— 2 LU (HAR L 1.3 #M) B AR5

LPS JEFER TAV TR ik 1 fios. %1
BERER A8 T BE 5 SR BBR S NE, AR AG S A R T
PN o DAL, RS [ S8R 1E GB/T212—2001 filf5
LPS KKK, FFAE X U & 298 0t ik A (Xray
fluorescence, XRF, Philips, PW2400, Netherlands)
FHHTE R, AR 2, WL, LPS #EKH
WA R LL Siv Al Fe AWM E, HEIKRE
HH 80%LL .

T2 BRI S5 MR MR L LPS MRE) e
PERER A LMW, KA ASAP2010 %Y N, W ffy
ASCS T AR ity 1) B 3 i AR B FLAR 20 A 55 &5 R R
HEAT I 204

1 LPS BRI HRFTTRS

Tab.1 Proximate and ultimate analysis of LPS lean coal %

Lk g #r TEER M

Mad Vad Az\d FCad Cad Hz\d Nz\d Sad Oad

3.09 2284 2538 48.69 62.89 231 127 0.89 4.17

R2 LPS BAERIIRM S S
Tab.2 Ash analysis of LPS lean coal %

Si0;  ALO; Fe03  SO; CaO TiO, Co;04 MgO

4134 2407 170 460 312 280 202 158
1.2 KWREMAZE

LPS J5 5 AN [RS8 3 A IR S 7 SE 8 4 TA2050
(TA instrument, USA) 34T, 5L 10 “C/min FHkL
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EARICHE: MR ALO; Xt FeyO5 K CuO S B M HA S HERA B (K1 5 M 55

A N ELINAAE] 150 CHFAEIEL 10min, DLFERETE
SEA T, F3EL 35 °C/min FHELE A INFHAE] 850 CIf
HYH 10 mins, CAPRIUE LPS 558 B A RN . &K
NPT B SR ) E il CuSO,5H,0 T
PRas T AT, DABEG I R /K 28 M 52, AR5 7
k5 TA2050 BEH RIL04ME (Y FTIR (BioRad
Excalibur Series, FTS 3000)iE4 75 5 177 [ AH s b =
P53 5% | FSEM(Siron 200, Netherlands) ~EDX
(GENESIS, USA)RFFTHAOIES S AL i, FF
KH XRD(X’Pert PRO, Netherlands)*f A& 1t
iR,

TEX] LPS KR AR A W01 S SR PR 1A T 4
U, AT, ) e AR R
AN (R ot Jo et DA R [T s 5 B B I A TR R 8
TP SN A TG o AT 1S R I, 75 50 ml/min
(P T I 15 mg (AR LPS JEAEFE i
HEGIER, SLIRa RAMHEA RIFMn]HEE,
M REA RCHRE G B AL B RE R e
13 SEHARIERY O AT

iy 5 A 6T 5 3 PR A0 28 A4 I N 0 T 4 ) e 0
AL KA BEMR RN A T is AT AR 2. R
P LPS JEAER Tl A AT 2 430 B, SR I o &1
ik, &I E A BRI IR . HAR R JoL
Fi#t LPS B Tl o3 A BrasiK 70 1 B & AL 4
A, PR AR e B T, TR AL T R )
LPS SR B &R A A A, AR5 DA 1kg
LPS SR A, AT LA LPS JEEAE (AR I 41 i
M Cis3H1428020137No.66(H20)1.20 LA Fe O3 <5 %
e R, e b 29k FesO4 BARE 78 23 4k,
e BUS H O (1)

C383H1428020137N0.66(H20)1 291211.2Fe,03—
140.8Fe;04+38.3CO5(2)+8.39H,0(g)+0.250,
(8)+0.33Nx(g) (1)

FT(1), W Fe,O5 S B A & R 8] LA i

XQ2) T LA E :

®=Y(0)211.2 )
X Y(O) N FeyOs AR AR, mol. =1
R Fe,O5 I UF55 T LPS JE58 AL il 6
AR, M @>1 FR Fe,03 AT LPS #5
SER AL T AN, S A A AT
FACR N T @<l WM TEFAH R . LARAERE I b

Wiy, BJLL o=1 IR sEe s hiE. T LPS #4
IR, MR (DFQR), £ @=1 TN,
Fe,0; M Fe,03/ALOs(Jii &t hy 8:2) 5 LPS K1) i &
32k 33.7 R 42.2; 17 CuO f CuO/ALO;(Ji &
LA 8:2)5 LPS (i e 23l 4 5.6 & 7.0,

2 EWERSH

2.1 SGCS i%#l& Fe,03. CuO |EIREMFFIE

ARG EX LS LPS i e by HA
PVER . W 1(a) R SGCS 756 14l Fe, O34
CuO S LA AR P R B fife W B 2530 [P 28 1 P 1(b)
A b3 S AR R FLAE 53 A

e, FETE () SR B ] 26 rR oA s )
p/po KT 0.25 B4, A4l BET FHig, w433
HRER P EL R IR, Fe,03 K CuO IR TRIFR /> 54
0.70 A1 0.59 cm®/g; 104NN E K ALO; J&, T
MR AR SRR A RE ), TG N FeO5 K
CuO FABMARMBIEINT 2 5Lk, 25k
1.86 F1 1.14 cm®/g. %1 CuO ML # Ak £ i
/INTAIR ) Fe,05 o Fe,Oy FEEE AR, F 275 TH
[ 4 T, CuO I s AL 4 e A%

[, IR AL IR 2 b, AR R T p/po 7E1
T 0.8 BN, ER7EEIE 1.0 W& %5
LR EARAS . KR, T2 RS LA AL
TE LA KA W B it 5 LRE AR FLAE F I 52 mi, SE56 B
FH IR R A 5t N, 25K T 0.8 FIARN ) R R AET &
A I o WA I A LA B AR R PR 5305 2 P
(o3 I [RLER, m] AR s R S LI o AR I PR 2liofr
55 N A 25 T B 2 03 i BIER ) 43 2%, T DUAff o2
SGCS Vil 2% [ & A4 BRI FLIB LU R 2, 7EAH
Xy T 0.8 B, MR PR LR fiff W B 453k [ £ 30 7
M H, ULHHFLIE A RLTERIE SR A W% HERUE U
FUBS; 04 ARE I KT 0.8 B, HB PR % i i B 25
IR IEATE AT G, el e AR I P A5 4 S Rl
FEAIG, W WX B4 28 A b ] RIS A7 AR L T 4 1)
FLEte,

K 1(b) WAL . AL, 7EfR
20 nm B, SREBAMAILAD AL TR 0, 1M
5T 20nm B, CuO J Fe,O5 & FLAS I I,
JLALBEAW I, fLA2 2 KT 50 nm (I RAL;
MMAME AR ALOS J5, AHN AR N IES
o3A, EEFLRERFLIEEN .
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Fig. 1 Structural characteristics of the Fe,03,CuO based
OC prepared by SGCS

2.2 LPS 5 CuO. Fe,0; BEE KRR
R

KRS E, 78 Ny 500 35 °C/min FHL
R, MBS, Bt LPS #uif 2 H 5 Fe,0s.
CuO I NHEATHEFT, HARWE 2 Pros. frkds
A B RGR 2y, A ALO; Y
w Tz, AR SGCS i, A TimtE4 B
W) Fe,05 & CuO H1EEHAA ALO; im Ll 8:2
(R4 AAR, IS LPS $E s MR SE T 7 1
T, Bk 3 Fros.

1B 2, AEAFERS, T 5EX AN Fe,050 CuO
i, 2l LPS S5 Ny U R AR RE AT AT,
HE R, 76200 ‘CLLR, LPS K e Tk
B )5, 7E 200~850 ‘C, LPS #1752 AN 2 A
BB, H DTG Migknl W, — XA IFFEERE T,
7 488.7 'C, SRR 15.94 %45 K4y, 1 Hh
4(a)LPS fiE— A =) FTIR 3% B mT LUK I,

ROy EEARS CHyw CoHgw CO,v HyO 2875 KRN
WA AN, T LPS K YRR A4 AL W I A
689 C, HHTMEAEAM il LR INAE, K FE A
ANF] 1%/min, EC—RIR R FH AR 3.677 %/min
M2, BB VAR TR, R E R AR AN R
I

MIMAER CuO FHAREILT & R =1 K,
HIE 2(b) DTG HiZknT WL, 7€ 200~850 ‘C2[f], 5
LPS JEHEANS N, LPS ff+CuO 5 2 M2 #E
SRR, W 23 IAE 469 K 757 ‘CAb, STV
KEEN 1.145 f 2.453%/min, @R, J5 1 Nk
HHR LT 1AM R FR R G 2l it & 4(d) LPS
L CuO AAH Y =) FTIR % & mp L, <A1
R PR ARy COL FIZDFIK 78S, 5 LPS HE—IKk
PESAH= 0 B b, AT RARIL, LPS HHE— Uk
ey cu0 kAT RN, I Caot' K
Siriwardane 25 RIS [H] (R ERR 5 Rk CuO B9 R
MR, HALE 500 CLLERIEE, CuO 445
KAERN. BTASERZRY Cao N Siriwardane
SENSER A R 2 e, TR I R A L CuO
FES AT, 7 502 SGCS BTl 45 () CuO 1 S5 7%
PEEE ML CuO I

124 LPS S I\ GE & Fe,Os B, 5 CuO Al
LPS 1 R SR AEAN TR, &l 2(b) DTG gk vl I,
S BT 3 AN WA AE I, 063 43 5 Ky 496 593
J 837 °C, ILHER 2 ANRVRFIE W N IR, R
FHE A 0.1492 %/min, EL CuO 5 LPS 2 v 2%
FERNNZ, TEAET CuO SN B ks S 75
R Fe,05 mE M, ¥ LPS 45 Fe 05 #E% 1
AN AE IR 5 (496 °C) A S AH SN 7= 10 #4004
R, UL LPS 5 Fe,0s fisz kAT N, {H
H1 T FeoOs 1 S 8 R M i RIS 3t g, 32 88
RAEMHE LPS JE— A =) h CH, SRR AL L
[ AATE R A 5 FeO5 IR, 117 1M s 114 5 AR5 A
Wi L Siriwardane ZERIE ML 970 CALA
2 X WKL SGCS I T 4% i i PSR 2%
AT TH] A B

SINHEMEE AR ALOs JH, LPS 5 Fe,05 K
CuO FEAA BRI SN an 1 3 fr o, ) L K] 2(b) DTG
BHZE T W, Fe,03 M CuO FA# kS LPS &
N5 2 HE ALOs I I S NERFAE AR 7], 4353t B
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T 3K 2 AN RONFRIEWE; HIE, A ALOs Ja, 1007 — 4ss7c LPS 3.5
STLCE 2 K& 3 thAIR 6 DTG M2 mT LA I, th 2
T Fe,03 & CuO FEAE AR AR L 4L Fe,O5 M
CuO [k, RIVEMEE . 5 LPS RMNE, ik
WIS SRR R 55 1 A 52 SR A U B 3L 16
EHSA Priemr, AHX T8 2 Fe,05 5 LPS 5 1
AR BFFAEVER 496 °C, IMAMEYE ALOs Ji, R o
FHIEIEIE Dl 493 C, FRIK T413 °C; 1fi CuO JE4 154
HAEE LPS NI AR T4 2 °C, n] WLAE 2k

T ALOs RIS 3 54— RS 0 0 S

P2 FTIR [ s (12, T2 Fe,05 2 CuO JE ' 2

SR, 5 LPS RN KA 2 ANREIE I U T 100]
FEIR, S AR TSR I I AR B 2,
KT 4 B A S LPS A 2 ) (g B s 2,

951

LPS+Fe;0s | /
90- /

KIE/%

851

S TH ) (%/min)

778.9°C 1.8

1800
ILPS+CuO/ALQs

95 |

X R SR A 30T s S AN o g %0
i, BASAREIRBE I S LB AR R 2%, — K o]

KT A/ (Y%/min)

PR ER R AR A B P ) 5 AR AR T S A
H T RHETEEAE ALO; G AR Fe,05v CuO J I
AkS LPS JEMERA BRI, ST 75+
BR[21], $RHITFARGB), % LPS #E5AERMAIRE S
YA R B I AVH 5
e W, -W
(F/(1+ F)AW,e + A/ (1+ f))AW,

80

3 Fe03 CuO EEHIKS LPS HEHIK LY
3) Fig. 3 Reaction of Fe,O3;, CuO based OC with LPS coal

oal

Co, CH: (a) LPS-N, 488°C

0.04[ 0,
X, oy LPS M5 BRI S PI HALREEE, 002f | "o
Wo Az W 353 R A it PRI 468 o ek s I el o o o 0.0] ' (b) LPS-Fe;03496°C
MRE, me OB SO AWoe By o (Wt st it i
. . . = = (c) LPS-Fe,03/AT,03493°C
Fe,05 LA CuO 584554k FesO4 F1 Cu 1)K 5T &, = 001-2})‘ R R RN L e e
mg, T AWeoar W ZRIERE 5842 52 IV I B SR I oorst | ﬂ\ (d) LPS-Cu0 469°C
2, mg. 0.150} i .
B 0075k l 1\ () LPS-CuO/AL0; 467°C
FHARG), HHEE 2. 3 o LPS # 5 Fe,0;. i N il
. . 500 1500 2 500 3 500
CuO KL ALOs Ja 2 Bk e NI 2R 5, ] LA S
132 LPS 45 Fe O3 NG LA AL 2N 33.5%,
SAIEILPS 5 Fe:0, &I E FeAL Iy 33.5%, 1 4 LPS#5 Fe,05 CuO EEHKSAEFHHY
A 24.9%; 1M LPS Bt CuO HIFHALZE N 71.2%, Fig.4 FTIR spectra for the gas products of
BE| N ALO; J&, CuO FEE A S LPS LR LPS with Fe,O3, CuO based OC

Hh 61.76%. AT, ALO;EHAKMIGIN, FHuE#EA 2.3 LPS 5 CuO. Fe,O; & HIKEHERLE
SRRIFE A, Sk AR ARG S ik (p e PIHT FSEM-EDX 53T

A —E EIE, X5 Siriwardane SE1 4518 2 HEPEEAE ALOs X LPS # 5 CuO. Fe,05 FE4
gy, BRI A RS, SR FSEM A LA
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YIRS T 08, FARQIE 5 Fross O 1)
JCRAH = A o3 REATRIEGY, BT FSEM B ) LBl
HUEHU R, SR GEIS 20 T4 EDX X JL4 73
TLL T, BRIk 3 pros.

%3 LPS#5 Fe,03. CuO ESHIKEHE M=

FELH5H EDX 5347
Tab. 3 Main compositions of solid products for the
reaction of LPS with Fe,O3, CuO based OC by EDX

FES (LPSHE+) C o) Fe Cu Al Si
Spot1 527 61.14 3543 0 0.57  0.59
F6203
Spot2 3.02 53.17 40.74 0 049  0.50
Fe,03+ Spotl 244 3852 4261 0 1455 0.26
ALO;  Spot2 216 29.55  49.60 0 1536  0.22

. Spot1 228  9.85 047 8133 0.70 0.59
ul
Spot2 120 2822 048 6557 0.58 0.97

CuO+  Spotl 202 40.01 030 4122 1353 1.16
AlbO;  Spot2 1.03 33.09 051 3282 1725 12.39

e 5 1, K 5(a)k LPS 540 Fe,05 N [H
FHF=9) SEM. B, ] WLIEIAH ) 3= B AR 5842 )
IR R P R it Cmiz Bl A 1 s ) SORiARAE 1pm
AT 1R SORURE ZH i C iz (1 A 2 BT ) ik EDX
Xl 5(2)SEM 5 b FIrde B s ) 423 3647 20 #T
HRPEA R g4k ) Few O JRF LT RAKRIL, #i 1 4t
Fe\O Ja1-tb/hF 0.57, HZE/NTF Fe,O3 H Fe/O JR
T 0.67, UL BR TS — 2= Fe,05
SRR SR ORL A, I B/ B AR Fe/O JR 1L
TSR0 1Ml 2 4k Fe\O JR-F L 0.76, 4
fm1 T FesO04 If] Fe\O Jii1-tk 0.75, Wi Fe,05 5 LPS
SN IE R A FEAK T FesO4 SRS o 73 4b,
& 3 WL, Siv ALB oA s), ARALE AL
Si AT AL [ I & S EE AR 0.5%.

M SE P AR ALO; J , Fe,O5 FEAE A4
55 LPS S [E AP0 SEM BG4 & 5(b) s,
XFEE ] 5(a)n] BUR I, B T AR 56 4 S Y. () 25 B 4t
BB R AR A /N, K ZAKT 1 pm, FLARS 0
W EE. MRIEE 50b) EAFE SEM fAL ) Fe/O
JE - Lenr DLAERT, BT A SR ALO; J5,
Fe,O; BB AR IR AR R, FLAR A 5 Ak,
SNEPESE y, FeOs WA B 22 1) il i Sl Bl A 346
K5 LPS [V, BEEAIE pAbr) C &t
PR ALOs I LPS 54[ Fe,O5 Jx W I HAK, Fe,O3
A5 B CFE B2 (408 SN AR T FesOu AR
. A RIAL &AL SivAl B W00 i i LL i 45,

(b) LPS #i+Fe,05/AL 05

KB T

(d) LPS J£ +CuO/ALO;
5 LPS#5 Fe,0s.
CuO EFHIKREHE~18 SEM E %
Fig.5 SEM for the solid products of LPS with
Fe,O3, CuO based oxygen carrier

HFFIAMEE ALO; B ILER, Si JR & i
WK, FEFEL 0.2%.

XFLEIE 5(c)f1 S(d)rT L, A ALO; &, LPS
55 CuO HA AR N =P AL T 22, th T4k
BARBHAG T CuO S Ik [ =y i b 2 & A 30
P T CuO HEAE B AWM buesine ). H CuO A5
HATH FeyOs 5 1 5 MG P FH i A% A 2% &, CuO
MBS LPS N S5, AR =ik & )
Lt Fe,05 M AR A LPS VI, B FAkE
ZUMR, I CuO S ILIB R~k 78 o R A o
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EARICHE: MR ALO; Xt FeyO5 K CuO S B M HA S HERA B (K1 5 M 59

(R R IE, LPS 5 CuO B HLA A4 [T AH s N 4)
RS Si AR AN A) . e, CuO 55 LPS
SN E M=, 2 &b ST I A AT 1 AR 2
5 iAis MBI ALO; 5, AN Aikd Si
TR ZE S E IR, B 5(d) AN 2 Ak Si R
1 AbF 10 £5 0L L

2.4 LPS 5 CuO. Fe,O; BESE HIKEH RN~
89 XRD 247

3 T LPS $E 5 FeyOs. CuO FEA ik Je i o
Fe,03 J CuO I fk K A5 1t ALOs B I FEAT AT,
KA XRD A ILEAH = AT o0 b AE S5,
SGCS & Hift) FeyO3. CuO 4844 LL K LPS HHE4k
SR A= M0 A XRD 43 B — 3881, Bk 6
BTN o

HE 6(a). 6(e)f! 6(HFT UL, KF SGCS il#%
1) FeyOs JE: 5 H A A ML AH ) Fe,O5 J
a-ALO;, TMIHI#H CuO FEABMALIRH Cu0 K
CuAlLO, 41 .

HE 6(b), LPS AR A= 1=2h SiO,
J % SiRER: TN Fe,03 15 LPS %, K
6(c) T W, FeOs B T Bk R 4b, FHILIR A
Fe;04, & TKE 5 Hiifls EDX 20471, AHAET
Fe;O4 MASMBSAY =L, W 6(b)HEW L br
AIREE & LPS M A E A P CaFeSirOq
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Fig. 6 XRD for the solid products of LPS with Fe,Os,
CuO based oxygen carrier
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