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Biomass pyrolysis/gasification using three dimensional
ordered macroporous (3DOM) Fe,0, as an oxygen carrier
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Guangzhou Institute of Energy Conversion, Chinese Academy of Sciences, Guangzhou 510640, China;

2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Polystyrene spheres were prepared by soap free emulsion polymerization method, then three
dimensional ordered macroporous (3DOM ) oxides Fe,O, were successfully prepared after impregnation and
calcination using nitrates as raw materials and citric acid as complexing agent. The samples were characterized by
the techniques of scanning electron microscopy ( SEM ), X-ray diffraction ( XRD ), BET and mercury
porosimetry. Pyrolysis and gasification of biomass with Fe,O, as oxygen carriers in helium atmosphere were
carried out in a thermogravimetric analyzer coupled with mass spectrometry ( TG-MS). The possibility of 3DOM
Fe, O, functioning as gasification agent in biomass gasification substituted for pure oxygen, oxygen-enriched air
or steam were investigated. Furthermore, a comparison experiment was carried out by using analytically pure
Fe,O, to analysis the high-performance of 3DOM Fe,O,. The characterization results showed that 3DOM Fe, O,
presented a three-dimensional ordered macroporous morphology, its tiers were arranged alternatively and
connected through three-dimensional pore structures. By contrast with the XRD pattern of analytically pure
Fe,O,. TG-MS results showed that Fe,O, contributed to biomass gasification in high temperature stage. When
used 3DOM Fe, O, as oxygen carrier, the maximum weight loss and maximum weight loss rate raised 7. 1% and
0.29% /min in the gasification stage, respectively, meanwhile two generation peaks of CO, CO,, and CH,
appeared in the MS curves.

Key words: TG-MS; 3DOM; oxygen carrier; biomass; pyrolysis gasification
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Figure 3 TG and DTG curves of biomass pyrolysis and gasification
(a): TG curves; (b): DTG curves
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Figure 4 Mass-weighted curves
(a): TG curves; (b): DTG curves
a: pure Fe,O;+biomass; b: 3DOM Fe, O, +biomass;
c: pure Fe, O, +biomass, TG or DTG curve; d: 3DOM Fe, O, +biomass, TG or DTG curve



543 4

B, AT ERTL Fe, O, BRI BRI AL SR B 5 281

Il 3 (b) AT, FE AN T MR AR B, A= T i
S SV TE 365 C A2 AT H BIME— 1) 2 TR0, 2 T4
FHRAE N 10. 01 % /min, 25 5 JF & H60. 52% ; i
LIS e O RN 80. 74% |, 3 & Tk 43 Al
FER T b, T AT (V, + W) 0 87. 1%
U Fe, O, AF ARG, A= W) ot & AE i <A I
Nt AR B B B4, DTG & ArfE 2 AR
W MER AR R T4l Fe, 0, I, i B 5 i — A4S 2k
G INAE348.7 T, X2 W THER S AT i i
B R B KRR TN 3,08 % /min, R &K
16.56% ., 7£502.1.781.4 1900 C =4 ik 53 W AF
TE=A /N R B, 34K H 3DOM Fe,O,
BF, R T R A BT HE T 3 ) i A 1 2 g o R
£ 346.2 C, | KK H % 42,86 % /min, ‘K & &7
K 18.36% . AN AE401.4 733. 3CAELEPINEN
I FL UG | 7E 783. 9 C S HE B —N45 B I 4 2% F g
It UL B AT S ARTE BRI AE SO T, R
ZLRATE 700 ~900 T, M TG &t v] F i 2k 5 iy
LRAET00 C 22 A TP IR BT B, 13X Ul B A 9 I e
Fe,O, 1E N # &R UL A M H LT, 7 700 C LU &
AT iR

R T 2 A3 AT B AR A ) B AR R R
JCHJR BT AL W) BT AR 2 R, 4 45 T AR
Y 5 Fe,0, Fl3DOM Fe,O, [F =ML TG 115
e, LIE 4,

H 4 AT, FHAE 9 o 5 8 8UR Bt iy TG i
LT R INAL, TS 28 TG #h £k R AE AW Y
PBO I TR 7E 400°C 2 )5 TG 4k # T F
L JLPRA A, mAEY RS R ERIE S TG
HiT £ ) 2 7E 700°C =22 J5 1) e i B B PR R
DTG Fife itk 5 TG thk 2l X —45 0%
W, AP 4 A6 Y Fe, O, X A= 9 o $R i <AL A 52 Wi AH
oL, FRAR B T e R B A ) o i — 0 S A R AR R
MR, (HRS50H7 4l Fe,0, ML, M3 &k N =
A7 e RALGEHIT , $11ER 3DOM Fe, O, By [ B A6,
YRR KR ERE® T 7. 1% , AL B B9 i
KAREHEFRIERE T 0.29 % /min, X & H T 3DOM
Fe,0, HARKMIFLIE, FLIE HES) 2 55 51 HAH B 5T
DT AR AR AR 5 A Wy o fE Aol o 74y, fi i
T A DS R AT, BRI, B N RO T A B4l
Fe,0,,

2.3 RIESH

S5 SR FH BT SO B A A W AT R

PR (/e =2) , i b 5 a8

AR, R, A S8 % CH, (m/z =16) H,0(m/z =
18) .CO(m/z =28) .CO,(m/z =44 ) JE4T T K,

K5 S EY B A s AR DTG 4k 5
MS HiZE,

3.5x101°

3.0x101°
2.5x101°

2.0x101°

lon intensity/A

1.5x101°

DTG /(% min™)

1.0x101°

0.5x101°

0

4.0x10710
1 3.5x10m0
1 3.0x10m

/A

1 2.5x10m0
1 2.0x10

intensity,

Ion

1 1.5x1010
1 1.0x1010

DTG /(% min™)

1 0.5x1010
1o

0 200 400 600 800 10(
Temperature  ¢/°C

0.5

. (©)4 4.0x10"

0.0 - 1
— 3.5x101°

05 1 30x100

[ . :
1.0 / 1 2.5x1010
a

L5 - 1 20101

lon intensity/A

DTG /(% min)

20k 1 1.5x1010

25+ i f S — . _- ],0><10']”

L i \ 8 1
30 :‘. W co, oo Josxaon

35k el R CH/‘—. 0

0 200 400 600 800 1000
Temperature ¢/C

K5 YRR LR DTG-MS ik
Figure 5 DTG-MS curves of biomass
pyrolysis and gasification
(a): biomass pyrolysis; (b): 3DOM Fe, O, +biomass;
(c¢): pure Fe,O;+biomass
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Figure 6 MS curves of gas
(a): CHy; (b): H,05 (¢): CO,; (d): CO
O: biomass; O: biomass+3DOM Fe,O,; A: biomass+pure Fe,O,

HI &l 6 (a) P T, $0 A [ B AR W) B CH,,
BEHURAE 350 C A Ak Bl K, 2 bl 25 TR (0 7
1, CH, BB T om B BRI A8k, A 9 I B
TR CH, A BT 00 3 W A, 1T 24
43HT 4l Fe, 0, SR AR ET 76 = I B R ) #4 R 2K
FIELN B CH, 5 -FIsm B R AL, R, 24
A AN 3DOM Fe,0, i, CH, ¥ i 3 & 75 =
TR B A2 A B B R, I HLAE 800 C 2247 H R
P LT I

H &1 6 (b) 7T, H,O R REEE S I A AR 5 A
G L T A ZE AR IR H,0 MYTE i 2243
HPANBY B, AR 150 C 224 T AR W RN 28 AU
(R BAE K g 28 2 T B— R 43 B K S BT Y, 7E 200
~500 C, B TAY B g — D B0 H, 0,

m/z =28 A4 A7 A] e H A S R B U
o H At kR 28, (B AE A W T 3 i S Ak B op, O A

CO, Y BTk i B 1) DEe (B 05 K i HC A 4y Joi 1) L £57)
RN K I m/z =28 FEJET CO,m/z =44 J&
T CO,, HE 6(c) MK 6(d) A, CO, A1 CO )
TR XTI 7 AR 1 e R A T [ BBt 350 € AE B
WEAH, SRR AR Y AR 1 =, R T A W ok
g, CO, WIE TR ETE 500 C UG # T, I
£ 650 CJaB Wbk, M kns, co, M
WAL CH, JS{RL, 76 & IR BT I 114 $4 E 2k J e b
W B CO, BT It B R A I 100, v T B 1
TR L PR B, 1T CO 7E 3R B B B U 35
A Bt A L B T s, AR W P AR A R B — 2
A= fL, Co B Fiium B K, b 38 Co.
CO, .CH, \H,0 &+ Jit 58 B AR AL 1 Bt PR 2, i Tl
JE T BRSO R, B TR R
Oy RS Ay WA S, ik B T v e AR Ak Ao AR A R
1), Bl IR R TR, AR S CO CH, 4l &k



%3 B B AE. ST RIL Fe, 0, SR &R M A W) BT AL S A 283
i JEUR Y 345 it
CO+3Fe,0;—C0,+2Fe;0, (D) FHTCRFL R G 20l £ PS Sk it il i
CH, +3Fe,0,—2H,+CO+2Fe;0, (2) RIUBE IS 155 3DOM Fe, 0, , il 15 1 i db A Al A
CH, +4Fe,0,—2H,0+CO0, +8FeO (3) FPPERLF ORHARI S S A e, S il 5 LA R

Il ,CO #l CH, f& &i/, COo, & =N,
P30 USSR S B Bt i 1 i — 2 T
=, A T e RS 2

M C BTSN
C+3Fe,0,—CO+2Fe,0, (4)
C+2Fe,0,—CO,+4FeO (5)
P e ) R 2
CH,+H,0—3H,+CO (6)
B R WA IR A T e A R TSPl 1 A 7

B, BORE R TH R A AT CO PR, CH, .CO, 1Y
e 2 it 25 TR 8 T o T 2 TR AT, DRI U, B i iR <
BB, CH, ,CO, &S+ W as B b #A i Be I, il CO
(BT U R B B KAR £, 3 4b, 4 800 C 2247,
CO, Fl CH, W& FWA /NG B T &, 20 2L s
AT BB T Y e A B R s rh A —
FEHR C H,0 TR, L EABARMENT R4
TIREZ# A8 CH, AT CO,,

DL SRR YA SRR A W A
B R A Ak CO FI H,, 4414k 3DOM
Fe,O, i}, DTG ikl CO . CO, .CH, {5k £
e Ui B R S B A i 2k 1 0, XA U] T 3DOM
Fe, O, MKMW PEREIL T 4344l Fe, O, ,

S 3k

BEE T RAF LR BB E RS A 2
HEFI RS =4 )y Z L3, 2 5 )2 Rl ot = 4
FLIEAHTE I RSB HES

XRD 45 EH] 3DOM Fe,O, 4% 47 S 41 4
55y B4l Fe,0, MRRAE0EA A — 25, Uh B 280 fBe e
J& Fr il % i 3DOM Fe, O, A4l Fe, O, , Jo H A 4% i
HHA A AL,

ANTR IR SRR, A ) B ) #R R R TE 365°C
oA B — 4 R F UG ) IR TR A N R A i
Frifsle . BN Fe,0, fEAEEM)S, £ B 3
B BER LG, DTG A7 24~k Bk 7
700 ~900 C, A=) Bk 3t — 2P Ak, ml WA= ) B AE
Fe,O, fENEAMPEA R H T kA T MR N,
553 Hr 4l Fe, O, A AAMAERT L, 28k E Ak Ry =4
AP RALG B, AR I RARERE ST
T1%, AL By BE Wy e KR s R4 & T
0.29 % /min,

AW AR SRR T 2R SR RO A AR
YT 06 55 AR 2R F G X R, M #R AR 3DOM
Fe,0, i} ,CO ., CO, ,CH, KJ5Ti% il 28 7 & i B o
PPN LRI BT 0%, 3DOM Fe, O, BRI PERER
T8l 43 Hr 4l Fe, O, .

(1]

(2]

[9]

De DIEGO L F, ORTIZ M, GARCIA-LABIANO F, ADANEZ J, ABAD A, GAYAN P. Hydrogen production by chemical-looping reforming
in a circulating fluidized bed reactor using Ni-based oxygen carriers[ J]. J Power Sources, 2009, 192(1) ; 27-34.

R, XUBRE], fhid, SRR, XIEZE, FEARAR. SRR BERR PR A I BRI Ni SRR e[ 1], ORME 24241, 2008,
36(3) : 261-266.

(ZHAO Hai-bo, LIU Li-ming, XU Di, ZHENG Chu-guang, LIU Guo-jun, JIANG Lin-lin. NiO/NiAl,O, oxygen carriers prepared by sol-gel
for chemical-looping combustion fueled by gas[ J]. Journal of Fuel Chemistry and Technology, 2008, 36(3) : 261-266. )

TR AL A FHRPEROR P HUER CaSO, MUPERERTFY[ D], BB AP RHIR %, 2009.
(ZHANG Lu. Experimental Investigation of CaSO4 for Chemical-Looping Combustion[ D].
Technology, 2009.

De DIEGO L F, ORTIZ M, ADANEZ J, GARCIA-LABIANO F, ABAD A, GAYAN P. Synthesis gas generation by chemical-looping
reforming in a batch fluidized bed reactor using Ni-basedoxygen carriers[ J]. Chem Eng J, 2008, 144(2) . 289-298.

JOHANSSON M, MATTISSON T, LYNGFELT A, ABAD A. Using continuous and pulse experiments to compare two promising Nickel-
Fuel, 2008, 87(6) . 988-1001.

BOLHAR-NORDENKAMP F J, PROLL T, KOLBITSCH P, HOFBAUER H. Performance of a NiO-based oxygen carrier for chemical looping
combustion and reforming in a 120 kW unit[ J]. Energy Procedia, 2009, (1): 19-25.

R, A, AR, RIS, RIRERD A BRI 0 A W B A 2 s S S R MR [ T]. eME AR 2 4z, 2012, 40(3) : 300-
308.

(HUANG Zhen, HE Fang, LI Hai-bing, ZHAO Zeng-li. Synthesis gas generation by chemical-looping gasification of biomass using natural
hematite as oxygen carrier[ J]. Journal of Fuel Chemistry and Technology, 2012, 40(3) : 300-308. )

SADAKANE M, ASANUMA T, KUBO J, UEDA W. Facile procedure to prepare three-dimensionally ordered macroporous ( 3DOM )
perovskite-type mixed metal oxides by colloidal crystal templating method[ J]. Chem Mater, 2005, 17(13) ; 3546-3551.

BLANCO A, CHOMSKI E, GRABTCHAK S, IBISATE M, JOHN S, LEONARD S W, LOPEZ C, MESEGUER F, MIGUEZ H, MONDIA
J P, OZIN G A, TOADER O, van DRIEL H M. Large-scale synthesis of a silicon photonic crystal with a complete three dimensional bandgap

Wuhan; Huazhong University of Science and

based oxygen carriers for use in chemical-looping technologies[J].



284 LEE S A S S a1

near 1.5 micrometres[ J]. Nature, 2000, 405(6785) ; 437-440.

[10] TESSIER P M, VELEV O D, KALAMBUR A T, RABOLT J F, LENHOFF A M, KALER E W. Assembly of gold nanostructured films
templated by colloidal crystals and use in surface-enhanced Raman spectroscopy [J]. J Am Chem Soc, 2000, 122(39) ; 9554-9555.

[11] SORENSEN E M, BARRY S J, JUNG H-K, RONDINELLI J M, VAUGHEY J T, POEPPELMEIER K R. Three-dimensionally ordered
macroporous Li, TisO,, : Effect of wall structure on electrochemical properties[ J]. Chem Mater, 2006, 18(2) . 482-489.

[12]  fRfR0gE, X%, 8GR, SR, BUEZE, #HUC, WWEW. =404 7 KALESERT™ LaFeO, HEALI I 1 % S Ak Al e BRI IRPeE RE L T ]
HEALAAR , 2010, 31(2) : 236-341.
(XU Jun-feng, LIU Jian, ZHAO Zhen, ZHANG Gui-zhen, DUAN Ai-jun, JIANG Gui-yuan, XU Chun-ming. Preparation and catalytic
performance of three-dimensionally orderedmacroporous perovskite-type LaFeO, catalyst for soot combustion [ J ]. Chinese Journal of
Catalysis, 2010, 31(2) : 236-341.)

[13]  &XEkMS, W, Wk, 200, =46 PRl a-Fe,05 MHIE K /b= MEREISE[ 1], fb%2H, 2009, 67(17) : 1957-1961.
(ZHAO Tie-peng, GAO De-shu, LEI Gang-tie, LI Zhao-hui. Fabrication and electrochemical properties of three-dimensionally ordered
macroporous a-Fe,0,[J]. Acta Chimica Sinica, 2009, 67(17) : 1957-1961. )

BEEFREANLFSRARTSE @M

FIn . o ERR B L PSR AL A B Y
BRIy R ERESTRE (BRMb2R 2R ) giiE
o 1ILPE KRR AfE]: 2013 4E 7 H g
— SWNEE
F R+ /KB B AR, 51 2020 AFFR F B A s NERR S A R B E AL A K L 2010 4F-BI— 3, {ELIR] B SR
RETRTY 2 B b Pt Fr— 2 B R, X X 3 [ BB & T 3 T T RO R L x LARE R B B R TR, EORAKEE R B it A 4R w A
RS D15 YA CO, HERL, [ A& B RE IR AN v P2 BB IR . AS VRIS 20 3 05 /s 3% [ 7 B R % Ak 400k T B A
PAIBT I R AT IR , 3 b T R BRR T AR (8] 38 I 5 AV, e Bl i Vs RE VR A AL ST R B2 Q8T , AR e BT R A A
Z SWFEBRIARTEE
1. R A Y I A2 S HER
SERA W SR B A A (B A A AR IR T )
2. —kRfbF
AR (B R ) A5 T e B BECEL RIS DT S Ak S TR &
3. AR AR AR TR
A YIRRRL RGBT i Tl B s SR CRT AL B DB b ss)
4. REVEFG LA SE A B85 b2
P IG YT R B S TS Te ) (0w RUB R s A WL M % IR AL ToE AL Rk ik ; CO, fide BIAF R,
= ¥WREKKHE
TERR AL A1 2013 4E 6 A 1 H IR SR FMRAR 4R , 35 HIEAS ( E-mail : rlhx2@ sxicc. ac. cn) , &A1& E W REIR & 108
SC, R SR Word HERR, FLAKE R EER S WLORBME 222 1) R 22k, Se sk 3 SCRa 38T i3 P 1 2 308 OIS e
CRREME2E 2R R PIMIEUENE R, &I ZE Sl s & AL R A A T e 2 )

SWEERA

KREMES TR, FHE (R BE L P BB AL AR RT )
REHBSAL . CRBME SS9 Sl i

Tel: 0351-2025214, 0351-4066044

E-mail. rlhx@ sxicc. ac. cn



