%608 %8 b T = M Vol. 60 No. 8
2009 4E 8 H CIESC Journal August 2009

[fESsEceesasg,

%;Eﬁ?ﬁi’éiﬁ 10 kW % B 1T iR AL IR B R JB 4L 52 5 A I5R 1K I

S a1

AFM, KRE, B F, £ F. WAEN
AR H K22 3B TARBTSERT, Y5 At 210096)

WE . BHIFE T 10 kW RSB AT AR LA 50BN 38 R 40, UL NIO/AL O, HE AR, X R% LitT 4
YIB (ARG A28k 0 50 8 CO, BRI ST, TR TR R AR IR BE T JKZ8 S/ AW i 2 S/B X M4
JRR s (a3 SRR g AR R B A% AR = P 4L B DL R R e sk 2R ) s . SR I 25 R B, RORE IR N A TR 2 Y
Wil AW B AL A AR TR N R, BEE IR BT AR N & AR CO, WRBEAWT BT, CHL WRE
EREAR . CO W B2 S Th i 1 Jo e N B 5 5 e 9 B2 o7 4 1 BE A B TR B RCR i R5 . BEE S/B g, Bk
N g AR CO R CH, W B &R, CO, W DL A Be R A BT bRk, 7€ 100 h Sk b, 3R
FH LTI 4 1 NiO/ Al Os 2k 07 R 30 4 B 47 1 S804k 38 D Pk AR AR IR I RR SR IR BE T, 2 A2 ) T b 2= S IR 0%
FRAR Y AR

KEEWR: AFEERE BATHALR AR EWi; CO, 4 &
hESEE. TQ 546 XEKFRIRFG: A NXEHS: 0438—1157 (2009) 08—2080—09

Chemical looping combustion of sawdust in a 10 kW,

interconnected fluidized bed

WU Jiahua, SHEN Laihong, XIAO Jun, WANG Lei, HAO Jiangang

(Institute of Thermal Engineering , Southeast University, Nanjing 210096, Jiangsu, China)

Abstract: A 10 kW, interconnected fluidized bed reactor (air reactor and fuel reactor) for chemical looping
combustion was designed and built. The experiments on chemical looping combustion of biomass (sawdust)
with NiO/Al, O, oxygen carrier were performed in this reactor. The effects of fuel reactor temperature and
steam/biomass ratio (S/B) on the gas composition of both fuel reactor and air reactor, combustion
efficiency, etc. , were discussed. The results indicated that the fuel reactor temperature was an important
factor which affected the process of chemical looping combustion. With the increase of fuel reactor
temperature, CQO, content increased, and CH, content decreased evidently. CO content increased
remarkably with increasing fuel reactor temperature in the temperature range 720—820°C, and reached its
maximum at the temperature 820C, and then decreased remarkably after the fuel reactor temperature
exceeded 820°C. A higher fuel reactor temperature would contribute to increasing combustion
efficiency. With the increase of steam/biomass ratio, CO and CH, content increased, CQO, content and

combustion efficiency decreased accordingly. In a total continuous operation time of 100 h, the oxygen
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carrier which was prepared by using impregnation exhibited extremely good oxidation-reduction reactivity

and strong recycling ability. It was an ideal oxygen carrier for chemical looping combustion of biomass.

Key words: chemical looping combustion; interconnected fluidized beds; oxygen carriers; biomass;

CO, separation
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Fig. 1 Chemical-looping combustion of biomass

with NiO based oxygen carriers
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1—circulating fluidized bed (air reactor); 2—cyclone;
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5—orifice pipe; 6——clapboard; 7—fan; 8 —micro
water pump; 9—stream generator; 10— feeder;

11—storage hopper; 12—CO, bottle
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Table 1 Proximate and ultimate analysis of biomass

Proximate analysis/ % Ultimate analysis/ % LHV

/MJ « kg™!

Wo FCo Va A Cu Ha Ou Nuaoo Si

7.89 14.77 75.78 1.56 40.06 5.61 43.88 0.90 0.10 14. 47

3 HERpM Gk

3.1 BElREERRENMm

IR, REE NI SEOAAE . YRk
KEH1.15kg+h™', CO, EH1.3m’-h', K
HEEENO0.6 kg h', Z55EH9.8m’ « h'!,
5 SR WRRL LI i R R X 3 4 SR A R

WROBE SN 25 i BE X R R B I g S T 1 4R
(FAM) M E 3 Bn. & R E RS,
CO, IR ZAR, HERT 820CIKE, JF
G, M 820°C I Y 95.5% A #| 950 C 1y
98.0%; CH, WRJEBFE N CO MBI, 4
M T 820 C gy R AR TV E FEAIK T 24 UL B
920 CJg, BEARFEARAS . 430 H I A #0ORE SN
ATy CH, RZok gAY & /v R
fER =Y, M FRRERE RN (5) DL R
N (9 B g R R, i T A R RN
HEAT . BRI A B s . CH, Wk BE B Wi/, 4
SRR BN 2 Tk B AR o R A P A X AR
S A S S RN R A 2 R URL 2 B
TEBAAIX B, FE 2 A8 R )2 3R A 347 S A0 SO
ZE) T RHE T RHR B 520, 78X S8 Xy, A
R BT i AR SR 2 A W AT R R RO
I HL 3 2 X8 A 18 AR 7 TR S i PN A5 B B[]
R4, Tk S HAMR T i R R R
P FEZR N (2) FaX (3) 3 e
T e A B A A, Rt 7R T IR
CO W PEEAW EFF, i CH, He B & 4 AR, i 15
CO, WREAEA R, M EHS 820C ), AWKk
FE VL 255 PN 55 AH DX 5 10 S Ak B g o 6 25 A BH S 1Y
PETE . W2 OB AR X XN B RE AT Ak R
N7, L S B 5 R B A BT e A R AT O R
N AR HL . 7E A X B T R A R S
WD, I, AR AR T B AR 1) 4B B A T A A
B R 2R T AR TR R A% P 45 B I () A
FIT¥G N, 3 RN BE A 78 4y HEAT .l T
820°CJig, CO ¥ B i ik B2 T 5 1 L 2 FE AR, CH,
W B Al 23 3 — 2D b/ . AT B CO, WeBEHE K,
WAL s FERRRE SR A AR 7 v FR 3 A /b
H,, H¥ELE 0.01% ~0.05%, X £ H 5
NiO By S 3G P25 T CO BL ke CH,

B 4 2 R IS 2 T 3 ) 233 0 R g g AR
WA B . B R R TR, O, HREEAS BT



2084 fe T %= #H 60 %
30 100 BRI, m' e b g, TR IR B A
25 08 MJem %5 My RKF R, kg« h''s Fo WK
z ) S 05 g RPERIGHAE. MT - ke '
£20 % 2 P T B b B o R I 4 A
2 g A R AT 7 1 1 2 2 — 43 B R U A% SR
=" " WEBE . HEATHABEI I 5 — W65 DU A A MRS 6
S 1ol 028 P AR, SR RS L D R
I 19 S UK 2 BE MR I3t . 26
03—’ JFi XML 88 HEECRIEAT TSR B
e B S BRAN (5% ~10%). BRIt
Bl 3 KRSk I 0 2 i JEE Uk KA ARk BT i A 0 AL 5 T RAE (0.03 kg « h ' Zedy) . KR WAL AL 5
Fig. 3 Elfect of fuel reactor temperature on RBE R R, RN R EERD, 4 REZHEE

gas composition of fuel reactor

20 85
161 84
N
g g
g 127 83 B
=
X 23
I COZ\ 81 =~
o -, A A A—1
0 . : . . 80
700 750 800 850 900 950
T/°C
P4 JOORE SR AR I BE T 2 A0S R A A 7 2R SR 5
Fig. 4 Effect of fuel reactor temperature on

gas composition of air reactor

ik, N, WREERWT EJts CO, W BESem/N, i
m T 820C I, FFIRIG K., =N & AR =Y h
1) CO, HPHER /4l . MR BB N 2 B TR E A 25
SN A CO, RhBCHRRE SN g N R 58 4 Ak 1Y
P AR T A 25 SR AR AT R R BN B
A CO, .,

R BE 2 e 2 M A 2R BB B BOR 1 B4R

= (1- Q* +Q =) 100% (12)
Q. = M,.q, (13)
Q. = MiF.q. (s

Af g WRBERICR . Y05 Qo MR N # i 10 AT
AR (CO, CH, #1 Hy) 19K 58 2 B b ik

MJ « b5 Qo g HRBHRCON A H 1 QOR A AR R
MBI, MJ < h 'y My, A R
kg« h''s g AEYBHME, M) - ke s M, ]

A BN AR ). FEIAE LT . Qe BLR 5 4R
RACEN R FEFER., NE S Al LIE S, AR
RS FA BT DT = A R B B i NN
720 CIFHY 86. 0 %08 hn %] 950 C Y 95.2% ., X2
SRy AR R NN g U AT BT AR AORE S B i s 1]
BRI B . B2, BRI A W o8 a5
Ry CO, i HL O, X JEMELISEBLAY . R R I 2%
MOREP S aEALEN CO. CH, % A A A
gr. KRN, AR T &M, fRaAERF
FEIURLAE S a4 R 2 b BBl AT A s g,
PR TCIER T e s IRBERCR Z I IR, AT
REILE 100% . BLAb, XFF Rk & @ 4 Ak Cn

NiO., CuO &) TiF . 5B #1719 38 5
BEALAT H B B 2P A BRI
VAR 25 SRR ] A0 B o i B 119 7 o

T BV i P9 A 0 o A S B e s AR T AR
[l R ™ 45 R AR A i I BN BE A8 7 7 it

100

95t

90

85+t

80+

combustion efficiency/%

75+

70,
700

800 850 900
T/°C
PRAE T I0F 7 U8 B Ko R 8 5503 1049 52 W]

Effect of fuel reactor temperature on

750 950

5
5

&
Fig.

combustion efficiency of biomass



%8l

REMEE . 10 kW, G AT AL IR oA Ji A 2 A e il

« 2085

AT o O I AR R Y R A R R 2
FEVE 3L s 28 R s A ARSI T P A R R A
3 PN W AR iR A R i E G ) 1]
S0 TR B 22 A it . fe 2 B0 UV A
i JBE 7 A AT ] Bl T 3l A5 A 1 2 T . A sl T
1 P PO g B X S R AL 6 BT R, &SR
JO7 g ik JEE ) R 2 5 IO L A P O e o R L T 3
R T2 S IO 4 P I P XA 28 0 1A 28 A A L 07
PR RSl S5 A G AR R A O A KU
ST 20 A A A 4 R U e A AR A
SRR - AR SRR SR A PN 45 3T B 1Y IE
PEAT . AHJE . AR R AR R, — Tl
15 DR 2 O e 0 2 S AR AP A 25 OB e 2 5 0k 8
B MR 2, AR S R AR R
CO, WEERTI WL 45 J5 —TJr i - 38 4% 5 i 3k

1050

C

=
S
S

950

900 r

850

temperature of air reactor/ °

800

700 750 800 850 900 950
temperature of fuel reactor/ “C

P16 B il B 0 I OG 2R it £k
Fig. 6 Fuel reactor temperature versus

air reactor temperature

180

160

140

120

100

80 [

circulation index /kPa « L « min~!

60 - ‘ - ‘
700 750 800 850 900 950
T/°C

L7 RS2 IO 6 Tk o 8 A R AT B 3 6 1 5% T
Fig. 7 Effect of fuel reactor temperature on

circulation rate of oxygen carriers

SERTE P A BN & A 45 B IS 0] 22 . SRR B R
M-8 T B B Gk S8 o3 BEAT . AT AR T AR S 0
AT COMRBERE— PR, 7R/ T
RN I IV i X A8 S AR 7 B R A A
TG FRH A A /N AT ] Berguerand 45500 45 Y i 1 26
FRBORRAE

Tar 4 273

Cl = APar.ouw Far.ou 273

(15)

A CT g #8040 K 0K 116 2 48 L. kPa « L -
min 5 APareon A A RN A O H R R R 2,
kPas Fagoow 725 SR N & 1 0 AR B, L o
min~" s Tax K238 DAL
3.2 S/BHIFMm

PRIFIRRE I 25 S 870°C o A 49y R 3k Rk
H1.15kg+h™, CO,EN1.3m*-h', =K&

H9.8m’ « h 't HUBZIE . HES/BXHAK A4S
AR

S/B X RSN g AR AL (TR 1Y
NN E 8 N . SRR N AR EE A L. S/B )
MR/ WA S/B G, Bk N 2 AR
P CO F CH, WREETF I A8 fb AN K, (HY S/B i
i 10 JE, dREmkzERE ., CO Ml CH, WA 2
ARG, KL, CO, Y Bk £ K. 2 B 3
JREH 28 VR 1 2 (o A5 AR B N7 g PN A Ak R
Ko BT BORAR 7 W) AE IO A N 4 R ) AR
B, BRSO TG A A AT, U S/B it 1.0
PUIG s BONLAS NIRZ 0% sh s gl 20, AW K
P, A A 4 CO i CH, fEE TN,
AN 55 ] R 0 A SR A s ST AR v ) R R
B, FEIRZFREBEH, Bk CO f CH, .

3.0 100
2.5 {99
X
Z20 CH, 08 =
E F—jﬂ———dﬂ'yu E
2 £
215t Y/ — ‘j’<§g 97 E
s AT . 3
3 Co; b=
210 % 3
S S
S @)
Sos 195

0 94

04 06 0.8 1.0 12 1.4

(S/B)/kg « kg™
B8 S/B XS HRRL I f AR 7™ 1 AR 5 TR

Fig. 8 Effect of S/B on gas composition of fuel reactor



« 2086 & T

it 60 &

B9 WoR T S/B O a8 R d UM ) A
PR W, BEE S/B B R, 28 RN &
R CO, WIERRAR, O, W BT, XEN
O ZE IR 3 22 A B TORE SR A SR -
W IETT A3l (45 5 2 2 R0k 2 5 <K SR
R A2 SR A 2 5 9808 SO 9 2 £ it
ZUD . NS Bz SRR A R W) CO,
BERFEAR . O, WIEEH I

S/B IR R LW . A ZRTCR N Z A F
FRRR OV f WAL R #EAT . B 2 289
VNSRS L WA 5 X (BN SN R = G L7/ P/
RS R TE I F i B Z AT SN i H AR R
PRI BE S . MABERBCREEIR (UL 10),

15 90
2 0: 85
E $rmooees SR /‘4 """"" . S
§9 N, E
g wg
S 6 8
o) g
8 Co, 8
I 75 ZN
o3 V;L_%“ﬂr——w

0 70

0.4 0.6 0.8 1.0 12 1.4

(S/B)/kg + kg™

B9 S/B X as TR N i MR AL R )

Fig. 9 Effect of S/B on gas composition of air reactor

100

95

of T

85

combustion efficiency/%

80 . : : :
0.4 0.6 0.8 1.0 12 14

(S/B)/kg + kg™

Bl 10 S/B X HRBR A 5

Fig. 10 Effect of S/B on combustion efficiency of biomass

3.3 BEARMAIEHEES T

AR NiO/AL Oy 28 M AE S T 9 FE b
AT SEM  (scanning electron microscope) JE
$iF1 BET (Brunauer-Emmett-Teller) H 2 i f14>

Bro SR 51K 11 fik 2.0 X F ROBLG I 3R
TR, R R I E R R A S, SR
BET Bt i BRI AL 25 88 B 0 i 24 A7 B st /)y 3 4
X 28 AU 1) BN I 7 A TR R . {HAE 100 hof
B g i AR h BRI B PR B2 Dy 4600
VO s B — R BRI RS, X
s — 07 ITEDE R SO0 #% T AVE T . 2k
URE K A2 2k A5 0B 2 T A ks ROSE 4/, R
mkl CRLAETE 1000 nm 24D FEAR A/NERL CRL
FRAE 200~400 nm), TZRLAR T Y /)N fib kL AT B 4%
Z 50 RO, T e 1 S MR Y S R 3
I3 —J7 s NI BRI R AL, LA AR
R HAFS LRI A Frsgm, BE kR &
Mo ZALE M. BeAh, TE 2 i K ] 5 20 5)
SR RS SRR URL 22 8] 5 R H BT o R 4
HE,

AccV Spot Magn
20.0kV 3.0 20000x S

R0
)
(]

o # S AT
AccV  Spot Magn  Det WD }———— Tym
20.0 0 20000x SE 79

Fias" @V \
(b) used oxygen carriers

s O W
d 4 5°

K11 2SR S b HT S i SEM i
Fig. 11 SEM image of fresh and used oxygen carriers



R

10 kW 9 BB AT I A0 IR 1 R Jig A 27 S 4 e 1k 0

« 2087 -

®2 HEMEBET 547

Table 2 BET analysis of oxygen carriers

Oxygen Specific surface  Volume inside Average pore

carriers area/m” « g~!  pore/cm® ¢ g ! size/nm
fresh sample 50. 81 0.18 11. 85
used sample 25.23 0.11 13. 45

FETA S I A sy T 2 A A R B S 45
PR 237 AR A ARURIORE T 3K 26 200 /)N Y 2 4 1R
KA AT RE B A0 KU I S A . JE O 28 RO
TR . RN AR N R KGR B . HR A AE X
B I > B RCR A, I, AR SCAE 28 RO A
FREA T IR B X BT AR GE I 28 A ROk 1 A 4
. LA IR AR i RS T5 e . R TR 45
e X ad BB T A A B A R A ROk Ohz
<290 pm) BEAT TARE . MMy 0. 32
kg, HAKAEN 0.03% « ht,

405 #

ARSI E ST T 10 kW, 9% 5 17 0 Ak IR Ak 2%
HEIRBE R IV 88 245, DL NiO/ALO, KAk, 16
ARG BT A A E B R B 4 B CO, il 5
WFSE . TRV TR R B8 T, K FE S/ AW i
FE3E S/B X B AN SR A% (23 A3 A R BRI
LN NasLy/EE N AV T s &SI I T RN
258,

(D 5 A7 ALK B 247 1 Fe 3k 8 A K
(Fe, Oy PR BRA) [ 4 48 Bt 1k 2% 4 % b il 30 45
IR R, SR L UOTE i 45 19 NiO/AL O, 2
SRR B R 1 AR T30 D M R R A 5 ) L 1
WAE 1. A B AR W AL S BE R B Y 3R
SR

(2) KRR N 45 Tk B s 5 W) A= ) o A 2 B R e
R EEFEE, FEE AR, RN R
= CO, WREEAR W 1 7F, CH, WRIE &% T %,
CO e S8 e TH i J5 R AR . 3¢ i 19 B g i 3 5 A B
TR IR

(3) B S/B s, BB N 8% A )
i CO F1 CH, ¥R B &3k, CO, ¥R DL KR be
R4 PFTREAR

(4) BT A R A= ) o A 2 5 R 68 2R 4 T K isf
]2 AR IBAT o 25 RN P ARAS 23 3 TR ZE %
B 25 > X BOR RE 5 A2 0 1% 20 b RS2 7 4 4R
BAE N, Rk CO, R, eI M Bk 15 1)
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