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Chemical looping gasification of biomass based on the oxygen carrier derived
from the layered double hydroxide (LDH) precursor
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Abstract; Layered double hydroxide (LDH) precursors with different metal elements were prepared by co-
precipitation method at constant pH value; highly dispersed Cu/Al/Zn, Cu/Al/Ni and Cu/Al/Ni/Zn mixed
metal oxygen carriers were obtained by calculation of the corresponding precursors. These oxygen carriers were
characterized by XRD, XRF, H,-TPR, SEM and nitrogen adsorption and their activity in the chemical looping
gasification (CLG) of biomass was investigated in a fixed bed reactor. The results indicated that typical
hydrotalcite structure appears in the three precursors with stable layer board. The interlayer spacing of Cu/Al/Zn
precursor is 0. 264 2 nm, larger than that of the Cu/Al/Ni precursor. The oxygen carriers derived from the
corresponding precursors display similar elements contents as the preparation reagents. Due to the synergy among
various metals, the Cu/Al/Ni/Zn oxygen carrier shows the highest reaction activity and anti-sintering ability.
The addition of Ni and Zn has a positive effect on the activity of CuO and reduce its reduction temperature; Zn
shows a better synergistic effect than Ni with Cu. The carbon conversion reaches 82. 03% for the CLG of
biomass with Cu/AL/Ni/Zn as oxygen carrier; the surface area of Cu/Al/Ni/Zn remanis 5. 995 m’/g after the
CLG reaction, suggesting that it could be an ideal candidate for the CLG of biomass.
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Figure 1 Structure of hydrotalcite
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4b, R Fe,0, &2 AL O, 43 #réli, & L 7 :31R
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1.2 |EHERE

BUSRAAR B 2 B BT ) B 2R ) A 43 7 (XRD)
BT HE AR R X Pert PRO X SH2RAT 4T
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TREERTR . H-BFFHRE R (H,-TPR) 27
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A2 B 3 BT AN B AT I E . FREL 50 mg fY 4 3K
&, SEfEfEIR 300 C &44 T A He %43 30 min, f71&
FEREZEZER, 6 C/min M FHRHERFZE 950 T,
S4EH 5% H,+He, i & 120 mL/min,
1.3 BEERKREVREFEESUER

R R G REBE S EY RS
SN HERE , 76 B 2 R R R 28 P T R A Y b 228 R
SLE , KEAAARBORLAE 105 THT 8 h, lHHEHA
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A Bif ] % 20 min,
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RIIRAER ELA B R /K 18 A RRIE A A 0, H LR
RATHRERS, RURGERES, MBS

U FEMIZR a tP RN K IR G R AR G H AT A
SFigE (003), (006) ., (009) 433 %F B F 11. 56°,
23.49° 34.55°, S3cukifE h A -5, HRM
BEAYR/INET B XF BT S U do FIE R R . RIS E
a ZRMBFEA T BEFEBE FHNES,c 5
EEERERERAX, B 1 BHELSET
51,Cu/AlV/Zn Z0R SR AL MBI BR 4K 1) JE 1 JE R Y
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ATORARA R B A 1 AR 55 T /K I8 A 2R EE# , (B RT IR
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XA ¢ H1, XRD % E A7 78 S R A K I A AR A 5
i%(003) .(006) , (009) . (110) (113 ) S KIAT 5t
EERIE R AR, A A R, KRR FE
3y CO; Bk OH™, KB A 2% B F, T 77 5 e 5% 38
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Figure 2 XRD patterns of the LDH precursor
and oxygen carriers
a: Cu/Al/Zn LDH; b; Cu/Al/Ni LDH;
¢; Cw/Al/Ni/Zn LDH; d; Cuw/Al/Zn oxygen carrier;
e; CW Al/Ni oxygen carrier; f; Cu/Al/Ni/Zn oxygen carrier
o: QW AV/Zn LDH; a: Qw/AVNi LDH; @: Cw/AIYNi/Zn LDH;
O: QuO; m: ALO,; A; NiO; ©: ZnO
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Table 1 Cell parameters of the oxygen carrier precursors

Cell Cu/AlVZn Cuw/AVNi  Cu/Al/Ni/Zn
parameter LDH LDH LDH
a 3.0720 3.0540 3.063
b 3.0720 3.0540 3.063
c 22.620 22.966 0 22.713
dyps/nm 0.2642 0.2632 0.2637
dye/ NI 0.2287 0.1940 0.2114
dyp/nm 0.1717 0.1526 0.1622
d,;p/nm 0.1536 0.1418 0.1477
Cell volume 183.56 185.50 184.53
(10%/pm®)

2.2 AIRGEREHER XRF 2147
NE & IR G AT IR BB e B A

RBTR &, R XRFE M & AR 7 #7507,

SrARFER 3 g A dh, BT IIAHR A, R AR B IR

BRE S &t #F 5 395 Al T IEAR R , A=Y
allE, ERIEK L,

R 2 Al A, & LAY Cu/Al/Zn Bi3R4EH Cu,
AlZn ZRHTTEMEESIN N 17.75% .7.831% .
18.15% , ¥ ¥ i i B HE 40. 28 :0. 29 :0. 28, 3
AR T A TR R IR, R R & Rk
B, Cw/AVZn =FTtEMAE D, HNH, Cu/
Al/Ni BT3R{& & Cu/Al/Ni/Zn Rij3R{EH Cu,Al.Ni,
Zn JTEH BB B A ] & AT A i & — 2
SMARERETENTER S, FESCH BT
FIAUZ H COT \OH , MAh, =R RTIRIE F iR &
# Na.Ca.Si.Fe Mn 5t E, i TR FERIE
Tl % i #2 i NaOH 5 Na, CO; , T H-fth 7T 2 7] 88
FIFE-TFIMRARGR B AR AR, B 2R, 3
ST EE EEAAR B VE F , XA ) R AL 2 S A R BT
R/, BT LR

ATIRIAL RS Cu Al Zn STEAXT & Bk
BA, FEFRRNEREEMYE BN, R Cot |
OH L} H,0.CO, S &xERikH . ALO,FILIENE
ROEIE R4 47, AT LA RE BB I SR UER B R p e s
HRER. CTRTEREETLL CO, R AEGk

R2 BERESLWIRERENSRENOTEI

Table 2 Elemental analysis of the LDH precursors and corresponding oxygen carrier

Content w/%

Cuw/Al/Zn LDH Cu/Al/Zn OC Cuw/A/Ni LDH Cu/Al/Ni OC Cw AV Ni/Zn LDH Cu/AV Ni/Zn OC
(6] 43.1 27.91 48.72 23.59 59.74 26.22
Zn 18.15 22.56 0.0265 0.028 4 8.865 18.29
Cu 17.75 21.52 15.7 30.27 8.133 17.06
Na 6. 147 13.56 6.383 8.64 3.524 7.373
Al 7.831 13.4 5.362 11.66 1.947 9.973
Ni 0.715 0.9374 16.91 33.72 9.81 20.71
C 6.216 - 6.834 - 7.925 -
Ca 0.021 0.028 0.017 0.084 0.012 0.033
Si 0.015 0.023 0.012 0.470 0.007 0.234
Fe 0.014 0.019 0.012 0.037 0.008 0.021
Mn 0.015 0.015 0. 006 0.018 0. 009 0.017
note; “—" means the element was undetected

2.3 SHEHEN H,-TPR R4E
Cu/Al/Zn . Cu/Al/Ni  Cu/Al/Ni/Zn & 3 1&k DL
J& CuO A3#r 4 78 FE FHE Hy 3B R b LIE 3, i
3 Tl 41, Cw/AlV/Zn G ERATE 365 C T i 8Lk
i, X R T 5 CuO Bid JFe” R XRF 43745
B CwWAVZn 88T E& Zn TESE N 18.15% ,
i ZnO 5 H, 7 34 JE 15 i 3 Bl P 7R 6 2 26 ) 0L, B

M, %A H 3 Zn0 B H, BRI, Cu/Al/Ni H#iE
7E 220 518 C4r B BB A H, b g™ | 4 5%t
R F CuO )38 JR i B NiO 34 R, A5 8 Cu/
AVZn 3k, CuO L JFIEIR A BTEERT, AT RE R A
ot E Ni g AN Cu 8RN M B A B 8 fe
BEVERD, AT/ CuO St H, B k2% IR R BB 77 , AR
THBERE, Mtk Zn 5 Cu WiHEIEMILITR
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Ni 55, 848 CuO R EIEREFE .

Cuw/Al/Ni/Zn & ARTE 336 .455 CTHIAFH N5
KAGTE R4, B Ni R TG b Cu 55, %336 TR
X B R CuO B3R JR 455 T xR F NiO 9 H,
WEME, #H Cw/AVNI & 2 & NiO iR B iR
B, CuO By ) W3R B F Cu/AVZn Btk 5
CwAUNi &8 2ZE, 2 erERAE, TR Ni
HAS Co BEFWHEER, TE Zn 5IAGE, W5
TXABURHESIVER, (18 Cu/A/Ni/Zn EEIE
H CuO HY R ALTEPESR Cu/AV/Zn B ARG I, Tt
Cu/AV/Ni E AR

& 3 1 CuO 44l H, iR IR Y Ky 568°C 48
o ERE SR R 5 CuO MG IR BE A W s, B
Ni.Zn JTE K R0 R A R 45 CuO B L 1E
PR TR A, e IR BE A 4 9 CuO A BT 2 AT
AL O fE MEH B BARRE S, ARG H A
PUMGEE FPURE EER, EREIBAS 5 R

MERERER N (RMUTFEESEMNEL)
A HF, Cu/ Al/ Zn B 8k 4 . Cu , Zn R AL, O, &,

HRBAO BN ST 14% ; K, Cu/AVNI HRE
] B i & B 57. 14% 5 1 Cu/ALV/NY/
Zn EEKEEERRNEERB A TR, HER Cu,
Ni.Zn,ALO; FE & BWD N 77.33%

300

250 L CWAV/Zn/Ni
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Figure 3

2.4 EYRNAFHSAEIE

S BIE ] 55 SR R R A W AL S B AL RN
RE , 7E [ % PR SR #% 7 TF e LA AR O JEU  1h =
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Table 3 Elemental analysis and proximate analysis of biomass

Proximate analysis wy,/ % Element analysis wq/% Quuv/
M |4 FC A C O N S (MI-kg™, db)
8.39 84.31 6.88 0.42 46.44 47.29 0.05 0.01 18.707

note; M moisture, V volatile matter, FC fixed carbon, A ash, db dry basis, LHV lower heating value

RIS R A, A Y RAE SR B R EE R
BE b K 4 60 TT ABRAE LU A R RS R ™, % 18 3]
PR E B R W R B 0 RO TE Y,
LKA R SEREERELL 5 SRS EH#
A BB RN #R AT S AL R N, 56 SR
8 AR R SASERTE AR T .

P

Quiy = 126Vo +108V,, +359V,, +635V, (1)

BREEILER

X

conversion ™

12%( Vcoz+Vco+VCH4+2 Ven,) XG

P
22, 4x(298/273) xMc% < 100% (2)
AR
n-QLHV 2%100% (3)
O,

A, Voo Vi, Von, Ve, WL IAE AL H
Jir i AR G, AR, ' ke O, o RIER

B K/ kg; Mo (% ) ES P BOTERRE L
Cw/Al/Zn .Cu/AVNi, Cw/AVNI/Zn = Fp & #;
HEERAFHESALBERNEK I, HR4 T
M, =R E R TR A RS AR BT,
Cuw/AUNI EHEKFBERKR CO FRER, &5
45.43% T CW/AVUN/Zn €8 LG 8B KN H, &
B, NEEFR SARREEKBRBILRGEERE,
Cuw/AVNVZn S8 B R RTF W RNTEE, BF
BRI = 3R S ALRCR Rk B AL 3R, 43 ik 3
1.12 m*/kg.71.25% L4 K 82.03% , 245 Jy $HAR H A=
YE E SR E B A, EE AP NiO.Zn0 5
CuO [RIPMEFEA, 7T MR R Bk 5 A Y A X
FAEE B RN , DA T 58 185 B L 2 5 A B 1 <4k
BRI, Cu/AVZn ERAEEY b5
S AR BEIEEAR . Cu/AVNi/Zn S8BT 5,
{BHASALBRIKIR K] 69. 46% ,Cu/AL/Ni & Hifk
Y AR S AL R B P AR R B, FTRER
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TTRWFTE, B Zn TTRERES T 08 Ni TR KIFE
A, It HARS CuO FAE R RIME A, AT 2R4E

TR R Y AL A S A R BTEOR

5 BB S B LB, =R T KB AR
RERHELSRBEN TAEYRSURIERE
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fefr LT E MR, HEBESRmEnH
TR PR , & B R, BT AR B A B BVE
FE P BRI BB A BT T
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Table 4 Experimental results of biomass CLG on the basis of various oxygen carriers

Item Cw/Al/Zn Cu/Al/Ni Cuw/Al/Ni/Zn Fe/Al

CH,/% 7.05 7.60 7.14 13.15
C,H,/% 2.39 1.71 2.34 -

CO,/ % 24.12 24.01 23.88 18.09

CO/ % 32.32 45.43 32.37 47.94

H,/% 34.12 21.25 34.26 20.32

Gas yield/ (m® -kg™) 1.09 0.95 1.12 0.95

O/ (MJ-m™) 11.92 11.88 11.90 12.65

Carbon conversion x/ % 80.23 82.16 82.03 78.47

Gasification efficiency n% 69. 46 60. 36 71.25 64.27

2.5 RMBIE BET B SEM R4E
RVAE R AR BET bR EAR KT H B
SEM A L3R5 H5E 4, RS /M, ZfERE
H Cu/AUVNV/Zn EBEEE R KW HLERER, KB
3.821 m*/g, T Cu/AV/Ni £ AL RERE/N, £
S FES AR N X HAJE, Cu/AVZn E8 A
Cw/ Al/NI/Zn EER AR B b 2= 18 B L RN BT A &
Ky, 43 B35 F) 5.243.5. 995 m*/g, i Cu/Al/Ni
f8ERNEHRERE MBS, E5E 4 %
SEM B8 B 4317, Cu/Al/Zn & 2 ik 5 Cu/AVNI/Zn
SRAEERNATEIN 2 pm A W HUR R L L5,
FEPCRE M PR B FLIE , B R T YR
AT BS=RRE . KNG RMERE, JokE
A B R, FLIE ARG I, bR m A R, REE
R 7E RNt 2 Hh AR R A Y R A SR 1 AREE, X
Wit F R AR AR, (FREBER N
BF RS AES A BT, A HLIFL 3 TH ARt
HTRMYBAS=YHR B A FTE R, T Cy/
Al/Ni 8 &K, 7ER NG BET W REREBRBE R
BEAN, {EAH b DAL IS RS I IR BN S5 A
4 AT 7E Cw/AVNI 8P AT BRERE, &
BEPAHNFLER D, FREBENILRERAE
BV, T RN JE B R, SR IBURL B AR FL N FLIE
Fprsn, b RERE K,

B2, Cu/Al/NI/Zn EEBFBEA BRI
ROBFEMARSHURESME, T Cu/AVNI B Kb
S8k HRNIE B BT R,

RS FHEEEYRULFHESUREGE BET LERER
Table 5  Surface area of the oxygen carriers after CLG reaction

BET area A/(m’-g™")
Cu/Al/Zn OC Cu/Al/Ni OC Cu/AVNi/Zn OC

Before 2.480 2.287 3.821
After 5.243 2.828 5.995
2.6 WUEHESERERE XRD RIE

Cu/Al/Zn ,Cu/AVNi, Cu/AVNi/Zn EH MK
Rl XRD EE LA S, i S /4, RAET Cu/
Al/Zn,Cu/AVNi, Cw/AVN/Zn & 81k 2 H L
CuO.AlL,0;,ZnO NiO L X777 M B & A b
¥, Cu/Al/Zn Cu/AVN/Zn EEAFEEEHET
SHatfRAE N BN G L EY, RAXH
FMEBEARA R PRSI B A, Cw
AVNI BRI IR i BR BTk . ROBRTEE
{64 ¥ J CuO (00-048-1548 ) | Al, O, ( 00-047-
1292) \NiO(01-089-7130) , T F-4: J& ) SR 24 0 3=
R Cug ;Nip 4O (00-025-1049) , SRR A BA T £
HRPEEERAERBZLIRE . ATRER N A
fk CuNi &£ 94 R™  AEBUR & REEH , i
18 O, 43 FHIE Y8, (48 A IR BO B
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