%%ﬂ%‘— —'=J ﬁ* 2024,30(6) : 550-560

Journal of Combustion Science and Technology DOI 10.11715/rskxjs.R202311014

W (1) & BH I ARRT AU E ST

N\

Bk, FARMEE, FEF, R W, W T, FHE, & 4
ORHEH T REIR S8 076, I VERBIA T 5 BR300, K% 116024)

W E: AU T RIER, M RRIRY RN AR, 7R KRR AR R A=A S5, BRITANR T00
TSR, ERERN TG, Bam (1) &85 FX BRI TS, IRE S AR =5 kR
P SEREEH . FERIREE S 850 °C . ZEIRIEEN 0.1 mL/min, ZRCEE & N 0.204 I, PS4SR, 1
A RAE RN 0.99 mPkg, SABRCRA 63.96%. WA TR, 3 FRERERRBEE LR | AR AR
AR HBERT. B (1) &8 B F )5 1 2 A VR R I 2 58 4% 1% 98 2R 2k S AS SAUE M1 KoFepnOsy
NasFesOq. CaFe,04 Fll CayFe,05 X048 AT Wi, #ARD LRI SFLIAF WA —ERE NS, 2
R BRI A BRI AR, BRSPS B A RCR T BT 2 84.30% . 1.13 m’/kg 1 72.02%. Z KA
IR ARSI TR RIS, o S et 2 U T IR R IR 1 & i, L ki
CaCl, )& A, Bess G i .

KR YR b RAE R B &0 FRAK
FESES: TK6 RS A XEHS: 1006-8740(2024) 06-0550-11

Hematite Oxygen Carriers Modified Using Alkali (Earth) Metals for
Chemical Looping Gasification

Mu Lin, Li Yonglin, LiYanyu, Dong Ming, PuHang, Yin Hongchao, Shang Yan
(Key Laboratory of Ocean Energy Utilization and Energy Conservation of Ministry of Education, School of Energy and
Power Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: Bamboo was used as the raw material and natural hematite as the oxygen carrier, chemical looping
gasification experiments were carried out in a fixed-bed reactor to study the gasification performance of hematite
under different working conditions. The gasification performance of the oxygen carrier modified with AAEMs was
explored when the optimal conditions had been determined. The results showed that the optimal bamboo gasifica-
tion was achieved at a reaction temperature of 850 ‘C, a steam flow rate of 0.1 mL/min, and an equivalence coef-
ficient @ of 0.204, with a syngas yield of 0.99 m’/kg and a gasification efficiency of 63.96%. The carbon conver-
sion, gas yield, and gasification efficiency of the three oxygen carriers after modification were all improved. Bi-
metallic oxide minerals such as K;Fe,; O34, NazFesOy, CaFe,O,, and Ca,Fe,Os, which can enhance the oxygen
activity of hematite lattice, were detected in the doped alkali (earth) metal ions, and the specific surface area and

total pore volume of the oxygen carriers were improved to some extent. The potassium-modified oxygen carrier had
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the best gasification performance, with the carbon conversion, gas yield, and gasification efficiency improved to

84.30%, 1.13m’/kg, and 72.02%, respectively. Different degrees of sintering were observed on the surface of the

oxygen carriers after several cycles, in which the calcium-modified carriers, with a higher content of low melting

point silica-aluminate and a lower melting point of CaCl, used for modification, showed the most serious sintering.

Keywords: biomass; chemical looping gasification; hematite; alkali(earth) metals; equivalent coefficient
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Tab.l1 Ultimate and proximate analysis of bamboo sawdust
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Tab.2 The main chemical composition of hematite
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Fig.1 Schematic diagram of the chemical looping gasifi-
cation experimental system
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Fig.2 Gas concentration profiles with different tempera-
tures
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Fig.3 Gas yield , low heating value , carbon conversion
efficiency , and gasification efficiency profiles with
different temperatures

2,12 HRAAREBATAAALH F A

AU ENE CLG dfhrEES. i
R b KGR VR U], B RERE & e it
SR, RE R LR T [ 4 S A
RO BE 78 PR AR b R R . B 28 VR A 1
i, COy 1 Hy BIHER B ETE, 235 30.07% Fi
28.38% 1K F| 37.40% H1 34.11% , 1fii CH4 A1 CO A

— 553 —



MR ZESHEAR

$30E Foll

FUYBCT R, AN 29.98% il 11.57% F#AKE] 20.09% £
8.41%. ZEVRI MRS IETE T NA R kAT,

CO + H,O0—H, + CO,

CH,4 + 2H,0—4H, + CO,
B AE R P21 Hy F1 CO, He a4 !, Rt iy T
CO Il CH, #E AR S 803 AR BE R I

B 5 SHBEZE RGN, S R

A BAE A SRR RS . 2R IR Gl
SR 099 m’ kg HEANZE 1.13 m/kg, it T
CHy POV BEREAR, RO HEF 10.99 MI/kg FE(R 2=
9.23 MJ/kg. IAb, B 78R e, I fb e s
FREE T, N 73.30% 8002 76.95% . SALRCRFEZAE
R Pe A —E TR, M 65.83% FEKZE 63.09%.

5
‘r==co
—e—CO,
< 40F —a CH, e
= —v— H = —
B ol -{’4ﬁ/ﬂ '
= v -
=S —
= TT——
= 20 -
=
r .
10 T
0 . . . . .
0.1 0.2 0.3 0.4 0.5

ZES i/ (mL - min™")

B4 FRZIRETHSEERIE

Fig.4 Gas concentration profiles with different steam

flow rates
15 — . 90 116
AR e R AR A
~ —a— R —e— TR, S ~
) ]_,, 180 % 1, &
I
F o} ke A
= . {70 = S
= — i g =
= T T —, =~
I 160 5 =
= O05F R £
j .5 kS|
= - 4 4 =l
v %50 & =
=
0 I I I I I 0 0
0.1 0.2 0.3 0.4 0.5

&S/ (mL - min™)
5 AEFRREBTHSETERUHE RELE
MELBE
Fig.5 Gas yield , low heating value , carbon conversion

efficiency , and gasification efficiency profiles with
different steam flow rates

I CLG AR BRI, — 5T, /A
AT Rz R BEAY SR IR RE A 1 AR ) Jo ) ik A U
e e, TR B e Ak % 53—y T, 2890
ARG 2 A R SR AP B ], AR TR S
P O A A S B 78 o A T TR L 3 B Y
IO RO IR e A, (E B A2
il ¥ Ak, T T T A A= 1 o s R DN TR AR B
SRR GG AT AR, 0.1 mL/min J25h A 18 17875

— 554 —

2.1.3 BB FA ARG R
CLG W45 A 32 BB R B AR RE M. A3
SN RE & RFRFHAMBA BRI R
R, SRR AR AR AR R 5 AT PR Aok
SERIRBET B A R Z LSRR ©. 24
BRI C i H 2381k CO, H,0, Hik
IR Fe 05 522854k FeO!'7). A SGE 1 4Efy
P F I AN T AR SRR B ORI SRR @
RN
Kl 6 WEMFRE & THm I MRS A8 1k

0. BEE @ W, B CO, IRBIAEUN 30.07%H K
Z 41.64%50, Hoax 3 PR IR B IR R]
FEEEM T FE. CO MR FN 29.97% (% &
26.51%. Hy BIRFA BN 28.38% %% 21.92%, CHy
M11.57%F% 2 10.02%. ZEAMARINASEXT CLG i 2\
FEA PR R B2, — 5T, M58 R @ H
XIS, Yo £ 9l () 24 A AR A TR L PR EVE T, AL
M EEMEHESL Y CHy + 3Fe,03—2Fe;04 + 2H, + CO 45
(AT 5 53— 7 T, A R RN

CO + 3Fe,03—2Fe;04 + CO,

CO + Fe,03—2Fe0 + CO,

H, + 3Fe,O3—2Fe;04 + H,O

H, + Fe;03—2FeO + H,0
LRGSR @ (HEGR , TPt TR Z 1 f
RS AR DE. R CO, RS MR E 2
SR, M CLG RSB CLC dfEAE

S0r==co
—e—CO, .
< 40 F —s— CH, /,/
&K 30 ® —_
e \ —a
~ 20 -
=
r .
10
0 . . . .
0.2 0.4 0.6 0.8

E6 ARFNRBTHSEERIE
Fig.6 Gas concentration profiles with different equiva-
lent coefficients

Bl 7 SRR @ AR UAR ™ & | it
B ARHEA SRR . i @ BN, ki
BRI 73.30%38 2 77.14%, 1A= 5 AR
{85 1S AR R B WS, 20 0.99 m?/kg .
10.99 MJ/kg Fl 65.84%F%% % 0.95 m’/kg . 10.02 MJ/kg



MRS i (L) 58 oMk AR R A A A SR Y

MR FERA

M 53.67%. XIEF WEMRE & yXgmfedE T A
S I LA S A T AL R gt A 722
£ + Fe;03—CO + CO, + H, + H,0 + Fes04
R + Fey03—CO + CO; + Fe;04
PR BT b e A SRR P I s, B Ak 22
FE. @ RSB AT R AR, b H,
AR ZE RV BE GRS, DRI M ™ AR 3R
TE RS RCRE AR 2 B — R B A sk /D AR s S
SRS, BB ISR L © H 0.204.

1.5 - 9 116
R —m— R .
~ —a— (R —a— “TILAR 80 = -
- . ¥ in ke
S 1ot l’-/*_ ) :
- I S . 70 = S
:E S~ ! ! : Tl E
, 4
ﬂi“ osl \,\\\‘\\ 60 ti_ E
€ 07 ~e s &
v Lso B 14 &
£
0 0 Jo
0.2 0.4 0.6 0.8
B7 AREMRMTHSETERCRE RELE
MSURE
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efficiency , and gasification efficiency profiles with
different equivalent coefficients
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Fig.11 Gas yield with different oxygen carriers after cycles
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Tab.3 Effect of cycle numbers on gas yield, low heating value, carbon conversion efficiency, and gasification efficiency

of different oxygen carriers

o WG %% ARAIBYE/ (MT + m™) SRR (P - kg AR %
1k 5K 1K 5K 1k 5 1K 5
Fe-0 73.30 70.87 10.99 10.90 0.99 0.94 65.84 62.22
Fe-K 84.30 81.58 10.51 10.50 1.13 1.10 72.02 69.71
Fe-Na 81.94 79.59 10.74 10.76 1.09 1.06 70.85 68.96
Fe-Ca 78.95 7471 11.01 11.02 1.06 1.01 70.97 67.08
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Tab.4 Characteristics of fresh oxygen carriers and oxygen carriers after 5 cycles

Rk HER TR (m? - g™) TR (em’ - g) FH5 442 /mm
Bt TEH G TEHE Bt TEARE

Fe-0 1.080 0.734 0.009 2 0.002 3 15.72 11.22

Fe-K 1.454 0.947 0.0163 0.0049 2347 14.00

Fe-Na 1.219 0.893 0.0122 0.003 2 22.06 12.46

Fe-Ca 1103 0.716 0.0105 0.001 5 20.36 10.62
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