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ABSTRACT The reduction kinetics of sintering ore used as an oxygen carrier in the chemical looping combustion was experimentally
investigated by thermogravimetry. The redox reactivity of sintering ore was compared with that of self-made Fe, 0, /Al, O, oxygen carri—
ers prepared by the dissolution method. Experiments were conducted on the reduction of sintering ore by diluted hydrogen during the
temperature range of 500 to 1250 °C  and 30 cycles of redox reaction experiments were performed at 950 °C. Experimental data was an—
alyzed by four kinetic models. It is found that sintering ore can be used as an oxygen carrier with a reduction conversion larger than
80% complete oxidization and a good performance of recyclability. The reduction reaction rate and final fractional conversion of sin—
tering ore both increase with rising temperature from 500 °C to 950 °C  while both have a trend of decline when the temperature is
above 1100 C. The second order reaction model ( M2) can properly fit the experimental data of the reduction of sintering ore in the
first reaction stage ( Fe,0; —¥e;0,/FeO reduction conversion X <25%) during the temperature range of 500 to 950 °C  achieving the

apparent activation energy E =36. 018 kJ*mol ™' and the pre-exponential factor A, =1.053 x 107> s whereas the shrinking core

model ( M4) fits well in the second reaction stage ( Fe;0,/FeO—Fe reduction conversion X >25%) achieving the apparent activa—
-1

tion energy E =51. 176 kJ*mol " and the pre-exponential factor A, =1.066 x 107> 7",
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Table 1 Composition of sintering ore %
TFe FeO CaO MgO ALO; MnO C S P

58.33 7.38 8.9 1.66 1.51 0.19 0.02 0.009 0.058

Al ( NO,), *9H,0
( Fe( NO,) ;+9H,0)

Fe,0, AlO, 3:2 80 °C 12 h
150 C 24 h 200 C 5h 500 C 3h
Fe,0,/Al0, 1~5
mm 80 °C 30 min 1300 °C

6h Fe,0,/Al,0,
Fe,0,/AL 0O,
0.1 ~0.2mm
1.2
HCT—2
5 mm. 5 mm
0. 1 MPa.
20 mg 1250 C
. Fe,0,/Al,0,
950 C
950°C 109% 20% 40% ~60%
80% .
500 C 1250 C
. 10.4% H,(99.999% N,
)
20 mg 20 °C *min "' 50
mL*min ' N, 10 min
120 ~ 180 min 60 ~ 120 min.
950 C
40% H, 40%
N,
0.1~0.2mm.
120000 mLeg ™' +h ™"
. 50 mL*min "'
150000 mLeg ™' *h ",
2
X T M (1)
Mg = Mg
x= T T (2)
m m

oxd red

m m

oxd red
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m dX
(X) = | - (6)
H, ¢ A
Satava ¢ g(X)
: K(T). E
A
dX 0
—=fAX)k .
X0 K (3) roa
X) k(T) mA(T) = -2 g, (7)
R T
E(T) =Aze”. (4) 2 _
AO E T Table 2 Tested reaction models
R 8.314 Jmol ' +K . AX) £
(Ml1) 1-X —-In(1-X)
8-10 2 . (M2) (1-X)2 (1-X) "' -1
/ / ( M3) (1-X%)°3 12x (1-X) 2-1
/ / . (M4) 3(1_X)2/3 1_(1_X)1/3
3
3.1 Fe,O
(3) 23
dX
X =k( 1) dt (5) Fe,0,/Al,0,
1
1 . (a) i (b) Fe,05/A1,04
Fig.1 DTG curves for the reduction reaction of oxygen carriers: ( a) sintering ore; (b) Fe,0;/Al,0;
DTG 0. 092 mg * min "
50 Fe,0,/Al,0, 0. 041 mgemin .
min 550
C; Fe,0,/AL0, 500
C 45 min. 950 °C
0. 135 mg*min "' Fe,0,/Al0, 2 . Fe,0,/Al,0,
0.070 mgemin " 2 Fe,0,/Al1,0,
924°C  Fe,0,/AL0, 799 °C. : 80%
Fe,0,/ALO, 10
69 min Fe,0,/AL 0, 63 min. 100%
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- (a) i (b)

Fig.2 Conversion of sintering ore and oxygen carrier Fe, 05 /Al,05: (a) reduction; (b) oxidation

11%

Fe,0,/Al,0,
3
Fe,0,/AL0,
min "' Fe,0,/Al,0,.
H, (1)
t =35 min . t =17 min
Fe,0, Fe,0,
3Fe,0, + H, —2Fe, 0, + H,0
11
35 min
25% . (2)¢=35min
. t =50 min 33%
Fe,0, FeO. t =69 min
Fe.
Fe
100% .
3 (T=950°C)

Fig.3 DTG curves of the reduction progress of oxygen carriers ( 7'

950 °C)

0.087 mg*

3.2
4 (500 ~ 1250 C)
. 800
C 80%
500 °C 35%
600 °C 58% . 500 ~ 950 °C
1100 °C 950 °C
1250 C
Fe
3.3 H,
5 H,
H, 40%
H2
100 min; 40%
30 min.
4

Fig.4 Effect of reaction temperature on the reduction conversion of

sintering ore

3.4
30 /
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5 H,

7
Fig.5 Effect of H, concentration on the reduction conversion of sin—
Fig.7 Change in the reduction fraction of sintering ore with cycle in—
tering ore
dex
7
He "
3.5
2 H,
2
3 4
6
Fig.6 Change in the sample weight of sintering ore with cyclic reac—
tion time
( Fe,0, —Fe,0,—Fe0
<25%) M2 M3 500 ~ 1250
C M4
. 650°C 1100 C
80% 1.
>25%) M2 800 ~ 1250 C
. M3 650 ~ 1100 C
3 (M1 M2)
Table 3 Kinetic parameters for the reduction reaction of sintering ore in Models M1 and M2
M1 M2
T/C
ky /s R} kyls™! R? ky /s R} kyls™! R?
500 3.680 x10 7 0. 9902 1.128 x10 73 0. 9644 4.288 x10 77 0. 9944 1.583 x10 73 0.9636
650 2.177 x107* 0. 9959 5.129 x10 73 0. 9079 6.930 x10 =3 0. 9967 1.379 x10 3 0. 8929
800 2,159 x10°* 0. 9817 2,041 x10°* 0.9192 2.484 x10°* 0.9847 6.095 x10~* 0. 9468
950 1.786 x107* 0.9197 2.128 x10* 0.9186 2.083 x10~* 0. 9306 6.011 x10 ~* 0. 9670
1100 3.157x107* 0. 9706 1.767 x107* 0. 7650 3.622x107* 0. 9694 5.478 x107* 0. 8222
1250 3.298 x 10 ~* 0. 9421 1.653 x10 ~* 0.9769 3.812x107* 0. 9463 4.796 x107* 0.9975
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4

(M3 M4)

Table 4 Kinetic parameters for reduction reaction of sintering ore in Models M3 and M4

M3 M4
T/C
ky /s R} kyls™! R’ ks R} kyls™! R?
500 5.017 x10 3 0. 9961 2.187 x10 73 0. 9661 1.167 x10 73 0.9882 3.369 x10 ¢ 0. 9640
650 2.902 x10~* 0. 9836 1.936 x107* 0.9717 6.930 x10 77 0. 9967 1.383x1077 0. 8922
800 2.870 x10~* 0. 9858 2.010 x10 73 0. 9469 6.873 x107° 0. 9802 4,845 x107° 0. 9020
950 2.439 x10~* 0. 9399 1.870 x10* 0.9746 5.663 x10 77 0.9156 5.138 x10° 0. 8944
1100 4.176 x107* 0. 9665 1.890 x 10~ 0. 8610 1.006 x107* 0. 9707 4.151x1073 0.7417
1250 4,427 x10 74 0.9512 1.520 x10 3 0.9623 1.048 x 10 ~* 0.9378 3.949 x 10 3 0.9548
650 ~950 C R =0.9364 E=
51.176 kJ *mol ' Fe Fe.
Fe
500 ~ 950 °C Fe
E A, 5
M2 Ni H,
E =36.018 kJ* (0.08 ~
mol ' Son  Kim " .Ksepko 0. 15 mm) " .
29 kJ *mol ~' ( Fe,0,/ ) 33.8kJemol ™ H,
( Fe,0,/Ti0),) . M4
5 500 ~950C
Table 5 Kinetic parameters and correlation coefficients of four models between 500 °C and 950 °C
E,/(kJ*mol ") R? Agy /87! E,/(kJemol ~") R? Agp /s
M1 32.058 0.6319 7.743 x10 73 55.03 0.9329 6.555 x10 72
M2 36.018 0. 8566 1.053 x10 2 74. 858 0. 6289 1.015
M3 31.261 0.6219 9.284 x 10 3 83. 589 0.9093 11. 159
M4 32.187 0. 6332 2.502 x10 ~? 51.176 0.9364 1.066 x 10 ~2
4
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