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Abstract: In order to study the law of indirect reduction in the process of carbothermal reduction experi—
ments were carried out on a 20 kg/h pushing boat heating furnace.The changes of gas composition in the
process were recorded by on-ine gas analyzer and composition of reduced samples was measured.The in—
fluence of coal type particle size of pulverized coal and preparation method of iron concentrate on indirect
reduction reaction was discussed. Finally the source and quantitative relationship of indirect reduction
process were analyzed theoretically.The results show that indirect reduction mainly comes from the chemi—
cal reaction between iron oxide and CO produced by direct carbothermal reduction process. During the step
reduction process some volatiles of coal are involved in the reaction leading to the proportion of CO,/

( CO+CO,) in the stable gas more than 20%.In a certain range the smaller size of iron ore concentrate

powder achieve better the reduction effect.
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Table 1 Size distribution of Iron ore concentrate 2h 1 050 °C,
powder after hammer breaking 20 .
/(' mm) /% o
>20( >0.84) 6.7
20~40( 0.84~0.42) 24.5 2
40~80( 0.42~0.178) 55.0
<80( <0.178) 13.8 2.1
2%
2 98% o
Table 2 The composition of coal % o
17
52.00 29.45 5.50 13.10 4.

83.50 3.25 4.25 9.00 17%
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Table 3 Step test conditions and reduction results
we % Wyre ! %o Wop, [ Y0 1% 1% 1%
1 4 4.13 85.16 91.11 93.47 95.11 78.37 21.63
2 2 7.08 87.40 89.41 97.75 98.31 63.76 36.24
3 2 4.52 80.85 89.45 90.39 92.79 78.37 21.63
4 2 8.32 85.36 89.75 95.10 96.33 62.89 37.11
5 10 3.52 84.58 92.47 91.46 93.60 82.35 17.65
4
Table 4 Chemical compositions of reduced DRI
wl% 1% 1%
o MFe TFe 1% 1% ’ ’
1 2.75 93.08 94.59 81.20 18.80 98.40 98.80
2 2.46 93.68 95.16 82.31 17.69 98.44 98.83
3 2.42 92.90 94.81 82.72 17.28 97.99 98.49
4 2.47 93.31 95.36 82.67 17.33 97.85 98.39
2.2 2.2.2
2.2.1 3
2, 95%
2 400 (0.037 mm)
o 0.015 mm,
CO.CO, 36%) -
o 30%
(0] 35% FeO
Cco 1 050 C (CO,/( CO+CO,)
55% ~ 65% H, 20% CO, =29.5%) .
15% ; o
10% CcO 80% CO,
10%. Fe,0, o
0.
3
100
Fe,0,
80 .
Fe,0, FeO; FeO o
60 C+C0O,=2CO0  Fe,;0,+CO
. =3Fe0+CO,; C+C0O,=2CO
L FeO+CO=Fe+CO,.
20 3.1 ({0)
700 °C
5 . e, . C+Fe, 0, =3Fe0+CO o
¢ . ‘;l s g Fe,0, FeO
t/h
’ 3 0
Fig.2  Variation of gas composition Fe;0,+CO =3Fe0+CO, b C+



5 - 107 -
CO,=2CO a o (0] C  Fe,0,
Fe,0,+CO=3Fe0+CO, 0 b ; o .
C+C0O,=2C0O 0 a o Fe,0, FeO CcO
0 C+CO, CcO
0 a b o FeO o x
o x+x( 1-%CO) = 1
x=0.635 63.5%
100 36.5%
0.25/
80r /| Fe0+C0=Fe+CO 7y
f 0.9
g 60+ 1/4Fe04CO=3/4Fe+CO 101%0
S 4ol 3.2 CO
1 ) 1 000~1 050 C
20}
C+CO,=2C0 Fes04+C0=3Fe0+CO FeO f
oF 3
200 400 600 800 1000 1200 1400 4 0
T/K
FeO+CO = Fe+CO, b C+CO, =
3 C+C0,=2C0  Fe,0,+C=3Fe0+CO
2CO a
Fig.3 Position of gas composition between curve C+ FeO+CO=Fe0+CO, 0 b ;
C0O,=2CO and curve Fe;0,+C=3Fe0+CO C+C0,=2CO 0 a o
0 C+CO,
Fe,0,+CO=3Fe0+CO, C+C0O,=2CO 0 a b
(1) (2) ®" . .
dfy 3 1\, ,
E:rl o) k1(1+K1) (cco—er ) (1=£) 3 (1) I(MDF jll
3 o~ sof |
dizz k2(02 “Ceot : L0) ( 1_f2) . (2) .
T Nap K2 o 60F VAFe0s+CO=3/4Fe+CO i ——
3 1 ; 3 S 4ot
k1(1+K)(CCO_Cl ) (1_f1)2/3=7k2 B
Ty py 1 Ty P2 0
ci _CEO 2/3 A ( Fe) 4 CO=3Fe0+C0
(‘32 “Ceot )(l_fz) (3) ok i
K2 L L A 1 1 1 |
fisfs Fe,0,+CO . 200 400 600 800 1000 1200 1400
ko Fe,0,4+CO . i
’ 4 C+C0O,=2CO0  FeO+C=Fe+CO
(m/s); K, K, Fe,0,+CO
. 1€ NG Fe,0,+ Fig.4 Position of gas composition between curve
CO N ( mol/ C+C0,=2CO and curve FeO+C=Fe+CO
m’) T P1P> Fe,0,+CO N
( mol/mS) ; FGO+CO:FG+C02 (4) 1315
AY o d .
(e ) e i) e 10 ()
r=r, p,=0.90, T=1123 K K, =1.65 K, = dr 1, ps K, :

16.62 k,=0.017 5 m/s k,=0.001 2 m/s.
C0=42.5% C0,=57.5%.

(4 (2



* 108 2019 40
3.4
3 1 . 3 6 / FeO—Fe
k3(1+K)(Cco_C3 ) (1_f3)2/3:7k2
T3 P3 3 T P2
2 =
2 TCco °
(Cz —Ceot K, )( 1-£)) . (5) co 0
f;  FeO+CO vky  FeO+CO o
(m/s):K, FeO+CO 0.015 mm
e FeO+CO 0.265 mm CO=0.741 x+x(1-0.741) =1 «
(mol/m"):ps  FeO+CO =0.794 20.6%
( mol/ms) : r FeO Mo 20.6%x%0.75 /f: 17.2%
ri=r, py=0.9p, T=1323 K K,=0.38 K, = 10.4%
440.8 £,=0.035 m/s k,=0.178 m/s. 21.6%.
€C0=89.5% C0,=10.5%-
9.50%. 36% 27.6%
0.75/f f °
f 0.9 .
7.9% of
1 /.
14 /.
18% . g |
g
( 5 3~5h ) By /
CO 60% CO,/( CO+CO,) =20% ~ /
24% 18% L o Oy |
00 05 1.0 15 20 25 30 35 40 45
o Ik BE 1
( > 5-6h ) 6 / FeO—Fe
CO,/( CO+CO,) 10% Fig.6 The effect of particle size ratio of coal
8% o

C+Fe,0,=3FeO0+CO
FeO+C=Fe+CO o

0.4

03}

0.2

COJ(CO4+CO

Fig.5 Change of oxidation degree of gas at
steady stage and last stage

powder/iron ore powder on the proportion
of FeO—VFe indirect reduction

20 kg/h

1)
1050°C  2h 98%
17%-
2)

€0, /( C0,+CO) 20% .

C0,/( €C0,+CO)



5 : = 109 -

10% o
3) .
. 5) co
4)
(0] o
FeO
1 Tiwari P Bandyopadhyay D Ghosh A.Kinetics of gasification of carbon and carbothermic reduction of iron oxide J .Ironmaking
and Steelmaking( UK) 1992 19( 6) : 464-468.
2 Zhu D Mendes V Chun T et al.Direct reduction behaviors of composite binder magnetite pellets in coal-based grate—rotary kiln
process J .ISIJ International 2011 51( 2) :214-219.
3 Donskoi E Olivares R 1 McElwain DLS et al.Experimental study of coal based direct reduction in iron ore/coal composite pellets
in a one layer bed under nonisothermal asymmetric heating J .Ironmaking & Steelmaking 2006 33( 1) : 24-28.
4 Yao Meiqin Yu Jian Guo Feng et al.Non-isotherm kinetic of iron oxide reduction by graphite J .CIESC Journal 2013 64( 6) :
2072-2029
( . J. 2013 64( 6) : 2072-2029.)
5  Guo Dabin Zhu Liandong Guo Sheng et al.Direct reduction of oxidized iron ore pellets using biomass syngas as the reducer J .
Fuel Processing Technology 2016 148:276-281.
6  Wei Rufei Cang Daqiang Zhang Lingling et al.Staged reaction kinetics and characteristics of iron oxide direct reduction by car—
bon J .International Journal of Minerals Metallurgy and Materials 2015 22( 10) : 1025-1032.
7  Ding Yingui Wang Jingsong She Xuefeng et al.Reduction characteristics and kinetics of Bayanobo complex iron ore carbon bear—
ing pellets J .Journal of Iron and Steel Research( International) 2013 20( 5) : 28-33.
8  Chanchal Biswas Prithviraj Gupta Arnab DeMahua et al.Kinetic studies on the reduction of iron ore nuggets by devolatilization
of lean—grade coal J .International Journal of Minerals Metallurgy and Materials 2016 23( 12) : 1360-1368.
9  Huang B H Lu W K.Kinetics and mechanisms of reactions in iron ore/coal composites J .ISIJ International 1993 33( 10) :
1055-1062.
10 Bulin Chaoke Guo Ting.Control of thermodynamics of carbothermic reduction of iron oxides by using factors impacting thermo—
dynamics of carbon gasification J .Mining and Metallurgical Engineering 2014 34( 1) : 77-81 86.
( . J. 2014 34( 1) : 77-81 86.)
11 Man Yi Feng Junxiao Ge Qi et al.Thermogravimetric and kinetics analysis of direct reduction of carbon-containing pellets J .
Chemical Industry and Engineering Progress 2015 34( 3) : 701-704.
( . I 2015 34( 3) : 701-704.) 701-704.)
12 Guo Peimin Zhao Pei Wang Lei et al.Oxidizing kinetics of reducing gas during iron oxide reduction process J .lIron and
Steel 2017 52(9) : 22-26.
( . I 2017 52(9):22-26.)
13 Guo Peimin Zhao Pei Kong Lingbing et al.New calculation method for intrinsic rate constant of boudouard reaction J .Journal
of Iron and Steel Research 2018 30( 8) : 606—609.
( .CO, I 2018 30( 8) : 606—-609.)
14 Guo Peimin Zhao Pei Wang Lei et al.Analysis of reduction of iron ore and oxidation of reducing gas in moving bed J .Journal
of Tron and Steel Research 2018 30( 5) : 348-353.
( . J. 2018 30( 5) : 348-353.)
15  Guo Peimin Zhao Pei Wang Lei et al.Influence of technical parameters on reducing efficiency of iron ore fine in continuous
fluidized bed J .Chinese Journal of Engineering 2018 40( 10) : 1231-1236.
( . J. 2018 40( 10) : 1231-1236.)
16  Guo Peimin Zhang Dianwei Zhao Pei.Study on catalytic mechanism of reducing hematite by carbon at low temperature J .Iron
Steel Vanadium Titanium 2006 27(4) : 1-5.
( . J. 2006 27(4):1-5.)
17 Zhou Chuandian.Technical handbook for BF ironmaking M .Beijing: Metallurgical Industry Press 2005.

( ) M. 2005.)



