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Research on biomass pyrolysis characteristics and iron concentrate reduction

HUANG Zhucheng JIN Yunyun YI Lingyun WANG Lin HU Jianjia
( School of Minerals Processing and Bioengineering Central South University Changsha 410083 Hunan China)

Abstract: Biomass is low carbon and environmentally friendly which can be used for iron ore reduction to realize the
green development for iron and steel enterprises. In order to explore a fast and efficient direct reduction method the
pyrolysis characteristics of biomass and the reduction of iron concentrate are studied. The results show that the
biomass can be rapidly pyrolyzed at low temperature. When the pyrolysis temperature is 693 °C the weight loss rate
reaches 66. 76% and the maximum weight loss rate reaches 7. 85% /min. The gaseous product generated by biomass
pyrolysis mainly include CO CO, CH, C,H, H, etc. the addition of iron ore is conducive to the transformation of
hydrocarbons into CO and the existence of sufficient fixed carbon is the guarantee to realize the rapid reduction of
biomass iron concentrate at low temperature. When the molar ratio of carbon to iron is 0.4 and the reduction
temperature is 1 050 °C the metallization rate of the reduction products is 82.97% the rapid reduction of iron
concentrate at low temperature can be realized.
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6.03% K,0 Na,O;
C. H. O N. S
o VLAIMIR ° 0.32% 0.08%
S0, NO. .
30% +0.074 mm 72.22%
670 C 1200 C. ’ —-0. 045 mm 2.01%
1 ( )
Table 1 Industrial analysis results of the biomass %
73.27 12.70 6.03 8.00
o 2 ( )
10 Table 2 Main element component of biomass %
N C H N S ¢}
3 43.00 4.48 0.32 0.08 39.72
0 3 ( )
! Table 3 Biomass ash analysis %
- TFe Si0, CaO0 MgO ALO; K,0 Na,0O
o 1.64 43.26 29.25 6.23 7.30 2.98 2.47
’ 4 ( )
Table 4 Biomass particle size composition %
o Co.0Th S0 10,038 om0 P
72.22 25.77 1.96 0.05
XRD 5.6 1 0 5
I TFe
1.1 66. 88% ; Sio, .
N CaO. MgO 5.76% « 0.15%
N N 1 ~4 0.27% S
o 1~4 . 0.052% » 6
0. 147 mm 0.11%
0. 045 mm 69. 74% -
73.27% 12. 7% 1
Si0, CaO Fe;0, Si0, .
5 ( )
Table 5 The chemical composition of iron concentrates %
TFe FeO Sio, CaO Al, O, P S LOI
66. 88 28.59 5.76 0.15 0.46 0.012 0.052 0. 66
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Table 6 Iron concentrate size composition %

o147 0147~ 0074~
S 0,074 mm 0. 045 mm SO mm
0.11 11.35 18. 80 69. 74

1 2 1 1 1
10 20 30 40 50 60 70 80
20/(°)
1—Fe;0,; 2—Si0,.

1 XRD
Fig. 1 The XRD phase analysis of iron concentrate
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Fig. 2 Effect of pyrolysis temperature on weight

loss rate of biomass pyrolysis
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Table 7 Industrial analysis of biomass coke powder

obtained at different roasting temperatures %

o 198 C

o 250
~350 C TG
350 € DSC

5.27 % /min.

T.198 °C

TG/
=]
S

60 |
S50

-52.09%

(8]
DSC/(mW - mg™)

40 1 1 L L
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i/ C

1000

1
1200

DTG/(% - min'')

Y T N PR

1—Tg/%; 2—DSG/(mWemg™'); 3—DTG/( % *min""') .

4 325 °C

Fig. 4 Thermal stability analysis of pyrolysis
products at 325 °C

325 C

o (T.)

66. 76 %

o

7. 85% /min

( Qmax) 0‘ 21 mW/mg‘

( Vi)

8

325 °C

52.07%

Table 8 Non-isothermal pyrolysis characteristic

parameters of biomass and pyrdysis products at 325 °C

/°C
73.27 12.70 6.03
300 67.82 25.27 6.91
325 52.89 37. 88 9.23
400 26. 50 59.92 13.58
2.1.2
3 Ar 10 °C /min
TG-DSC o 3
142 C
o 142 °C
B, 250 ~350
C TG DTG
350 € DSC
7.85 % /min, 693 C
120 12 72
1.0
08~ 1° ~
i 06 £ |, 5
00028 1°® :
Vi 7785 . . g: 18
0 200 400 600 800 1000 1200
i/ C
1—Tg/%; 2—DSG/(mWemg™'); 3—DTG/( % *min~"') ,
3
Fig.3 Thermal stability analysis of biomass
4 325 <C Ar
10 °C /min TG-DSC
o 4 198 C

T./C T,/C max Qi
/(%'minfl) /(mW'mgfl)
142 693.0 7.85 ~0.21
325 C 198 876.2 5.27 0.39
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Fig.5 Effect of temperature on composition of
pyrolysis gas phase products of biomass
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Fig. 6 Effect of C to Fe molar ratio on metallization

rate of reduction products
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Fig.7 Effect of temperature on the metallization

rate of reduction products
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Fig. 8 Effect of time on the metallization rate

of reduction products
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