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Biomass pyrolysis product-enhanced selective reduction-magnetic
separation of iron sand

Huang Zhucheng', Shu Yang, Li Yixin, Tang Tingting, Xie Chenxi

(School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, Hunan, China)

Abstract: Using clean, carbon neutral, highly reactive and renewable biomass as a reducing agent, lim-
iting the escape of pyrolysis products by hermetic gas plugs, the direct reduction behavior of the bio-
mass allotted within the iron sand was studied. The results show that a pressure of 60 kPa is rapidly de-
veloped in the reaction tank as a result of limiting the escape of pyrolysis products (CO. H,. CO,, H,O .
C.H,0.) from biomass pyrolysis, which facilitates the participation of H,, CO in the reduction. The tar
has higher activity and guarantees the source of H, in the later stage, which promotes the rapid reduc-
tion of iron sand at low temperature. Under the conditions of reduction temperature of 1 120 °C and re-
duction for 80 min, the iron powder with 97.81% metallization and 97.81% Fe recovery can be ob-
tained, as well as the titanium-rich slag with a TiO, recovery of 69.98% and a V,0; recovery of 59.93%.
Key words: iron sand, rapid direct reduction by low temperature, biomass, pyrolysis products
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Table 1 Chemical composition of iron sand %

TFe FeO  Fe,0, TiO, V,0, SiO, ALO,

MgO MnO Na,0 K0 S P FRk

54.27 29.08 45.27 10.88 0.68 4.01 3.67

3.68 0.44 0.079 0.020 0.059 0.027 0.29

*2 B RIELAR

Table 2 Iron sand particle size composition

B /um PR =%
+212 22.22
150 ~ 212 23.30
75 ~ 150 52.14
45 ~175 1.78
—45 0.56
&it 100
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WANE & DR Mg, Na, K 288468 . B )5
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Fig.1 XRD spectrum of iron sand
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Fig.2 SEM-EDS map of iron sand
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Table 3 Analysis of reducing agents %

AW TAb BT ERIBTTRE T

Koy ¥R W Ka C H 0) N

555 80.13 12,61 1.71 4857 6.09 43.82 0.18 0.014

x4 EUMRERS W

Table 4 Analysis of ash content of biomass %

Sio, ALO; CaO MgO Na,O K,O Cl

16.13 3.34 61.60 7.16 0.83 2.94 0.013
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Fig. 3 Microstructure of crushed biomass
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7
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(8
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(10
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CsHsO(g) + 5H,0(g) = 6CO(g) + 8H,(g)  (15)

CeHsO(2) +5C0O,(g) = 11CO(g) +3H,(g)  (16)

CsH,,0(g) +4H,0(g) = 5CO(g) +9H,(g)  (17)

CsH,,0(2) +4C0,(g) = 9CO(g) + 5Hy(g)  (18)
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Fig. 6 Gas phase equilibrium diagram of FeTi,O, and
Fe,0, reduction reaction
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Fig. 9 Reduction and separation enrichment effect of iron sand under different reduction temperatures
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Fig. 10 SEM images of the reduction products of sea sand ore at different temperatures
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