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Simulation Experiment on Direct Reduction of Oxidized Pellets of Vanadium
and Titanium—bearing Iron Concentrates by Gas—based Shaft Furnace
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Abstract: Vanadium-bearing titaniferous magnetite resources are abundant in China but most of them are dif-
ficult to be utilized efficiently because of current technical problems with industrial practice so further efforts
should be made to innovate existing technologies. The process of direct reduction by gas-based shaft furnace—
smelting and separation by electric furnace provides a new way to efficiently and cleanly utilize the resources.
In the experiment oxidized pellets are prepared from vanadium and titanium-bearing iron concentrates. By
simulating direct reduction conditions of gas-based shaft furnace the effects of reducing gas composition and
temperature on pellets” reduction course swellability and intensity have been investigated. The results shows
that the oxidized pellets prepared from vanadium and titanium-bearing iron concentrates( 1% of bentonite is
added into it) roasted at 1 250 °C for 20 min exhibit excellent properties and possess high compressive
strength. Under controlled experimental conditions including composition of reducing gas ( pure H, H,/CO =
2.5 H,/CO=1 H,/CO=0.4 and pure CO) and temperature (850 °C 900 °C 950 °C and 1 000 °C) the
resulted pellets boast fast reaction rate and small reduction swellability and can meet the requirements of direct
reduction in shaft furnace. Thanks to its advantages in energy saving environment protection greater single—
machine capacity and high product quality the process of coal gasification-direct reduction by shaft furnace is
expected to be developed aiming at efficient and clean utilization of vanadium-bearing titaniferous magnetite.
Key words: vanadium-bearing titaniferous magnetite; oxidized pellets; direct reduction; shaft furnace

22011 - 11 =21
(51090384) ; ( N090602005) -
(1973—) .
: (1983—)



0 1.1
400 t °
100 NN N
20% 63%  93% 2 1 1. Si0, Al O,
N 11.5% N N
° Si0, o 2
RN N 75 um 60.53% 149 pum
“ - 12. 84% 0
_ _ ”»
1
i o0 Table 1 Chemical compositions of vanadium and
° titanium-bearing iron concentrate powder %
TFe FeO TiO, CaO Si0, MgO ALO; VvV P S
° 56.23 31.98 11.20 0.32 3.78 3.83 3.42 0.35 0.005 0.337
N Al .
N * * Fe,0, 7 Si0:
[ ]
( O O FeTi0, & MgFe0,
@ Al CrosFerasMg Mng 1140538k 66 Tl Vs
) . R ERT)
i i
* A *
® 'y i *
TiO, ; P - o A
: ¥ |."r * | *
(] Q (o] L ]
N 20 30 40 50 60 70 80
. 260/(°)
1 XRD
Fig. 1 XRD pattern of vanadium and
titanium-bearing iron concentrate
“« oo, HYL.MIDREX 100
90
A 80 1
. \ . < 70 -
; oo
° X 50 {
40 .
30 !
N N 20 1; 1
10 f—1 »
° 0 s g
0.01 0.1 1 10

FiAE 1w m

Fig. 2 Particle size distribution of vanadium and
titanium-bearing iron concentrate



0360

2012 33
1.2 N o
1% o
o 2 1 150.1 175.1 200.1 2501 275 °C
o 10.15.20.25 min
2 o
Table 2 Test results of properties of green pellets
AN+ ) / 1% 3 .
1251 13 5.9 o 1225 C 20 min 1250 C
=8.82 =3 8 ~10 15 min HYL
(>2000 N) 1250 C
1.3 20 min Midrex
( >2500 N) o 1250 C 20 min
3000 + 3000 !
Midrex /. Midrex /
Eall 11| U T s T =111 ] ettt .
& ¢
:‘\/;i 11 e S % 2000 femrmimr e e PP —
= HYL - HYL
= L Rotary kiln blast furnace :_;-:_‘ | Rotary kiln blast furnace
> 1500 - > 1500
000+ *® Krpental 20 min 1000 fEPERAE 1250 C
150 75 1200 1225 1280 1275 10 is 20 T
KEBER L/ C KAt iE)/min
3
Fig. 3 Effects of roasting temperature and time on compressive strength of pellet samples
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Fig. 4 Effects of composition of reducing gas temperature and time on reduction ratio of pellet samples
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Table 3 Cold strength of reduced pellets under different
reduction temperature and reducing gas composition °
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