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Speed of Carbon Deposition in Ore Reduction.

(Reduction test of ore bed——II)

Tanekazu SOMA

Synopsis: : ,

PURPOSE: - In ore reduction by CO at low temperature, the reaction. of carbon deposition
occurs violently. In a blast furnace, carbon deposit sometimes caused hanging. To clarify
the kinetics of carbon deposition, this experiment was done in a stationary bed. '

METHOD: In a standard state, next factors were chosen; ore—self-fluxing sinter, size—
2*5mm—5mm, weight—50g, CO flow—1N//min, temperature—550°C, and these factors were
changed one by one. A 4lmm inner diameter porcelain combustion tube was ‘used as a
reduction tube. The furnace temperature . was regulated automa‘mcally Weight of deposited
carbon and reduction degree were calculated by gas volume change and COz concentration
change through reaction bed.

RESULTS: W1th a certain t1melag, carbon deposit occurred at a constant speed of dep051-
tion.

The lower the temperature the h1gher the speed of carbon deposmon, and the lower the tem-
perature below 450°C, the delay time of carbon dep031t rapxdly increases. At the higher
-temperature the furnace pressure rose by the smaller amount of carbon deposit.

Carbon deposit occurred in a very thin layer.

Ore size little influenced the carbon deposit.

‘While the CO flow was not large, the speed of carbon deposmon was proportmnal to the
flow, but when the CO flow grew larger, it fell down from the proportional value.

In reduction by N3+ CO.gas, the speed of carbon deposxtlon was proportional to the CO
concentration and the delay time grew long. :

In reduction by CO-+CO; gas, the speed of carbon deposition was proportional to (46-C03%)
and the delay time grew extremly long.

When some ballast was mixed in the ore, the speed d1d not change But the furnace
pressure rose slightly later. The furnace diameter did not influence on the speed of carbon
deposition, but the furnace pressure roseé by the carbon deposit proportional to the cross
secton of furnace. :

~When heating at constant speed, carbon deposited under 760°C and dissolved over 760°C.
Thereby the reduction degree improved very much; about 2g of carbon deposit was used by
‘direct reduction, this was equivalent to about 25% reduction degree. (Received 13 July 1963)
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F1g t. Experimental ‘apparatus.
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Table 1. Experimental results (influence of temperature).

- . . . . COgconcentra-

. . Deposited | Reduction | Delay time| Speed of |3 2 Degree of
;I;ﬁg;l_ g gﬁ:;ﬁgﬂ. carbon, degree, of carbon | carbon zg)ﬁ)o;alase%%;g ~ crushed ore
rature (°C)| ~ (min) calculated | calculated | deposition | deposition tion. calculated (—0°5mm)

(g) (%) (min) (g/hr) %) (%)

950 100 0%69 96°2 20 0°5 1*5 —1°8

200 90 107 87°3 20 09 - 30 —0°9

800 105* 337 ) 74°1 21 2°4 82 —1*4

700 65% -3°68 497 15 4+4 159 —1*2

600 : 60%* 6°58 A 26°9 9 7°3 294 3*5

. BBO 55% 7°13 17°2 6 88 370 91
© 500 ¢ Bo* 7°03 ©o116 6 9+5 41%1 14-4,

450 65% - 9-15 8°1 14 10°6 470 176

400 0% - 10°42 99 35 111 52°5 241

375 - 150% 1554 1°4 75 12°6 592 334 -

350 95 075 92 —_— — - -

300 - 90 047 41 - - i -

* The experiments were interrupted due to pressure rise.
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s Table 2. Sie've aﬁalysis of carbd‘n deposited

sinter (Self fluxing "sinter 2*5~5mm
50g CO 1NI/min 550°C 70min)

Size |Weight | = Chemijcal composition

v Carbon - Fe -
mesh | (g) . o Weight | . Weight -
o (%) (2) (%) (g)
10 up | 30°76 2%7 083 | 56°5 | 17°38
10~20 7°67 98 ©0°75 537 412

20~60 | 9°41 32°4 3°05 39°8 375 -,

60~100. 2°*91 46°8 1*36 | 32°3 094

1002001 g0 | sav9 | 2°09 | 280 | 1°0¢
. down | 1°10 | 55°6 | 0°6l 30°0 | 0°33

27°58

5565 | — | 869%| —

’ " Total

*  Calculated deposit carbon 9°71g
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Fig. 3. -Relation‘ between pressure rise and
- weight of deposited carbon (influence
of temperature). '
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‘Table 3. Experimental results (inﬂuence_ of ore weight, size and CO flow)

‘ ‘ Testing Degbosited _ dRe:duction Deflay tti)me Spesd of |60, concentration

. . carpon, egree, of carbon carbon caused by carbon
Factpr,_changed d(tg?ggon calculated calculated | deposition | deposition d‘elposlitiox‘;, )

4 ~ () (%) (min) (g/hr) [calouated ()

Weight 100g - 50 6° 39 10°1 5 ‘ 8*5 386
50 - 55 713 17°2 6 87 36°6
25 80 10°50 21°2 7 86 36°1
12°5 90 10°82 8+ 0% 10 8°1 32°9
- 6°25 20 7°57 27°0% 9 57 22°2
i 313, 95 610 —b54°2% 2 402 14°9
Ok 90 0°39 — 10° 0°3 1°0
Size 1~2*5mm 75 1036 16°9 7 9°2 42°2
2°5~5 70 971 18°7 6 2°0 36°5
5~10 75 966 191 7 8°5 36°5
10~20 75 930 184 7 82 35°1
CO flow 4 NI/min| - -.40 10°30 45°0 6 18°2 18°1
2 .+ 50 1017 36°7 6 15°9 26°0
o1 ) ) 70 971 18°7 6 9°0 36°5
© 05 ) 120 - 9°53 5*5 13 544 48°8
0°25 ) 120 525 36 10 2°9 50°0

* When the ore weight had decreased, the error of reduction degree increased.

**  Blank test.
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Table 4. Experimental results (influence of mixed gas).
N - = =) o
. & 1S ]
o | g - 8 3 = g % 28
& o P 2 &0 = 2 =1 oo
= o © » [9) o o S e
- e = 8 =g o & I | o
v = = O'U 1 ) o O o =]
Re © o 3 c:"&‘ E'U a 0 [o] 3]
& = L T2 o= ey 4.9 888 -1 hg
g 00 i 273 a o8 R g9
o] 15, =l o 3 ™o . L= o <D oy
§ 22 | % $E | 28 | 9% | %8 | EC% 58
' g | & &% | 3 A8 | &% | g3 326
& a o~ @ 8= O8o
~ . cO:/ .
o, [7) 2
o (%) (mm)\ (’g)v (%) (min) (g/hr) (%) (%) CO+CO3(%)
Ny+CO |CO 97°4 70 971 18°7 6 90 36°4 37°8 ‘
816 80 7°73 246 10 6°6 26°0 33°8
479 90 5°60 16°1 16 45 233 40°2
35°3 20 3°64 98 23 33 11°2 40°0
286 180 5276 ° 12°6 45 2°6 8*7 39°0
CO+CO; |CO; 0°5 70 9+71 187 6 9+0 36°4 36°4
21°*5 100 7°29 41 18 54 19°5 45°2
32+0 130 5239 36 40 3*5 10°7. 47°8
4246 180 1°20 —1°4 52 06 1*9 45°3
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- On the Rate of Fluidized-Bed Reduction of Iron Ore.
Akimitsu OKURA‘ and Yukio MATSUSHITA

Synopsis:
Authors presented the following empirical equation on the rate of reducing reaction.
: —dW/d t=K(Wy—w)
where W, is oxygen volume combined with iron in ore (g/cm?), w is oxygen volume com-
bined with iron in ore after reduction for some time (g/cm3), W is oxygen volume removed

© per unit time with reduction (g/min), K is ‘reaction rate constant, and / is time (min), so

that W is equal to W for 7=0.

Authors have studied on the fluidized bed reduction of iron ore powder by hydrogen gas
under atmospheric or increased pressure with a laboratory scale apparatus.
" On the basis of the above equation, the mechanism of fluidized reductlon was discussed.
The results are as follows.

1) For fluidized bed reduction under atmospheric pressure at less than 500°C, the redu-
ction rate is considered to be controlled by its reaction rate. Meanwhile it is controlled by

diffusion rate over 600°C.
by both these rates.

In the intermediate temperature region, the reduction is affected

2) The reduction under increased pressure is controlled by the reaction rate near 400°C,
. while it is controlled by the diffusion rate over 5000°C. o
3) The effect of gas film on the surface of particles becomes important with a decreasing

flow rate, especially below 20//min for 50mm § bed.

(Recexved 12 July 1963)
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