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Measurement of Reduction Rate of Hematite Powder
with CO-CO, Gas Mixture by Using Thermobalance

Ichivo Araxi, Takayuki Marpa, Takeaki Muravama and Yoichi Ono

Synopsis : The reduction rate of hematite powder (0.15mm in diameter) with CO-CO, gas mixture was measured by a thermo-
balance of which sensitivity was 1ug. The sample was put into a Pt-basket and the basket was suspended in a reaction
tube from the balance. The weight of sample should be less than 0.2g in order to obtain the reduction rate of a single
hematite particle accurately. The reduction rate was controlled by interface chemical reaction because the reduction
product layer was porous. The chemical reaction rate constant kc was obtained at 600°C-900°C. The value of kc
decreased with a rise of temperature because of sintering of hematite layer. The obtained value of k¢ was applied to
the analysis of fluidized bed reduction of hematite powder with CO-CO, gas mixture. The calculated reduction curves

agreed well with the measured ones by fluidized bed. '
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1. CO gas 2. CO2 gas 3. N2 gas
4. SiO2 gel 5. Mass flow controller 6. Fiow meter
7. Pump - 8. Orifice flow meter 9. Infrared analyzer
10. Manometer 11. Reaction tube 12. Electric furnace

Fig. 1. Schematic view of experimental apparatus
(overall view).
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1. Thermobalance

2. Quartz tube (35mmi.D.)
N 3. Sample

3 4. Pt basket

5. Heat insulating material
6. Electric- furnace

7 7. Thermocouple

8. Stainless steel wire

9. Silica tube

Fig. 2. Schematic view of experimental apparatus.
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Fig. 3. Effect of sample weight on reduction of hem-
atite powder in 10vol%CO-90vol2%CO., gas
mixture at 700°C.
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Fig. 4. Mixed control plot for reduction of hematite
powder in 10vol2%CO-90vol%CO, gas mix-
ture at 700°C.
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Fig. 5. Relation between time and 1-(1-F)'” for
reduction of hematite powder in 10vol9%CO
-90vol%CO, gas mixture at 700°C.
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Comparison of calculated and measured
reduction curves of hematite powder in
10vol2%CO-90vol26CO, gas mixture at 700
°C.
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Fig. 7. Sample weight dependence of chemical
reaction rate constant.
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Fig. 8. Effect of temperature on reduction of
hematite powder in 10vol%CO-90vol%CO,
gas mixture.
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Fig. 9. Relation between time and 1-(1-F)'® for
reduction of hematite powder in 10vol25CO
-90vol9%CO, gas mixture at 600°C.
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Fig. 10. Relation between time and 1-(1-F)'® for
reduction of hematite powder in 10vol%CO
-90vol2%CO, gas mixture at 800°C.
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Fig. 11. Relation between time and 1-(1-F)* for
reduction of hematite powder in 10vol9%CO

-90vol%CO, gas mixture at 900°C.
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Fig. 12. Temperature dependence of chemical reac-
tion rate constant.

B BE LI R PFig R T GETEEV LR T 5 (12
o T, ~=x A4 PREZHERT 5/D3 CRLFBER L T
W BEREIC L b, BREAADEARILY NS kB L
PHEEHHE NI LS, ZOLDETEBEN LR T2 L
BILEEIEL, BolltFionsd, ZORKEIE, #EH
= XA NRERPBESRBFL THCIZZDTH S, 1200
*CTHERETR, 900°CT 3 & IBERE 24T L 12D BB DR
ThHHBIENELOLNS,

B. EEEHOREESTTEERIT\DOBERE

O, BREFETE S WCERE ZROTENE ETEE
R~ OERE 2T 2 100, FHEgosERIToET v
CHLARA THIT 24T - 12,

WENEOBITEFT v, [EBEETFTVERHCIZY, 20
7V OIS # Fig. 15278 T, 2 Q€T VIR, JEDIEE D
O U TREFEET S ET230T, [ETL
CenvESEILLUTOL S CRET 5,

Bk, [UEOERSTH 557 v, [IEDFE Y DkL
FOEWAFTH B2V VM, RTFRBEHTHE v g

561 I



#% & $#Vol. 82(1996)No. 7

. Cross section of samples after reduction of
hematite powder in 10vol%CO-90vol2%CO,
gas mixture.

Fig. 14. Cross section of samples after holding at
700°C and 900°C in N, atmosphere.
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Fig. 16. Comparison of calculated and measured
reduction curves of hematite powder in
10vol%CO-90vol%CO, gas mixture by
fluidized bed.
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