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Thermal Decomposition Rate of Fine Iron Ore
Xing-guo X1A0, Masakata SHIMIZU and Shin-ichi INABA
Synopsis :

In order to clarify the thermal decomposition behavior of fine iron ore which is injected into the raceway
of a blast furnace, thermal analyses of fine iron ore have been made under various atmospheric conditions v
(Nz, COz, air, O; and Nz + Oz with different oxygen concentrations from 1% to 25%), particle size

(average dia. : 55, 155 and 325 um) and heating rate (0.033, 0.167 and 0.33K/s). A kinetic analysis of the
reaction (3Fe;03; =2Fes04 + 1/20,) has been made based on measured thermalgravimetric curves by the

Coats’ method.
equation with relation to unreacted degree.
da/dt = k(1 — a)?
k= exp(A—E/RT)

Its results show that the reaction rate could be described by a second order reaction rate

Furthermore it was found that the starting temperature ( Tp;) and the kinetic behavior of the reaction
were independent of the particle size in the range from 55 to 325um. However, they were strongly

affected by the oxygen potential of the gas atmosphere.

Empirical equations to estimate Tp;, E and A were

obtained as a function of P, in the gas atmosphere as follows :

Tp1 = 75560/ { 44.56—In[ P,/ (1.013 % 10°) ]}
E=20730/16.543—1n[ Po,/(1.013%10°) ]}

A= 1{14.43 + In[ P,,/(1.013%10°) ]| % 10%/6.9306

Using these equations, the thermal decomposition processes of iron ore were analyzed under various con-

ditions and the results coincided well with our experimental resuits.

Under heating conditions simulating

raceway in a blast furnace, it was predicted that the injected fine iron ore could be almost decomposed from

Fe20; to Fe3z04 in the raceway.
Key words : thermal decompositions;
raceway ; blast furnace.

iron ore;

1. #

BIROTIO S H 5\ IZEA & Bk i & B
IR EACH L EFRERMOBRESEHLCER SR
TWBY™E P00 5 OMBEVGAACE LTIk, L—
A7 x A BT ORI D BRI ICB T A BFE T
VR BRBEEBAE R VL D REE N, PREEEE) i H 4
DHHMEIZ e 5 TETWBMNY. —F L—2w 1 f35I2
REAINLHIAOEHIIOVWTE, SiEKRO:®
OREEPUBAZ DN TOEEE, &5 Wi/ RIEERRFB X O
BT VIC K BB EAVGAARREOHEE TR T
WABDOKRTIND L — 2y 2 f TORIGEENIC DWW
TOFEEROIBETIE TR EV. BFL—2Y 2 4H
DH AN T FEERMINC I E, FO»SHEAL

il

thermal analysis; kinetic analysis; injection of fine ore;

BB O A EOMBBEIZ LD, @iﬁFﬁTﬁ
D, MEFSSEIIEAL, BEREIGELLZOL, H4
ZIREDT 25, ZOMEASETHEICEILLTw. &
DEIBRV—27 2 ANITHBAETREAALEE, #
BRHORISEB 22N FWICEETH L, AlLFER
L BIZHARD FeyO5 3 TEGENIGIZ L - T,
Fes04 1ICEALL, 2Dk, BIAF#ETTALO L TH
SN b, Fey,0; DETRICET B HEROFFFED 1813 2
DE L VBTV FHRETICE E - THB Y, EHERY LR
BRLAZW., L2 2ANTOROMSKEATR
7oA DU EY & R L, BIE 2 WGA A4 % REt
LTWL 72010124, BIRICKL - TEITTAH LTRSS R
LA DB EEE L HERNICHEHET L EEE
EEIbND,

P 3 4 4 ARSHERS

WCTHE FK3E 4L A 26 HZF (Received Apr. 26, 1991)

* (BT BUREPT Sk ST ZERT (Iron & Steel Research Laboratories, Kobe Steel, Ltd., 1-3-18 Wakinohama-cho Chuo-ku

Kobe 651)

*2 (BRYME RRPT S MIWF 7T T1% (Iron & Steel Research Laboratories, Kobe Steel, Ltd.)
— 98 —



SRSy O B ST B IS R 537

Table 1. Chemical composition of iron ore
(mass% ).

Fey03 Combined water FeO Si0y AlO3
89.66 2.80 0.41 3.80 2.39
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Fig. 1. An example of recorded TG and DTA

curves.
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Fig. 2. The determination method of start and end
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Fig. 3 Kinetic characteristics of the thermal decomposition reaction of
iron ore at gases flow or oxygen partial pressures.
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100 @ Table 2. Experimental conditions and results.
80+ Conditions Results
< Run
® No. | dT/d: Gas dp T Te | AWp
g 60 (K/s) (pm) | (K) | (K) | (mg)
- 40 - 1| 0.151 N, 45~ 55 1526 1588 0.95
; A5 1N E = A5 Ak
. 2 ~ 1575 .93
20 No. d";’/‘(’)tsgqs) 4| 0149 CO; 150~160 | 1576 | 1619 | 0.86
2 0.154 5| 0.151 Air 45~ 55 1641 1669 0.75
0 3 0310 6 | 0.156 Air 150~160 | 1633 | 1665 | 0.74
0.8 ’l‘3 15%024+85%N2 7 1 0.156 Air 300~355 1640 1668 0.78
- i dp =150um 8 | 0.153 | 1%0,+99%N, | 150~160 |{ 1546 | 1605 | 1.12
\
2 I - 9 1 0.151 5%02+95%N2 | 150~160 1588 1628 0.85
) " || 10 | 0.154 | 10%03+90%N2 [ 150—~160 1605 1646 0.80
o I 11 | 0.033 |15%02,+85%Nz| 150~160 1620 1646 0.77
[ A2 12 | 0.154 | 15%02+85%N2 | 150~160 1621 1658 0.78
g 0.4"} |‘/\ 13 | 0.310 | 15%05+85%Ny | 150~160 1624 1667 0.78
- = }I ‘\ 14 | 0.153 | 25%02+75%N2 | 150~160 1638 1675 0.80
X 1
5 AR 1 15 | 0.163 02 150~160 | 1705 | 1730 | 0.75
~ 1 i [ 1 -
S ) LT ®)
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Fig. 5. Decomposition curve at different rising
rate of temperature.
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Fig. 6. Thermal decomposition temperatures of iron ore at different oxygen partial pressure.
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Table 3. E and A obtained by Eq. (14) (Coats
method).

Gas dT/dt (K/s) E (kJ/mol) A

Ny 0.156 1390 105

CO, 0.149 2620 192

Air 0.156 2750 196
0, 0.163 2770 189
1%0,+99% N, 0.153 1800 132
5%03+95% Ny 0.151 2330 169
10%02+90% N> 0.154 2480 178
15% 05+ 85% Ny 0.033 3260 234
15%03+85% Ny 0.154 2550 182
15%0,+85%Ns, 0.310 2310 165
25%0,+75%N2 0.153 2580 183
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Fig. 8. Relationship between E and oxygen partical pressure.
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Fig. 10. Comparison between calculation curve
and observed data.
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Fig. 11. Comparison between calculation curve

and observed data at different rising rate of
temperature.
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Fig. 12. Estimated results for thermal decomposi-
tion of iron ore at different rising rate of tempera-
ture simulating a raceway in a blast funace.
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