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Abstract — Based on the nucleation-growth model and the extended-volume model with all the steps of

phase change, the rate equation was derived to clarify the reduction mechanism of topochemical reaction
within hematite grains at low temperature.

The experimental data on the effect of additives for the reduction of hematite were applied to the equa-
tion and then the change of the rate constant (30) was observed. It was found that the reduction rate con-

stant (30) was affected by the reduction temperature and the surface state of hematite under the constant
H2 pressure.
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Fig.1. Schematic diagram showing “overlapping”
of growth nuclei in a group of sphe rical
grains.
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Table 1. Values of 8 and 8, for the reduction time on pure hematite at various temperature.

\?edn Temp (T} 260° 280° 300° 340°
Ti:ff‘f(;aﬁfo"m' a (=) Bx10™" | BoX107 | al=)f BX10" | Box10” | al=) | BX10" |Box107| al-) | Bx10" | £.%x10

720 0.05 |585.09| 113.04
1320 0.25|328.87 | 157.72
1800 0.07 1475.48 | 363. 12 | 0.08 |563. 37 |430.24

1920 0.49 | 185.07| 155.70
2400 0.03 [102.02 | 119.95 | 0. 17 {402.58 | 473.34 [ 0.19 | 447.01 {525.58

2520 0.73 1126.03( 159. 44
3000 0. 07 |106.36 | 174.78 | 0.27 {300.41 | 493.64 | 0.31 |328.84 |540.35

3120 0.90 | 95.96| 167.24

3600 0.10 | 81.36 {175.75 [ 0.38 |226.54 | 489.35 [ 0. 43 |250.67 | 541. 47

4200 0.16 | 73.08 | 198.92 | 0.48 [174.18 | 474.12 | 0.55 | 196. 15 {533.91

4800 0.22 | 62.11 [206.55 |0.59 |141.81471.62 [ 0.66 |159.28 |529.72

5400 0.28 | 52.37 {207.84 |0.68 [116.95 | 464.09 {0.76 |134.27 | 532.83

6000 0.33 | 43.39 [201.69 |0.77 | 99.41 | 462.02

6600 0.40 |38.11 [204.36 |0.83 | 86.79 | 460.00

7200 0.46 | 33.09 1202.21 [ 0.90 | 78.09 | 477.06

7800 0.53 | 29.64 [204.25 |0.94 | 70.95 | 488. 74

8400 0.97 | 64.25 | 493. 66

9000 0.65 | 23.86 |203.78
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Fig.3. The rate constant § for the reduction
time on pure hematite at 260C.
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Table 2. Values of 8 and B, for the reduction time on 5 atomic % Li,O doped hematite at

various temperature.

Hednp(°C) 260° 250° 300° 340°
Ti}gﬁ%‘; a1 | BX10 | 8107 | @ = | BF 10T | B | @i=)] Bx10" | Box10 | a1 |B-10" | 8,107
600 0.02 | 390.59 | 574.06 | 0.07 | 128.38| 188.68
1200 0.11233.02( 968.66 | 0.38 | 60.11| 219.91
1560 0.03 |37L 1122889
1800 0.26 | 132.83{1014.46 | 0.71 | 33.09| 252.72
2400 0.41| 80.59|947.55|0.92 | 22.91] 269.43
3000 0.08 | 118.22| 194. 26 0.57 | 55.67|914.86|0.98 | 16.21| 266.50
3360 0.18 | 155.85 | 302, 54
3600 0.70 | 40.69 | 879.03
4200 0.19 | 83.08|266. 14 0.80 | 31.01]844.29
4800 0.90 | 26. 13| 879.00
5160 0.40 | 79.75 | 295.62
5400 0.33 | 59.52[236.22 0.95 | 22,69 | 882. 42
6000 0.97 | 18.01 | 870.49
6600 0.47 | 43.79(234.85 0.98 | 15.43 | 808. 40
6960 0.63 | 50.08 | 290. 82
7800 0.63 | 35.39]243.84
8760 0.83 | 36.77 | 301.50
9000 0.73 | 27.56|235.35
9600 0.94 | 24.99|235.11
10560 0.93 | 26.99 | 292.96
12360 0.97 | 20.41| 230.58
12720 0.98 | 2106 302. 14 i

¥e #% A4t A

(o) A
A% % & Aek

Table 3. Mean values of A, for pure and 3ol e w v} 4+
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NOMENCLATURE

A Frequency factor

a : Constant related to the shape of the

embryo

b : Atomic volume in the embryo

Ea : Activation energy for nucleation

G : Direction averaged rate of growth,

defined by (14)

s 29 AUF 315

4G ;. Free energy change accompanying the
formation of a germ nucleus

AG @ Free energy change, defined by (4)

C

AG, : Free energy change for the reduction
' per unit volume

g Constant in (1)

I Nucleation rate, defined by (5) and (6)

i Number of atoms in the embryo

k : Boltzmann constant

k . Nucleation rate constant

N(t): Number of germ nuclei per unit nuclea-
tion region at time t

N(o) Number of germ nuclei per unit nuclea-
tion region initially

N’ : Number of active nuclei at time t

N’ : Number of germ nuclei ingested up to

the time t

n, : Atoms in the interface around the em-
bryo of critical size

P : Probability that an atom in the inter-
face is vibrating in the direction of
embryo

R : The radius of a spherical embryo, de-
fined by (15)

r The radius of a spherical embryo

T, Critical radius of a spherical embryo

t Reduction time

v Volume of any grain at time t which
began growth from a nuclei (of negli-
gible size) at time T,

Vlex: The total extended volume (per unit
volume) at time t, defined by (17)

Vi,V Vg : defined by (18)

Greek letters

a : Fractional weight loss
Reduction rate constant, defined by
24

B : Reduction rate constant, defined by
(33)

Bo : Reduction rate constant, defined by (36)
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4% -

Vibrational frequency of atoms

Grain boundary free energy p'ef unit area
Interfacial energy per unit area

Increase in strain energy accompanying
the formation of an embryo of unit
volume

Time at the formation of active nuclei
Shape factor

Superscript

. Morsi, IM. and Ross, H.U.

Homogeneous nucleation
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