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Abstract

To clarify the role of dopants on the reduction rate of hematite with hydrogen, the losses in
weight have been measured for pure and doped hematite. Sodium oxide, magnesium oxide and calc-
ium oxide were used as dopants. The ionic radii of these dopants were larger than that of hematite.

The reduction rate of the doped hematite was increased with increasing radius of dopant. However,
the reduction rate was not concerned with the radius of dopant when solid solution was formed be-
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tween dopant and hematite. The role of dopants on the reduction rate were discussed in terms of

defect structure of hematite and electron transfer mechanism. When a dopant incorporated in hematite

expells the interstitial Fe?* ions to the octahedral position, the structure of the doped hematite

turned out to be more defective than that of a normal hematite,

and the rate of reduction

was increased. When a dopant expels the octahedral Fe?* ions to the interstitial position, the

structure of the doped hematite became nearer to the stoichiometric structure than a normal

hematite, and the rate of reduction was decreased.
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Table 1. The physical properties of the pure and doped hematite and the dopants.

dopant ‘ NaO | MgO

wodopant|  NaO | MgO CaOﬁ iﬂHemat}tei )
dopmg Eontent | ‘ ‘r | ]‘
at%) 0.5 1.0 2.0 | 0.5 1.0 2.0 0.5 .o 2.0 |
psesﬁy”,\o‘ o ‘ ‘ ‘ | B

i
i
| |

Lattice Constant, | s 4209| 542063 . 4198\ 5. 4219‘ 5.4217, 5. 4209| 5.4223 5.4217 5. 4225‘ 5. 4228

(4)

Activation Energy |
(keal/gmery | 15-99 | 16.89 [ 17.42

(1538 11659 ’1733 15.79 |1496 | 13.96 11(;08 7A

|
éohd Solution ‘ none E none ] CaFe0y \
Iomc Radius (4) | Na* : 0.98 “7} Mg?* : 0.78 i » Ca?* : 1.06 \ Rt 1 0.67
gy_stem Aw‘i - 77Cublc 7AA\; i Cubic V ‘ o Cubxc \Rhombohedrai
Origpal Form of ' xaNO, | Mg(NOp;-6HO | Ca(NOg,-4H0 | a-FeOs
M.P. (°C) | ' 308 ‘ 95 | 427 y 1560
MW | 85.00 ﬁ 256.43 ]# 236, A;s | 159,70

b

Mg A # 1R E A o Al M
% ¥3]o] 1000°C ol A 6 #fEer Fx1A 710}
(5) ThAl FEiEo = hrhol A Y AA 7] ohe
e AZ 2 faeste] dl A A ol Holl BaAget. &
matetel ke {§f¢° 2 ubEr] $ishe] i a-
Fe,03 G A Aol 4] 6 Wfalsel fnAisle] 3
< Rifgel ’Eﬁﬁﬁi whEo] gt

2. X-Ray 73#7 : B E b+ AT #1788
E JEsty) 91k X-fgm4r2E (Holland Phillps 1. hydrogen bomb 2. water cylinder for controlling
PW-1051) & 4#r=El ok, X BRI S EhEfE-2- flow rate 3. venturi manmeter 4.bypass line 5.Rotary
target : Co(K,), filter; Fe, EE : 30kv, B pump 6. ionized gauge 7. liquid nitrogen trap 8. Pirani
800 gauge 9. micro-balance (Shimadzu RMB-50V) 10. Pt-

\
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%ﬂﬁg ﬁ

: 10mA, counter: G.C, full count scale;
cps, scanning speed; 2°20/min. [EIF B Pt-13%Rd thermocouple 11. water condenser 12. plat.i-
20~80°% 05 BEEME WEd @ule scan- num sample basket 13. electrical furnace 14. liquid
: v 1° . y o =no o paraffin trap 15. controller of balance (Shimadzu RMB
ning speed & 4 20/min, FEFS 50°~150 -50V) 16. electronic polyrecorder (TOA model EPR-10
A3 HAbERAES $1o [—3slA 3t et A) 17N, gas
3. WERIE % Jjik : Fig. 19 29l wpep 2ol Fig. 1. Schematic diagram of experimental apparatus.
BB = LA RENSY, A% line, microbal-
ance, HEEMEIRS VMo 2 direlA Qrh o mae WEjmes 94 AT R
4227k 2=+ venturi-manometer o] A o] Bl igipyeEe] 3-3tel PPt 13% Ry BAEHE
B9 ohe Mz linee ekl MEEBE R A MIEE AEHIS EW e Yol mEs
15mmé; x| 4mmel FAHHAE AR 2 RERR Ll ol REERES WES T
Gartadel T¥E ASS BEEED BAR BN oL FAsAT. AR B

czlo]olol e do| A ppEIE 3 ZEI KEE £ Shimadzu recording microbalance (Type
&z nste AS W sk KR RMB 50V) & k95 o= Figkirziz TOA ele-
FH-Rol -?r%ﬁ]-aﬁllé%ﬂ% BAA A KES ctronic polyrecorder (model EPR 10A) % {#is}
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Fig. 2. Change of lattice constant of doped hematite.
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Fig. 3. Avrami plot for Nay0-doped hematite at 380°C.
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Fig. 4. Avrami plot for Mg -doped hematite at 380°C.
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Fig. 5. Avrami plot for Ca0-doped hematite at 380°C.
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Fig. 6. Temperature dependence of the rate constant of

Naz0-doped hematite.
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Fig. 7. Temperature dependence of the rate constant of

Mg0-doped hematite.
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Fig. 8. Temperature dependence of the rate constant of
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Fig. 9. Activation energy as a function of the doping con-

tent for doped hematite.
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