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The Study on the Formation and Reduction of Hercynite (FeALO.)
F | Susumu MINOWA, Mamoru YAMADA and Makoto KATO

Synopsis :

The spinel hercynite (FeALO,) occurs as a reaction product with the deoxidation by aluminium "of
liquid steel, or when iron oxides come into contact with alumina refractories. The behaviors of hercynite in
liquid iron and steel are of great interest, but until recently, few 1nvest1gat10ns of the rate of formauon and -
reduction of hercynite have been carried out. :

, In this work, the rate of formation of hercynite from mixture of ferrous oxide and a-alumina at temperatures
’) from 850°C to 1200°C was measured. The rate of reduction by hydrogen stream at 700°C to 900°C was "
measured by the thermo-balance method. As the supplementary work, the products of reductlon by

hydrogen, solid carbon and soluble carbon in liquid iron were examined by X-ray diffraction.

The results obtained are as follows :

1) The rate of formation agrees with Jander’s equation and the value of activation energy is 60 kcal/

" mol, approxxmately The relation between rate constant (k) and temperature (T°K) is represented by the
equation : v }
o " log k=—14410/T+7°69

2) The rate of reduction agrees with McKewan’s equation and the relation between log ¥ and T can be
expressed by the following equation :

o : log k=—8390/T+2%42 ~ .
From this equation, the activation energy is'found to be approximately 39 kcal/mol.

3) It is found that FeAl,O, is decomposed into Fe and materials of spinel type with H; or carbon, in
the first stage of reduction, and at high temperature the spinel materials finally become a-Al;Os.

(Received 30 Apr. 1965).

*

L FIC oV CORERIHIE R ERER IR T B G
_ . - Barpwin® } B. G. LEBeDEV® 5 2B3{Tino7c#isds DSt
SUREEIC RS DRERAERDD L LT, H5VITAH LS LV ORERTHS. —FHEEERPOODH
L7VE FEMK EORMAERMPE LT Hereynite g2z 10, 7 v 3 B BROAERN &L TIERERIT a-
FeAlkOy) ORI INETOMRITI2>THALNTY  ALO; BNEETLZOTIREL, Vh¥5H7IVE FOEK
B VET MR BERICOWTE R B L, FIT =9 AR OFEMEEINTE TR, A>TV F
mg&m&m@&m%@mé}%ﬁﬁ% FeAlOy BHK  oAREBC oW TORBIERICROTER. TR
ThHD, BlHloRE s E i a-ALOy BELTHED -
BEOCDRENG X510, TeALO, DEBIC IKBKIE iy ;'g:gjgifg ;Ogg éfj FEMBRSICTRR
VWHEERS W EE LN S . L5 I FeALO, &g * g T SsbdcsrEaTE TS
T MBI, IBREDERLS ek 4 B TSR R AR T

o

= 11—




2310 % @ & 51 B (1965) 138

HEE DN D— NIOREREEM OFAED B &1 I

WEETIE a-FRMB Y YR MNTA b CERT HC L%

EDTWBR. 7T FORIBICOVTS Ch 2 Figic
# 2%k, FeAlOy DETLAREISIC XD THERT ST
VR FOWREEM BHC L T < & LIEMEBERY 0%
HOMELEDICHRDLZETHD. o
D EOBSSDES BT 1) SERLIME 7 VT F 2D
AR S % FeAL O, DAk 4% FMIRER TRE L,
WP CTOAREERHR L. 2) ARL 7 FeALO,
 BROKEERHCORTEGEEREEL, 08T
RTHROWROXFEITIC XD TER LT VT 7 OF
RERBI LI L . 3) MEWERLE U CBSHRICAR

L7z FeALO, 2L C FeALbO, DRFIC L HETE

WS T O FeAl,Oy DB OV TR LR A
NS E

2. FeAl,O, DAMREICHET SR8
AEHTIE FeAlOy ORI 351 % ARG R
T B BECHERLY, Sk K0TV SRR
LT 800~1200°C ¢ FeAl,O, 04z X MENCE

BU7c. FRFIC Z O ROSBROBER TS 2B

FETERND, 3 50X Jander ORIV AT B AR
BELR. | o
2-1 RBREHRKSUICERS

PEABHI A THRREBODDEFER L 7. T7abb -

Fe \ZBAPHNS, FeaOy 1ILELFIRIRNE (RIEE 100 L)
™, ¥z a-Alzo_a WML — 27 v e > (HE 99°9%
Pk oboThs. RENE FeOp DISMI 30 p BIFC
A B ;

FeO $k OfERUDIE L5 Fe & FeOp $5 b 24

EVICEA LT 1200°C, 1hr, Ar SfHCHERL CE

7o XREHT ORI DD Fe FRGDBSFRAFL 72130 1311E
LA X5E4 FeO ThHD, COMHED 302 DTod
DTHoN. P EOHBREF T, FEBRCTIEBLIC
KOZDORHCDV TER LD

Fe+FeyO3+ Al;O3—FeAlyOyeeevvv v TSI T ]
FeO+Al,O3—>FeAl,Oy  wovvvvneecennnenn LT ]

L1, [1]o%a L RIS S B ET L7z

S ITRC FeAOs Wb X5 A L7dOEH -

Wk 7Ly b (lem?X0t4em) WHY L CEBRICHEL
oo BEIE 1°3+£0°18 TREAE—ETH O,
EHEEOMEY Fig. 1 Rl REEE— b &
DESEE T2 H LU HE — FNiCa-ALO; %
LWCHFD ECEBLERBRBE V. coX~ 2K

RIS T SR E AL RE L7 Ar TESR

B : .
A: Ar cylinder H: Mg furnace O: g-Al303 powder
B: H, cylinder 1: Pt-asbestos furnace P: Pure alumina boat
C: Alkali pyrogallol J: P;Os o i
D: 50% KOH K: Flow meter
E: Conc H;804 L: Thermo couple -
F: Soda lime M: Silica tube
G: Silica gel .N: Sample

Fig. 1. Schematic diagram of apparatus.
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Temp. | Time | [01% [C1% Alumina

o . LA
G (min) - |(initial) Initial | Final contt?nt

1490 3 0°0144 | . 0645 0617 . 0
3 | — | owo7s| o087| o

o 3 0°0303 0°588 | 0°455 4

1580 -}, 3 0°0035 | . 105 0741 19

i 3 00175 2°53 196 50 -
7 = .} 0462 | 0°179 31
- 1700 3 e 0°552 | 0°347 | —
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Table 2. The required time for the formation of
FeAl,O, at 1400°C to 1700°C.

Temp. (°C) k- t (sec) £ (sec)*
1400 01234 | 486 156
1500 0*3692 163 59
1600 1°0026 60 27
1700 2°455 : 24 12

*.The required time for the formation of FeAle,;
q
by the parabolic law)
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LHESTE -, F7 FeO L a-ALO; =75 OFEIEE
Sic X 5 FeAlOy AR DTEEEIL T v ¥ — 13Ky 60Kcal
/mol X\ {EEBE.

- Table 4. X-ray diﬁfac,tioﬁ results ‘of FeAl,O; reduced with hydrogen and carbon

o . (Fe-K,, Gonio speed: 1/4 °/min).

Experimental condition| H; reduction | C reduction C reduction | G reduction
; : . Raw of FeALLO, | of FeAl,O, of FeAl,O, of FeAl;0O,
: " . material powder powder | powder tablet
Cd(A) Material : ~ |(700~1300°C)|  (1100°C) (1300~ 1580°C)|(1490~1580°C)
3479 a'—A1203 : '. v . O :
2+877 | FeAl,O, v O O : o. '®)
2874 . FéxA1204_ y . ' O )
2°+853 o (Fe Al Oy y)' | O
20842 77'7A1203 O
S 20819 | 9-ALO, e} ~ _
2'552 a-ALO; B . . O
2456 FCA1204 ‘ . O O ‘ O O
120448 Fe,Al,O4_y - v O '
. 24439 (Fe;Al,O4-y)' @)
2422  p'-ALO; O
2379 1 a-Al,O, O
2°085 v a—Alzog . . O
2°037 FeAl,Oj e O o) @)
2°030 a-Fe 1 O O
2°025. - i FC;&AIzO‘,}.. y O
2°023 - (Fe AlsO4—y)' - ?
1°992 ﬂ-AIgOg O- )
1740 - - a-Algog B ?
1+664 FeALLO, O O O
14660 - ; FC;CA1204_ y O O
1+601 a-Al;Og o o
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1404 . a—Al O3 o7
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