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The Solid Solution State and the Crystal Structure of Calcium
Ferrite Formed in Lime-fluxed Iron Ores

Katsuhiko INOUE and Tsutomu IKEDA

The solid solution state and the crystal structure of calcium ferrite formed in lime—fluxed iron ore sin—
ters and pellets have been extensively investigated in the synthetic quaternary CaO-Si0,-Al,05-Fe,0,
system.

The results obtained are summerized as follows :

(1) The calcium ferrite is a solid solution consisting of CaSiOg—Ca(Fe,Al)4O,,. The SiO, component
is found to dissolve into the ferrite continuously up to 12.5 mol% at 1 250°C and the formation of SiO,~
poor ferrite requires an increase in Al,O, content. On the other hand there exists a lower limit of CaO-
3AL0O, component at about 2 mol?%, for the formation of the ferrite. It is also confirmed that the dis—
solution of SiQ, and Al;O, components is the essential condition for the formation of the ferrite in the light
of phase boundary between hematite and calcium ferrite determined in the present study.

(2) Powder and single crystal x-ray diffraction studies show that these ferrite phases crystallize in tri—
clinic throughout the wide range solid solubility of SiO, and AL,O,; and the lattice parameters of the most
SiO,-rich ferrite are found to be a=10.057 A, b=10.567 A, ¢=9.092 A, x=95.45°, f=114.33° and 7=
64.13°, From Patterson synthesis of measured structure factors, a considerable number of Fe’* ions are
suggested to be situated in the tetrahedral sites. It is proposed that the structure may be stabilized by

substituting the Fe3+ ions in the tetrahedral sites by Si*+ and AP+ ions with smaller ionic radii.
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Fig. 1. Chemical composition of the multi-com—
ponent calcium ferrite phases present in dolomite—
fluxed pellets and lime—fluxed sinters. Results of
previous studies are also plotted for comparison.
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Fig. 2. Relation of Al,O4/Fe,O; molar ratio and

the SiO, solid solubility of the multi~component
calcium ferrites present in pellets and sinters.
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Fig. 3. The equilibrium solid solution state at
1 250°C of the quaternary calcium ferrite formed
in the synthetic CaO-Si0,-Al,04Fe,O, system.
Closed circles are for the series with chemical
composition near industrial pellets and sinters and
the open circles for high ALO; and CaQ/SiO,
specimens.
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Fig. 4. The formation region projected to the
CaSi0,-CaAlO,-CaFe;O,, plane of the qua—
ternary calcium ferrite in the synthetic system.
Closed circle for the series with chemical compo—
sition near industrial pellets and sinters and open
circle for high AlLO; and CaO/SiO, specimens.
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Fig. 5. Change in the chemical composition of the quaternary calcium ferrite crystal and
the co-existing liquid with temperature in the synthetic system.
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Fig. 6. X-ray diffraction patterns of synthetic
calcium’ ferrites : m[CaSiO,]-n[Ca(Fe,Al);O,,] and
industrial sinter. Note that the diffraction patterns
(2)-(4) are almost same and furthermore peaks
other than that due to iron oxides in (5) are com—
pletely identical to (2)-—(4). -
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Table 1. Powder diffraction data for the
quaternary calcium ferrite.

h k 1 dons(A) 1 h k 1 dgpe(A) I
0 (R} 8. 268 } 15 | —2 2 1 2. 741
1 0 0 8. 268 -3 -3 2 2. 741
-1 0 1 7.648 5{—-2 -2 3 2741 60
-1 -1 1 7.138 2 2 -1 1 2. 741
0 1 1 6.573 2 0 1 3 2. 741
-2 -1 1 4,983 2 2 4 g g %g
1 0 1 4.917 5| ~2 2 .
-1 0 2 4. 520} 4 ﬁg g g g% 100
-2 0 1 4.520 - - .
0 2 1 4.211} 10| -1 —g g gggg )
-2 =2 1 4.311 1 R
-1 L 2 3.887 1|—-1 3 0 2. 605
-2 0 2 3.818 10 0 -1 3 2.574 5
1 3 0 3.504 } 20 | =8 0 3 2. 540
-1 2 0 3. 504 2 2 2 2. 540 20
-2 -3 1 3.339 3 3 2 1 2. 540
1 1 2 3. 287 } 10 0 2 3 2. 493 } 50
0 2 2 3.287 -4 -2 1 2. 493
1 0 2 3. 200 } 50 2 0 2 2. 455 5
2 0 1 3. 200 —4 -3 1 '2.392
0 3 1 3. 056 3(-2 -3 3 g ggﬁ 10
1 2 2 3.024 2 4 1 .
3 2 0 3.024 } 20 3 4 0 2.392
3 1 0 3.024 -3 1 0 2.377
-1 0 3 3.013 } 50 0 4 0 2.377 5
-3 0 1 3.013 -2 -4 2 2. 377
1 =2 1 2.968} 25 —g 2 g g gg:} 3
0 -2 2 2. 968 - 1 :
-2 o 3 2. 915} 2| —2 0 4 2. 258} 5
-3 0 2 2.915 —4 0o 2 2. 258
0 -3 1 2.85%6 20 0 —4 1 2.220 } 5
1 -1 2 2.826 10| -1 -—4 2 2.220
3 3 0 2.761 } 20 0 3 3 2.187 } 3
-1 -3 2 2.761 -2 3 1 2,187

Si0, B oMM X h BMaEROMPbER L. &
OGO MING SiO, oEBEOHIMT X b,
F oAt ALO, EBEOHMC XS EEL LIS,
CsSo(F, A)y DBEFEMD 7V vy v 2 YEJTTHAX
i C-TLEIF (C-centered sub cell) *JEE3
HEEIAFR, P OFEWH S, EABEIREBL H R
T, BTEHK a=9.979A, 5=15.262A, =5.307A, g
=100.23° T3 v B C2/c LHEEI . BHX
BEXAVLET YV vy va YEE, HBMEROKE L
Wriin b, k=na/2, | =m/2 ZEHWEIFHIEAZ . o
DFER true cell =RBHRTH Y, TOEIBTFORK
FEHr a=10.057A, 5=10.567A, =9.0924, a=
95.45°, A=114.33°, r=64.13° TH5H = ENP L
feofe. ¥4 10 BLAEOERO T Y €y v VEED
BWER? D, OGS FM RabELX oz &
AR L.

anfEdh (K 1:9) 2T 4 SABXEMT
HEZ L O HESERT B 3850 &) HHEL, &SR
EFEM RS, BELRRETAEOREIRBRTHS
2, EHIEERTRESS A2 —-Y vERIKXI D ZD 4
By FRAINTTAT =254 yORBEEEBCELTEKOE
HRTARA B ON. S5 -V VERICIOTE LR
7o b-c B, MATAECHEB LcHRELBED <,
Vv Z7OEEN RS bR, Fig. 9 12 a-c HD-2 % —
V=, TRET. TODw, TR, v IERERTS

RN, STMAIN, ¢ MENFLSIDH e B EF
=27 b S BRIZ M2 & & 4 THMEE OB Lic
X7 PADE— 7HREVEEERLTVAS. 0z X
D = O 8 LT DA T 53 4 MM TG
d DT ELBEHELTWA Z EHERIEhS. D
FERDLEHERD bEX T Fe3t £ 4 vaiRb S VB A
+vThbh, Feot 13 Catt BLIRBT A vHhixd
KERA A VERZ ORI ML LT IEMCEYS
(O 4THAENEY RV E HGDTWSHBETHH T
EXBRENS. CoRBEBEAOEEKTHS CFy 1,
2EFH CaO-Fe,O0 I\ THFE LKW LEERTS
& 4B R iF oA A VRO In Sidy, A o
A v 4ER Fedr T3 L X2 TR UDTHE
ENREIETHOTRRVEEL RS,

Z OEEEIL T D — 2O & FB—LEHR A R
S THBHAFA T4+ (wollastonite) & IFHE T
L -ERFHNERE & 519, ThhbboD 2206
tt, true cell I=RFHRTHHHEFRRNHO Kit
PEEl, =ZRGR, BRKROTBBEYIHITRT. —
BizmE A, B o LEXNTEHEL HhS PlEME Am Bn
DFE GBS, A, B oW ThhOBAlg v~ vOM &
TELRTV D X 57 $E2 Ale e T LAY
CIoTHMmEIR TS, T i b b imiHi m[CS],
n[C(F, A)y] THh 5 DEIBHEOHER, WHKTHS
*FAMFA PEEY SRR ENME LTED B
FohTwaZ EXATFHEIR, By rOoRagEHr—
ELEEROLE LT FR LFT LS R AR TS L5
‘Tropochemical cell twinning’ 20t BIE Licks
SO —f LRI NS. LEOHZEEE LB
LT, Fig. 8 wabhdXswvwwihd Fe3r ity
BRTA # vERD/NE e Sivt, A+ TEBT B
ABY IEMRAFRE T AR L, Sitt iR
HEZEME e RELSD I VWERTI EERTE
B, TORERAT St ADBY 135 vF ARETAE
AEBBREELTWBREZOL5REI D b 2 7t
v, A LB EDIRPRAN VY AT = T4 MEROKE
ENRATA P FA PEAEF A LA ¥ — (spinel layer)
DEMNBLALORGTHERER TS EEETS & 2
o I HEBMRENFREL LD, Tidbb Sitt OB
AFALFA AT —OEEEPLL, BEAfodEE2HE
hxe, AR R AEFALVAS ¥— TD 4 EBEMED
Fes* ¥ B35 LIk oT B fakE»RAI X85
bDEEZ DB EMNTES.

SOREEERBERTNISEORETHS.
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Fig. 7. X-ray diffraction patterns of a quaternary calcium ferrite (Ca;Siy(Fe,Al);4046)-
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(1) calculated

intensities based on single crystal x-ray analysis, (2) synthesized powder pattern assuming Gaussian

distribution profile and (3) observed x-ray diffraction pattern (Gu Ka).
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Fig. 8. Effect of SiO, solubility on the triclinic
lattice parameters of the quaternary calcium ferrite

phases.
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vy b, BEREEPRCERTHEINYT AT =T b
DEERGE, falEcowT EPMA 74, XgHE
B L Y RNEER, CcoBBf hE Ti—Ric
HEI TS CaO-2Fe,0y (N AN YT 87 =54
F) Tik7e<, Si0, AlLO; AEMNcHEBE L o £
KHHLVWHERTHAZ E XL LI

- Rt CaO-Si0,-AlL,0,-Fe,0, T D 4 HifEZERic
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S ETHHEACAMBCLERTH4RDRI LT AT
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Al 03 EFExXBID. BEORVvy b, Bess g B,
RBEANLYY LT =254 D 510, EWEEIL 6~12.5
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Fig. 9. Patterson map of a—c plane of the quaternary calcium ferrite showing very strong

peaks of vectors attributed to the cations in the tetrahedral sites.
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CTDARPBAANYY AT =54 FORERILBEYT
BRERIOBE) LA LM L. ZOR&OHEBILY
=54 F OURERD LELBhI o~~~ &1 P ERZER
TEEL, BHLLbe~=xf b EREOBHERIET
CDAMRBEBE~TEA P EHEHTS. Doz LR,
D7 =54 MIRBR XY OMEBRIL, 2R~ HA
PR RTA T LEERL, BRIk 5 ERE TR
{EBS L OBEYIER Lic. & bIbiBacFaic s v
YU AT = T4 FORERZILERF O RIER
CEAEALTWSZ & THATE .

ZofERE, ALO, SiO, DIRWEIRER L5 I b
b bIR—EREEYHE L, SiO, BB LERHER
BB R T ERTI =AM EA T a=10.057A, 5=10.567A,
¢=9.092A, a=95.45°, B=114.33°, y=64.13° TH
3. RREEIBFEECIRBRTHDBN, & -V ¥
<y T bl ) OFD Fed+ pi 4 HHELE Y LD 58
ETHBEPELNERDK. WHETHSB CaO-
3Fe,O0; RHELELWZ EEXEETHE, ‘EMEEY
FieA 4 VERDPNZ I Sidr, AB* o 4 vHFERIC
x5 ol 4N Fe3r ¥BBRTHZ L EIDOTIO
WEYREBELLT VB30 LHERIN.

Rihic, ARLETTHEHich HliFE LB O
EFE#HBERFEFEHRCEREH - LET. TX
SRS SRR AT AT E A IR e R R B
MIRKIE L #IE, KBRS EERSFPTICATIHPEL 2 K
JEL Mo LET.
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