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Reduction Process of CaO-Fe,O, Binary Calcium Ferrite
and Resultant Expansion
Synopsis : :

The reduction process of artificial 2CaO-Fe,O,, CaO-Fe,O; and Ca0-2Fe,O; by CO-CO, mixed gas
and the accompanied expansion have been studied in connection with the behaviour during reduction

of lime self-fluxing sinter.

The main results obtained are as follows :

(1) A scheme of reduction process of CaO-2Fe,Og, CaO-Fe,O5 and 2Ca0-Fe, O, at 800°, 900°, 1000
°C (solid line) and 550°C (chain line) was found as follows :
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(2) At 800° 900°, and 1 000°C, the expansion (about 0.8%) in the reduction of CaO-2Fe, O3 and CaO-
Fe,O, occurred up to formation of 2Ca0-Fe,O3, CaO-3FeO-Fe,O; and FexO, and the expansion in the

case of 2Ca0-Fe, O, was only small.

(3) At 550°C, the abrupt expansion (about 4%) in the reduction of CaO-Fe,O; may be caused by
formation of metallic iron and carbon deposition incidental to its formation, and that the expansion in
the reduction of CaO-2Fe;O, occurred in two steps; the first step expansion (about 0.8%) occurred up
to formation of Fe;O, and the second abrupt expansion may be caused by the same reason as in CaO-

Fe,O;.

(4) At each temperature, the expansion of Fe,O; was the highest and the expansion of calcium ferrite
was much less than Fe,Oj,, and the expansion of binary calcium ferrite increased with increasing Fe,Og

content in ferrite.
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Fig. 1. X-ray diffraction pattern of three arti-
ficial calcium ferrites.
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A : C3F, B: Ternary Ca-ferrite, C: “CaO-FeO”,
D : FeO, P: Pore

of reduced CaQO-Fe,O; by CO+CO, mixed gas at 900°C(x 1 000).
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Table 1. The results of X-ray diffraction of reduced specimens.
900°C 550°C
CO./(CO+CO3) R CO,/(CO+CO0y) R
(%) (%) Identified compounds (%) (%) Identified compounds
70—90 8.4 CWF, C,F * 40 4.1 CF, CWF, C,F *
60 8.9 CWF, CW;F, C,F * 30 5.0 CF, CWF, C.F *
CF 50 12.4 CW;F, G,F * 20 5.4 CF, CWF, C.F **
30 17.1 W, C.F * CO gas 30.9 a-Fe, CWF, C,F *k
25 40.1 a-Fe, W, “CW” ok
90 10.4 WF, CWF, C,F * 70 5.3 WF, CF *
70 14.4 WF, CWF, CW;3F * 40 12.5 a-Fe, WF, CF, ok
CyF
CF, 50 15.6 CWF, CW3F, CyF * 30 20.1 a—%e, WF, CWF, Hk
2
40 19.8 CWsF, W, C,F * 20 30.0 a-Fe, WF, CWF, *E
CZF
CO gas 43.3 a-Fe, W, “CW” ok CO gas 59.8 «-Fe, CWF, C,F *x
CyF 20 24.8 a-Fe, “CW”, C,F *%

C:CaO, W: FeO, F:Fe;0;3, R : Degree of reduction
“CW?” is akin in diffraction pattern of C;F.
* : Equilibrium, ** : None-equilibrium
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REVWEERRIC - I7%RLEOBI T E b 5.
CO, EHLIDLEFERIIE— 27 2R3k, &
Wi o x %R, CO, » 90% T HAX\EE
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Fig. 3. Reduction curve and expansion accom-

panying the reduction of CaQO.Fe,O,; at 900°C.
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Fig. 4. Reduction curve and expansion accom-
panying the recuction of GCaO-.2Fe,O, at 900°C.
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Fig. 5. Reduction curve and expansion accom-
panying the reduction of Fe,Oj; at 900°C.
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Fig. 6. Reduction curve and expansion accom-
panying the reduction of CaO-Fe,O4 at 550°C.
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REMK =, P L, Fig. 9 WRL%. RFPTA, B,
Cixzehrh GF, CF, CF, #;RL, ¥7 a, b, ¢, d,
e BBHMO=ETLRILY Y A7 54D TCEFh EFh
C,WF,, C,WF;, CWF,, CWF, CW,F Tk 5. F7¥K
EizrAD CO% #xd. HWans CF, CF, kX0t
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Fig. 7. Reduction curve and expansion accom-
panying the reduction of CaO.2Fe,O; at 550°C.
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Fig. 8. Reduction curve and expansion accom-
panying the reduction of Fe,O; at 550°C.
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Tw5b., —7F Table 1 iRLAX 51 X BEIFTCILL
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DFIIRD L 5 ICRINB EHEINS.

CF +1/4CO=1/4C,F + 1/2CWF +1/4CO,
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CW,;F S & T 5 =AHCEEBLTCE Y, GF,
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Fig. 9. FeO-Fe,0,-CaO plots at 900°C.
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CWF, CWsF 2\FE I ht-.
SIEINDLEL .
CF +3/8C0 =3/8C,F + 1/4CW,F + 3/8CO,

ZDOBED RIETRD X

(R=12.5%)
ZD X5k Table 1 2 Fig. 9 DR GRS X
%. CO, 2% 90% Lk, #20RESHAB\EEEC
BT T DER THEI DB I D=2, & DO F AMBRE
Rl GF & CWF, D 2HEDFEELHHE TR, b e
DRIGHE Z b s.
CF +1/10CO=1/10C,F +1/5C,WF,+ 1/10CO,

(R=3.3%)
FiEw, CF, 0WHOBILEN K I+ 33% FCcoBd
TERIGIRD L 5Eb LB :EL bhb.
CF,+1/3CO=CF +2/3WF +1/3CO, ---(4)

(R=5.6%)
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WF £ 13/30C0,  oorreeremmnmmnnenniineinnenn, (5)

(R=7.2%)
CF,+7/12C0=1/4C,F + 1/2GWF + 2/3WF +
T/12C0,  cevrereiiiineeiiiiiiiiiiiiire e (6)

(R=9.7%)

CF,+11/8CO =3/8C,F + 1/4CW,F + 2W + 11,8
GOy wrvrreemrermiieni it et ee e (7)
(R=22.9%)

¥7 CO, 2MEWE X2 CF, CF, oo E5rEe
Tk, X#Elyr (Table 1) o#EEIT a-Fe, W 3 k¢
DM GF  LIEF BT OIL &8 %
AL, ZoftE%it E. SoHURMANNSZ L 2 & G,F
EbELDBRL, LLEESDIZKROE B 2 b CaO-
FeO Ro@EEH#H “CW” L. Thbb, 1)
LESHTTIE Fedr 237av. 2) GoF ¢H 5% L3l
HCl BECHAEIhD23TH5Y. LiL Photo. 1
- ERTESEBRIZIR TV, 3) toBTR
BeFmT5E, ZoLamid a-Fe, CGF ¥ X CaO
o+ 5. 4) ThoMBig & X561z Photo. 2
T DT, Al FeO, B 13 “CW” CERBIL IS &
CaO 28.6%, FeO 71.4% <Thot:. 5 CF, CF,,
CF R THE 33% LHE0BETERL “CW” %
LOWDHEFZ#ET a-Fe & CaO BT Ehb %%
bhn. i 800°C, 1000°C D4 AR /o8I0 EE
AT I Lot 550°C DA, BILMAIEEICE
s BILRPCTERYELLIIERED b 0o XEGEFF
DFEFR (Table 1) ThDIRILABOHET T4 TR
ThH. Tiebb, BT CGF & CWF 2 4&R$
% E T 900°C LR UEBERT. L LEFOBOR
T CRARIERY CWF, “CW” 35 X WL AR 43
BIgoT\ 5,
42 SBITICHESKE

900°C -, Fig. 3~Fig. 5 WRLA X 5 CBERD
RESIRRIKREVERL TN TETRIRAN C Lo T
b, FhAAEBRICLIO>TLENS,. CF ofisg CO,
BNy DEERDKE WEZER 0.8% #RL, =0

1: Compo., 2:Ca-Ka, 3: Fe-Ka
Photo, 2. Electron scanning images of reduced CaO-Fe,O, by 75% CO,
25% CO, mixed gas at 900°C.
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WEEDRITTHR (33%) &—%7T%. 1 CO H =T
BEHLREVIER 1.7% 2/RL, 20k BHEL
¥ 40% TH%. J. 0. EpsTROM? (1 F ORI TOREE
DRI F>WF  OBMOBFERBIC LS L HE LT
Wh, ChEHRTAERDOBAIBITRIE B
PERDOTHB, ZHIXBTH PRy I HMCHEFLT
BT E, BUEENEBNI LI LIS EELBRD.
LAE, 900°C TizfgiERiz e\ 2% LLTTHS.
FORTEF2RRLEEIAE L, FIREET S CaO 28
B EERIDN . FRKERE Y T A AR
AR IO TE LR DRI ELETLEECEGIND
bEE2%D., FRELRE EVGEBEINILS LS.
550°C cit Fig. 6~Fig. 8 iR L#-X 5 & 900°C
EERBERR LY, HOENBIIOTKE W CF
DB, EREKGA (1) DORIGEREY 82 5 Lk U ¥
b, TLRSEHEOLEBICH>T 200-C+CO, KIf
TREVHHL, EENABCEAE LTS, CF, 04
B, 2BHEOREMGELYTRL TS, 1 BEEE ORI
BILERNRS Y ¥TCRBZH, RIHR(4) DR (R=
5.6%) L—FT 5. 2 BEHOBRIBETLRIH 17%
iz 5L CF OBAH LM UL LB ER & RENTH
NBIH, BUOBELIRZUDS., GO xx 100%
TIEBMCIZET 5. Fogld, CF, LRITL 2BE
R AYRT. 1 BEBOREIRBTRIW 11% %
TIREZhH, WF BRI E—%T%. 2BEEIx CF
& CF, o0& LA UBHRIC IS, L LEERE CF
L CF, © 10 fFicEL T\ 5. #RF 550°C ¢iLF &
CF, o850 X 51 WF AR & Fhicki £RBD
AR S RENTHAEEDORR E D EEXS. o
T EIRBOWE D LKL TB. TR bARSR
DREF &L LT CF, o4, Photo. 3 kT X 5K
FREEZILB IO Eh o0 IHBERENZE D b h
R, (RIELRAE ZOEhoho RFBIIFEDOLE 1% <
B:L Photo. 3-B ik WTHIEHTxV) ZoE4s %
WF DABICE DT EROAEEL, DLW TEBHDE
BL & RFBEOHTHD 2 Bef B O A e R 2 B+ 5729
EEZD. L LB REORRE & 75 REHH I
EZ BTG H ADPE L EEREULFECES T L
IoTtHicEL EEL DS, AR IR0

An arrow; A deposited carbon, B hair crack
Photo. 3. Typical structure of reduced CaO-
2Fe,O3 by CO gas at 550°C.

WTOBRFHIX TR0k, BRIITRIAY Y AT o
SA4t+D5HC CF, ARLPEEIRAZ W L4300
ChECETCHSBEIHERTE L0, BT
52bD, THLREC—I7fHEEXRTLORED A5 — Vil
EIhTEYY, ZhbR7AAVEPBE L E R
Ho A I/BADILRELLBE OB LTk
hBBEThS. % LOWENEIEAEREC XoT
BEOIFY 159 ORIEELINY T AT 2514 M T
DWTTOHbDTH Y, FEHHEEDOEELRE L
Tuwigws, Lo CKIoEEISBEETNELD
EEZ D, TIEERCKT 5 HEMEEEFO Loy
A7 254 PEMETLRAIANY T AT =251 PO THB
EERTRY, ZORLEBRISEBOEE RHNZE
ThdEELD.

7z,

5. & =)

AR B HBERSIL ORI E BN L <+ &R E
D—BELTZILANY YT A7 =T 1 + Dbty CoF,
CF, CF; * ATHCARL, TOBTUHCKT 58
TR % CO-CO, BE# ABRITCIC X2 TR
REEEDBE, BUCHESEEXRELL. FFireo
WTHRARRIC UTHN, ZoRREYEE LTz i
WmET 5.
(1) 800°, 900°, 1000°C =%t} 2 CF,, CF, C,F
ORIGABIRCIARTERITH 5.
CF,—»CF, WF->G,F, C,WF,, WF—
C,F, CWF, WF—C,F, CW,F, W—s
“CW”, Woa-Fe, C

CF—C,F, C,WF,»C,F, CWF->
CoF, CW,F—>“CW”, W—a-Fe, C
CoF—-“CW”—»a-Fe, C

(2) 550°C =317 % CF,, CF, G,F oRBr:afi
RCTRTEBDTH 5.
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CF,—»CF, WF—C,F, C,WF,, WF—
C,F, CWF, WF—qa-Fe, C

CF——>Cgi7, CWF,—C,F, CWF—a-Fe, C

C,F—»a-Fe, C

(3) 800°, 900°, 1000°C iz3s\~C CF,, CF 0
TTRE 5 R IT AR C,F, CW,F, W 2VER T 5% ETD
BETEZS. LHLEERIELDTII (9 0.8
%). CF Rzt A FEEYRI L.

(4) 550°C 3\~ C, CF,, CF xBTS TE
hzeh 1B, 2B oREES Y RT. GFliEtA
EEEE RS, CF off, 1BEOI M R
#14 )XEBEDOER & ThictE 5 REFTHIT X 5.
CF, t FOBE, ThZhoFf 1 BEORE (thEth
#0.8%, 5%) 1x WF oAEREFTEEIY, 2B
ok (thrthi 4%, 35%) (2 CF OB LFLT
Bh X 5.

(5) HZFRETCEWCFOEENRLE, LT
LRANYY A7 =254+ DBILIAESRILF X
TIEBRPIEL, D27 =254 vihd Fe,Oy DEEE
AT RO THKAT 5.

bbb, ERETCTHI S hic bRt d R
Hegk - BHE—k JORMBEREL, 20 &2 R

1)
2)

3)
1)
5)
6)
7)
8)

9)
10)

11)
12)

13)

a5, RBAE, ARERIVIREEELOEKCHE
ERLET.
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