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Effect of SiO;, Al;03 Additions on the Reduction and Resultant Expansion
of Synthesized Materials in the Vicinity of CaO-2Fe,03; Composition

Synopsis:

Noboru TAGUCHI, Takaho OTOMO and Kou TASAKA

The reduction of CaO - 2Fe;03(CF5) in which SiO,, Al,O; were added separately or simultaneously and
resultant expansion have been studied in CO-N; (4 : 6) mixed gas at 550 °C.

The main results obtained are as follows :

1) In melted material of CF,-SiO, (SiO, : 0.5~2.0 wt%) system, the addition of SiO, into CF, promotes

the formation of 2Ca0 - Si04(C,S), CaO * Fe,03(CF) and Fe,0s5.
Fe,05 increases the reduction and resultant expansion.

SiO; is insoluble in CF,. The formed

2) In melted material of CF,-CaO (1.87 wt%)-SiO, (SiO, : 0.5~2.0 wt%) system, the combined addition
of SiO, and CaO promotes the formation of CF;, CF and C,S. SiO, is only slightly soluble in CF.
Consequently, the formation of C,S and the disappearance of Fe;O3 restrains the reduction and resultant

expansion.

3) In melted material of CF;-CaO (1.87 wt%)-SiO; (1.0 wt%)-Al;05 (Al,05 : 0.5~8.0 wt%) system, the
combined addition of SiO,, CaO and Al,O3; promotes the formation of CFy-a (SiO, : 1.5~1.8 wt%, Al,Oj3 :
<8.2 wt%) and CF»-8(Si0; : 1.5~1.8 wt%, Al,03: >8.2 wt%).

Both CF3-a and CF;-g restrain the reduction, and the former promotes the resultant expansion, inverse-

ly, the latter restrains it.

Key words: hemi-calciumferrite; SiO, and Al;03; addition; multicomponent calciumferrite; reduction;

expansion; sinter.
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Table 1. Mixing composition of samples (wt%).
terial
Raw materials | o, $i0; | CaO | AlLOs
Sample g
CF,-SiO2 99.50 0.50 — —
98.99 1.01 — —
‘ 97.99 2.01 — —
CF3-Ca0-SiO2 - 98.55 0.50 0.95 —_
(Ca0/Si02=2) 97.13 1.00 1.87 —_
94 .26 2.00 3.74 —
CF,-Ca0-Si02-Alx03 96.73 1.00 1.87 0.40
(CaO/Si02=2) 96.13 1.00 1.87 1.00
95.13 1.00 1.87 2.00
93.13 1.00 1.87 4.00
91.13 1.00 1.87 6.00
89.13 1.00 1.87 8.00

CFy : Ca0-2Fex03
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SE oI, 7V FREEEMEBEOTRICKIT %
BEL, ZBT Rk T, WMIEEKHLZ. KER
10pm TH%. Wi PR AEI TV, RER £5°C
CHIBE L7z ki D 3=y MESETITOR. Ny,
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Table 2. Composition of mineral phases in
CF.-Si0O; system samples (wt%).

Symbol of mineral phase

A B
Fe 03 89.4 77.2
Si0; 0.1 0.0
Ca0 10.5 22.8
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Photo. 1. Microstructure of mineral phases in SiO, addition to CF,.
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Fig. 1. Area (%) of mineral phases in SiO, addi-
tion to CF5.

2Ca0-Si0,) DEMNMIFELCWVB I L bbb, Th
5 & 4R O HEMITIC L ATEEE % Fig. 1 WRT.
CF, ~® Si0, DRMEN T & F, CF, C;S #HX
L, CF, @43 5. CF, 2 Si0, 2L 7zZ &1
% CF,F,CS oA RkOHAILLALEEZLA
5. ,

HNYIAT2FA MEANT T LYY r—FDIEHE
EFEHIALE—E, (1)~(4)ROLIIKKRENT
RV

Ca0 + Fe,0;, = Ca0-Fe,0,,

AG°=—129710 — 4.81 T(J/mol) --weeeeevee (1)
2Ca0 + Fe;0; = 2Ca0-Fe.0;,
AG°¥“54140—2.51T ........................ (2)
CaO + Si0, = Ca0-Si0,,
AG°=—89120+0.50T ........................ (3)
2 Ca0 + Si0, =2 Ca0-Si0.,
AG°=—126 360 — 5.02 T c--r-eevrerreoncesaccens (4)
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Fig. 2. Effect of SiO, addition on the reduction and
resultant expansion of CF, (at 550°C).
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3(Ca0-2 Fe,0;) + SiO,

=2Ca0-Si0, + Ca0-Fe,0; + 5Fe,0; --- (5)
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DWHEE L, Si0, DEMEIM Tk, CF, ~® Si0, D
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Fey03-Ca0-Si0y, ZA NI 7 L7254 b DBEICIZHE
IEEERFARDEDIZIEF & C,S OFEIREICR S,
FCET(5)RDOFUSICEAFOEFR IR HFE%
Lot BFEF— 4120k E, CaO & Si0, DK
J(4A)RAEI VT T AT T4 FE SiO, DL ((5)
) WEELTEZY, FOEEFNLIORDEEZS
nAOT, @i Si0, 24 LT Ca0 % Ca0/Si0,=2
B LY ICHEARMLUCER L. ToBEEY 0N
SEM AL & EPMA 12X % CF,-Si0,-CaO Rt o

Table 3. Composition of mineral phases in

CF,-Si0,-Ca0 system samples (wt%).

Symbol of mineral phase

A B S
Fey03 90.5 . 71.8 2.5
SiOg 0.1 6.2 38.7
Ca0 9.5 22.0 58.8

SO EESTNHERE ZNZ 1 Photo. 2 & Table 3
IZ7RT. CFy i Si0, # BiT4 { CaO L BEARMT
HEFOERIZMZOR, A,B,SO=MHOALEDT
VW%, Table 3 75 A it Fe,0; ICEA7Z CF, T, Bit
SiO, # A7 CF T, SidliF C,S I, 2hb
SHMEOBHEENTIC X HHEEE % Fig. 3 IIRT.

SiO, & CaO 2 HAEFEMT 5 &, FOAEREIEDS
N, CoS &AF Si0, iMEBOWAIESTEL DT
W5, .

322 B EZNIIHEIBRICBXIZTT Si0, &

CaOEE MM D 8 ‘

550°C 12 BT % EICIZH ) Wik % Fig. 4 IIR 7.
CF; 12 SiO, & CaO A RMT 5 L #HB LM
Si0, HMRMOBA X v EL, F 72K IR Si0, Bl
DHFAED /A BEL/NE LD, 21t Si0, & Ca0
FRAVENT 52 LIS LD THIEOK 5 WF A L
WwZ kit (Fig. 1), C,S 0EBEIEEMT S (Fig. 3)
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Fig. 3. Area (%) of mineral phases in complex
" addition of SiO, and CaO to CF; (Si0,/Ca0=2).
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Microstructure of mineral phases in complex addition of SiO, and CaO to CF; (CaO/Si02=2).
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CF, 1= Si0, & Ca0 % % ® Si0, (2% LT Ca0/
401 ,ﬁéz Si0,=2 Il B L) ICHEARMUART S L FOAERS
550°C - /;f: 2 RHIE S BB OBTTIHE ) WIRA/NE K 5B & 23k

. < 30 /g;/ d, g e . -
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< o & a IBRIIHT L TED X ) REBEERTLERARDL D,
Saop o .g=r&Et i Si0,, CaO MEIIEIX 1.0%,1.87% LEEL, ALO; &
‘ & 3 £0.4-8.0% LELEETRML, BREFTOL. 2
= , /ﬁgf/" DHERYONFHEMBEMAMRK & EPMA L X 3
b' 1 = CF,-Si0,-Ca0-Al,05 F 30 0 8L O 52 8 57 4
‘L&gﬁ/l J % Z N Z N Photo. 3, Table 4 =77 T

| %6 %0 86 120 160 Photo. 3 7* & A MM 1%, AlLO; DERMEC X b
y Time (min) BLLTED, Zo05 4 TIKNTES, ¥4 7113,
Si0, %); O:05 ©:10 @:20 L5 A B SOIEBOEYMTHELENLbNTE
Fig. 4. Effect of complex addition of SiO, and D, AlL,O; IRINEA 0~2.0(wt%) OBEIIRO LN,
ft CaO on the reduction and resultant expansion of ¥4 721, BB A SO2/E (SERELD) O

CF? (at 550°C, Ca0/5i02°2). HCHBE Db THY, ALO; AR 4.0(wt%)

\
4
s

Added Alx03 (%); 1: 0.0 2:0.4 H
5:4.0 6:6.0 7:8.0
M: Melt  H: Hematite A’: CF3-g

A: CFza B: CF S: CoS

Photo. 3. Microstructure of mineral phases in complex addition of SiO;, CaO and Al;O5 to
CF, (Si0,=1.0%, Ca0/Si0,=2).
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Table 4. Composition of mineral phases in CF3-Si0,-Ca0-Al;03 system samples (wt%).

AlgO5 (wt%) 2.0 4.0 6.0 8.0

Symbol A B S A A A B A A B
Fe,04 82.6 73.7 2.5 82.1 74.7 79.6 77.6 7.7 77.6 78.7
Si0; 1.5 0.2 38.7 0.4 1.7 1.7 0.0 2.0 1.8 0.0
Ca0 11.7 25.5 58.8 11.5 11.5 T 115 21.6 1.3 12.4 20.3
Al;0; 1.2 0.6 — 6.0 12.1 7.2 0.8 15.4 8.2 1.0

DFECDABEOLNE. ¥4 731d, 5 A B SD
WA, LY A SbobDTHY,

AlLOs FRINE 6.0~8.0(wt%) DFAICHED LN S,

Table4 » S5 E 5 A TR Y #PH X SiO, % 1.5~
1.8%, Al,O3 * 4.2~8.2% &L HMTHR CF, TH5H
EHbh B, LT ALO; BRMEMIETICohTID
CF, H# AlLLO3(%) W@ 22THBY, 07D
Fe,03 13384 L, Si0,, CaO(%) 33 L AL ZEHLDT
Wi, ¥ 2EE B CRTHEMHIEEERNIZE CF T
HBA, Si0, Al,O3 FbLTRZITFTEATEY, MKk
CF LizEALDTWwW5., fs A" TRTHEWHIE Sio,
% 1.7~2.0%, Al,O; % 12.1~15.4% &t WTH CF,
Thh ZLTID CF, D AlLO;(%) i3 AlL,O3 7
MEAETICONTEL A2TWES., SWHALE A’ D
EWIZ A BA LD Fe05(%) 25K, AlLO3(%) 4%
BWIEIZH D, Si0x(%) & CaO(%) FiT & A ELE
HRDONE . T2 A3 AT A Lk
BT HHEEME L, IKBIEY (Photo. 3). 58H S
TRTEDHIZTNTO ALO; RIMBDBE IR S
n, FOMELS, CSTHAH. TDXKHIZ, Si0,,
Ca0, Al,O; * HARMT % = £12L D> T CF, ~ Si0,

100
ICzSo_—-o—-—"""O e~ CF ]
) - —
80
cF’
- 60 o—0
2 o CFa= i
o
2 4ok >
< 40 O/
201
CF,-8
0 ] Q ]
0 2.0 4.0 6.0 8.0
Al,03 (%)
F: FesO3 C: CaO S: SiOy

Fig. 5. Area (%) of mineral phases in complex
addition of SiOy;, CaO and Al,O; to CF,
(Si05=1.0%, Ca0/Si0,=2).

& ALOs 25BVTIAA, LT AlLOs 4% WINTIZITH
MOWMTRINT TL 7254 Nehb, Dk, ALY
HH (Al;05<8.2%, Si0,:1.5~1.8% % &t CF,) %
CFs-a, A’ 848 (A1,0,>8.2%, Si0,:1.7~2.0% %
&t CF,) % CF,-8, B#WHH (SiO,, Al,O3 % b3 H
&G CF) % CF LIERZ & &35, By rhomig
RATIC X AR HE X Fig. 5 2R T. RIRT LS
12, ALO; iRMEMWT L C,S & CF ®iigd L,
CFy-q E3¥MT 5. AlLOs IiRIMEH 4.0wt% TiiE
T CFa-q BAHE 20, & 512 ALO; IRINEIHE T &
CF-g HHaEh, ZOEIIHET.

3:3-2 ALREIC X 5 5WHOEROKRE

Fig. 6 & CF,-SiO, (1.0 wt%) -CaO (1.87 wt%) -
Al,O3 ZOREF L LT, ALO; IRMED 8.0wt% O
L&D DTA BB L B Y -7 BE DS O2H I L A&
ZRT. BIUITREND X I, 2~5 DO DE— 2 78
Hh, 2o¥— 7 EEIZ 1310°C, 1280°C, 1220°C,
1170°C T %. 1333°C L {HEY¥—Z7RELD 3CHV
BE»SRE LT 1~5 1RT. 1 0H#E»S,
1333°C CTlRSEERMBE (M) L2 TwheEILNS.
2 DA 5, 1310°C TizAwy 4 b (H) »AEHL
Twh, LaL, kD 1280°COE— 2 2553 X5 7
O3 TRDONLHEWH CF,-p(A") bFEBLTWwA.
3OMBES, S, 1280°C Tid CF.-g(A") »s&HL, *
LT 4 OS5, 1220°C Tk CFy-a(A) O SHIAEE
HoHNA, 5 OIS, 1170°C T 72 (M) #¢
BOTWwHBLDOD, CF(B) & C,S(S) s bis.
DX HEEBRELE2ET, Photo. 3-7 IZR LT
HRRE LB EHBITES. bbb, CF-8 i3, SRk -
B ALO; IRIMMETAR L, Z0H—HORE & it L
CFo-a % T %. CFo-p EKT % ALO; RINE®
TER 4.0wt% 2, Barr'™® 23328 L 72 T M H o
ALO; BOTIM 4.5wt% LIZIF—HLTWwAE., TDX
S, WIRHRHI VT T 57254 MZid CFa-q, CFa-g
TRLIEZODHDHFLESHL P, E 2D 7.

3:3:3 B|ILE ZTHIHED BRICB XITT Si0,, Cal,

ALO; BERMDFE
550°C IC BT HEIT & B, 180 min O RLERITE
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Fig. 6. DTA curves at cooling from melt and microstructure of discontinue test in complex

addition Si02, CaO and A1203 to CFZ (8102=1

BIXUBERRIIBXIZT ALO; RIEOEE % Fig. 7,
Fig. 8 IZ/RY. |ICICHE ) BRI, Fig. 7 ISR T X9
BT E LT, BIEOMEITE & b ITHKT
5. AlLOs; IRINEIC X A EEEOZ/L% 180 min £ D
BEBETLREBERTHD L, Fig. 8 ILRT L9,
ALO; MBI ET 2 KT 8¢, —HFBEXRR
ALO; ISMBOBINE & ITHET 2%, 4.0wt% WINT
Y—27%mRL, ZhULECRETTS. Zo#Ebix, @
GIENTRER (Fig. 5) &xtlbd 5L, £& LT CF-a &
CF,gWMHDAERICL B LEEZONRSE, TabLWH
BEBICETOEITEES Y, I ERBELHES
¥, BEREREAG S L0 EEZLND.

¥ 72 CF, IT Si0,, Ca0 B X 1" ALO; # AR
HZEWXED, MERINI T L TLTFTA PELT
CFy-a(Al,03<8.2wt%) & CF,-8(Al,0;>8.2wt%)
D2HDOIFEDHS L D7 & IZ Al,O; 4.0 wt%
WNTi3 CFa-o BAHOBE R WHEL 2528, LT

CFp-e DEBRIEERTHLET s €, RS

%5, 572 CF-B 3 HBETLM LB EREET SRS Z LA

.0%,

CaO/Si02=2, A1203:8.0%).
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Expansion (°5)
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Fig. 8. Relation between final reduction, resultant
expansion and amount of Al,O3 addition.
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