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Reduction of a Mixture of Waustite,
Silica and other Oxides
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Abstract

The effect of other oxides (CaQ, MgO, ALO; and Cr,O;) on the reduction of fayalite
was studied.

The compounds formed in the mixture were identified by the X-ray diffraction
method. The mixture was reduced in hydrogen at a heating rate of 5°C/min using a
quartz spring balance.

Woustite in the mixture of fayalite and other oxides with the exception of CaO was
reduced at the same rate as pure fayalite. However, when CaO was introduced, the
reduction of fayalite commenced from lower temperatures. '

A mixture of wustite, silica and other oxides was heated for 24 hrs at 1,000°C in Ar
atmosphere and was then reduced in the thermobalace. By the addition of CaO, a
large part of silica formed Ca,Si0, and wustite was liberated. Thus the reducibility of
this sintered mass was improved. By an addition of MgO, solid solutions of FeO and
MgO, and of fayalite (Fe,SiO;) and forsterite (Mg,iSO,) were formed. These solid solu
tions were less reducible than wustite or fayalite. By an addition of AlL,O; or CryO;,
fayalite and hercynite (FeAl,O,) or chromite (FeCr,O,) was formed in the mixture.
Hercynite or chromite showed a higher reducibility than fayaliye.
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77 YT A AR SRR L., o7y Y4 Mot R RA L CRT
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BROEREFED HME Ui, BILHIIATHE ABCKkERS LORELMHHE L, FREER 4~
5°C/min + L7z,

3. EBR#ERIEZ
31 AXREMOBE

TR BE U BB O 155 e b ORI AT O BRI E R 4 Table Lic/m Lic, EBRKFRIC
L ABRTHE ORI Fig. 1a, Fig. 1bicm L1,

Fig.laldv s v 54 MO L 0w CaO iz, £ 0&ED 2Ca0-Si0, (2 LB e g I )
B ES L DT Fig. 1 b it Ca0 & FeO D& E» 2MO-Si0, Oz 445 X 5
HELicboTh s,

S L (ps) LRI CaO #ELA L THAS LCLOT, 77 ¥ 34 rOE R ML T
f-CaSiOy E v A& A b Eico>TW5%, £ LTIOETHE ik BC# (400~500°C) v A %
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Table 1. Preparation of Sample and Reduction

Sammple Weight
before | after

Exp. No. Preparation Addition| Chemical constitution Reduction
(%) (mg) | (mg)
1 (ps) 1,000° . 100.0 855
50 o FeO+CazSi0, FeO 455 Si0, 19.0
60 min
2FeO+Si0, CaO 355
2 (A) 1,000° . CaO 116.3 104.6
———-—>51 Fe,Si0,<325 mesh FeO 455 Si0,; 190
hr
CaO 504
3 (A) Fe,Si0y CaO 201.8 187.0
FeO 350 SiO, 146
2Fe0-+8i0;+2Ca0 Ca0 290 C 183
4 (ps) 1,100° , C 1233 | 850
mFeO+Ca251O4 FeO 37.2 Si0O; 120

CaO CaQ 411 C 183
5 (A) FeySi0y 123.3 91.7
1 C FeO 286

(2FeO+S8i0,)+0.1 (2Ca0+Si0y) CaO 65
6 (ps) 1,000° . . 1355 115.0
——Z-H;—’FezleH-Ca,chez‘wSqu FeO 635 SiO; 30.0
| |
(2FeOQ+Si0z)+0.5 (2Ca0+Si0y) Ca0 195 }
7 (ps) 1,000° . 141.2 124.0
”—’—“’CﬂmFe2—wSIOxx FeO 493 SlOz 31.2
24 hr
(2FEO+SIOZ)+(2C60+SIOZ) CaO 293
8 (ps) 1,000° . . 151.6 137.0
TC82810+C31F6215104 FeO 38.8 5102 319
24 hr
(2FeO+S8i0y)+3.5 (2Ca0+Si0y) Ca0O 459
9 (ps) 1,000° . . 86.4 80.4
WC&QSIO4+C31FQZ~.¢SIO4 FeO 20.6 SlOz 33.0
24h

T4+ CaO ZEA L TRILELICLDTH 5,

2(A), 3(A) XU 5(A) DEET A’ B #H (250~350°C) TRKR B NI - o & WA
b, Zhuk CaO #EAE L THRM Lich owiiBlbhd, BE& L GETLT LSO
ZHbNBEDTH - T, BH LI CaO OEFKRGOERCIHLDOTH -, LichisT2
D L& 5 ek Tk Table 1 O @ERTFBERILC OKGEEZELFICICHETH D,

5 2 (A), 3(A) OFITEDL, MO 77 ¥ 54 ko BRICHER & @iET CaO ik
Mmifes & X AL - 1,
S5k 4 (ps) 11 1 (ps) WREBHRAG L CKEKHEFTRIL LD, BCHL DE
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Fig. 1-a. Reduction Curve of Wustite-Silica Compound added Calcium-oxide.
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Fig. 1-b.

Reduction Curve of Wustite-Silica Compound added Calcium-oxide.
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(1,100°C LA ) CRIEAEGT LTV B, ZOREHLY A5 A 1 & CaSiO 2Bl > T B DT
DE # Tix

Ca,Si04+2C—~2Ca0+2CO+Si
- TWBHLDEEZBLRB,

FBSA) X7 7 v T4 12 CaO L RFHREGLIBA T HIRDO 7 7 Y54 +DBE &
FRERUTHAHAH, DE #n800°C L H L150°C L#IFANA LIt » T %, ZHEXEHRTY 7
TIA PERKP—MIIEL T AZ A P HBERAIELLDTERGIREL VBRIV HED, ©
LT7 7% 54 ML FE & 312 CaFe,Si0, & 28 L TH7 { 1o i # ¢ FeO @ 5T
PHES> TWBDTHA S5, Ti EF HoREHBRE L 1,2000C Tt7 7 v54 P OEE LD
100°C EV-D L TEHE A CaO L EIG L TETLLIZS > T HDTHAH 5 LHELI,

Fig. 1 b o9 M,Si0, Dz HH 22, 77 v 54 +® FeO o viz CaO %%
EITWmMEE TS Licb o T XBE cliioy 224 r2MEE I B2 CaO gy L3
o A x4 bz CaO AEE L TH S, % LT CaFer ,SiO, DAL CaSiO, A3 L
THKRDZEDTF oo, TNBEBRITT A L, K6 (ps) TIHEREE O R ITLH 513 DE # (550~
950°C) & EF # (950~1,100°C) @ 2 #o el Cv%, DE#it 7 v ¥ 514 @ FeO o, EF
ik Ca.Fey—oSi0; @ FeO DREITLICHHET B L 5 TH 5, .

S8R 7 (ps) 13 RERAIE O EERIA L D % 800°C T & 0 JE I8 I 4 P o7 » TR TE
ﬁﬁ&,77va4r@%i%%ofFu)ﬁﬁ&#é&&%mchﬁpﬁmﬂaxﬁ&%mk
E QTs o THERITTEDEEMR & 7o - TITL . £ L TER 8 (ps) TIXE I FeO ot h iz CaO
LT, HHEy A 24 rhoEE CaO OB UHECHEEE ) Bho C % THEER
EoEB,

F5 9 (ps) 13 X FREHT T CaSi0 N ABICR B 530k T, BICHR LR 1 (ps) LF L
B CTH o1,

CaQ v AzA4 FEEEBL, F7o77 V51 M CaSiO; & bEEBT AL, SiO, iwxtL
FeO L b % CaO 3B EEH - TV BDT, 77 Y54 FOEREINE L IR % M
L3548 CaO w[E % Lic FeO (1M FeO L 0 LB THAE L LT 5,

3.2 Bt IR LRMOBE

FERI LR OB L BITRIHE ORI OERE A Table 2 iR Lic, £ L TREILHEED
75k % Fig. 2 1R Lic, ‘

MgO ixw A& A4 b EEGEEEED, 177 Y54 & MgSiO, & LEHEKEESL - &
BT GA, £ L THER (ps) O XBIHENC L » 2 h b OEBENAREIA T3,
2B 10 (ps), 11 (ps) DBIEHGIC T HHEY A % 1 + ORTEARY BC#H & v 2 44 k& MgO
DOEEECHETE L - b OORBRTLEE /R T CC #M2ib s, BHRFOHEEBIEORITSY
RETDE#IE 77 ¥ 54 bbb DL hIEHICEE { MgFe .50, DBILH/E - T B &%
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Table 2. Preparation of Sample and Reduction

Sample Weight
Exp. No. Preparation Addition| Chemical Constitution befﬁ);iu[ct?é;er
(%) (mg) | (mg)
2FeO+Si0,+0.35 MgO MgO 66
10 (ps) 1,100° , 1067 | 907
——— Fep -, HgSi0,4 FeO 658 SiO; 275
30 min
2FeQ+S5i0,+1.07 MgO MgO 17.5
11 (ps) 1,100° . 1144 | 983
——— Fep..MgaSi0y FeO 582 SiO, 245
30 min !
MgO 174
12 (A) FepSi0; MgO | 108.5 93.6
FeQ 582 Si0, 244
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Fig. 2. Reduction Curve of Waustite-Silica Compound added Magnecium-oxide.

AL, BICBIME LUK T ORE L MgO oBns £ioE s Tk D, MgSiO, DEFIC X
D77 VT4 MR e o T D,

SHICK LER 12 (A) 12 MgO % RE LD TREIEBREED A3 77 v 54 b0
DL HReREL, THEBTOWCE MgO 7y Y34 P OREITTHERLL SI0;, E1LEL
T77¥ 54 POBELEREL B EELBNRD, UL, L MgSiO X7 7 v 7
A4 FEET L0 CTERILKE TRERSOE L b2, FORBIEA L TR LicslBhc e~
5EFELLHH,
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ALO; & CryOs 137 7 ¥ 51 Mk LI R S Bl7c 26T a 3 5, R o 85 &

BoERE Table 31z, Z L THEIHABIXFhFh Fig. 3, Fig. 4 R L7,

F8E 18 (ps) OFUBHL Y A £ 1 vHE & ALO B A RAE MY L €7 A = vebh ¢ 1,000°C
T 15 BB L TAR L2 o© X #REHIC X » FeAl,O, (Hercynite) & LT[ %E X I fo,
COBTTHMBERD L~ — 1 bepD FeO OBRITHAE L O T E ik Dk D 850°C,
1L000°CIKT77 ¥ 54 LY RREORETH S,

FH 14 (ps) OREHL XREHF T~ 274 b e 77 VY54 P Lo Twbh, X LTE
TLEIR Tl DE #l & EF o 292 H - T, DE#iZ~— 271 O LD L5ELicii—3#% L
e ThicHE T2 25T, EF#ii77v34 rOLDR—F LT\ 5,

EBRI5A) X7 7 ¥ 74 Mo ALO; %RE L7 b O TRICH I By A 21 ORI
o BCH# & Eiio DE# L v 7c%, DEFOBMEREL 600°C T7 7 ¥ 74 FD LD X DKL
PETREX 7> Y54 bOLOEFAUTHB, ThiE77 ¥ 54 bho Si0, 28 ALO; &1k

Table 3. Preparation of Sample and Reduction

1  Samlle Weight
Exp. No. Preparation Addition% Chemical Constitution beflgzziafifr
| (%) (ng) | (mg)
FeO+ALO, Al,O; 587
13 (ps) 1,000° 165.7 150.5
———FeAL0, FeO 413
6 hr ]
?FeO+0 4 A1203+Si02 AlgOg 28.6 l
14 (ps) 1,000° 103.2 913
FeAlOs+Fe;SiOy FeO 504 SiO; 21.0
30 min
Al,O3 50.0
15 (A) FepSi0y Al O 2974 | 2724
FeO 353 Si0O, 147
|
FeO+CryO4
16 (ps) 1,000° 49.9 457
»FeCry04
hr
2Fe0+S8i0,+0.05 Cr;05 Cry05 127 \
17 (ps) 1,000° 2175 | 1875
WI‘eCmO,ﬂ—I‘%SxQ; FeQO 616 SiQ, 257
2Fe0+Si0;+0.1 Cr,03 l k Cry03 225
18 {ps) 1,000° ! 1844 | 161.2
FeCrZO4+I‘e281O4 FeO 547 SlOz 22.8
30 min
! Cry04 132
19 (A) Fe,Si0y Cr;03 2405 | 2087
FeO 612 Si0O, 255
|
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Fig. 3. Reduction Curve of Waustite-Silica Compound added Alumina.
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Fig. 4. Reduction Curve of Wustite-Silica Compound added Chromium-oxide.
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EWP B E RV BRER > T FeO L OHEABO BRI LB LTV HEFE LR A,
LA L Si0; & ALO; OFEL LG O B IE M 4B+ 20 cX Bk FE S i
27,

92k 16 (ps) DREHL, T AKX A L EEEE 2 v & L b FeCr,O, (chromite) # & L4
TXEC LRI AL, ShoBTHMEE Fig. 4 ©AT X 512 1,000°C & b B Bs L
1,150°C ¢5 T4 %,

B 17 (ps), 18 (ps) OREHL XBEITIC I D 77 ¥ T4 v L m<A b LDl Tuie,
INHBILT B LMY A x4 b BC o DEH, EF #2xFhEh 77 ¥ 34 &2
m< A bHD FeO DEILBAD R TH S,

ALOs IR ER 14 (ps) & CrOs TINDER 18 (ps) iz > THEREBRK X M T 5 &
Tabled DL 5l h, ~—o5 4 b (Frhze <4 1),k FeO & ALO, =t 1 TH

Table 4. Analysis of Behavier of Reduction
a b c d e 1 I h T ;

1 Weight | Weight Mole of
Experi- | Sample : Mole of FeO|Mole of FeO
ment %Weight Weight | Decrease I?sc]rze_afs‘e equivalent | equivalent OrA(ljerZg)" h h

decrease] in D-E

_E -F t
No. |_(mg) | (mg) (mg) (mg) to D-F to E-F 1 Sample £
14 (ps) 1032 | 119 38 68 | 0.00024 0.00042 000028 | 116 | 067
18 (ps) 1844 | 232 45 121 | 0.00028 0.00076 000027 | 095 | 035

%, Table 4 T U DE @ni— o4 FEfa0s7 n< A FORECTHS LT 5L i MO L5
CHREL LB, Lmdic, bLEF#a =2 Flixs e~ L ORTTHE LTS L
MO X 5 CH L L &Sis o Ti b, Thik DE #ii =¥ 74 L2157 B4 10 FeO
DRI CHID L DL D IERE TS TV B2, 77 v 54 FaBTREN EED kL,

FRRI1I(A) 1277 ¥ 74 12 Cr,0y % RA Lic b T DE B0t B 14 i 1% 17 (ps),
18(ps) LiZE A L L THD, SALEBLOMMRICT 7 ¥ 514 NI m <t MiC KEBICZEL
LTCH DTS HA I EELTHA,

4. #

i

v AZA b RO 3 O LA I B SR RSB TRIL AT - 1,

) 77 ¥ 74 bz CaO, MgO, Cr,0; % BE L TKFETELLILBEETE 7y ¥ T 1 b+
DB HE L WHBEIIRI ehott, AL AL 7 ¥V 54 v O BE2RET A LIS T
600°C L b @ILHBAMA X e,

2) HIMLYHEA L TT A = b TIEEER Lo Bhe 2w TR IER 1T - 12,

CaO x B OWHM TE CaFer-»Si0, &4 UMERITTIE W 72 5 28 BB F @ S10; % Ca,Si0,
ELTHEET AT Eimmdiug, v a4 pQAERIA TRBITHIHEI RS,
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MgO DRI W7 D EA T MgFe 510, 2R L CTETHEILE 7t 5,
A1203, Cr203 CIJC @%7}‘]%0:}/—[\; L\;VC FeA1204, Fecr204 %_’ét D, mé’bi) e ’f I c): O

LRI TR AT o 5,

1y

#HIF WD LR TEBIME (F3k).



