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Transference and influences of MgO in
sintering of Cr-bearing vanadium and titanium magnetite

ZHOU Mi, YANG Song-tao, JIANG Tao, XUE Xiang-xin

(School of Materials and Metallurgy, Northeastern University, Shenyang 110819, China)

Abstract: The influences of MgO on the tumbler index (TI), reduction degradation index (RDI) and melting
characteristics of V-Ti-Cr magnetite sinter were studied. The transference and interaction mechanism of MgO in sintering
of V-Ti-Cr magnetite were investigated by melting point-rate measuring and SEM-EDS. The results show that, when
MgO content (mass fraction) increases from 1.95% to 2.63%, the melting characteristic of V-Ti-Cr magnetite does not
become worse. Furthermore, TI increases from 50.33% to 53.40% and RDI.; ;5 increases from 80.57% to 82.71% with
increasing MgO content from 1.95% to 2.63%. The transference of MgO is mainly in the form of Mg, which diffuses
into crystal lattice of magnetite and forms (Fe, Mg)O-Fe,0s, and the content of Mg*" in magnetite increases with
increasing MgO content. The course of transference of MgO is FeO-Fe,O;—(Fe, Mg)O-Fe,0;—(Mg, Fe)O-Fe,03—
MgO-Fe,0s.
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WSS, SCERESEHT R A ERER . (H MgO fEbedt it
FEr (4T 052 B0 A0 Fh 2N JEUR 2253 22 N R 1 5%
Wi o ANFIRIRE SR A EHR Sy, MgO SR 7 & Fl it
HEI AR LGS BB A . BAT, &F Mgo
X e S5 T HE IR 52 R B AR FH BILBE TS B A B A 4
WO, B Z 0 WA 2% S AR T LR A 9%
Bl NIk, A SCHEE S S A RV ER R R e 45 4%
PEFAT MgO i (1) 5 8% BN ER B 450 I i o 5
SO SRR A FE B AT WE T, I 0 I a0 AR
JEOL S—3400N 2474 UL /34T MgO X5 B ALK
AL R R . MO fEResb i Fe b i iE s 214k,
PRI MgO 752 55 BV ERD - pe g5 ik B rh 14 FH LB

1 LG

1.1 SKIGJE#Y

JIT 2 LU BR A SR U T 2 i ARICOM
NI TS SRS ) M W e ) Ko /NI i e M
IR B4 85 51 T3 1 A 2

MR ATUEH, SRR 5 2R
RSN (Fe = 51.16%, w(V205) = 0.55%, w(TiO,)~
13.29%, w(Cr,05) < 0.08%) A Lt ¥, 4% & & &
(MCry05)=0.47%), & EHFHWMV,05)=1.01%), K7
HATOMTIO)=5.12%). H4f 24 %552 & XRD 430471,
BRAE IR DAREERE™ . KR A (2FeO-TiO,) FIER AT

R BELi R

Table 1 Chemical compositions of sintering raw materials

(FeO-TiO,) 3 FIEAAFAE. BREBARLE TR ML Al
ERERAT PR AR TREBRD R, BL V,05 B AL,
DIE B TR P Fe,03, 0 LLH L FeO-V,05 £
7o A% B LSRR S 1T A AR TREBRA T s
ERHLERA

1.2 KWHZE
1.2.1 AR s i

Wi 3 i, BAEBELEEOR R R IR
FIBRZR IR A KA R ZERiA2 /N T 0.074 mm, F MgO
ST ZE R T TR A R MgO i, KRS
BHEAIEHI d 3 mm X3 mm PIBFEAR. ) F Ak
AT MgO & EAE 1.95%~2.63% )55 AN Bk e &5
R BRI TR AR N e, IRISAFERIES, REAR
)i B8 N O, IR, kM2 i MgO
X B VAR A5 WO 2B ISR 52 T
1.2.2  Legb AR

PSR AT E kR 3 A, Bk
R(m(CaO0)/m(Si0,))=2.25 {EA UL FIRFFAAR, 5%
R BUK D 8.5%~9.1%2 1], Wit A 38841 k)
IS I, 7T MgO fekedin &, ks,
FHR G R R A I AR S HLPHIRL 12 min, 2R
JEATEN Rk BRES . WA SR A EAxEA 150
mmX 500 mm FRFREAPREAT, fEJE 1000 T,
JEN 5 kPa ISR Ak 2 min, {ERSSE SRR R
h 10 kPa, 98 25 P U ek B a5z v I R A e 45 24 R

Mass fraction/%

Raw material

Fe, FeO CaO Si0, MgO ALO; TiO, V5,05 Cr,04 H,O
V-Ti-Cr magnetite 61.42 28.63 0.32 2.54 1.20 2.95 5.12 1.01 0.47 1.02
Magnetite A 62.99 26.56 0.49 5.30 1.01 3.36 0.26
Magnetite B 63.85 27.86 0.05 5.48 0.17 3.66 0
Magnetite C 61.81 22.21 1.39 3.66 3.54 2.44 0
Shaft furnace dust 62.56 0.31 8.16 0.58 0.92 0
Magnesite 0 1.20 3.50 42.00 0 2.00
Quicklime 0 80.0 5.00 1.10 0 0
F2 ORI
Table 2 Chemical compositions of coke breeze (mass fraction, %)
Ash(14.00)
Fixed catbon ~ Volatile ~ Organic compound
FeO CaO Si0, MgO ALO; Others
84.00 0.50 1.50 0.14 0.48 7.50 0.15 2.72 2.89
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Table 3 Schemes of raw material in sintering experiments with different MgO contents (mass fraction, %)
MgO Ir:;-gTIi;:i:e Magt;etite Mag}tsletite Magtg:tite Return Shaft dfllllsr?ace Magnesite  Quicklime Carbon
1.95 13.44 15.53 12.41 20.67 14.00 4.50 2.00 12.45 5.00
2.10 13.37 15.45 12.35 20.55 14.00 4.50 2.33 12.45 5.00
2.25 13.30 15.35 12.28 20.44 14.00 4.50 3.02 12.40 5.00
2.40 13.23 15.28 12.22 20.35 14.00 4.50 3.02 12.40 5.00
2.63 13.11 15.12 12.12 20.18 14.00 4.50 3.57 12.40 5.00

VRGN A H G, HHATHE T o A s 5 I,
IR IE S5O PR RE A A 6 K22 TT K ) RSZ-03 A 47
1B & PERBSEA I 2 A3 FIR
1.2.3 SEM-EDS 73#t

RS R BENLE 3 Bl BrkFEI Ik
K3 cem. % 2cem. JBH 1 em [HEF, FRMARRELT
BIFE . BEREE AR AE 100~1000 5 S RIAD
BT, AR ERHA T DA,
JEEPDENL BTG T PE, T R AT AR B,
7t JEOL S—3400N ! 434 ti 58 biF4T SEM-EDS 7347,

2 FHR51R

2.1 MgO ZEXMREB KM B LFEEm

B AR GRS A [ A R A, A T
ks s, MR K bR GB/T 219—1996, & IR &k
VRFIERS AT EE G T = WO 30% I il B2 2 A7 0RUAH
(T U TE G FE (Gs) [ e 45 3 7 Pl B B I 4 AR il
BB BIRE o Wi 60% I FRITELE 97 ORAH T ik
LR §), RS TR R A R RO AR
FHME G FEIE . 8 SR EX 0] 0=0—0s, RBUREL IS
T A R0 S AR GV L, AR AT DA e 4
HHREHIC LU PR 2 2 i H

ARSER RS — )RR R, %R~ 1000 'C, 10
‘C/min; 1000~ 1200 °C, 8 “C/min; 1200~1400 ‘C, 5
Clmine & IR ] (0) h 8 25 R AE 3R T3 ol 2
T, HE 30%31 60% T T I TH] . Begh it R,
TR R AT AR R IS AR 2 (055 ORI 5 (154K
DX [ (0) A7 By T-AH BRI RS 8 TR, 38 1 (R AT TR (2ng)
YA B T O RF e RS e sl o AR AR o 2y B
BRGS0 50 ) oL B = AR TSR

M 4 T, B MgO i 3o, &

TGRS DRI U6 T BBAH PRI SEAH X AR AN K,
Os FUEMEA$ERE, N 1315~1325 C; AHRIA &k
ERE 0 R P25, A 1336~1358 'C, HBfH MO &
IR, LX) 0 AR5, KGR oy 22K, WA
R AL X ) Bt S ha g s s Tl g o, AT v LA
AT RUIRG S o T LAAE B R BRI kL b, MgO
TR RO S B LR AT S AR P L AN K
MR LABER MgO R3S I e 2 e G bk ARy A A= g
AR R AR . AR SCHF A AT e g
W R s Pkl h, BEE S B B, WA
TFURHR P O 55 00RH 28 117 il 2 O B8, AR 2y 1
A%, AR R R, B MgO 7 & 3 mh yiAH
AR T B AV B ST, BT
WWEFC A A, BTk B S AR R, ik F
1335 °C, HILAERLs R 2y = A s sl o, it
MgO ¥ 1.95%~2.63% G P, FfiE MgO &=
P, OIS AVPLARER S IBAH TR A ORLE s BAT 2K
WAHZ R E 6 THE AR o FHOCHAE PR R
U2 e e N R AL RS MO SR
IR Rt IR Rl =

F 4 MgO & S LR 4 RHE AR PR IR
Table 4 Influence of MgO content on melting characteristics

of V-Ti-Cr magnetite sinters

wMg0)/%  0y/C 0:/°C 0/°C fy/min
1.95 1315 1336 21 4.2
2.10 1315 1340 25 5.0
2.25 1320 1346 26 5.2
2.40 1320 1350 30 6.0
2.63 1325 1358 33 6.6

2.2 MgO BB KRET A ERER W
MgO x5 % T AL RGBS ™ 5i B K% MRl



o5 24 B 12 ) Ji L S MgO fE 5 B I HLER PRSP (KR AR H 3111

ke RE R WK 1. NS T el VR, AR
PR bedhih, B MgO Srativigsm, ke
ER ISR AT BT . 24 MgO M 1.95% LT %)
2.63%I}, FEEinm L M 50.33% 1 F 53.40%. Hesk
e om RIS EuE th T MgO S aEINn, RaH e
AR, bedhid B EnR B ORI G, AR TR
FHUR R [RIE,  BEAE O 8 R EEh MgO &
WS, TR MgO Fr it @i X3, BmAH 8k
JEHETR RN W2 TPt AT BERAER T BB 1) 5 52
AR TP g . R HITRE T, Mg B
AT B-CoS KA, HHIT B-CoS—y-CoS
FHASIIR A, 9-CoS I/, MTIAE RS ot i 4
Y, IRAh, Bedkn IS i R AR AR R I T A
TR AR SE AL, BT K Mg B AR P i
KRR E SR, WD T IR AR AR 1
Wkl TG AN, XA R TS R
PR R4

M 1T LG, Bl MgO 55t i 1.95% 3¢5
F| 2.63%, TrEVPERIREE T PRI R A i 2 e
80.57% L T2 82.71%. XFIHER MO A F T
S R BRI 250 IR SR L P e . e 4
AR IR I N A0 P Joe AR A i DR A e 45 v 1 AR
Fe,O5 {F 450~500 CHIitJsud #Ed, K2E Fe,05—
Fe;O, 1B JFAHAS, AFURAENK, SECRA M. M
IO R AR B S5 T MgO 1T RS ST Kl MgO
[T e - It PR /2 7 R T AR N VA PS 1K e
RUPUVBRREAR A ks h 2Rk, Fe? b, HL AT
MR FERRAG, ARG ERIEFERE AR, WO BRIAERD LA
TR RN A, IXFEERe A A HI R, BERLEk
WA Gk — AR AR, A 538 SR (R /R kA 8
WD, AR T R AR B, AR T T
AEARERATVE R, O T Regi i IR IS s A 1k R
I, X FHUERRA ), [T RERR SR A P ¥ TiO,
FlALO; e W 2 IR LW I, AEF R SR AR X,
R R URAS BR SR A X, AR gL i,
RECRGA L O R 2 N e R — 229K, A
PEET = E Rk B MgO S fIsiin, HOKHIZE
TEERIRN A i okl e T AL R S5 4
SRR [, T MgO BEe iR SR MR Y 4
miBES, OB S R, BT R MY
BERONI A RO P SR, B T HRARIN ) A
ARGy RSy, Rk, R IE 50 16 $8 44
RDL; 15 HK.

55 84
54t
182
53¢ S
X 2
E 180 F
52t =
51t 4+ —TI 178
=— RDl ;5
50 | ! | | 76
1.8 20 22 24 26 2.8
w(MgO)/%

1 MgO XS BAERER S50 TLRI RDL; 5 [R5
Fig. 1 Influences of MgO content on TI and RDL;,s of

V-Ti-Cr magnetite sinters

2.3 MgO 7E SR B KIRET FRITEBITA

S5 MgO S0 1.95%. 2.25%F1 2.63%H) &
BBk B SE e E4T SEM-EDS 0 #T, 45 RanfE 2
Pris. B2 g5 R, el am(Mg0)=1.95%),
Mg TH 3 AT N R, AERGERA T w(Mg)=2.68%, Ul
2(a) s B MgO Sfde s, EikFE b
(W(Mg0)=2.25%), Mg T 4347 i LR i, E Rk
T B oA % AT BT In(wm(Mg)=2.76%) W11 2(bs) it
7y LERFE ¢ T (w(Mg0)=2.63%), 1] LI &t & Bl Mg™
Oy AR E N, AR R A W 1
(WMg)=3.65%) U 2(c)Iizr. [AIF, tHIE 2 73 hr]
PL, RILAREA A Mg™ 45 BEARAER, 7ERERR ERAL 454
M* A FE AN, T H 2 MgO SEAE 1.95%~
2.63%TU RN I, A AERERR SR RG S5 A TP K Mg™
FEBAT RGN . AR, 76K 2(a)~(c), BfifF MgO
TR, BRI, B Ayl Rk
B, BB EG T, 2 MgO &
1.95%~2.63%305 [l AR AL IS, Mg™ 3= B2 A AE A
FELLE T 07 A Ae, JFREE bedsn
MgO (N, [ a3, JF BA AL ekn™
pnkI R, I NS E . AE w(Mg0)=2.63%[1i A
JAER R D BRI B, Wk 3 Fos,
Mg JCEAMXS k] 22.15%(( 3@)F E AR
3(b)), H&Ek 51.08%(K 3(a) D SAIE 3(c)).

M 2 F1 3 spaf LUR B, Mg fekedl i i h g
5 T RGP O 5 BB R, AR R Fe® R
Mg A2 AT (R(Fe*)=0.83 A, R(Mg>")=0.78 A,
Mg AR RSN T Fe I AR), 355, Tk
ke . PR, Mg? Ml Fe? il Fe® ] LUAH H AR,
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Fig. 2 SEM images and EDS spectra of V-Ti-Cr magnetite sinters with different MgO contents: (a;) SEM image, w(MgO)=1.95%;
(ay) Area scanning image, w(Mg0O)=1.95%; (a;) EDS spectrum, w(Mg0O)=1.95%; (b;) SEM image, w(Mg0)=2.25%; (b,) Area
scanning image, w(Mg0)=2.25%; (b;) EDS spectrum, w(Mg0)=2.25%; (c;) SEM image, w(Mg0)=2.63%; (c,) Area scanning image,

w(Mg0)=2.63%; (c;) EDS spectrum, w(Mg0)=2.63%

3 kRN SEM-EDS 14

(b) Element w/%  x/% (¢ W[g Element w/% x/%
(0] 20.34 39.58 O 24.56 37.69
Mg 22.15 28.36 Mg 51.08 51.60
Fe 57.51 32'06.—~ Fe 24.36 10.71
Mg Fe o
(6]
Fe
€ Fe / \ Fe
2 6 8 0 2 4 6 8
E/keV E/keV

Fig. 3 SEM images and EDS spectra of magnesium ferrite: (a) SEM image; (b) EDS spectra of point E; (c) EDS spectrum of

point D
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" (Fe, Mg)O-Fe, 05, T ARSI NIZEAAAR, TIT

BT REN FeO-Fe,03—(Fe, Mg)O-Fe,0;—(Mg,
Fe)O-Fe,0;—>MgO-Fe,Os, BAZRAT M kA 1 J& 1557
R AR A B g b, FLAMAR SRR, AR A
Bi F AL XRD 40 AT 383 LAX 4 o BRI XS B 45 i 1R
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SRS N R e 25 Ja BERA™ ( RS 0 G2 /R 22 F X o0 W vl
FIUAY R st AR REA B PP R A (DU T
PR FIE Fe''s Fe MR B @i A AT o
PN e T R LG Sp/Sa72, 1T 58 36 TC 25 A I B 1R {8
Sp/Sa=20 LHIRIRMEA vh )\ AR S AL AAAE L e
G55 Se/Sa B BAZ/N, 7053 UL MgO Reght ik
RS TR B A Fe R AT 54y, AT LUIE
A KR Fe™ HE AN RARRA™ Sl AR 6 ) THIAA b A7 7 DL R
EE I =B R S AN T N Y VAR N < S R BT
F i, DLEEEA B 3 0 21 2 6% AL ER B 45 TR Ak o
[ MgO 7F i b 4 2 i E B Mg I A T
BERPUBR RGP, IX B FE U Mg AERE R
DL R A % % XA Fe?' i B & B G Bk
(Fe, Mg)O-Fe,0;5, Mg™ ' [{& Bt 45N MgO &
EiNE I E AN

3 Zig

1) 4 MgO Jitf 3 $0fE 1.95%~2.63%3 5 481k
B, B MgO Fridm, OB BV s A
TRAR A GRS B AT BORAH 2 B A T, X
AR SE, LI TRIRERS, T P SR A 5 A
YRR, MgO 5 (35 IR 7 8 LR R 451 A A2
FRAN = A W] AR S

2) e BVVERT et FErh, 4 MgO Jii 5
HHH 1.95% ¢ = 21 2.63%0, Bt MgO it 404
s R IR S T AR A 50.33% 19 I
53.40%, IGiHIE R L Fa £t 80.57% T3 82.71%.

3) TESESBVRI e it A, 4 MgO iy
HAE 1.95%~2.63%36 I WAL, MgO T 3= 2 LA
Mg TR A FREA v, e 40 B Mg FE Rk
B e LS A % s Fe i B2 R WG Ak
(Fe, Mg)O-Fe,05, Mg” ¢ REBHAE FE 450 MgO 5
wEHR R E g s, LB IEN FeOFe,05—
(Fe, Mg)O-Fe,0;—(Mg, Fe)O-Fe,O;—MgO-Fe,05.
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