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Study on the Reduction of Magnetite Pellets Containing Anthracite

" Synopsis:

Hesu REE and Mitsuru TATE

A study was made of the influence of firing atmosphere (COy—N,, N,, and CO-N,) on the reduction of
magnetite pellets containing anthracite. Phase change during the firing was investigated by X-ray dif-

fraction method and microscopic observations.

The results are as follows.

1) The finer the particles of ore and anthracite were, and the more content of anthracite in initial pellet

was, the faster the reduction proceeded.

2) Fayalite was found in the outside layer of magnetite pellets which were fired in CO,~N, atmosphere.

3) The amount of residual carbon in pellets decreased rapidly during the first 30 min of firing in every
atmosphere, but the decrease was most rapid in CGO,-N, atmosphere.

4) It was found in microscopic observations that reduction of ore particles in pellets proceeded topo—

chemically..

5) Decrepitation and lamellar structure of metallic iron were found in some of ore particles in pellets

fired.
6)

Cementation of metallic iron was observed in pellets fired in N, and CO-N, atmosphere.

{Received June 9, 1970)
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Table 1. Chemical analysis of ore and anthracite.

T-Fe| Si0; [ALO,| P | s | Tio,
Ore — . R -~
60-75, 11-80, 0-38 | 0-021| 0-035| 0-08
F-C|ash |V-M|HO| s [kal/
Anthracite - . ‘g
75:02 12-151 6:32 | 5-21 | 0-30 | 6-200
1
AnthTaCitC . SiOZ i} AlgOa CaO F6203 Mgo
ash 56-72 29:02 0-97 | 7-98 | 0-98
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Fig. 1.

Relation between metallization and firing time.
Atmosphere: CO,-N,, B: ore, C: anthracite.

[Diameter of pellet; 15 mm,
Suffix numerals of B and C mean

mixing-ratio (upper numerals) and particle size in mesh (lower numerals), respectively]
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Fig. 2. Change of reduction degree and residual

carbon of B,§§C,%} during the firing in
CO,-N, at 1200°C.
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Fig. 3. Change of reduction degree and residual

carbon of BCZ}

CO;-N; at 1200°C.
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Table 2. Lattice constants of B2C2) fired in CO,-N,; at 1200°C x 15 min and each compositions.

BRC0 a-Fe (15) FeO (16) a-quartz (17) 2Fe0-Si0; (18)
d (A) I e | yn | wae |4 (A)) 1A \ hkl 1d (A)‘ i | ma la Q| 1 - wk
4-3198| W 426 35 | (100
4-0065 | VVW 3-95| 45 | (021)
35067 | VW 3-54| 75 {E}%ég
3-3682| MS 334, | 100 | ¢10D)
2-8486| W 2:82| 95 | (130)
2:6534 | VVW 2:63 | 30 | (022
2-5782| W 2:55 | 70 | (131)
2:5130| W 2-49 | 100 | (112
2:4902| MS 2-486 | 80 | (111) | 2:45, | 12 | (110
2-4191 | vvw 2:-40 | 30
2-3622 | VVVW
2-3178 | VVW 2:31| 30
2-4112| VVW
2-2522 | VVW 2-28, | 12 | (102)
2-1990 | VVW 2-19
2-1569| S 2-153 | 100 | (200)
2-0331| S |2-028 100 | (110
1-8221| VW 1-817 | 17 | (112) |°
1-7868| VW 178 | 70 | (222)
1-6998 | VVVW 1:70 | 15
16762 | VVVW 165 15
1°6467 | VVVW 1'63 | 15
1'6206 | VVVW 1°60 | 15
15406 | VVW 1-54 15 | 11y | 1'54| 15
1-5235| MS 1-523 | 60 | (220 1-52| 70
1-4368| vw | 1-4332] 19 | (200)
1:3773 | vvw 1-37, | 11 | (203)
1:2082| vw 1-299 | 25 | (311
1-2382| VW _ 1-243 | 15 | (222)
11710 W | 1-17020 30 | (11D
1-0757 | VVW |
S : strong, M : middle strong, W : weak, VW : very weak, VVW : very very weak, VVVW : very very very weak
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Smin Outside layer Inside layer Core
s ) .,..ﬁ{_.'. T | PKA’II . | -.qJL In
M o Fa MF FMOFe OMre M & Fa MF MO OMFe Moo & MF 140 OMFe
10O min
1 Aaaa ] - 1 L LA_L ' t ll ,L
1Smin
A I3 Aed A 1 1 PR | 4. Ad I
F F FF OFe & Fx F MO O Fe & Fa F FO O Fe
30 min
1 1 |
o oL Fe .3 <& Fe o« 3 Fe
60 min
1 ] ! ' 1
| — 1 i 1 1 1 1 1 1 1

20 30 40 SO 20 30

1 1
40 S0 20 30 40 S0 2e¢

Fig. 15. X-ray diffraction patterns of BB3C,2% fired in N, at 1 200°C.

Smin Outside layer Insude Iayer I Core l .
— i l A ;ll ll J i I L ‘I al
® Foa MF FMO OMFe o« M MO OMFe o M MO OMFe
10 min I, ‘ ll
| oM l 1 ll A " , N l.[ o |
15 min
i l 1 |} ] A ' ll I l . I '
“j
30min
1 ] —t l AL a4 1 l
& Fa F O O Fe 3 o (o] OFe o a 0 O Fe
e0min
2 l 1 2 1 1 l Al PR | 2 1 1 "
L I 1 L — 1 1 1 [ E— ] 1 1

20 30 40 50 20 30 40

S0 20 30 40 S50 26

Fig. 16. X-ray diffraction patterns of BC}! fired in N, at 1 200°C.

W, WREOTLL EPSR Yy vy FOETHEBE Y REN
WIBBT A L ENTE .
3-2.2 CO; BAEH APERF KD X-ray [alif
Fig. 13, 14 Bxhh BNCA & BYCH % CO,
BAEFAPTER LI L ES, N, PLEROLRISEE

TH5H. 2L 60min FERRL v FIHEICE23R
& sponge AN XS HHIhTWRDTEFDORR
5188 sponge Ex N, WHOERE LCEHTL .
ZDFEREERR Smin T fayalite DT [RIHT 34 2R
FEBRONENE S LICERT 5 LB TlERERSOX%
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5min Outside layer Inside layer Core
A P | 1 ™ I i i . O | 1 IJ‘ I ] L L | l 14M l 1 l
M ot o M MO OMFe M & & M MO OMFe M x M MO OMFe
PR al LA | | 1 A I 1 i A 1
1Smin
. 1 N - 1 1 —M 1 i M A l
30min
2 '
.~ 1 1 1 (] L
o o« fe 3 Fe o« o Fe
60min
1 I A 1 i 1 : Al l 1 '
J L )] ] 1 1 i 1 1 L 1 1 ]
20 30 40 50 20 30 40 50 20 30 40 S50 29
Fig. 17. X-ray diffraction patterns of B,233C.2% fired in CO-N, at 1200°C
Core
Smin Outside layer Inside layer
4 [ 4 .‘l 'I 1 l P M Il , . 1 l i M 1 '
] oo M MO OMFe o a M MO OMFe o o M MO OMFe
10 min
] " A I 1 1 A l 3 " ' | 1 A‘L ,ll |
’ ISmin
Pl | Y, \ ' " A l N , A l
30 min
l . . ~
& Fe * o« 0 Fe @ o OFe
Y
60 min
ol 1 o
L I 1 ! L 1 ! ] L i ] 1 ‘
20 30 40 50 20 30 40 50 20 30 40 50 2#

, Fig. 18. X-ray diffraction patterns of B3C2} fired in CO-N, at 1200°C.
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LIEEAML T L DIRHLA, Pl EEEEK 15 min LES. Zhix FeO & Si0; ORIGHEATLRBRTH

FC, 2R EELDET 0min TREKL a-Fe, a- 5.

quartz QBRI ERT X S ICKok. PED X Sic CO, IBAH A TR OLBR % B
SEROBERGE B & B IR B> TR S & BRI a- C & iy vy MREED S fayalite OA&FRRIGHIEZ

quartz OEIFHE D TRbh 5 A EKEHC fayalite D[EITHR DT &% X-ray HRCHERL .

dBbhic. L L L D% fayalite RIS #1 L TW Photo. 1, 2 ITARL7=MARITIE XL L 2o fayalite

T2 a-quartz BFEAPL TR E, DWITIEHERKLT OAERCIOTHFEOERAS KB LItk DERS

" (non-ctched X 400) (2/3)
(a) COjz-Nz-atmosphere (b) Njz-atmosphere (c¢) CO-N;-atmosphere
Photo. 3. Microstructure of pellets fired 15min at 1 200°C.

’

White: metallic iron Whitish gray: FeO Dark gray: fayalite (non-etched x400) (4/5)
(a) Fired 30min (b) Fired 60min (1) Reoxydized layer
(2) Boundary between reoxydized layer and reduced layer (3) Core

Photo. 4. Microstructure of B,3C,23 fired 1200°C in CO,-No.
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White : metallic iron Whitish gray : FeO Dark gray : fayalite

) (non-etche;l X400) (2/3)

(a) Fired 30min (1) Reoxydized layer (2) Boundary between reoxydized layer

(b) Fired 60min apd reduced layer (3) Core

Photo. 5. Mlcrostructure “of BCZY fired at 1200°C in CO,-Ny.

NitdOEH x5 51020,

F BRI BN, DERiCd: Uie fayalite OEIR
MROMRESS FeO DHEE L HIGERL TS T &
&%&@%@knmcwimﬁwaﬁ&ﬁéhfr
X7- FeO L ORI X5 (D TH Y, RIGERIICHER
TRLNS fayalite [ XHFE(LD 5D FeO L ORIGHE
THAHS5 LHBIZNS.

3.2.3 N, #AhEEfatpto X-ray [

Fig. 15, 16 X N, HF A THER L7cE & X-ray
EFRTHS.

F O REERL B,8CH 13 15 min ¥ TLKIT fayalite
DFCEHHEERTH 30min TEhHBEL a-Fe, a-
quartz QEFEZST ES. L L BECH 1iEEsk 60
min¥ T fayalite OFFCEHHREZHERE 30 min DR,
OB TR L, % 72 FeO 13 60 min ¥ TRKICFLEL -

#BD COREHADHELEXELES LIRERV
v POBERBBRIC S5 fayalite DERiciE CO/CO,
DOHLHHWEANFEET D EEZERLTVED, TNET
ORI TIX D EEFHLPEENTWRWE ST
H5.

3.2.4 CO BAHF ZhigEksllto X-ray [l

Fig. 17, 18 132 CORAE N AFRTP THR L 750k

@ X-ray B TH 5.

Z D #H ABEEG T fayalite DA R EBRDD & ENRT
¥, T BAIC,E OESTHESIE N, FRADFELIF
EDLTWS. 7558 BYCY iWHWTIiE Ny H#RERTD
FeO OfFFEE RS nir272.

DX HREITIXT S Npy, CO RAEFAFHERD
ERUBEHFNARELIABEO2RE2EDLTLBLS
ThH5D.

3.3 FRREEE

3:3-1 £HAFEKT D@ TR

Photo. 3 347 AFEK A H1C.50 % 15min B L
o ENMT BN BAMETE TABEDOEE)THS.

hi IniER v v b EREBRT 5EL OERERFORE
JLVIK4K topochemical LEfTT L b DEBbh5. &
DIFEMIVIRF AR E L 2513 FEEFCEHLNLZ.

v R84 MEER Y v FOBBGRETOETIXZO
Yo sbrhEFRF O topochemical FIEMH v
FaIC bl o CT—RiICED D O LRSS

R EURETTHIOME & ORARLT & BT L 723K
BB CHEREh B &, %7 carbon :ER{LED RiE CTEE
BITR LR R EORGI L COz, CO %4
FT5. T5LZnNB—DoDEDPITELVEL O AR
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(2) Fired 30min

(b) Fired 60min (3) Core

s p

White : metallic  Whitish gray : FeO
(1) CQuside Jayer

(non~etched x400) (3/4)
(2) Inside layer

Photo. 6. Microstructure of B,33C,23 fired at 1200°C in N, .

F & EURETAIOM ¢ CO,+C=2C0O, FeO,+CO=3
FeO+CO,, FeO+CO=Fe+CO, O IS HITE
B EEBRLTVWES.

Photo. 4 ~ 9 R&FEH AFZEKH T B3C,H L BiCEH
L 30, 60 min fERE L2V v bDS, N,
OEHOBHBHRTFETHS.

Photo. 4, S5 bbb X 5t CO: REH APEEIRK
O HOIE 0min TEBFBICHBEEL T X o TAERLE
FeO t #0BE v iz fayalite OSSR 5 60min (T
BB EZDXSIEBIEIREA~ TR D fayalite XX 51T
g %. 60min BEpkd BYCYH Wwis 3 L HMEBD FeO
KT DA L X < 58E L 7z fayalite SIEEDTER Y
FBAEnc&fFRin e o s X AriEshi.

DT et COp BEHARTEKE N B,3C,H
1 EFIRIT X o TEESHKFAEENTAR LA b
ELEREVRTFALEEL T, —HEABED
CONIRERFZEDBRLT HDT, THIZHEWCO/CO,
A FeO OEERICHEB7-DRL v bR & PRERIT A
22T Fe OFBEEIL» #7575, £5LTTEXR FeO

D—ERKE Si0, L KGE#EEZ L fayalite #4453
DEEZLND.

BHCEH i\ T HETEAGARIT BYC,H LR
BEf YB3, T4 30min FEITERON, b
KVERES % b o8B e A N F 25 % { FlZ23n 5.
F/ 30min EERIIHHLAADZ E 60 min {2\ 7D T
HAF & L EESFROERFVEIESNICORSHH
RYTER T BYCH I~k E okl EIRERL K
EFBzoLhB.

TRIIL Ny X CO [BREHFARDRTHEY
Photo. 6~9 [K/RL 7285 bbb dX 5K, W
FHEsSH BRC.H & BYRCH kL 7mE, wWinhd
BRI NER X D RO E BB ILENTER D, Lid
SEGEEED X {EELTVWS. 60 minffE koD % H#g
T5E BB BLOERITEAERSLVDITBYCE
TEPERICAE AR L S S BL S AR K D hE v,

¥ CO: iRg A A 30min Fepk BECH ORI
B RonicotFKZOFESH 30min @ BYECH
DORNEHEIC D ERKEETZ D ORERLEARTBE SN
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(a) Fired 30min
(b) Fired 60min

Photo. 7.

(3) Core

7253 60 min DITIXTEAERON D, FIOETT
HUTIESET L BECY. oKX &EWETHART LR
ERICEZOTVEERLIhD IOBEHEBIE SN,
DEDTZEL 2354 MREERV Yy PO Ny XU
CO IREHF A B 5 EBTHEROBRIGET L FRICE
Bkt ELYE Y BETHHDOIEN L, COREH
AT 3B 5B ITEERERIEEINETT & SRRk ET
FOREBTREEOWRDIT X » B ECRESICER
THRDMNEEL D NEE~ E BRI HETTS. Lrd T
OEALIRIC B TR L fayalite DERRIGE DRES
LV EMIBETH S L EHHMSEEMICI S &
o7z,

3-3-2 EEGAR TOHAEEIN LEIKETEROAER

Photo. 10 X CO;, CO jE&H AHFERD BRCE

I SNSRI TH B, TOL 5 CERS AR
OEBTIARENGEV £ 5 CER T bR,
T CIRGERENOFEE OV TS < DREFRIOW™H
5 T DEILAILITIC X 0 THE X 7o b FEBEFE T L.
Photo. 11 1X N; %X 0% CO {RAH 2 THR Lz
BECY i < RONSBTLUANT T (@), (b) 0T &

White : metallic Whitish gray : FeO
(1) Outside layer

(non-etched % 400) (2/3)
(2) Inside layer ’

Microstructure of BgIC2? fired at 1 200°C in No.

D EEROET E B D BREREZRE LB LR
JEBEREANE ATV 5.

HABEHE (BVWE) LHEINhGHGEEAREZDRIK
BRI SO RS T E KE RGO SEIICkEL T
(@), (b)) WRLNB XS XD RELERIT & LRI
FELTHL .

BLE®D X 5 i F—pEHLD magnetite LR TH HICHH
b L EL DR T SERGRR TR S EHETRT
DEENSPULRTF- O OWMEDEL L DIDEZ LD
hs.

3-3-3 @AM .

Photo. 12 X BRCA) % £ H AFEHKH T 60 minfE
KL ozEEL THE LHEBEEEM TS 5.

N,, CO B4 5 ABEEEAHRICiT pearlite #ERASIZD
EVEEIND. T pearlite {LDOREEEIL N2 ¥R X
D COREHFADIE S, FMEkX v hLEDIEH 2
HEATWS.

Ihrbe s x &4 MEERVy PedhEERIGET
FHATERZ RIS &, TOBEBETEILGE~DRR
NELDHILEMD. ZORKROERIYRYT R L EHE
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P

(a) " Fired 30min
(b) Fired 60min

Photo. 8.

(3) Core

BRAETLAEDDERLND A8 & L THRER TR
CO HEDHWEBKELBWI-dDLEXLLNRS. 1k
CO BAaHH AFEKTORREIE X D AW <ie>
NFELLAABEFNRERWOBRIRELINEE DSV
ZENPLLTHERCW L T oNBEEZROBESTTE
el tFBAbNS.

R BELE U 7z COMRA 7 AFEA PR D VR 5
HOMIIRBITHHRZEEDEZPII T AL LD REDER
ShhiESiav.

4. & &

Musan <22 %4 MFE BERF LR DEEL
v FDBERBORITA~ADH ARBROEELXUCLDE
BoHERZE L X-ray 3IXCHEBEEHCHAXEZ. 0
BREELIDDEOEDLSIES.

(1) =¥x&4 MEERL v P21 150°CHA05
BITHEH E0RT s 0 80R, EE RT3 < BB R
BEDEHVLDIEEETEND.

(2) BRCHBRCY % CO, R4 #2sh 1200°C T
BERKT % & fayalite D2EfRIT X > CHENCEE 3 24

White : merallic iron
(1) 7 Outside layer

| 1 5.
h ‘Wa‘

(non-etched X 400) (2/3

(2) Inside laver

Microstructure of B,233C.2% fired at | 200°C in CO-N,.

DIBMLVIEEE B ET I R+,

(3) Ny, COREH AT BCA o 1200°C ik
TRA AFHEKIC L 58D EW 2132 X0 B
7%, BRCH oiEmicix CO BEe&HF 2 B EMERS I
5.

(4) HAAFEKH 1 200°0CEERICH T EHRE
s lIBERK 30 min E-CRRICERAS B, LT CO, iR
GHADEFERLDE BB L .

153 CORAE F A TraBi s R 5% Bt E O B hnas
BREIS 203, CHIRSHLBE TORENRE 2RI &
LEMELEZONS.

(3) CO; BEFADEMBRRE TIX fayalite D4ff
PBHETHEFCRON, TORMIBEOHRLZERTS.
LOFPRETHIEERINTI2>THENLRNHT
B Te, o No H2ATHEGHIICELRIThi
DT fayalite ZETFTERIN, BIBCIBOELTINT
a-quartz W35 2% X-ray §CRERR L 7.

(6) <=H%24 MEASL » FhOEERT DR
¥XiTiE topochemical ITHETFTTH LD ERLN, FofH
MESERRFHAAE R BITONEFL LS.
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]
1
/
Ty W W i i )
White : metallic iron Whitish gray : FeO (non-etched % 400) (2/3)
(a) Fired 30min (1) Outside layer (2) Inside layer
(b) Fired 60min (3) Core
Photo. 9. Microstructure of B3CZJ fired at 1200°C in CO-N..
3
f
.
g T
_20p TN ‘ .
White : metallic Whitish : FeO (non-etched X 400) (5/7)
\ (a) COz-N; (b) CO-N;
} Photo. 10. Decrepitation of ore particle of B§C3} fired 30min at 1 200°C.
S
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(a) Fired in Np-atmosphere
(b) Fired in CO-N, atmosphere

Photo. 11.

(7)) F—EMOERTHHITdhrhrbbF#Ehe
FRLETHRERT AN F 055 2 & 2 FAMEMIC
FESBL 7=,

(8) <&%%44 FMEERLV Y b% Ny XU COR
BHARTRREZ S5 LETHROBRME RIS &
IR L. .

- ROV AMEERTT B RV I ERLTE
R DEHERBb O URE 0BT < Eile
BLEFET.

x B
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(non-etched x400) (2/3)

(1) Firing time, 30min
(2) Firing time, 60min

Lamellar structure of metallic iron in pellets (B&C2) fired at 1 200°C.
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(a) CO;-N;-atmosphere
(b) Nj-atmosphere
(c) CO-N; atmosphere

(etched by picric acid x1000) (5/7)

(1) Outside layer
)

[nside layer

Photo. 12. Cementation of metallic iron in pellets fired 60 min at 1 200°C.
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(EZE)]

SRS IUCEERO 260 mesh & 60 mesh % #h #
NHEBZELETD2L{2Lk ¢l5mm~v y + % 30%CO,
70%N, ORAEFAEZM&GHR, 1200°C T/ LT E X
DfEFRE Fig. 1 {TRL .

CORBRTEBERTFOES R E~DEHARK & W
TEHERLTWAS. 7fuds MULLERD 3§ H F 0 58 5
REVWZEEHREL TV S,

[(RRE) &x&E @wERE—

l. N, FELKHNTOTA LOHAET KL DL
5CO I XBHE/EIT2nT, BLXUR4ECO, t ZHE
ELTDO Ng L DIREHIRAT YA D2VTEEZLT V.

2. EEHBPCRIFEHN, REETNV v FOBEIC
DNV TEELTE V.

(@]

I. CO rrprommToifaiiiEse CO: 5 CO ¥
AL RIERE~OIMEGBETS 4 © &% 260
5. EBRAE=Vy FOX S ICEIGRME & B RELE
BELTWB XS g&HT ¢ixl200°C & w5 B ERTH
LbEEs CO, BELIC CO,+-CO=2CO0 oFEF%
BTz I FE0omwCO4ERTHIOTETR
G, ERLACO W ZADLDETLI VIBEESNDDT
BhwvwhrtEzbNS,

FEBRTCHEREVy PLOERTPORELDOIRD &
WITEDO LR BRI WHEER LA LR TN ERRL T
WHEEZLND.

2. FEBRTEHEHEABOBREN 2[5 < 7B T RIE

EEMEL 7228, TR CHLERDEMBMEBROEL
ERAGERHD. FHHBMIT X 2 R THEH THB
A, ELITHRHEZ2EL TS L AR » £ YELT
5. BHMERFOM» vy FEFEh, BREE
LT HThH5.

FARMICE N, GREALVERD T OMEICHE
ODHRALALND L OFFERL 7225, hiRERP O
HrxLIREEL-EELZBN S,

HER D IEEE T HEIE L Twv i v ps B20C,20 13 ok Re Rl
PEWEBEBERFEARLRALNBDIISICELXZS. TOHEK
ELTix, CO; iRHH AP TD fayalite D4R, N,
CORBHAPTCOUERFEORESFE 2DNE.
BRCY kv ThE, Ny, CO B4 # A 60min T3
D DB B

: E'd 13

1) V. Ya. MuLLER, et al.: Stal’, 2(1961),

(ER)] HElewsEe BN =

BRIZE2CHV—F7 v 7Lk

(E%])

AFRBPHZ DV TREEIIZR2 D2 CTwiRV. L LEE
BT E 4L % 60mesh r 200mesh [T RS % &
IR2TYWBEEGEE, ATHEARRVW AR MER
Aol it

LDLEHROBRERET, Mo TEREMAPIT S10:
HWLTw D% X-ray ST X2 THRELAZDTEE
BECHAM L BUbEST LA sz ATable 1| @
ISRk,
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