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Reduction, Carburization and Melting Behavior of Iron Ore
Pellets containing Coal Char or Graphite on Heating
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Synopsis

gated. Coarsening and melting of reduced iron particles through their carburization were furthermore investigated for iron ore-coal char (pel-
let P_;) and iron ore—graphite (pellet P, ;) composite pellets. Direct carburizaiton of iron in contact with carbon is superior to indirect carbur-
ization through gas phase. Melting of P_; started above 1350°C while melting of Py above 1200°C. The mechanism of formation of core and
shell, which were observed for both kinds of the pellets by heating for a certain time, was also discussed. Furthermore, heating experiments
with electrolytic iron-coal char (pellet P_.)and electrolytic iron-graphite (pellet P,.) composite pellets in N, and CO-10%CO, were conduct-
ed to study the effect of gasification of carbon on melting of the iron. It is concluded that the gasification of carbon has a strong effect on the
carburization by direct contact mechanism between iron and carbon, which finally determines the melting starting temperature of reduced

iron.
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: Reactions in iron ore—coal char composite pellets heated in nitrogen atmosphere at temperatures between 1100°C and 1350°C were investi-
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Table 1. Composition of raw materials used in this study.
(a) Coal char (mass%). (b) Iron ore (mass%). (©)
Bentonite (mass%). (d) Graphite (mass%). (e)
Electrolytic iron (ppm).

(a) Coal char (mass%)

l Proximate analysis Ultimate analysis

Ash | VM ’ FEC C H O.NS ’

279 | 6.17 } 91.04 | 88.28 | 0.86 | 8.07 l 7
(b) Iron ore (mass%)

T.Fe ’ SiO, | ALO, P S FeO | CaO
66.74 ] 176 | 0.35 | 0.051 | 0.005 | 0.68 0.0LJ

(c) Bentonite (mass%)

Si0, | Al,0, Fe;0; | CaO | MgO K;O | Na,O

E.SZ 12.97 | 297 | 315 | 204 | 1.14 | 243

(d) Graphite (mass%)
Water | Ash

Purity

<0.50 | <0.05 | >99.50

(e) Electrolytic iron (ppm)
C P N Si Mn

20 7 47 6 8
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(a) Smin
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(b) 7min
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(c) 9min

(d) 1 lmin

Cross-sectional view of coal char—
iron oxide composite pellet (P_;) at
1350°C for (a) 5 min, (b) 7 min, (c)
9min and (d) 11min. (1) Core,
partly melted. (2) Void and residue
carbon. (3) Shell, not melted.

Fig. 1.
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Fig. 2. Microstructure of (a) shell and (b) core of coal char—iron oxide composite
pellet (P_;) heated for 9 min at 1350°C.
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Fig. 3. Carbon and sulfur distribution at (a) 1200°C and

(b) 1350°C.
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Fig. 4. Effect of temperature on the gasification degree (a)
and reduction degree (b).

SV, 7, BHARLARTF v —DOMBIZE DO THED
ERERDIEMEL CAHELAEZ IS L ToRESHERIZ
$0.08% TH5H, RIGLE=XNL v FDOLE#IZH L TOH
HEARIIN0.06% TH 5, #25% DHENH 2L L TN
Ly MMIHZZZ & AR ENE, BIXL=XL v PO
WIESHOMRRETH 5,

1300°C, 1350°C TRIB L 7= 7 3L TE A h 5 7=0
T, ZB#E FeO DIRE # JIS-M 820212 F W\ TILE
T o7z, AT ETDOERBILEIZ 1300°C & 1350°C T, 5
min THI99% 123 L TV 7z, 1200°C T1X 10min T, I 7D
ERBLEIZ 8%, ¥ 2 LDEBILHEIL99%ITEL T/,
3-1-4 RIBICE G495 H AR L EILEOZEA

PEH 2D HRERIZH SV TEHEL 7R ITLRE # 2{LXE
HI#R % Fig. 41284, WMEBOMMIZL 4> CGETTHE L
KOH ZEESEMNT B I L 2T L5, 72, i
BIZKBRENMMOBREANERERTLICHEH SO TEEL
7o A ZLREETLROBREAF CXIIRT, WHETE
MRIIIFFE-HT S, BILEREIIRTIES20121%
1200°C LA EDORE TOmin 2B A AL MBETHBE I &



60 - 1100
| —0—Sr,1100°C  ——Sr,1200C |
| —O—Sr,1300°C ——5r,1350C 1000
—&—Cs,1100°C —&—Cs,1200C

40 ,—@—Cs,1300C_—#—Cs5,1350C _ g 900

Swelling rate (%)
Crushing strength (N)

~-60 0
300 420 540 660 780 900 1020 1140
Time (s)
Fig. 5. Swelling rate and crushing strength as a function of
time.
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6. Cross-sectional view of reduced graphite-iron
oxide composite pellet (P,;) at 1250°C for (a) 7
min, (b) 9min and (c) 11 min. (1) Melted from
shell, (2) Particles not melted.
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7. Microstructure of melted shell of a P, ; pellet heat-
ed for 11 min at 1250°C. '
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Table 2. Summery of reduction, gasification, carburization
and melting occurring in P; and P, heated in N,

atmosphere.
l’ca.i P!»i
CO+Fe, 0=xFe+CO,
Reduction CO+Fe, O=xFe+CO, 2C+3Fe,0=3xFe+C0O,+CO
2{C]+3Fe,0=3xFe+C0,+CO
Gasification C+ €0, =2CO C+ C0O, =2CO
Fast Slow
2C0=[CJ+C0,
With CO Difficult to occur below 1100°C and
Caburization occur very slowly above 1100°C
c=[C] C=[C]
With € Slow Fast
Melting Not melted below 1350°C Melted above 1200°C

PADOTHRRIEIT LI B BEFEAON S,
ZHIZH L TP, OBAITE, H2AERIEAE NS,
AN LR L F 72 13RTC X N Bk & D BT e B A HESS &
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TP, O BBOBEZRIZE & A LZLET, 1200°C 1=
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it,%mfd@Wﬁimﬁﬁﬁ«wﬁ%ﬁﬁﬁﬁu
7%, BTG 1 )DMIZRIE(3 ), (4)1 & Bk
AL 244+ OEERTRICHISENET T S
LEbhB, P, TR, HAMRIESF v — EHANTED
ZE b6, KIBRETIHRITHENP LDENT
b, RISV TEELORTERETH S LHEEINS,

FeO+(1—y) [C]=Fe+(1—2)CO+YCO, ----ereeeermmmmnees (4)

3 AL IS B R, P, 0 7 ALK IR 2 )t
RN 4HEFET 5,
%Jhwﬁﬁﬁ&vacﬂﬁéﬁﬁﬁm,ﬁzmﬁm
B L UBRRRIBOEE B L CEBOKRE £ L0 ERE
Table 2 12T
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