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Formation Behavior of Iron Carbide in a Pellet with Pressurized H,—CH, Gas Mixtures Containing Traces of H,S

Shoji HayasHI and Yoshiaki IGUCHI

Synopsis : Using a thermobalance, industrial hematite pellets were reacted with pressurized H,—CH, mixtures (1-3 atm) at 800-900°C to produce iron

carbide in the pellets. H,S having low pressures unable to form FeS was added to the mixtures. First, reduction of iron oxides proceeded and

meanwhile carbidization of metallic iron took place. The addition of traces of H,S into gas promoted iron carbides (Fe,C, Orthorhombic)

rather than free carbon (soot) or metallic iron as final products with nearly complete carbide conversion. The higher the temperature and the

pressurization, the larger the carbidization rates. The tests without H,S gave lower iron carbide contents with much soot or metallic iron. The

addition of oxidant CO, or H,O into gas suppressed iron carbides and soot. Initial carbidization rates of a reduced iron pellet coincided with a

reaction rate model proposed earlier by Grabke.

Key words: alternative iron source; iron carbide pellet; iron ore pellet; high temperature reaction; reduction and carbidization; pressurized H,~CH, mix-

ture; gaseous sulfur; oxidant gas; carbidization rate; reaction rate model.

1. ¥8
A, WERRBEORIE, =20 ¥ -, REEOHNES
FAAEML L CETh D, S BV TS TOREEITHR

BANENTTOBERLEBENRDLNTE TS, ZD &S

RIRIIZEB T, Stephens X Geiger' i3 R {b gk (FIZ Fe,C
D) H#BSICEDL S REMEIREE U Fdinilm 7 o v 2
HESEDTIREMEAIRE L2, 2O T 0k ZI3EF, F—8
[T 20RBLRALELIZEDTHHH, Thiid
g, RIS A2BXRFESARZ 2 59 7 (#8) $EER
M#OFERE B L 35 0E#IRE U TR 5 /g
SEWE A2 T 5 Y,

RACSEIE BRI IS SG % 4 2 L BRRIE & & T8E
%, ZORALEEEBSHELRE ISR T 2B A ITIZLL T OHF]
UHHETE 'Y, BIREDOKES (F6mass% C) DEL
BRI, BRI DNEOEDIERPWESE S, B
DEREN BRI, EMpEROREL E,

199451243, BAID RAL 8§D T34 B A3 KE Nucor 112
EBTAT U H = FEIZEK-ThEhZY LI LY
HEAIZEE U VIR CHEBHOIRE & e > T B9,
IHREBHMEART T TH 722 LIZ—2DFEH»
botzLHERlEhs,

ZD XD BRI BN TRER{LSEABICEL T2 %D
O ENR B2, Thbb, FE LIRS
HOFBRE RO B E & = o8 i RS HE PRI d51 T

H,-CORH, CH,RA N ZIZMBDOHSAHRMT 5 Z &I
& o T, BAEROIIH & FIRFIZ 100% ¥\ ILE TRILEE A
550~1000°C DIAVREHFIC TREMNIZAR I NGRS Z
EERML T,
T, FRALBOFIFAFE K DK T 5 72012 FEH

e LTIEASSANY y F&FEHL, Ll ERRICH
HH,SEAH,CORAN AL B RPN v PDARIC
BILCERFEL, IRILADBNETAKTE S I LR
?hf:m’”’o

51T, RO TERSKIEANLY v F2HVWTERET
H-CHJRAH ZAUMEOHSERMT 5 I LIZ&-T,
HOBRERIC CRIBRICENER TRILGEN L v AR T &
3ZEHHENSEY, 22T, AFETIE, RO LEH
BILANL v b EHOTEH-CHEA H 212 & 5 KA
BOBBICKITTE#ESRME GRE, ME, BMS X, #E
HSHM~AE) OHEL ZOAREEIZE L TX 5 IRE
L7,

2. EBRF*

2.1 H#, XREE
TEHSEANY v P12 (LMK ¢ TFe=67.96,
M.Fe=0.18, FeO=1.05, Si0,=1.05, AL,0,=0.64, CaO=1.11,
P=0.045, $=0.009 mass%) %2 J 4 v & —IZTERKIZEE
L7280 (EHEE1L8cm, FHWER2S5g, FHTILE

SERGISHES A 23 320, ER 1548 H 6 H 523 (Received on May 23, 2003; Accepted on Aug. 6, 2003)
*  AEEBELEREME TER! (Department of Materials Science and Engineering, Nagoya Institute of Technology, Gokiso-cho Showa-ku Nagoya 466—8555)

1099 NN



B 1100

$k &R Tetsuto-Hagané Vol 89 (2003) No. 11

0.28) Z#Kte L7z, ‘
WHETRIDFERREE L, fif 2R M -BKFERE *
L2, METRICEREEX, SRIEETOMETT
D EIR IS FEER & FTRE & 3 B it Bt 1 8 B o R R S A%
(NiE3cm, X 80cm) MIZERBE I N7NE2.7cmDHE
RIGE, RISH AR, EXIF, 8K (FA75 - VK
WMEARES, RAMESg, EE0S5mg) F256K5!", B
AP A v 2 UVBRBAIZ X > TINEL S R, KIBENDEL
B K D TEORISEE ICHEFIE S h 5, KICHES
H A, BREHIRA 212k - TG S, BEEAGE#EZIC
HAFREBHERC L > THEDES, MK, HEICH
WUz, 72, BARFEEIZIE 500 (cm’/min)D N, 7 2 % i

B, PORICHEH & OfRG HOlHH O MRk & hEEc

BT B Z LT KD MEBREON LAEt- 72,
2.2 Ny FPORIEER

¥9, HRE, EERRONL v MR EOERO» T
Fett, PR TEHORISENDYEFIZRET 5, N,%
WS CGEOR A INEL L, FTEDRICIRE IZE#E %, FrED
B A 2328 0 #8 2 TRrE R RS & ¥ 72 %, NS
TRz mAT 5, BE, BRICTHBEROHL, Z
DHEFLEEZAET S, 2O -#HORBPTORMEEL
BUORFRIC CREBEHE L 72,
1BRBETOEIL, RILEIRRIE T, H,-CH-H,S{RA
H A& RIEH 22V, (BRILHES 2 CO,& % idH,0
EURIIL 72RE 4 2 ¢ ) ELokizsl v TRL:
FO2BBRIETIE, H-HSIRATATE TRk TR
JEL, #EClal— B = GRILR E [F U Py o/Py T 5
H,CH-H,SRA&H 2 TRIL L7, REH ZAH D H,SH
IME % Py g/Py =0, (0.53~7.8)x 10" 1B L TNz, ks,
IS H A B BT & ag= Py /Py )(Pyg/Py ) V" & B ER &
BES 2. 72720, (Pyg/Py) i3 FelFeS D (P o/Py, )i
ThbH" 7=, MEFH-CH-HSEAF 2 HEKENE
% 0.5~3.0 (NL/min) D &PH T~ 7=,
2.3 XBEFICLDIREERDREDTES 4
RS H%ake & RISENA 2@ BNz 2380, 2Ok
% A B IRE E B O 72 OISR XERET (Cu =7y
P) CE U7, BARMEOMNOT Y - o DR, B
e TR L 2 fIER, RERBOLEITES S 4B
W2 ¥ % (Fe,0,, Fe,0,, FeO, Metallic iron (Fe), Fe,C, Fe C,
Free carbon (C), Gangue (mass%), x value in Fe C) % B Hi L
7zo 7272, Fe,CRR ORALEE (RIFTd), Fe Cid yiRILEk
(BEts) Th o, KIBHHRIZK T 2R o2k kh
DREIEREL L, s EOMERS3ERICE
WA U TR L7z, SHEOISIY — 2 ORI 2408
BOABREO IG5 Z & &FIH 2 E BBk
Ko THIEREMER L 72, AR TE yRILEHIZIZE AL
WL EN->720DT, FeCHxflizx=25& L, L5
ko> THEERFRE A0 GEMRRREE*5H L

77
2.4 RICHBERORBELTRREORE

RO % a0 P R 3R & BRE TR % I SRR B AR MR ] o
WiE & O THREL 72,
2.5 RUGE
(1) ZEiL%E

BILERIE, MISHTRREHh O #E TR B I $ 5 =55
IR I N -BREBROERSETET,
(2) RICERAERE

RACSKRAE R £,03, BOGHT G D 2§k 234 R T Fe,C
(6M) ICIbEh =A% H%E1 & U, XREET & 1L¥s
MORE D KD 72 RACSKIRE AR L, 72,
BB 2 BRREE TIZETTH L v b DBALIEH Ok
B (RICEEPIRE L GEHKROR) 5 5 £, & [7l— ke
TiRILE G5 2R LA,

3. ERER

3.1 NLv hDEX, RIEFBRIS
H,-CH-H,S{RA # 2 (CO,& 5 WIEH,0MRM) 2k 3
BIAXL y P O—EBFERIDICB L TRD(1)~(7)DH
REF/LE,

(1) XARFHrRER & AR

KIFZETIE, H-COWRA A 2 & W EH D & 5 &
RAL$EFe,C (0HH) , & Fe C (yM) ML T D
Blizig e AL B, HCHRA A 2 & V-8R 2D &
HITHRIEEE L CIZIEE A EFe,C (0HH) DADBTEFEL
770

(2) &HAWBEAFE

800°C, 35+, RA N AHH, & CH,DHENH,/CH,=
/1, Pyg/Py=1.05X10"* (ag=0.05) T 7 & I [ 60 min [ 5
RICHE S N7z RIBARWIRE DO 2RE H A REWRGTEN %
0.5~3.0 (NL/min) T# X, Fig. 112789, 1.0 (NL/min)3Z D
FDZOHENDPEL BT, Ditk, 2RAN AFHE
13 1.0 (NL/min) & L 7=,

800 °C 3atm 60min ag=0.05 50%H,~50%CH,
100% Rz

777774

80%

| @ Gangue
60% |--- -|BFree C

40% - |mFe3C

OFe

20%

Product content (mass%)

o
R

0.5 1 2 3
Total gas flow rate (NI/min)

Fig. 1. Total gas flow rate dependence of product contents
at 800°C (one stage).
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Fig. 2. Reaction time dependence of product contents at
800°C (one stage).
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Fig. 3. Sulfur activity dependence of product contents at
900°C (one stage). (a) 1 atm, (b) 3 atm.
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Fig. 4. Sulfur activity dependence of sulfur content in a
pellet after reaction at 900°C (one stage).
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Table 1. Comparison of V. values obtained with different
gas mixtures. ag=0.05—-0.10.
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