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

Shoji HAvASH! and Yoshiaki IGUCHI

Synopsis : Using a thermobalance, industrial hematite pellets were reacted with H,—CH, mixtures at 800~950°C to produce iron carbide in the pellets.

H,S of 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 or

metallic iron as final products with nearly complete carbide conversion. The higher the temperature, the larger the carbidization rates. The

sulfur index in gas around ig=0.05 provided high yields of iron carbides with low sulfur content of less than 0.05 mass% S. The tests without

H,S gave lower iron carbide contents with much free carbon (soot) or metallic iron. Initial carbidization rates of a reduced iron pellet coincid-

ed 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; H,~CH, mixture; gaseous

sulfur; carbidization rate; reaction rate model.
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Fig. 1. Equilibrium phase diagram for Fe—-C-H—O system
at 900°C.
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Fig. 2. Variation of product contents with reaction time at
800°C for ore pellets. (One stage) (a): with H,S,
(b): without H,S.

Fig. 3. Some etched cross sections for partially reacted
pellets, showing outer iron carbide layer is formed
topochemlcally (One stage: H,/CH,=500/500 (em’/
min), ig=0.05, 30min) ((a): Ore pellet, 800°C,
fo=0.68, (b): Reagent pellet, 950°C, f,=0.69)
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Fig. 4. Sulfur index dependence of product contents at
900°C for ore pellets. (One stage)
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Fig. 5. Sulfur index dependence of carbon and sulfur con-
tents in product at 900°C for ore pellets. (One
stage)

500/500 (cm®/min)? 512 #53TC 60 min Kk & 7235 {312
B oNFBERMRE &R T, WA I RIE TS/ A
i R i (M A %h%hﬂg4thg5-TTo@4
T3 0tH =10 mass%, Free C=43mass% & 6D KT D 7%
WEHER B AH LA, Py /Py =1.95X107* (i5=0.05)T
I% 04H =85 mass%, Free C=1.4mass% CTd 1), oD} pE
FMAIEA R L, RIRRISERRBEDTA2TH S, Thh)
iKY B & OMHIRE WA L 7,

Fig. 51283 & 9 12i3=0.05 KL LI 3o Tl o 4
ARV I N TS, b, R IRERE S i ED
BEMNZ PN L 72, ig=0.05 TiE490.04 mass% S & H#L
WKRETh b, rERFENHE D5, Lirg oo
HIFFEE O I IS AEE R L7z, LT, RIBIZK
I H,S BB 5 HiRIZIZig=0.05 DR L 72,

(4) RIBH A s CH, v R

~ Ly b % 800~950°C, H,—-CH-H,SR A # 2, ii=0.05
T 60min K JG X B 723 A2/ 5 htmﬂ:%w}imﬁ Z
CH, Fﬁﬁ.‘iﬁﬁﬂ (KFE A 2 Fi & 500 (cm*/min)) % Fig. 61

AT, 900°CIZH W\ T CH, B FE MDD & < @il
Bg’i‘ﬂ?bf:o

(5) RIFEHRAEN

~ Ly b & H/CH,=500/500 (cm’/min), ig=0.05D 1
T 60 min [ & B 724 6 N2 B RALRICKIE T RIE
N, 800, 900°C TR %13 0.8 LU

643 I



I 644

$& & 4R Tetsu-to-Hagané Vol. 86 (2000) No. 10

P o pe:Et/o///D

| 60min, ig= 0.05

-o- 800°C

-+ 900°C

L H,=500 (cm®/min)

- 950°C

Iron Carbidization degree
o000 0o00O0
O~MNMwWhRUDY®D©O©

L !

(=]

200 400 600
CH, flow rate (cm®/min)

Fig. 6. CH, gas flow rate and temperature dependence of
iron carbidization degree for ore pellets. (One
stage)
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Fig. 7. Temperature dependence of iron carbidization de-
gree for ore pellets and reagent pellets. (One stage)
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Fig. 8. Temperature dependence of carbon and sulfur con-
tents in product for ore pellets. (One stage)
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Fig. 9. Sulfur index dependence of product contents at
950°C for reagent pellets. (One stage)
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Fig. 10. Sulfur index and CH, gas flow rate dependence of
iron carbidization degree at 950°C for reagent pel-
lets. (One stage)
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Fig. 11. Sulfur index and temperature dependence of iron
carbidization degree for reagent pellets. (One

stage)
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Fig. 12. Temperature dependence of carbon and sulfur
contents in product for reagent pellets. (One
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Fig. 13. Variation of weight and fractional reduction and
carbidization with reaction time at 900°C for two
staged process of ore pellet.
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Table 1. Sulfur adsorption degree on iron carbide relative

to the saturated adsorption state. (900°C,
H,/CH,=500/500, i5=0.05, 60 min carbidization)
Reaction Specific | Sulfur content Sulfur
Pellet es:: :’ surface area in product adsorption
g S(m%/g) (mass%) degree (%)
Ore One 1.15 0.044 119
Reagent Two 2.15 0.087 124

2K > TFE O N RALSRD IR TAFE & BRIEIRE 2 VTR
fLSRHIZ BT DM ETE R EKRD, FRKIR L7z, L&
DU EPCEREE L L2, digkth e 506 M
W= 100% & B DA 72, L7225 T, WEIZIEIEE
HMIREDRETH > 72 L R E N5, 100% %A 7-Fh
D—=DL LTV y PNDBIKES & DRI & 5 Ek
WA RNDHMERALENEL 5N B,

& 5IIFig. 4, 5, 9IZ/R L 7= Sl B FE A% ig=0.1 T OHEfE R
FEHHOBWROBEHIZ X 5 IR 4TS, —DIZidFe-O-
SARDRMHE A RN AR LINEENDRIRK D —SHE S h iz
AREME G R X h B 17,

4.2 R{CEERE

Grabke'?i3 y-Fe D H,~CH,{RA # 212 &k 512K R I2B
LTI L, IEHAODRKFIGEEE (& Py /Py 2 IZHAIL
37 1 O R BRI SR U3 Py IS T B Z kAR L 2,
Z LT, ROHARIEHEEEETH S & L7z,

CH3(ad):CH2(ad)+H(ad) ...................................... ( 3 )

—flE LT, BREL b, 900°C, ii=0.05, Hy/CH,=
500/500, 500/250, 500/125 (cm*/min)D 5 T T2 BRI T
135 NIz WIBRAGEE Ve (g/em’s) % KD Py, /Py 212X LT
Ty bLTARZ, ThEFigldlnd, VARRIGHT~
Loy b OBEAEMENARRES 20 OHETHY, 0~
100sec DPIHRALBAB L Dk 72, RKIZR3 X3 ICR
WEMBRAE SNz, T O K D WAV S R ke
(gem’s)B G onsb, ok, WABOLEIZEWTEME
RICRVEBRERIE O Nz, EMELLOBAICHT
3 V% Fig 14 L [AIRRIZ 7 F L, ERBIBRAEIREL,
A& D &k MEH/ 7,

Fig 15 IZ¥IHIRLERE E R k- DIRERGEEE R L2, &
MmiE &k DEIFH AL 72, SRIEANL v bDIE S RHE
NUy P RO EEOVkMEERL 72, HEL LDOBADL
EIIRE D D DFED LML D & 5.1~308fF KX 0 7=,
ZOR & ORD 728 FF XL v MBI 3 RILKIED B
OEMILZ AN - ERHEH D, BLOEHTERT
#1195, 45kI/mol T& - 7=, &M % B 1A % 2 1~ D i 24 W
HIZK D ZOMBERAOK TR EEOMMO—KE £ %
3,

¥, Figld TR LN VAR RIS H 2 DRFEHR a
IZRHLTT ey b3 EE0a Ml TIRERBER L 0 RG
U720 aci 3ROSR 1)DFEEEF BT 3L ¥ —Z{UiE ™D &

3
= Reagent pellet, 950°C, ig=0.05
SPat
o
E o1
mO
=1
=° kox10° =3.53 (g/cm’+s)

0 Il

0 0.2 0.6 08

0.4 e
Pora/(Prz ™)
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