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Reduction Behavior of Wustite Pellets with Different Levels of Porosity
by Hydrogen Containing Hydrogen Sulphide at Elevated Temperatures

Shoji HAYASHL, Yoshiaki IcucHI and Jiro HiraO

Synopsis :

In order to understand the effect of sulphur in reducing gas on the reduction behavior of iron oxides, the
reduction experiments were conducted in H,-H,S mixtures with various sulphur activities at 1 000 and

1 200°C.

Macroscopic reduction patterns of pure wustite pellets can be divided into seven types, depending on the

porosity of pellets and the activity of sulphur in the gas.

dition of MgO and CaO.,

This classification is slightly modified by the ad-

The reduction of pellets with low porosity is retarded greatly due to the formation of iron-oxysulphide
liquid. The retardation of reduction does not occur with pellets of high porosity even under the high sulphur
activity to form FeS. However, the reduction is retarded provided that the sufficient amount of the liquid

to fill up the pores is formed.

The activity of sulphur in equilibrium under iron,wustite and iron-oxysulphide liquid was determined

experimentally,

MgO in wustite raises the sulphur activity and CaO lowers it.

Sulphur in the gas without the formation of sulphides causes the topochemical reduction pattern, inde-

pendently of the presence of foreign oxides.
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(a) Sintered for 25h at 1000°C, ¢9=0.20, (b) Sintered
for 6 h at 1200°C, ¢0=0.16.

Photo. 1. Fracture surface of pure wustite pellets
as viewed in SEM.
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FTRRIGHFEY A2 4 b2V, + O BEMHE A SEM
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~—<PH-31 fw=0.27 at14300s
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Lfs_* ---- opened symbols, Fractional reduction
-0.2 L L 1 M
0 1000 2000 3000 4000
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Fig. 1. Weight loss curves of pure wustite pellets during the reduction with H,-H,S mixtures
at 1000°C. ((9%S) : Sulphur contents in pellets on the final stage, = : Types of reduction

patterns as shown in Fig. 4.)
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Fig. 2. Weight loss curves of wustite pellets containing MgO during the reduction with

H,-H,S mixtures at 1000°C,
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wustite core with liquid
iron-oxysulphide in the
grain boundaries

vl
liquid iron-oxysulphide
layer containing small
particles of iron

m liquid iron-oxysulphide
in reaction fronts
porous iron layer of a VI

coarser structure with
sulphur adsorbed on
the pore surface

I ‘ porous iron layer v

Ironlayer containing
iron sulphide formed
between iron particles
near pellet surface

porous iron layer with
sulphur adsorbed on
the pore surface

wustite grains covered
by dense metallic iron
shells

w : wustite

Fig. 4. Macroscopic cross sections
of pure wustite pellets reduced
partially with H,-H,S mixtures at
1000°C. (The conditions of [~
VI are indicated in Fig. 1, T~

POBALRIGIE e 5. L £ % bh b (Photo. 2(1)).
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No. Po,s/Pu, ¢o fw .

a 0 0.15 0.37 1

b 2.0x10°3 0.15 0.28 I
c,d 3.0%x10°3 0.10 0.14 m

e 1LOX10°2 0.13 —0.12 W

£ 0 0.25 0.39 v

g 3,0%10°3 0.26 0.48 v

h 1.0x10-2 0.20 0. 33 V— VI
i 7.0%10-3 0.21 0. 64 W—VI
ik LOx10-2 0.26 0. 46 VI

1 1.0x10-2 0.28 fu(i ?% VI

The same marks at Fig.l are used.

IR D I fHE A Fig. 6 ¢ M & LTHELL.
F - MDY co OPRIERESR b o Bhi. &
BIC £=0.35 TLRTARPIOEILERZEC LVH

Photo. 2. Cross sections of partially reduced pure
wustite pellets with H,-H,S mixtures at 1 000°C.
(L:Iron-oxysulphide liquid, M:Reduced iron,

W:Wustite, P:Pore, FS:FeS, S:Surface of pellet.)

HriE co FINIEAT . SRR VIR E L.
4.3 Fe-O-S TRIBDLEMEM
ik L7z & 31c s & I~ BT 3\ CEE T
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Photo. 3. Characteristic X-ray
scanning images of partially re-
duced pure wustite at 1 000°C.
(Pu,s/Pu,=2.5x10-3, fip=0.59,
(%5S) =0.25, log(ty.5) =3.0, ¢q=
0.17, -1 type, M:Reduced
iron, W:Waustite.)

Temp. Specimen

¢C) (mol %) Pus/Pu, € fw (%S) *
a 1200 pure 1.0Xx10-?2 0.13 0.16 2.1 1%
b 1000 2.4%MgO 4.0x10°%3 0.16 0.18 0.29 @
c 1000 2.4%Mg0O 6,0x107* 0.11 0,06 2.37
d 1000 2.4%Ca0 2,0x10°%* 0.12 0,08 0,12
e 1000 2.4%Ca0 6,0x10°3% 0.12 0.10 7. 47

The same marks at Fig. | are used.

Photo. 4. Cross sections of partially reduced pellets with H,-H,S mixtures.
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B RSB OMMBBIE & S HHiEL GRD. & Dk R
% Table 1 \wr3. pure FRHCBIT % #5542 Fe, FeO,
WO 3T T SIERE L 2 7c®, TURKDOGAN 510
DS e FUHOBERIGCET 2 s HEB bk
fHEE LS —FH Lt A2 A b~ MgOBIMC X b =
DSFEREIA UL, CaO L A L L. MO
MY AZA PP EBE LB A E v A2 1 F R
TH MgO LD DWHITER Lz . %7 FeS
X bd CaS MNBNZEMCRE T CaO FEhE X v
BHIER LT ks :ELLAD.

ERLIHFETOSERYBLL Fig. 5,6 o
LMEROSHEREHZC L LEWHEET 2D FR 5
% Table 1 &ff/RU7-. Cffix Fe & (Fe-O-S %)
WA T E R 55, 1000°C i3 B>C,
1200°C Tix g CaO HH OB AR T B<C & 7o
foo DT IR BEMIL 1000°C X b 4 1200°C
MREILINPTVDT, BFENLZHEET % HE 1000
*C BETER L C OWHE BEE LR 5 st
FBHRKTTL Y RLERCID DL HET 3.

EIOWIRE & L BTIEMITIY Fe-FeS (1) F#5S i
HOA L ASC>B Eizi¥Chs. LinL 1000
°C oPHIiE A>B>C Eieote. ZhizdBEgE~D
S OEMVREN L OBBEC S THAIN S 225
N5, Tl Sik Fe-FeS FHESER X v bixsn
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~ 7 1 T Table 1. Minimum Py,s/Py, in reducing gas for
<, 1000°C v VI the formation of iron oxysulphide liquid.
T | (by experiments)
i |
3, e g o
S Eca @_”__’_,/’,,' Specimens 1000 °C 1200 °C
gl ™, v § B c B c
s s i = —
g _ =7 [pdditive R\eéj&fgfnﬁgﬁr& * Pure wustite o AX107% 1 g go-s e, 3X1073 ) 500
= — Nil |———ILI0IV: VI VI|a 451078 3. 71078
3 1 MgO |-——ILADIV: VI, VI bl X,Ivgg“e containing | 4 55 10-3| 4x10-*]3.5x10-2 | 8x10-3
- CaQ |-~----- 11, [V VI, viljc]]
-00 (n (V) _T Yustite containing | 3 5y 10-3 |1.5x10-2| 1.5x10-? [1.5x 10~
L 1 1 1
Y 01 02 & 03 (<) 04 B : The reaction between a pellet of low porosity and a HrH;O-H,S

Fig. 5. Influences of MgO and CaO on the mac-
roscopic reduction patterns of wustite pellets at
1000°C. (I ~WVI are indicated in Fig. 4, A:
The equilibrium between Fe and FeS(l), * : The
values of B as shown in Table 1 (I), and (V):
Macroscopic reduction patterns with H, as shown
in Table 2.)

mixture in equilibrium with iron and wustite.
C : The reaction between a pellet of low porosity and a HyH;S

mixture.
* : The reaction between wustite in a iron boat and a H;-CO;-SO;-Ar

mixture by Turkpocan and Korm®,

RACHEELEBL D EEL2 LR, SEERETHRE
WL IOTID X 5 ROFEEDOTER & WHERIC
BLC Xkt e ET 5.

TR EE B L HBERR pure v 2 2 A+ EKbv

WCOBHAERSEEORERS Table 1 r—HLT W
Z)lz)_
144 SIARORIEVRAEM MRV v FOBTTEHFR

RODEN

B Lt & 51 eg DEVRARTiL Fe-FeS FHg{E X

" T T —T
T | 1200°C
-2 7 V-V VI -
v @ -_"’/ / _____ G i S
= —===——y .~
a m / ! L7
g ~ ;D v
rﬂ __// m t s
a £°P hel .
& =a .’:’._.‘.‘. Reductionpattern|
L 1 P ! fow £o 'high&
,/' ." Nil ———B,II!,IVEVI,V]I a
¢ ! [MgO [ —— n@®vi vii|b
-3f- MO | {caOl---- 0D, VI
~ s @m’-'@di&
~oof (T L v, A
0 01 02 . 03 ., 04

Fig. 6. Influences of MgO and GaO on the mac-
roscopic reduction patterns of wustite pellets at
1200°C. (I ~VI are refered to Fig. 4, |mj:
Pellets with middle ¢, containing CaO, (1) and
(V) : Macroscopic reduction patterns with H, as
shown in Table 2.)

CAEVG S BRI T TRERAECRERE o
¥Ex B ORITILAEHEIED 5B, ZHhIBRERFH
L THRERICRE ThiE, FeO-FeS RREN o
RHRATTC AR CRE ey AR T 5 L 5, &
s (Chy ol E £25) 2o Fe-O-5 %
DORTAL S A BEL TR T HAERLES &L T8
XRB. L OERDERERE S HHEEEY LD
METHSES TRV THINSE LBbhbh, Z0
A IHE & 0 S & OFEFoREIKKRR %15 >
RELTEHEE T, - ORRBD¥NCIEE LD
THEBIEHEE T RELEN, ZoWHEEEN 1000°C @
BWTIEEI BV Photo. 2(d) @RLIZXS5E
FE—EBOWHIECRTLET L LdREE T AX A

D HEVCSTERBY L OAN AR LEBTEC S VT A RETK
IGRECOWMERKE X hEERBRTERH EZS. &
#uT Photo. 1(b) oy 2z 4 rllOKILYAT:
WO TR E v A 2 A + RECEERE IR AN EEC g
BTHoENTELLDEZELDNS.

HH, e OEWVRARITIL FeS BRERT A&RHEDOET
CEWT LS BNERI D v, Zhit Photo. 1(a)
FLE X3V, FORKIN IS REELTVDDT
1k 2 BREREREMECEEIER LT < 7 » 2B
SHOAECE IR DBRORHILE IR c D &, &
DOEVERIOBTIC X2 TAR LR ITERLO J5H #in
CHEEBEAAEVEHEE I, CThOLBRITHRAE LR
EBHHCITERETLSENS Ly Ax 4 RE
TOSEENIVETTohEDRDEELLNS.

BT LNOER C BT 554 FTo 1000°C 7
TOBAC BT pure FFHTH A bhiond, Fig. 2
o MH-55 2 Fig. 3 @ CH-70 0 X 5 fcBTHLIE
CRILIAEL R BERH 0. THIZET ¥ i
g, vAZ A RECHEHIEET S Z LW X ETE
WaRT2, PHICEHENEAT A LR IS EHES
hA. Bz MH-67, 55 o oWT o SIEED it L
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Table 2. Effect of sulphur in the reducing gas of
the low sulphur activity not to form iron sulphide
on the macroscopic reduction pattern and the
reduction rate of wustite pellets.

Exp. 1000°C 1200°C
conditions

Specimens H, HrH,.S H, H,-H,S
(mol %) a b a b|a a b
pure [T 2.4]T(C) 29|T 2.2 |T(C) 2.3
iow 2.4%MgO | H 3.9 |T 2.8|/ T 2.6 |T(C) 2.4
° 2.4%CaO | T 2.3|T 3.0 T 3.4%|T 3.6*
. pure |H 2.5 |T 20T 1.9 |T L9
high 2.4%MgO |H 2.6 [T 20/H 20 (T 2.0
€o 2.4%Ca0O (T 1.9 |T L9|T 1.8 [T L9

a: Macroscopic red}lction patterns, )
b: log (tos), the time at half reduction of wustite,

T: Topochemical reduction,

H: Homogeneous reduction,

C: Coarsening of reduced iron,

* : Retardation of reduction perhaps due to liquid formation
at Fe-Ca-O system.

BEENLLZOZ ERHI L. Zhi— 2RI ETHE
TTICfE 5 BICSRBA Y A BB OB A & 5B TR IG
REMELD Po, DEMCER T 2BHRK L EXL LIS,
7t et 1000°C iz Table 1 L b & Po, DHIE
HMDVER L v filid; 1200°C @I 3\ Tk Po,
ARTT 5 AR A 1000°C D4 L ks
DT ER U7 BITPRILEDO R T O EIE LR b s
b B b,
45 RILWMBERLEBOEBETDOIR L4 FBTICR
MRS DEE

co DERVGEARTIZEROBMBLHE ML, o DEVR
BHCRBRESR AR L e VW BEOEY SIEROLHET T
DRILEENCKITT co LHMBILH RO BITRE O
% H, BLoOBAELHEL Table 2 i L. #
CIXERP RBRITER E 0% BILEET 5RM tos
ORFEEZR L. chibh H R X 5ERMLETHE
BREDXS5bDTHhhHMESHEINC X EFHANC +
Ay i A d. FLT H, X2 BTHES b #
rIAanBe LS XY BIGITEL L5055V ED
bigw. —75, H k X2 BEHENE—RIGE L 5 Sic
L BRILIIEL /8%, 1200°0C BE T3S X 5 RBITH
EHRIENR DL, & MgO Rphe k3 2 BEHED
FEY I AACIIBET S, T e DEVE CaO
Koo 1200°C FBRrRABRTIRIIE MgO X v BTI3 8
<7eh, CaO Xk BRTHESL 7o Tw 5.

5. & =

B EFULS T I VE 4 O SIEREY Lo H- H,S 8§

BHAACLZLEHEDORND pure T AKX A v,y

b, MgO Ho\uk CaO FHE Y A £ 1 F2vy bR
TC2EA 1000, 1200°C ¢H~N, kicbiEhs B,

(1) pure <v, + D LFHAEK e LBETLHFAHRS
BRECIOTETEHNAX AL, “vy tOER
BRI oo TE . ZhbOEBI
MgO, CaO i X v S BEIRS.

(2) eo DEVERITIXEE & BRACETS X D d{EL
SIEBRY IOV AR L ABTLCEWT S #OM LK
Mgk v 24 RECER LHEECELEREZEC
T. —F, co OEVEETIX RIESENERT 5 LB
BT HBILEBID . L L= 7 e KILAEES
HER IOTHAEIN S LITEZCELE R ¥ & &
3.
(3) &, vA2x4t, WHOSHEHETOSHEY
FER LAz v Ax A FF MgO 132 Df % i S,
CaO A xR2. Tl oMz CaO EHARD
BEEEWT 1000°C X b 1200°0C oA ETIH
3.

(4) Wil rER LBl Tcoy 2 52 14 b
vy, FOBRLICEIET 7 ARE S OF&Y R,
Table 2 =% L ¥f-. SWHEMBLH T XIHTICSV
» N OBERKIETHEY P Ay I H AT D,
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