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Effects of Gaseous Sulphur and Calcia on Abnormal Swelling of Iron Oxide
Pellets during the Reduction with Hydrogen

Shoji HAYASHI and Yoshiaki IGUCHI

Synopsis:

Sulphur in reducing gas was found to be the only essential factor to cause abnormal swelling (volumetric
increase of about 500 percentage) of hematite and magnetite pellets even in the reduction with hydrogen.
This swelling brought about by the formation of iron whiskers was significant when the activity of sulphur
relative to iron/iron sulphide equilibrium was in the range of 10~ *~1 and the feed rate of reducing gas
was so small as to control the reduction rates.

The effects of reduction temperature, Py,o/ Py, ratio and indurating temperature of hematite pellets on
this swelling due to sulphur was also investigated.

The conditions indispensable to the formation of iron whiskers were found to be the presence of sulphur
of low potential and the relatively slow rates of chemical reaction on the surface of wustite. This was in-
dependent of the kind of reducing gas.

In the absence of sulphur, the addition of CaO into iron oxides can not induce the abnormal swelling but
general swelling (volumetric increase of several tens of percentage), regardless of any reduction histories to

wustite. But, the less uniform its distribution in iron oxides, the greater the abnormal swelling by sulphur.
Key words: iron oxide pellets; hydrogen reduction; abnormal swelling; fibrous iron; gaseous sulphur; CaO

addition; reduction history.
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Table 1. Conditions for the preparation of pellets.

Pellet Additive Indurating Porosity
condition
* 0.34~0.39
Nil * % 0.26~0.30
¥ %k %k 0.27~0.30
* 0.34~0.37
. 1 mol% CaO ’
Hematite _ * % 0.33~0.35
( Nea/ Npe=1/198) * % % 0.10~0.12
5 mol% CaO * 0.35~0.39
( Nca/ Nre=5/190)
M tite Nil Dried in air _
N 7:32 mol% CaO at room
(NCa/NFe:5/190) temperature

*, % %k, % % % :At 1000, 1150, 1300°C for 30 min in air
respectively )
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Gas flow rate : 230 cm®/min
Fig. 1. Reduction curves of pure hematite pellets
at 900°C.
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Fig. 2. Effect of gas flow rate on values of Vy
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Gas flow rate : 230 cm®/min
Fig. 3. Effects of sulphur activity and addition of
CaO on the swelling.
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Reducing gas to metallic iron (PHpo / Puy ¢ 0.25, Gas flow rate :
230 cmg/min)

Fig. 5. Effect of indurating temperature on the

swelling during the reduction of hematite pellets at
900°C.
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WEOTHIEL, 205 NEB~OFEZRITTH A
~OWMHERMOBFEOFE L ITH~ /.

NIT AL PDYAY A4 PADETTIE 50% CO-50%

No. Pellet
a Pure Fe 03
b Pure Fey03
[ 5 mol%CaO-Fe503
d 5 mol%Ca0-Fe;03

Piy0/ Py, as Rw  Vino
0.33 0 0.60 +48
0.25 0.20 0.57 +191
0.25 0 0.63 +70
0.25 0.20 0.73 +405

Photo. 1. Iron morphology observed under SEM after the reduction of pellets at 900°C.
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3 : : . - Table 2. Effect of holding at magnetite and wus-
R Vico | Vw “ tite on the swelling during the reduction of hema-
500 pPellet ~4s[0 02/ 0 02 ) g tite pellets with H,-H,O-H,S mixtures at 900°C.
- PureFe;03(0 ® | O = 7] E
\ Tma%Cal | A alar & o Vi °
- . ; hoo , (%
“ = ;;?S?Za 5 g gmt“e Process ) Reduction process
o —Fe263 © elo & 0 | 5 as=0 {as=0.2
400} E| = 1~ a 40 | 250
o-& o Pure b 0 204
= ¢ > ¢ 10 | 70 a
A N z
g 3 9| @ | 30 | 530
300 1 16”;%' b 43 | 200 b
) ] _"4310 C 0 110
o a 40 540 c
8 o-. Al b | 62 | 265
z c 10 | 115
200} , <
—4.305 5
g Reduction to M : CO/CO2=10/90 (500 cm®/min), Reduction to W :
w CO/CO2=50/50 (400 cm3/min), Reduction to iron: HoO/Hy=0.25
? 5 (230 em®/min) , H : Hematite, M : Magnetite (2h holding) , W :
. 1001 o : Waustite (0.5 h holding), Lattice constants of M (Pure, 1 mol% CaO,
0\ m 00 5 mol% Ca0) : 8.3971, 8.4011, 8.4090 A
A% 3 ~ 1 ) .
| \_ ~
0 900°C ) 205 o L 900°C MC -2 M : pure Fe;0,
0 10 ) 20 .30 = MC:7.3mol%Ca0 -Fe;3 O,
Holding time at wustite,(min) S M-1 MC-1
"g | pd
Reducing gas to metallic iron (Pyy0 /Py, : 0.25, Gas flow rate : '8
230 em®/min), % : Lattice constants of wustite 0.5 M-2
Fig. 6. Effect of holding time at wustite on values g i
. . = | No. |R+20/PH2 | PH2S /PH2 Moo ()
of Vige, Vw and lattice constants of wustite. S L T e e g T o
= M=2] 0.55 | 7.1Xi0% | 106
MC-1[ 0.25 0 -10
COz A H A2 X2 TV, FrEliy 24 4 MR 0 M2l 05 [95K07 1458
24 8 oy N 0 50 ,. 1000 15
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WA L7
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PLEOBEICL>T2oRpiz Ca0 121313 —FEBT 5
T ENHERR SN,

3:1:6 <73 A PEBRFEORE
BRI W T LN, TO#HEL 315 0FEES
1 Table 2 |Z/RF. as=0 DPFA D Vio fEITFEEA
<54 FEBRWT b>a>ce @ Process JEE 2 1), ag=
0.2 DBEICEIFEOTE LD a>b>c D& o7

, BELZEIRPENHEORMIK>THOAERE S

h?ﬁ*ﬁi?btw’)ptfa’%%.
3:2 THZEA ML Y FDAL hBEE)

3-2-1 CaO LR#ERMOEE

900°C TOMEM 2 ETLEMMB L Fig. 7 1R, <
TERIAL IO AT AL PADBETEBIEZY 25 A4 b2

Vw I PREFRERT I3 & A

Gas flow rate: 230 cm®/min
Fig. 7. Reduction curves of green magnetite pel-
lets at 900°C.
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a,b,c: —— 10um

e

d,e,f: +—— 20um

as Rw Vioo

No. Pellet

a, d Pure FegQy4

b, e 7.3 mol%Ca0-Fe304
c, f 7.3 mol%Ca0O-Fe304

0.20  0.56 +21
0 0.54  V=-10
©0.20 0.36 +440

a~c : Observed under SEM, d~f : Photographs in cross sections of pellets
Photo. 2. Iron morphology after the reduction of green magnetite pellets with

80%H,-20%H,0 mixtures at 900°C.
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PR B0 Anorussow DD F ) KSR B Hire
SCHFELDER DF® 7 & B— /> D % K& Wike DR
FRWTkD 7.

IWEZIEIL % ZRE L 72 7 A AW E BRI ke(em/s)
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L. [0 0.2[02]
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5 CaO-Fer0s | © - E
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>

g " pureFe03 , @s=02 -
Z * Jo23]1s || =
\7- 1/kr a (oI —
= M
; Rt . ¢ 01 - * : Gas flow rate (/min), RtM: Total resistance
z . P measured, 1/kf : Calculated from eq. (4)
= ! T Fig. 8 Influences of Py,0/Py, addi-

.’“ngu'aEEﬁum 7 tion of CaO and sulphur, and gas flow

rate on values of Vy, R™ and 1/kg.
1 1 0
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DIEPLDOKPAE Y25 4 FOREHIKRELY CO RHY R
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WAHEIRSRIZER L 12 < <, #1Z Peo,/ Poo WS EfiEIE LRI
EVEELEZNEAER LR TR 5%, KEY XY A b
DOBREFIAHE L DT ZF ORI R % { 7% 1) MEHEIREK
BAEBLICCSAELTWVS, TOFEEZIZEST
Fig. 4 124 % Py,o/ Py, ®FHEIZ S < oK fE2 B
NAZELEBHPTEL., LALY AT AL OEREEIKAS
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%,

54 S NCRIFTEXTBEORE

Fig. 6 @ as=0.2 TO Voo MO PRFFIFH 12 X B %ML
D) L THBARBICOWTD L DY H L B REEORE %
FELTWBEEZLNDENDTI DS % CaO K
D Vieo LNV L7ZED CaO I X BRR LA LED.
COBERGFEEL LA 300% &K E VA5 min
MR X DT 0~40% LS A, THEKTF
FBEAIPOHETEDLYZAY A4 FHAD CaO EHEKR

. O TH 300% o5 MBS OERERREE LTid
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T Vy 3 BREERERCLS 2Ty 28 4 M
FoFREZ EOWRAY X7 4 MEEFICEILL, 20
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Wz 5.
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Vioo fHIZ#i¥e=1 mol% CaO<5mol% CaO & 7D 7-.
CNEFERFOETFERLNE 2 HED CaO EEREE
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5:5 T XE4MNRLyY DAL ©WEE)
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BEAb 8K T2 Photo. 1,2 X ) 2 RZF N 10, 50 um
EBRL LD, WALy PDOSLNBEEIILITFT CaO %
HERMOBEIZEUL Thz, 2 THLICKITT
BIALBONFEDORBILRVWEEZZONE, & B
Fig. 7 XD M-1,2 o Vy iz Zh #h 2.7X1074 6.1
X107 ° g-oxygen/cm®s TH H, Th & Fig. 8 D Vy
Beid o254 PHFORMEREY ) THhHETS L
M-1 £0D% M-2 D Vigo K E W &2 EHEMICEH



BALSRAR L » b OKFERITICH S BE S IS RIEY 7 ARRE L BIKOF 1675

WTx5,
56 ALNICHT D H, THRXE CORHADEL

AR TRE S NP AON- DX EICET T A&
7549 230 em®/min & R VDB WEHAO T ABRBEE
DEHEHTHDH., ZOBAITIE Vp flHIZ2 LD /ASL %
D, S RCEHEs K. —), @FEORR{LED H,
BBV TRATAMEE S LTH AEHEETE W
HPETETLETS LD ICRIENCEEIKE L %
D5 NIRRT D12 WA, Pyyo/ Pu, DR S 1 5
NABTEEM Y. Fig. 4 v ¥ ZEE 1.8 1/min
RRIEINEEIEL T b BRI & > TR
RuaFfbd Hy 2 CORFARIELAL LS TICH
ERBTOETE FARREDHLETH 5.

5-7 SWHRSERICEH TS CO ETHADER

Y22 4 PERICALEELTS, ZhickoT
BAZA R DR FRZ2ILALE ACH £&E < LB %
YT 52 MBI ZOERMOBERIHEE LD LE
HEEBH®, SOICSIETHREICHRWAET S 7
DIZTEME L H Z--7 27 4 + O 3HEERBOBER
ERUHEMEIC2HGT A EEZONE. OO0
B X D BEREOERERT EASNSD,

75, CaO 23— BB+ Y 25 1 L OREEF
BiZixd D Calcium ferrite BEASHFEEL TEH T3,
COBEOBTLEIBESHEEZONR®, ZhICE2>2TH Z-
YA A4 MEOFEIGEKIZT B EHEBENRL, Ly
Lok ACo ED B % EHRKT A, 2 X Db Cal
PHIHAIG — e G5 (CHHEIRERS AR LR TV &2 b
AT AL IAD CaO DEBRIEFOTIASY 4 FAD
Ca®" & Fe?' OMEILEIIE ) B~ Fe*T HiE
DR 7 CaO OFELR{EH R SND., ThiCX
2T Fig. 4 ® 5mol% Ca0-Fe,03 ® Hy-H,S iBA W R
BILR MC-2 %2 EIZABEWBITETICL 5 AhE
R THLHEELHHATE 5.

O THMEVPHBBOBEHREST DT, Ca0 2°Zh
*HETHE L7 BM AR OSRMERL TV 5.

6. #

PRI Hy AT AL HBALBOEIT S hudid &
AERBILRVWEEDRTE., LALERFHILLAW
BEOME HyS (#ke M bek TN FE T 1073~
1) OFHET T, BLENIEEZO T A EHEEICL DT
BHESNBEHTCTED DA, BHERSGEREE) A~
AL, 27X L PRV PORELSINDPBES N

il

B MBOREHD VI CaO ¥ H—EBET DY A5 4 L EBEOF— ¥«
BT Lo THERR L 7229,

7z

WO TRFESCNITIIZ, Hy, CO v F2DFEREIC
IOFERHORT V2 v V&b O HF RREHEOHFLEL v
A5 A b OFBBHEANOBE LR ETTHEDOK & S HAN]
REFMTHbZ Ehbrol:

T2, SN TBEATILL, v TR IL L, T
25 4 O CaO DFATIREE & # ARG & O E R
FREMRE L. 20HR, ZhoBbegkd CaO 540
FE—HAREIC LD S iR VBET 545, CaO
DATREESC PRI DICET D, BES NI
MEDHFHESLETH D,

EHERLy POBEEOKIZL O TH L LIZEY
THDOTEHIDBEIIAT HREAPLETHS.
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