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Effect of Phosphorus Vapor on the Reduction of Iron Oxide Pellet

Synopsis :

Kensuke SassA and Takao CHOH

The effect of phosphorus vapor on the reduction process of iron oxide with CO-N, or CO-CO, gas

mixtures was measured by thermobalance.

increasing partial pressure of phosphorus vapor in reducing gas.

It was found that the rate of reduction increased with

However, the apparent reduction rate

decreased above a partial pressure of phosphorus vapor of 10-3 atm. Then, by using the wustite pellet

exposed in P-N, atmosphere before reduction, the reduction rate was measured at 900°C.

The

reduction rate was observed to be accelerated by absorbed phosphorus.
On the other hand, it was found from the microstructural observation of reduced pellet that the size

of pores and the number of large open pores in th
vapor to reducing gas or exposing the pellet in P-N, gas.

e reduced pellet increased with adding the phosphorus

Accordingly, it was considered that the

resistance for mass transfer in the gas phase through the pores in the reduced iron layer decreased with
the addition of phosphorus vapor, resulting in the increase in the reduction rate of iron oxide pellet.
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Experimental apparatus.
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Fig. 2. Effect of partial pressure of phosphorus
on the reduction of hematite pellet with CO-N,
gas at 900°C.
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(1.58% 10-3atm) at 900°C.

a : Reduced pellet with
b : Unreduced hematite pellet.

Photo. 1. Pellets.
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Fig. 3. Effect of temperature on the reduction
of hematite pellet with GO-N, gas and CO-N,-
P gas.
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Fig. 4. Effect of partial pressure of phosphorus
on the reduction of wustite pellet with CO-CO,
gas at 900°C.
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Fig. 5. Effect of temperature on the reduction of
wustite pellet with CO-CO, gas and CO-CO,-P
gas.
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Fig. 6. Effect of phosphorus vapor on the redu-
ction from hematite to magnetite with CO-CO,
gas at 900°C.
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reduction steps from hematite to iron at 900°C.
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Fig. 8. Effect of exposing time in N,-P(3.45X
10-4atm) on the reduction of wustite pellet with
CO-CO, gas at 900°C.
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uring H»W

a : Reductions from hematite to iron and from wustite to
iron with CO-CO; and CO-CO;-P gases at 900°C. b :
Reduction from wustite that was exposed for various periods
of time in N,-P gas to iron with CO-CO; gas at 900°C.

Photo. 2. Fracture surface of reduced pellet.
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a : Iron reduced from hematite with CO-N,-P gas at 900°C.
: Magnetite reduced from hematite with CO-CO;-P gas at 900°C.
Photo. 3. EPMA image of a phosphorus in a

reduced pellet.
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V¥, —flE LT Fig. 8 iR LARERRL (2)R
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H ABBIEERIRE Do 7%, YR X » RIGHEEER ke %
KdDBZENTES, ZZTEITCHIEBILY A2 4
FRLy FORTICETLBEENDOR D 2 De &
ke ZIEL T Table 1 1323, A OEIIIZIE R—
TH BN De OffIXFE CIRE CTHE L 5HE, B S
FEofRIcE L kELks, £k, BHEICILI
Nievy, bD Dy DELREVZ EDRPHLNLTHS.
fods, BESED 1.08x 1073 atm DS ITII R IGEE =
FADBRABRARETH DLk,

Wiz Table 1 iRl WEO FHET 4 B &
O D, OPIERERSY Fig. 12 TRT I35 7 9=
AT wy b T5HE Do DERAL=F A F - ITBERRER
MDOBEWTIE 47.26 kecal/mol L /5 b FRAD L 22 BIZR0
R/ &y 36.32kcal/mol 233 R B, —7, kO
TIBEKBMOEER AL TEEE= x L F —iX

3r - 2f
Fig. 11. Graphical analyses of the reduction rate
of reduction curves shown in Fig. 8.

Table 1. Results of graphical analyses of the
reduction curves shown in Fig. 4, 5 and 8.

Pp(atm)  Temp. C ff‘"i;’:;‘y (%)  DeCem¥s)  kr(cm/s)
1000 10. 87 0.102 1.41
0 950 11. 95 0. 054 1.62
900 11 42 0.021 1.25
850 12. 35 0.010 1,21
1 000 10. 83 0.107 1. 45
. —4 450 11. 92 0. 063 1. 58
3.45x10 900 11.22 0.033 1.35
850 12,23 0.016 121
3. 45% 104 900 13. 48 0.038 1.99
4.48% 10 900 13. 46 0. 068 2.05
1.08x 1073 900 13. 44 — —
we 5 900 12.01 0.025 1.99
£E 10 900 11,35 0. 024 1. 99
$ 20 900 11, 62 0.017 1,99
x 8
M=

8.13 kcal/mol & 7cvD7z.
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TRIGH ADIFEBEBNE BT Isolicd EBbivs.

—%, KILEBKE  Ie2ot h HOH AR S HED S
BT T, 7078, KHALAFLLA 58 %> PiEPENB-
ROCK B9 BIUCHEIIBW X7 vh )V EBH BTV
H ) FHESBOBMHEEM LIy A2 14 P ORTRIT
X, vARA NRANRENSEETS & XETBERER
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an 12. Effect of temperature on the k. and D,
given by the reduction of wustite pellet with CO-
CO, and CO-CO,-P gas.
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BT 28FHN T — 203 L EERELYRD S & &k
WEETHD. b ThRBIIFNT — 2% b L CAKRSE

e T, Bz IEPAEMN 3.45x10-3atm D L & &
hEFgT 5 P, pEXRDHE 1.23x10-7atm L 7¢
5. ZOERPHECEFEFH B OTERTES L
Exbhb, b, ARBRTHETIL(1)R0 LI
I0BETEIRNDENLL PEAKTH SO THAHRCEK
WIS EE LT PEEX B LI

FTE—RCBHPOBBEY S LCHELTARS. T
bbb (3)ROKIBC X b BHEAEI BT LBSGF OB
REEFO PHFECEE LCBEC L OT\W 5 & &
7.

Py — P 4G°=—95.3+1.55x10-2T [kcal/mol]

- (3)

(3)RmR Lic 4G° DfERIIA LOHEDC LS S D
THDHN, WE, BERSE 4%C, 0.8%Si, 0.59%Mn,
0.03%S % L8 0.3~0.1%P & LizB&d 1600°C i
WU B PRBIASER (1) RDOBIR 2> H 6.93x 1070~
2.25x10-%atm L7c%h. T OERAEBREMH THAS
LIFETENMETH B.

log Kp= log(-‘j—rli[i;zﬁ—m—>= log fp+ log[wt2,P]
P
— log Pp=7.73

log fp=eE[Wt%P] +eS[Wt%C] +e¢g ! [wt%Si]
+e¥n [Wt2%Mn] + 6§ [Wt9%S] «vevereereereennns (4)

WICTHIF £ A OB BT 2 Bk Vv CHERE %
HK& b, ThbbEROT I ITE X A o BEEE T
0.068%, @X A repTiL 0.080% THBHH, EEH
DI DETH D FHE 0.074% % X & s> s -
5. —F, EFE AR% 1550Nms/t, £A &% 15
kg/t & LCEHE T 5 & B FEX 5.65x10-%atm L /¢
5. TR U THARERSGM LA Edis b K\
Th5b. CHETRNTHEE—THBEV5E&HBTCOE
Th v EAYFOBELEYORITC X Y EOFCILE
PENEEZRTEZADELZLRID X 5 eI CORIGIX
AEBRERPITTLIORELEEDARELS LD LR,
Lo L7eds b2 RIVERILHIGIC I X IE3REH#
EEFHNOBMESTEORBIZLALENRNTES LA
bhs, Lal, —7F, FRCBT 580%EEhcounT
BB BIER y & o R D £ &2 VR OR S
BHLTWBEWHIHEDINLHRT, FAROEIRIL~
Ve FOBWIERBETLHAEENRYKILGL TS EEL
bhb.

6. & B
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