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Transport Rate of Gaseous Phosphorus into Solid Iron
under Reducing Atmosphere
Minoru SASABE, Yoshinari Kiyosawa, Michio OTSUKA,
Katsuhiko TANAKA and Mitsuru TATE
Synopsis :

Transport rate of gaseous phosphorus into solid iron under a reducing atmosphere was observed by a
weighing method, to obtain fundamental data to discuss transport mechanism of phosphorus into reduced

iron in a blast furnace.

A kind of killed and rolled steel sheet and non worked electrolytic iron sheet were used. Partial pres-
sures of phosphorus vapor were controlled by using equilibrium relation between Caz(PQ,),, SiO,, C,
CaSi0; and CO. Phosphorus partial pressure and temperature were every one order between 4X 10~ ® and
4X 1072 atm, and every 50°C between 900 and 1 050°C, respectively.

Experimental results are as follows :
1. The transport rate obeyed a parabolic rate law.

2. Relations between the rate constant of the parabolic rate law, k, phosphorus partial pressure, Pp,, and

temperature, T, are as follows :
In the case of killed steel,

log k=0.14log Pp,+5.68—15.6X10%/ T
In the case of electrolytic iron,

log k= 0.14 log Pp,+4.:94—15.6X 103/ T

3. Reaction product on the surface of the solid iron was Fe,P.
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Table 1. Chemical composition of killed steel sheet (mass% ).
. . . L T———
C Si Mn P S Cu Ni Cr Mo Ti Y Nb
0.003 0.016 0.180 0.008 0.005 0.012 0.027 0.012 0.006 0.061 0.004 0.004
Table 2. Chemical composition of electrolytic iron (mass ppm).
C P S S Mn Cu As B N O H A B Cd C C N Pb S s g
16 1 6 <10 1 3 3 1 9 26 1 1 <1 2 1 1 1 1 3 4
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L. Mass flow controller 2. Silica gel 3. Soda lime. 4 ‘

Magnesium perchlorate 5. Gas mixing tube with glass:

beads 6. Deoxidized furnace with metallic magnesium 7.

Apparatus for liberating phosphorus vapor made of siljca

8. Reaction tube made of silica 9. Glass tube with heater

10. Stopcock with three ways 11. Exhaust tube A. Phos-
N phorus source B. Specimen

Fig. 1. Schematic diagram of gas flow in
the experimental apparatus.
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Table 3. Relation between furnace temperature
and phosphorus partial pressure.

emperature (°C)| 1127 1152 1177 1202, 1227,
ressure (atm) 4X107% 4X107% 4Xx107* 4X10 4%X10

— & — condensation g

~., — * — weight loss

e 101
©
o
2

U -
E10}
0
v
a
o

------- theoretical relation
16

177 1202 1227
Temp. of appatus (°C)

Fig. 2. Relation between temperature of the
apparatus for liberating phosphorus vapor and par-
tial pressure of phosphorus estimated on the basis
of the condensation amount as well as weight loss.
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Fig. 4. Relation between weight gain of the
sample and reaction time in the case of
electrolytic iron under 4 X107~ 2 atm of phosphorus
partial pressure and at 1 050°C.
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the sample and reaction time as function of
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Table 7. Dependency of rate constants on phos-
phorus vapor pressure.

Killed and rolled steel “log kp=0.14 log Pp,+5.68
Electrolytic iron log kp=0.14 log Pp,+4.94
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Fig. 10. An example of distribution of phosphorus
concentration in the specimen by EPMA analysis.
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Temperatare : 950°C  Pp, : 4X 1073 atm Reaction time : 20 min

Photo. 1. Cross sectional view of an interface
between product and iron phases observed by SEM,
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