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Production of Super-low Phosphorus Stainless Steel by Cold Crucible Levitation Melting

Satoshi IWASAKI, Kazuyuki SAKURAYA and Akira FUKUZAWA

Synopsis

: For the purpose of creating super-low phosphorus stainless steel with high corrosion resistance, dephosphorization behavior of SUS316L

stainless steel was experimentally studied by using Ca—CaF, flux in a cold crucible levitation melting process.

Dephosphorization, which proceeded immediately after flux addition, was more effective in lower temperature and depended upon the

amount of Ca in Ca—CaF, flux. And also rephosphorization phenomena were observed when the Ca concentration in molten metal decreased

by vaporization of Ca in both molten metal and flux.

In this reductional dephosphorization process, the relation between P and Ca concentrations in molten stainless steel just after dephospho-

rizing treatment by Ca—CaF, flux addition, is described as following equation,

[%P[%Cal=6.6x107"".

The mechanism of dephosphorization and rephosphorization were discussed based on the analyzed P and Ca contents in molten metals.

As a result, by the present dephosphorization process for a commercial stainless steel with 0.025% P, the super-low phosphorus stainless

steel with phosphorus concentration below 0.0002% P was attained.
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@ High frequency power supply @ Charging device
@ High frequency power supply @ Ar gas inlet

® Upper coil @ Cold crucible
@ Lower coil

® Diffusion pump

® Mechanical booster pump
@ Rotary pump

Two-color thermometer

@ Cooling water

@ Moiten flux

@ Levitated molten metal
® Ca-CaFa flux

® Sampling device

Fig. 1. Schematic drawing of the cold crucible levitation
melting apparatus.
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Ca—CaF, addition [g]

Fig. 2. Influence of Ca—CaF, flux
addition on metallic ele-
ments of SUS316L stain-
less steel.

Ca-CaF, addition [ g ]

Fig. 3. Effect of Ca—CaF, flux addi-
tion on non-metallic elements
of SUS316L stainless steel.
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Fig. 4. Influence of temperatures of

molten metal on dephospho-
rization (70mol%Ca—CaF,).

0.030

T T T T
Ca concentration
0.025 o 50mo | % -
o A T0mol%
O  90mol%
0.020 —
X 0015 | -
2 [xo]
E
- A
o 0.010 | —
0.005 |- & %\O -
0.000 L 1 1 1

4] 5 10 15 20 25

Amount of Ca [ g ]
Fig. 7. Relation between P concen-
tration and amount of Ca in

Ca—CaF, flux added in the
case of various Ca concen-

0.030 T T ) T 0.030 T T T
—o— CaF, Og Precharged CaF,
—& - Ca-CaF, 30g —=— 60g
0.025 - 0.025 & - & - 60g -
o 0—o—o0—°° N —o-- g
1
0.020 P - 0.020 g
\ \ \\4/.9,
— — ~o Cs
= ‘\ 2 % O~
@ 0.015 | 1 A “ 0015 N -
s \ ’, < v O
£ ., o o
— A 4 N P
O A/ s \\ (‘y
= oot0 | ! . - ago0}l o e -
’ P, \
| v N,
LA N
%
0005 | 1 * - 0.005 |- 7
A’A +
0.000 1 ! 1 1 0.000 1 . 1
10 20 30 0 5 10 15 20
before .
flux Time [min] Ca addition [g]
addition

Fig. 5. P concentration change by
Ca—CaF, flux addition

Fig. 6. Comparison of dephospho-
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COFBETIE, BV T I 92 24 BMUKD > 785
THEfLXH, (FELEBRY YR G R—275 o »
A%BREL 72 CalRE D E VIR & BT RIBAM L . 20
CalfEEAC A RN, IFHEREIZNR—-2T7 5 5 2 2%
R L2E 2OME%E Fig. 12127F, 20 20L&
BB 2kg, X=X 7 5 o & Z 75¢, KIRIBIE 1600°C T &
. 0.0002% & THAKPURES ICHLFE L 72 & O % I248A# L
BRRRELZ 10minFEE RIS 5 2 7210 ¢, CasBET B2
ENTE -,

PED XS B A7 5 7388121, BIEPILDOAL S
T, BIKS, BIKO, MENDOHEESZF L L 2@AES
NEEEMHDH 5,

4. 5

BKP 27 v L ZAWMOEHAHEL, 23— P2 -3
TOAFHERRIZE D, AL 7 CaCaF, 7 5 v 7 Z & Flus
TSUS3I6L 27 ¥ L 2D/ ) v EER AT - =458 LI
TOZ Eenbh 57,

(1) WY YHCaCaF, 75 v o 25V ELTEY,
SUS316L A 7 » L Z D FERLST D Cr, Ni, Mo, Si, Mn 1321t
Ly,

(2) CaF, ZhBEFKIZEB Y VEEMS LW, EBCar
FORMED EME LA L7275 92 212F 3T 212k
D, B Y EWRNZITS 2N T B,

(3) ®HREIMLNTGH, DEDCaCaF, 75 v 2
IZEBH) Vi3 ENTH 3,

(4) B BIERICELSEIT L, BY VTS 5 2 2
ETRMUZERICKRE LB v RA TS, BRI
-TEY VEHRE AR,
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(5) 77 v ZMKDEICLBHEIFETIEE L,
BV v BISHRMU 7= CaBIZIRET 3,

(6) BEBHWOBY ¥ RIE 13 3Ca+2P — (Ca,P,) THAT
L, ZOLEDP L CaDIBEMERE LT,

[%P]*[%CaF=6.6x10"1!
nEoh’=,

(7) B >R EDEIZITS HEORATHED
SUS316L 2 7 ¥ L 2§+ D P RE 0.025% % 0.0002% £ T{&
W52 EenTE, BEPZRT UL 2HOEBAAIRE &
T,
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