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Desulphurization of Ferritic Stainless Steel by Hydrogen-Argon
Plasma Jet Using Calcium Bearing Fluxes

Kyojiro KANEKO, Nobuo SanNO, and Yukio MATSusmiTA

Synopsis:

Desulphurization of molten ferritic stainless steel (25%Cr-Fe alloy) was studied by using plasma jet
of hydrogen-argon gas mixture to which powders of various calcium bearing fluxes were supplied.
The fluxes used were (6~17)wt24,CaC,-CaF,, 20wt2,CaO-CaF, and 12wt9;CaC,-(18~35)wt9%,CaO-
CaF,, the diameters of powder particles were smaller than 149ym, and the powder feeding rates were
0.1 to 0.9 g/ min. The results were summarized as follows: 1) the desulphurization efficiency of
CaC, in CaC,-CaF, was 30~409%, and the minimum sulphur concentrations attained were as low as
0.00072;, by CaQ-CaF, and 0.00139, by CaC,-CaF,, 2) hydrogen in the plasma, which reacted with
CaC, to form hydro-carbon gases, effectively enhanced desulphurization, preventing the carburization
from CaC,, but retarded the desulphurization above py,=0.5 atm by forming gaseous calcium, 3) the
present results together with those in the previous work indicated the possibility of the refining of
ferritic stainless steel with very low levels of carbon, nitrogen and sulphur by hydrogenargon plasma

jet using CaC,-CaF, or CaO-CaF, flux.
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Fig. 2. Desulphurization of iron by hydrogen-
argon plasma jet with different sulphur
concentrations.
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Fig. 3. Desulphurization of 259,Cr-Fe alloy by
hydrogen-argon plasma jet using 12wt
CaC,-Ca¥F, powder with different hydro-
gen partial pressures.
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Fig. 4. Comparison of desulphurizations of 259
Cr~Fe alloy by 12wt%CaC,-CaF, pow-
ders blown through plasma jet and blown
externally,
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Fig. 6. Desulphurization of 259;,Cr-Fe alloy by
hydrogen-argon plasma jet using 20wto;,
CaO-CaF, powder with different hydro-
gen partial pressures.
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Fig. 7. Desulphurization of 259,Cr-Fe alloy by
hydrogen-argon plasma jet using 18wt%;,
Ca0-12wt9,CaC,-CaF, and 35wt9,CaO-
12wt9,CaC, powders.
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Table 1. Sulphur contents in Ca bearing flux and Fe-2524Cr alloy, and their
distribution ratios,
i
: S tni S) tin ;
Ga bearing flux C piper (S0 T (S) tinat/ S sioar
o N o o . _
1 CaF,-12wt9,CaC,* 0.067% 1.589, | 0.0022% 718
2 CaF;-12wt9,CaC,** 0.067 . 1.00 : 0.0013 769
3 CaF,-6wtg,CaCy* * 0.013 ] 2.00 0.0013 1 538
4 CaF,~18wt9,CaO !
—212wt%Cacz* | 0.067 : 2.59 ‘ 0.0021 : 1233
5 CaF,;-20wte,CaO* i 0.006 0.48 ‘ 685

i

0.0007

* Supplied with plasma jet i
PF P J

T, No. | oisllfiiz (12)' sUfCA T 5 &, Kup=0.2
TH Y, FEHHAEV-BIEX D LIX Do /hX . s i)
HOEEY Geac,=0.0257 ((CaCy) —0.25%), acus=
0.1219) ((CaS) —3.55%), @s=0.00086', i XUt ac=
0.0065'9) % JH v . FRFNDHITEE R T 23 LU
A ZNDSHHETHS. L LighsTable 154
KW, iftd (8)/S OEIIMDEILMFER 5 e <
LRTHBEKREL, K75 v 2 RBFHEBEFKHICH
LT LEERLTVS.
44 FREBEOERE

Wl Lok 51, #AjaAS 201/ min(Fig) o0 735
X2 - U=y POETHCE, £ 8mm, X 10mm
BEOMEKD K EAPBEL, IELMEORRGIIRL
IR L7z 20U« v bOBMEINTIETIDIRE % -
T DIEEBRADTY, ooy MCXOTHIERCIHE
ENFCT Ty VAR Y =y NETFTHTCIRBMCEEZE
T, BRET 5 v 7 2DEMIIIEFCBIFICR S &%

AbhD. ZDITF 9 I REELAHADRIITFT v 2 2
BT IXT ey FRLYAALRESE X+ T

C AR X D THI LBEICRE D T ODEW
(Fig. )it K <ENTWv5. 7, BREE RO
PV ERWVIRE S TSIRECEKFE LRV &, Y=y
R OKEIGETH T FovF —12 X BRSO I
EIERRIC LEVWIEE S THBZ L ERLTCWS.
X 5B EhnsiEd, {C¥RESEIRCHE
WeEEZLNB T LD, FAADOEKINEOUE LTS
o EREEZBHEIZ TS, Zodic, ¥, KESIED
2z X HEEE%E) (Fig. 33X U6)5% R5E, CaCy
CalF; XX CaO-CaF; 0 2 5p#a L 4y, Py,=0.1
F X 0.25atm Tk Ar DL DA X Y bIEFEE AKX
EL{EDOTwS. LirL, 0.1 k 0.25atm Dz s
TARELENAR Y. X5 Py,=0.5atm DF{fi%E
Baiiicolc 25, CaC; oFjfH=RIT 25% WETFL
fo. TDXSIIKEGEDOEKIZLE DR SFRROET
s 77 v 0 RAPMACETET 5 E TOMB LRI L

1
vies

Supplied scparately from plasma jet

T S EMIGT 5 Colli, WkLiX S5,
FRAFNC 7 T v 2 2D H 2 bl URRBE L 72D, H 5
& CaC; 35 X UF CaO ARk# & FIE L TR X s S5 L
v Ca AP TH L XD b DrEx bR
. T LA Ak Ca lT—E0ik # 200 L EARR LTI
BRICH 5T D0, TOEEPRS X & LTi@id 3 a4
bbb, ToRED Ca OFHBIRETTS. 20X
I, KESEOENI S X 20— (k&
BIEREAKRTDE T I X {f T 57D BEA NS
WhLahidis olow) LBYZERS LT, 735
XN DOBE~OEBEIE K E SR L THkeE L <
KRR, Fh, Ca KADORLELFELLTBEEZD
n5.

$ 70, IKFEG D —E THRUHEE D B A 5 4 (Fig.
5) 1iE, 6wt%CaCy-CaF, CRBLHLEE IIPHETIC
HILTWB2, 17wty i CaC, W& % ¥hn L
B DR BT B BHLEE S SNt ot
Fighb, ZOKEFETE, H5—%ED CaC, nHlE
Dikicie®d &, fik L Ca o H2{bhtz n, Ca 3
BHTHIEERELTVWS. D EOmSrbiZETS
&y B B0 F AE LT Wi wWER S B T o B
BEELTWE EE L LN 5.

%/, CaO X MBI, He (£7132H)+ S
+Ca0=CaS+H,0 ##E+hiE, YHREIZMIC
CaC WX BHE LV LMILIc < <, HWE, BirkEE
PHARIEALR Lz X 9, IEHIE V. 227 L, A
L7z CaO0 11 CaCyiz & HRTHIMIFEE S AT 5 5
TR o, REEEA U BT, BdEESA R
CaC, T L2 D XY SBEFED DI

Ca0-CaC,-CaF, 7 5 v # 204 (Fig. 7) 1213,
35wt%Ca0 D H DIk 18wt9%CaO X b % BiFm e v/
Tk, ThI75y 22 OEEO LS (1360
1530°C (GEE(E) )Mz &2 b SHEoMKIc X 588
tEZLND.



Ca (bEDPREHBLE Hy-Ar 75 X< -

Y2 MZX3B

7234 RAFV VA (25%Cr) otk 1251

5. & B

Ca (b&M7 7 v 7 2DKKRE He-Ar {78 H Ak
AL, ZOFRFEFITIZX< - 2o MZLT 25%
Cr-Fe DA TRVWOED X S hfERa .

1) CaCy-CaF, 75 v Zick T 30~40% OB
ks FIREAS R SN, REHEHREE 0.00079% (CaO-
CaF, ) B XU 0.00139, (CaC,-CaF, %) 1038 L7 -.
F7z, KFER CaG, W X MR A< E B H D7

2) /kFEZ CaC; 5132 CaO DRED 5V IIHEE
ERUS UCRBEA R 2 {2 545, Pu,=0.5 atm 27
HLHAKD Ca R UCREE T 7.

3) MBI LD CFIX7 - oy MEERSIUOY -
v MOBKROIRE FAZHEEL 72 &2 5, 10000~
11 000K 35 X O IR DB LR BEFLE DR A3 Y & HEZR
Shiz. Fi, Ptk BY 2y FOEBHT AL
F—OWKEF AORE LRI & b7 S EBEEIRC LS
Lo LFE BN, WINOWEABEI A5 R L 7.

4) WHROME L b, KE-7ALTL P53 <
L CaF,-CaC, F7-13-Ca0 75 o 7 2% 94 B2 &
XY, MKE®E, B2F WHO7 =54 bFR2xF71
AMDOIERMRWRETH S T L& T LI

¥, BT IhE, KERE (P<
0.029) 1z T 3CaC;+2P =CayPy+6C DS X
DTHBLHETT D 2 ERBDH LN FBikic, KWL
DFEITIT D7D & DIC BRI U7 BT A T4k nik
AHEBECESOBTEELET.
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