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On the Refining Condition of Extremely Low Carbon and
Nitrogen Stainless Steel in VOD Process

Hiroyuki KATAYAMA, Hiroyuki KAJIOKA, Makoto InaTOMI,

Fusao TANAKA, and Hideto Hosopa

Synopsis:
VOD process has been improved for the production of super ferritic stainless steel which is characteristic

in ultra low carbon and nitrogen contents.

(1) According to the data of 60t VOD, the obtained carbon content is influenced not only by well known
factors, Cr% and temperature of molten steel, but also by the bubbling condition and oxygen blowing
pattern. .

(2) It is observed in an experiment in 10 kg VIF that decarburization in low carbon range proceeds
mainly by a reaction between oxide which is formed by oxygen blowing and carbon in molten steel. If
agglomeration of oxide is prevented by an appropriate bubbling and oxygen blowing pattern, the course
of decarburization is expressed as a first-order reaction until ultra low carbon range.

(3) The obtained nitrogen content is affected by air leakage into the vacuum vessel and the rate of de-
carburization. When air leakage is much, nitrogen content increases in low carbon range.

(4) For the production of ultra low carbon and nitrogen stainless steel, it is necessary to pay attention
to the pattern of molten steel temperature, bubbling condition, and prevention of air leakage..
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Fig. 2. Change of composition of exhaust gas and
pressure during oxygen blowing in VOD.,
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Fig. 3. Apparatus for experiment with 10 kg VIF.
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Fig. 5. Relationship between carbon content and
temperature after oxygen blowing.

Cr %
20~ 23
17
15

fol®@|o

//i\\\
778\

LN
NN

N) (ppm)

End of Before After After Before End of
LD con- oxygen oxygen vacuum alloying vCD
verter blowing blowing degassing

in VOD in VOD
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Fig. 10. Example of carbon behavior during
oxygen blowing (259,Cr steel).
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Fig. 14. Behavior of carbon and nitrogen during
oxygen blowing under reduced pressure
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T35 ZREREGEESBXOSE, &5V ITERRA
ERNT Y U SREBIh TV EVWEREE IS, b
WAERIRIE T B &, WREHEI NI, BMcES
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ZENIEL L, 2RI ShBF Rk >2ThIxh
THREMEL LB B ET XY, B LR BT m
FEERNCIEL /5. Fie, HIRBILIABRRRE X4
D, BENDEBEEZIIRTFEIELEERHL LEL
bhs. —F, BERMESANNTY VX RiBBRIRTY
HEHETIE, BMEIBLWOBEMESNET & b,
BRILHDDS 7 « v 2R B WIS EUREECIAM & S+ 5
TeDEITLRES R E L, EYRREESET CIlREBLmD
BRARIEBIBZ DIt v, LasoT, BERERT
TRWERREESHERINS.

R G@ERS GRTRERBMIND 21X, Fioof
EEREVE AR O RED BENBIRT 5 2 & % fbw
%. LA L, 10 kg VIF TR S 7R RS D &AL
I F - H3 39kcal/ mol THoT, WBekhoREIREL
DIEMEIL T 3 v ¥ — & §9 12kcal/ mol™® ¥ % L k%
TELOPBEEME LTES. EHLWIC XL, BFOD
FEBRFCOER CIIRETI LIS ST S
BVDT, BoN5ApTOFEEILT A VE - 1TEED
EX k&L /B (1.5~1.8 f£). —F, 2o ADHFLE
BIRBOIEDOE LT A V¥ — i B XiF T B8 >»
THTRHETH 525, BRITHOWTIE 20% & o affitho
ZHE gD BEOH 1/2 LitoTwaE®, shbd
ZrEEDHLE, SEB LN 39%kcal/ mol b v5 L
U oEMAb= v ¥ — {2 50k, BiRRGOEEERE Y
BICEMPOREBEOIEE LT LA V. BERESE
BRBIEWOREPKEREEEZRSIITT LV 5 EREE
R 5 SEREWORIMBE S U@ R R 2 E 2 5%
ThH55. KA C :0.1~0.005% D#HiFHZ 5
LTk, HRREE L TBRMHE & REWRBD 200
B L v s WREMR D 5. Bt ERT28ETC
DR T, £k T 2B LHORITSEEEEOBITIC
REBHEEZRBLETZEXHSNTVWB., B{tmo

ERRTIREDRZE % 53 5DT, ARBROBEAITIT
RIGHEEC R X ETREORE B —FE0EaL 0 3
REL DO, ZPTFOFEREL VYL LTk
BEBEOLNI-DOTHSS.

4-2 VOD % TORRE, HERR

60t VOD TcoffRic LhiE, BE%EEIZ 1 Torr LIF
ECTETT0, BN KSE»SELNS LpT
D Peo 13#9 10Torr TH 5. ZHIFEENERD LA
RHEPTD Poo THOT, Rz b2 EEL ThH
BHBTFD Poo BELITIEL TE BT THS. EE,
10 kg VIF COERBRTIXEZEEH 10~50Torr Th % i
b 5T, HTD Peo i 2~4 Torr (TiF5< &
EBREN (Fig. 12). BRERISEIRO X 5icEd
LT RHE  THZBH5DT, FHEY ik 60t
VOD THEEARD Poo IKHHEHT HHE T iR e ED
DLEBTEDEEZLNS.

KICERTH DD, FARBLEEESSHEICL ST
Bonic BEMNEY Py &, FEEEEHLRDL
NicHpT D Py, (Fig. 8) Loty Table 2 o3
1. GEEROEREAT LV RETIE, EESX [C]: -
19 0.1% oRfofEcikEsNS (Fig. 14) 322,
ST D Py 13 BZEFENFE Pra @ 1/3~1/7 25 5.
ZHUIEMP» SFHET D CO F R X b BEmIED
FEHKPOEESPR VBRI T VB L ZT LT
B. —05, MRKRMTEL2TO Py 12 2 Torr
LELIEDTVER, ZOfE HEEThE C:0.05%
HIBROR ARG T 5. [C1<0.1% CTIIRESHEE, [
PR DART IS G U TS SEREEE D No% #5 81,
HERZ X 2T Py b ERLT, FEHIC KRENS
ZHFMEBE2BNDG. BEAFE (KEET) TORER
R d [C]:0.2~0.1% DiEM TEEITFLET 5
TEPMESNTWEY. FRMERFERIC B & R

Table 2. Comparison of average Py, in the conventional vacuum vessel and apparent Py,
obtained from nitrogen content in molten steel.

P O. rate at the | Guessed volume | Air leakage Average Apparent
Steel grade (Torr) last stage of exhaust gas (Nm3/ h) Py, TNZ
(Nm3/h ) (Nm3/ h) (Fig. 9) (Torr) (Torr)
(Fig. 8)
Conventional 10
low carbon (C~0.1%) 1 300 1 500~ 2 000 1.6~2.1 0.3~0.8
stainless steel s
10 100Nm?/ h
Ultra (C~0.05%) 1.6~2.0
low carbon —_ 400~-500 300~400 1.2~2.5
stainless steel 1
(C<0.019%) 0.16~0.2
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VOD #ir BT 5 BERSE, BEEAT VY VAMOBERELCO>VWT 2085

DETPHEATRERO LRI X D, ERIGEEMCE
HEOZTLICBIETE kY, LRtk 57%d D C%
TGS BHPT O EEPEOhiLEZLND.

BREZMEEL DI, FTFE~hREBERTOR
BRSEFSCETSETC: §90.1% TOEFRZEL
FTHCEBUETHS. ZZEH 300~50 ppm DFIFHT
DRBFERD o v b2 51T, BERIGH—RERISH &
ZREEER D WT I HE 5 IIEIE T & e 07101,
WTFhORERIEHES P E 2T, ISTBEVEZLE
5D UERE (TbbLERRIE) TRLD,
+onBREE L RE, Pr WG LEETERET
THoEnTEB. ok, C<0.1% LR\ THE, v—
NEEOTILER, BELREEE -V ORMASIV Ar
REDHERAT ZOF AR EWC 2T Prne O LF% HPH
T5ZERREFEDOTDITIILETHS.

4-3 WERRE, EEXXA7FY VABOBULE

VOD ETHRERE, KERATVVRAHEZERTS
TeDDEREELDELERDI SIS,

BRRREL D7 DiThE, PLRET RO ERIRE % K
BLTHZLEDBEE LW, LT0BE, RIEBECHERYLE
BT 5 2 L AR O S SHEIFIBS D, Eix,
EDX S HNFRTMEOIEARECTEST 2 ,2MET
H5. Ei, BROTTY L IREE FoBERMA
D) MR ENEELVY, ZhEAT T vy 20
PREVHHBE LS. MERRRYEAEELE &RY
THRT 51X, BERSTECT, N7 Y IEE,
BHDIBEE S & — 2, RER/Z — > (REEELEZER AT A
OREES d &) L EOMBEFEFERBRLTHIL
BB TdH -

Vacuum lid

Alr't-ight

chamber

Gasket

Vacuum —

vessel

Fig. 16. Mechanism of double seal and
argon filling.

vOD -
£ %} AT
E _
a 50
© (m
1]
100 7
vob _A-7
- EB
~ "(/
€ e
g -~
N
2z
50
ol
18 20 22 24 26
Cr (%)

Fig. 17. Comparison of carbon and nitrogen
content obtained by improved VOD
and EB.

HEERLD-DIiE, BEEELNVAELLBIE
Y, FHG Pn: KL TEBHZ L (CO FEBRDE
BECh) BPUETHB.

— ) =0 BEEDELTEHERDO—ERE LT, #
Avnyxo e Fig. 16 CRiTXH50FEY — Vg
EE L, pobfloaBEic Ar s L C L RED L
OB EEREB LY., 27— ) — 2@ Fig. 91
RY X O, BEE @%A®1ﬂ~v5:ﬁ¢bt.it,
Fig.-8 wR§ & 5, WERFMTHE B RS § 7 A D
% L~ REE LT bR

VOD iz I oTHiaIhiz 27 v 2 ks GEA
BoOSHRWNIBMES) o 1 F% Fig. 17 TRd. 514,
R AP ERTNE, bk [Cl, [N] 2K FT&3%
WREMMRH Y, EBREELRVIONBERTED XS
Chdies5.

T VOD gic kb il h/i e mMEZ =54 b
FR2 7 LR (B : 199% Cr-295 Mo, [C]+4TN] <200
ppm) BEG{LENTI D, EBEROF—RFF4 bFRR
FULVARCELMEREZETLZ &b, (EABREM
Bl ECIFFEB TV 5.

5. F & B

VOD iR, REHEZ S b fiEd ik
n, HRRE, BEZNRERINGEMHEY =74 MF
25 L AOBRY WK TH L% B, 60t
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VOD % XU 10 kg VIF ZHWTEEB T/ D7,
(1) TERFEE Cre BREWVIRE, BRIEEES
WIEEEL 0, FRGHEONT Y o rRENE (FRcE

BRI AMNED) 36 X UTRBI O WREEEE 58 X 7L BT dH

5 EBBERFNO-DEIIEETDHS.

(i) MEKEBRCORBRGRBE—REIGRTH Hb
5. WREBEOLRIT, & LTworzA%k L

WMEBHRPRBLORGR EDTEFTTS. XTyo o
RBLHE & W IERERRE V2B R 5 BB L D BRIR (L& B 1R
L, B8 EOEMIRIER BIFCT 52 & X D RRES

w{EHET 5.
(ili) =7~V — 28BSV ERERESNELLS

ER~NEERE TV AR T LW AREEE»E LR
T5. WEREOREZR{LOIDITIE, CO 4 ITKEF
L WEFSUK P (ERIRPLETH B
(iv) VOD pTNT Y o &, BRiRE <4 — 2,
WRER /&2 — Ly FRERSRIE DS Pl £ OHLEE 2@ IEIT ¥
i, EBEERMICE LB VEMER T v LV AR EE
FB TS CTE 5N D 5.
X [:73
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