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Production Technology of High Purity Steel for High Class Line
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Pipes and Cold Sheets
Synopsis :

Following purification technology for line pipes or cold sheets has been developed and put to practical

use in some works of Nippon Steel Corporation.

(1)Synthetic refining system of hot metal pretreatment, top and bottom blowing converter and
multi-functional secondary refining, namely ladle injection under reduced pressure (V-KIP), flux injection
during RH treatment (RH-Injection, RH-PB) are successfully in operation. Consequently final product of
[P] <50 ppm, [S] < 10 ppm and [H] < 1.5 ppm can be stably produced.

(2)Ar injection into RH vacuum vessel or DH snorkel and vacuum vessel drastically improved

decarburization rate of ultra low carbon level.

Technology of nitrogen removal during top and bottom blowing in converter and protection of molten steel
from nitrogen adsorption between the end point of converter and casting have been operated. Consequently
final product of [C] %= 10 ppm, [N] = 10 ppm can be produced.

Key words : high purity steel; line pipe; cold sheet; dephosphorization; desulfurization ; deoxidation ;
decarburization ; nitrogen removal; hot metal pretreatment; top and bottom blowing converter; secondary

refining ; RH; DH.
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Table 1. Refining process for line pipe in Kimitsu Works.
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Table 2. Refining process for line pipe in Oita Works.
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Table 3. Refining process for line pipe in Nagoya Works.
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Fig. 1. Relationship between powder consumption
and sulfur content of steel during treatment.
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Fig. 2. Change in oxygen content of steel during
treatment.
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Fig. 5. Change in [P], [S] from BF to final
product.

WO b, WROBERELSORMEY SO EBLD S
Mt d o T 5.

LA L, ARsSICEMLEERT ABE, KEMmO
EMEALIE D b B A, BIIEEA TV HEEEEY & B
BEL DBV EE L -T2 LS.

3. MIAAEERMEOEAR

B 0 A BLSE 0 & BT C IR & BV Id BT Ry B R
HHEFREICBITARIED [C] %4 300~400 ppm
&L, [C]# 300~400 ppm #* 5 [C] # 10ppm ¥ T
ORBIEFFEILE RH £ 7213 DH @ RSSO £ AL
o TiToTWwA, S SICRERFEREE BT
TREHBEB L UEBEICBTS [C] HRILFEET
B0, FRBEOBREYHRIEL TS, FICHER, -
Ry ARy F—12 2EHLTWwDL I EPHFHTHS.

fesk X v, RH ¥ 7213 DH D &2%{# & b Bl RALERZE

— 188 —



B B X AT BT B I M R 1953

BED7ZDUTOMEER- T A,

OB # 2 BN F 72 3R EEWERE O K
X% RH BiiEEOHMK, F-EEHOEEARB X
CEZEEO 7T 7 4 — VIEIE ) EEENEREK LT
EWMNc X% DH 1EREH K15®

QOEEE YR

OFF IR BN CRAE R A v Y27 ¥ 3 ik
XD, BEE,SD Ar FAVGARIIIZ, I -8
BHOD Ar HAWGAR I Z, BEBAOEVIRIENE
TDFIYRI)ANEE Ar FAZREALZ LIZL 5T
REEERMER > TWw5b.

Doz, i, i@ e - T& 7% [C]
30ppm LT O WAL ZHEIBCORRMBEZFER LD
7%

ORH TOHEZHA Ar # AKiAA, % 7: DH TOR
LB EEEEED SO Ar T RAKA A

OEMHh &R E™
FOHEM B S NI
3.1 BERFELER

I E CREICOBREICE LTI S o
2HHH [C] 2% 100 ppm UL F OEEFEHEIR, & 5124
B O & ) I EBRBRECBVLWIHETH S [C] 2
30 ppm LU F ORI R R IR T OBFFE IR 1247120,

ERE L, BEREEBCORKEE KT S ¢5E
He L TEFEMoOBRGES 2T 2w, ENMIc

® CO "AREBOBY, TEbbBHHOEAI
X B RICRERE OB T 72 3 WEBEE OB

@ (C], [0] ¥+ 5 CO RBE (Peo) PET
WEAREBERR ((1)RXBI5 b) OB

@ (1), (2)RiTBIFAH CO RiAERICLEL B
FIE (APco) DIETE

OFSE -k [V TN -2 S
LR ES NS LRI

® BREBMOBELHMANERE L DBELROE
LHLMIRON®D, ChOGBEBOZERAEELH -
TwWhLEESNS.

Peo = Pyt pgh~+ 40/d+ APcq weevereereereeneee (1)

Pco = K[C][O]

3:1-1 RH 2B 5 EHZZHEAN Ar WA A HAT

EFRO~®oxtk e L TH ARG EE, BEMR
FAT DER RH 125V TEZEREA Ar WA A OFA % E
B U 7=, BELZEREPY Ar AP AWGASR 2 AV & L CIaBEeR
D RH-OB / AV%sFHL, EIDVKREAATWH
JANEHRHER O Ar FRIZINA, 8D Ar ¥R %
REAAT :

0.3

| 0B Ar gas:45.3 (N1/min-t)

0.2
[~ 0B Ar gas:18.7 (N1/min-t)

" 08 Ar gas:
- 28.3 (N1/min-t)

™ 0B Ar gas:

0.1 17.8 (N1/min-t)

-

Decarburization rate constant (1/min)

([CJs20ppm)
1 T

-
L [ ]
o

Kp:

) Qe .-
X ol decnk it SN SUE WNNE VRS S R |

0 5 10 15

Circulation gas flow rate
(N1/min-t)

Fig. 6. Effect of Ar injection into vacuum
chamber on decarburization rate constant ([C] <
20 ppm).
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Fig. 7. Schematic diagram of Ar gas injection in
DH.
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Fig. 8. Effect of Ar gas injection on decarburiza-
tion rate in DH.
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Fig. 10. Change in [C], [N] from LDgp to final
product.

S5 RH, DH O kKBTI kG 75 » YOI,
75 VI MRS, Ar P VEOMEICXD, ¥
EERIE Ar V-V Y yF 4 v a, Oy XN
D Ar ¥ — VEROBIIZE D [N] 4510 ppm RED
WK RBFIH T OWEBHPHIE T & DM LT L /2.

L EOBERREN B L UBEREELEA 2 & L,
BEEGHO LETRCHER I NI HGEER OB
ELTEFPRIEO 2S5 E o [Cl, [N] o## %t
Fig. 10 {27~ 9.

4. | -}

PAARBSGO LB CIIT A > /54 7B X UMTH
WHEERREICH LUTO LS 2 &b Bfr L
YA

(1)%BSEFMH0E (ORP %), LEREEFB X
V-KIP (BEF#HEKAA), RHA P73 >,
RH-PB (& 12 RH KA &) S0 L HHE K
HoMEEiIcky, [P1<50ppm, [S]=< 10 ppm,
[HI <1.5ppm D F 14 V84 TOBERM 2 FEL L 72,

(2 )RH #8 Ar " AWGAAFMT, DH Ar 4 WA &
B O, FEK X EFOMBRERSE S X CEIF MR
%, TORMESE, HEETE I CoOWRERILEM ORI
N [C] =10 ppm, [N] = 10 ppm D EFEFAM 2 X L 72,

& 5

A EZEANTEE (n?)

[C]*: IERE COFH oM C i (%)
d: ZBEZE (m)

g: BEHMMEE (m/s?)

K: e

k: WEBEHFEE (n/min)

h: RiaSSERFBHEES (m)

APCO M i@ﬁ@ﬁEﬁ (Pa)

P, : BEZNEHEETIC BT A BHESESN (Pa)
V: BMOEE (m®)

o: BHMOEE (kg/m?)

o: REERD (N/m)

X [

1) Bplgy % 55 122123 MG LER AW (B ARS#EHS
#m) (1988), p. 209

2) FKARELEE: 8 126-127 EIVH I LGESHATRRE (A A%HEH S
%) (1988), p. 198

3) KEEIEZ: 8% 126-127 B LG SHAT#E (B ASKEGS
%) (1988), p.69

4) XHF5A, RHEERE, PHE5— FEIER, PREZEZ,
MR gk M, 69 (1983), S959

5) RBAR, MLHFESE, \UHAE=, RGWHEE: & ®,
72 (1986), S250

6) WiAFIE, &8 R NEFK XLEZ, BREEH:
kL8R, 73 (1987), S278

7) By EH, MERE BER A, HFHEF RFE
S48, 73 (1987), S209

8) K FIE, MM I, HEHKZ, AFILBEFE, KEHE:
$kL M, 72 (1986), S351

9) JbiHEt, KLEHIE, &T8IT, WERFH, BHR—,
HEXET, MEFINET: kLM, 76 (1990), p. 1801

10) R. TsuJiNo, J. NAKASHIMA, M. HIRAI and Y. YAMADA:
ISIJ Int., 29 (1989), p. 92

11) A. JacQUEMOT: Circ. Inform. Techn., 34 (1977), p. 1449

12) FA¥F—, FH %, RE #, EHIELE B)gs:
HHEE 7o, 1(1989), p. 260

13) LH #, HREF, FfER, KF &, WLWEARE,
AH E: LM, 67 (1981), S888

14) KWRZ, FE—F, MMk ), FRIZ: $EE\,
70 (1984), S254

15) M. OkiMORI, A. MURASE, Y. NISHINO and N. HYAKUTAKE:
Proc. 7 th ICVM, Tokyo, Japan (1982), p. 1421

16) M. Takevti, Y. TAKeEDA, H. KawanisHl and N. MORITAMA:
Proc. 8 th ICVM, Linz, Austria (1985), p. 701

17) BIRFIAT, AR B, BE ¥ HE K =N
kL5, 70 (1984), S981

18) | HiE, HEHZ, HEFIUEE, 1B
FEMHES: Sk LM, 73 (1987), S188

19) #1 %2 i¥ K. GUNit: Trans. Iron Steel Inst. Jpn., 10 (1970),
p. 1

20) SN, #EOE=, REEE gk e, 74 (1988),
p. 449

21) R. Tsuwino, J. NAKASHIMA, M. HIRAI and Y. SAWADA:
IS1J Int., 29 (1989), p. 589

22) MOEME, FHIEZ, BMEMAE, AP A, PMEEW:
gL, 71 (1985), S1077

23) W HE, /NEIETE, HmR—W, EE A, KE—H#
KERIE : ML E 7ut x, 1(1990), p.168

%, w8,

— 191 —



