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Abstract: This article presents the smelting practice of 9Ni steel for ultra-low-temperature pressure vessel in a certain
steel plant by the "BOF — LF — scraping slag/fetching slag — LF — VD — CC" process. The decarburization and desul-
furization in the BOF + LF process require that the steel produced by the converter has a low phosphorus (w[P]) <
0.009%) and carbon content (w[C]) <0.05%), with an average desulfurization rate of 74. 3% and an average decarburi-
zation rate of 51. 2%. The control of phosphorus content is more difficult than carbon content in the production process. In
the scraping slag process, the average phosphorus reversion rate in the molten steel is 16. 89%, while in the fetching slag
process, it is 22. 61%. Although the scraping slag process results in a lower phosphorus reversion rate in the molten steel,
the processing time is increased by 15 to 20 minutes, and the average molten steel loss is increased by 3. 1 t per heat. Af-
ter adjusting the addition of nickel plates from the converter to the ladle furnace, the average nickel recovery rate increases
by 3. 74%. Through optimizing the production process, the molten steel in the tundish meets internal control requirements
for phosphorus ( P) , sulfur (S), nitrogen N, total oxygen (T. O), and carbon (C), ensuring high purity of the molten
steel, the macrostructure center segregation of the cast slab reaches 1.0~ 1.5 grade in class C, the internal and surface
quality of the cast slab are good. The rolled steel plate exhibits excellent performance at -196 C.
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Tablel Standards of 9Ni steel on chemical composition %
itH 8 Si Mn p S Ni Alt Cr+Cu+Mo
FrifE <0.07 0.15~0.30 0.50 ~ 0.80 <0.005 <0.003 8.50 ~ 10.0 =0.02 <0.50
SEE 0.03 ~ 0.04 0.20 ~ 0.25 0.70 ~ 0.80 <0.004 <0.002 8.80 ~ 9.40 0.02 ~ 0.04 <0.08
it H Nb A Ti B 0 N H As Sn
i - - - - - - - - -
SE <0.010 <0.010 <0.010 <0.000 4 <0.001 5 <0.004 0 <0.000 12 <0.005 <0.005
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Fig. 1 Relationship between end points P, C of converter and tundish P, C: (a) end point w[P] and tundish w[P], (b) end

point w[ C] and tundish w[ C ]
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Table 2 Chemical composition of molten iron P, S and re-

x3 SREMSENKESETL(RESH)

Table 3 Changes of process slag ingredients and oxygen

sidual elements % content in molten steel
p S As Sn Cr+Mo+Cu R 1% ;
T — oy L
<0.16 <0.040 <0.005 <0.004 <0.08 ALO, CaO Si0, TFe P,0, R
sl 220 5321 1155 2255 249 0.0672 4.61
LF s 628 4686 7.62 20.62 106 0.0352 6.15
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Fig. 2 Relationship between dephosphorization ratio and end-

point w [C] in converter process
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Fig. 5 Process control of w[ C] and w[ P] in molten steel
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Fig. 6 Process control of S and N and O in molten steel

4.2 BEVRJTE KELHIMERE

5 26.(220 mmx1 870 ~ 2 070 mm) B TR VLSS , K
FH YB/T 4003—2016 b ifE PFRALAS H O AT ik 2 C
2 1.0 ~ 159, SHI 93K R0 it i R 4T .

X 387 b 28 5 PR AREL ] ) S BE Ry 15 ~ 40 mm
(1) O9Ni 4N M HEAT-196 “CHYTERERL I , &5 58 K « vy
I 121 ~ 245 ], F H 1 208 J; S IR 58 BF 612 ~

705 MPa, F-YJ{H 667 MPa; HLHi5% E 702 ~ 760 MPa,
SEH4(H 732 MPa., i & GB 3531—2014{{KIRJE N &
7 FAAR ) H A -196 “C i T1=>100 T, i AR 56 B >
560 MPa, HIHL5E 680 ~ 820 MPa B3R, PEREML KL .
4.3 AT

U R B B R i AR ER LE A BRI
AT 2T ) N S T L & 7 e . B R 7 AT
AT B LF YIS b TR a Ml
R N 5L, Ni P30S R 38 & 3.74% , B A
P80 498 kg/ , AELRAIE Ni 75 i 9 [ Bsf A 7 1
AR KRR

99l ER%E I A
97.86 97.98 os.16 EALFIIA
98 : > P 97.58
] 2 5
97
R 96}
e 95| 94.81
§$ 94.35
= g4t 93.99
93.48)
931
92t
o 1 2 3 4
PR

7 RN T 2R Nl =Xt L
Fig. 7 Comparison of Ni yield under different adding process
for nickel plate

(1)K HFE r—LF P — P /B il —LF 1 —VD
W MR T 25 A2 77 ONAN, I AR 7K PLS N
T.0 . C 49 & N4 LR ARK 4lid i v, B RN A
ORFTIA R €25 1.0 ~ 1.5 %%, e 1 T & DL S AL B 1
AER AT

(2) R FH I+ LF b B i fe T 25, s il e 2%
A w[P]<0.009% . w [ C]<0.05%, ¥ & 2 B i
74.3% , FYIBERF 51.2% , 764 7= B v, P8 il
MEREAH L C b I XERE K

(3) YUk T2 T WAKR T BB B h 16.89%,
it T2 N KB X R B3 08 22.61% , Yk T 2.
IRBERAR, (HA =4 22K 15 ~ 20 min, P7K B2
Posn 3.1 v

(4) B R 0 2 S0 T A 3% Ry 438 H LF 4
IS, RS 15 406 kst B2 b iy Ni 451 2%, Ni P2
WAS Z 4 15 3.74% .



- 32 - Y5 IREN

545 5

52 3k

(U] PSRt . 32 9RO T Ak R SR SR RE T 9% N1 AR I JF & [D]. Tk
BH 2R bR A#, 2017

(2] % W%, FHE, 7 R,5%. BIEEIRGSNEE T 2Rt
JELT]. FeiREd, 2023, 44(3): 1-9.

(3] 2% Mk, B ZR, %305, Ba AN T AR Y RIS
4 GH3625 HZURI PR g my 52w [ ). Rk 4K, 2022, 43(2) .
75-78.

(4] JAAR, 75 BH, AR 7,45 ONi R Al b A = st e [T, #cd
HoAR, 2014, 389(5):39-42.

(5] MU, X1 18, 2200, 45 . 9%Ni BIMLE P2 AL i T 2 B AR HF
I8 R a ek B R -5 /U & AR A CEC.
dbnt b Tl e, 2013:70-73.

(6] 2= . KB LNG EHE] 9%Ni 9 MR HER R 23R (1], W< H

oI T#E, 2019,38(S1):166-169+188.

[7] 224, B K. NI IR M B AF 5T S50 H (1], 84,
2015, 38(11):37-40.

[8] = e . BRI ONi AR st ) AL WLBR AT 7% S 2B 7= H R FF & (D],
LA ZRAE K2, 2012

[9] dRBEER . AL IR SAKHE FH ONi G I A 14 3 5 52 5 A 7 s
BelJ]. HFEkMY, 2012, 33(1):35-37.

[10] BRZEA, SREME, W38, 45 . WEMCRORLIEBEL L 130  HL gl
AN R ] RFERIN, 2023, 44(1): 34-38.

[11] BIA R, Law . WBIE G H 12C2Mol R A9 1 A= 7 5 2k

[J]. F#5R4N, 2020, 41(6):46-50.

[12] BR ¥y, 8a4e B K, 4. 120 t LD-LF-RH-CC 4 i FE4R /K

RO TSR L Z 50 ]. RSN, 2016, 37(2):49-53.

GV BIHT AR

| % A T T

VAP (eSS ERTW/IIE g RS

K FINAECET RN B IE | Bh SR B M 3 B = BF 2

CREERANDIA T el o f5 28 & RPN 45 A LA A BN W) 248 KIR R IR AN A BR A 7 =270, i CREIR X)) i

R TTiE R A E AR AT A 44 R 25 A MR R OSUA 1) 5 CREBRN I T T 1980 4R T & 47, PR
AR UET S R ISSN1003-8620, [ N 48— TI*5 o CN42-1243/TF  CER IR AN P2 B - W R L= 4, 0

2t e 1S A B ) 245 L A A DR AR R R ) 300 1) B 0 0, DA A 3P I T R A P R R 3 B A

(—) www.specialsteeljournal.com Sy CRERR AN ) 1 T A I — ik, £ 225 S0 ICP 45 2022000839 5, i) K AE
e TR AR 3T 35 2 R AR ;
(=) BREEE 707 M Gl R N AT S ACEAE M, BA B A S AL R AT R LA BHEAL A5 R M
v AAEAL RGBT A A, HAR Il 7 AR AR S B, O AHOG PA 25 ) P st Bl 52, 7R A
YR RS ST T ORAER L B S TR T 32 U pR M A — DDA e R S R A
B A AR AT AT 22 B R DTAT: 5 [R] It S50 1) A 2 B8 A A T2 HAF DG AR AR &R

(=) REFFu5IE T 2024 4 1 7 30 H T A AR5 CREPRAR 0 TIAH G 1 8 284805 , 36 59470 7778 7 e
BN AR BALEA N A G 4 5 O B 1 — 20 R BR8P A R T B AT AR AL, AL B b4k

CRAPR ) 2 51




