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Optimization of “ C-P-T” Co-operating Control Process
in Converter Steelmaking for GCrl5 Bearing Steel
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(1 R & D Department of Special Steel Division, Nanjing Iron & Steel Co. , Ltd. , Nanjing 210035;
2 School of Metallurgical Engineering, Anhui University of Technology, Ma’ anshan 243032)

Abstract: The production process of steelmaiking bearing steel by 100 t converter is studied and analyzed with thermody-
namics. The co-operating control process of carbon preservation, dephosphorization, and temperature control ( C-P-T) in
converter steelmaking process is optimized and established, and applied to produce bearing steel. The results show that the
dephosphorization reaction in furnace does not stop immediately when the selective oxidation temperature of phosphorus and
carbon comes, but has a slow decay process. In order to meet the need of deep dephosphorization, the optimal time of first
slagging out in early stage of the new process should be controlled between 350 s and 380 s, and the temperature range is
1360-1 437 C. The decarburization rate model predicts that the decarburization rate of bearing steel in the late stage of
smelting is (0.219%-0.28% ) /min. In order to keep the requirement of carbon preservation and temperature control, the
catch carbon and reblow can be adopted in the end phase of blowing to further accurately control the temperature of liquid
steel. According to the production data statistics of a furnace service period, the heat ratio of end carbon, phosphorus and
temperature hit the target at the same time accounts for 76.67% , and the purity of liquid steel is greatly improved.

Key Words; Converter; GCrl5 Bearing Steel; Thermodynamics; Carbon Preservation Dephosphorization Temperature Con-
trol; Co-operating Control; Purity
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Table 1 Standard and control aim chemical composition of GCrl5 bearing steel/ %

i H C Si Mn P S Ni Cr Al Ti
bt 4 0.95~1.05 0.15~0.35 0.25~0.45 <0.015 =0.015 =0.20 1.40~1.65 =0.050 =0.003
2 B A 0.97 0.25 0.35 =0.010 =0.005 =0.20 1.45 0.015 =0.003

S E TR S = SR R A S R R
FKFo BrEEMNC LM C] >0.3% B, BN
Jot it B I LA S L AR A R Oy M B ke SR
AL R (AL SRR B 5 9 ik () i AL TET A7) £ o e
RIS , 5 P R 43k e A0SR T A 3 9 o ik 11 £ ol it
IR N R

SEFRAE R, BT AR 32 B iy A4t Sk ] A
TR BEYLAE , BRI AL 405 B 5 a2 ik SR ) W] S BLAR
B 4 89, FELE LAGRAIE H AIRUEE , X S b i A ™ L
iy R FHE FAME, AR TS TS A, B, AR5
AP RO ZR IR VT 0E i IR R, BRI R S
T4 K, LEBRIEWN T BA 2% k.
AR B SRR A AN i AR =B R , 4 il AR N B
PN A EE N 100 x 107, XA B R
WS b AR 2 e 1 B SR £ £, LR o ) B 3
BEREN0.25% . HEBALHREFSHEHIEHEN
20, BN MR AR R R L, A BN
LA B ey 0.30% .
1.2 “C-P-T" thRHEHI AT =PI
1.2.1 B HRETRIR B R A — IR R R

VTR B R AL BA BT AR BE 8 3h 77
2205  BFFE A BT B S B A ) 2 R TR P A
[7] i $5 c 4E  F) T 4 5% 1F , 02 ) 8 AS 0F 9 TR
J % 2 AR

TEFRHERZS T, BBk e B AL 5 28 IR BE 7
1500 K 2245 WgE 1 123 ~ 1 450 K B, &Rk o

BRSSO SE AT , B A AR 61 T, Tk S
JoE 2 EA ] 5 Bl 5 PR BE O AN BT BT, 24X —
e A0 R B SRS L 52 8 1t T L o s
{EER. SR LAiX — 522 i BE AR O 5% P i Bk GCrl5
AR AT B — B8 TR BE , A R R B RETR
o, FEEA R SEER 30% , —F R RA
2 40% o X7 TEISHRIREE 1 500 K {w{k, &
SRARIRA AT i , (LRI [FAE X 4 KK A A A, 4
S AN BB VT B, A T B SN B TR AT
XIEIEIEHTIT 5 LR FE 22 577, T LALL RS 22
RENSH A, RITHE— RII =BT 5 2087, A
B — B R RE.

FeW BRI AR AR EETT R A LS R, I
3 -4 S T B R A AT OB

2[P] +5(Fe0) = (P,0;) +5[ Fe]

AG’ = -26863.35+247.58 T J-mol™' (1)

[C] +(FeO) =CO + [ Fe]

A,G? =98799 -90.76 T J + mol ' (2)

REER (D) FX(2) TR BN F [Pl FI[ Cl &R

= REAI -y r A W

2[P] +5C0 = (P,0,) +5[C]

A,G? = -520858.35+701.38 T J + mol ™
(3)

TEFRARIRLEE T RO (3) A .



+ 56+ RN 43 %
AG' = -520858.35 + 701.38T + RTin  ¥Ef7. BEZAMTEARWER b N T,
ST o PEBEBEGE 1) RUBR L 5) SRR . B
ey, ) T 1 Tow 5L, MR T BERG BTG

AP a- MY EE A BTG i BTG BE  Poo- % N
CO TARHI I

K (4) B ARIR MRS T, 7 Bl 2 47 1 41
R BLHIFAA TR SRR 5 A SR FR) AN
HEAT IR BEAWT BT, N (3) B A0 B i B R
T 0, S REHs Bl AT , BP S A [EIBeBLAR , A

(P,05) +5[C] =2[P] +5CO
A,G? =520858.35-701.38 T J-mol™' (5)

TE ERFRAFT , BU B B0 B RE A A 2
BARANER 238 3 B  IRAEFE I i BRARAR ST 5
WRAER , 43 (4)A,G), =0, AT H 5 i 7252 bR
THF, P A R SRR T, =
1633 K, HAEIFLLME 1 BiR .

HT 1R o R A R IR B ARG, 7E
Ty TR LT, S0P A9 [ P AT PR A B9 CO X
(5 3) Fd & FE AL (FeO) (X 1) AT AL,
PR P B CO AR A R IIA T R
B (FeO) (BRHEIG™) (45 [ Pl Ay A b FEH L (1)

x2 —EINSKEFEES/ %
Table 2 Average composition of molten iron sample at first
poured/ %
C Si Mn P S Ti
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Table 3 Average ingredient of liquid slag at first
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Fig. 1 Relationship between selective oxidation of phosphorus-
carbon A,G,
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