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Analysis on Hot Heading Crack of Non-Quenched and Tempered
Steel F45SMnVS and Improved Measures of Process

Li Tai
(Laiwu Branch, Shandong Tron and Steel Co Lid, Laiwu 271104)

Abstract The production flowsheet for non-quenched and tempered steel F45MnVS is 50 t UHP EAF-LF-VD-260
mm X300 mm and 180 mm %220 mm billet casting-rolling to ®20 ~ ®160 mm producis. According to analysis on micro-
structure of steel, the hot heading crack is caused by block and lamella MnS and attached with Al,Q,-MnO-FeO compound
oxide. With using the process measures including controlling Al content in steel 0.010% ~0.030% , FAF end [C] =
0.20% and end { P} <0.025% , [Mn]/[S] >20, LF refining slag basicity =3. 0, after VD soft argon blowing for =12
min, ensuring homogeneous distribution of sulfur in steel, superheating extent of liquid in tundish 20 ~30 °C, controlling
casting speed to prevent MnS segregation, and conirolling finishing rolling temperature 850 ~ 1 000 °C and eooling rate after
rolling 2 ~4 °C/s, the main inclusions in steel is lobg lath MnS, the hot heading test is all qualified without crack and other
defects.
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Table 1 Standard and interior control chemical composition of non-quenched and tempered steel FASMnVS for hot forging / %

e C Si Mn P S v Cu Cr Ni Al
e 0.42 ~ 0.32 ~ 1.00 ~ < 0.035 ~ 0.06 ~ = < < 0.010 ~
& 0.45 0.40 1.30 0.035 0.045 0.09 0.30 0.30 0.30 0.030
s 0.44 ~ 0.35 ~ 1.25 ~ ES 0.040 ~ 0.08 ~ = = = 0.010 ~
0.48 0.45 1.45 0.035 0.065 0.11 0.30 0.30 0.30 0.030
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Fig. 1 Morphology of hot heading crack, x1{(a) and structure near crack, x 1000 (b) of non-quenched and tempered steel

FASMnVS before process improvement
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Table 2 Ingredient and basicity of LF refining slag before
and after optimization
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#HAbE =50.00 <15.00 25-~30 <8 <0.50 =3.33

B2 gk T2 E A B R R B FASMnVS RS
MnS + Al,O, + MnO - FeO E &b
Fig.2 Morphology of MnS + AL,O; - MnO + FeO compound ox-

ide near hot heading crack of non-quenched and tempered steel
F45MnVS before process improvement

BEREAR , HEETE R, REGR B A ISR
FHESETERITH, B e 1(b) Fir,

T4 B WEL, FASMnVS FEE R #Y
KZYEBME, BYCRF AR, BG4 HEW
4 R ZHUZ MnS FIHEE ) AL 0,-MnO-FeO & &
Sy G S B HAEAYSED  E 2 iR

Wit e 2y R BB, TR FERE R
AR MnS SUEHER 51, B, #%] MnS
R ZH R fR PRI R

3 KHEHE

3.1 fEBSTEOT

PR FASMnVS B & 615 VI H & &Ik
W RERNTMAME VAR, ERAEE S M
WK VC VN B 59, REHFATRKERR,
o SR ARk, A BT 58 PG AR ffchl K AT I EL |
BERA SR PR AR BRI RNERAA
LT L, o1 B B IR A ks, T2 LA/ N A SR R A
HY, AW MnS BB M X B U T A F &
W, B [ Mn]/[S] > 20 s Hod BN B R4
S, MERYEHE/NTF 0.005% B, A R 5 F MnS 7E
H_EATHIE ALO, 5 MnO FeO 254 ME &5 4LY;
R SRRTF 0. 030% B TR AU B AH Y AL O, , AFI T4
/NERECH MoS #r i, B, AL & & R sl
0.010% ~0.030% , ARUEFWM REFR €, &’ITT
WEBSTER, L& 1,

3.2 RHEMEELR

PEE R FASMnVS i S MAE RN, &
My R L, BHASR[C] 20.20%,
[P]=<0.025% , LF ¥EHEGHIMERE =3.0, 0 Hd
BRI B [E] =20 min, ME AR JRE P
BIEREEEBARTE0.030% ~0.050% , A% GG
BRI 2,

WP S B oL R BN A YT I BB AN 1 F R RE
REAFE T BERAKRESR, B[ Ma]/[S] L
20 DL EABL, SRS R 70% ~90%
HE, PUKAEES RAEHKRE ST E =12 min, S
FEMB PS5

HEHER AR P, WERERHKAKO,



.26 RN

536 %

73

59}

Fe

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
keV

B3 BT Z)EARR BB FASMnVS rhIE 4 8 Je 44 MaS
iZ Ay

Fig.3 Morphology and energy spectrum analysis of non-metallic
inclusion MnS in non-quenched and tempered steel F45MnVS af-
ter process improvement
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