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Numerical Simulation on Critical Cooling Rate of Formation of
Martensite in High Carbon Steel Rod Coil

Ji Yuan, Li Liang, Lu Mingang, Lan Peng and Zhang Jiaquan
(School of Metallurgical and Ecological Engineering, University of Science and Technology, Beijing 100083)

Abstract By using JMatPro software and according to the 0. 70C steel coil (/% :0.67C, 0. 17Si, 0. 50Mn, 0.010P,
0.010S, 0. 10Cr) produced at steel works, the effect of C (0.65% ~1.00% ), Si (0.20% ~0.55% ), Mn(0.50% ~
1.45% , Cr (0.10% ~0.75%), S (0.010% ~0.070% ), P (0.010% ~0.060% ) and austenite grain ratting (5.0 ~
8.0) in high carbon steel rod coil on martensite formation critical cooling rate (CCR,,) has been simulate to get the predict
high carbon steel CCRyy; expression; CCRy/(C +s™') =4.088 -9.98 x [C]/% -3.58 x [Si]/% —5.12[Mn]/% -
0.001[P]/% +23.45 x[S]/% -7.42x[Cr)/% +2 xG,, G,- austenite grain size rating. Results show that with in-
creasing the C, Mn, Si and Cr content in steel the CCR,, decreases, with increasing the S content in steel and original aus-
tenite grain size rating the CCR, increases and the effect of P on CCR, is minor; the effect of C and Mn on CCRy is lar-
gest; and the measure value of martensite formation critical cooling rate (CCRy;) of the 70C steel is 8. 51 C/s, and its
calculated value is 8. 79 C/s with error 0. 28 C/s. It is suggested that during high carbon steel casting process the key
point is to control C and Mn segregation and to fine austenite grain size during rolling process for decrease of formation of
martensite structure.

Material Index High Carbon Steel Rod Coil, Martensite, Critical Cooling Rate, JMatPro Software, Numerical Sim-
ulation

BEARNRNANNEERRZ -—£HALKIKR
WHATS, HERHEEET D RAE B A%
HFEE(CCRy) B R T KRR IRARE, &2
SEVE HIH BRI B ] 5 B AR = A

ETLRERBENERALA:

CCR,/(°C +s7') =97 -19 x[Si]/% -
70 x[Mn]/% -50x[Cr]/% —224 x[P)/%
(N
CCR/(C -s7') =43.1-5.8x[C]/% -
18x[Si]/% —14x[Mn]/% —14.8 x [Cr]/% -
41.5x[V1/% -0.2 x (dy) (2)™

R (1) B0 T RSB TX CCRy FIREM,

HEERA—ERRE, X(2) BRFBETRIKE
AhL R (dy) g, BERIGER THELEHN
o ASCGES AR BB IMatPro BUIDLSL TN & Bk
I CCT Rl 2%, BT £ ST 3 A B B8 £ A A et B o
CCR FRIFEIE , 42 tH B RSB A9 CCRyy IR IAR

1 BREEAEFRSDERRAANEL

1.1 R4 5 BT Bls 798 23 SR B B e
1.1.1  C JuEXT I AR B 5718 20 2 R A R

AT AR 70 MBI R (R 1, 5L
CCT B ITE P SE R ERTEIE) . H C FEIR
AR, HEEsh#EE R 0.67% ~0.97% , HAith
TLEESEAE., Bk ZWAELIEE —MRTE 840 ~
860 C , HIH#I 2R IR E R E 2 850 T,



- 10 - 525350

$31 %

£1 70 WELFEHS R RBE

Table 1 Chemical composition and grain size rating of
0. 70C steel
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Fig.1 Curves of continuous cooling transformation ( CCT) of
0.67% C steel
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Fig.2 Effect of Carbon content on martensite formation critical
cooling rate of high carbon steel
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Fig.3 Effect of Si (a), Mn (b), Cr (¢), S (d), P (e) and austenite grain size rating () on martensite formation critical cooling

rate of high carbon steel
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Table 2 Measure value, calculated value and difference of martensite

formation critical cooling rate { CCR,,) of high carbon steels
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Table 3 Effect of segregation of each element on martens-

ite formation critical cooling rate { CCR,,,) of 0. 70C steel
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