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High Temperature Deformation Behavior of Microalloyed Hot Forging Steels
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Dept. of Metallurgical Engineering, Hanyang University, Seoul 133-791
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A2l AYESE/ BESFE A Jebth Nb-V-MoZ-& Nb-VZol ¥|3te] HYHL F7HsA L
U4 53 24 @k 1.2Mn-0.09Nb7Z & 1.0Mn-0.05NbZo} vl3te HWg¢de Frstgey
FHANZ2RHL AAHA}t. C-Nb-VZL CZd vzl FU¢do] 2715t on ¥4 AFdAL A4
H3ch Gra el g FARAAE Py gy shsch Zener-Hollomon atrlel7}t 71
4% 54 AP L nANAR, 53 AZHYH Zener-Hollomon uetvE gte] AAle HH
Hog FF3FT & AATh

Abstract The high temperature deformation behavior of microalloyed hot forging steels has been exam-
ined as a function of the temperature, the strain rate, and the alloying element by using high tempera-
ture compression test. The high temperature deformation mechanism, which was obtained by analyzing
the flow stress—strain curve and microstructure, could be considered to dyfiamic recrystallization. The
peak stress of Nb-V-Mo steel was more increased and the dynamic recrystallization of Nb-V-Mo steel
was faster than those of Nb-V steel. The peak stress of 1.2Mn-0.09Nb steel was more increased and the
dynamic recrystallization of 1.2Mn-0.09Nb was delayed a little bit than those of 1.0Mn-0.05Nb. The
peak stress of C-Nb-V steel was more increased and the dynamic recrystallization of C-Nb-V steel was
delayed than those of C-steel. The constitutive equation of high temperature deformation had a power
law type. The grain size of dynamic recrystallization was refined as the Zener-Hollomon parameter was
increased. The relation of the dynamic recrystallization grain size and Zener-Hollomon parameter could
be-quantified to power law.
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Table 1. Chemical Composition and Mechanical Properties.v
Steel Chemical Compostition(wt% ) Mech.Properties(MPa)
C Mn Si \Y Nb Mo TS Y.P El
Nb-V 0.14 0.70 0.15 0.10 0.03 614 417 23.4
Nb-V-Mo 0.14 0.78 0.18 0.10 0.03 0.30 639 514 24.8
1.0Mn-0.05Nb 0.22 | 1.00 0.03 0.10 0.05 648 527 21.4
1.2Mn-0.09Nb 0.22 1.20 0.04 0.10 0.09 684 534 27.1
C-steel 0.45 0.80 0.27 >686 | >490 | >17
C-Nb-V 0.40 1.19 0.27 0.12 0.07 832 551 15.8
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Fig. 1. Compressive stress-strain curves for (a) Nb-V and (b) Nb-V-Mo steel at various temperature and

strain rates.
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Fig. 2. Compressive stress—strain curves for (a) 1.0Mn-0.05Nb (b) 1.2Mn-0.09Nb steel at various tempera-
ture and strain rates.
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Fig. 3. Compressive stress-sirain curves for (a) C-steel and (b) C-Nb-V steel at various temperature and

strain rates.
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Table 2. Activation Energy and Stress Exponent Data.

5 - Activation Energy(oc=C, exp(Q/RT) Stress Exponent(é =Cj0")
= C, Q R C. n R?%
Nb-V 0.43 52.3 0.991 6.8x107° 4.59 0.985
Nb-V-Mo 0.19 62.9 0.993 3.04x10°° 5.02 0.990
1.0Mn-0.05Nb - 043 53.0 0.980 7.05%x10°° 4.32 0.995
1.2Mn-0.09Nb 0.18 63.3 0.998 3.43x10°° 4.81 0.993
C-steel 0.19 55.8 0.998 8.14x107% 4.32 0.994
C-Nb-V 0.12 67.4 0.998 3.36 x107° 4.81 0.995
7t ¥ F 558 Y dYELEo # é=Ao,"exp(—Q/RT) (3)
= g9eyyos gAGD,
AS HFEdes 2844 4 (3)e oA 29
—Cof 2
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Nb-V Xp
(—52.3KJ/RT) (5)

Nb-V-Mo : 6=5.66 x 1073¢% %exp
(—62.9KJ/RT) (6)

1.0Mn-0.056Nb : £=9.51x107%"*%exp

(—53.0KJ/RT)

(7)
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Fig. 4 Relation between peak flow stress and
Zener-Hollomon parameter of Nb-V steel and Nb-
V-Mo steel.
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Fig. 5 Relation between peak flow stress and
Zener-Hollomon parameter of 1.0Mn-0.05Nb steel
and 1.2Mn-0.09Nb steel.
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1.2Mn-0.09Nb : é=4.66 x 10 %0¢**exp

(—63.3KJ/RT) (8)
C-steel : £=4.80 % 107 %* *exp
(—55.8KJ/RT) (9)
C-Nb-V 1 6=4.04 x 10 %* exp
(—674—J/RT) (10)
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Fig. 6 Relation between peak flow stress and
Zener-Hollomon parameter of C-steel and C-Nb-V

steel.
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Photo 1. The change of structures at various temperature and strain rates.
(a) 10007, initial (b) 1000C, 0.01/s (c) 11007, initial (d) 1100°C, 0.01/s (e) 1200, initial
(f) 12007, 0.001/s (g) 1200°C, 0.005/s (h) 1200°C, 0.001/s
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Fig. 7. Dependence of dynamically recrystallized
grain size on Zener-Hollomon parameter.
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Fig. 8. Dependence of dynamically recrystallized
grain size on Zener-Hollomon parameter.
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Fig. 9. Dependence of dynamically recrystallized

grain size on Zener-Hollomon parameter.
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Table 3. Relation between Zener-Hollomon Parameter, Peak Stress, Grain Size.

Relation between o and Z Relation between D, and Z
T % (Z=Ao" Z=c exp(Q/RT)) (Z=CDx, Z=¢ exp(Q/RT))

A n R% C n' R%
Nb-V 1.03x107? 1.40 0.994 6.29 x 10* —346 0.942
Nb-V-Mo 5.66 x 1073 1.36 0.994 2.05 x10* —3.27 0.914
1.°Mn-0.09Nb 9.51x1073 1.43 0.994 1.97 X 103 —2.33 0.930
1.0Mn-0.05Nb 4.66%x1073 1.40 0.993 2.45 x10° -2.70 0.951
C-steel 4.80x1073 1.60 0.989 6.11 x10* —2.72 0.964
C-Nb-V 4.04x1073 1.80 0.985 4.68 x 10* —2.80 Hi 0.950

AN E At 1.2Mn-0.09NbE 1.0Mn-
0.05Nbell ®]3le] HulgH F7isH T3
AR L AAHU T
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