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Abstract: The effect of tensile pre-strain on the hot ductility of the Nb-microalloyed 09MnNiDR cryo-
genic steel was investigated by examining microstructures of the tensile fracture using optical micros-
copy and electron microscopy, and by measuring the reduction of area. When 5% tensile pre-strain
was applied at 800°C, the microstructure was composed of ferrite grains and lots of grain boundary
ferrite allotriomorphs along grain boundaries, the reduction of area being 63%. When it was applied
at 900°C, the microstructure was composed of bainite, acicular ferrite and lots of massive grain bound-
ary carbonitrides, the reduction of area falling to 35%. When it was applied at 1000°C the microstruc-
ture mainly consisted of lath-like martensite, the reduction of area climbing up to 95%. Comparing
with the specimens without applying pre-strain, the reduction of area of the specimens applied with
pre-strain between 800°C and 920°C dropped remarkably. Results indicate that pre-strain severely de-
teriorated the hot ductility of the Nb-microalloyed 09MnNiDR cryogenic steel, which was mainly at-
tributed to precipitation of grain boundary niobium carbonitride (10-100nm).
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Table 1  The chemical composition of the 09MnNiDR steel(mass fraction/ %)
Steel C Si Mn P S Als Ni Nb Fe
09MnNiDR <0.12 0.15-0. 50 1.20-1. 60 <0. 025 <0. 015 ==0.015 0. 30-0. 80 <0. 040 Bal
- Gleeble ,
1L/min , 10C/s . ,
1350°C 5min, ol
y 3°C /s
2min 107° /s . ( 2
7000(:) 1073/5 2.1
’ o 2 700,800,900, 1000,1100,
( ) (1000, 950, 900, 850, 1200,1300°C 1077 /s
800°C) 107°/s ,
5% 5. 1o~/ 700C  800°C ;
s) ’ 700°C (GBF);
o 1 o 900°C .
e e 900°C ,
A 1350°C for S5min
M/A ( 3Ca),(b)
5% pre-strain
then hold for 5s . )5
) C 3@, 1100°C R
4 (RA) o
’ . 800’\’
- 1000°C s 900°C
e 50% 09MnNiDR
1
Fig.1 The illustration of thermal simulation process 800~1000C. 900°C ’ ’
, i (30,
PME3-3 XL30W/TMP ’ ° ’
(SEMD) . 900°C 0. 045 %
’ Tecnail GZ 20 ( 5) s Nb(C9 N) o

(TEM) o

b



84

/2012 11

P2 ATl R A HREE i R O W R
(a)T00°C : (h)900°C 3 () 11007
Fig. 2 Optical microstructures of the tensile fracture without pre-strain at different temperatures
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Fig. 3 Electron microscope microstructures of the tensile fracture without pre-strain at 900
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