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Effect of vanadium on the microstructure and mechanical properties of
7Mn steel during cold rolling process
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Abstract: On the basis of 7Mn medium manganese steel, different contents of V element were added.
Through cold rolling and annealing treatment, the influence of 0.1%~0.3% V addition on the micro-
structure and mechanical properties of the steel was preliminarily explored. The experimental results
show that when the content of V is 0.3%, the comprehensive mechanical properties of the experimental
steel are the best. The yield strength is 993.96 MPa, with the tensile strength 1164.56 MPa, the elonga-
tion 37.55%, and the strength and elongation product 43.73 GPa-%. This is because V forms a fine and
dispersed second phase in the steel, which improves the comprehensive mechanical properties of the ex-
perimental steel under the combined effects of fine grain strengthening, second phase strengthening and
TRIP effect.
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Table 1 Chemical compositions of the testing steels %

G v C Mn Al Si Fe
0.1V 0.06 0.19 73 1.10 0.09 N
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Fig. 1 Simulation results of the phase composition of 7 Mn
steel
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Fig.2 Tensile dimensions of the testing steel
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Fig. 3 SEM images of cold-rolled 7 Mn steels with differ-
ent V additions after annealing at 650 °C for 1 h
and air cooling

E 42 A V& & 7Mn 819 TEM K14 .
Al LUE BB AR RN, AR AR, B
BRODR Bt T P O L 2k 22 R R PRI 2R 1R/ 8 TG A
TR . 454 & 4(d)EDS 1 & R AI, X EE4H/ N
ALY N VC ik, XN V BRI E T
2, H VC EZRZE A 75 i B AR T A2 R G )
Vi, SRR VC A BB E RN BB L K
BRR /B A A AT . R i FA R R e R
PHR FEEE, M AL C AV TR SRR,
MG VC Bk Z . WK 4 BT F L BiE V
FrE BN, VC T A A BCRE I BN, B
MR E N V TR Z, 5ot R4 A TE M Ve
22, BT H A o T L EC AR i A, LR Aok 1
KRN MANfb AL, $ i T IR RS e e, —2
RGFRER ) VC EEAEZRZER T, SiB] VC I
TR AR

it XRD XA VBN AY 7Mn 50 H Y R
IR AT B 535, 18 5 A3 vV 5y 7Mn
AR BIFE 650 °C 1Rk 1 h 5454 HY XRD 3%
FLR GRS TSR, Foh o RORIRGS T, y
FRLSL )T o I XRD EE R /A & 0, Wt
ST g0 AN A SR LA S FR AR VA i i3 in
eI/ IE RN, 3% 5 SEM &5 i g 5 i 4% L —



- 170 -

W Bk 8K

2024 45 45

o T RN A XA A e

X AR BB AL R R B, B IR 5 A2

(a)

=
S AN

B iAY

B

R R RS, X SR A R 1A P RE R AE 1L

20/(°)

20/(°)

(d) Fe
4000
% 3000 0 Fe
2000
1000 Y
Al
v Mn
0 L_A. A
100 nm 0 2 4 6 8 10
- fiE Tt /keV
(a)0.1V; (6)0.2V; (¢)0.3V; (d) Hrili#14 EDS FIA]
4 #%LZE TMn AR V RINE TH TEM B1&
Fig. 4 TEM images of cold-rolled 7Mn steel with different V additions
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Fig. 5 XRD diffraction patterns of 7Mn steel with different V additions and the calculation of austenite contents and con-

version rates
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Table 2 Mechanical properties of 7Mn steel with differ-

ent V additions
RIGH JE IR EE/MPa HLHiEEE/MPa IEHHR/% SRIAT/(GPa: %)
0.1V 818.15 1 086.40 26.20 28.46
02V 909.60 1162.84 35.39 41.15
03V 993.96 1164.56 37.55 43.73
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Fig. 6 True stress-strain and work hardening rate curves of 7 Mn steels with different V additions
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Fig. 7 Fracture morphology of the specimen after tensile tests
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