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Effect of vanadium content on microstructure and strength plasticity
of X80 pipeline steel

Li Longfei', Lin Tengchang'’, Meng Huadong', Zhang Yang’

(1. Department of Metallurgical Technology Research, Central Iron and Steel Research Institute, Beijing 100081, China;
2. MCC Capital Engineering and Research Incorporation Limited, Beijing 100176, China)

Abstract: In this work, the precipitates and microstructure characteristics in four X80 pipeline steels
with different vanadium contents (0.036%, 0.075%, 0.110% and 0.150%) and their effects on the
strength and plasticity of the steels were investigated by means of high-resolution transmission electron
microscope, scanning electron microscope and electron backscatter diffraction. The results show that
with increase of the vanadium content, the number and volume fraction of nano-sized precipitates in the
steel increase. The size of precipitates in four experimental steels is mainly in the range of 0 ~ 20 nm.
The number of precipitates with size less than 10 nm in the steel increases with increasing the vana-
dium content. The nano-sized second phase particles precipitated in or near the grain boundary are
mostly vanadium containing carbides. The microstructure of four experimental steels with different va-
nadium contents is composed of massive ferrite and granular bainite. The proportions of large angle
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grain boundaries in steels are 23.27%, 20.69%, 23.13% and 16.24%, respectively, and the 4" steel with
the highest vanadium content has the least large angle grain boundaries. With increase of the vanadium

content from 0.036% to 0.075%, the tensile strength and yield strength of the experimental steel are sig-
nificantly improved. However, further increase of the vanadium content has little effect on the strength
of the experimental steel, and even the yield strength has a certain decrease. The increasing strength of

the experimental steel is mainly due to the combination of precipitation strengthening and fine grain

strengthening of nano-sized precipitates, and the plasticity of the experimental steel is almost not af-

fected by change of the vanadium content.

Key words: X80 pipeline steel, vanadium content, precipitate, microstructure, strength plasticity
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Table1 Chemical compositions of experimental steels %
%< C Si Mn P S Ni Mo Cr \% Nb Ti Al Cu 0 N Fe
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4 0.04 0.18 1.80 0.004 0.0025 0.25 0.12 030 0.150 0.026 0.020 0.040 0.15 0.0022 0.0008 Bal.
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Table 2 Analysis of precipitates in experimental steels

i NAS Vid%o
I 80 2.10
2! 127 2.54
3* 180 3.12
4 343 9.95

R R G T A B A TR AR
Kl 3 R S5, BEE L& T, 90K
T A TE A T AR B LA R AR B 2
Fhias, BRSPS M 0.110% [ 3" 3
0.150% B 484, BB A AL AEH 015, A AR AR A
B 3.12 %o T %) 9.95 %o, JF RS2 L S T
AT AR o L A v 9 B DA B PP ) A il A
A H e, fEFETH .

80 30
Il 0-10 nm
70 + B 10~20 nm
B 20-30 nm 25
§ 60 | ] 530 nm g
=50} '20%
s 15.05
og 40+ (1432 12,50 1158
= 30 : 4 )‘j’?
juung L
= 10 =
=20 ES
10t 13
0

1# 2# 3# 4#
Fdh G s

B3 HMXIRP AR RTHERTRES B R FHER
Fig. 3 Size distribution and average diameter of nano pre-
cipitates in four experimental steels

P 3 b (AR o A S 2R AT LU, AT
AN O I i P S R T VAN 8- S



H5H

R A HUS T X80 L b A K PR e 5T - 133 -

0~20nm. FiHEMPASTENI &, RSF/DNTF
10 nm (9 H7 H AR B B 3 2, AR 4 rp /N T
10 nm A1 AH LB BT REAIG, E2 H F B AR IE UK,
HHBEABZ TR =M. 55—, N
KT AR B AR B R A T INVELL, B 4L
i BRI, X BAR SRS T, 3T ORI
SERIR RN X R 4R T B R AT AR
PRRRATH, Hom A B ot 2 1R U AL AU B K
Ko X 4 B4 rb LR () HERTE S ERTE 40K AT HE A
AT TEM 4347, 45 SR K 4 Fros o X & 5 ks 5
FELERE I O MIT H A 4 T L o 2 i e EEL v A2
PR BN B S IAet FE 2R80, FoFAH A o ] B 1A 1000 o, -
L5 o EE T A ) S 800 e, 15 B ] 4(a) A1
P 4(b) TR AR R VC, BUBRALBUAR, RS 4)
51 10.06 nm F1 16.94 nm.,
2.2 IR RIS T

P& 5 Sk DURRAS [R]85 i X80 45 2R A9 1Y (i 1o 4l
LU R, ML S AT LUE Y, DUFRAA 1 S 2 41
PRk 2 A KRR DU ECAARZE 1, 5 b 25 R 21 1)
B B2 53 A 26 AN K, X R BAARF 58 AL 5 AR Ak

Y — _ _

(a) 1745 (b) 2745 (c)374; (d) 4744

XA SR AN . B R T DA B = 4N
TR R AR IR, 3 HER R IR 5P
Z [8] B9 A A5 & B-N(Baker-Nutting) B [a] ¢ &, Bl
(001)V(C,N)/(001)a, [010]V(C,N)/[110]a, ELFLTEiiE
%, SR R R IRTER AL R mIB ",
AR, I ZHZR B SR i oS, AT LA BIFE Y
SR S KR/, 53 AR

100 nm B 0omm

()M AR 15 ()BT AR 1 A HRTEM 1%; ()M 2; (D
#H 2 1) HRTEM {%
B4 4" @RR AR HRTEM &
Fig. 4 HRTEM images of typical precipitates in 4 steel

El5 Mt iRe EMERRE A
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Table 3 Tensile properties of four experimental steels
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Fig. 8 Morphology and corresponding energy spectrum of dislocation and nano precipitates in 3" steel under STEM mode
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