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Synopsis :

Effects of Nb and V contents on the tensile and Charpy impact properties of high quality
line pipe have been investigated laboratory-malted and controlled-rolled plates, their
simulated HAZ(weld Heat-Affected Zone), and their submerged-arc welded joints. Effect
of stress-relieving on those properties has also been studied except for the case of
simulated HAZ. An increase in Nb and/or V in Nb-bearing steel raises strength without
deteriorating impact transition temperature. Addition of Cu or Mn which lowers Ar3
temperature of steel accelerates precipitation hardening of niobium or vanadium
nitrides and carbides, thereby improving strength of Nb-bearing steel. Higher Nb
makes grain size of controlled-rolled plate finer and expands fine-grained region of HAZ,
but more than 0.06%Nb deteriorates toughness of coarse-grained region of HAZ and
weld metal. The deterioration in this case is larger then that in the case of the same V

content, and turns more noticeable after stress-relieving.
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Effects of Nb and V contents on the tensile and Charpy impact properties of high quality line pipe have been inves-

tigated using laboratory-melted and controlled-rolled plates, their simulated HAZ(weld Heat-Affected Zone), and their sub-

merged-arc welded joints. Effect of stressrelieving on those properties has alse been studied oxcept for the case of

simulated HAZ.

An increase in Nb and/or V in Nb-bearing steel raises strength without detericrating impact transition temperature.

Addition of Cu or Mn which lowers Ary temperature of steel accelerates precipitation hardening of nicbium or vanadi-

um nitrides and carbides, thereby improving strength of Nb-bearing steel.

Higher Nb makes grain size of controlled-

rolled plate finer and expands fine-grained region of HAZ, but more than 0.06%Nb deteriorates toughness of
coarse-grained region of HAZ and weld metal. The deterioration in this case is larger than that in the case of the same

V contend, and turns mere ncticeable after stressrelieving.
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Table 1 Chemical compositions of specimens

{wt3%)
Series No. C 8i Mn P ] Ni Cu Nb v Al N
N1 0.054 0.25 1.6% | 0.012 | 0.008 0.20 0.30 — 0.020 : 0.026 | 0.0026
N2 0.046 0.26 1.69 0.011 | 0.008 0.21 0.29 — 0.140 | 0.025 | 0.0033
N3 0.060 | 023 | L70 | 0.012 | 0.007 | 0.21 | 0.30 | 0.024 - 0.030 | 0.0028
N4 0.073 0.25 1.60 0.011 | 0.006 0.19 0.28 0.022 | 0.018 | 0.028 | 0.0032
N5 0.070 0.23 1.72 0.012 | 0.007 0.21 0.30 0.025 | 0.039 | 0.029 | 0.0027
N6 0.074 0.25 1.73 0.012 | 0.007 0.20 0.30 0.024 | 0.056 | 0.027 | 0.0028
N7 0.053 0.27 1.70 0.012 | 0.008 0.21 0.30 0.023 | ©.120 | 0.026 | 0.0029
Ng 0.055 0.25 1.71 0.011 | 0.008 0.21 0.30 0.047 — 0.029 | 0.0026
Ng 0.076 0.25 1.73 0.012 | 0.007 0.21 0.30 0.047 | 0.029 | 0.031 | 0.0030
N10 0.069 0.24 1.70 0.012 | 0.007 0.21 0.30 0.048 | 0.038 | 0.028 | 0.0036
N1l 0.049 0.26 1.71 0.012 | 0.007 0.22 0.30 | 0.061 | 0.088 | 0.025 | 0.0029
N12 0.060 0.25 1.79 0.011 | 0.006 0.19 0.31 0.063 — 0.032 | 0.0030
N13 0.074 0.25 1.73 0.011 | 0.006 0.19 0.29 0.061 [ 0.01% | 0.031 | 0.0029
N14 0.044 0.27 1.70 0.011 | 0.009 0.21 0.29 0.160 — 0.026 | 0.0034
Cl 0.067 0.24 1.70 0.011 | 0.007 -— — 0.046 | 0.020 | 0.030 | 0.0033
cz 0.083 0.25 1.74 0.010 | 0.005 0.30 — 0.044 | 0.019 | 0.032 | 0.0030
Ci3 0.077 0.23 1.72 0.012 | 0.007 0.11 0.40 0.047 | 0.020 | 0.031 | 0.0032
C4 0.071 0.23 1.73 0.012 | 0.007 0.21 0.49 0.046 | 0.0I18 | 0.030 | 0.0030
M1 0.058 | 0.26 0.82 0.015 | 0.001 0.30 { 0.30 0.043 | 0.074 | 0.040 | 0.0028
M2 0.059 0.25 1.21 0.015 | 0.001 0.31 0.30 0.043 | 0.074 0.04l0 0.0028
M3 0.059 0.25 1.69 0.013 | 0.001 0.31 0.30 0.043 | 0.074 | 0.040 | 0.0026
M4 0.058 0.25 2.01 0.015 | 0.001 0.32 0.30 0.044 | 0.074 | 0.039 | 0.0028
Table 2 Welding conditions of plates
Joint design Flux Wire C“(‘X)""t V“('\:;‘ge ' (csnf/"':idn) He(tl;:;‘)’t
60° L | KW11T 800 30
. KF-7 120 23.4
45 T KW101B 600 38

T5EYSAHLAL TSHTFA%4, ZH SRIZ  REHFTEEL-EE20 T HFHuO 5 BIFEIL,
FHEAGZ(ND+V)EOMME & LIcHBIZ 42,  as-rolled T YS #9# 43.2kg/mm?® & 45.4kg/ mur?,
BRL e o ehs, V£ 0.02% #5503 014% & TS A 52kg/mm? & 59.7kg/mm2 4 1, Nb %
ALTWTINbZ2EHLTWa0ER(INL & N2) 2 HLTw2fictkt~#EL < {&v, Fig. 3 11,
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Fig. 2 Effects of Nb and V on the tensile
properties of controlled-rolled plates with
or without subseguent stress relieving at
600°C for 1h
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Fig. 3 Effects of Nb and V on the Charpy V-notch
toughness of plates treated in the same
manner as in Fig. 2

X — (IR A,

Photo. 12 Nb&FEARY 2 8o L #im
SRS E T, Nb s Bz WS
I 7 T A FRAES IERTAY, 2
50% FATT o) LR &4 2 5L 1L 5,

Fig.4 i3 0.06%C-0.3%Ni-0.3%Cu-0.04 %4Nb-0.07
%V R ERETELT, Mn 2% 08% 05 2.0% %
THEII Y ENMOBEEFT L & v Y1

0.025% Nb-0.039%V

0.047%Nb -0.015%V

Photo. 1

Microstructures of longitudinal section of controlled-rotled plates having different Nb contents



X65—~XBO#h 2 o » /3 BN F RN oEEEII MIET Nb, V osE 5

Vol. 10 No. 1
0.06%C-0.3%Ni~0.3%Cu~0.04
%Nb-0.07%V
T-direction
Open mark © As-rolled
351 Full mark : SR -40
o
- +H— 60 :
=1
y 35
< R
w 25r 188
! -
B us
a®
20r H-100 3
15p 1-120
10 : - L —140
75
nr
B
E
EX
-_=
i)
c
a
2 60
W
551
L
{2.B) () Yield El. (%)
50 1 1 1
0.5 1.0 1.5 2.0

Mn content (%)

Fig. 4 Effects of Mn on the tensile properties
and the Charpy V-notch toughness of plates
treated in the same manner as in Fig, 2
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Fig. 8 Effects of Nb and V contents in plate on
the Charpy V-notch toughness of weld
metal in as-welded and subsequently
stress-relieved conditions
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Table 4 Effect of Nb and/or V content on
the austenite grain size of slab
reheated at 1150°C and ferrite grain
size of controlled-rolled plates of

0.05%C-0.25%Si-1.7%Mn steels

Seres O 04wt e | et i
: Nb v () {22}

Nl4 |0.16| - 80 5.1 o
Tll 0.06 | 0.09 130 - 5.5
N7 0.02 | 0.12 190 _ 6.2
N2 - | 0.14‘ 190 6.9
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Photo. 3 Microstructures of synthetically heat-affected specimens taken from a controlled-rolled commercial steel
plate containing 0.04%Nb and (.03%V (The peak temperature in each thermal cycle is indicated)

Photo. 4 Photomicrograph showing martensite-

austenite constituents along grain bounda-
ries after heating at 730°C for 10min
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