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Development of X70QPSL2 Tube for High Pressure
Gas Transmitting Linepipe

Jiang Shichuan
( Chengdu Advanced Metal Materials Industrial Technology Institute Co. Ltd. Chengdu 610303 Sichuan China )

Abstract: The X70QPSL2 seamless steel pipes with wall thickness S ( >25 mm) for high pressure gas
transmitting has been successfully developed by suitable alloyingdesign integrated smelting control tech—
nology controlled forging-compression ratio rolling and controlled cooling process and external spray and
internal axial flow process for heat treatment.The testing results and evaluation of the products show that
the chemical composition longitudinal tensile properties and Charpy V notch impact properties of the
products meet the technical requirements.The average yield strength tensile strength yield ratio and elon—
gation are 559 MPa 649 MPa 0.85 25% respectively.The transverse impact energy of the V type of 10
mmX10 mmXx55 mm at 0 C and =50 Care 213 J and 180 ] respectively. Hydrostatic pressure test is
qualified under 50 MPa high pressure. Welding performance evaluation indicates that the tube has excel—

lent welding performance.
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X70QPSL2 2) (42 MPa) ;
$=25 mm 3) ( -50~60 C) ;
: : 4) ;
N 5) (S=25 mm) ;
. 6) .
#88.9 ~ (#355.6 mm. S=25 1.2
mm . X70QPSL2
o X70QPSL2 N
1 N AY 1
~35 1~3
1.1 ;
30 MPa ;
\Y 0~
=50 C API Spec 5L 45
1) ( =485 MPa) A.B.C.D.Ds
. ( =100]) ; 2.0 .
1 X70QPSL2
Table 1 Requested chemical compositions for X70QPSL2 %
C Si Mn P S CE Pem
<0.18% <0.45% <1.80% <0.025% <0.015% <0.43 <0.25

- Nb+V+Ti<0.15%; @Cu<0.50%; Ni<0.50%; Cr<0.50%; Mo<0.50%; B)CE =C+Mn/6+( Cr+Mo+V) /5+( Cu+Ni) /15; @Pcm= C+Si/
30+( Mn+Cu+Cr) /20+Ni/60+Mo/15+V/10+5B.

2 X70QPSL2 C
Table 2 Requested longitudinal tensile properties
for X70QPSL2 X
: Mn Mn
/ / /
MPa MPa ( max) %
485~635 =570 0.93 e Pem. CE C
515~635 =570 0.93 e
" 0.11% ~0.15%; Mn 1.40%
:e:kAWE e 50.8 mm( 2.0 in) ok ~1.60%.
k=19%;4 U . 2.2
3 X70QPSL2  V Nb.V.Ti
Table 3 Requested Charpy V notch impact test
parameters for X70QPSL2
13
/ /C
" 2%
APISL 44 10x10%55 0 =27 =20 | .
10x10%55 0~-50 =40 =30 ° Nb.V.Ti
2
0 1 N
2
2.1 N 1

o G TiN.AIN.NbN.TiC.
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VN.NbC.VC. TiN 1 400 C 2.3
; VG,
(1200 C ) NbN  NbC
4
Nb 0.000 5% ~0.002 0%
0.03% ~0.05% 0.003%
0.01%~0.03%. . ( $=25 mm)
B
e 0.000 8% ~0.001 8% .
1400 1300 1200 1100 1000 900 800
1000 — : : ; ‘ . : 2.4 .
800 Nhc+12/11N) P.S P
400~ 0.19%Vx0.29%C
200 NG v S (1190°C)  FeS
5 ol ! (989 C)  FeS+Fe S Mn
v>—<4 e 1
= WF 0.1%Vx0.01%N MnS
£ 10F i . P.S
4t .
2 b 1 P <0.015%.5<0.005%-
- C-Mn
0.4
O.Zt‘ Pem CE
o 7 8 9 10 Nb.Ti ;
10°TY/K B
! 3 ( S=25 mm) .
Fig.1 Phase equilibrium concentration product . o
for developed tube steel X70QPSI.2 4.
4 X70QPSL2
Table 4 Chemical compositions of X70QPSL2 steel %
C Si Mn P S Alt Nb T B P, CE
0.11~0.15 <037 140~1.60 <0015 <0.005 =<0.050 003~0.05  001~0.03 0.0008~0.0018 <024  <0.43
FeB ;
3 .
Nb.Ti B o
3.1 3.1.2
3.1.1
Nb.Ti.B Nb.Ti. we =0.05%w, <0.010%; LF
B : O.N VD LF =20 min
Nb.Ti Al 0.02% ~0.05% VD
; B B 66.7 Pa 15 min Ca-Si
B,0;.BN 0.5~0.7 kg/t
ALT AL Ti 10 min 1595~1610 C
0.02% ~0. o
05% N o
X Ti/N 3~5 2 5



3 : X70QPSL2 * 107 »

AL O, Sio, o
20 65 3.1.3
. 160 X70QPSL2
S s} e,
E \' - Nb 700 ~900 °C
p- = Nb Nb( C N)
% 1ok 450 ;&
k=) - ]
™ — 4 °
i 4
Eﬁlﬁ | —a 45 & N
W '\ 140
LF ;,é.‘ VD Zﬁﬁ ’tfft{ % N °
T
, Nb( C N)
Fig.2 Control of gas content in smelting process 900 °C ;
1530~1 550 °C; ;
2 LF Ar ; ;

T O T O +5 mm;

; VD N ?*350 mm
N N 1 540~1 545 °C
50x10°° ; :0.45~0.50 m/min
VD H LF (3~4) 15% 18.5 L/min
x107° 2.0x107°
o 5 X70QPSL2 1
0.004 0% ~0.006 0% 3~6,
5
Table 5 Control of acid inclusion in billet %
Al 04 Si0, FeO MgO MnO Cr, 04

max 0.006 0 0.002 3 0.002 0 0.001 4 0.000 3 0.000 4 0.000 05
min 0.004 0 0.001 3 0.001 2 0.000 0 0.000 3 0.000 1 0.000 02
ave 0.004 9 0.001 7 0.001 6 0.000 6 0.000 3 0.000 2 0.000 04

3 4
Fig.3 Surface crack of macrostructure before Fig.4  Without crack of macrostructure

process optimization after process optimization
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. X70QPSL2
7\ 8

7 X70QPSL2
Fig.7 Microstructure of of hot rolled steel
for X70QPSL2

6
Fig.6 No defects on the billet surface after

process optimization

3.2
3.2.1
o =3 3
3 Fig.8 Microstructure of hot rolled steel for
N . common products
« / ”
3.3
Formastor—II
X70QPSI.2 6.
140 mm
o Ac;+(20~40) C 900
3.2.2 ~920 C;
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550 ~580 °C N o
X70QPSL2 6 X70QPSL2
( =515 MPa) Table 6 The critical points of X70QPSL2 steel °C
° Ac, Acs Ar; Ars Ms Mt
+
700~720 838~880 593~618 760~812 387~429 242-~324
675 675 0.840 32
(a) (b)
650 650 0835}
130
625 1625 08301
600 | {600 5 0825 {28
= &
Esr5r 1575 % 320.820 <
= i " 126 =
# 550 - 1550 B EO.S‘IS B
= —a— B =z E *’
= so51 —e— iR (552 08107 1#E
=
500 | {500 0.805 - R 15
475 + 4475 0.800 ik &
: . . s 0.795 : : : : 20
0 s00zs 550+5 5680+5 o005 Y 500+5 550+5 580+5 60045
Il i B /°C al R /C
9
Fig.9 Relationship between tempering temperature and mechanical properties
4.2
GB/T 10561—2005 {
)
7
o Nb.Ti.B Ds <1.0
B 8.
90% B 4.3
; S\P X 10  ¢219.1 mmx28 mm N N
o X70QPSL2 o
7 X70QPSL2
Table 7 Main chemical compositions of X70QPSL2 steel %
C Si Mn p S Al Nb Ti B Pem CE
max 0.13 0.28 1.50 0.013 0.006 0.038 0.038 0.028 0.001 3 0.23 0.41
min 0.11 0.24 1.44 0.009 0.004 0.032 0.031 0.022 0.000 9 0.21 0.39
ave 0.12 0.26 1.47 0.011 0.005 0.035 0.033 0.025 0.001 1 0.22 0.40
+0.015 +0.025 +0.035 +0.0025 +0.001 5 +0.003 5 +0.004 +0.003 5 +0.000 25 +0.015 +0.015
8 4.4
Table 8 The rating of non-metallic inclusion 143
A B ¢ b DS (?88.9~¥355.6 mm.  $=25 mm

9; 10 mmx10

0 0.5 0 0.5 0 0.5 0 1.0 mm 0°C.-50 C 10,




10 219.1 mmx28 mm

Fig.10  Microstructure of ¥#219.1 mmx 28 mm tube steel after tempering.samples from near

outer wall middle part and inner wall

9 X70QPSL2
Table 9 Tensile properties of X70QPSL2
/MPa /MPa 1%
535~585 625~ 685 0.84~0.89 21.5~32.0
(559) (649) (0.86) (25.3)

°

10 X70QPSL2
Table 10 Impact properties of X70QPSL2

E711T8-Nilj; 11
12,
4.6.2
11~
14

2l
/mm /C
10x10x55 0 213 142
10x10x55 =50 180 83 1
9.10 . TL
° '1.6 +0.4 mm
4.5 2.5~3.5mm |
<50 11
MPa =5 50 Fig.11  The joint design
MPa 10 S o
5

4.6 n

X70QPSL2 API STD 1104 T “
2005 . . (2

° l 14 \
4.6.1 o
: GMAW ( Root) + FCAW-S( Hot. Fill. 12
Cap) ; ER70S-G / Fig.12 The welding sequence
11
Table 11 Tensile test condition
/( mmxmm) /kN /MPa
1-1 24.70%x10.34 166.4 650
1-2 25.00x10.90 172.2 630
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12
Table 12 Bending test condition
/mm /mm /(°)
2-1 10 90 180
2-2 10 90 180
2-3 10 90 180
2-4 10 90 180
13
Table 13 Impact test condition
/( mmXmmXmm) /°C /] /]
79
3-1 \Y 10x10%x55 -35 66 82
100
125
3-2 \Y 10x10x55 =35 100 122
140
226
3-3 \Y 10x10x55 +2 mm =35 253 235
225
230
3-4 \Y 10x10x55 +5 mm =35 233 221
200
14 Mn Nb.Ti ;
Table 14 Hammer breaking and low magnification
metallographic test condition
B ( S
=25 mm) . ;
4-1 0.5 mm 2 N ~
4-2
4-3
+
X70QPSL2
(=50
<) i (=50 C)
( S =25 mm) X700
X70QPSL2 PSL2 :
29329 t N A
¥88.9 ~ ¥355.6 mm.
S=25 mm N
5 X70QPSL2 .
C.
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