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Microstructure and properties of X70 pipeline steel welded joints with
hot-wire TIG welding process at steep slope
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2. PetroChina ( Xinjiang) Petroleum Engineering Company Limited, Karamay 834000, China)

Abstract: The hot-wire TIG welding process was used to weld the 25° X70 pipeline steel with two different heat inputs. In
order to analyze the adaptability of the two welding parameters and the influence of slope on the microstructures and mechani-
cal properties of welded joints, the microstructures of welded joints were observed with an optical microscope (OM) and a
scanning electron microscope ( SEM ). Meanwhile, the mechanical properties of welded joints such as tension, bending,
hardness and impact toughness were measured. The results show that the heat input has little effect on the microstructure type
of welded joints, but affects the grain size. The slope affects the width and the grain size in the coarse-grained heat-affected
zone ( CGHAZ) of the cover weld. The width and the grain size in CGHAZ of the lower groove are both bigger than those of
the upper groove. The mechanical properties of welded joint with a high heat input are qualified. However, the hardness of
the cover weld toe with a low heat input is high, leading to cracking of bending specimens. The HAZ impact energy at both
of the upper and the lower slopes does not differ much. It is suggested that welding parameters with a high heat input, which
has a high welding efficiency and a good joint quality, should be used in practical projects.
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Table 1 Chemical components of welding materials %
e c Si Mn S p Cr Ni Cu Mo
ER70S-6 0.10 1.05 1.63 0.035 0.025 0.15 0.15 0.05 0.15
ER80S-6 0.10 0.50 0.52 0.025 0.025 5.00 0. 60 0.35 0.48
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Fig.1 Schematic of welding groove and welding pass
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Table 2 Welding parameters
PR IR SRR R A

REH /A UV  (em-min') (kJ-em™)
AR 140~ 150 10 15~17 4.62
P 200 11 14 8.01

N AT 200 11 11 8.01
K A 5E 280 12.5 18 9.92
i T 200 11 11 10. 20
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Fig.3 Macro morphology of welded joints
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Fig.5 Microstructure of weld with low heat input
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Fig. 6 Microstructure of CGHAZ with high heat input
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Fig.7 Microstructure of CGHAZ with low heat input

A X o Rt DX Jar B A SRR AN 2% 5 A T S REL
IXIE UL I M=A dTed it 720 ORIl
RS DA AT SURAT —E R L 1], TR 2T ety
PAH DX ERAE PRI, B I3 2 o 1) 47, e (o e e JEE 1Y
EEAIE, AR, 7E aty PIAIXA, o BYTE DI 72
S MR R X IIE Y v F e i AR
y KIE R y BA S 0 S i, MOl A y 8
TRUE AR My S PLT A D IR ARAS , (H AR S
A4 T D RIR BIE e AT b i B IE ik
AR M-A 418,

gt

HEARM- A

B & RM=A G PRMEA

(a)SEMJE 3 (b)) B 5
B8 IEFERERXAARR
Fig.8 Microstructure of IR CGHAZ
2.2 1REEs1tRt
2.2.1  FAPMHEAE
X70 ARFHEAL L PN S M 15 A7 - 7 1R IR 1
PREERE G I, HThi s A /N T 570 MPa, H %

AN 19 T 22 T 1 58 4 A5 RIS A A 1 URE B 76 1
W PRI EE AR /N T 542 MPa, fifHiph <k WK 9,
PLARAELS R AN B 10 i, R AR 35 B 78
Bl HyTHnom B s TARMEER 1Y 542 MPa, /MA
NS RERE v S AU e (SR 2 S R U TR
2 SR B W7 AR A (BT Rom B T AR SR
) 570 MPa, iXJ& i T/ A3k $A 2 Mt 4
FRRHRLR DU EC AN 22 008 4k R AR i, 5 303k
SRIERAC, M9 n A R AT 4k 3 AN EL
S ASTE B B SR AR TR B B R VB B, g A%
L) JE WA R IR ARG N 980N, BB AE R A
U LR eR TR

800 — i1
— A2

700
600
500
400 [
300
200
100

N 17 6/MPa

0 0.I02 O.IO4 0.I06 0.68
(a) K #d N

RO e
700 | — A2

0 0.04 0.08 0.12 0.16
BAE g
(b)/N AN
9 R F7-R7 3 2k

Fig.9 Tensile stress-strain curves

S R REE |
o BUhLsE
700+ m HKE 120

< xX
846001 115 £
= 5
%500- -IOE

W

N EER N
HINT7

E10 HHREER
Fig. 10 Results of tensile test

RN



%48 K % 6

F 3 R XTO B RARA L TIG IRk AR Ak 4t - 231 -

2.2.2 EHae

KIS R ISR 3, A R I 11 B,
Kt AT RE A I 180° )5 , BURE DL LR,
AR R PUE TERE R A7, /NG AR R I B
ML 3 mm HYRE, RECEAT TG L I7 1), %L
LTI 3 1 5 TR AR AL 5 TR KR AR A A AR
SEFIMLR XSS SUAL , kL S oL TS RE ) 22,
Boy R AW, AN EAREER

x3 THEHRER
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Fig. 11 Morphology of bending specimens and cracks
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Fig. 13 Hardness distribution of welded joints
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