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Effect of post-welding cooling rate on microstructure and
properties of X80 pipeline steel

Fu Liwu', Yan Bingchuan', Zhang Shuzhan®, Liu Geng’, Liu Shibo®, Shi Xianbo’, Yan Wei’

(1. Pipe China Pipeline Technology Development Co. , Ltd. , Tianjin 300457, China;
2. Institute of Metal Research, Chinese Academy of Sciences, Shenyang Liaoning 110016, China)
Abstract: Welding simulation experiments were conducted on X80 pipeline steel by using Gleeble-3800 thermal simulator to investigate
microstructure and properties evolution under different post-weld cooling rates ( corresponding #g,5 of 10, 30, 60, 150 s). The results
indicate that at faster cooling rates with z,,s of 10-30 s, the heat affected zone (HAZ) microstructure consists of fine lath bainite with nano-
sized carbides distributed along lath boundaries. When the cooling rate decreases to corresponding ¢, 5 of 60 s, the microstructure transforms
to lath ferrite with fine island-shaped M/A constituents between adjacent laths. Further decreasing the cooling rate to corresponding fg,5 of
150 s results in the formation of polygonal ferrite and large irregularly-shaped M/A constituents. The EBSD analysis reveals that slower
cooling (it4,s =150 s) leads to a lower proportion of high-angle grain boundaries, while faster cooling (7,5 =10 s) induces slight increasing
in local strain and dislocation density within the matrix. Furthermore, the impact property significantly deteriorates at tg,s =150 s due to the
formation of coarse M/A constituents. Optimal strength-toughness balance in HAZ of the X80 pipeline steel can be achieved when the post-
weld cooling rate is controlled as tg,; within 60 s.
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Table 1 Chemical composition of the X80 pipeline steel ( mass fraction, % )
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Fig.1 Schematic diagram of welding thermal simulation process
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Fig.2  Microstructure morphologies of HAZ of the X80 pipeline steel under different post-welding cooling rates
(a) 30 C/s,tg,5s =10 s5 (b) 10 C/s,t5,5 =30 s5 (¢) 5 C/s,155 =60 s; (d) 2 C/s,t5,5 =150 s
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Fig.3 Crystal orientation distribution maps of HAZ of the X80 pipeline steel under different post-welding cooling rates
(a) 30 C/s,tg5s =10 s5 (b) 10 C/s,t5,5 =30 55 (¢) 5 C/s,t55 =60 s;5 (d) 2 C/s,t5,5 =150 s
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Fig.4  Grain boundary distribution maps of HAZ of the X80 pipeline steel under different post-welding cooling rates
(a) 30 C/s,tg,5 =10 s5 (b) 10 C/s, 15,5 =30 s5 (¢) 5 C/s,t55 =60 s; (d) 2 C/s,t5,5 =150 s
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Fig.5 KAM distribution maps of HAZ of the X80 pipeline steel under different post-welding cooling rates
(a) 30 C/s,t5,5s =10 s5 (b) 10 C/s,15,5 =30 s5 (¢) 5 C/s,tg,5 =60 s; (d) 2 C/s,t5,5 =150 s
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Table 2 Mechanical properties of HAZ of the X80 pipeline
steel under different post-welding cooling rates
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Fig.8 Impact fracture morphologies of HAZ of the X80 pipeline steel under different post-welding cooling rates
(a) 30 C/s,tg5s =10 s5 (b-e) 2 C/s,t5,5 =150 s
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