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Abstract：The tungsten inert gas welding(TIG)technique was employed to weld the nicke1．based wrought superalloy GH625．and 

the microstructures，element distribution，grain boundary character and mechanical properties of the welded ioint were irivestigated 

systematically．The results indicated that the welded seam was of austenite dendrite crystal structure and no obvious heat affected 

zone(HAZ)was observed．A number of precipitated phases with homogeneous distribution were observed in the interdendritic 
region of the weld fusion zone．The abnormal phenomenon observed in the weld fusion zone of GH625．i⋯e higher hardness and 

larger grain size compared with the base metal。may be attributed to the precipitated phase in the weld fusion zone．The higher 

tensile s~ength in the base metal was mainly attributed to the presence ofmore contents of fine grains and twin boundaries，while the 

lower elongation in the welded joint was mainly owing to the precipitated phase． 
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1 IntrOductiOn 

GH625．a nicke1．based wrought superalloy with 

outstanding properties，such as strong tensile strength， 

excellent fabricability and weldability,is widely used for 

pipeline parts in gas—turbine engine[卜3】．The GH625 

alloyed with Mo and Nb belongs to a solid solution 

strengthened alloy．However，it has been reported that， 

the precipitation of the metastable hardening phase of)，” 

Occurs at a high temperature．and will仃ansforrn into 

orthorhombic phase under some specific conditions．If 

the precipitated y”phase is too much，it will deteriorate 

the mechanical properties of the resultant GH625 

superalloy『4，51． 

Fabrication of superalloy components is viable 

when using tungsten inert gas(TIG)welding[6—8】． 
GH625 tubes are used extensively in gas turbine engine 

pipelines，and they are usually exposed at 773 K or 

above when they are in service．Accordingly,it is 

essential for the welded structure to possess good 

mechanical properties，such as strong tensile strength， 

high creep resistance and outstanding corrosion 

resistance at room and elevated temperatures．At present， 

there are few literatures reported about the mechanical 

properties and relevant microstructures of GH625 

weldment．Furthermore． the mechanical property 0f 

GH625 weldment may be different from that of the base 

metal owing to the microstructural evolution during TIG 

welding，namely the differences in grain size，grain 

boun dary and element distribution as well as the 

precipRated phases in the weldment．Therefore．it is 

essential to study the properties and reliability of the 

welded parts comprehensively, which are always 

determined by the microstructure of the welded seam．It 

is necessary to understand whether other un desirable 

phases wil1 forlTl or not during TIG welding。and whether 

the corresponding microhardness and elongation of the 

alloy will obey some laws like other alloys．Having a 

clearer understanding of underlying factors wil1 optimize 

the welding technique used for the GH625 superalloy． 

In this work．the microstructures of the welded seam 

and the base metal were characterized by optical 

microscopy,scanning electron microscopy(SEM)and 

electron back．scattered diffraction (EBSD)．Element 

contents in all the crucial zones across the weld fusion 

line were examined by electron probe micro analysis 

wavelength dispersive X—ray spectroscopy technique 

fEPMA．EDS)．Microhardness was also measured along 

the weld cross section．The tensile properties of GH625 
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Fig．6 Histograms of degrees of grain boundaries of weld 

center zone(a)and base metal Co) 
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Fig．7 M icrohardness profile taken horizontally along cross 

section ofweld 

the location of the weld fusion zone，and the right side is 

the location of the base meta1．The microhardness 

variations at different weld depths are very similar。 

indicating that the mechanical property of the GH625 

superalloy is not affected very much by the welding 

energy．The value of hardness nearby the fusion line is 

close to the mean value of the base metal of nv0 3 238． 

which also shows that HAZ is absent in the base metal 

and the alloy can escaDe the welding heat． 

The microhardness variation is constant across the 

weld fusion zone by the large，indicating that the weld 

metal material is relatively homogeneous and consistent 

with the aforementioned microstructure to some extent． 

It can be clearly observed that the microhardness is 

hi．gher in the weld fusion zone than that in the base 

meta1．The value of microhardness is increased by about 

HVo 3 3O from the base metal to the weld fusion zone． 

The hardness variation is not in line with the differences 

in strength and in grain size for the weld fusion zone and 

the base meta1． Therefore， this type of hardn ess 

distribution across the weld fusion line is not only related 

with strength and grain size．but also correlates with 

grain boundary， precipRated phases and element 

distribution within different regions during welding．The 

change of grain sizes from the base metal to the weld 

fusion can refer to the EBSD results．The abnormal 

phenomenon observed in the weld fusion zone，i⋯e high 

hardn ess with large grain size．may be attributed to the 

distribution of alloy elements and precipitated phases in 

the weld fusion zone． From the microstructural 

observation and the EPⅣ【A testing results．it can be 

concluded that the introduction of more contents of 

refractory elements Nb and Mo will enhance the strength 

an d facilitate the formation of a number of precipitated 

phases densely distributed in the weld fusion zone．which 

results in a high hardn ess eventually in the weld fulsion 

ZOne． 

The tensile tests of the base metal and the welded 

jpint were carried out at 273 and 773 K，respectively，and 

the results are shown in Table 1．The tensile strength and 

elongation of the welded ioint are 735 MPa and 35．29％ 

at 273 K．nearly 90％ and 68％ as high as those of the 

base metal respectively． ereas at 773 K the tensile 

strength and elongation of the welded oint are 6 1 6 MPa 

an d 27．06％．nearly 92％ and 60％ as high as those of the 

base metal，respectively．In general，the strengthening 

mechanism of superalloy includes solid solution 

strengthening，grain refine strengthening and preciFIitate 

strengthening．From the comparison between the base 

metal and the welded{oint，it can be coneluded that the 

higher strength in the base metal mainly is attributed to 

more fine grains and twin boundaries．while the 1ower 

elongation in the welded joint is mainly owing to the 

precipitated phase．which makes the material more 

brittle． 

The microstructures nearby the tensile fracture 

surfaces ofthe welded ioint at 273 and 773 K are shown 

in Fig．8．Under these two conditions，many cavities 

were formed after the tensile test．It is noteworthy that all 

of the cavities exist in the precipitated phase．and are 

prone to form more btittle structures，even though the 

point is higher strength．It can be coneluded that the 

precipitated phase during the welding is detrimental to 
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氩弧焊接 GH625高温合金的 

显微组织演变与力学性能 

顾玉丽，陶春虎，魏振伟，刘昌奎 

中航工业 北京航空材料研究院 航空材料检测与评价北京市重点实验室，北京 100095 

摘 要：采用钨极氩弧焊接工艺对镍基变形高温合金 GH625进行焊接。系统研究焊接接头的显微组织、元素分 

布、晶界特征和力学性能。结果表明：焊缝组织为奥氏体树枝晶结构，未见明显的热影响区，焊接熔合区的枝晶 

问区域均匀分布着大量的 相。与母材相比，焊接熔合区同时具备较高的硬度和较大的晶粒，这可能与焊接熔合 

区的 析出相有关。母材较高的强度主要归因于较多的细小晶粒和孪晶界，而焊接接头较低的伸长率可能是由于 

相。 
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