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Abstract：Many efIorts were spent on the homogenization of microstrueture and property 07 welding

joints．AⅫsutLace nanocrystM2izasion technique named SuFei'sonic Particles Bombardlr,．g(SSPB)c8n be
used for this purpose．Two kinds of pressure vessel steel welding】oints，16MnR and 0Crl8Ni9Ti，were

chosen to be treated by SSPB．Transmission electron microscopy WRS introduced to examine the surface

microstructure．And their ability to resist HzS stress corrosion WaS enhanced significantly alter the SSPB

treatment．The mechanism for the results we：re analyzed as well．
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1 Introduction

The processing characteristics of welding are adding solders，heating and cooling quickly，which cause

the inhomogenization of microstrueture and properties of welding joints，and the inhomogenization is one of

the main reasons that cause the failure of welding joints‘“．Many efforts have been spent On the homogeni—

zation of microstructure and property of welding joint．Supersonic Particles Bombarding(SSPB)is a new

surface nanocrystaninzati。n technique[船，and it can be used for this purpose．In this study，pressure vessel

steels welding joints，16MnR 10W alloy steel and 0Crl8Ni9Ti stainless steel，were chosen to investigate

welding joints properties treated by SSPB．

2 Experimental methods

2．1 Preparation of samples

The materials used are 16MnR IOW"alloy steeI and 0Crl8Ni9Ti stainless steel，Sample size：16MnR：

290 mm×240 mm×20 mm；0Crl8Ni9Ti：250 mmX 200 mm×20 mm．Are welding was used and E308—16

(A102)welding rods were chosen for welding．

2．2 charaeterization of nanostructure

Mierostrueture observation were performed on a JEM一2000FX II TEM，and thin foils for TEM ware
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prepared by means of cutting，grinding and ion thinning on the untreated side．

2．3 Measarement of residual stress

Residual stress was analyzed by MSF--2903X X—ray stress diffraetometer(with Cr radiation，voltage

30 kV，current 10 mA．)．By using repeated electrochemical etch

ing(etching solution：1 0％nitric acid solution)，the treated

surface layer was removed layer by layer．so that residual stress

along depth from the treated；su'rface was measured and deter

mined by sin2十． ．
。。

2．4 Sustained load tensile test in巩S medium

Sustained load stress corrosion test equipment was used．

According to sustained load tensile test method of metals for re—

sistance to sulfide stress corrosion cracking(SCC)(GB 4157—84)

3 ResuIIts and Discussion

Fig．1 Sample size of welding Joints

sample size was shown in Fig．1

3．1 TEM observation

Fig．2 and Fig．3 are TEM micrographs of 16MnR and 0Crl8Ni9Ti welding joints and grain size distri—

bution graph after SSPB treatment．It is concluded
that the coarse grains of surface layer have been refined

into nanometer regime and nanocrytallincs are equiaxed．

Fig．2 TEM mierograph of we[ding line(a}，HAZ fb)

(1)一dark field：(2)一bright field

Fig．3 TEM micrograph of welding line(a)·HAZ(b)，

(1)一dark field；(2)bright field

basal metal(c)of 16MnR welding joints after SSPB treatment

(3)一SAD；(4)--grain size distribution graph

basal metal(c)of 0Crl 8NigTi welding joints after SSPB treatment

(3)一SAD；(4)一grain size distribution graph
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3．2 Measurement results of residual stress

The material properties are significantly affected by the distribution of snrface residual stress．The sur

face residual stress distribution of welding joints after SSPB treattnenI are showed in Fig．4 and Fig．5．It is

observed from Fig．4 that the maximal compress stress of 16MnR welding line surface reaches its yield

Depth alongthe surNee／um

Fig．4 Compress stress distribution graph of

16MnR welding line after SSPB treat—
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Depth along the surface／11 m

Fig．5 Compress stress distribution graph of

0Crl8NigTi welding 1ine after SSPB

treatrnent

strength and compress stress depth is 220 ffm．Fig．5 shows that the maximal compress stress of OCrl8Ni9Ti

welding line surface exceeds its yield strength and compress stress depth is 360fml．As common shot pee=

ning is restricted by peening intensity，its maximal residual stress can only reach half of material yield

strength，and its compress stress depth varies with the diameter of peening particles‘⋯．

3．3 112S stress corrosion resistance results

Fig．6 and Fig．7 tell us that resisting H2S stress corrosion property of 16MnR and 0CrlSNigTi welding

joints treated by SSPB is much better than untreated one．16MnR fracture time increases 50％when load is

10wer than yield strength；0Crl8Ni9Ti fracture time increases one time when load is lower than yield

strength．The result is reversed while load is higher than yield strength for two steels．

Fig．6 Stress time curvc of 16MnR welding

Joints resisting H?S stress corrosion

Fig．7 Stress’time curve of 0CrtSNigTi welding

joints rc．si．sting HPS stress corrosion

After SSPB treatment，the microstructure of welding joints surface was refined into equiaxed nano—

crystalline．Because the nanocrystalline size is fine and distributes equably，at the beginning of crack gener—

ation，the driving force for H induced crack is endured by much more fine nanocrysta|lines． Moreover，

strain extents differ slightly between grain boundary and grain interior，,gO stress concentration slightly，

and crack doesn't generate easily．At the stage of crack propagation，as the volume fraction of grain hound一
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ary in nanocrystalline is high，and the orientation of neighboring grains is different，the microcracks will be

blocked in the grain boundary when it enter into one grain from another grain through grain boundary．

Once the mierocraeks cross the grain boundary，propagation direction changes，which will consume much

more energy，so the microcraeks can't propagate and grow easily．Under the coordinate effect of nanocrys—

talline and compress stress formed by SSPB treatment on the surface of welding joints，its resisting H2S

stress corrosion property will be enhanced significantly，and this is consistent with the result of G．Echo—

niz．As for the comparable effects between grain refinement and compress stress，when the applied stress

doesn't exceed material yield strength，the material surface doesn’t deform，so the nanostruetured surface

layer will prevent H from penetrating into the material，and protect the material from stress corrosion．

When the load exceeds yield strength，material surface deforms，however，materiaJ surface and matrix don

。t deform conformably，and surface hardness exceeds the matrix hardness，so cracks generate on the sur—

faca。stress and H concentrate on the cracks，which is equivalent with the existence of defects．While un—

treated surfaee and matrix deform conformably，it results in the totally different experiment results when

the load exceeds the yield strength．

Coarse grain，inhomogeneous microstructure in the HAZ of welding joints can increase the SCC sensi’

tivity．It is investigated that different welding joints zones have different resisting SCC properties．For sin—

gle pass welding，the COarse grain zone of HAZ is most sensitive to SCC．In our experiment，the untreated

samples fractured in the HAZ．while treated samples fractured mostly in the welding line，and this indi—

cates that HAZ is sensitive to SCC．There are many defects on the welding joints surface，such as microc—

racks，which can accelerate the formation of crossion induced cracks and increase SCC sensitivity．

When the welding joints were treated by SSPB，a nanoctructured surface layer with novel property was

formed，and this eliminates the inhomogeneity of surface microstructure；At the same time，many surface

defects were removed too，so its resistance to SCC was enhanced．Nanostructured sur[aee layer can increase

the resistance to dislocation mobility and surface deformation，and block the formation and development'of

dislocation slip steP．This indicates that SNC treatment can enhance the sensitivity of resistance to SCC
of

welding joints．

4 Conclusion

(1 J A nanostructured surface layer and compress stress layer with certain depth were formed on

16MnR and 0Crl8NigTi welding joints by SSPB treatment．

(2)Homogeneity of microstruture by forming a nanostrutured surface layer on welding ioints were a—

ehieved．

(3)Welding Joints property of resistance to SCC was enhanced significantly by SSPB treatment．
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