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Tablel1 Chemical composition of tested steels (%)

Steels C Si Mn Cr Ni Mo Cu v B S P Ceq*
T-1 0.10 0.27 1.05 0.55 0.37T 0.27 0.092 0.06 0.0034 0.016 0.007 0.482
Wel-ten80c 0.074 0.23 0.95 0.90 0.024 0132 0.17 0.045 0.006 0.030 0.021 0.498

StE690 0.18 0.65 0.87 0.73 0.037 0.33 0.029 0.006 0.0006 0.011 0.012 0.542

"Ceq=C+M-l+ Cr+Mo+V | Ni+Cu
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Table2 Properties of tested steels

(IIW)

Steels Mechanical property Charpy-V impact energy (J)
D) 6.2 ds ' - - -
(MPa) (MPa) (%) (%) 20C 0cT 20T 40C 60C
T-1 888 832 17.0 64.2 119.59 75.55 49.95 41.15  28.58
Wel-ten80c 845 795 16.5 65.4 133.83 118.29 57.07 43.66  28.32
StE680 890 863 15.4 62.8 84.82 83.21 81.26 70.62  37.89
%3 MELRRBHK
Table3 Parameters of thermal simulation test
Specimen Maximum heating . holding and cooling time (s)
NO: temperature Tm 0~Tn Twn  Tu~800TC 800T~500C 500C~80C
1 1300 5.0 0.5 3.0 5.0 33
2 1250 7.5 2.5 18.0 65.0 115
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Table4 Charpy-V impact energy at various temperatures in the overheated zone of steels(J)

ts/s

steels 20C 0T -20C —40C —60T
(s)
T 5 34.99 30.50 23.42 18.34 15.99
-1 65 10.32 7.95 1.03 5.33 3.52
.t 5 37.41 35.20 29.92 22.60 19.50
E-690 65 .41 16.47 9.04 6.68 5.40
Wel 5 63.93 54.29 34.21 38.33 16.20
el-tendge 65 37.54 20.51 16. 47 13.58 8.69
Note. Average of three data,
Bo  SFPHUMIR e/ JRBLTIXKELTE (R)
Table 5 Correlativity (R) of various fs/s overheated zone of steels
steels ty/s=5s ts/s=65s
T-1 0.54 0.69
StEG90 0.59 0.82
Wel-teng0c 1.00 1.00

Note. R means correlativity of overheated zone toughness of T— 1, StE690 steels to that
of Wel-ten80c. The higher the R, the more similar to Wel-ten8oc.
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Be 3FAIRREL/ IREOERBEREARDHE (%)
Tableb Susceptibility factor D value to hydrogen-induced cracking of various
ts;s overheated zone of steels (%)

steels te;5= 58 18/ 5=658
T-1 33.1 52.8
StE6S0 50.8 .
Wel-ten80c 53.9 50.4

R7  SHETELIGIHARAANRNRKER (%)

Table7 Retained austenite content in structure of various fs,'s overheated zone of steels(%)

steels te;s=bs ts; s=658
T-1 0.36 1.24
StEgSo 2.43 9.35
Wel-ten80c 0.67 3.97
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(a) T-1 (b) S’E890 (c) Wel-ten8oc
B1 8Mits/e = 6sHERENRDREAARABRLHIEE (CRERER) x60000
Fig.1 Typical micrograph of intergrain carbides in martensite of overheated zone of
steels, ts/s= bs, X60000
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Table8 Analysis results for island-llke structure in overheated zone of steels,?s/s=65s

Carbon content Retained austenite Amount of island- Average carbon content

steels of bage metal content like structure of island-like structure —C%
Co (%) J: (%) f1(%) Ci (%)

T-1 0.10 1.24 34.8 0.25~0.28 2.5~2.8

StEe90 0.18 9.35 32.4 0.51~0.56 2.8~3.1

Wel-tensoc 0.074 3.97 21.5 0.27~0.34 3.6~4.6

WA, ARHALERN > SARGSRAARBES WHTREOREFRAES,
WERBE. AREERFBLGES, BNSRAFERWMEIIARLUSTE 5 FRFIK
WEER, HASHNARBETEREZ—. ESRAEL M, M{EAMERNRRRKE
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R BMBERAYD HEHNBRRRRFRNXFERELI, SRAXHWERBREERRT
BRARRGEETOSREASWILE R EHE. T Wel-ten80ell, JLFENHEKRIKE
AR RAFSBREERFARAEE, HUTIREAAPRRBRENTES, NEEIRE
R REFTRMEM WX TSEIMMT- 1H, ATHRAFAPDRHERE BR B
GRENFE, NEREAER, BRTRRBKRENFRER.
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(b) StE690 steel, dark field X 22000 (c) Wel-ten80c steel, dark field x22000
B4 SsHRIARSRARVEMLEY

Fig. 4 Typical microstiucture of island-like structure in the overheated zone of steels.
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Microstructure and its effect on properties of weld overheated zone

of T-1, StE690 and Wel-ten80c steel

Zhang Cuojiu, Zhou Zhaowei and Cai Hongbin

(Harbin Research Institute of welding)

Abstract The toughness and susceptibility to hydrogen-induced cracking of the
ts/s = 5s and 65s weld overhcated zone (WOZ) of T-1, StE690 and Wel-ten80c
HSLA steel of 800MPa grade tensile strength were studied, The microstructure of
the WOZ, in which the retained austenite content was detected, was observed and
compared by TEM, It was shown that thc featurc of intcrface carbide in the
martensite structure and micro-constitution of island-like structure in the B,
structure arc the important factors affecting the properties of the WOZ, When the
retained austenite is in the shape of membrane or strip, the larger its amount is,

the better it reduces the susceptibility to hydrogen-iuduced cracking in the WOZ,

Key words weld overheated zone; microstructure; property
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