I 1108

i g 3L

$% & S Vol. 79 (1993) No.9

KREIE A MESTKTS0F AT ELD
BRI RO EE MEICRITIHEARO DEE

KiE M- HE O ME - P

oo o R N B

Effect of Boron on Liquid Zinc Induced Embrittlement in Heat Affected Zone
of STKT590 Steel Tube for Power Transmission Tower

Tohru Tezawa, Takashi Inour, Osamu Hirano, Tohru Oxkazawa and Tomoya Koseki

Synopsis : This paper represents the effect of boron on liquid zinc induced embrittlement in the heat affected zone of STKT590.
To determine the susceptibility toward liquid metal zinc induced embrittlement at a fracture time of 400s (Sym-400), 64
kinds of carbon steel whose boron content was varied in 4 levels, have been tested by the notched-bar - tensile test

method.

Sim-400 1s reduced linearly if a small amount of boron, less than 4 mass ppm, is added. In the case of more than 4 mass
ppm of boron, Spm-40 is minimized to 10 to 2094. Therefore, boron is considered to intensify liquid zinc induced
embrittlement, because the ferrite ratio at the grain boundary is reduced.

Additionally, we reconsidered the JIS regression formula of carbon equivalent for susceptibility liquid zinc induced
cracking (CEZ). As a result, a modified formula of CEZ was suggested to revise the JIS formula. This formula has been
considered to be effective in predicting resistance to zinc induced cracking in large steel structures.

Key words : carbon steel ; liquid metal embrittlement ; liquid zinc ; boron ; hot galvanizing ; grain boundary ; steel pipe ; electric power

transmission tower ; regression analysis.
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Fig. 1. Appearance of liquid zinc induced cracking
occurred at toe of fillet weld.
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Fig. 3. Relation between fracture time and S;y of
various steels by notched bar tensile test.
S.u=(Fracture stress of zinc coated specimen/Fracture
stress of non-coated specimen) X100,

Table 1. Range of aimed chemical compositions of

steels.

Thickness | _Chemical compositions (mass%) | Number of
(mm) C Mn B charge
20 0.10~0.12 | 1.3—~1.4 4 levels* 16
0.06~0.08 | 1.6~1.7 4 levels 16
12 0.10~0.12 | 1.2~1.3 4 levels 16
0.06~0.08 1.4~1.5 4 levels 16

%D less than 1 mass ppm, @ 1~2 mass ppm, @ 2~3 mass ppm,

@ 3~5 mass ppm
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Table 2. Examples of chemical compositions of steels investigated and experimental results.
Thickness Chemical Compositions* YPI|TS | E Stsr—s00 Ere
[v) 0,
(mm) C S Mn P S Cu Ni & Mo V Nb Ti Al N B [MPaMPa| % J %
0.078 0.21 1.47 0.018 0.004 0.01 0.01 0.01 0.01 0.038 0.048 0.015 0.019 0.0018 0.6 | 482 | 593 | 35 65 4.1
0.076 0.21 1.45 0.017 0.004 0.01 0.01 0.01 0.01 0.038 0.047 0.014 0.019 0.0018 2.7 | 512 | 622 | 32 21 2.5
0.074 0.22 1.44 0.020 0.004 0.01 0.01 0.01 0.01 0.040 0.053 0.018 0.021 0.0017 3.1 | 516 | 628 | 34 14 1.7
" 0.074 0.22 1.43 0.020 0.004 0.01 0.01 0.01 0.01 0.039 0.052 0.017 0.021 0.0017 4.9 | 522 | 633 | 32 11 1.3
0.120 0.20 1.27 0.018 0.004 0.01 0.01 0.01 0.01 0.029 0.047 0.017 0.018 0.0018 0.3 | 526 | 625 | 33 76 4.4
0.118 0.20 1.27 0.018 0.004 0.01 0.01 0.01 0.01 0.029 0.047 0.017 0.018 0.0017 2.4 | 525 | 648 | 33 40 2.9
0.118 0.20 1.27 0.018 0.004 0.01 0.01 0.01 0.01 0.037 0.045 0.016 0.018 0.0022 4.5 | 510 | 625 | 32 20 1.3
0.116 0.20 1.26 0.018 0.004 0.01 0.01 0.01 0.01 0.037 0.044 0.016 0.018 0.0018 6.1 | 519 | 636 | 32 12 1.1
* mass ppm for B and mass% for other elements
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Fig. 4. Effect of boron on measured value of

Sim-s00- Sim_s00 Means Sy at fracture time
of 400s.

ERW:electric resistance welded steel tubes,
UO : UO-formed steel tubes.
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Fig. 5. Relation between boron content and hard-
ness of synthetic HAZ.
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ERW:electric resistance welded steel tubes,
UO: UO-formed steel tubes.
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C Si Mn Cu Ni Cr
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Mo A% Nb Ti Al N
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JIS spec. — Nb+V=0.15 — — —
B
CEZ 0.1~40
CEZmod |0.1~10
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* mass ppm for B and mass% for other elements
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Fig. 13. Relation between measured values of

Sim—s00 and &z.. & means the maximum
strain where cracking does not occur in
molten zinc.
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Fig. 14. Relation between calculated CEZmod val-
ues and &g.
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