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Synopsis :

In the hot dip zinc galvanizing process of a high strength steel plate, a crack occurs at
the weld heat affected zone due to liquid metal embrittlement (LME). The crack is
induced by both a thermal stress during the dip process and steel chemistry. The larger
the structure is, such as the power transmission tower, the larger the thermal stress
becomes. Hence, it is important to investigate the effect of alloying element on LME of
the steel plate. This paper describes (1) the effect of the alloying element of LME of the
heat affected zone, (20 the mechanism of cracking caused by LME, and (3) improvement
of resistance to LME by Zr addition. Crack susceptibility Ro (ft=400) is expressed as a
function of chemical composition of the steel plate. If the value of R o (ft=400) is larger
than 40%, no LME crack occurs. It is confirmed that Zr suppresses the hardenability,
decreases the formation of coarse precipitates at grain boundaries, and increases the

binding energy of the grain boundary.
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Synopsis:

In the hot dip zinc galvanizing process of a high strength steel
plate, a crack occurs at the weld heat affected zone due to liquid
metal embrittlement {(LME). The crack is induced by both a
thermal stress during the dip process and steel chemistry. The
larger the structure is, such as the power transmission tower, the
flarger the thermal stress becomes. Hence, it is important to in-
vestigate the effect of alloying element on LME of the steel
plate. This paper describes (1) the effect of the alloying element
on LME of the heat affected zone, (2) the mechanism of crack-
ing caused by LME, and (3) improvement of resistance to LME
by Zr addition. Crack susceptibility R, (ft=400) is expressed as
a function of chemical composition of the steel plate. If the
value of R, (ft=400) is larger than 40%, no LME crack occurs.
It is confirmed that Zr suppresses the hardenability, decreases the
formation of coarse precipitates at grain boundaries. and increases

the binding energy of the grain boundary.
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Table 1 Chemical compositions of steel studied

{mass%)
C Si Mn P S Nb ' Cu Ni Cr Mo Ti Zr B
0.02 0.03 1.00 0.013 0.002 tr. tr. tr. tr. tr, tr. tr, tr, tr.
Range ! ! t 1 1 t 1 1 l 1 1 t
1.35 0.40 1.90 0.030 0.020 0©0.041 0.073 0.50 1.00 0.30 0.20 0.020 0.03¢ 0.0020
Base 0.07 0,25 1,60 0.016 0.002 0.035 0.045 — — — — — — —
2 0.02 0.25 1.60 0.018 0.002 0.035 0.045 — — — e — — —
4 0.07 0.03 1.60 0.016 0.002 0.035 0.045 — — — — —_ — —
9 0.07 0.25 1,860 0,016 0.002 0.035 0.045 — -— — 0,20 — — —
12 0.07 0.25 1.60 0.016 0,002 0,035 0.045 0.20 — — m — — —
13 0.07 0.25 1,60 0,017 0.003 0.028 0.045 0.50 — — — — — —
17 0,07 0,25 1,00 0.017 0.003 0.028 0C.045 — — — — — — —
19 0.07 0.25 1.60 0.017 0,003 — 0.045 — — — — 0,019 — 0. 0010
23 0,07 0,25 1,61 ©.016 0.002 0.035 0.045 — — — — — 0.010 —
24 0.07 0.25 1.60 0.017 0.003 0.028 0.045 — — — — e 0.020 —
A 0.08 0.20 1.73 0.019 0,003 0,041 0.049 — _ — — 0,010 — —
B 0.07 0.28 1.61 0.019 0.003 0.033 0.060 — — — — — — —
C 0.c7 0.31 1.64 0.020 0,002 0.038 0.073 0.17 0.18 — — — — —
E 0.04 0.26 1.62 0.013 0004 0.039 0.051 — — — — 0.018 — 0.0012
H 0.0y 0.23 1,25 (¢.,019 0.002 0.041 0.050 G.15 0.16 — — 0.019 — —_—
5 0.08 0.30 1.60 0.017 0,003 0.028 0.045 — — — -— — — —
{a) Specimen Notch MI2 {mm)}
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Fig. 1 Experimental procedure of notched bar tensile test
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Fig. 2 Details of restraint weldment test specimen for dipping
test in molten zinc
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Fig. 3 Relation between time to fracture and applied static
stress of various steels obtained by NBT test
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Fig. 4 Relation between the embrittlement parameter (R,)
and time to fracture of various steels obtained by
NBT test
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Fig. 6 Relation between Vickers hardness, HV(98N), and the
R, cerown values of synthetic heat affected zone
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Photo 1 Fracture appearance of specimen after restraint weld-
ment test in molten zinc

Photo 2 Zinc image by EPMA of typical crack occured by
dipping in molten zinc (steel 1%}
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Fig. 7 Relation between the hardness in HAZ and the ratio
of crack length defined by formula (1) after the re-
straint weldment test in Zn bath (Character: steel
designation)
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Fig. 8 Relation between the results of restraint weldment
tests and the R, .os0 values obtained by NBT test
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Photo 5 Effect of Zr addition on the TEM micrographs of synthetic HAZ treated by extraction replica
method and the SEM micrographs of fractured NBT test specimens

Waad+s Ti-BaEinl s it~ 7258, Ti-B Gmifiin r B 7
AERE LB AREE Ch - 7oe TR fF 2 AT SRARBE O EHH
oiEgEE, Ti-B @ s~ — A8 TR B o b REE A2 R o
L, Zr GG ERL - ilhBBYE L,

Ze BN OB EINE O HAZ coMit v 7Y ARBERERR &
B & AR R BEOEET SEM #2558 % Photo 5 127+,
Ir T, HRTEOH LR E— - e, 2, W
REEEeffnmaARsh, BEEAN~-2flL0Em -

. 25

TABZENREENE,

fe3s, HAZ ol v 7 U A BEBRE T Zo REL i Loty
AEBE R oD T, ik, EMERETFELTV-ZLEDL
ho,

Bl b, Zregbnshf b LT, (1) BAMZINHL, HRx
TE T 5. BB LA Zr 2, (2) KIGoit B & % - -
L, HRAgEORIEYBRTAZE, 3EAOESNLLEE S
LIENEL RS, I FEMBROEERY Fig. 10icrm+, %

T BUEEE 8 Vol, 24 No. 1 1993



26 HT390 MMofiEMERS - sihibcsiZ T4 R EDBE

Increase in embrittie-
ment caused by
coarse precipitates

(i Without Zr
addition

Decrease in binding
energy caused by
diffused Zn atoms

(i1) With Zr Tia 7n

addition 2///

finely dispersed
precipitates

Increase in binding
energy due to Zr
add:tion

Fig. 10 Schematic illustration indicating the effect of Zr
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