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Effect of P Content in Ultra Low C-Ti Steel on Galvannealing Behavior
Masaaki Urat, Mitsushi Arivura and Hirohiko Sakar

Synopsis : An investigation was made on the effects of the P content on I" phase growth during the process of galvannealing ultra

-low-carbon-0.0569%-Ti-steel sheet.

The results showed that a P content of equal or more than 0.0259% tends to

suppress the growth of the I phase. With a low P content (0.005%), during the galvanizing process, a relatively small
Al concentration is detectable at the interface between the Zn coating layer and the steel substrate and this accelerates
the formation of the outburst structure. With a high P content (0.052%4) in which more P is concentrated at the steel
surface, the Al concentration in the interface is large. This results in the formation of an Fe-Al alloy layer having a
stronger burrier effect of difusion and the outburst structure is significantly suppressed. During the galvannealing of
low-P steel, the I" phase begins to grow after the £ and 8, phases have developed to some extent. This is because the
6, phase, constituting mainly the outburst structure, directly contacts the substrate from the stage of the galvanizing
process. Thereafter, the iron content of the & phase rises, accelerating the formation of the I" phase. With high-P
steel, in contrast, the galvannealing process progresses through the Fe-Al alloy layer, since no direct contact occurs
between the d; phase and the substrate. The I'" phase starts to grow only after the & phase disappears, which means

the T" phase growth is delayed.

Key words : T" phase growth ; galvannealing ; P content in steel ; outburst structure ; § phase; ¢; phase.
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Table 1. Chemical composition of specimens.
(mass%)

No. C Si Mn P S Ti
1 0.0020 <0.01 0.15 0.001 0.005 0.051
2 0.0020 <0.01 0.15 0.005 0.003 0.052
3 0.0026 <0.01 0.16 0.010 0.004 0.053
4 0.0018 <0.01 0.15 0.025 0.005 0.041
5 0.0025 <0.01 0.15 0.052 0.005 0.050
6 0.0016 <0.01 0.16 0.098 0.004 0.049
7 0.0025 <0.01 0.16 0.140 0.004 0.050

Table 2. Galvanizing and galvannealing conditions.

Temperature of steel sheet on entering bath 450°C
Galvanizing | Al content in bath 0.13%
Bath temperature 450°C
Heating rate 15°C/s
Galvannealing | Galvannealing temperature 600°C
Cooling rate 2°C/s

Table. 3. Evaluation index of I" phase growth.
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Fig. 1. Relation between Fe content and galvannea-

ling time.
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Fig. 2. Effects of P content in steel and Fe content
of coating on I" phase growth.
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Fig. 3. Relation between limiting Fe content to
suppress I' phase growth and P content in
steel (Limiting Fe content : the level at or
below which no T'" growth is observed and
above which rapid growth abruptly begins.)
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Fig. 4. Cross - sectional microstructures of as-
galvanized coating.
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Fig. 5. Effect of P content in steel on outburst
structure formation.
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Fig. 6. Relation between limiting Fe content and
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Fig. 7. GDS-depth profiles of Zn, Al and Fe as
galvanizing.
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Fig. 8. Distribution of Al on interface between coat-
ing and substrate of as galvanizing.
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Fig. 9. IMA-depth profiles of P as galvanizing.
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Fig. 11. Changes in cross-sectional microstructures of coating during galvannealing process.
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