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Effect of Phosphorus in Steel on Galvannealing Behavior of Galvanized Steel

Satoshi HASHIMOTO, Kenji TAHARA, Etsuo HAMADA, Michitaka SAKURAL,
Jun-ichi INAGAKI and Masaru SAGIYAMA

Synopsis : The alloy phases of the galvanized steel have been examined in order to clarify the effect of phosphorous added in the steel substrate on the

galvannealing behavior. SEM observation have revealed that the density of the {~ZnFe crystal decreases and that the size of the {~ZnFe crys-

tal becomes large as a function of the P content in the steel. The amount of the Al-Fe alloy as an inhibition layer for the alloying between Fe

and Zn have been increased as a function of the P content. The Al-Fe alloy layer has been observed by TEM. AES and XPS analyses have re-

vealed that P in the steel segregates to the surface of the steel and that the amount of segregated P increases as a function of P content of the

steel. P has been also detected in the Al-Fec alloy layer for the steel having a high P content. The results suggest that the alloying between Fe

and Zn is suppressed because the amount of the Al-Fe alloy inhibition layer increased. Therefore the number of the nucleation site of the

{~ZnFe crystal can be reduced, because the Al-Fe alloy is altered for the phosphorus added steel.

Key word : galvannealing behavior; galvanizing; {~ZnFe alloy; Fe—Al alloy; phosphorus added stecl; surface segregation; SEM; AES; XPS.
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Table 1. Chemical composition of phosphorus added steel

(mass%).

C Si Mn P S sol. Al N
0.100 0.09 1.48 0.002 0.0008 0.049 0.0022
0.093 0.16 1.47 0.024 0.0005 0.045 0.0019
0.102 0.14 1.44 0.055 0.0010 0.046 0.0020
0.094 0.13 1.48 0.086  0.0009 0.051 0.0023
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Fig. 1. SEM images for intermetallic compounds formed during galvanizing for phosphorus added steel sheet having various P
content. Al content in zinc bath was 0.12 mass% and bath temperature was 733 K. (a) 0.002 mass% P, immersion: 3 sec,
(b) 0.024 mass% P, immersion: 3 sec, (c) 0.086 mass% P, immersion: 3 sec, (d) 0.002 mass% P, immersion: 60 sec, (e)
0.024 mass% P, immersion: 60 sec and (f) 0.086 mass% P, immersion: 60 sec.
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Fig. 2. SEM images for intermetallic compounds formed during galvanizing for phosphorus added steel sheet having various P
content. Al content in zinc bath was 0.2 mass% and bath temperature was 733 K. (a) 0.002 mass% P, immersion: 3 sec,
(b) 0.086 mass% P, immersion: 3 sec, (¢) 0.002 mass% P, immersion: 60 sec and (d) 0.086 mass% P, immersion: 60 sec.
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Fig. 3. Amount of Fe in Fe-Zn layer as a function of P

content in steel sheet. Al content in zinc bath was
0.12 and 0.2 mass%. Steel was immersed in zinc
bath at 733 K for 3 sec.
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Fig. 4. SEM images for intermetallic compounds formed during galvanizing for phosphorus added steel sheet having various P
content. Steel was immersed at 733 K for 3 sec. (a) 0.024 mass% P, 0.12 mass% Al bath, (b) 0.055 mass% P, 0.12 mass% Al
bath, (c) 0.086 mass% P, 0.12 mass% Al bath, (d) 0.024 mass% P, 0.2 mass% Al bath, () 0.055 mass% P, 0.2 mass%Al bath

and (f) 0.086 mass% P, 0.2 mass%Al bath.
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Fig. 5. X-ray diffraction pattern of Fe—Al alloy layer
formed on phosphorus added steel sheet. Steel is
immersed in zinc bath having 0.2 mass% Al at
733K for 3sec. (a) 0.086 mass% P and (b) 0.002
mass% P.
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Fig. 6. Amount of Al in Fe-Al layer as a function of P

content in steel sheet. Al content in zinc bath was
0.12 and 0.2 mass%. Steel was immersed in zinc
bath at 733 K for 3 sec.
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Fig. 7. AES depth profile of phosphorus added steel sheet annealed for 90 sec at 1 023 K. (a) 0.086 mass% P and (b) 0.002 mass% P.
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Fig. 8. Content of surface segregated P as a function of P
content in steel. P content at surface is determined
by using AES.
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Fig. 9. P2p XPS spectrum of 0.086 mass% phosphorus
added steel sheet annealed for 90 sec at 1 023K as
a function of Ar ion sputtering time.
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Fig. 10. TEM bright field image of cross section of
{~ZnFe alloy formed in 0.086 mass% phosphorus
added steel sheet. Al content in zinc bath was
0.12 mass% and steel was immersed at 733 K for
3 sec. Arrow: Al-Fe alloy, zeta: {~ZnFe alloy, Fe:
steel substrate.
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Fig. 11. AES depth profile of Fe—Al alloy layer formed on phosphorus added steel sheet. Steel is immersed in zinc bath having
0.12 mass% Al at 733 K for 90 sec. (a) 0.086 mass% P and (b) P content: 0.002 mass%.
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