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Effect of Si content in the zinc-aluminium bath on the formation of slag phase
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ABSTRACT The solubility of silicon in a Zn—50%Al—xFe—ySi ( in atomic fraction) molten bath and the content of silicon in a
Zn—30%Al—2%Fe—xSi ( in mass fraction) molten bath corresponding to the appearing of 15 slag phase and the disappearing of FeAl,
phase were calculated at different temperatures using the Thermo—Calc software. At the same time the solubility of silicon in liquid
phase in the Zn—50%Al—xFe—ySi alloy and the phase equilibrium relationship of the Zn—30%A1—2%Fe—xSi alloy were experimentally
determined by using the equilibrium alloy method. The results show that the calculated solubility of silicon in liquid phase in the
Zn—50%Al—xFe—ySi system at 540 560 580 600 and 620 °C are 0.82% 0.95% 1.11% 1.28% and 1.47% respectively

which agree well with the experimental data. When the temperature of the molten bath is 580 600 and 620°C the calculated content
of silicon in the Zn—30%Al—2%Fe—xSi alloy corresponding to the appearing of 75 phase in the molten bath is 0.6% 0.72% and
0.84% and the values corresponding to the disappearing of FeAl; phase are 1. 12% 1.22% and 1.34% respectively which agree
basically with the experimental results.

KEY WORDS hot dip galvanizing; silicon content; thermodynamic calculations; slag
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1 Zn—50%Al—xFe—ySi
Table 1 Chemical composition of equilibrium phases existing in the iso—

thermal section of the Zn—50%Al—xFe—ySi system

/ /%
C Al Si Fe  Zn
Al FeAl; 69.9 1.5 24.3 4.3
540
( A150Zn44Fe5Sil) Liq. 49.9 0.6 0.1 49.4
FeAl; 67.7 4.2 24.13 4.0

A2
540 s 67.3 8.7 17.6 6.4

( AI50Znd4FedSi2)
Lig. 51.3 0.8 0.1 47.8

A3 s 66.3 8.6 18.2 6.9
540
( AI50Zn45Fe3Si2) Lig. 621 1.1 05 36.3
Ad FeAl; 70.6 1.7 23.8 3.9
2 Zn—30%Al-2. 0%Fe—Si 560
( A150Zn44Fes. 5Sil. 5) Li. 47.0 0.8 0.1 52.1

Fig.2 Vertical cross section of the Zn—30%Al1-2. 0%Fe—xSi quater—

FeAl; 69.3 2.9 23.5 4.3

nary system

A5
560 15 67.4 8.2 17.8 6.6
: ( Al50Zn44. 5Fe4Sil. 5)
FeAly vt Lig. : Lig. 49.7 1.0 0.1 49.2
( 1) A6 Ts 68.0 12.2 18.4 1.4
560
( A150Zn44Fe2Si3) Liq. 52.3 1.2 0.1 44.4
0.01% 1
A7 FeAl; 70.5 1.6 23.9 4.0
0.1% ~0.5% . 580
( A150Zn44. 5Fed. 5Sil) Lig. 49.6 0.9 0.1 49.3
3 Zn—50%Al—xFe—
. . FeAl; 71.3 2.6 23.1 2.9
ySi Liq. A8
580 75 67.6 8.7 17.7 6.0
( A150Zn47Fe2Sil)
Liq 5.1 1.1 0.1 46.7
A9 s 67.0 8.7 17.2 7.1
580
FeAl . ( AI50Zn47Fel Si2) Lig. 52.8 1.3 0.1 45.8
3 5
A10 FeAl; 71.1 2.0 23.6 3.3
600
1 540 ( A150Zn46Fe3Sil) Lig. 51.4 1.2 0.1 47.3
560.580.600 620 C Liq. + FeAl, + ALl FeAl; 68.9 3.9 23.7 3.5
0.8% . 600 75 68.0 11.3 19.3 1.4
( A150Zn44Fe4Si2) _
1.0% 1. 1% 1.3% 1.5%. Lig. 49.8 1.3 0.1 4838
2.1 5 . Al2 TS 66.4 129 19.1 1.6
] 600
Liq. + FeAl, ( Al50Zn44Fe3Si3) Ligg 52.7 1.4 0.1 458
Liq. + T4 Liq. +FeAl, + 7 Al13 FeAl; 70.9 2.0 23.8 3.3
620
( A150Zn44. 5Fed. 5Sil) Lig. 52.4 1.5 0.2 459
FeAl; 69.1 3.7 23.4 3.8
Al4
6% . 620 15 67.6 1.9 19.2 1.3
. ( A150Zn43Fe5Si2)
Liq. + FeAl, + 1, Liq. 485 1.5 0.2 489
AlS TS 66.7 12.4 19.6 1.3
T 620
5 ( Al50Zn47FelSi2) Ligg 551 2.4 0.2 42.3
Al6 T, 6l.5 16.4 19.6 2.5
1 620
( A150Zn46Fel Si3) Lig. 53.5 0.8 0.2 45.5
1
N Tss

. FeAl,; FeAl, +
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3 Zn—50%Al—xFe—ySi . (a) Al ;(b) A3 i(c) Al6 ;(d) A5
Fig.3 Microstructures of the Zn—50%Al—xFe—ySi alloy at equilibrium state: (a) Alloy Al; (b) Alloy A3; (c) Alloy A16; (d) Alloy A5
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* 950 - 38 7
2 Zn—30%Al-2. 0%Fe—xSi 1.22% 0.84% ~1.34%. 2
Table 2 Chemical composition of equilibrium phases existing in the ver— 2 580 °C .
tical section of the Zn—30%A1—2. 0%Fe—xSi system 1. 1% FeAl,
/S 1%
C 1% Al Si Fe Zn 580
FeAl; 53.8 1.6 36.7 7.9 C 1. 1%
Bl 580 0.6 Ts 53.2 6.9 28.3 11.7
Liq. 37.8 1.0 0.1 6l.1
FeAl,
Ts 51.7 7.3 29.9 11.1 :
B2 580 1.1
Liq. 36.1 1.3 0.1 62.5 )
T, 49.9 13.2 32.9 4.0
B3 580 1.6 2
Liq. 336 2.1 0.1 64.2
T, 47.2 14.0 33.4 5.4
B4 580 2.5 Liq. 36.6 2.6 0.1 60.7 FeAl.:
31
Si 0.1 98.4 0.1 1.4 FeAl, 1, .
FeAl; 551 2.2 37.9 4.8 FeAl,
B5 600 0.6 ;
Liq. 30,5 1.6 0.1 67.8
FeAl; 557 2.6 38.3 3.4 T
B6 600 1.1 Ts 53.2 9.6 32.4 4.8 3
Liq. 30,7 1.8 0.2 67.3
T 533 10.5 32.7 3.5 (1) 540.560.580.600 620 °C
B7 600 1.6 T, 49.5 13.9 33.8 2.8 Zn=50%Al=xFe=ySi
Lig.  30.5 2.8 0.1 666 0.82% \0.95% 1.11% 1.28% 1.47% .
T 457 16.5 33.3 4.5 (2) 580,600 620°C
B3 600 2.5 — — —xSi
Lq 306 41 0.2 651 Zn—30%A1-2. 0%Fe—xSi Ts
0.6%.0.72% 0.84%
FeAl; 54.3 2.0 39.0 4.6
B9 620 0.6 FeAl,
Liq. 38.4 2.9 0.1 586 ’
1.12% \1.22% 1.34%.
FeAl; 54.0 2.6 39.0 4.3
(3) 540.560.580.600 620°C
B10 620 1.1 Ts 53.8 9.4 31.6 5.2 .
Zn—50%Al—~xFe—ySi
Liq. 60.6 2.7 0.2 36.5
M 0.8%1.0%1.1%1.3% 1.5%.
Ts 52.9 10.3 31.7 5.1
Bl1 620 1.6 )
lig.  49.3 2.8 0.2 47.7 (4)  Zn—30%Al-2. 0%Fe—Si
T, 47.8 15.0 34.1 3.1
B12 620 2.5 . 0.6% 380 C
Liq. 58.5 3.1 0.3 38.1 FeAl3 T 600 °C 620 °C
N FeAl, 1.1%
1. 6% FeAl 600 Liq. + )
o Tehh H FeAl,
T, +T, 620 °C Liq. + 74
; 2.5% 600 C 620
C Liq. + 1,
2 580.600 620 Marder A R. The metallurgy of zinc—coated steel. Prog Mater Sci
C s 2000 45(3): 191
0.6% .0.72% 0.84% FeAl3 Willis D J. Developments in hot dipped metallic coated steel pro—
L 12% 1. 229 1 349 gressing. Mater Forum 2005 29(1): 9
’ ot ¢ ) ‘o Wang Y K Song D M Yan H. Study on hot-dip galvalume allo—
580,600 620 °C qu' + F6A13 + 75 ying process. Hunan Nonferrous Met 2007 23(4): 30

0.6% ~1.12%.0.72% ~
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