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Abstract 

Both titanium (Ti) and lanthanum (La) can improve the quality of 
hot-dip 55%A1-Zn-Si coating. However, the authors found that the dross 
problem was very serious when titanium and lanthanum coexisted in the 
bath. In order to reveal the cause of this phenomenon, different contents 
of Ti were added into the 55%A1-Zn-Si-La bath to study its influence on 
the dross formation. The results indicated that La promotes the 
formation of Si-rich τ5 (Fe2Al8Si or a-AlFeSi) phase in the bath while Ti 
has no influence on the Fe-Al phase. Furthermore, it was also found that 
the addition of Ti into the 55%A1-Zn-Si-La bath would lead to the 
precipitation of TiAl3 and Ti2Al2oLa type of intermetallic compounds, 
both of which are insoluble and become part of the dross, therefore 
increase the amount of dross in the bath. 

Introduction 

In order to improve the quality of coating, some alloy elements 
are added into the hot dip galvanized bath, which will change the 
bath's chemical composition and influence the dross formation in it. 
For example, Al is added into the bath to control the reaction kinetics 
between the molten Zn and the steel substrate. Due to the strong 
affinity of Al and Fe, the added Al will react with the dissolved Fe and 
FeZn7 to form Fe2Al5 and finally become the floating dross in the bath 

When adding Ni into the galvanized bath, the FeZn13 will be 
change into Fe6Ni5Zn89 and adding Ti will change FeZn13 into 
TiFe2Zn22 or TiZn15 '3l The transformation of dross will influence the 
amount of dross and the way to handle it. Therefore, it is necessary to 
study the influence the alloy elements to the dross formation. In the 
hot dip galvalume bath, the comprehensive quality can be improved by 
the addition of Ti and La. It was proposed that the size of spangle 
forms on the surface of the coating would be minimized and the 
corrosive resistance, durability and formability would be improved by 
the addition of Ti into the bath As for the La, Lai et al and Wu et 
al pointed out that the thickness of the intermetallic layer would be 
decreased after La was added into the bath. Yang et al found that 
the corrosive resistance of the galvalume coating could be improved 
by proper amount of La addition. However, the existence of Ti and La 
will increase the amount of bottom dross in the bath, which will cause 
lots of problems in the operating line. A major problem with the 
operation disclosed in Europe Patent No. 1068369 BI is dross pick 
up on the strip which will cause some "print-through" show up in the 
painted appearance and other defects such as pimples on the surface of 
the product. The dross particles can also cause operational problems 
when they build-up on the sink roll. It will downgrade the quality of 
coating and/or lead to shutting down the line periodically to clean or 
change the affected roll resulting in lost production '8l In order to 
reveal the cause of the heavy dross accumulation problem, this paper 
investigates the effect of Ti on the dross formation in the 55A1-Zn-Si-
La bath. 

Experiment 

High purities of Al>99.9 wt.%, Zn>99.9 wt.%, Si>99.9 wt.%, 
La>99.9 wt.% were used as raw materials to prepare two galvalume 
pre-melting ingots with the nominal composition of 55wt.%Al-
43.4wt.%Zn-1.6wt.%Si and 55wt.%Al-43.4wt.%Zn-1.6wt.%Si-
0.1wt.%La. All the pre-melting ingots were prepared in a vacuum 
induction furnace. Sponge titanium (Ti>99.5wt.%) and iron panel 
(Fe>99.5wt.%) were added into the melted ingot to simulate the dross 
formation in the hot dip galvalume bath. 

Total mass of 100g of the pre-melting ingot with the added Ti 
and/ or Fe were first heated in a resistance furnace to the temperature 
of 800 °C and kept for 20 h to ensure the dissolution of raw materials 
and homogeneity of the bath. They were then held at 600 °C for 10h to 
allow for the precipitation and segregation of intermetallic compounds. 
In case of the oxidation of the liquid metal, 100g of 60wt.%CaCl2+40 
wt.%NaCl mixture was adopted to cover on the surface of the liquid 
bath. The samples were finally water quenched individually to prevent 
the precipitation of secondary intermetallic particles during 
solidification. 

The bottom of each sample were sectioned, polished, and 
examined by optical microscopy for the existence of intermetallic 
particles. Sections rich in intermetallic particles were used for the 
observation of the morphology and determination of the chemical 
composition by a scanning electron microscope equipped with an X-
ray energy dispersive spectroscope (SEM-EDS). 

The microstructure of intermetallic phases was further confirmed 
by analyzing X-ray diffraction patterns generated by a D/max-2550 X-
ray diffractometer (XRD), operating at 50 kV and 100mA with Cu Ka 
radiation. The diffraction data were collected by a goniometer at in the 
scanning range of 10°<20<90°, 4°/min, with a step size of 0.02°. 
However, because the size and amount of intermetallic phases are 
much smaller than the matrix phases, it is very difficult to detect them 
directly. Therefore, we used the solution of 10g/l FeCl3+40g/l tartaric 
acid to selectively dissolve the Al-Zn matrix and extract the 
intermetallic phases for the XRD analysis. 

Results and discussion 
The Influence of Ti and La on the Formation of Fe-Al Dross 

According to the relationship between the solubility of iron in 
55A1-Zn-Si bath and temperature, the usual 0.46wt.% solubility found 
at 873K jumps up to 2.15wt.% at 1073K '10l In order to ensure enough 
bottom dross to be detected, the amount of Fe addition was set to 
lwt.%. Figure 1 shows the morphology of the main phase in the 
sample with lwt.% Fe addition into the 55A1-Zn-Si bath. According to 
the XRD pattern, figure 2(a), the main phase in the galvalume bath is 
Fe4Al13 (also called FeAl3). The chemical composition of the Fe4Al13 

is Al=79.57at.%, Fe=15.54at.%, Si=3.97at.%, Zn=0.92at.%, 
containing some Zn and Si in it, which suggests that Zn and Si can be 

393 



dissolved in the Fe4Al13. This result is in consistence with the report of 
references '1L 12'.The density of Fe4Al13 is 3.850 g/cnr1 while the density 
of liquid bath is 3.327 g/cnr1 [12]. therefore Fe4Al 13 will sink to the 
bottom and become the bottom dross in the bath. 

When 0.15wt.% Ti+lwt.%Fe was added into the gavalume bath, 
Fe4Al13 and TiAl3 can be detected by the XRD pattern, as can be seen 
in figure 2(b). However, the morphology of the Fe4Al13 wasn't 
changed with extra 0.15wt.%Ti addition, as can be seen in figure 3. 
The chemical composition of the Fe4Ali3 observed in the sample of 
0.15wt.%Ti+lwt.%Fe addition is Al=79.32at.%. Fe=16.17at.%. 
Si=3.44at.%, Zn=1.07at.%, which is almost identical with the 
composition of Fe4Al13 in the sample of lwt.%Fe addition. Since there 
was no other Fe-containing phase detected by the XRD and the 
morphology and chemical composition of Fe4Al13 wasn't change with 
extra 0.15wt.%Ti addition. Therefore, it can be concluded that the 
addition of Ti in the galvalume bath cannot change the major bottom 
dross in the galvalume bath. 

However, when lwt.%Fe was added into the i>. I wt."•.Fa-
containing bath, the major dross precipitated in the bath was change 
into Fe4Al13 and τ5 (Fe2Al8Si or a-AlFeSi), as can be seen in figure 
2(c). The composition of τ5 is Al=70.33at.%. Fe=17.55 at.%. 
Si=8.17at.% and Zn=3.95 at.%, whose Si content is higher than the 
Fe4Al13. The morphology of Fe4Al13 and r5is shown in figure 4. Wu et 
al studied the effects of 0.2wt.% rare earth addition on the 
microstructure and thickness of galvalume coating. It was suggested 
that La substitution in the Fe2Al5 and FeAl3 phase could grab 
electronic charges from Al atoms and weaken the formation of the Fe-
A1 compounds '6l In other words, the formation of Fe4Ali3 was 
hindered by the existence of La in the bath. In the study of Lai et al 
they investigate the effect of La on the microstructure and growth 
kinetics of the intermetallic layers at 600:C. They found that the 
addition of La made Si enriched in the intermetallic layer and 
promoted the growth of the τ5 phase during the hot dipping. Therefore, 
it can be concluded that La in the bath can hinder the formation of Fe-
A1 phase and promote the enrichment of Si in it, which lead to the 
formation of τ5 phase. 

Therefore, when Ti and La exist in the galvalume bath, La is the 
element change the type of Fe-Al intermetallic phase in the bath 
instead of Ti. 
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Figure 1. The BSE image of Fe4Al13 in the 55A1-Zn-Si bath with 
I wt."·.! e addition 
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Figure 2. The XRD pattern of the extracted phase in the sample of 
(a)55 wt.%A1-Zn-Si-lwt.%Fe (b) 55 wt.%A1-Zn-Si-lwt.%Fe-

0.15wt.%Ti (c) 55 wt.%Al-Zn-Si-lwt.%Fe-0.10wt.%La 

Figure 3. The BSE image of Fe4Al13 in the 55A1-Zn-Si bath with 
1 wt.°bFe+0.15wt.°bTi addition 
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Figure 4. The BSE image of Fe4Al13 and τ5 in the 55A1-Zn-Si-La bath 
with 1 wt.%Fe addition 

The Precipitation of Ti-containing Phase in the Galvalume Bath 

The addition of 0.05. 0.10 and 0.15 wt.°bTi in the 55A1-Zn-Si bath 
would cause the precipitation of stripe-like phase, as shown in figure 5. 
The chemical composition of this phase is: Al=65.62at.%, 
Ti=19.27at.%, Si=14.24 at.%. Zn=0.86 at.%. Base on the composition 
of this phase, this phase is TiAl3. It is reported that the Si can replace 
some Al in the TiAl3. Bulanova et al'13' reported that the solubility of 
Si in the TiAl3 is 13.29at.%. Zhu et al '14' adopted the first principles 
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method to calculate the site preference of Si in TiAl3 and reported that 
the solubility of Si in TiAl, lies in the range between 12.5 at.% and 
18.75 at.%. The Si content of TiAl, detennined in this paper is in 
agreement with the reported references, therefore it can be also 
expressed as Ti(Al,Si)3. Although the solubility of Ti in liquid 
aluminum is small, e.g. 0.15wt.% '15l the precipitation of TiAl, in the 
bath was not observed until the amount of Ti addition reached 
0.15wt.%. In order to ensure the authenticity of this phenomenon, 
authors prepared three samples with the same experimental parameters 
in the addition of 0.10wt.%Ti. Still, no TiAl, was observed in these 
three samples. It is possible that 0.10wt.% of Ti didn't excess the 
solubility of Ti in the bath therefore TiAl, would not precipitate in the 
bath. However, due to the bath didn't reach the equilibrium state the Ti 
solubility was not measure in this paper. 

Adding 0.05. 0.10 and 0.15 wt.°bTi into the 55A1-Zn-Si-La bath, 
two types of intermetallic phase precipitated in the bottom of the bath. 
The morphology of these phases is shown in the figure 6(a)-(c) and the 
chemical composition of these two phases is listed in table 1. The 
XRD pattern confirms that these two phases are Ti2Al2oLa and TiAl, 
phase, as shown in figure 7. 

Figure 6 The BSE image of Ti2Al20La and TiAl, in 55A1-Zn-Si-La 
bath with (a) 0.05wt.°bTi (b) 0.10 wt.°bTi (c) 0.15wt.°bTi addition 

Table 1 The chemical composition of Ti2Al20La and TiAl3 

Phase Al Zn Ti La Si 

(at.%) (at.%) (at.%) (at.%) (at.%) 

Ti2Al20La 65.32 22.20 7.96 4.52 -

TiAl, 61.96 1.07 25.23 - 11.74 
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Figure 7 the extracted phase in the sample of 0.15wt.%Ti adding into 
55A1-Zn-Si-La bath 

As can be seen in figure 6 (a), the addition of 0.05wt.% Ti into the 
55A1-Zn-Si-La bath can cause the precipitation of TiAl3, which suggests 
that La may decrease the solubility of Ti in the galvalume bath, leading 
to the precipitation of TiAl, phase with lower Ti addition. What's more, 
the morphology of TiAl, was changed from strip like shape to the 
cluster-like shape, as can be seen in figure 5 and 6. Li et al pointed 
out that the surface-active element of rare earth enrich at the surface of 
TiAl3 would inhibit the growth of strip-like TiAl3. Similarly, the 
inhibited effect of rare earth on the TiAl3 also existed in the Al-Ti-B-RE 
master alloy '17l Therefore, the morphology change of TiAl, in 55A1-
Zn-Si-La bath is the result of growth inhibition effect of La on it. It can 
be proved by the phenomenon of TiAl, surrounded by Ti2Al20La, as 
shown in figure 6. According to the ICDD card 47-1241 and 01-1176, 
the lattice parameter of Ti2Al20La is 147nm and α-AI is 0.404nm, which 
means that the mismatch of these two phases is 72.6%. Therefore, 
Ti2Al20La is unsuitable for the heterogeneous nucleation for α-AI and 
the existence of Ti2Al20La in the bath cannot serve as the grain refiner in 
the hot-dip coating process. As a result, Ti2Al20La exists as dross in the 
bath, which will increase the amount of bottom dross. In the aluminum 
alloy, TiAl, is an effective grain refiner '18I However, the formation of 
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Ti(Al,Si)3 with Si solution in TiAl3 will have negative impacts on the 
performance of grain refiner by altering the favorable lattice parameter 
of TiAl3

 [19]. Therefore, the grain refining effect TiAl3 will also be 
decreased in the galvalume bath with Si solution. According to Easton et 
al the grain refinement of aluminum by TiAl3 is caused via the 
peritectic reaction on the primary particles of TiAl3. However, as can be 
seen in the figure 5, the size of Ti(Al,Si)3 is larger than the Al-rich 
dendrites, contradictory to the peritectic reaction, which suggests that 
the existence of Ti(Al,Si)3 didn't serve as the grain refiner in the 
galvalume bath. Since it is insoluble and precipitate to the bottom, like 
Ti2Al2oLa, it becomes bottom dross and increase the amount of it in the 
bath. 

In a nut shell, the coexistence of Ti and La in the galvalume bath 
will lead to the precipitation of TiAl3 and Ti2Al20La, which increase the 
amount of bottom dross in it. 

Conclusions 
The dross formation in the 55A1-Zn-Si and 55A1-Zn-Si-La bath 

with Ti addition has been studied. The following conclusions can be 
drawn from this study. 
(1) La promotes the formation of Si-rich τ5 phase in the bath while Ti 

has no influence on the Fe-Al phase. 
(2) Adding Ti into the 55A1-Zn-Si-La bath will lead to the 

precipitation of TiAl3 and Ti2Al20La which become the bottom 
dross and increase the amount of it in the bath. 
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