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Abstract: To prevent corrosion of steel products, the steel industry often relies on Al-Zn based alloy coatings, applied through hot-dip coating technology. Despite this, a 
long-standing problem in the galvanizing industry involves the formation of Fe-based intermetallic compounds (IMCs) in the Al-Zn coating bath, caused by iron dissolution 
from steel products. Such IMCs are the primary source of dross formation in the Al-Zn bath, which inevitably leads to metal spot defects in the coated steel products and 
bottom dross build-up in the Al-Zn bath. The present research aims to investigate the mechanism of Fe transformation into IMCs. To achieve this, Fe saturated and 
unsaturated Al-Zn alloys were doped with low carbon steel at a temperature of 600 °C. The samples were collected at regular intervals and quenched in water. The optical 
microscopy (OM) and scanning electron microscopy (SEM) with energy dispersive x-ray spectroscopy (EDS) were used to study the transformation of steel strips into            
Fe-IMCs particles in molten Al-Zn alloys. The study findings suggest that the Fe transformation into Fe-IMCs is a complex process, where the steel strip surface is initially 
oxidized, and Al5Fe2 and Al3Fe are formed, which finally transform into Al8Fe2Si(Zn) (τ5c) IMCs particles. These results can assist galvanizers in understanding formation of 
Fe-IMCs and bottom dross build up in the costing pots. 
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1 LITERATURE REVIEW 
 

Steel products are coated with zinc (Zn) and 
aluminium-zinc (Al-Zn) alloys for protection against 
corrosion and the process is called galvanizing. Steel 
products are dipped in the molten Al-Zn coating alloys that 
produce thin coating layer composed of Al-Zn matrix and 
iron intermetallic compounds (Fe-IMCs) [1]. Iron enters 
into the coating pot from steel products by following two 
routes. (1). Fe particles attached to the surface of the steel 
products, (2). Steel products dissolution during dipping 
that release Fe. This Fe transforms into Fe-IMCs regardless 
of their incoming route [2]. The presence of Fe in liquid 
Al-Zn bath transforms into the Fe-IMCs, which at later 
stages leads to the development of bottom dross in the 
coating pot. The Fe-IMCs layer between Al-Zn overlay and 
steel substrate improve corrosion resistance of steel 
products [3, 4]. One of the possible solutions to avoid 
development and growth of Fe-IMCs is to control the 
amount of Fe in liquid bath, which can be attained by 
managing the diffusion of Fe in Al-Zn bath, which 
ultimately reacts with Al and precipitates in the form of   
Fe-IMCs. Literature identified that by avoiding the 
saturation of Fe in liquid Al-Zn alloy, Fe-IMCs formation 
can be retarded and also reversed by their dissolution [2, 5, 
6]. 

The Fe solubility in the 55 wt.% Al-Zn bath has been 
comprehensively investigated [2]. A heat of molten bath 
weighing 12 kg was kept in a pot at a temperature range of 
568 ⁰C to 700 ⁰C. Approaching the maximum temperature, 
the Al-Zn melt was supersaturated with Fe and later kept 
untouched for several hours before sampling. Melt stirring 
was continuously performed to maintain uniform 
temperature in the molten bath, which allowed settling of 
the suspended Fe-IMCs particles at bottom of the pot. 
When the sampling process was started, the first sample 
was carefully taken from the top melt layer without causing 
any disturbance to the particles at the bottom melt layer. 
The sample size of 5 mm in diameter and 100 - 150 mm in 
length was taken. In order to acquire precise results, several 

samples were taken by repeating the sampling process. 
Any lowering of temperature of the Al-Zn melt during 
sampling process was immediately attained due to the 
presence of isothermal sensors [2]. The following equation 
determines the solubility of Fe with reference to 
temperature, as measured in kelvin (K): 
 
Fe (wt.%) = exp [7.48 − (7203/T)]                                          (1) 
 

Eq. (1) indicates that quantity of Fe is directly 
proportional coating the pot temperature [2]. A concise 
summary of the change in solubility of Fe with temperature 
has been reported by [2]. It shows that Fe dissolves in the 
bath at a temperature above 560 ⁰C. The accurate results of 
the exact solubility of Fe in bath are absent. However, the 
industrial liquid melt has 0.4% Fe at a temperature of       
600 ⁰C [2, 7]. It is to be noted that the suspended dross 
particles are always present in the liquid bath and it is 
impossible to avoid these particles during sampling at the 
Fe solubility below 0.40%. Upon coming in direct contact 
with the molten Al-Zn alloy, the Fe atoms releases from 
the steel substrate and dissolve in the melt [10]. 
Thermodynamic calculations indicate that the transient Fe 
solubility is greater than that of the equilibrium Fe 
solubility. It is assumed that the reaction of Fe and Al forms 
complex Fe-IMCs which obviously decrease the solubility 
of Fe in the melt. Furthermore, rise in the Al content in the 
Galvalume melt increases the dissolution of Fe in the 
solution [11]. 

The sampling of Fe-IMCs in different conditions has 
been investigated by other studies [10]. In a study [2], it 
was noted that the splat quenching of samples from the pot 
is more effective than slow conventional cooling down to 
room temperature and is helpful in preserving the actual 
bath conditions. It is further believed that during 
conventional cooling, the precipitations and growth of the 
Fe-IMCs such as AlFeSi is unavoidable. Moreover, α-
AlFeSi and β-AlFeSi phases were detected in the 
SEM/EDS [12, 13]. In addition to that Fe-IMCs particles 
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τ5C with composition of 56wt% Al-32.6wt%Fe-
6.1wt%Si-5.3wt%Zn were also observed.  

The splat-quenched sampling technique offers 
advantage of easily identifying the suspended dross           
Fe-IMCs. The small particles have a size range of 2-5μm 
while larger particles are > 20 - 100 μm. These Fe-IMCs 
particles grow due to their clustering. Al-oxides thin phases 
floating on top surface of the Al-Zn alloy have also been 
reported in literature [14, 15]. 

The microstructures of hard and mushy bottom Fe-
IMCs were observed by optical and scanning electron 
microscopy and reported by the previous researcher [2]. 
Mushy dross was studied both before and after the Zn 
enrichment. It was found that hard bottom dross was rich 
in Zn content. It has been reported that Zn enrichment has 
altered the mushy dross, and as a result, no cohesive 
network was found in the IMC particles [16, 17]. Hence, it 
can be inferred that the Zn enrichment helps in breaking 
the cohesive network of fine particles of the hard bottom 
dross. 

The dross Al8Fe2Si (Zn), Fe-IMCs particles are 
recognised as τ5c and are main source of metal spot defects 
in the coated steel strip and flat products. Fine mushy dross 
particles of size up to 5 µm are entrapped in the overlay 
region of the Al-Zn coating [18, 19]. Once flat steel strips 
passed through the final rolling step, τ5c Fe-IMCs 
experience compressive forces. The Fe-IMCs are hard and 
brittle hence fractured and produced ents in the relatively 
ductile steel strips and overlay coating [20]. Such defects 
are called the metal spot defects which ultimately 
compromise the corrosion resistance and overall quality of 
coated steel products. Dross particles grow by coarsening 
and agglomeration in the coating pot. Coarsening 
mechanism is dominant during bath temperature 
fluctuation. However, agglomeration growth is a 
continuous phenomenon and is accelerated by molten            
Al-Zn alloy stirring. Once dross particles grow beyond                  
> 10 - 100 µm, their settling in the bottom of the pot 
becomes dominant and leads to the bottom dross build-up. 
Removal of the bottom dross becomes unavoidable after its 
height increased to a certain critical level in the Al-Zn 
coating pot. For this, continuous hot-dip coating lines are 
stopped and massive operation is needed to remove the 
hard bottom dross [5].  

An extensive literature investigation revealed that the 
galvanizing pot conditions are dynamic hence Fe saturated 
and unsaturated regions are inevitable. Therefore, Fe-IMCs 
formation and the bottom dross build-up in the coating pot 
remained a long standing issue in the galvanizing industry. 
An explicit mechanism of Fe particles transformation into 
Fe-IMCs is absent in the literature. 

The aim of this study is to elucidate Fe conversion into 
Fe-IMCs in Al-Zn coating alloy under industrial 
temperature conditions of 600 oC. For this Fe immersion 
and Fe-IMCs formation in Fe-saturated (actual bath 
conditions) and Fe-unsaturated molten Al-Zn alloy have 
been studied. This study shall explain Fe particles 
transformation into Fe-IMCs. Fe- particles come with steel 
products during the hot-dip galvanizing process and 
transform into IMCs. Finally, Fe conversion mechanism 
into the bottom dross Fe-IMCs (τ5c) will be proposed 
based on the findings of this work. This study shall be 
helpful to understand the bottom dross build-up in the 

galvanizing pot. As a result, bottom dross management 
strategies can be formulated to improve quality of the 
coated steel products and also efficiency of the galvanizing 
process. 
 
2 EXPERIMENTAL PLAN AND METHODOLOGY 
 

For this study, weighed ingots of Al-Zn-Si alloy were 
melted in a clay-bonded graphite crucible using a 
resistance heating furnace. The alloy temperature was 
maintained at 600 ± 5 oC using a K-type thermocouple. 
Weighed amount of low carbon steel strip (ASTM A36) 
was immersed in the molten alloy using a stainless steel 
wire. The steel strip was added as a source of iron (Fe) to 
achieve required Fe level in the Al-Zn alloy. The Al-Zn-Si 
alloy and low carbon steel compositions are given in      
Tab. 1. The experimental set-up adopted was similar to that 
reported earlier [21]. The difference is that low carbon steel 
strip is immersed in the Al-Zn melt instead of the 316L 
stainless. 
 

Table 1 Al-Zn alloy and low carbon steel composition 
Elements Al Zn Si Fe Mn Minor 

Al-Zn alloy - Fe saturated 55 43 1.6 0.4 - Bal. 
Al-Zn alloy - Fe unsaturated 55 43 1.6 0.2 - Bal. 
Steel strip - - - 99 0.75 Bal. 

 
The experimental plan consists of melting two batches 

of Al-Zn alloy. During 1st batch, 1100 g of Fe-saturated 
(0.40%) Al-Zn alloy was melted at 600 oC followed by       
10 g carbon steel strip immersion. The aim is to investigate 
Fe conversion into IMCs particles at 600 oC when Al-Zn 
bath is already Fe-saturated. However, 2nd batch was 
composed of 1100 g of Fe-unsaturated (Fe: 0.20%) alloy 
where 6 g carbon steel was immersed. The rational of using 
Fe-unsaturated Al-Zn alloy was to investigate Fe 
conversion into IMCs particles when Al-Zn alloy is 
deficient with Fe. The industrial coating pot temperature 
fluctuations results in the Fe-IMCs precipitations. 
However, with temperature increase, Fe-unsaturated melt 
regions are expected in the coating pot. 
 

 
Figure 1 Batch No. 1 Samples - Iron saturated Al-Zn melt (starting bath 0.40% 

Fe and then Fe concentration raised to 0.66%) 
 

The alloy samples were taken at regular time intervals 
of 0, 15, 30, 45, 60, 75 and 90 minutes and quenched in 
water to avoid IMCs growth during solidification process. 
Both batches samples taken at regular time intervals are 
shown in Fig. 1 and Fig. 2 that are cylindrical and weigh 
10 - 15 g. Samples were sectioned and mounted for further 
study. Samples grinding was carried out using 400, 600, 
800 and 1200 SiC emery papers and water as a lubricant 
while applying a force of 20 N at 250 rpm. Polishing was 
performed using 6 µm and 3 µm diamond paste at rotation 
of 150 rpm and load of 15 N. Final polishing step involves 
application of alumina suspension at a load of 10 N and 
150 rpm rotation for 10 minutes. During each step, 
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ultrasonic cleaning of the samples was performed to make 
sure grinded particles are flushed and removed completely. 
 

 
Figure 2 Batch No. 2 Samples - Iron saturated Al-Zn melt (starting bath 0.20% 

Fe and then Fe concentration raised to 0.40%) 
 
3 CHARACTERISATION TECHNIQUES 
 

The scanning electron microscope (SEM) model 
Philips XL 30 and an optical microscopy (Leica DM 2500) 
were used to investigate Fe conversion into IMCs particles 
in the Al-Zn alloy. Low carbon steel strip dissolution in    
Al-Zn alloy and Fe-IMCs formation mechanism were 
investigated with the support of microstructural features of 
the quenched samples. The SEM was equipped with energy 
dispersive x-ray spectroscopy that shall facilitate to 
identify various types of Fe-IMCs in the Al-Zn alloy. 
 
4 RESULTS AND DISCUSSION 
4.1 Optical Microscopy (OM) Analysis 
 

Fig. 3 shows optical microscope image of the batch 01 
samples taken after 15, 30, 75 and 90 minutes of low 
carbon steel immersion in the Al-Zn melt at 600 oC. In this 
batch Fe-saturated Al-Zn alloy was melted and 10g of steel 
strip was added to raise Fe concentrations to 0.66%. It is 
aimed that Fe from steel strip will convert into Fe-IMCs 
directly considering Al-Zn bath is already Fe-saturated. 
The Fe-IMCs formation is evident from Fig. 3. IMCs shape 
and morphologies are distinct hence can be argued that 
these IMCs are unique. They are formed at various stages 
during Fe interaction with the Al-Zn bath. 
 

 
Figure 3 Optical microscopy images of Batch 01 (a). 15 mint, (b). 30 min, (c). 60 

min and (d). 90 min 
 

It is clear from Fig. 3a that steel has been fragmented 
once immersed in the Fe-saturated Al-Zn bath. There is no 
evidence of gradual dissolution of the strip. There is a 
direct solid-liquid reaction that resulted in the formation of 
1st stage of Fe-IMCs. At this stage, crystallography of the 
Fe- IMCs is not clear. This Fe transformation is marked as 
1 in Fig. 3a. Once Fe has converted into 1st type of IMCs 

in the Al-Zn bath, 2nd types of IMC are nucleated from the 
1st type surface, as can be seen from Fig. 3a marked as 2. 
Finally, 2nd type of Fe-IMC particles is converted into 3rd 
type of IMC particles that are hexagonal in shape and also 
exhibit distinct morphology, marked as 5 in Fig. 3b,         
Fig. 3c and Fig. 3d. These IMCs particles are most likely 
τ5c and are responsible for bottom dross formation in the 
Al-Zn coating pot. These τ5c IMC particles are main 
source of metal spot defects in the overlay of the coated 
steel strip products. It has been established that the Fe 
particles once entered the Fe-saturated Al-Zn bath convert 
into τ5c IMC particles gradually. 
 

 
Figure 4 Optical microscopy images of Batch 02 (a). 15 mint, (b). 30 min, (c). 60 

min and (d). 90 min 
 

The base microstructure of the Al-Zn coating alloy is 
similar to that reported by the previous researchers [12] 
which is composed of α-Al matrix (mark 3) and β-Zn (mark 
4) in the inter-dendritic regions. IMC particles of Mg2Si in 
the inter-dendritic regions of α-Al have also been reported 
in literature [12]. However, during optical microscopy 
analysis, it is challenging to distinguish Mg2Si particles.  

An optical microscopy image of the batch 02 samples 
is shown in Fig. 4. Fe-unsaturated Al-Zn alloy was melted 
and 6 g of low carbon steel strip was added to raise overall 
Fe contents to 0.40%.  It was aimed to study Fe conversion 
into Fe-IMCs in case the Al-Zn bath is Fe-unsaturated at 
600 oC. Microstructural features are distinct and different 
to those of the batch 01 as can be observed from Fig. 4a 
and Fig. 4b. It is clear from Fig. 4a that steel strip is 
dissolving in the Fe-unsaturated Al-Zn bath. There is a 
strong driving force between highly Fe rich steel strip and 
Fe unsaturated Al-Zn bath that will facilitate steel strip 
dissolution and release of Fe into the Al-Zn bath. It is 
hypothesised that steel strip dissolution will be the 1st 
event in batch 02. Fe-IMCs of types 1, 2 and 3 will also 
form in to the Al-Zn bath similar to the batch 01. It should 
be noted that Fe solubility of 0.40% in the Al-Zn bath at 
600 oC is with reference to type 3 Fe-IMCs. In case Fe 
solubility of 0.40% is with reference to Fe in solution with 
the Al-Zn bath, Fe-IMCs should not precipitate during 
batch 02. Black regions shown in Fig. 3 and Fig. 4b 
represent steel strip oxidation during immersion stage that 
was unavoidable in the given experimental conditions. 
Another key observation is the Fe-IMCs was the particle 
size distribution during the batch 02 that is much finer 
compared to the batch 01. 
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4.2 SEM Analysis 
 

The batch 01 samples SEM images taken after 15 min 
and 90 min of steel strip immersion in the Al-Zn bath are 
given in Fig. 5. Grey α-Al matrix with inter-dendritic β-Zn 
are base features of the microstructure. Fe fragments 
converted into type 1 Fe-IMCs are shown in Fig. 5a that 
are most likely Al5Fe2; however further investigation is 
needed. Red circle is indicating Al5Fe2 transformation into 
type 2 Fe- IMCs that is most likely Al3Fe. Finally, type 3 
Fe-IMCs are shown in Fig. 5b that have distinct 
morphology of hexagonal shape and are also 
agglomerated. These Fe-IMCs shape is similar to the 
particles found in the bottom dross of Al-Zn coating pots 
[5]. It has been reported in literature that these particles are 
Al8Fe2Si (Zn) and are represented as τ5c. Such individual 
Fe-IMCs have grown to > 100 µm in diameter. However, 
during agglomeration, their size increased many folds. 
 

 
Figure 5 SEM images of samples taken after 15 min and 90 min of steel strip 

immersion into the Fe saturated Al-Zn bath at 600oC 
 
4.3 Fe-IMCs Compositional Analysis and Their 

Identification 
 

The Fe-IMCs compositional analysis was determined 
with energy dispersive x-ray spectroscopy (EDS). The 
EDS analysis of the batch 01 sample taken after 15 min of 
steel strip immersion in the Fe-saturated Al-Zn alloy bath 
is shown in Fig. 6. SEM image of Fe-IMCs and selected 
points for EDS analysis are shown in Fig. 6a. The long 
irregular phase shown in Fig. 6a is composed of 54% Al, 
37.3% Fe, 1.4% Si and 1.9%Zn. Fig. 6b shows EDS 
analysis of point 42. Such Fe-IMCs phases are recognised 
as Al3Fe (type 2) as has been reported by Chen and Yuen 
[12]. This suggests that Fe-fragments transformed to Al3Fe 

within a short period of reaction (15 min). It is argued that 
solid Fe reaction with Al-Zn bath exhibits multistage core 
reaction. It is hypothesized 1st type of the Fe-IMCs 
(Al5Fe2) formed immediately when Fe particles interact 
with Fe-saturated Al-Zn bath. This argument can be 
supported with the fact that Al5Fe2 thin layer formed 
immediately when steel strip is dipped in the Al-Zn bath 
during continuous galvanizing process [16]. Considering 
longer reaction time (> 15 min) in this study, initially 
formed Fe-IMCs (Al5Fe2) are not observed during SEM 
analysis.  

The EDS analysis of the hexagonal regular shaped 
phases is shown in Fig. 6c and Fig. 6d. These Fe-IMCs are 
composed of 57.9% Al, 29.4% Fe, 5.3% Si and 7.2% Zn, 
as shown by points 44 and 45 in Fig. 6a. This is a typical 
chemical composition of the Fe-IMCs particles found in 
the bottom dross of the Al-Zn coating pot. Khaliq et al. [10] 
reported similar chemical compositions of these Fe-IMCs 
particles. Therefore, it is suggested that these Fe-IMCs 
particles are τ5c which will remain unchanged with further 
interaction with the Al-Zn coating bath at 600 oC. Chemical 
compositions of batch 01 and batch 02 samples obtained 
by EDS are summarized in Tab. 2. 
 

 
Figure 6 Fe-IMCs compositional analysis obtained by EDS when steel strip was 
immersed in the Fe-saturated Al-Zn bath at 600oC (a). SEM image, (b), 1st type 

Fe-IMCs, (b). 2nd type Fe-IMCs, (d). 3rd type Fe-IMCs 
 

 
Table 2 Chemical composition of the Fe-IMCs phases in the Al-Zn coating alloy 

EDS points Al Fe Si Zn Cr V Phase identified 
Batch 01 - 42 [this study ] 54.0 37.3 1.4 1.9 - - Al3Fe 
Batch 01 - 44 [this study] 57.9 29.4 5.3 7.2 - - Al8Fe2Si(Zn), τ5c 
Batch 01 - 45 [this study] 57.6 29.3 5.5 7.4 - - Al8Fe2Si(Zn), τ5c 
Batch 02 - 31 [this study] 55.8 25.5 5.1 9.1 - - Al8Fe2Si(Zn), τ5c 
Batch 02 - 37 [this study] 57.5 28.0 6.0 7.8 - - Al8Fe2Si(Zn), τ5c 
Khaliq et al. [10] 56.1 27.7 6.9 8.1 0.4 0.5 Al8Fe2Si(Zn), τ5c 
Garcia et al. [22] 57.8 27.9 6.3 7.3 - - Al8Fe2Si(Zn), τ5c 
Selverian et al. [2] 57 30 6 7 - - Al8Fe2Si(Zn), τ5c 
Khaliq et al. [10] 56.8 37.7 3.1 1.1 1.1 0.6 Al3Fe 

Elemental mapping of the batch 01 samples taken after 
15 min of carbon steel strip immersion in the Fe-saturated 
Al-Zn alloy at 600 oC is shown in Fig. 7. The Al-Zn alloy 
matrix is composed of α-Al as is evident from Fig. 7b. Zinc 
segregate in the inter-dendritic regions of Al during 
solidification, is shown in Fig. 7c. The irregular and 
hexagonal phases in Fig. 7d are Al3Fe and Al8Fe2Si (Zn), 
τ5c Fe-IMCs. Si and Mg are found in the same Al           

inter-dendritic regions and are most likely Mg2Si IMCs that 
are given in Fig. 7e and Fig. 7f. Elemental mapping 
analysis confirms various elements and Fe-IMCs locations 
in the Al-Zn alloy. 
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Figure 7 Elemental mapping of batch 01 samples taken after 15 minutes of steel 

immersion in the AL-ZN alloy at 600 °C 
 
5 FE-IMCS FORMATION MECHANISM 
 

Iron IMCs formation mechanism is proposed based on 
outcomes of this study and previous literature. In case the 
Al-Zn alloy bath is Fe-saturated, Fe particles entering the 
bath during steel strip immersion will convert into Al5Fe2 
by solid-liquid reaction as given in Eq. (2). It is believed 
that this reaction is extremely fast and the resultant Fe-IMC 
(Al5Fe2) is unstable in the Al-Zn bath at 600 oC. Therefore, 
1st type of Fe-IMCs (Al5Fe2) shall transform into 2nd type 
of relatively stable Fe-IMC phase. 
 
5Al(l) + 2Fe(s) = Al5Fe2(s)                                                  (2) 
 

The Al5Fe2 transformation into Al3Fe has also been 
reported by the previous investigators [11]. This is also a 
solid-liquid reaction that can be written as Eq. (3). Fe shall 
diffuse outwards from the unreacted Fe core. As a result, 
Al5Fe2 layer shall be maintained between Fe substrate and 
Al3Fe IMC until core Fe is completely transformed into 
IMCs. 
 
Al5Fe2(s) + Al(l) = 2Al3Fe(s)                                              (3) 
 

Finally, Al3Fe IMC particles will transform into stable 
Al8Fe2Si IMCs particles that are recognised as τ5H. These 
IMCs particles possess hexagonal crystal structure. 
However, hexagonal crystal structure is converted into 
stable cubic structure by Zn doping in the Al-Zn coating 
bath. Therefore, Al8Fe2Si (Zn) Fe-IMCs are represented by 
τ5c that remain stable in the Al-Zn coating bath at 600 oC. 
The chemical reaction of Al3Fe transformation into 
Al8Fe2Si (Zn) can be written as eEq. (4). 
 
Al3Fe(s) + Al(l) + Si(l) + Zn(l) = Al8Fe2Si (Zn)(s)              (4) 
 

When Fe particles are immersed in the Fe-unsaturated 
Al-Zn bath (batch 02), ideally Fe particles should dissolve 
to raise Fe contents to the solubility limit of 0.40% at 
600oC. If this Fe solubility limit of 0.40% is with reference 
to Fe in solution with the Al-Zn alloy, Fe-IMCs should not 
precipitate. However, Fe-IMCs are observed in the Fe-
unsaturated Al-Zn alloy samples taken at regular time 
intervals as shown in Fig. 4. This shows that the Fe 
solubility of 0.40% in the Al-Zn alloy at 600 oC is with 
reference to Fe-IMCs (τ5c). In addition to that Fe-IMCs 
particles size in the Fe-unsaturated was finer compared to 
Fe saturated Al-Zn bath. The Al8Fe2Si (Zn), τ5c grow by 
coarsening and agglomeration in the Fe-saturated Al-Zn 

molten bath. Once τ5c particle size exceed threshold limit, 
it settled at the bottom of the coating pot as a bottom dross. 
Smaller τ5c particles leave the coating pot and become part 
of the overlay and finally become a source of metal spot 
defects. 
 
6 CONCLUSION 
 

This study investigated the formation of Fe-based 
intermetallic compounds (IMCs) in Fe-saturated and         
Fe-unsaturated Al-Zn molten alloy at 600 °C. The Al8Fe2Si 
(Zn) IMCs (τ5c) are the primary cause of bottom dross 
formation in the Al-Zn coating pot and metal spot defects 
in the rolled steel products, which has been a persistent 
problem in the galvanizing industry. 

Iron particles will transform into Al5Fe2 by a             
solid-liquid reaction once immersed in the Fe-saturated Al-
Zn bath. These Fe-IMCs are unstable hence shall transform 
into relatively stable Al3Fe phase. 

Stable Al8Fe2Si (Zn), τ5c Fe-IMCs are formed by the 
transformation of Al3Fe at 600 oC. These Fe-IMCs are the 
main source of bottom dross build-up in coating pot and 
metal spot defects.  

Fe transformation into stable τ5c IMCs is a complex 
and sequential process.  

Agglomeration of τ5c Fe-IMCs has also been 
observed, with an increase in particle size over time leading 
to settling at bottom of the coating pot and formation of 
bottom dross. Removal of bottom dross requires shutdown 
of the continuous galvanizing coating lines. 

Fe-IMCs presence in the Fe-unsaturated Al-Zn bath 
suggested that Fe solubility of 0.40% reported earlier [2] is 
with reference to τ5c IMCs rather than Fe in solution at         
600 oC. 

When steel strip was immersed, the size of Fe-IMCs 
particles was smaller in the Fe-unsaturated Al-Zn bath as 
compared to the Fe-saturated Al-Zn bath. 
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