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Effects of Strip Temperature and Mn content on Galvanizing Bath Management

K. R. Yu, F. Ilinca, F. E. Goodwin

ABSTRACT

Achieving a stable thermal field and adequate control of aluminum and iron content in 
continuous galvanizing bath operations are of critical importance in achieving automotive quality 
coated steel products. Previously, numerical models have been developed to describe the flow, 
temperature and compositional variations in a conventional continuous galvanizing operation. 
For advanced high strength steels, the strip entry temperature can be different from the mean 
bath temperature because of over-aging treatments such as carbon partitioning or bainitic 
transformation that are performed just before entry into the zinc bath. Moreover, advanced high 
strength steels typically have higher manganese content, which may dissolve into the bath. It is 
anticipated that the elevated Mn content of the strip could also potentially influence the bath 
dross formation. This work aims to numerically examine the effects of these two aspects, namely 
a strip entering the bath at a temperature different from the bath temperature and the Mn content 
of the strip, on the bath dross formation. 

To investigate the effect of strip entry temperature, five different strip temperatures are 
considered from 420 to 500oC for both the GA and GI conditions. The averaged bath temperature 
is maintained at 460oC. A gradual aluminum ingot melting scheme is employed to simplify the 
analysis. Temperature dependent iron dissolution and aluminum uptake rates of the strip are 
considered. As for the influences of the Mn content of the strip, a parametric study is performed 
at three strip Mn compositions and three strip temperatures, again for both the GA and GI 
conditions. For each scenario, the temperature and compositional profiles as well as the dross 
formation patterns of the bath are compared at 12 locations in the snout, sink roll and the 
inductor-ingot loading regions with those of the mean average values.

Different strip entry temperatures result in different bath temperature distributions, and lead to 
different dross formation patterns. Low dross formation is observed at the location where the 
local temperature is high; and vice versa. Due to the higher iron dissolution rate of the strip and 
different intermetallic phases formed at the low bath aluminum level, more dross is developed at 
the GA condition. However, the effects of strip temperatures are similar for both the GA and GI
conditions. Due to the difference in iron substitution rates with manganese for the different 
intermetallic species, it is expected that higher strip Mn content could lead to higher dross 
formation at the GA condition, but not for the GI condition.

It is concluded that local bath temperature must be properly regulated to minimize the local dross 
formation. Higher strip entry temperature will result in much less dross around the strip, but it
may still lead to higher overall dross formation. Aside, higher strip entry temperature requires 
less power to maintain the overall energy balance of the bath and may be beneficial for energy 
consumption reduction. On the other hand, higher strip Mn content could result in significantly 
more dross, particularly at the GA condition. Lastly, the iron dissolution rate from the steel strip 
has great impacts on the dross formation and such factor should be carefully considered in the 
bath management analysis.
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INTRODUCTION

Recently, advanced high strength steels (AHSS) have become popular in the automotive industry 
due to their unique combined light weight and high strength characteristics. These desired 
properties are obtained from proper addition of alloying elements and carefully controlled heat 
treatments [1]. The strip entry temperature of AHSS can be different from the mean bath 
temperature because of over-aging treatments such as carbon partitioning or bainitic 
transformation that are performed just before entry into the zinc bath. Such temperature 
differences may have a substantial impact on the bath thermal field. A local decrease in the bath 
temperature reduces the solubility of both Fe and Al in the bath, which in turn promotes the 
formation of dross particles. Moreover, advanced high strength steels typically have higher Mn
content, which may dissolve into the bath. It is anticipated that the elevated Mn content of the 
strip could also potentially influence the bath dross formation. It is well-known that dross 
formation is a major obstacle in the production of high quality galvanizing coating [2].
Therefore, it is needed to better understand the potential impacts of these two aspects, namely a 
steel strip entering the galvanizing bath at a temperature different from the bath temperature and 
the Mn content of the strip, on the bath dross formation. 

Numerical simulation has been shown to be a valuable tool to examine the characteristics of the 
flow field of the galvanizing bath. A three-dimensional numerical model had previously been 
developed to determine the flow, temperature and compositional characteristics for various 
galvanizing bath operations [3]–[6]. The galvanizing bath model had been validated against real-
time plant data for a complex transition process from galvanneal (GA) to galvanizing (GI) 
operations [7]. The simulation results and the plant data are in excellent agreement. 

The present work is in two parts. First, to further characterize the effect of the strip entry 
temperature difference, a parametric study is performed based on previous work [8]. Five 
different strip entry temperatures from 420 to 500℃ are considered for more realistic operations 
at both the GA and GI conditions. The case of ������ = 460℃, which is the same as the typical 
mean bath temperature, is set as reference in the comparison. After, to evaluate the influences of 
the Mn content of the strip, a similar parametric study is carried at three strip Mn compositions
(0.0, 6.0 and 15 wt%) and three strip temperatures (440, 460 and 480℃), again for both the GA 
and GI conditions.

The paper is organized as follows: First, the numerical model for the galvanizing bath is 
described. The methodology for the numerical experiment is then explained. After, the results for 
the effects of the strip entry temperature are presented and discussed, followed by those for the 
effects of the Mn content. The findings are summarized in the conclusion. 



NUMERICAL MODEL

Overview of the galvanizing bath model

The configuration of a typical 250 ton galvanizing bath is shown in Figure 1Error! Reference 
source not found.. The steel strip enters the galvanizing bath through the snout region. It turns 
around the sink roll and exits 
the molten zinc bath directed 
by a set of guide rolls. Al is 
often added to the zinc bath to 
control growth of the interface 
layer [9]. A thin (generally <
1 ��) inhibition layer of 
Fe2Al5 is formed on the 
surface of the strip. Zn-Al
ingots are added to the bath to 
regulate bath composition, 
where the inductor provides 
the required energy for ingot 
melting. In the model, the 
heating rate of the inductor
can be adapted to reflect the
different ingot loading cycles. 
Besides the heating from the inductor, the overall heat balance also considers the heat losses 
through the side walls, the top and bottom surfaces of the bath. Furthermore, operating 
parameters such as line speed, strip width, and strip temperature can be adjusted in the model.

Governing equations and analytical model

The molten liquid zinc alloy is modeled as an incompressible Newtonian fluid. The turbulent 
bath flow is determined using the standard � − � turbulence model in the positivity preserving 
logarithmic form [10]. The buoyancy effects are considered using the Boussinesq approximation. 
The mass balance of the solute concentrations of (Fe, Mn) and Al are described by the 
convection-diffusion equations. The formation of intermetallic dross particles is determined by 
the solubility limit of the solute components indicated by the phase diagram of the alloy system
and depends on the local solute concentrations and the bath temperature [11], [12]. 

The melting of the ingots is modeled in the energy and mass transport equations using flux 
boundary conditions at the ingot/bath interface; meanwhile the (Fe, Mn) and Al dissolution and 
consumption are implemented as flux boundary conditions respectively on the strip surface in the 
strip entry region.

It is assumed that the formation/dissolution of dross precipitates occurs instantaneously, and that 
any new addition of solute components results in the nucleation of dross particles when the total 
solute concentration exceeds the solubility limit of the specific composition of the bath. Besides, 
the dross particles are assumed to be sufficiently small that they have negligible influences on 
the molten Zn flow. Also, no agglomeration of the dross particles occurs during their movements 
in the bath. Past simulations, based on these assumptions, have successfully demonstrated the 
sensitivity of dross formation to temperature variations.

Figure 1: A typical galvanizing bath configuration
(half of the bath width shown)



The governing equations are discretized using a finite element method. In particular, the Navier-
Stokes and the scalar transport equations are solved using a streamline-upwind Petrov-Galerkin 
(SUPG) approach [13]. The resulting global system of equations is solved in a partly segregated 
manner [7]. 

For further information regarding the galvanizing bath model, the reader is referred to Ilinca et 
al. [7]. Note that the galvanizing bath configuration considered in the present study does not have 
the wall heating feature.

a) Mesh: # of nodes 315,831, 
  # of elements 1,801,085

b) Sampling locations for field properties.

Figure 2: Computational domain, full bath shown

Computational domain

The computational domain is discretized using four-node tetrahedral elements with a mesh of
315,831 nodes and 1,801,085 elements, shown in Figure 2a. The system of equations is solved in 
parallel using a Beowulf cluster.

METHODOLOGY

Simulations are performed for a two-hour operation period for each test condition considered. 
The case of  ������ = 460℃, which is the same as the typical galvanizing bath temperature, is 
selected as reference. The overall temperature distribution, solute concentrations and the dross 
formation characteristics are examined, as well as those at 12 specifically chosen locations in the 
bath (Error! Reference source not found.Figure 2b). The coordinates of selected locations are 
listed in 
Table 1.

Table 1: Sampling locations for field properties

Location Name X (in/mm) Y (in/mm) Z (in/mm)

Ingot
Side

Up-Center -61 / -1549 -20 / -508 20 / 508
Up-Side -61 / -1549 -20 / -508 55 / 1397
Low-Center -61 / -1549 -76 / -1930 20 / 508
Low-Side -61 / -1549 -76 / -1930 55 / 1397

Strip Exit
Side

Up-Center 61 / 1549 -20 / -508 20 / 508
Up-Side 61 / 1549 -20 / -508 55 / 1397
Low-Center 61 / 1549 -76 / -1930 20 / 508
Low-Side 61 / 1549 -76 / -1930 55 / 1397

Snout
Region

Inside-Center 0 / 0 0 / 0 0 / 0
Inside-Extremity -3 / -76 0 / 0 36 / 914

x

z

y



Outside-Center -7 / -196 0 / 0 0 / 0
Outside-Extremity -3 / -76 0 / 0 -36 / -914

For the present study, a gradual (or continuous) ingot loading scheme is chosen, as opposed to a 
periodic ingot loading scheme, to minimize the fluctuations of the concentrations of aluminum. 
This allows closer examinations of the dross formation characteristics. For the present case, Zn-
0.5% Al ingot is considered.

Table 2: Parameters for the inductor operations for the considered strip entry temperatures

������ (℃) Flow rate ���������(℃) Power1

420 100% +15.6 78%
440 100% +12.5 63%
460 100% +9.5 48%
480 100% +6.4 32%
500 100% +3.5 17%

The difference in the strip entry temperature disturbs the global energy balance of the bath. Prior 
to the numerical analysis, the parameters for the inductor operations are first adjusted to ensure 
that the overall mean galvanizing bath temperature is maintained at ����� = 460℃ over the two 
hours operation period. The parameters for the inductor operations for the various strip entry 
temperatures are listed in Table 2. The overall power input from the inductors and the heat 
balance of the galvanizing bath for ������ = 460℃ are shown in Figure 3 which illustrates that 

constant overall heat balance is attained.

a) Power input from the inductors b) Heat balance
Figure 3: Overall power input and heat balance of the bath for ������ = ���℃

Besides the overall heat balance, it is well known that the difference in the strip entry 
temperature also influences the Fe dissolution and the Al uptake rates of the strip [13]. For each 
strip entry temperature, these rates are adjusted according to the prediction of the latest update of 
the well-validated MAP (Modeling Aluminum Pick-up) program from Teck Metals Ltd. [15]. 
The line speed is set at 105 m/min, and the strip immersion length is 3.12 m. The bath 
temperature is considered as constant at 460 ℃ and the bath Al content is at around 0.12 wt% for 
the GA and 0.16 wt% for the GI conditions respectively.

                                                            
1 Note that the inductor in the galvanizing bath model is capable to deliver a temperature increase of 20 ℃ at full power.



To examine the effect of strip entry temperature, conventional low carbon steel is considered. In 
this case, the liquid zinc bath can be described by the well-established zinc-rich corner of the Al-
Fe-Zn ternary phase system. To determine the influence of the Mn content in the strip, details of
the zinc-rich corner of the Al-Fe-Mn-Zn quaternary phase system must be known. Such data is 
still very limited. However, the Mn dissolution rate is found to be rather small. Therefore, the 
ternary phase diagram can be enhanced to describe the Fe solubility limit for the quaternary 
phase system in the present work. More details will follow. 

ON THE EFFECT OF STRIP ENTRY TEMPERATURES

Temperature distribution

The overall temperature distributions in the bath for the five strip entry temperatures are shown 
in Figure 4. The difference in the strip entry temperature leads to substantial differences in the 
temperature distribution in the galvanizing bath. The influences can be clearly observed at the 
snout, sink roll and the ingot loading areas. A cool ingot loading region is observed for all cases 
due to the continuous ingot loading. The areas above the ingot loading region exhibit an opposite 
trend with respect to the strip entry temperature. This region receives the flows directly from the 
inductors. Recall that for a low strip entry temperature, the inductors are required to operate at a 
higher power to ensure the global energy balance, which results in a higher temperature in this 
area. The reverse is observed for a high strip entry temperature. 

The local temperature profiles2 at the 12 selected locations are shown in Figure 5. The results
Figure 5 reinforce the observation from Figure 4.

a) ������ = 420℃ c) ������ = 460℃ d) ������ = 480℃

b) ������ = 440℃ e) ������ = 500℃

Figure 4: Overall temperature profile for the five strip entry temperatures, half of the bath width 
shown

                                                            
2 Note that the local temperature profiles at ������ = 440℃ are rather similar to those at ������ = 420℃. It is likewise for those at ������ = 480℃, 

with respect to the results at ������ = 500℃. Hence, they are not shown.
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Figure 5: Local temperature profile for the strip entry temperature of ���℃, ���℃ and ���℃.



Bath Al and Fe concentration

The evolution of the overall mean Al and Fe concentrations for the gradual ingot melting scheme 
at five strip entry temperatures at 0.11 wt% [Al] (GA) and 0.16 wt% [Al] (GI) conditions are 
shown in Figure 6. The mean Al concentrations increase continuously as expected for the 
gradual ingot melting schemes, respecting the difference in the Al uptake rates. The subtle 
difference among the five strip entry temperatures is more apparent for the mean Fe
concentration than those of the Al. In particular, the MAP program predicts higher Fe dissolution 
rate with higher strip entry temperature. The continuously increasing mean Al and Fe
concentrations lead to constantly increasing dross formation (Figure 6c and Figure 6f).

a) GA: Mean [Al] d) GI: Mean [Al]

b) GA: Mean [Fe] e) GI: Mean [Fe]

c) GA: Mean [dross] f) GI: Mean [dross]

Figure 6: Time evolution of mean [Al], [Fe] and [Dross] with temperature dependent iron 
dissolution and aluminum up-take rates from the MAP prediction.



a) GA: ������ = 420℃ f) GI: ������ = 420℃

b) GA: ������ = 440℃ g) GI: ������ = 440℃

c) GA: ������ = 460℃ h) GI: ������ = 460℃

d) GA: ������ = 480℃ i) GI: ������ = 480℃

e) GA: ������ = 500℃ j) GI: ������ = 500℃

Figure 7: Dross formation characteristics in the bath for the GA and GI conditions at five strip 
entry temperatures



Dross formation profile

Figure 7 shows the dross formation profiles for the gradual ingot melting scheme with respect to 
the five different strip entry temperatures for the GA and the GI conditions. The regions of the 
bath where the dross formation rate is higher than the mean value of the bath at the reference 
condition are shown. First, very similar overall dross formation patterns can be observed for both 
the GA and the GI conditions. By comparing the dross formation with the bath temperature 
profiles in Figure 4Error! Reference source not found., it can be observed that the dross 
formation characteristics are generally inversely related to the local bath temperature. More 
specifically, high dross formation rate is observed wherever the local bath temperature is low, 
and vice versa. Certainly, the local concentration of the solute elements also has influences on 
the dross formation. Such effect is best observed by comparing the dross formation between the 
GA and the GI conditions; in particular for lower strip entry temperatures. Note that the color 
scale for the GA conditions here is 10 times higher than that for the GI. The reason is that the 
amount of dross formed for the GA condition is much higher, firstly, because of the higher Fe 
dissolution rate for the GA condition and secondly, due to the different intermetallic types 
formed for the two conditions. 

The local dross formation profiles at the selected locations for the GA and the GI conditions are 
shown in Figure 8 and Figure 9. Notice again the high similarity in the dross formation rates at 
the various locations between the GA and the GI conditions. These results reinforce the 
observation from the overall dross formation profiles. Note that there are locations where there is 
no dross formed at the beginning (e.g. the up-center at the ingot region in Figure 8 and Figure 9
for ������ = 460℃). These locations correspond to the areas with higher relative temperatures, 
and thus higher Fe solubility limits. Consequently, the formation of dross is delayed until the 
solute concentration becomes higher.

The overall bath dross formation rates for the GA and GI conditions are summarized in Table 3. 
Higher dross formation rate is observed for the higher strip entry temperatures. Recall however 
that the locations of dross formation are different for the different strip entry temperatures.

Table 3: Bath average dross formation rate for the GA and GI conditions

������ (℃) Bath avg. dross (0.11 wt% Al) Bath avg. dross (0.16 wt% Al)

Gradual kg wt% kg wt%
420 22.03 9.08e-3 4.17 1.72e-3
440 26.83 1.11e-2 4.64 1.91e-3
460 35.35 1.46e-2 4.96 2.04e-3
480 35.41 1.46e-2 5.35 2.21e-3
500 38.45 1.59e-2 5.59 2.30e-3
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Figure 8: Local dross formation profiles for GA condition with gradual ingot melting scheme
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Figure 9: Local dross formation profiles for GI condition with gradual ingot melting scheme



Discussion

It is clear that the strip entry temperature has a strong influence on the galvanizing bath 
temperature profile. Even though the inductor operation for each case has been adjusted to attain 
the same overall mean galvanizing bath temperature, the different strip entry temperatures can
lead to sufficiently different local temperature fields; especially, at the snout, above the sink roll 
and at the sides near the inductors. Second, the different strip entry temperatures also induce 
different Fe dissolution and Al uptake rates. The different rates are shown for the GA and GI
operation conditions considered. The combination of the two effects of the strip entry 
temperature results in considerable differences in the details of dross formation.

Generally, higher dross formation rates are observed wherever the local temperatures are
relatively low. The effects of local Fe and Al concentrations are only observed to a lesser degree. 
The more realistic bath operations considered have little impact on the overall dross formation 
profile. Thus, local bath temperature control is the key of dross formation management.

On the other hand, higher strip entry temperature condition demands less power to maintain the 
overall thermal equilibrium. So, it may be beneficial for energy consumption reduction.

ON THE EFFECT OF MN CONTENT OF THE STRIP

Phase diagram of the Al-Fe-Mn-Zn quaternary alloy system

To investigate the effect of Mn content of the strip on the galvanizing bath, it is required to know
the zinc-rich corner of the Al-Fe-Mn-Zn quaternary phase diagram near the typical galvanizing 
bath temperature of 460℃. Gao et al. (2010) experimentally examined the characteristics of the 
liquid domain of the quaternary phase alloy system at the zinc-rich region at 460℃ [16]. Four 
relevant intermetallic phases are identified and their characteristics are measured.

Based on their work, a numerical phase diagram for the Al-Fe-Mn-Zn quaternary alloy system 
was developed, which is shown in Figure 10. Expressions for the phase boundaries, however, are 
not available. Here, they are approximated using spline curves with the experimental data. The 
obtained numerical phase diagram is rather comparable with the schematic description of the 
alloy system proposed by Gao et al [16].

The modeling approach for the quaternary phase system is straightforward. But since the data of 
the quaternary alloy system at temperatures other than 460℃ are scarce, it is not possible to 
construct the numerical phase diagram for the nearby temperatures in similar fashion. 

A further challenge for the present investigation is that data of the Mn dissolution rate from the 
steel strip into the Zn bath is also limited. In other words, even if the phase diagram of the 
quaternary alloy system is readily available for all the necessary conditions, it would still be non-
trivial to locate the composition of the liquid phase of the zinc bath.

As a first approximation, the dissolution rate of Mn may be considered to be the same as that of 
Fe3. That is,

                                                            
3 Personal communication with Dr. Daniel Liu (Teck Metals Ltd.)



Mn dissolution rate = Total Fe dissolution rate × Relative Mn content in the strip

Figure 10: Numerical model of the phase diagram for the quaternary alloy system with 
experimental data (square – reference data from other works, cross – data for initial solid phases, 
triangle – data for liquid phases; red - data with single intermetallic phase, blue - data with two 
intermetallic phases [16]; solid lines - adopted phase characteristics for the intermetallic phases
in the present work).

For example, for a steel strip with 20 ��% Mn, the Mn dissolution rate [��] is simply:

[��] = [��]����� × ��%;   [��]��� = [��]����� × ��%    ⇒    [��]/[��]��� = ��%

The same assumption can be considered for the initial concentration of the galvanizing bath. In 
particular, if [��]���� is at the knee point, [��]���� for a steel strip with 20 ��% Mn will be:

[��]���� = [��]���� × ��% ≈ �. ������% × ��% = �. �������%

Such a very low Mn concentration brings the active regime right next to the Al-Fe-Zn ternary 
system (Figure 11). This allows some further simplifications to be made on the phase diagram of 
the alloy system for precipitation formation prediction under typical GA and GI operations. 



Figure 11: Active region of the phase diagram for very low Mn concentration. Note that the 
boundary with no Mn represents the Al-Fe-Zn ternary alloy system for conventional steel.
First, there are now only three relevant intermetallic phases for dross formation: 

1. The �-phase (Fe2Al5)
2. The �1-phase (Fe(Mn)Zn10)
3. The �0-phase (FeZn10)

Secondly, the knee point boundary line between the �-phase and the ��-phase can be well 
approximated using a simple straight line.

Thirdly, such simplification may be assumed to be also valid for the near-by temperatures. This 
is based on the observation that the function form of the simplified quaternary phase system is 
essentially the same as that of the well-established Al-Fe-Zn alloy system, which is proven for 
the temperatures around 460℃. Such approximation permits one to circumvent the lack of data 
of the quaternary phase system at the near-by temperatures.

Note that in the considerably simplified quaternary phase system (Figure 11), there are still 
regions containing single, two- and three-intermetallic phases.

Parametric numerical experiment

A parametric study is performed to investigate the potential influence of Mn composition of 
AHSS on the dross formation characteristics of the galvanizing bath. Three levels of variation 
are considered for the Mn content in the steel (0.0, 6.0 and 15 wt%) at two different Al bath 
concentrations (0.12 and 0.16 wt%) and at three different strip entry temperatures (440, 460 and  
480℃).

To quantify the potential reduction of Fe dissolution from the strip due to the presence of Mn in 
the strip (i.e. blockage effect), four levels of Fe dissolution reduction are compared; in particular,
with 30%, 57% and 86% reduction as well as without any reduction.

Altogether, 24 study cases are considered. The dross formation rates are determined after the 
two-hour operation time with the gradual ingot loading scheme. While the different dissolution 
rates have little influences on the overall dross formation profile, there are considerable impacts 
on the detail dross formation characteristics.

Dross formation characteristics

Generally, there is larger amount of dross formed for the GA condition than that for the GI 
condition. This is expected, since first, Mn can substitute as much as 75% in the � phases formed 
under the GA condition; whereas, Mn is not so soluble in the � phase formed under the GI 
condition [16]. Therefore, for the same amount of Fe dissolved into the bath, more dross can be 
formed under the GA condition. Secondly, the Fe dissolution rate for the GA condition is also 
higher than that of the GI condition. Lastly, the � phases are also heavier than the � phase. 

The rate of dross formation is observed to be “largely” dependent on the rate of Fe dissolution. 
The effects of the Mn composition and the reduced Fe dissolution may be combined together by 
considering the effective Fe dissolution factor per strip entry temperature as:



�����.�������
= (1 − ��%��) �����������������

�� ����.  ���.  ������

�����

If the effective Fe dissolution factor is divided by a reference condition, e.g. with 0 wt% Mn and 
no reduction in the Fe dissolution rate at ������ = 460℃, the global overall effective Fe 

dissolution factor can be obtained as follows:

������������� = (1 − ��%��) �����������������
�� ����.  ���.  ������

�������/���������

It is found that the global dross formation rate (ordinate) correlates very well with the global 
overall effective Fe dissolution factor (abscissa). Using the same reference condition as the 
benchmark for the global dross formation rate, the dross formation characteristics for the GI bath 
condition are summarized in Figure 12. The slope can be described linearly as:

������.�� ≈ 20.0 + 0.8 �������������

With similar Fe dissolution rate, the results suggest that the amount of dross formation is less for 
higher strip entry temperature. This is especially true when the overall Fe dissolution rate is low. 
As the Fe dissolution rate increases, the difference in dross formation rate decreases among the 
different strip entry temperatures.

Figure 12: Overall dross formation verse overall Fe dissolution rate for the GI condition.

The dross formation characteristics for the GA condition are summarized in Figure 13. The 
corresponding linear relation is:

������.�� ≈ 20.0 + 1.8 �������������

Similarly, at lower overall Fe dissolution rate, the dross formation is lower for a higher strip 
entry temperature. Notice also that the slopes for both � phases are comparable and there is 
approximately a factor of two between the two phases, consistence with the modelling 
assumption employed for the Mn-Fe substitution.



Figure 13: Overall dross formation verse overall Fe dissolution rate for the GA condition

Discussion

These results demonstrate that the Fe dissolution rate has a great impact on the amount of dross 
formed. Often, the control programs for galvanizing bath consider the steel strip simply as IF 
steel grade in their computations. This can certainly introduce errors in the prediction and the 
corrective actions. As the compositions of the modern steel products become increasingly 
complex, the differences in the Fe dissolution rate should be carefully observed and adjustments 
made to operating practice as needed.

CONCLUSIONS

In the present work, the effects of the strip entry temperature and Mn content on the galvanizing 
bath management are investigated numerically using a well-validated galvanizing bath model. 
The impacts are quantified in terms of the bath flow, temperature and compositional 
characteristics, as well as the dross formation patterns for all test scenarios.

It is concluded that local bath temperature must be properly regulated to minimize the local dross 
formation rate. Higher strip entry temperature will result in much less dross around the strip, but 
it may still lead to higher overall dross formation. It is noted that a higher strip entry temperature 
requires less inductor power to maintain the overall energy balance of the bath and may be 
beneficial for energy consumption reduction. 

On the other hand, higher strip Mn content could result in significantly more dross, particularly 
at the GA condition. Lastly, the Fe dissolution rate from the steel strip has great impacts on the 
dross formation and such factor should be carefully considered in the bath management analysis.
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