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Introduction

Figure 1: Profile of an example galvanized part, shown the Zn layer on the top.

Abstract

The galvanizing process by thermal diffusion or Sherardizing is a process used by the industry to increase the corrosion resistance of some 
metals, especially steel. However, achieving a good optimization of this process, that is, an optimal consumption of Zn dust without exceeding the 
necessary quantity needed to get a homogenous coating layer thick enough to provide an efficient anti-corrosive property is not always easy. This 
work explores the difficulties found in the industry to optimize that process, and we propose a software that allow simulating and considering 
different parameters to propose the quantity of Zn dust to be used depending on the working conditions, the parts to by coated and the container 
used. This software allows also considering, in the simulation, the addition of Zn halides for improving the coating process.
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Zinc coatings is a method to brings great advantages in the 
protections of ferrous substrates [1-2]. There are different methods 
to perform Zn coatings [3], but the Sherardizing process is a 
thermochemical process very promising from the environmental 
point of view [4-5]. Although, its production efficiency is lower 
than other methods. In this process, the parts are gushed with 
Zn dust, generally in a revolving drum heated at temperatures 

between 320°C and 420°C, keeping the temperature under the 
Zn melting point. As a result, Zn vapor is formed that diffuses 
in the steel surface forming a coating alloy of Fe-Zn of between 
10 to 75μm, (Figure 1) depending on the working conditions 
(mainly the working temperature and the annealing time). Due 
to the working temperature for the Sherardizing, all expected 
intermetallic phases are formed during this process, as can be seen 
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in the Fe-Zn diagram of Kubaschewski [6] see Figure 2. Therefore, 
the numerical simulation of those phases formation is not an easy 
work, and even the most actual software has to perform several 
kind of assumptions to be able of simulating the growing of the 
different phases [7]. However, it is not the aim of this work. In the 
present paper, we do an empirical study of several Sherardizing 

processes being performed in the industry to allow us proposing 
the best working conditions and optimize the quantity of Zn dust to 
use in each particular case. In addition, a simple software has been 
created to manage the relations found in this work and be easily 
applicable by any user.

Figure 2: Zinc-rich part of the Fe–Zn phase diagram [6].

Figure 3: Zn layer thickness (µm) versus the annealing time (min).

Methodology

During a year, data of working conditions and results of the 
galvanizing process were collected from different industrial drums 
and working conditions. Although, the galvanized parts studied 
in this work were of different shapes, we selected those having 
similar chemical composition, as described in the Table 1. The Zn 
dust used have a composition of 91% Zn and 9% Al. Some results 

achieved during the collection of data can be seen in Figure 3 where 
the thickness of the Zn layer was obtained by X-Ray Fisherscope 
4000 equipment regarding the annealing time for different working 
temperatures. In this figure, it can be seen that the data achieved 
are in agreement with the equation (1) of the empiric growth law 
[8-9].

nl K t∆ = ⋅                   (1)
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Table 1: Composition range wt.% of the parts studied in this work.

C Al Si P S Mn

Steel alloy 0.041-0.055 0.039-0.047 0.1830-0.1940 0.0182-0.0190 0.013-0.015 0.225-0.273

Where K represents the growth-rate constant and n the growth-rate time constant.

Figure 4: Zn layer thickness (µm) versus the working temperature (°C).

And Figure 4 shows the representation of Zn layer thickness 
regarding the working temperature. Therefore, in order to optimize 
the Sherardizing process from the industrial point of view (minimal 
energy and Zn consumption), we need to know the sources available 
to play with these two parameters, but they are not the only one, in 
order to determine the optimized quantity of Zn to be employed for 
achieving the specified layer thickness on the parts to be galvanized, 
we have to take in consideration two consuming Zn points:

a)	 Working atmosphere: the gases O2, H2 and CO2 in the 
containing drum are Zn consumers, especially at the working 
temperature.

b)	 The interior total surface of the containing drum: The 
walls of the container also consume certain quantity of Zn during 
the process.

In order to consider and select all these parameters for a 
better optimized process, we have created a simple software that 
indicates the working conditions to achieve the desired/specified 

Zn layer thickness as well as the optimized quantity of Zn to be used 
considering the efficiency lost indicated above. For considering the 
first point (working atmosphere % of Zn consumer gases), it is 
done through the free volume left on the drum, an initial proposal 
for these percentages is stablished in the software, but it can be 
modified by the user.

For the second point (Zn consumption by the revolving drum), 
after studying the data collected from the most common kind of 
industrial thermal drums, an empirical constant was achieved to 
estimate the Zn consumption regarding a clean and homogenous 
drum total surface area according to the next relation:

21.98· 3( ·)/  WZn E Kg m S= −                             (2)

Where WZn is the Kg of Zn dust consumed by the drum and S is 
the inner total surface of the drum.

In addition, the proposed software also allows to take into 
consideration the improvement of the efficiency of the Sherardizing 
process when zinc halides are added pointed out in [10].

Results

Figure 5: Main screen of the software UCA-SHER.
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As a result, we achieved the software called UCA-SHER to take 
into consideration all the parameters treated in this work, and that 
can be downloaded at [11] (Figure 5). By clicking the button “Select 
Thickness” we can select the wished Zn thickness to achieve in the 

parts by including one of the two parameters: 

a)	 The working temperature or 

b)	 The annealing time see Figure 6.

Figure 6: Whished Zn thickness selection to determine the working parameters.

Also, by clicking on the “Graphs” option in the menu bar of 
this software, we can select different kind of plots: Thickness/
Temperature or Thickness/Annealing time, by indicating the 
annealing time and temperature range in the first option or the 
working temperature and the annealing time range in the second 
option. In addition, if we select the Thickness/Annealing time, a 
least square regression is automatically performed to the relation 
empirically achieved, achieving the corresponding power formula 
in agreement with [1]. But also, we can apply the improving process 

indicated in [10], to check the improvement achieved by adding a 
0.1% w.t. of Zn halides (Figure 7). For the 9 cases studied, by using 
the proposed software taking into account all the concerning 
parameters/relations found affecting the galvanizing process from 
an industrial point of view, we were able to reduce an average of 
12% of the exceed Zn quantity and a 7% the energy consumption 
for the thermal drums due to a wrongly manage of the working 
parameters by the industrial sector.

Figure 7: Graph option of the UCA-SHER software, showing the improvement of the Sherardizing process when Zn halides 
are added.

Conclusion

a)  The industrial sector, in general, does not correctly manage 
the working parameters for the Sherardizing process, making a 
non-efficient use of the resources (Zn dust and Energy).

b)  In order to optimize the thermal diffusion process for the 
industrial point of view all the parameters: annealing time, working 
temperature, working atmosphere and the surface of the drum 
must be considered.

c)  Managing the working conditions by the proposed software, 
the galvanizing process efficiency could be greatly improved.
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