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Research and development of the enameling technology for steel 
bathtubs and shower trays by powder technology in electrical field 
with system of GC + CC in one single fire. 
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As representatives of a company that produces enamelled steel bathtubs 
and shower trays, we previously published a contribution at the 20th 
Enamellers' Conference in Istanbul in 2005 (1) presenting detailed 
results achieved with this process. The technical set up of the production 
equipment was optimized at the time so as to meet the desired 
conditions in order to form double enamel layer with a single firing. Such 
finishes showed integrity flaws, in particular in critical areas as marked 
on Figure 1. Because of this defect another topcoat with firing was 
necessary for final product. 
 

 
 

Fig. 1 
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We identified the root cause as the result of a symmetric effect of 
negative factors, specifically the deformation of the steel structural grid in 
these sections, Figures 2-3, as well as the result of deformation from 
pressing on one side; this fact also leads to an increase in reactivity in 
the system's phase interface between metal and the enamel ground.   
 
 

 
 

Fig. 2 
 
This opinion was also supported by the results of metallographic analysis 
as is clear from Figures No.2-3 (OLYMPUS VANOX - TAH-2  - Doc. Ing. 
Štefan Nižník PhD. ). Enamelling also led to an increase in granularity as 
documented in Figure 2 due to critical deformation at a level of 10 to 12% 
of the surface area of the metal. Figure No.3 shows the area that did not 
experience plastic deformation during presswork where it is clear that the 
resulting structure following enamelling is smooth grained.  
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Fig. 3 
 
 
Interaction at the phase interface during the firing process is 
accompanied by a turbulent gas formation phase whereby gas passes 
through the enamel layer. This gas phase penetration is also 
accompanied by transport, i.e. penetration of the enamel ground through 
the surface of the topcoat enamel forming both pinholes and black spots. 
Under these conditions, we searched for a solution to this problem by 
identifying an enamel primer that would halt such reaction in the phase 
interface at a lower temperature and thereby decrease the amount of gas 
created in the formation phase. (Patent 285742) 
We tested a number of recommended enamel ground, mainly from 
European manufacturers; however, the results were not positive. As a 
result we added the development of an enamel ground that as closely as 
possible approximated the characteristics shown above to our 
experimental program. The result of this activity was the formulation of a 
reactive ground that ensures sufficient enamel adhesion to the metal 
surface and a reaction that finishes at a temperature of 760 to 780oC.(2) 
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The importance of a minimum enamel ground layer thickness in order to 
achieve the desired adhesion was also noted. Interaction at the phase 
interface in the metal enamel ground system always leads to the 
formation of gas that then penetrates the enamel layer and has a direct 
correlation to the degree to which integrity defects may occur.  We 
experimentally determined in the behavioural study of the topcoat 
enamel layer with regards to the occurrence of such integrity defects that 
all traces of such penetration of the gas phase through the topcoat 
enamel were closed as long as layer thickness was at least 200 µm 
following firing. 
 
This condition means that powder topcoat enamel applied in an electric 
field must have a value of 700 to 800 µm. The thickness of the enamel 
ground layer in powder form ranged from 120 to 150 µm, which 
corresponds after firing to an enamel ground layer of 30 to 50 µm. 
The overall thickness of the applied power enamel layer must be 900 to 
1000 µm. This requirement cannot be met using continuous application. 
The main problem when forming such extremely thick powder layers is 
the known phenomenon of space charge accumulation. The layer of 
enamel powder, due to the Coulomb force, sees the gradual 
accumulation of particles with the same polarity as the product, which 
appears to be grounded to the opposite polarity. This process only 
occurs up to the maximum potential space charge. 
A solution to this problem can be found by regulating the space charge, 
which directly depends on the size of the charge in individual particles 
forming this layer. The equilibrium of particle charges for this using the 
bombarding charging mechanism is given by the following relationship   

 [ 1 ] 
 
 
 
 
 
 
 
rm   equilibrium particle charge   
ε0   vacuum permittivity  
ε1   relative permittivity of the environment 
ε2   relative permittivity of the particle  
d    particle diameter  
E    intensity of the electric field at the charging site  
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The relative permittivity of the particle (ε2), particle diameter (d) or its 
relative surface and the intensity of the electric field (E) are decisive for 
the value of the resulting charge. A simplified evaluation of the dominant 
indicators shows that the space charge reaches the limit value bound by 
the small particles, e.g. a large relative surface during this application of 
minimum thickness coats. An increase in the size of the particles slows 
down increase of the space charge and allows thickness to be achieved 
for expected thicker layers and under the same electrical conditions.  At 
the same time, the value of the equilibrium charge and the intensity of 
the effects of the Coulomb force decrease. 
Once a stable condition is achieved, the particles in the created layer are 
subjected to additional forces that stabilise their adhesion to the surface; 
these forces include Van der Waals force and chemical bonds. 
Continued development of additional powder layers is prevented by the 
space charge.  
A decrease in the space charge of the created layer can be achieved by 
sinking the charge over time, e.g. by interrupting the electrical field in 
which this layer is located. 
 
Such charge leakage is given by the relationship  
 

[ 2 ] 
 

  
 
Q0 = initial charge [ C ] 
Q  = charge after time t [ C ] 
t    = time 
R = specific particle electrical resistance [Ω m] 
C = capacity [F] 
e = elementary charge (value = 1,602176487(40).10-19 [C]) 
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Decreasing the space charge and its leakage through following the 
relationship [ 2 ], e.g. interrupting the electrical field allows the repeated 
application of additional layer thicknesses. Such interruption can be 
repeated until the necessary enamel layer thickness is achieved.  
 
Based on this knowledge, we adapted our company's manufacturing 
equipment. We have a total of 5 application positions as shown in Figure 
No. 4.  
 
 

 
Fig. 4 

 
The first position allows the application of the required enamel ground 
coat on the entire surface of the product. The thickness of the enamel 
ground layer has already been defined at a value of 120 to 150 µm. After 
firing, the enamel ground layer thickness ranges from 30 to 50 µm. This 
reduction in the thickness of the enamel ground layer is included in the 
solution for the total required thickness where we must "reserve" 750 to 
800 µm.  Interruption of the electric field allows the progressive 
application of topcoat enamels in positions 2 to 5. (Fig. No.5 Such 
interruption is completed by moving the product from one application 
location to another using the under-slung conveyor. Every application 
position is autonomous with regards to electrical field intensity, 
application gun positioning and outlet power, as well as powder 
granularity settings as needed.  
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The speed of the under-slung conveyor defines the application duration 
as application features a fixed time program. The relative permittivity of 
the application environment (ε1) is secured by the fact that all application 
positions are located in a common climate-controlled environment with 
both air temperature and relative humidity controls. Application takes 
place when the product is in a horizontal position; the product is moved 
into a vertical position after leaving the climate-controlled area. The 
product then stays in this position as it moves to the firing kilns.  
 
 
 

 
 

Fig. 5 
 

 
 
The quality of the enamelled surface after leaving the kilns is checked by 
measuring enamel thickness while surface integrity is checked using an 
outlet power of 2.5 kW. Integrity is practically guaranteed when the 
overall thickness of the enamel after firing is 250 µm. Compliant product 
yield following the first firing ranges from 70% to 90%. The production 
period in which most defects are discovered and corrected by the 
application of a third layer with subsequent firing is most commonly the 
coloured enamel period. 
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Conclusion 
 
 
As we have presented, an enamel ground and topcoat system (GC + CC) 
in one single fire with reliable coverage integrity for finished products 
subjected to increased corrosion stresses is possible under the 
conditions stipulated for this powdered enamel application method. 
 
Product surface preparation preceding enamel application simply 
includes degreasing and the removal of any rust from corroded products. 
The integrity of the enamelled coating system, i.e. the ground and 
topcoat, is directly related to the thickness of the enamel coating. The 
condition whereby a thick layer of enamel powder is needed requires the 
interruption of the electrical field in order to lower the value of the space 
charge. (Patent ap. PP50036-2011) 
 
  


