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Introduction 
In the history of the enamel there are overlapping periods of  brightness and shadow. The  first 
period  of splendour is going back to its likely origin, around 13-15 century  B.C. In  certain tombs 
referred to this period, on the island of Cyprus, have been found  the oldest  enamelled articles in 
gold. (see Fig.1). Since then there have been  periods of minor interest which lasted for many 
decades, separated by other  intervals with new techniques, new schools, new develops, new 
success. 
 

     
Fig. 1  Enamel 13-15 century  B.C. 

 
In figure 1, you see a ring and a sceptre in gold, enamelled with the Cloisonné technique, considered 
the first enamelled items, up to now discovered. 
 
Approximately 30 years ago, the enamel for aluminium, did a great pass in quality, when the lead 
which  was considered dangerous, was substituted by vanadium as  a melting flux of the vitreous 
matrix. Since then only little or nothing has been done. The same frits  and  mill formulas. 
 

 Fig. 2  Enamelled pans 
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It looks attractive, nice, glossy and with bright colours, but  it costs 4-5 times  more  compared to the 
enamel powder for sheet iron. The chemical resistance and  hardness are limited,  at least 
compared to  the enamel for steel. The  restriction is given  by the firing temperature,  inevitably  not 
higher than 560 – 580°C. 
 
It is not a good time for this  enamel. It is used  almost exclusively  for  pans, because  it could have 
other application fields, for example  panels for architectural  purposes, or in connection 
with  transport units, on wheels, on rails , and on water, and even  for domestic appliances. 
 
 

 
Fig. 3  Diagram aluminium market 

 
 
This enamel accept an antibacterial treatment to high concentration in the first microns of the surface. 
Even the utilisation become relatively economical applied on domestical appliances where bacterials 
can be danger. 
 
 

 
Fig. 4  The silver’s penetration into the enamel gives a agreeable colour like copper red 

 
 
In reality, the aluminium enamel  has trouble  to contrast the use of  lacquer and paint. And then, 
when there is the opportunity to enamel  new models, there is no suitable furnace! 
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Fig. 5  Recommended heating with circulation of air 

 
 
In fact there are very  few furnaces  built  which are suitable for enamelling at  approx..560°C. 
 
At the moment, other than the lower resistance to detergents in  dishwashers, there is also the 
problem of the price of the  vanadium, which  has increased from 5 to 50 euro/Kg, between the end 
of 2004 and the beginning of 2005. In 2007  the price reduced  to approx.15 euro/Kg. 
 
As in the enamel are used approx.10%, you can imagine  that there is an additional increase in price 
which started at 1.50 in 2007, to reach 4,00 euro for 1 Kg of enamel in 2005. 
 
To reduce  greatly or  to eliminate the  vanadium in the enamel  means to bring  the cost back to 
an acceptable level and to re-launch the use of enamel on aluminium. At the same time  the 
detergent resistance has to be improved, for dishwashers, to bring the enamel back to its high 
reputation in relation  to the competitive material. 
 
The detergents  now in use, attack the enamel very rapidly. 
 
1. FIELDS OF POSSIBLE INVESTIGATIONS: 

1.1 Determination of detergent-resistance. 
1.2 Reduction or elimination of vanadium in the frit. 
1.3 Use refractories as mill additions. 
1.4 Apply the  enamel in the two-coat one -fire system. 
1.5 Use several frits in the same enamel. 
1.6 Modify the formula for  mill additions. 
1.7 Apply the enamel  in the electrostatic way. 

 
1.1 Determination of the detergent resistance 
To give precision to the research, it is necessary  to arrange a method to determine the detergent 
resistance. In fact,  each variation made to the enamel, to judge whether it was positive,  the product 
should result more resistant compared to the standard, or at least  not less resistant. Taking in 
consideration a project which has been developed by an Italian study group (WG3), it has been 
utilized  an economic system which is furthermore very  fast, to determine the results: actually it is 
not possible to wait for 125-250 cycles  in the dish washer to value each trial. 
 
It means to prepare a  container with a  mixer and  a heating  system, (heating magnetic stirrer) 
controlled by  a thermal couple (Vertex) to regulate the temperature + - 0,5 degree C. This container 
holds 4 litres of water and can be held at a constant temperature  for 1-24 hours, while the water 
with the cleanser remains in constant movement, washing in continuation the trial. 
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 Fig. 6  Temperature control Vertex 
 
 
The attack of the detergent is accelerated by the higher concentration (approx.1,2 - 4 times) and 
by  the temperature of 80-95°C. The cycle is automatic: at the end of the given time  the mixer and 
heating  go off. 
 
 

 Fig 7 
 
 
As a container you use a stainless steel vessel or one in  Pyrex , with a magnetic anchor at  the 
base.  
 
On top of the container is placed a simple holder adapt  to keep samples in a stable and vertical 
position and at variable immersion.  The enamelled  side  to check has to be  turned  to the centre. 
(See Fig.8) 
 
 

               Fig. 8  opened container 4 litre          
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In practice we have realized a small dish-washing machine able to reproduce and repeat with good 
precision a washing cycle according to the norm UNI EN 12875-1. 
 
Contemporarily we are able to individualize an accelerated cycle that in a few hours (2 - 6) could 
simulate the attack of 125 - 150 cycles of washing according to the norm above mentioned.  
 
Example: 2 cycles (accelerated) to 95°C correspond to 125-150 cycles to 60°C according to the 
norm. 
 
This is possible exasperating both the water's temperature and the concentration of the cleaner. We 
have chosen the types Finish Quantum, Finish 5+1, Finish powder, because they are recommended 
from the 20 more famous European marks and they contain all the necessary additives (5 x 1) for a 
good washing of dish. 
 
The cleaners type A - B - C, recognized by the norm IEC 60436, are those to use. We prefer the 
type C because more similar than the available types on the market. 
 
Some hundred tests, have confirmed us an acceptable repeatability and it have allowed us to 
maintain that a test accelerated of an hour corresponds to some dozens of washings (40) into the 
washing machine. 
 
 
 

  Fig 9 -D = Without attack 
Fig. 9  Example of attack according to norm UNI EN 12875: every cycles = 20 min x 60°C x 6 liters demineralized 
water with 24 gr of cleaner IEC 636 C  a)=50 cycles, b)=100 cycles, c)=150 cicles. 
 
 
As per type of the used detergent , 3 or 4 accelerated cycles, give a similar result of 150 washes 
dishwasher cycles referring the norm UNI EN 12875-1.   
 
After one or several of this test, it is possible in a few hours to compare, value or determine: 
 

a) the resistance of an enamel  under equal cycles number and  type of detergent. 
b) the  different attack of detergents, at equal number of cycles  of attack or  of used enamel. 
c) the  difference of attack  on  various enamelled samples up to 8 and in comparison 

between  them, under equal number of cycles or of detergent. 
 
 

D 

A B C 
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Fig. 10  Trial with various repeated cycles attack, obtained at 3 dipping position 
 
Fig.11-12. Photo of  electronic microscope which  has been  kindly supplied  by  Dr.ssa Paganini. of 
the  University  of Turin, chemical department.  It allows us to observe  and understand  in what way 
the detergent attacks and destroys the enamel. 
 
 
 

                 
 

Fig. 11                                                                                                 Fig. 12 
 
I wish to indicate that  a normal  enamelled pan  in the commercial trade, results seriously attacked 
after 3-4 of these rapid tests. 
 
1.2 Reduction of vanadium in the  glass matrix 
The various enamels available on the market do have an oxide composition  very similar, with a 
concentration of vanadium  a little lower than 10%. To reduce  this percentage by other oxides 
seems to be apparently easy, but  the results are not  satisfactory.  
 
For example taking out 2 points of V2O5, substituting  it  with  Na2O, or K2O or  Li2O, does cause a 
notable loss of chemical resistance. 
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OSSIDI SiO2 TiO2 B2O3 PbO K2O Na2O Li2O Al2O3 Sb2O3 V2O5 

Pb inside 29 11,5 5,5 25 10,5 12 3 - 4 - 
Pb inside 41 15 - 20 24tot alcali - - - - 

no Pb 37 25 4,0 - - 31 4 - - - 
No Pb 42 24 - - 12 20 2 - - - 
No Pb 32 21 2 P2O5=2 18 14 7 - BaO=3 SnO2=3 

Today V2O5 40 20 - - 20 10 3 - - 9-10 

Fig. 13  Approximate oxide formula 
 
 
If we increase the percentage of titanium oxide (TiO2) by 2 points,  you obtain a higher chemical 
resistance, but  the firing  temperature increases to a level  which is no longer acceptable, because it 
results too near to the melting point of  the aluminium.  
 
It has not been taken in consideration  the use of “rare” or “noble” oxides, as lanthanide or  tantalum 
or bismuth or yttrium etc because of the initial high cost which would  compromise  the requested 
result. 
 
 
 
 

BBiiPPbb TTll HHgg AAuuPPttIIrr OOssRReeWW TTaa HHff LLaaBBaa CCss 66

SSbbSSnn IInn CCdd AAggPPddRRhhRRuuTTcc MMooNNii ZZrr YY SSrr RRbb 55

AAssGGee GGaa ZZnn   CCuuNNiiCCooFFeeMMnn  CCrr VVaa TTii SSccCCaa KK 44

PPSSii AAll        MMgg NNaa 33

NNCC BB        BBee LLii 22

 
Fig.14 

 
 
The use of the earth alkalines oxides (Barium, Calcium ,Magnesium), will be a more   suitable way. 
 
But there  persists  the mechanism: the increase of resistance = the increase of the firing 
temperature. The experts know very well  that  you have to take in account also the coefficient of 
expansion.   
 
An  interesting result has been achieved by melting a frit on the base of  Phosphor-Aluminium 
oxide  and without Silicon:  you achieve  a very soft glass  which  unfortunately reacts in a negative 
way in contact with the aluminium surface during firing.  
 
The enamelling characteristics increase by the introduction of  some oxides (Cu, Zn, Zr, Ba, Ca) , 
which  contribute  significant  improvements also at small percentages as 0,5 – 1%. 
 
 

Melting oxides – Alcalines / Refractory oxides-hardeners / Earth alcalines
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1.3 Addition of refractories in the slurry ( addition at the mill ) 
With surprise  we noticed that the use of  refractory additions such  as quartz, zircon or 
various  silicates,  reduce the resistance. On the other side the firing temperature would 
increase,  rendering the enamel surface  not suitable. This intervention is to  reject. 
The use of colour oxides  over 10% is to underline, because it  causes a similar effect. For that 
reason, in several cases  has to be used  a thin final coat of a few microns  of transparent enamel. 
 
A recent search by Ing. Eckhard Voss beside Wendel Dillenburg has shown as the use of liquid 
silicon nano-dimension (8nm) it can increase very well the chemical resistance. Fig 15 Photo nano 
Silice 
 
 

 
Fig. 15  Test according to EN-14483-2-10, citric acid to 60°C. Steel sheet enamel. 

 
 
1.4 Application of 2 coats with 1 fire 
This application  commonly used  for  the  enamel on sheet iron , has not yet been introduced for the 
aluminium.  Applying two coats  wet on wet, where the first coat  equals  approx.50%  without 
vanadium , and the second coat  with a new  or traditional enamel,  it would immediately achieve 
an  economical advantage without loosing the resistance. 
 
1.5 The use of 2-3 frits 
At the moment  the enamel for aluminium is prepared with  one transparent  frit.  The use  of a 
mixture  of  2 or 3 frits,  as it is normal practise  for the sheet iron enamelling , did  give interesting 
results under the aspect of resistance.  If  the frits  used in the mixture, do have a low  content of 
vanadium, you obtain a cost reduction  with the same resistance. 
 
1.6 Modifications of the additions  for the  mill formula 
Since approx.30 years, is used as a mill addition  4% of  Boric Acid, 1% of Potassium Hydroxide and 
1% of Sodium Silicate.  Is it possible that there is nothing  better?  Well, I advise  to all the 
experts  of enamelling to find  another formula, because the one in use is certainly a serious  reason 
for the low resistance  to detergents in the dish washer. 
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1.7 Electrostatic powder application 
In theory  it is possible, but  we find ourselves in front of two obstacles.  The first  is the application 
process in use, which  foresees  an inner layer of a non-stick product and one enamel layer on the 
outside. The second obstacle  is the fact that the normal additives  to create the electrostatic powder 
favour  a colour change. 
 
 

 
Fig. 16  Foto prima pentola con smalto elettrostatico 

 
 
Personally I am convinced that the solution  is not far away,  it is sufficient  to have the will to apply it. 
 
2. Conclusion 
The research, extended in the seven indicated directions does bring us to the following conclusions: 
 
2.1 It is possible to reduce the vanadium, from 20 to 50%, and achieve a better chemical resistance. 
 
It is opportune  to realize  this by the use of a frit without vanadium and rich on earth alkalines oxides 
(Barium, Calcium ,Magnesium). This is to use of mixture with the standard one. It is also necessary 
to modify the mill addition, to obtain bigger chemical resistance.  
 
The complete substitution of vanadium, at the moment is only possible for non resistant frits.  
 
Certainly a longer research period  would produce more positive results. 
 
2.2 The application of two coats and one fire is easy and represents an immediate and secure 
economical advantage. I am surprised that this method  is not yet introduced. 
 
2.3 In the future, referred to the  electrostatic powder application (after the necessary setting-up) it 
would offer the maximum result, eliminating, beside the  storage problem of the milled enamel also 
the actual difficulties of the double milling, first  the dry milling  by the producer and then the humid 
one by the user.  
 
We should remember that the actual enamel after the wet milling is subject to a quick ageing 
process.  
 
Furthermore the electrostatic process would eliminate the use of the traditional mill additions (see 
1.6)  which would reduce the chemical resistance.  
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Eliminate the “over spray”, which is necessary for wet application, give an enormous economical 
advantage. 
 
3. Final result 
From now on there is a “new” enamel available with a reduced vanadium level  approx.25%. It is 
prepared with a mixture of different frits, and new additives to the mill. This enamel maintains  a 
reasonable gloss and  colourability, like the  normal products on the market. It has a better 
resistance  in the dish washer, which at the moment  is estimated about double. 
 
 

                               
 
 

Fig. 17                                                                                                       Fig. 18 
 
 
In Fig.17-18 the comparison between 2 samples can be seen, after 4 contemporary accelerated 
cycles, with detergent F. powder. On the right hand side can be noticed the new enamel in good 
conditions regarding the colour and surface gloss.  
 
Instead the standard enamel  on the left  did change colour from black to grey and the 
surface  became dull and did not reflect the flash of the photo. 
 
The cost reduction, and in relation also the sale price, is approx. 15%, referred to the prices in 2006. 
If  the price of vanadium does return little by little to the old quotation, the economic advantage 
would diminish, but the better detergent resistance remains  unchanged.  
 
If  we would  add  the  application system two coats one fire,  it would obtain an 
additional  economical advantage. 
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The test  with vanadium reduced to 50% gave encouraging results, practically  comparable  with the 
reduction of 25%. But there is an additional  final adjustment necessary, which we would 
certainly  follow up, all it takes is having the time and the small necessary resources. 
 
Finish with an exhortation  
Let us put the enamel it in fire in all senses!  
Let us bring well in to focus!  
It is not sufficient to put it in the furnace!  
We have to make it known and divulge it more. 
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