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Fig 1. Microstructure of a typical hot dip galvanized coating

Fig 2. Microstructure of the thick coating obtained using a high
silicon steel

Fig 3. Examples demonstrating how the silicon content of steel can cause 
changes in the appearance of a galvanized coating. 

During the hot dip galvanizing process, iron and steel  
components are heated to the temperature of the galvanizing 
bath, of about 450°C. While the steel is immersed in the 
molten zinc, layers of zinc-iron alloy are formed on the surface 
by a process of diffusion. When the steel components are 
withdrawn from the bath these alloy layers are often covered 
with a coating of pure zinc (Fig 1.). This normally produces a 
shiny silvery coating, sometimes with a distinctive zinc floral or 
spangled pattern. The formation of the zinc-iron alloy coating 

depends principally on the chemical composition of the steel. 
All common steels and cast irons can be hot dip galvanized, 
but steels with particular silicon contents may produce a 
very fast reaction between the iron and the zinc. During this 
process the coating growth rate is greater than normal and 
in some cases the entire coating may consist of zinc-iron 
alloy layers. In such cases the total thickness of the coating 
is also usually significantly greater than normal (Fig 2.) Due 
to its increased thickness, the coating gives longer protection 
from corrosion but a very thick zinc-iron alloy layer can be 
associated with an increased potential for mechanical damage. 
Articles with very thick coatings should be handled more 
carefully to minimise the risk of mechanical damage. Certain 
elements, in particular silicon (Si) and phosphorus (P), in the 
steel surface can affect hot dip galvanizing by prolonging the 

reaction between iron and zinc. In addition, phosphorous 
at levels above 0.02% can affect the coating’s cohesion and 
may in extreme cases result in gross delaminations of the 
coating. Therefore, certain steel compositions can achieve 
more consistent coatings with regard to appearance, thickness 
and smoothness. Steels with a very low silicon content can 
be unreactive during galvanizing, such that a reduced coating 
thickness, below EN ISO 1461 : 2022 requirements, might be 
achieved (see datasheet 4b). The prior history of the steel (e.g. 
whether hot rolled or cold rolled) can also affect its reaction 
with molten zinc. Where aesthetics are important or where 
particular coating thickness or surface smoothness criteria 
exist, specialist advice on steel selection should be sought 
from Galvanizers Association prior to fabrication of the article 
or hot dip galvanizing. EN ISO 1461 states: ‘The occurrence of 
darker or lighter areas (e.g. cellular pattern or dark grey areas) 
or some surface unevenness shall not be cause for rejection. 
The development of wet storage stain – primarily basic zinc 
oxide – shall not be cause for rejection, providing the coating 
thickness remains above the specified minimum value’ (Fig 3.)

It is recommended that when ordering steel for fabrications 
which will be galvanized, the fact that the steel is to be 
galvanized should also be given. This additional information can 
be extremely useful for the stockholder in selecting the correct 
type of steel.

If on occasion there is no information concerning the 
composition of the steel, or there is doubt about the suitability 
of a particular material, it is recommended that a small test 
piece of the material is galvanized. An indication from such a 
test can only be achieved if consistency is obtained across the 
whole supply chain and the galvanizing.  




