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Two or more coating components are used  in 

conjunction, creating superior multifunctional 

properties.



Duplex coatings for outdoor corrosion 
protection of steels

“Duplex coatings” –coating systems for corrosion protection of steel by

sacrificial coating plus additional barrier protection coating as organic or

organosilicate paint systems, powder coatings or topcoats.

The purpose is to provide additional corrosion protection in highly

corrosive environments at temperatures up to ~650⁰C, with other

benefits of visibility, camouflage, or when an aesthetic appearance is

required, including various color combinations.
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Failure is reached when the area of substrate corrosion exceeds
5% of the total sample area.
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Zn-Fe plating

after baking

Zn galv. 49μm

PM-1 45μm Zn galvanizing 68μm Zn galv. 112μm Zn-Al-Mg galv.73μm Dacro10μm

SUS304

Zn-Fe plating. No baking

SUS316 PM-1 -35μm Zn galv. 77μm

Zn-Al-Mg galv. 49μm Dacro Zn-Fe plating after baking

Miyakojima sea shore exposure 24 Months



Zinc corrosion problem for duplex coatings

Typical corrosion resistance of duplex coatings: competitive Zn-Ni 
coating as a base for epoxy e-coating after 720 hrs testing in 

neutral salt spray chamber.



• Duplex coating: Poly-metal Zn-Al diffusion coating + e-coating. PM-10 
thickness is ~15 µm. E-coating thickness is ~15 µm. 

• Two coated parts after 1009 hrs testing in neutral salt spray chamber 
(the most extreme, left, and medium) and of one non-tested part (right).

Corrosion Resistance of Duplex Coatings
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The Synergy of Duplex Systems
Duplex systems provide synergistic  effect by v i rtue of 

the fact  that the durabi l i ty of  the combined sacr if ic ia l  
base coat ing and top organic  coat ing system is  greater  
than the sum of  the separate durabi l i ty  of  the sacri f ic ial  
coat ing and organic  coating layer  appl ied separately  onto 
the steel  substrate.  

For  the duplex system based on hot  dip Zinc 
galvanizing the synergist ic  effect  can be est imated 
mathematical ly  as  fol lows:

Duplex Life = factor x (zinc life + paint life)



The Synergy Of Duplex Systems.
Duplex life  Factor



In an environments as industr ial  with high humidi ty 

or high sal inity coastal,  ISO 9223 C5 category, 

where 85µm hot dip galvaniz ing coat ing l i fe per iod 

is approximately 15 years and paint on i ts own 10 

years,  and the factor rate is 1.5, the duplex system 

would give a service l i fe:

1.5 x (15 years + 10 years) = 37.5 years





Durability Category 12944:1998 1:2018-12944  

Low (L) 2-5 years Up to 7 years

Medium (M) 5-15 years 7-15 years

High (H) More than 15 years 15-25 years

Very high (VH) N/A More than 25 years

ISO 12944-1 Paints and varnishes — Corrosion protection of steel structures 
by protective paint systems — Part 1 : General Introduction



ISO 12944-2 Paints and varnishes — Corrosion protection of steel structures 
by protective paint systems — Part 2 : Classification of environments. 

Corrosivity
category

Examples of typical environments
(informative only)

Exterior Interior
C1

very low — Heated buildings with clean atmospheres , e. g. offices, shops, 
schools , hotels

C2
low

Atmospheres with low level of pollution: mostly 
rural areas

Unheated buildings where condensation can occur, e. g. depots, 
sports halls

C3
medium

Urban and industrial atmospheres, moderate sulfur 
dioxide pollution; coastal areas with low salinity

Production rooms with high humidity and some air pollution, e. g. 
food-processing plants, laundries, breweries, dairies

C4
high

Indus trial areas and coastal areas with moderate 
salinity Chemical plants, swimming pools, coastal ship and boatyards

C5
very high

Industrial areas with high humidity and aggressive 
atmosphere and coastal areas with high salinity

Buildings or areas with almost permanent condensation and with 
high pollution

C X
extreme

Offshore areas with high salinity and industrial 
areas with extreme humidity and aggressive 
atmosphere and sub -tropical and tropical 

atmospheres

Industrial areas with extreme humidity and aggressive 
atmosphere

NOTE:  ISO 9223.



Corrosivity
category

Examples of typical environments
(informative only)

Exterior Interior

C1
very low —

Heated buildings with clean 
atmospheres , e. g. offices, shops, 

schools , hotels

C2
low

Atmospheres with low 
level of pollution: mostly 

rural areas

Unheated buildings where 
condensation can occur, e. g. depots, 

sports halls

C3
medium

Urban and industrial 
atmospheres, moderate 
sulfur dioxide pollution; 
coastal areas with low 

salinity

Production rooms with high humidity 
and some air pollution, e. g. food-

processing plants, laundries, 
breweries, dairies

NOTE:  ISO 9223.



Corrosivity
category 

Examples of typical environments
(informative only)

Exterior Interior
C4

high
Indus trial areas and coastal areas 

with moderate salinity
Chemical plants, swimming pools, 

coastal ship and boatyards

C5
very high

Industrial areas with high 
humidity and aggressive 

atmosphere and coastal areas 
with high salinity

Buildings or areas with almost 
permanent condensation and with 

high pollution

C X
extreme

Offshore areas with high salinity 
and industrial areas with extreme 

humidity and aggressive 
atmosphere and sub -tropical and 

tropical atmospheres

Industrial areas with extreme 
humidity and aggressive 

atmosphere

NOTE:  ISO 9223.



Categories for water and soil 

Examples of environments  and structuresEnvironmentCategory
River installations, hydro - electric power plantsFresh waterIm1
Immersed structures without cathodic 
protection (e .g . harbour areas with structures 
like sluice gates, locks or jetties)

Sea or brackish 
waterIm2

Buried tanks, steel piles , steel pipesSoilIm3
Immersed structures with cathodic protection 
(e .g. offshore structures)

Sea or brackish 
waterIm4

NOTE For corrosivity category Im1 and Im3, cathodic protection can be used with a paint system tested accordingly



ISO 12944-6:2018



ISO 12944-6:2018



• PET – Epoxy powder topcoat for high 
corrosion protection.

• PPT – Polyester powder topcoat for 
medium corrosion protection, UV 
resistant.

• PEPT – Epoxy+polyester duplex 
topcoat for high corrosion 
protection, UV resistant. 

• PPAT - Polyamide topcoat for high 
corrosion protection, UV resistant 
and wear resistance. 

• PSiT - Organosilicone topcoat for 
applications up to 650° C. 

• Other powder coatings’ materials are 
possible to apply.  

Unique Thin Powder Coatings



Corrosion resistance duplex 
coatings for elevated temperature.

Sacrificial diffusion 

polymetal base 

coating

and barrier 

organosilicon

topcoat.



Corrosion resistance duplex 
coatings with required 

friction coefficient.

Thread forming 
fasteners and 

other 
applications. 
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