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1. Technical Guidelines Content

ÅInformation on hazardous properties of lead compounds;

ÅSubstitution process; 

ÅColour theory and colour index;

ÅDispersion process; 

ÅAlternative pigments and additives;

ÅAssessments of alternative pigments and additives;

ÅGeneral information about reformulation processes;



ÅThe TechnicalGuidelinesaredevelopedto help addressboth

capacityconstraintsandtechnicalbarriersto the substitution

of leadcompoundsin paints

ÅFocus is on SMEs needs for the effective and efficient

reformulationof paint.



2. COLOURS AND FUNCTIONS OF PAINT



COLOURS



Colour Theory

This Section provides 

tips for tinting



Colour Index

ÅColour Index (CI) is universally accepted standard coding system for 
pigments;

ÅColour Index identifies each colorant by giving the compound a 
unique Colour Index name (CI) and a Colour Index number. 

Abbrevi -

ation
Pigment

Abbrevi -

ation
Pigment

PB PigmentBlue PBk PigmentBlack

PBr PigmentBrown PG PGPigmentGreen

PM PigmentMetal PO PigmentOrange

PV PigmentViolet PR PigmentRed

PW PigmentWhite PY PigmentYellow

Chemical class CI numbers

Nitrosol 100000ï102999

Nitro 103000ï109999

Monoazo 110000ï199999

Diazo 200000ï299999



Paint Functions ïProtection (1)



Paint ïSignal/Camouflage Function (2)



Paint Functions (3) 

ÅDecorative, 

ÅInsulation,

ÅConductivity, 

ÅAntibacterial,

ÅFire retardant



Paint Functions (4) 

ÅPaint is also formulated to adapt to a variety of substrates and 
methods of application. 



ÅSince there are many different initial lead-containing 
formulations for colour and other paint properties, 
Technical Guidelines may provide only general 
information about reformulation processes. 

ÅIn-depth analyses and more specific data will be 
provided through the pilot demonstrations in the GEF 
Lead Paint Project to participating companies 
according to their specific needs.



3. Paint Raw Materials

ÅResins (vehicle)

ÅPigments

ÅExtenders

ÅAdditives

ÅSolvents



4. LEAD COMPOUNDS IN PAINTS



Paint Raw Materials that may Contain Lead 
Compounds (1)

Type of paint Pigments Extenders Driers

Air-drying primers and 

topcoats
x x x

Primers,otherbases x x

Primer surfacers, other

bases
x

Top coats,otherbases x



Paint Raw Materials that may Contain Lead 
Compounds (2)

ÅNaturalextendersor pigments(like ferro oxides)maycontain

leadcompounds;

ÅBy using theseextendersor pigments,leadcompoundsmay

beaddedunintentionally;

ÅPaint may be also unintentionallycontaminatedif company

producedlead free and leadpaints(if thereis no equipment

cleaningbetweenbatches)



Hazardous Properties of Lead Compounds in 
Paints

Chemical Hazard statements according to GHS

PIGMENTS

Lead chromate 

molybdate sulphate red 

(PR 104)

H350ïmay cause cancer 

H360 - May damage fertility or the unborn 

child

H373 - May cause damage to organs through 

prolonged or repeated exposure

H400 - Very toxic to aquatic life

H410 - Very toxic to aquatic life with long 

lasting effects

Lead chromate (PY 34)



5. SUBSTITUTION PROCESS



Law enforcement has been 

recognized by companies as 

the main driver for 

hazardous chemicals 

substitution  



Substitution

ÅSubstitution is a basic principle of good chemical risk 
management.

ÅThe principle of chemical substitution states that hazardous 
chemicals should be systematically substituted by less 
hazardous alternatives or, preferably, alternatives for which 
no hazards have been identified



Other hazardous raw materials in paints

In addition to lead compounds there are many other very hazardous raw 
materials that are in use in paint industry, for example:

Åsolvents (solvent naphtha, toluene), 

Åadditives (dibutyl phthalate, formaldehyde),

Åhexavalent chromium pigment (Zinc chromate),

Åbromine compounds in fire retardant paints 



5. Substitution
Process



Identification of Potential Alternatives

ÅAn alternative is a possible replacement for a hazardous

substancethat is able to replace the function the original
substanceperforms.

ÅIt is important to determineall the functionsof a substancefor

eachuse(a specificindustryor a specificcustomer)

ÅOnce the specific function and use conditions are precisely

defined,consultationwithin andoutsidethesupplychainis more
successful.



Assessment of Potential Alternatives (1) 

ÅWhen possible alternatives that fulfil 

function requirements are 

discovered, it is necessary to define 

whether or not process adaptations or 

changes are needed. 

ÅTo fulfil the same function, 

sometimes the alternative has to be 

processed under different conditions



Assessment of Potential Alternatives (2)

This assessment consists of: 

Å setting criteria for acceptable hazards 

and risks and 

Å the comparison of hazardous 

properties between hazardous 

substance (or mixture, such as driers) 

and their possible alternatives. 



Assessment of Potential Alternatives (2)

Å The assessmentof alternativesmust

bea processthatis repeated

Å the assessmentresultsobtainednow,

may change as new knowledge

concerninghazardouspropertiesand

risksof thechemicalis acquired.



Lead Compounds Substitution

Anticorrosive pigment Red Lead 

Zinc chromate,  Zinc phosphate?, Calcium (poly)phosphate?

Pigments for topcoats ïRed molybdate, Lead chromate

There is a wide choice of possible, non-hazardous alternatives

Lead additives (driers)

Zirconium or Strontium octoate, Zirconium or Strontium neodecanoate



Assessment of Potential Alternatives (3)

Å Economic feasibility identifies the 

lowest cost option among a set of 

alternative options that all achieve 

the targets. 

Å Assessment would include a range 

of direct and tangible indirect 

production costs, rather than simply 

comparing alternatives to the 

chemical we would like to 

substitute, in terms of product price. 



Assessment of Potential Alternatives (4)

Å The first step is to determine the 

availability and cost of identified 

alternatives, based on information 

readily available for a cost 

comparison 



Reformulation

Coating technology is complex 

and includes variables, such as:

Å chemical,

Å physical, 

Å process-engineering, 

environmental, 

Å health and safety and 

Å economic. 



The main practical 
problem in 
(re)formulation is the 
large number of 
components present in a 
paint



6. Substitution of Lead Pigments



Tasks of Pigments

Pigment Tasks

Requirements for 

Pigments and 

Extenders

Å electiveabsorption

Å Light scattering

Å Optical effects by

orientedreflectionor

interference

Å UV protection

Å Corrosionprotection

Å Dispersibility

Å Insoluble

Å Lightfast and 

weather resistant

Å Heatresistant

Å Chemicalresistant

Paint properties depend on other 

factors related to pigments such as 

pigment volume concentration, 

choice of dispersing additives, 

interaction between pigment and 

polymer and the dispersion 

process.



Dispersion process

ÅPigments may be well dispersed, 

but

ÅEffective, long-term stabilisation of 

the pigment particles is also 

important 

ÅWhen laboratory testing is scaled 

up to production, comparable 

grinding results can be achieved 

only if the equivalent grinding 

conditions are created.



Insufficient Stabilisation

Insufficient stabilisation may cause negative effects, 

such as 

ÅFlooding/Floating;

ÅGloss decrease;

ÅColour shift;

ÅSedimentation;

ÅChanges in viscosity of the dispersion;

ÅSagging issues;

ÅLevelling issues.



Red Lead (PR 104)

Red Lead

PR 105

ÅIndirectinhibitor

ÅIt reacts with the acidic

groupsin the resin to form

lead soap, which has a

corrosioninhibitory effect.



Alternatives to Red Lead

ÅChemically active anticorrosive pigments (Zinc 
oxide, zinc phosphate, calcium phosphate and their 
modifications)

ÅElectrochemically active anticorrosive pigments 
(Zinc and calcium phosphates and their 
modifications)

ÅActive, cathodic protective anticorrosion pigment 
(Zinc dust)

ÅPassive anticorrosive pigments (Micaceous iron 
oxide, aluminium silicates)

Corrosion mechanism 



Role of Extenders

ÅThe major ingredients present in 
base coats are extenders; 

ÅChoice of extenders is also 
important;

ÅUsing extenders with platy 
shaped particles (talc, mica, 
china clay) prevent water, 
oxygen and other chemicals 
from reaching the substrate as 
particles overlap in a film. 

Source: Bodo Müller, Ulrich PothñCoating Formulationò

Barrier effect of lamellar pigments and extenders



Corrosion Inhibitors

Anticorrosive Synergy



Paint Reformulation

ÅPaint reformulation is not complex ïthe Guidelines provides 
examples of base coat formulations;

ÅParallel testing of lead anticorrosive paint and reformulated paint is 
necessary to judge the effectiveness of substitution;

ÅBeside drying time and mechanical properties, anticorrosion properties 
must be checked


