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Introduction
The performance of FP-460 Opacity Pigment™ in two industrial wood coatings has been evaluated.
Due to the average particle size of FP-460 being above 1µm the product is unlikely to be suitable
for waterbased (or solvent based) gloss applications and so low gloss and basecoat formulations
were chosen for the evaluation.

Evaluation
The basic properties of the two formulations evaluated are given in the tables below.

Waterborne, Low Gloss, White Topcoat
Property

Paint pvc
Volume Solids
TiO2 Content Weight %
Extender Types
Binder

Standard Formulation
26%
30%
21%
Talc
Acrylic Polymer

Waterborne, Opaque Basecoat
Property
Paint pvc
Volume Solids
TiO2 Content Weight %
Extender Types
Binder

Standard Formulation
32%
42%
11%
Calcium Carbonate, Talc, Aluminium Silicate
Acrylic Copolymer

The paints were evaluated for contrast ratio, colour (CIE Lab), gloss and viscosity.

Results
Waterborne, Low Gloss, White Topcoat
Contrast Ratio was measured at 60µm wet film thickness

In general the contrast ratio results suggest that in this formulation it should be possible to replace
up to 20% of the TiO₂ with FP-460. Note, the result for the 10% replacement is unusual and likely
to be a test error rather than a true drop in opacity.
Colour (CIE Lab) and Gloss levels
Property
Colour CIE L*
Colour CIE b*
Gloss 20°
Gloss 60°
Gloss 85°

Std
97.2
1.4
11
43
81

Colour and Gloss Results
5% FP-460 10% FP-460 15% FP-460
97.0
97.1
97.1
1.3
1.2
1.3
10
9
6
45
42
35
80
80
76

20% FP-460
97.3
1.3
6
35
82

30% FP-460
97.0
1.3
4
27
75

No significant differences were observed for colour, even at 30% reduction, however some
changes in gloss were seen with significant drops at 20° and 60° gloss. A replacement ratio
between 10 and 15% should be possible without reformulation and improvements in the gloss
levels may also be made by slightly reducing the extender level.

Viscosity and Physical Properties
Property
BR 1 cP
BR 10 cP
BR 100 cP
ICI

Std
12800
6240
3040
404

5% FP-460
9200
5400
2680
403

Viscosity
10% FP-460 15% FP-460
7200
11600
4800
6000
2530
2904
397
404

20% FP-460
13200
6360
2954
405

30% FP-460
6800
4720
2846
379

The viscosities of the paints were not adjusted. There were some variations and the general trend
is for a slight decrease in viscosity. If required, the viscosity of the final paint can be controlled by
adjustment of the thickener package.
Drying time, König hardness, block resistance and water resistance were all similar, or slightly
better than, the standard

Waterborne, Opaque Basecoat
Contrast Ratio was measured at 60µm wet film thickness

In general the contrast ratio results suggest that in this formulation it should be possible to replace
10% of the TiO₂ with FP-460. It may also be possible to replace higher levels up to 20% depending
upon the customer’s internal opacity specification, the 20% result only just being outside the
visible discernment limit.

Colour (CIE Lab) and Gloss levels
Property
Colour CIE L*
Colour CIE b*
Gloss 20°
Gloss 60°
Gloss 85°

Std
95.6
1.9
1.5
6
37

Colour and Gloss Results
5% FP-460 10% FP-460 15% FP-460
95.5
95.6
95.5
1.9
1.9
2.1
1.5
1.5
1.4
6
6
6
37
36
39

20% FP-460
95.5
2.0
1.5
6
39

30% FP-460
95.0
2.1
1.4
6
42

No significant effects in colour were seen at replacement levels up to and including 20%. At 30%
replacement levels the L* value was clearly lower than the standard and the b* was moving
slightly yellower. Twenty degree and 60° gloss levels were not affected by the substitution with FP460, however there was a slight increase in sheen levels (85° gloss) as the replacement ratio
increased.

Viscosity and Physical Properties
Property
BR 1 cP
BR 10 cP
BR 100 cP
ICI

Std
1280
1000
804
101

5% FP-460
1250
800
600
95

Viscosity
10% FP-460 15% FP-460
1360
1450
820
900
622
665
96
100

20% FP-460
1240
750
593
90

30% FP-460
1640
920
982
93

The viscosities of the paints were not adjusted. There were some variations and the general trend
is for a slight decrease in viscosity. If required, the viscosity of the final paint can be controlled by
adjustment of the thickener package.

Drying time, König hardness, block resistance and water resistance were all similar, or slightly
better than, the standard

Conclusion
FP-460 Opacity Pigment™ has been successfully used to replace TiO₂ pigment in low gloss wood
coatings at levels between 10% and 15%. At these replacement levels optical and physical
properties were maintained within visibly significant differences leading to coatings with equal
performance and quality.

Appendices
What is FP-Opacity Pigment™?
Our products use commercially available TiO2 pigments and a proprietary process that locks in an
improved state of TiO2 dispersion in a shell of high quality precipitated calcium carbonate.

These white pigment composites have an average particle size of 1 micron with a particle of FPOpacity Pigment™ containing between 3 and 6 TiO2 particles, each statistically space from each
other by the optimum distance for scattering of 280nm.
The nature of the “special structure” of the calcium carbonate shell produced means that this
product will maximise the light scattering and hence the whiteness and opacity by several
mechanisms.
•

Optimally spacing TiO2 inside the FP-Opacity Pigment™ particle.

•

Spacing loose TiO₂ around the particle.

•

Air voids inside and at the surface of the particle.

•

Diffraction from the rough surface of the particle.

As a white pigment, out FP-Opacity Pigments™ have an inherent light scattering functionality and
a refractive index between 1.8 and 1.9, unlike extenders and fillers.
The FP-Opacity Pigments™ are used as simple, weight for weight, partial replacements for your
existing TiO₂. Depending on the application and formulation type, FP-Opacity Pigments™ can
normally replace between 5% and 30% of the TiO₂ without reducing your product quality or
performance.

How FP-Opacity Pigments™ Work
In a coating there will usually be a continuous binder phase with TiO₂, extenders and other raw
materials dispersed efficiently, yet randomly in that phase. The extenders have a similar refractive
index to the binder and, as the TiO₂ cannot occupy the same volume as the extender, the presence
of the extenders will create “windows” within the coating through which light can pass without
significant scatter. Extenders are also typically much larger than TiO₂ and so TiO₂ is prevented
from accessing a significant volume within the coating – this can be considered as TiO₂ crowding,
the TiO₂ being forced into the spaces between the extenders and binder which coupled with the
random nature of its dispersion leads to only about 30% of the TiO₂ particles having the optimum
280nm spacing.

It is well documented that TiO₂ is inefficient if particles are too close together, or in lower
concentrations, too far apart.

By replacing a portion of the TiO₂ with FP-Opacity Pigment™ we increase the average distance
between TiO₂ particles by a “dilution effect” (fewer particles occupying the same volume) while at
the same time we introduce optimally spaced TiO₂ particles within the FP-Opacity Pigment™
structure. This effect can be clearly seen in the statistical model.

By utilising these performance changes, FP-Opacity Pigments™ can be used in coatings, plastics,
inks and paper and board to replace between 5% and 30% of the TiO₂ without significantly
reducing the opacity and mechanical properties.

Why Use FP-Opacity Pigments™?
The main reason for using FP-Opacity Pigments™ can be given in three words – “Significant Cost
Savings”. For every kilogram of TiO₂ pigment replaced by FP-Opacity Pigment™ you will make a
significant raw material cost saving while maintaining your product performance and quality. Since
you are only replacing TiO₂ with FP-Opacity Pigment™ you can also keep the functionality and cost
benefit of your current extender package.

On average, FP-Opacity Pigments™ are 600 to 1000 Euro per tonne lower in price than normal TiO₂
pigment (and this can be even higher in some regions). SO, if your business can avoid using 100
tonnes of TiO₂ pigment by replacing it with FP-Opacity Pigment™ you could save up to €100,000
per year.
In addition, for the same whiteness and opacity produced, FP-Opacity Pigments™ utilise much less
TiO₂ and so as TiO₂ prices vary with market conditions, the price of FP-Opacity Pigments™ is more
immune to these commodity related price fluctuations.

The graph opposite shows how, as the
price of TiO₂ increases, the cost of FPOpacity Pigments™ rises at a
significantly lower rate, helping to
minimise the impact of raw material
price increases.

Finally, cost savings aren’t the only benefit of FP-Opacity Pigments™. For the same opacity
product, weight for weight, FP-Opacity Pigments™ have a 60% lower carbon footprint than TiO₂.

The process used by FP-Pigments facilitates a reduction in CO2 emissions by recycling CO2 gas
throughout our manufacturing route, thus reducing CO2 losses to atmosphere. We also reduce
water usage by having a closed water recirculation system, recycling and reusing process water. All
of this as well as our ethical business practices which are regularly audited and qualified by
Ecovadis who have awarded FP-Pigments their Silver Medal in both 2018 and 2020.

