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Introduction

FP-Opacity Pigments™ have been successfully evaluated in two DTM coatings. In each evaluation
TiO, replacement levels of between 5% and 10% were achieved.

Evaluation

The following two formulations were used to evaluate FP-Opacity Pigments™. These formulations
are starting point formulations and are not expected to be final, optimised formulations. The tests
carried out, for which the results are given, are those stipulated on the starting point guidance and
may not provide all the required information for use in that system. Full evaluation in your own
test or commercial formulations is, of course, recommended.

DTM Short Oil Alkyd Formulation

Material Weight (g) Supplier
Setal 140 XX-70 21.56 Nuplex Resins
Xylene 3.02
Kronos 2190 29.82 Kronos Worldwide Inc
Durham Nuodex Calcium (10% Ca) 0.75 Cornelius
Xylene 3.59
Subtotal
Setal 140 XX-70 32.24 Nuplex Resins
Durham Nuodex Cobalt (10% Co) 0.19 Cornelius
Durham Nuodex Zirconium (12% Zr) 0.62 Cornelius
Nuodex Manganese (10% Mn) 0.18 Cornelius
Exkin 2 0.37 Elementis
Butanol 3.73
Xylene 3.92
Total 100.00

The performance of FP-470 Opacity Pigment™ was evaluated at TiO, replacement levels of 4%, 8%
and 12%. The resulting coatings were tested for: Fineness of grind, viscosity, Koenig hardness,
drying time and cross hatch test. In addition the coatings were also evaluated for visual wet hide,
contrast ratio, colour (CIE L* and b*), gloss 20°, 60° and 85° and tinting strength.
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DTM Phenolic Modified Short Oil Alkyd Formulation

Material Weight (g) Supplier
Synolac 7503X60 19.94 Arkema
Durham Nuodex Calcium 10 0.20 Cornelius
Antiterra 204 0.85 BYK
Bentone SD-1 1.00 Elementis
Xylene 9.97
Kronos 2190 19.94 Kronos Worldwide Inc
Pigmentan E 1.79 Pigmentan
Omyacarb 10 GU 4.99 Omya
Synolac 7503X60 27.92 Arkema
Durham Nuodex Cobalt 10 0.15 Cornelius
Durham Nuodex Zirconium 12 0.80 Cornelius
Exkin 2 0.30 Cornelius
Xylene 12.16
Total 100.00

The performance of FP-470 Opacity Pigment™ was evaluated at TiO, replacement levels of 4%, 8%
and 12%. The resulting coatings were tested for: Fineness of grind, viscosity, pencil and Koenig
hardness, T bend, cross hatch and drying time. In addition the coatings were also evaluated for
visual wet hide, contrast ratio, colour (CIE L* and b*) and gloss 20°, 60° and 85°.

Results

DTM Short Oil Alkyd Formulation

®

Fineness/Hegman 15pm/7.0 15pm/7.0 20pum/6.5 15pm/7.0
Viscosity 100rpm 17mPa.s 19mPa.s 18mPa.s 17mPa.s
Koenig Hardness (s)
1/7/14 day 17/33/61 17/33/60 17/32/61 17/33/62
0O ->82 0O >81
Drying Time (mins) 82-> 181 81 -> 159
12 hour test 181> 458 159->472
458-> 472->
Cross Hatch Test = = = =

ISO 2409 (0O — 5)

The physical properties of the paints were all similar to the standard.
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Standard

Kronos®
2190

Visual Wet Opacity

Std = = -
80pm WFT
Reflectance over Black
84.1 83.6 83.5 833
80pm WFT
Contrast Ratio
4.9 o4.8 94 .6 4.5
80pm WFT
Colour L* 5.3 95.2 o5 .2 o5.1
Colour b* 3.4 3.4 3.5 3.5
Gloss 20° 83 83 32 85
Gloss 60° o1 o1 o2 o2
Gloss 85° o8 o8 o8 o7
Tint Strength 100 99.2 98.5 98.0

Optically, a TiO, replacement ratio of between 4% and 8% was seen as giving similar results to the
standard. Opacity and colour began to decline at levels of 12% TiO, replacement. Tint strength
levels were similar up to a 4% replacement although colorant reduction tests could be made at
higher replacement ratios and further cost savings possibly achieved.

Overall we would recommend a TiO, replacement ratio of between 5% and 10% in this DTM
Coating

DTM Phenolic Modified Short Oil Alkyd Formulation

Standard FP-470

®

Fineness/Hegman 40pum/5.0 40pum/5.0 40pm/5.0 40pum/5.0
Viscosity 100rpm 1080mPa.s 942mPa.s 978mPa.s 1010mPa.s
Pencil Hardness F F F F
T Bend Test 2% >4 >A4%5 >A4%
Cross Hatch Test
1ISO 2409 (0 — 5) 1 1 1 2
Koenig Hardness (s)
1/7 day 55/120 61/122 56/121 61/123
0O ->14 0O ->5
Drying Time (mins) 14-> 14 5->5
6 hour test 14-=> 27 5-> 10
27->120 10->75

The physical properties of the paints indicated some differences when compared to the standard.
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Kronos® o o o

Reflectance over Black

100pm WET 82.4 82.2 82.2 82.3
Contrast Ratio

100um WET 95.9 95.6 954 95.3
Colour L* 94 .3 94 .2 94.5 94 .4
Colour b* 4.5 4.6 4.5 4.6
Gloss 20° 30 32 33 37
Gloss 60° 72 73 75 79
Gloss 85° 87 89 88 92

Optically, a TiO, replacement ratio of between 4% and 8% was seen as giving similar results to the
standard.

Overall we would recommend a TiO, replacement ratio of between 5% and 10% in this DTM
coating

Conclusion

FP-Opacity Pigments™ have been successfully evaluated in two DTM coatings. In each evaluation
TiO, replacement levels of up to 8% were achieved with 10% perhaps being possible in some
formulations.

Although weatherability was not evaluated for these coatings, FP-Opacity Pigments™ have been
shown to have excellent accelerated (Xenon Arc and QUV(A)) durability and natural weathering
(Florida — 36 months) in both plastics and exterior wood coatings. At replacement levels of 5% to
15% we would not expect to see any adverse effects on durability of using FP-Opacity Pigments™
in DTM coatings.
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Appendices

What is FP-Opacity Pigment™?

Our products use commercially available TiO, pigments and a proprietary process that locks in an
improved state of TiO; dispersion in a shell of high quality precipitated calcium carbonate.

1 Ca(OH)2 & (O, 2

These white pigment composites have an average particle size of 1 micron with a particle of FP-
Opacity Pigment™ containing between 3 and 6 TiO; 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.

e Optimally spacing TiO; inside the FP-Opacity Pigment™ particle.
e Spacing loose TiO, around the particle.
e Air voids inside and at the surface of the particle.

e Diffraction from the rough surface of the particle.
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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 TiO,. Depending on the application and formulation type, FP-Opacity Pigments™ can
normally replace between 5% and 30% of the TiO, without reducing your product quality or
performance.

How FP-Opacity Pigments™ Work

In a coating there will usually be a continuous binder phase with TiO,, 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 TiO, 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 TiO, and so TiO, is prevented
from accessing a significant volume within the coating — this can be considered as TiO, crowding,
the TiO; 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 TiO, particles having the optimum
280nm spacing.

Initial formulation optimized with FPS CaCO,
replacing TiO, to the furthest acceptable limit of
opacity
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It is well documented that TiO, is inefficient if particles are too close together, or in lower
concentrations, too far apart.
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Inter-particle distance
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By replacing a portion of the TiO, with FP-Opacity Pigment™ we increase the average distance
between TiO, particles by a “dilution effect” (fewer particles occupying the same volume) while at
the same time we introduce optimally spaced TiO, particles within the FP-Opacity Pigment™
structure. This effect can be clearly seen in the statistical model.

Further Optimisation of TiO, with FP-460 maintains
the performance at an equivalent opacity.
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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 TiO, without significantly
reducing the opacity and mechanical properties.
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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 TiO, 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 TiO, with FP-Opacity Pigment™ you can also keep the functionality and cost
benefit of your current extender package.

Annual € savings, Annual € savings, Annual € savings,
Price A between per 100 tons of per 500 tons of TiO, per 1000 tons of
TiO, and FP TiO, replaced replaced with FP TiO, replaced with
€ per ton with FP FP
€600 €60,000 | €300,000 | €600,000 |
€1000 | €100,000 |  €500,000 €1,000,000 |
€1400 €140,000 €700,000 | o
- | €1,400,000

On average, FP-Opacity Pigments™ are 600 to 1000 Euro per tonne lower in price than normal TiO,
pigment (and this can be even higher in some regions). SO, if your business can avoid using 100
tonnes of TiO, 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 TiO, 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 TiO, increases, the cost of FP-
Opacity Pigments™ rises at a
significantly lower rate, helping to
minimise the impact of raw material
price increases.

==TiO2 Price =——FP Price
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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 TiO,.

Carbon Footprint

~

N
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Tonnes of CO, Produced per Tonne of Pigment
w

Titanium Dioxide FP-460
Pigment

The process used by FP-Pigments facilitates a reduction in CO, emissions by recycling CO; gas
throughout our manufacturing route, thus reducing CO; 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.



