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From Your Available TiO, Pigment
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The information published herein is derived from tests executed by FP-Pigments Oy and is given without
prejudice. Neither FP-Pigments Oy nor any of its affiliate companies makes any warranty or representation
as to the accuracy of such information and cannot accept any duty of care, liability or responsibility in
respect of any errors or any loss that may be suffered by any party relying upon or making reference to
such information. Processes or formulations mentioned are offered as suggestions for experiment and are
not guaranteed in any way. Although the existence of patents covering products or processes referred to in
publications by or on behalf of FP-Pigments Oy are on occasion noted, the absence of such notation is not
to be taken as an indication of freedom from patent restrictions and no responsibility or liability will be
accepted for any infringement. © 2020 Information herein is the property of FP-Pigments Oy and no part or
parts may be copied without the prior permission of FP-Pigments Oy. Citation of products not made by FP-
Pigments Oy is offered in good faith and must not be taken to refer to qualities or circumstances other than
those specifically mentioned herein.
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Introduction

Titanium Dioxide pigment is arguably one of the most expensive components of paints and
coatings and one of the most difficult raw materials to replace (or reduce). Well known for the
highly cyclical market demand and price volatility, it is often the bane of the Purchasing Manager’s
day. When prices are rising and material is in short supply, the call to the technical department to
find ways to stretch out the supply can be equally as irritating to the formulating chemist.

FP-Opacity Pigments™ already offer the formulating chemist a valuable tool to optimise the TiO, in
their matt and silk paints, with products like FP-460 being used for some time now to obtain
significant cost savings across selected formulations. Typically, these reformulations have been
made at the investment of time and resource to obtain the maximum acceptable levels of TiO,
reduction; however, an often-overlooked benefit from using FP-Opacity Pigments™ is that they
can be easily used, without significant time or resource allocation, across most formulationst at
replacement levels of up to 5%.

By utilising FP-Opacity Pigments™ across the range of formulations, a paint manufacturer could
increase their available selling volume of equivalent quality products by up to 5%; a significant
advantage when TiO, pigment is in short supply.

This Case Study will look at the performance of a number of formulations to which small
replacements of TiO, with FP-Opacity Pigment™ have been made.

t Current FP-Opacity Pigment™ products are not suitable for use in high-gloss applications where their mean particle
size of ~ 1.0um will contribute to a significant loss of 20° and 60° gloss.

Evaluation

Four paint formulations ranging from 25% PVC to 85% PVC were evaluated with the replacement
of 3, 5 and 7% by weight of the TiO,; no other formulation changes were made except to keep the
volume solids constant.

Property | 25% PVC . 40%PVC 75% PVC 85% PVC
TiO, Content (wt%) 17.6 15.8 6.7 4.5
Extenders Calcined Clay Chalk & Chalk & Chalk &
Calcined Clay Calcined Clay Calcined Clay
Volume Solids 31.9% 36.6% 33.2% 35.0%
Gloss 20°/60°/85° 4/27/58 2/5/12 1/2.5/6.5 1/2/7.5

Each paint was compared to the standard at 100um wft for visual wet opacity, reflectance over
black, contrast ratio, CIE Lab colour, gloss and at 150um wft for tint strength. For the paints made
above cPVC, the film porosity was compared by staining the panels with a Gilsonite oil-based stain.
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Results

25% PVC Paints

Property Standard 3% 5% 7%
(at 100pum wft except Tint Strength which is at 150pum Replacement Replacement Replacement
i with FP-460 = with FP-460  with FP-460
Visual Wet Hide Std = = =
Reflectance over Black 83.73 -0.07 -0.08 -0.27
Contrast Ratio 93.13 = -0.17 -0.22
Colour L* 96.00 -0.03 -0.11 -0.13
Colour a* -0.63 = = =
Colour b* 2.05 = = =
Gloss 20°/60°/85° 4/27/58 4/25/56 3/23/56 3/23/57
Tint Strength L*— Blue (2% Monicolor MT) 78.1 -0.1 -0.3 -0.6
Tint Strength AE - Blue (2% Monicolor MT) Std 0.2 0.4 0.6
Tint Strength L*— Black (2% Monicolor TT) 68.3 -0.1 -0.3 -0.4
Tint Strength AE — Black (2% Monicolor TT) Std 0.1 0.3 0.4

‘ \ Similar Performance ‘

\ Visible Difference

Unacceptable Change

In general, with the exception of a very small drop in gloss, a 3 to 5% replacement of TiO, in the
25% PVC formulation would be possible. For paints that are used for tint bases using levels of 2%

to 3% would ensure no significant change in Delta E.
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40% PVC Paints

Property Standard 3% 5% 7%
(at 100um wft except Tint Strength which is at 150um Replacement Replacement Replacement
il with FP-460 | with FP-460  with FP-460
Visual Wet Hide Std = = Slightly Down
Reflectance over Black 82.93 -0.08 -0.08 -0.16
Contrast Ratio 93.41 -0.02 -0.08 -0.17
Colour L* 95.52 -0.02 -0.02 -0.10
Colour a* -0.54 -0.02 = +0.02
Colour b* 2.53 = = =
Gloss 20°/60°/85° 2/5/12 2/5/12 2/4/12 2/4/12
Tint Strength L*— Blue (2% Monicolor MT) 77.18 -0.06 -0.10 -0.28
Tint Strength AE - Blue (2% Monicolor MT) Std 0.13 0.16 0.45
Tint Strength L*— Black (2% Monicolor TT) 67.27 -0.08 -0.28 -0.45
Tint Strength AE — Black (2% Monicolor TT) Std 0.10 0.29 0.46
| | Similar Performance | | Visible Difference | Unacceptable Change

Again, replacing 3% to 5% of the TiO, with FP-460 showed no significant difference in the paint
performance. A 7% replacement may also be possible if used only in a white paint. As with the
25% PVC paint, if the formulation is to be used as a tint base then we would recommend using 2%
to 3% to keep the Delta E values as low as possible.
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75% PVC Paints

Property Standard 3% 5% 7%
(at 100pm wft except Tint Strength which is at 150pum Replacement Replacement Replacement
il with FP-460 | with FP-460  with FP-460
Visual Wet Hide Std = = Slightly Down
Gilsonite Stain (Visual Assessment) Std = = =
Reflectance over Black 84.93 = -0.06 -0.18
Contrast Ratio 95.78 +0.12 +0.04 -0.07
Colour L* 95.40 -0.04 -0.04 -0.06
Colour a* -0.31 = = =
Colour b* 3.33 -0.01 +0.01 -0.01
Gloss 20°/60°/85° 1/2.5/6.5 1/2.5/6.5 1/2.5/6.5 1/2.5/6.5
Tint Strength L*— Blue (2% Monicolor MT) 77.10 +0.01 -0.05 -0.09
Tint Strength AE - Blue (2% Monicolor MT) Std 0.05 0.07 0.13
Tint Strength L*— Black (2% Monicolor TT) 66.65 +0.03 -0.09 -0.08
Tint Strength AE — Black (2% Monicolor TT) Std 0.05 0.1 0.1
| | Similar Performance | | Visible Difference Unacceptable Change

The performance of all the replacement levels was similar to the standard even in respect of tint
reducing power. Only a small drop in wet hide at 7% level would perhaps limit the use of this level
for some.



=r=3

PIGMENTS

85% PVC Paints

Property Standard 3% 5% 7%
(at 100pm wft except Tint Strength which is at 150pum Replacement Replacement Replacement
il with FP-460 | with FP-460  with FP-460
Visual Wet Hide Std = = Slightly Down
Gilsonite Stain (Visual Assessment) Std = = Slightly Worse
Reflectance over Black 83.90 -0.03 = -0.06
Contrast Ratio 96.00 = -0.08 -0.16
Colour L* 95.07 +0.02 +0.02 -0.04
Colour a* -0.19 +0.01 +0.01 +0.03
Colour b* 3.61 -0.03 -0.02 =
Gloss 20°/60°/85° 1/2/7.5 1/2/7.5 1/2/8 1/2/8
Tint Strength L*— Blue (2% Monicolor MT) 77.08 +0.05 +0.01 -0.02
Tint Strength AE - Blue (2% Monicolor MT) Std 0.06 0.03 0.04
Tint Strength L*— Black (2% Monicolor TT) 66.81 = -0.02 -0.12
Tint Strength AE — Black (2% Monicolor TT) Std 0.03 0.06 0.13
| | Similar Performance | | Visible Difference Unacceptable Change

Perhaps not surprisingly, the 85% PVC paint gave very similar results to the 75% formulation with a
replacement of up to 7% perhaps acceptable in white paints (only the wet hide was slightly down
against the standard). For tinted systems, a Delta E of 0.13 and change in L* of -0.12 would
suggest that even a 7% replacement level would be acceptable.
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Conclusion

Using FP-Opacity Pigments™ to optimise your TiO, efficiency will always bring you significant cost
savings, however, FP-Opacity Pigments™ really come into their own when TiO, supply is short and
prices uncomfortably high. By utilising FP-Opacity Pigments™ across the range of suitable
formulations, the paint producer can make approximately 5% more paint, of the same quality,
with the same level of TiO,.

If you have been placed on allocation by your TiO, supplier and TiO, supply is becoming tight, the
use of FP-Opacity Pigments™ can help the paint producer maintain as high a volume output as
possible.
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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,

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

5% TiO, replaced with FPS CaCO;

TiO2 distribution by particle size apart
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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

Less than 1 particle apart 1 particle apart more than 1 particle
apart
7 g '
~
NV ;
Inefficient scatter as light Efficient scatter as light Inefficient scatter as light
cannot differentiate can differentiate between can pass between the two
between the two particles the two particles particles uninfluenced

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.

5% TiO, replaced with FPS CaCO; PLUS a further 10%
TiO, replaced with FP-460

n < Remaining TiO2 distribution
N -
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Substrate

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 | | B

! €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
TiO, and so as TiO, prices vary with market conditions, the price of FP-Opacity Pigments™ is more
immune to these commaodity 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

IS

N

[y

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.



