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how Fricke’s �exible �lling systems optimize the

production of coatings at WEILBURGER Graphics.
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when developing goods including performance,

appearance, protection, cost-e�ectiveness, and

environmental compliance. Read article
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In order to meet the Paris Agreement’s net-zero
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protection systems play a critical role in

extending the lifespan of wind turbine blades.
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Applied Graphene Materials (AGM) has

published data to demonstrate that its

graphene nanoplatelet dispersions can enable
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Read article
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VIEWPOINT

Contact Kristin

By Kristin Johansson, Associate Publisher/Chief Editor | PCI

The Valspar ‘Be
Bright’ Initiative

I always enjoy receiving news

announcements about companies

participating in community

outreach programs. Last month, I

learned that Valspar donated its

fourth mural, painted by local

Louisiana artist, KaDavien Baylor, at

the Dixie Center for the Arts in

Ruston. The murals are part of

Valspar’s Be Bright initiative, which

aims to inject hope and brightness

into selected communities.

The newly unveiled mural at the Dixie Center for the arts in

Ruston, Louisiana.

Baylor’s work focuses on human transformation, social theories, and encapsulating experience. The

artist has strong ties to Ruston and wants the community to be showcased in the new mural along

with the town’s historical elements, but also highlight the importance of the arts. In the video below he

explains how the history of the theater in�uenced his design, the mural's di�erent elements, and how

he hopes it can in�uence the community.

I reached out to Sara Hackney, Valspar’s senior marketing manager, to learn more about the history

behind the four murals and the Be Bright initiative. She explained that the company developed the

campaign as part of the PGA Tour’s Valspar Championship.

“Coming out of the pandemic, we wanted to use our paint in a positive, inspirational way, so Be Bright

was developed to work with communities and inspire them to “get back to bright,” Hackney said. “This

initiative has since evolved as a way to bring color, liveliness and excitement to communities with

murals painted by local artists. This is the fourth mural, and Be Bright has evolved as the pandemic

has shifted. The �rst mural highlighted the things we missed most at the beginning of the pandemic

such as going to family events. More recently, the murals have transformed into a fun and

inspirational tribute to local communities, with paint,” she added.

Click through the slideshow below to see a compilation of the other Be Bright murals.

The previous three murals that Valspar has donated to local communities.

All of the Be Bright murals, which are painted by local artists, feature Valspar® Defense™ exterior

paint, which incorporates superior water-beading technology to repel water year-round and prevent

moisture damage. Hackney noted that the paint also delivers ultra-rich, fade-resistant color, with

remarkable hide and coverage, and premium stain-blocking formula. The �rst three murals were

donated in Tampa, Nashville, and Clearwater, Florida.

It's great to see how coatings, and the artists that work with them, can inspire hope and improve the

quality of life in our communities!

*Photos and video courtesy of Mad Bear Productions.

mailto:kristin@pcimgag.com?Subject=PCI%20Magazine
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INDUSTRY UPDATES

Alberdingk Boley Celebrates 250th Anniversary

Alberdingk Boley, with roots dating back to 1772, celebrates its 250th anniversary. Headquartered in

Krefeld, Germany, the Alberdingk group has become an international manufacturer of

environmentally friendly water-based resins and oils with an ever-growing presence in the United

States.

In 1970, Alberdingk started

production of water-based

acrylic dispersions that marked

the beginning of the evolution

from an oil mill to a

manufacturer of emulsions.

Fifteen years later, the privately

owned company started to

produce water-based

polyurethane dispersions to

broaden its application

portfolio. In 1994, Alberdingk

Boley launched the �rst PUD

based on renewable resources

using its captively produced

feedstocks to ensure highest

product quality and

performance.
Throughout the years, Alberdingk Boley has expanded its portfolio platform within the waterborne

technology and today o�ers a wide range of polymers that assist its customers with their formulation

tasks. The company also synergies between its captive technologies while focusing on superior product

performance. Recognizing the need to directly serve the U.S. customer base, Alberdingk Boley, Inc. was

founded in 2000, and later opened its production and technical service center in Greensboro, North

Carolina. The company has been expanding and upgrading its manufacturing capabilities at the

Greensboro site ever since. Several recent major milestones were completed, including the addition of

another reactor train in 2020, followed by phase II of the capacity expansion project that included

signi�cant debottlenecking investments throughout 2022.

“Especially in these unprecedented times with ongoing supply issues and economic uncertainty, it is

important for us as a company to give a clear message to our customers that Alberdingk Boley is a

reliable partner with full commitment to its core business: we are a dedicated manufacturer of high-

end waterborne resins that continually invests in its U.S. site, as well as in product innovations and

trusted relationships.” said Thomas Baur, CEO of Alberdingk Boley, Inc.

“It is exciting to be acting as a medium-sized player that still o�ers a broad technology range – this

combination enables us to partner with our customers, serve their global needs, and yet keep the

�exibility and entrepreneurial spirit that di�erentiated the company for 250 years.”

For more information, visit: www.alberdingkusa.com.

Photos courtesy of Alberdingk Boley.

AkzoNobel Packaging Coatings Urges Industry to Convert to a Bisphenol-

Free World

According to AkzoNobel, minimizing the risk of ‘regrettable substitutions’ in converting too quickly

to a bisphenol-free world, and ensuring an aligned, right-�rst-time position that protects both

consumers and manufacturers alike, are the largest challenges the can packaging industry has ever

faced. With a limited quantity of experts based on steady state industry to support can-makers’

transition to a new world in a way that enhances consumer con�dence and is economically viable,

the industry needs to make sensible, pragmatic decisions to protect all stakeholders in the supply

chain and avoid potentially damaging unintended consequences.

These are some of the key issues discussed

in a new paper, Material Concerns – Limiting

the Challenges and Consequences of

Transitioning to Bisphenol-Free Cans,

published by AkzoNobel Packaging

Coatings in response to moves across

Europe to potentially ban all bisphenols in

future can packaging.

“We all believe that removing bisphenols is

the right thing to do,” said Sebastian

Pordomingo, Global Segment Director,

AkzoNobel Packaging Coatings. “We believe

there is an opportunity for the industry to

shape change together in developing

alternative solutions.” The paper explores

the journey that European scientists have

taken to arrive at their decision, and how

alternative commercial solutions are

already available to remove bisphenols

from the supply chain altogether.Photo courtesy of AkzoNobel.

EMU's Coatings Research Institute Awarded U.S. Patent

The Eastern Michigan University faculty-student research team at Coatings Research Institute in the

GameAbove College of Engineering and Technology has been awarded a U.S. patent for the invention

of “organic-inorganic hybrid polymeric compositions, related articles, and methods.” This is their third

patent for organic-inorganic hybrid materials.

According to Vijay Mannari, director of Coatings

Research Institute at EMU, the invention of the

composition can potentially replace hazardous heavy

metals used in the metal �nishing industry. The

concepts within the patent are also advancing the

development of 3D-printing materials, and solving the

challenges of conventional materials and processes.

“This invention demonstrates our contribution to

advancement in material science and engineering,”

said Mannari. “It’s extraordinary because the two co-

inventors were students at the time of its invention.

This innovation is an amazing example of what

students can do when appropriately mentored,

encouraged, empowered, and enabled.”

“I am looking forward to possibilities of licensing our patent by industries for commercial applications

that will enhance the environmental sustainability of their products,” Mannari said. Since the

publication of that patent, Mannari has received inquiries from a few industries for customizing

organic-inorganic hybrid coatings for speci�c end-use applications.

Photo credit: aydinynr, iStock/Getty Images

Plus, via Getty Images    

Spotlight on 2023 Coatings Color Trends

A New Array – BASF’s 2022-2023 Automotive Color Trends Collection

Each year, designers for BASF’s Coatings division

create a new collection to inspire automotive

designers around the globe. The 2022-2023

collection is called New Array, providing

innovative shades with an increasing focus on

sustainability and functionality, while still

moving into new and exciting color spaces.

According to BASF, the collection refers to the

thoughtful process of ordering values and

responding to new needs. The company

describes it as, “like being on an escalator. It’s a

mode of transportation that does not belong to

the previous nor the next level, taking the rider

to a liminal space in-between. This collection

immerses itself in that space to look forward at

the future of mobility.”
Photo courtesy of BASF.

Dunn-Edwards Announces Terra Rose as Its 2023 Color of the Year

Dunn-Edwards Corporation has announced its

2023 Color of the Year as Terra Rosa, a scorched-

earth, approachable hue with rosy pink tones

and a touch of terra-cotta. Its grounding, quiet

comfort encourages a life �lled with joy. Drawing

inspiration from modern fashion, lifestyle, and

culture, Terra Rosa was selected as a refreshing

neutral update to browns and burgundies that

projects strength and vitality. A medium chroma,

the cinnamon rose hue is positive and joyful,

re�ecting con�dence, creativity, and coziness.

Photo courtesy of Dunn-Edwards.

Miller Paint Names Unity Its 2023 Color of the Year

Miller Paint has announced Unity as its 2023

Color of the Year. Unity is an earthy terra-cotta

hue that represents the warmth of coming

together in community. “People are once again

gathering with loved ones to enjoy special

moments,” said Puji Sherer, Miller Paint’s vice

president of marketing, Color & Brand. “As our

2023 Color of the Year, Unity encourages us to

pause and to protect what is precious to us – our

humanity, our planet, our traditions, and our

homes.” As a gentle neutral complement to

greens and blues, Unity o�ers hints of peach,

pink, and brown that can be used as a backdrop

for outside greenery, or as the perfect

complement to natural materials inside the

home.
Photo courtesy of Miller Paint.

AkzoNobel Names Wild Wonder the Interpon Color of the Year 2023

Color, performance, and protection for the wild

at heart. AkzoNobel said that’s the inspiration

behind Wild Wonder, the Interpon Color of the

Year for 2023, a color imagined by an

international team of color experts and inspired

by the rhythms of nature around us. Wild

Wonder is one of a palette of eight new colors

in�uenced by nature: its shapes, structures, and

colors. According to AkzoNobel, the unique colors

in the palette are intended to help people re�ect

and reconsider their relationship with earth’s

natural resources – with the warm, golden tones

of the harvest, and the positivity and energy that

�ows from the happy promise of a new season,

and a world sustained. Interpon powder coatings

are designed to enable surfaces to retain their

color integrity for longer.

Photo courtesy of AkzoNobel.

http://www.alberdingkusa.com/
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DID YOU KNOW?

How are Surfactants

Distributed within Latex? Video credit: ilyast /

Creatas V1ideo, via

Getty Images

As we all know, the surfactants we add to synthetic latexes have allowed us to create wonderful
nanoparticles and at the same time provide colloidal stability (against salts, freezing/thawing, and

mechanical shear) to the dispersions. But they also can cause foaming problems when mixing and
transporting the latexes, and remain in the �nal products causing potential water absorption

problems in �lms and coatings. However, on a commercial scale, they are necessary.

Perhaps it goes without saying, but it should be obvious to us that the surfactants will be distributed
between the water phase and the particle surface, and the question then arises as to what that

distribution looks like. But �rst, are the surfactants also inside the polymer particles? For anionic or
cationic surfactants, the answer is a resounding no. In fact, common anionic surfactants like sodium

dodecyl sulfate (SDS, or SLS) are not even soluble in the monomers we use to make the polymer. Non-
ionic surfactants present a di�erent situation as some are soluble in the monomers we choose, but
not usually soluble in the �nal polymers. This results in the potential condition that when non-ionics

are added to a batch polymerization (lots of monomer in the particles), some of that surfactant might
become absorbed inside the particle in the early stages of the polymerization, and perhaps get
trapped within the particles in the latter part of the polymerization.

Certainly, there are some complexities here. But for the anionic (or cationic) surfactants, the situation
is simpler. Here we only have to ask how the surfactant distributes between the water and the particle

surface. It is clear that when the surfactant concentration in the water phase is at its critical micelle
concentration (CMC), surfactants on the particle surface must be packed to maximum spatial density
(i.e. any more surfactant added to the latex would just form more micelles). This CMC condition allows

us to measure how much of the total surfactant is on the surface of the particles at maximum packing.

That number is commonly designated as AS, with units of Å2 of particle surface area per surfactant

molecule. This value is known to vary with the type of polymer at the surface of the particle – the more
polar the polymer, the higher the AS value (meaning less densely packed).

Now consider the situation in the �gure below where we have imagined a composite particle with two
polymers of di�ering polarities, each presenting its own surface to the water phase. One can see here
that at a �xed level in the latex, the surfactant is distributed between the water and both polymer

surfaces at the same time, all conditions being at some thermodynamic equilibrium.

FIGURE 1 ǀ A composite particle with two polymers of di�ering polarities.

This interesting situation, at all levels of surfactant loading, is a topic we treat in detail in several of

our STEPn workshops. We have also published some results for physical blends of di�erent latexes

[Langmuir, 15, 3250 (1999)]. As always, we invite your questions and comments via our website,
www.epced.com.

The “Did You Know….?” series is a bi-monthly note from Emulsion Polymers Consulting and
Education (EPCEd) that is intended to present simple questions about topics that are important
to those working in the emulsion polymers area. Short and concise answers to those questions
are presented to educate readers and to elicit comments and further discussion. Some readers
will already know the answers and be familiar with the topic, while others, especially those
newer to the �eld, will bene�t from the answers and discussion. Experienced practitioners may
also �nd new insights in the discussion. Paint & Coatings Industry magazine has partnered with
EPCEd to share the “Did You Know” notes with our readers throughout the year.

http://www.epced.com/
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FORMULATING WITH MIKE

Pigment Dispersion
Procedures

Davizro / iStock / Getty Images Plus, via Getty Images.

By Mike Praw, Technical Service and Development Manager — Coatings and Performance

Products, Indorama Ventures: Integrated Oxides and Derivatives, The Woodlands, TX

In the last article we discussed high-speed dispersion. In this article we will continue the discussion on

dispersion, this time using a quick screening method I developed using a dual axial centrifuge. This

procedure saves time and allows signi�cantly higher output. During the development of this process, I

used a lab sandmill and high-speed disperser to make grinds, and compared the results to those made

with the new method. The method was adjusted until results for several di�erent dispersants

coincided. Di�erences in tint strength and grinds were within error of the test.

Pigment dispersants are tested by adding standard or predicted amounts of dispersants to

pigment/water or pigment/resin blends by varying the levels of dispersant with relation to the amount

of pigment. Dispersant is added on a percent-actives basis with regard to the amount of pigment

solids. These mixtures are subsequently dispersed using mechanical energy, with a high-speed blade

for inorganic or extender pigments or a media mill for organic and carbon black pigments. The particle

size of the mixture is then measured. When an optimal particle size is achieved, the viscosity of the

grind is measured. The usage versus viscosity curve resulting from measurement of the viscosity of

various levels of dispersant in a pigment identi�es the potential of the molecule as a dispersant and

the optimal level of dispersant.

Traditional lab procedures to screen dispersants have required minimum sample sizes of several

hundred grams. This leads to increased consumption of raw materials, increased levels of waste

produced, and more time to accomplish the dispersion. To increase e�ciency, a new dispersion

method was developed using a dual axial centrifuge. Sample sizes of 35 – 60 grams can repeatedly be

dispersed with a tint strength variation of around +/- 2%. The procedure is also signi�cantly quicker

than traditional lab milling methods since you can do multiple dispersions concurrently. Since there is

no mill or disperser to clean, there is a huge time raw and material savings.

There are several manufacturers of dual axial centrifuges, but the procedure is the same for most of

them. Contrary to the name of this machine, it is a mixer and not a separator. In this method,

“machine” will refer to a dual axial centrifuge.

Using traditional media mills, you can normally do two to four dispersions in a day. Using this

procedure, 12 dispersions per day are possible including addition to paints and application of the

paints.

Items needed:

Coatings raw materials and a balance (0.001 g preferred);

Dispersion media for organic pigments and carbon black (Zirconium beads);

One small mix cup for each dispersion (up to three are done at a time);

One medium mix cup for testing the tint strength of the dispersion in paint;

Method of determining tint strength or color of the coating;

Substrate and application apparatus.

FIGURE 1 ǀ Dual axial centrifuge (from

above looking inside).

FIGURE 2 ǀ Sample holder dual axial centrifuge (triple for

grinds, single for paint tint strength).

FIGURE 3 ǀ Triple sample holder with

three dispersion samples. 

FIGURE 4 ǀ Sample holder placed in the basket of the dual axial

centrifuge (paint sample).

Method

Using the following formulas and dispersant actives on pigment solids for various pigments, these

levels were found to work with most pigments and dispersants. For example, a carbon black dispersion

in water works best at 30-60% dispersant actives on pigment solids. However, if the carbon black is a

large particle size and is a surface treated pigment, lower levels will be necessary. The opposite is true

for �ne particle sized carbon black pigment. The following suggested levels were found to be a good

starting point.

TABLE 1 ǀ Suggested levels of dispersant actives on pigment solids.

Get the data • Created with Datawrapper

Dispersant Actives on Pigment Solids

Pigment Lower Level Middle Level Upper Level

Carbon black 30% 45% 60%

Organic pigments 10% 20% 30%

Titanium dioxide and extenders 3% 6% 9%

Iron oxides 4% 8% 12%

The formulation used will depend on the application, and the dispersion intensity and time is

formulation speci�c.

This procedure is best used on low-viscosity dispersions. High viscosity inhibits the media kinetic

energy, converts it to heat and rapidly increases the temperature of the system.

For the formulas listed below, this is the method:

On a balance, add dispersant and water.

If media is required, add and then start the dispersion.

        – Normally, three to four short dispersion steps are needed. This is to reduce heat buildup in the

           sample.

         – Normally, �ve to 15 minutes between dispersion cycles is recommended for the samples to cool.

After the last cycle, test the grind (Hegman Gage preferred).

Avoid rapidly cooling down the sample (for example in a water bath), as this can shock the system and

cause a poor dispersion.

The machine normally has a vibration sensor. If vibrations are outside of the range, it shuts down. To

avoid this:

When using media, start mixing at a slow speed then increase speed to full speed.

If using the three-hole holder, a sample must be in all holes.

All samples mixing at the same time should have about the same weight. Use blank samples if only

making one to two dispersions.

Have blanks (water with/without beads) for each step if necessary.

It is di�cult not to get material on the lid of the container due to the angle of the basket in the

machine and handling the samples. If liquid gets on the lid before the �rst dispersion cycle, restart the

sample. It is recommended to do a quick shake of the container between dispersion cycles to

homogenize the contents with any potential material on the lid. Liquid on the cover poses other

issues. As the material in the container heats up, the inside pressure of the container increases,

forcing material out and quickly dirties the inside of the machine. It was found that wrapping the

container with masking tape will minimize the mess. Since the label will be obscured, it is

recommended to identify the top of the containers using a marker.

Mix on the machine for one minute at 1,000 rpm.

Add defoamer and mix for one minute at 2,000 rpm.

Add pigment and mix for one minute at 2,000 rpm to wet the pigment.

FIGURE 5 ǀ Container taped before �rst dispersion cycle to avoid leaking.

Sample Formulations

Below are some sample formulations for a simple water-based pigment dispersion. It was optimized to

determine dispersant level in an architectural colorant system. It is not optimized for viscosity or

stability. The goal was minimum raw materials to reduce the chance of raw material interactions.

Most organic pigments can use the phthalocyanine blue formula. For very high oil-absorbing reds and

yellows, it is recommended dropping the pigment concentration in the grind to 20%, but keeping the

dispersant actives on pigment solids the same. Extender pigments (with or without TiO2) pigments can

use the TiO2 formula.

TABLE 2 ǀ Phthalocyanine blue formula.  

Get the data • Created with Datawrapper

Phthalocyananine Blue Dispersant A

% Dispersant actives on pigment solids 10.00% 20.00% 30.00%

% Pigment (on total dispersion) 30.00% 30.00% 30.00%

% Actives of the dispersant 60.00% 60.00% 60.00%

Formula

Mass (g) Mass (g) Mass (g)

Water 21.60 18.90 16.20

Dispersant 2.63 5.25 7.88

Defoamer 0.28 0.35 0.42

Pigment 10.50 10.50 10.50

Total 35.00 35.00 35.00

Beads / Media 60.00 60.00 60.00

Add dispersant and water then mix 1 minute @ 1000 rpm

Add defoamer then mix 1 minute @ 2000 rpm

Add pigment then mix 1 minute @ 2000 rpm

Dispersion cycle 1 time and speed 30 seconds @ 800 rpm, then 5 minutes @ 1500 rpm

Cool, then dispersion cycle 2 time and speed 30 seconds @ 800 rpm, then 5 minutes @ 1500 rpm

Cool, then dispersion cycle 3 time and speed 30 seconds @ 800 rpm, then 5 minutes @ 1500 rpm

TABLE 3 ǀ Carbon black formula.
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Carbon Black Dispersant A

% Dispersant actives on pigment solids 30.00% 45.00% 60.00%

% Pigment (on total dispersion) 20.00% 20.00% 20.00%

% Actives of the dispersant 60.00% 60.00% 60.00%

Formula

Mass (g) Mass (g) Mass (g)

Water 24.22 22.40 20.58

Dispersant 3.50 5.25 7.00

Defoamer 0.28 0.35 0.42

Pigment 7.00 7.00 7.00

Total 35.00 35.00 35.00

Beads / Media 60.00 60.00 60.00

Add dispersant and water then mix 1 minute @ 1000 rpm

Add defoamer then mix 1 minute @ 2000 rpm

Add pigment then mix 1 minute @ 2000 rpm

Dispersion cycle 1 time and speed 30 seconds @ 800 rpm, then 5 minutes @ 1500 rpm

Cool, then dispersion cycle 2 time and speed 30 seconds @ 800 rpm, then 5 minutes @ 1500 rpm

Cool, then dispersion cycle 3 time and speed 30 seconds @ 800 rpm, then 5 minutes @ 1500 rpm

Cool, then dispersion cycle 4 time and speed 30 seconds @ 800 rpm, then 5 minutes @ 1500 rpm

TABLE 4 ǀ Titanium dioxide formula.  
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Titanium Dioxide Dispersant A

% Dispersant actives on pigment solids 3.00% 6.00% 9.00%

% Pigment (on total dispersion) 70.00% 70.00% 70.00%

% Actives of the dispersant 60.00% 60.00% 60.00%

Formula

Mass (g) Mass (g) Mass (g)

Water 15.66 13.50 11.34

Dispersant 2.10 4.20 6.30

Defoamer 0.24 0.30 0.36

Pigment 42.00 42.00 42.00

Total 60.00 60.00 60.00

Beads / Media None None None

Add dispersant and water then mix 1 minute @ 1000 rpm

Add defoamer then mix 1 minute @ 2000 rpm

Add pigment then mix 1 minute @ 2000 rpm

Dispersion cycle 1 time and speed 2 minutes 30 seconds @ 2000 rpm

Cool then dispersion cycle 2 time and speed 2 minutes 30 seconds @ 2000 rpm

Cool then dispersion cycle 3 time and speed 2 minutes 30 seconds @ 2000 rpm

TABLE 5 ǀ Yellow iron oxide formula.
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Yellow Iron Oxide Dispersant A

% Dispersant actives on pigment solids 4.00% 8.00% 12.00%

% Pigment (on total dispersion) 60.00% 60.00% 60.00%

% Actives of the dispersant 60.00% 60.00% 60.00%

Formula

Mass (g) Mass (g) Mass (g)

Water 21.36 18.90 16.44

Dispersant 2.40 4.80 7.20

Defoamer 0.24 0.30 0.36

Pigment 36.00 36.00 36.00

Total 60.00 60.00 60.00

Beads / Media None None None

Add dispersant and water then mix 1 minute @ 1000 rpm

Add defoamer then mix 1 minute @ 2000 rpm

Add pigment then mix 1 minute @ 2000 rpm

Dispersion cycle 1 time and speed 2 minutes 30 seconds @ 2000 rpm

Cool, then dispersion cycle 2 time and speed 2 minutes 30 seconds @ 2000 rpm

Cool, then dispersion cycle 3 time and speed 2 minutes 30 seconds @ 2000 rpm

Let Down Procedure

Always let down the grinds or add them to paint immediately. Allowing them to stand, especially

overnight, can lead to �occulation since the screening formulas may not be optimized for stability. Let

the grinds cool if over 100 °F/38 °C.

For architectural paints, the dispersions were added to two di�erent paints from two di�erent

companies. A white (high TiO2 level) semi-gloss and a deep-base �at. This allows signi�cantly di�erent

levels of TiO2 and extender in the formulas as well as di�erent formulating strategies from di�erent

companies. Two grams of dispersion were added to 98 grams of paint. Black color is added to the

paints when dispersing TiO2.

Put the mixture in the machine for one minute at 1,000 rpm, scrape the sides and then one additional

minute at 2,000 rpms. Then apply the coatings.

FIGURE 6 ǀ Grinds and paints for a single dispersant.

All information contained herein is provided "as is" without any warranties, express or implied, and under no

circumstances shall the author or Indorama be liable for any damages of any nature whatsoever resulting from

the use or reliance upon such information. Nothing contained in this publication should be construed as a

license under any intellectual property right of any entity, or as a suggestion, recommendation, or authorization

to take any action that would infringe any patent. The term "Indorama" is used herein for convenience only, and

refers to Indorama Ventures Oxides LLC, its direct and indirect a�liates, and their employees, o�cers, and

directors.
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By Kelly E. Lutz, Research Scientist, Arkema Inc., King of Prussia, PA

Polyvinylidene �uoride (PVDF)-based topcoats have long been the choice of architects and speci�ers

who are seeking superior weatherability.1,2,3 Traditionally, these solventborne coatings have

typically been used as factory-applied topcoats for metal (coil-coatings) and can pass AAMA 2605

speci�cations, the highest standard available for organic coatings on architectural aluminum.4 The

PVDF resin is dispersed in a latent solvent (VOCs ranging from 500-700 g/L) along with an acrylic

copolymer, selected for miscibility, that ultimately leads to an excellent �lm upon baking above the

PVDF melting point (170 °C).5 Panels prepared in this way have exhibited excellent color retention

for over 50 years in South Florida.

Outdoor weathering provides exposure to ultraviolet (UV) radiation, which prompts photooxidative

degradation, breaking the chemical bonds in a polymer resin backbone. The polymer resin, which

initially encapsulates the pigment, will deteriorate, creating a rough surface, manifesting in chalking

and gloss loss. With the pigment now exposed and no longer protected, it can undergo deterioration,

resulting in color fade. There are multiple tools to photostabilize the polymers such as UV absorbers

or HALS. However, these small molecules can lose e�ectiveness or leach out of the coating over time.

An alternate method is to select polymers that are less sensitive to photo-degradation, such as those

that contain stronger atomic bonds, like the C–F bond. The innate structure of PVDF, repeating CH2–

CF2 units, produces a photochemically inert resin.6 Because of this, the typical oxidative

photodegradation pathway for other organic coatings are not entirely applicable to PVDF-based

coatings. Typical degradation of coatings begin on the surface and then penetrate as the initial

surface erodes away.7 The PVDF-based coatings are a homogenous blend of PVDF and miscible acrylic.

Degradation of these coatings will occur almost exclusively on the acrylic portion. Over time, the acrylic

will erode (by evidence of physical chalking), leading to an enriched PVDF surface (Figure 1).

FIGURE 1 ǀ Weathering of homogenous PVDF-acrylic blend leads to erosion of acrylic and enrichment of

PVDF on surface, while maintaining pigment encapsulation.

Arkema, Inc. developed water-based PVDF-acrylic hybrid dispersions to meet the need of resins

applied in the �eld or over temperature-sensitive substrates. The �rst version of these PVDF-acrylic

hybrid latex materials, Kynar Aquatec® ARC, mimics its solventborne analogs. The aqueous dispersion

contains 70% PVDF content by weight with 30 wt% interpenetrated acrylic polymerized

within.8 Exposed to over 20 years of South Florida weathering, this preliminary waterborne resin

shows comparable performance to its solventborne counterpart, Kynar 500® FSF PVDF (Figure 2).1

FIGURE 2 ǀ Waterborne 70% PVDF-acrylic hybrid dispersion coatings (right of color pairs) were prepared in

2000-2001 to compare to solventborne 70% PVDF baked coatings (left of color pairs). (Picture taken

November 2021.)

Despite having excellent weatherability, the VOC demand of this latex still exceeded the target set for

typical �eld-applied architectural coatings. VOC demand of any latex is decided by how much co-

solvent is required for the latex to undergo the three basic steps of �lm formation: evaporative

drying/packing, particle deformation, and eventually polymer interdi�usion/coalescence.9 The higher

the Tg of the latex, the more co-solvent it will need to e�ectively “soften” so that it can undergo

appropriate deformation and lead to a well-coalesced �lm. Di�erent co-solvents and plasticizers will

have a varying e�ect on the minimum �lm formation temperature (MFFT) of a latex. In Figure 3, we see

that addition of 5-10% coalescent based on the polymer solids of the 70% PVDF latex can signi�cantly

lower the MFFT from its original 26–28 °C. In a full coatings formulation, an addition of around 3-5%

coalescent is the maximum limit to meet the VOC targets of < 50 g/L, thus the 70% PVDF latex is not a

good candidate for a low-VOC formulation if curing takes place below 20 °C.

FIGURE 3 ǀ Coalescent e�ciency of multiple co-solvents with 70% PVDF Latex A.

To meet the low VOC target, several variables could be altered. In addition to lowering the acrylic Tg of

the PVDF-latex hybrid dispersion, the amount of PVDF content in the latex could be decreased. Data

from 20 years shows that 70% PVDF content is su�cient to provide excellent weatherability, but it was

unclear to what degree the PVDF content could be lowered without sacri�cing performance. A next-

generation product was developed that would meet VOC regulations based on its MFFT and PVDF

content, and 10 year data shows that it still provides excellent weathering performance with

numerous inorganic and organic pigments.

Results and Discussion

To determine how increasing the acrylic content as a means to reducing MFFT (and therefore VOC)

a�ects weatherability, a range of commercially available water-based coatings, with varying amounts

of PVDF content and color-matched to either Blue RAL 5015 or Gray RAL 7039, were exposed to QUV-B

accelerated weathering for 4,000 hours (Figure 4). The blue pigmented coatings without any PVDF

have ΔE* values ranging from 14 to 23. An inclusion of only 20% PVDF in the polymer matrix drops the

ΔE* value closer to 10, whereas as a coating with up to 70% PVDF can maintain a ΔE* less than 5 after

4,000 hours. A less extreme, but similar trend is seen in the gray coatings.

FIGURE 4 ǀ Color retention after 4,000 hours of QUV-B (313 nm) of commercially available coatings

containing 0-70% PVDF in resin.

The study in Figure 4 examined commercial coatings where numerous unknown variables could

account for di�erences in the performance of the �nal coating. The range of ΔE* di�erences in the

coatings without any PVDF-acrylic latex could be explained by di�erent grades of pigment or other

additives used in the formulation of the base coating. In order to have a �rmer grasp on the

performance of di�erent levels of PVDF in the �nal coating performance, a ladder study of coatings

were formulated ranging from 70% PVDF (neat 70% PVDF latex) to 0% PVDF (100% acrylic). The

coatings were formulated with color-stable inorganic pigments (mostly pigment blue 36) and blended

with an elastomeric acrylic. After 135 months of South Florida exposure, a clear correlation between

color and gloss retention with amount of PVDF in the coating can be seen (Figure 5). In this case, the

color retention appears to be linearly correlated, whereas the gloss retention shows an almost

exponential improvement as the amount of PVDF increases.

FIGURE 5 ǀ Color and gloss retention of 70% PVDF latex and acrylic blended to have 0-70% PVDF content in

polymer matrix, formulated into navy blue coatings.

The PVDF/elastomeric acrylic blend study shows that it is possible to dilute 70% PVDF latex with a

traditional latex and still have better color and gloss performance than a 100% acrylic formulation.

However, blending of acrylic and PVDF-based latexes provides a series of hurdles to overcome: semi-

crystalline PVDF, considered a hard particle, must be compatible with the soft, acrylic latex particles,

all while achieving homogenous distribution and proper particle packing. Incompatibility in latex

choice or coalescent selection could easily disrupt proper �lm formation.

Blending of the PVDF-acrylic hybrid with the lower MFFT-acrylic allowed for lowering of coalescent

levels from 150 g/L to as low as 100 g/L. This amount still is not low enough to meet current

architectural application regulations. We have shown through weight loss studies that the unique

morphology of the PVDF-acrylic interpenetrated network (IPN) gives enhanced weatherability over

PVDF-acrylic core-shell latex as well as pure acrylic latex.10 In order to circumnavigate these obstacles

of latex blending, yet still produce a highly weatherable PVDF-based coating that can meet VOC

guidelines, a new PVDF-acrylic dispersion was designed.

Excellent weathering can still be achieved with less than 70% PVDF in the polymer matrix. A dispersion

comprised of 50% PVDF and 50% lower Tg acrylic was designed that would balance weathering

performance properties, while allowing the coalescent demand to be lowered to under 50 g/L. Kynar

Aquatec FMA-12, a 50% PVDF latex, with an MFFT of 12-14 °C, can achieve excellent �lm formation at

room temperature with less coalescent, thereby leading to overall lower VOC content (Table 1).  

TABLE 1 ǀ Physical properties of PVDF-acrylic hybrid dispersions.

Get the data • Created with Datawrapper

Kynar Aquatec ARC Kynar Aquatec FMA-12

PVDF: Acrylic Mass Ratio 70:30 50:50

MFFT 26–28 °C 12–14 °C

Coalescent Loading/ Typical VOC Demand (g/L) 150-200 ≤ 50

With a single PVDF-acrylic hybrid latex in hand, a study was designed to directly compare the two

grades of PVDF-acrylic dispersions. A series of panels were produced using the same weatherable

pigments in masstones and tints, and placed for weathering in South Florida. As expected, the 70%

PVDF latex panels had lower ΔE* results after 113 months for most of the pigments tested (Figures 6

and 7). However, the 50% PVDF latex-based masstone panels maintained a ΔE* <10 after 113 months,

and the tints held a ΔE* <5 after 106 months.

FIGURE 6 ǀ South 45 ° Florida color retention for inorganic masstones and tints in 70% PVDF latex vs 50%

PVDF latex resins.

FIGURE 7 ǀ 50% PVDF Latex B panels in masstones (�rst �ve panels on left) and tints (four panels on right)

after 113 months in South Florida. (Picture taken November 2021.)

One of the most impressive weathering achievements of the 50% PVDF latex is the weathering

performance with diketopyrrolopyrrole (DPP) red pigments. The gloss retention for all three panels is

above 80% and the color retention is less than 10 ΔE* units even after 10 years of exposure (Figure 8).

We can tell that the PVDF-based binder has not degraded due to its high gloss retention, but because

the PVDF resin is UV transparent, photodegradation can still occur on the pigment molecule resulting

in color change.

FIGURE 8 ǀ Color and gloss retention of DPP red pigments in 50% PVDF latex after 124 months in South

Florida.

We can compare the performance of the 50% PVDF latex with a previous study examining pigment red

254 formulated with two other resins: a 70% PVDF solventborne dispersion coating and a 2K acrylic

polyurethane (PU) system. In Figure 9, there is a sharp drop in gloss with the PU panels after the �rst

two to three years, indicating that the resin is degrading, exposing the pigment to the elements,

creating surface roughness that equates to gloss loss. With the pigment now exposed to the elements,

a host of degradation pathways can occur, leading to color loss in these panels.

Alternatively, the gloss retention on the baked 70% PVDF panel is excellent, indicating the color loss is

solely from pigment degradation underneath the intact UV-transparent PVDF resin.  After three years

in Florida, the color retention of the 70% PVDF dispersion coating begins to diverge from the 50% PVDF

latex. Studies have shown that intentionally disrupting the crystallinity of DPP red pigments by

exposure to high temperatures or by substituting the N-position to help increase solubility of the

pigment will dramatically decrease the stabilization as shown by TGA and DSC, potentially allowing for

long-term instability.11 This thermosensitivity is most obvious when comparing the 70% PVDF coating

baked at >230 °C versus the 50% PVDF latex cured at ambient conditions. The di�erence in color

retention over time may be pinpointed back to the di�erence in the thermohistory of the panels.

FIGURE 9 ǀ Pigment red 254 formulated in di�erent resin technologies: 70% PVDF solvent dispersion, 50%

PVDF latex, and 2K polyurethane.

We have shown that we can achieve excellent 10+ year weathering performance with as low as 50%

PVDF content in the coating binder. We were then interested to see how the 50% PVDF latex

performed compared to other low-VOC architectural coatings. The importance of developing a resin

that can be formulated at low VOCs is made increasingly important by agencies such as South Coast

Air Quality Management District (SCAQMD). SCAQMD is a regulatory agency responsible for controlling

emissions in the South Coast Air District, an area encompassing large swaths of Los Angeles, Orange

County, Riverside, and San Bernardino counties. About 25% of these emissions include stationary

sources, or consumer products like house paint. Through their work, air quality has improved despite

a tripling of population in the area.12 Rule 1113, adopted in September 1977, states that “any person

who supplies, sells, o�ers for sale or manufactures any architectural coating for use in the SCAQMD

must comply with the current VOC standard,” which as of today, is 50 g/L. Commercially available

acrylic resins that meet the SCAQMD limits of 50 g/L in dark brown and dark blue were compared to

formulations of the 50% PVDF latex, also formulated with < 50 g/L VOC. After one year exposure in

South Florida, the 50% PVDF latex was already performing signi�cantly better than the three

commercial acrylic coatings in the blue series. After three years, the acrylics experienced signi�cant

fading while the 50% PVDF coating is consistently unchanged. The brown series showed a similar, but

less exaggerated trend, most likely due to a more weatherable pigment choice. Both 50% PVDF latex

samples show a ΔE* of less than 5 after eight years (Figures 10 and 11).

FIGURE 10 ǀ Color retention of low-VOC coatings in South Florida after 10+ years of exposure. (Photo taken in

November 2021.)

FIGURE 11 ǀ Low-VOC commercial paints and 50% PVDF latex panels after 10+ years of South Florida

exposure. (Picture taken November 2021.)

The lower MFFT of the 50% PVDF latex allows it to have a wider window of application temperatures

and substrates than the �rst generation 70% PVDF latex. Unlike the �rst iteration of these hybrid

dispersions, which was designed for rigid, metal substrates, Kynar Aquatec FMA-12 can be applied to

substrates that are more �exible (e.g. wood, EPDM, etc.). To this end, the same SCAQMD commercial

acrylic coatings were compared against the 50% PVDF latex on Hardie Board (Figure 12). Here,

degradation of the polymer is exacerbated by the natural expansion and contraction of the substrate

versus that of an aluminum panel. In Service Life Prediction (SLP) theory,13,14 failure is determined as

a visible end point, resulting from a cascade of events that are often more catastrophic rather than

gradual.15 For the �berboard panels in Figure 12, a small microscopic chemical change in the acrylic

binder-based panels led to a change in physical properties that ultimately led to loss of binder and

poor color retention of the pigment. However, this microscopic chemical change did not occur in the

panels containing PVDF, which still maintain good adhesion and color retention even after 10+ years.

FIGURE 12 ǀ Low-VOC commercial paints and 50% PVDF latex on Hardie Board after 10+ years of South

Florida exposure. (Photo taken November 2021.)

Conclusions

Baked, solventborne, 70% PVDF-based coatings have shown excellent weatherability for over 50 years,

but there existed a need for a water-based alternative that could be applied at ambient conditions

and be formulated under 50 g/L VOC. Many decades of research have unfortunately shown that

accelerated weathering is no match for real-time weathering when it comes to accurately predicting

performance over a range of di�erent pigments, raw materials, and substrates. Here, we are able to

show that after a decade of South Florida weathering, Kynar Aquatec FMA-12, a 50% PVDF-acrylic

dispersion, is able to provide excellent color and gloss retention in a variety of colors in formulations

that can meet the strictest low-VOC requirements.
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An interview with Robert Duan, Ph.D., Vice President, ChemQuest, and Kevin

Biller, President, ChemQuest Powder Coating Research

Duan Biller

PCI recently traveled to the Powder Coating Summit in Lombard, Illinois, where low-temperature-cure

powder coatings were a hot topic. Dr. Robert Duan presented the keynote address, “Expanding the

Universe of Low-Cure Powder Coating,” and the event also included a round table and other discussion

surrounding low-temp-cure technology. PCI asked Dr. Duan and his colleague, Kevin Biller, to provide

some background on the new trends, developments, and drivers pushing this topic to the forefront of

the powder coatings industry.

Why is there so much buzz around low-cure powder coatings

right now – has something in the market triggered the demand

for this technology?

The driving force toward green and environmentally friendly coatings is primarily responsible for the

renewed interest in low-cure powder coatings. Low-cure powder coatings o�er advantages such as

zero-VOC formulas, low energy consumption, high coating-transfer e�ciency, fast cure, and one-coat

durable �nish, which are not available with other forms of coatings. With the advancements made in

low-cure UV powders, coatings can be cured at even lower temperatures, which allow their application

onto heat-sensitive composite, wood, metal, and plastic substrates, o�ering di�erent designs, colors,

and surface �nish styles.

In one estimate from allnex, low-cure powder coatings also reduce carbon footprint by up to 75%

versus traditional solvent- and water-based coatings. One-step �nish and the use of automation can

dramatically reduce the time and labor employed in the traditional liquid coating �nishing systems,

which reduce the manufacturing cost and improve product quality and consistencies. Low-cure

powder can be considered an ultimate form of a green and environmentally friendly coating system.

Are end users more likely to switch from liquid coating systems

or from traditional, higher-cure powder coatings?

There is increasing interest from end users to switch from both liquid coating systems and traditional,

higher-temperature-cure powder coatings.

For higher-temperature-cure powder coatings, switching to low-cure powder can instantly reduce the

energy costs to heat the substrate, with little or no capex investment. It also improves the productivity

of the coating line by reducing the time needed to heat up the substrate.

Current liquid coating users are looking to reduce solvent emissions, costs, and labor usage while

improving productivity and reducing costs, which can be accomplished by switching to low-cure

powder. Switching to zero-VOC powder coatings also has the potential to eliminate VOC mitigation

costs for solventborne protective coatings, as well as processes for thermal oxidation and on-site

application needs (e.g. kitchen cabinetry). Low-cure powders would eliminate solvent/water �ash-o�

processes, which frees up valuable factory �oor space.

Switching to zero-VOC powder coatings also has the potential to eliminate VOC mitigation costs for

solventborne protective coatings, such as the need for a thermal oxidation process to convert organic

volatiles into CO2 and water.  

Earlier examples of success can be seen in o�ce furniture, garage furniture, bathroom furniture,

youth furniture, shelving, and in some kitchen cabinets. Currently, customers select powder coatings

when a high degree of moisture resistance is required and when total encapsulation of the substrate

is necessary to mask some of the low substrate quality and variability. Some customers use powder

coatings to directly o�set melamine with better performance and more color/design choices. Some

customers choose low-cure powder coatings when manufacturing capacity limitations have been

reached – because powder coatings have a smaller manufacturing footprint, meaning they don’t need

to build another factory.

What are the biggest step-changes when it comes to

advantages that are driving the shift to low-cure technology,

whether they are related to performance, resources, or unmet

marketplace needs?

Here is the top �ve list:

Green and zero-VOC, meaning an improved EH&S pro�le;

One-step process saves time, energy, labor, and cost;

Highly durable for indoor applications, as highly crosslinked systems improve coating

durability, especially valuable in high-tra�c and high-humidity end-use environments;

Lower space requirements for �nishing lines, reducing factory space requirements;

Vast improvements in paint transfer e�ciencies, resulting in reduced coating waste.

Which submarkets have the biggest potential to bene�t from

these advantages?

We think the global industrial wood coating market (valued at about 10 billion dollars per year) would

be one of the biggest bene�ciaries from the switch to low-cure powder coating. Other industries, such

as the ACE market and automotive (coating plastic parts), would also bene�t from switching to low-

cure powder.

Similarly, what are the biggest caveats that companies and end

users must consider when it comes to formulating, investing in,

or adopting low-cure powder coating technologies?

Low-cure powder coating is a step-change disruptive technology. The end users must understand that

this technology is still in its early stages. The use of low-cure powder coating requires high upfront

investments in application equipment – ranging from $500K to $2M. There are also current limitations

of resin technologies, with only a few key suppliers, a modest choice of �nishes, and a paucity of

outdoor durability data. Switching from standard-cure powders to low-cure alternatives, however,

would incur minimal cost.

It is essential to work with a supplier who is experienced in integrating the low-cure powder coating

technologies for their speci�c applications and can o�er turn-key solutions to the end users, while

being able to clearly demonstrate the compelling values (short breakeven time) by switching to low-

cure powder. Raw material suppliers have been reluctant to invest R&D dollars in developing new

building blocks (resins, curing agents, additives, etc.).

One big issue is climate-controlled transport, storage, and application systems. Some low-temp

powders will require refrigerated transport, and carefully controlled storage and application areas.

You discussed the ability to expand low-cure powder coatings

into new applications where powder coatings wouldn’t

traditionally be feasible. Which are the most promising, and

which have the most caveats?

We’ll start with the most caveats – heat-sensitive substrates, such as plastics, paper board, and

currently UV-cure powder, still have limited outdoor durability ratings.

The most promising area is the use of powder coatings to replace laminate and foil covering used for

wood and wood composites. Currently, it takes four steps in the laminate and foil value chain (base

paper production, printing, coating or impregnation, lamination), which can be replaced with a one-

step powder coating line. This would bring tremendous cost savings to the manufacturers and to

consumers.

A challenge with powder is that some printing of wood grain will be lost in one-step coating. Film

transfer or dye sublimation over powder followed by a wood texturing press over the printed surface

can assuage these issues. In the meantime, we are seeing that more and more consumers and

industrial complexes prefer solid colored, modern décor, which can be easily achieved with powder

coating.

With continued supply chain instability, price hikes, and material

shortages across the coatings industry, could these challenges

have the potential to impact adoption of low-cure technologies,

either positively or negatively?

Today, many powder coating resins are produced in Europe. So, the war between Russia and Ukraine

and resulting high energy costs and low natural gas availability are having short-term negative

impacts on the supply chain. Price increases and supply disruption are still big concerns. Over time, we

believe the supply chain issues will be resolved with more and more U.S. domestic resin companies

interested in manufacturing the products. The resin suppliers are mostly global producers and have

production sites all over the world, including North America. Unfortunately, most of their specialty

products (i.e. low-temp-cure and UV-curable resins) are made in European plants.

What innovations would you be most excited to see in the world

of low-cure powder coatings? Is there a “holy grail”

development that would be a major game changer?

Ultra-low-temperature IR powder – cure temperature below 100 °C in less than 5 minutes;

Improved outdoor durability for UV powder – comparable to liquid polyester coatings;

Flat-line application for IR and UV powder – enable faster throughput and productivity.

You have described powder coatings as a disruptive technology.

With that in mind, how do you picture low-cure powder coatings

�tting into the larger picture of the coatings universe several

decades from now?

We believe low-cure powder would be very commonplace and could become the dominant coating

system several decades from now. All the bene�ts of the low-cure powder coating system we have

discussed earlier are aligned with the future vision of our human life and the advancement of our

society. But disruptive changes will take time to be accepted and mature.
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By Ella Newington, Marketing Manager, Hexigone Inhibitors, Port Talbot, UK

As professionals working within the coatings industry, we are all acutely aware of the issues that

corrosion poses and want to provide our customers and end users with the best quality products to

tackle this $2.2-trillion global issue.1 Anti-corrosion coatings have become a necessity for industries to

safeguard the huge investments they make in terms of money, property, and safety of workers.

Whether coating to protect pipelines, airplanes, or computer gadgets – customers are united in their

battle against corrosion!

Historically, some of the most e�ective corrosion inhibitors have been based on chromium. However,

these chemistries are currently being phased out globally – leaving a gap in the market for a highly

e�ective inhibitor that is non-toxic and non-carcinogenic.

Following strong R&D e�orts and lengthy extended testing, many coatings companies have turned to

phosphate-based systems. This article highlights a step-change alternative that can save 10-30% on

the cost of anti-corrosives as well as o�ering customers more sustainable coatings that require no

hazard warning label.

Why Phosphates are Popular

Currently, 45% of the corrosion inhibitor market is dominated by phosphates. Industry testing and

academic research show that adding zinc phosphate can inhibit the anode process of metal corrosion

and consequently prevent the horizontal di�usion of the corrosive medium into the coating/metal

interface and slow down the disbonding of the coating.2

Additionally, phosphates don’t pose the same health and environmental hazards as chromates,

however, they do still present environmental issues through leaching. In its form as an inhibitor – it is

classed as a Category 1 Environmental Hazard. Within the coatings system, at loadings of 2.5% and

above, the paint will be classed as a Category 2 Environmental Hazard so will still require hazard

labelling.3

Innovative and Trusted Technology Working Together

Zinc phosphate salts on their own are not initially very e�ective due mainly to their low solubility. As a

result, in a corrosive environment, signi�cant amounts of time must pass before there are su�cient

concentrations of phosphate anions to react with the metal surface cations to form an anti-corrosive

precipitative layer. This leads to a time delay where corrosion can proceed unimpeded.4

Intelli-ion® uses ‘smart release’ technology, which senses and reacts to corrosive ions very quickly –

bu�ering the time delay seen with phosphate inhibitors. It sequesters corrosive ions, which triggers

the release of the ‘active ingredient’ to form a very fast inhibitive layer at the site of corrosion.

Phosphate inhibitors then �ll the gaps to form a strong polymeric layer with the metal ions and metal

surface. Intelli-ion provides the initial protection backed up by the zinc phosphate precipitate layer to

provide an optimized co-blend anti-corrosion solution.

FIGURES 1-3 ǀ The protection mechanism of a co-blended primer coating following the detection of corrosive

ions.

Additionally, like highly e�ective chromates, Intelli-ion is both an anodic and cathodic inhibitor. This

ensures that the technology can reduce the rate of metal dissolution at the anode and simultaneously

decreases the rate of reduction reaction (both oxygen reduction and water reduction), via blocking the

interfacial transfer of electrons.

Removal of Environmental Warning Labels from Packaging

Sustainability is a key market driver within the coatings industry. In the past, mandatory regulation

was the most important factor, but now, we are seeing a fundamental shift in the societal demand

with respect to sustainability and responsible business behavior.5 In short, customers are looking for

products that are environmentally sound.

Co-blending existing phosphate-based anti-corrosion systems with Intelli-ion at loadings less than

2.5% by weight in a paint moves a coating from Environmental Hazard Classi�cation 2 (H411) to

Classi�cation Category 3 (H412). Category 3 presents a lower risk to aquatic life so no warning label is

required on the paint packaging. In turn, this has storage, transportation, and disposal bene�ts – not

to mention the environmental advantages.

Anti-Corrosive Cost Savings

Due to the high e�cacy and lower loadings – ‘smart’ co-blend formulas with other phosphate-

containing metal salts can deliver anti-corrosive cost savings of 10-30% per liter of paint.

In addition, Intelli-ion also has a signi�cantly lower speci�c gravity than ZnP, reducing the need for

reformulation changes when lower weights of anti-corrosives are incorporated.

Evidence of Intelli-ion and Phosphate Compatibility  

Figures 4 and 5 show research that was conducted by Dr. Phil Ansell of SPECIFIC Innovation &

Knowledge Centre, Swansea University. The independent research aimed to understand the

relationship and optimal loadings between Intelli-ion and zinc phosphate (ZnP) corrosion inhibitor co-

blends. Various volume combinations (PVF – pigment volume fractions) of Intelli-ion and ZnP were

applied to a steel substrate, and timelapse photography was used to measure the combined inhibitor

e�ect on the rate of cathodic disbondment (Kdel) over 24 hours.

FIGURES 4-5 ǀ Independent research aimed at understanding the relationship between Intelli-ion and ZnP.

In Figure 4, the blue line represents the rate of coating delamination when Intelli-ion is held at a low

PVF (0.025), and the PVF of zinc phosphate is increased from 0.025 to 0.075. Coating delamination

increased with higher concentrations of ZnP. Conversely, the orange line shows that when the PVF

Intelli-ion is kept high and constant (0.75 PVF), and the amount of ZnP varies from low (0.025) to high

(0.075) – disbondment dramatically decreases. This demonstrates the synergistic e�ect of the co-

blend is optimized when there is a higher loading of Intelli-ion within the coating system. Figure 5

shows the best performing co-blend combination where Intelli-ion and ZnP are both at higher levels.

Industry-Standard Salt-Spray Testing 

Industry-standard accelerated weathering tests with on-the-market phosphate-based coatings vs.

Intelli-ion-containing primers also demonstrate comparable or better performance. Figures 6 and 7

show mild steel samples were coated with an alkyd primer (+/- topcoat) and then scribed using an

Elcometer 1638 DIN scratching tool �tted with a 1 mm cutter. The samples were then placed in a salt

spray chamber (45° angle) and run in accordance with ASTM B117 continuous salt spray fog testing.

Following 500 hours, the samples were rinsed using distilled water and dried using lint free cloth

before being analyzed.

FIGURES 6-7 ǀ Industry-standard salt spray testing (ASTM B117) of phosphate-based systems (left) vs. Intelli-

ion (right).

The inhibitor loading level was optimized for cost and environmental bene�ts – at a 3:2 ratio – to lower

the phosphate content to below 2.5%. This co-blend approach removes the environmental warning

labels from packaging, however, the imagery clearly demonstrates that Intelli-ion o�ers a synergistic

relationship in performance with both zinc phosphate and polyphosphates too.

Conclusion

In 2021, the top 15 paints and coatings companies accounted for a total market share of

approximately 58.52%.6 In an industry dominated by so few – it’s increasingly important to

di�erentiate your coatings and o�er customers quality at a cost they can a�ord.

Co-blending Intelli-ion anti-corrosives with phosphate-based systems o�ers a step-change alternative

that enhances current coating systems without changes to the manufacturing process. At an

optimized 3:2 ratio, coatings manufacturers can remove hazard warning labels from their packaging,

reduce their anticorrosion costs – all while bene�ting from comparable or better performance.

For more information / upcoming webinars visit www.hexigone.com or e-mail info@hexigone.com.

References

1. NACE. (2016, March 1st). Economic Impact. Retrieved from NACE International: http://impact.nace.org/economic-impact.aspx.

2. Hongxia Wan, D. S. (2017, June). E�ect of Zinc Phosphate on the Corrosion Behavior of Waterborne Acrylic Coating/Metal

Interface. Retrieved from Materials: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5554035/#:~:text=Results showed that

adding zinc,the disbonding of the coating.

3. United Nations. (2021). Globally Harmonized System of Classi�cation and Labelling of Chemicals (GHS). Retrieved from UNECE:

https://unece.org/sites/default/�les/2021-09/GHS_Rev9E_0.pdf.

6. AKI Research. (2022, April 9th) Global Paints & Coatings Market Competition: T op 15 Players in 2021. Retrieved from AKI

Research: https://www.akiresearch.com/post/paints-coatings-market-share-2021.

*Images courtesy of Hexigone.

4. M.Cohen, M. (2022). T he Inhibition of the Corrosion of Iron by Some Anodic Inhibitors. Journal of The Electrochemical Society, Vol

100, Number 5.

5. Cynthia Challener. (2018, April). An Update on Sustainability in the Coatings Industry. Retrieved from Coatings Tech:

https://www.paint.org/coatingstech-magazine/articles/an-update-on-sustainability-in-the-coatings-industry/.

https://www.pcimag.com/articles/109837-global-market-for-anti-corrosion-coatings
http://www.hexigone.com/
mailto:info@hexigone.com
http://impact.nace.org/economic-impact.aspx
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5554035/#:~:text=Results%20showed%20that%20adding%20zinc,the%20disbonding%20of%20the%20coating
https://unece.org/sites/default/files/2021-09/GHS_Rev9E_0.pdf
https://www.paint.org/coatingstech-magazine/articles/an-update-on-sustainability-in-the-coatings-industry/


https://bnp.dragonforms.com/loading.do?pk=X_W_ENEWS&_ga=2.193983723.711805051.1666011323-258101326.1649428991&omedasite=PCIeNews


By Tasha Jamaluddin, Managing Director, Epcon Industrial Systems

The industrial painting and coating of surfaces typically involves stages of heat treatment along with

signi�cant VOC emissions, which make the process well suited for an integrated “oven/oxidizer

combination” design with multi-stage heat recovery. By utilizing heat exchangers to transfer heat, it is

possible to recover and recycle most of the thermal energy that would otherwise be wasted in the

process, and potentially save millions in annual operating costs.

A primary heat exchanger is used to pre-heat the process gas as it enters the air pollution control

unit. These are typically in the form of regenerative and recuperative thermal oxidizers. From there, a

secondary and even tertiary heat exchange system can be utilized to further recycle thermal energy.

Within industrial paint and coating applications, the inclusion of multi-stage heat recovery between

the ovens and oxidation process not only ensures emission compliance, but enhances thermal

e�ciency and overall system performance, equating to a more sustainable, even, net-zero operation.

The following three project case studies demonstrate how a custom-engineered system that manages

air�ow and thermal recycling throughout the process has a multitude of bene�ts, regardless of

production details or material speci�cations.

Case Study 1: Coating System for Metal Processing

The Challenge

A metal processing plant needed to replace several old coating line ovens and a stand-alone air

pollution control system. Not only did the facility want to increase throughput capacity while

remaining code compliant on emissions, but also increasing operating e�ciency was top priority.

After extensive evaluation and consideration of the existing system operation, it was determined that

the optimal solution for this application was a combination system layout, consisting of a 3-zone prime

oven and 4-zone �nish oven with a single thermal oxidizer, along with primary and secondary heat

recovery systems. This comprehensive system capitalized on every part of the process, ensuring no

heat nor material go to waste.

The Solution

With coating ovens, it is common to design the oven with multiple zones, depending on the process.

The di�erent zones within the oven allow for a gradual heating process, which can be a vital

component when dealing with certain materials, such as paint or metal. In this particular system, the

3-zone prime oven cured the primer onto the metal, reaching temperatures between 500-600 °F. The

4-zone �nish oven continued to cure the paint as the metal passed through each zone, gradually

achieving the desired, peak metal temperature.

As the painted metal strips were cured in both the prime and �nish ovens, the paint solvents

evaporate. This air laden with VOCs is then extracted from the oven’s work chamber and routed

through the primary heat exchanger of the thermal oxidizer. This primary heat exchanger pre-heats

the process stream from the ovens above 1,100 °F to minimize the oxidizer’s burner fuel consumption.

The VOC's exothermic reaction during the oxidation process further contributes to making the

oxidizer’s retention chamber act as a self-sustaining agent without any additional burner heat input.

Once the contaminated air from the prime and �nish coater rooms is e�ectively cleaned by the

thermal oxidizer, it is routed through the secondary heat exchanger. The use of a secondary heat

exchanger further establishes an e�cient, economic, closed-loop solution, as it continuously supplies

pre-heated air back to both the prime and �nish ovens.

Beyond the integrated oven/oxidizer system outlined, an additional tertiary heat recovery method was

engineered into the process to further recycle the thermal energy and increase energy savings. A

waste heat hot water heater was installed to capture available waste heat from �ue gases to generate

hot water needed for cleaning the metal strips, without having to use a burner and additional fuel.

FIGURE 1 ǀ Waste-heat hot water heater installed as tertiary heat recovery to utilize excess thermal energy

from �ue gases to generate hot water needed for cleaning metal strips.

The Results

In the primary heat exchanger, when the solvent vapors oxidize and the exothermic reactions take

place, the solvent acts as fuel to the oxidizer, reducing the fuel cost of operating the oxidizer to an

absolute minimum. The primary heat exchanger ultimately resulted in savings of approximately 8.0

MMBTU per hour for the facility. The secondary heat exchanger recovers the waste heat from the

thermal oxidizer, re-circulating the clean hot air back to the oven supply, which resulted in reducing

the oven burner’s fuel consumption by approximately 6.0 MMBTU per hour. Furthermore, the addition

of the waste heat hot water boiler, to heat the water up to the desired temperature, saved the facility

an additional 3.0 MMBTU per hour.

In total, the new optimized system layout for this metal coating application resulted in a fuel savings

of over 17.0 MMBTU per hour. That equaled an annual savings of $420,000 per year on fuel cost alone.

This patented method of coupling the heat processing and air pollution control system, paired with

seeking additional opportunities to capture and recycle heat, is a prime example of how thermal

engineering can create value through e�ciency during metal coating.

Case Study 2: Resin Application for Continuous Cord Manufacturing

The Challenge

A major engineering company was seeking a large 25,000 – 35,000 SCFM afterburner, or direct �red

thermal oxidizer (DFTO), for a continuous cord resin-impregnating manufacturing plant. This facility

was in violation of EPA rules and was about to be shut down. Their goal was to contain the total VOC

capture from several sources: the mixing area, the storage area, the coating area and the curing

ovens, and direct all of the contaminated exhaust throughout the operations to a single air pollution

control unit. The fuel consumption for this undertaking would have been approximately $485 per

hour.

The engineering company had no idea about the operating costs that would have been associated

with a stand-alone afterburner of this size. They were working through a lawyer that was representing

this company with the state agency, and their singular concern was VOC mitigation, and ensuring the

facility would meet regulatory compliance to stay operational.

The Solution

Epcon’s application engineers studied the overall problem and came up with a solution that utilized a

much smaller regenerative thermal oxidizer instead of the large 30,000 SCFM afterburner they were

seeking. The regenerative thermal oxidizer would only need to be approximately 6,000 CFM as it was a

comprehensive system that was integrated with the process heating ovens and utilized primary and

secondary heat exchangers.

The primary heat exchanger was installed to preheat the incoming polluted exhaust from the various

sources. By capturing all the a�ected areas’ fugitive-emissions and utilizing this latent process heat,

the primary heat exchanger allowed for signi�cant operational e�ciency increases, as less fuel was

needed to heat the oxidizer to the proper temperature for VOC destruction. Furthermore, instead of

releasing the clean, hot air into the atmosphere, it was sent from the oxidizer to the secondary heat

exchanger. The thermal energy was not wasted but recycled and supplied back to the three process

ovens. This closed system was a double-whammy in fuel savings.

FIGURE 2 ǀ Cross section of the heat exchanger showing the shell and tube con�guration that allows heat to

be recycled between the thermal oxidizer and ovens.

The Results

Beyond meeting EPA compliance and being able to stay in business, the system had several additional

bene�ts. First, it was a much smaller system than anticipated, with signi�cantly lower upfront capital

equipment footprint and cost. Additionally, the heat recovery from both the primary and secondary

heat exchangers resulted in next to nothing fuel cost to operate the oxidizer and the ovens. And most

importantly, the system’s overall safety was greatly enhanced. Due the thermal recovery of the

secondary heat exchanger, the ovens, which have very high LFL (lower �ammable limit), were able to

operate without a burner or an ignition source.

Case Study 3: Metal Coil Coating Application

The Challenge

A coil coating operation, with line speeds up to 700 ft/min, utilized an old afterburner, and a 100-foot-

long curing oven. Evaluating the appropriate oxidation system requires in depth analysis of the

speci�c process gas and operating parameters, as there are many con�gurations to choose from. An

afterburner, or direct �red thermal oxidizer (DFTO), is the most elementary system, as it contains no

internal heat recovery system and is ideal for high VOC levels and �uctuating operating conditions.

The Solution

After much analysis, a more sophisticated system, comprised of a 45,000 SCFM regenerative thermal

oxidizer along with multistage heat recovery methods was agreed upon. Typically utilized for larger

process air �ows, regenerative systems absorb and transfer heat between at least two �xed ceramic

media lined beds, with a common combustion/retention chamber connecting the two. The hot air from

the combustion chamber �ows through one of the beds, heating it up, while the other discharges,

alternating in continuous cycle of retention and purging. Regenerative systems can handle a range of

process �ow rates and typically yield a thermal energy recovery e�ciency between 80% and 95%+.

For this design, both primary and secondary heat exchangers were incorporated into the overall

system. The regenerative oxidizer’s cyclical air�ow mechanics acts as the primary heat exchanger. The

clean air leaving the regenerative oxidizer then continues onto the secondary heat exchange system,

which utilizes the waste heat from the combustion process of the thermal oxidizer to run other

parallel production processes throughout the manufacturing facility and pre-heat the various ovens.

FIGURE 3 ǀ Installation of a regenerative thermal oxidizer showing the two ceramic media lined beds used in

the alternating heat recovery cycling.

The Results     

The old system with the ine�cient afterburner system used 40 million BTU/hr. The new regenerative

thermal oxidizer with primary and secondary heat exchangers reduced the fuel consumption down to

16 million BTU/hr, a savings of 24 million BTU/hr, which translated into 210 billion BTU saved annually.

Conclusion

An “oven/oxidizer” combination system can be implemented in almost any manufacturing facility that

requires both process heating equipment and an air pollution control system. Based on the unique

application requirements, di�erent types of heat exchangers can be strategically integrated into the

overall system. As demonstrated by these three di�erent paint and coating applications, by

continuously recycling the heat between the oxidizer and ovens via heat exchangers, a combination

system can create optimal operational e�ciency and allow a facility to capitalize on the thermal

energy across the entire process.

When building a new facility or replacing old paint and coating lines, its critical to have a heat recovery

expert asses the overall process, and potentially re-engineer the stand-alone equipment into an

integrated system. By extracting and recycling heat at various stages in the process, multi-stage heat

recovery can create a closed-loop system and is the best way to maximize your process e�ciencies and

reduce operating cost and fuel consumption.

*All images courtesy of Epcon Industrial Systems.



Highly Branched Vinyl
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Credit info / Collection info, via Getty Images.

By Vanaken David, Nguyen Lan and Yan Zegui, Hexion Inc.

Elastomeric roof coatings have been used for many years to extend the useful life of several types of

roo�ng substrates. The roof coatings market has seen signi�cant growth, driven by the “cool roof”

movement. By using a white roof coating, the underlying building and surroundings can be protected

from excessive heat buildup. A proper white re�ective elastomeric coating o�ers reduction in

temperature and hence, a reduction in cooling costs.

Elastomeric roof coatings need to have very good water barrier properties. High water resistance is

required so that the elastomeric coating can withstand ponding water, which can occur on low-slope

roofs. Good adhesion to the substrate and good weatherability are some of the other factors that

contribute to a long service life of the roof coating.   

Traditionally, acrylates and styrene have been used as main monomers in the emulsion polymerization

process to make latex binders for elastomeric coatings. This article describes the use of the very

hydrophobic, highly branched VeoVa™ vinyl esters1 (VV10) for high-performance binders for

elastomeric coatings.   

Climate and Binder Type

Hot summers, cold winters, high daytime heat from the sun, and signi�cant nighttime cooling mean

that, depending on the regional weather conditions, an elastomeric roof coating needs to be able to

perform even in the most challenging situations.

Figure 1 shows the di�erences in monthly 24-hour average temperatures for Phoenix, Arizona, and

Chicago, Illinois. Both in Phoenix and Chicago, temperatures vary by as much as 25 °C between

summer and winter, with 24-hour average temperatures going well below freezing for Chicago in

winter. Furthermore, in desert climates such as Phoenix, intraday temperatures can vary by as much

as 30 °C going below 0 °C at night.

FIGURE 1 ǀ Regional temperature di�erences.

Since the properties of elastomeric materials are a�ected by the temperature of the roof and of the

surface air, the polymeric binders used in the roof coatings need to exhibit �exibility and good

elongation even at the lowest possible temperatures for the local climate. Therefore, an elastomeric

roof coating used in climates with minimum temperature �uctuations and year-round high, average

temperatures can be formulated with a much harder binder than a roof coating used in climates with

pronounced temperature di�erences between summer and winter, or climates with high intraday

di�erences.

Norms and Standards for Elastomeric Roof Coatings

Some of the most important tests for elastomeric roof coatings are tensile strength, elongation, and

water absorption. Other tests often performed are peel adhesion, low-temperature �exibility,

accelerated weathering, water vapor permeability, and recovery after elongation. Norms and

standards as well as test methods di�er per region and country. In the United States there are several

standards classifying the performance of elastomeric roof coatings, including ASTM D6083, the Energy

Star program, California Energy Commission Title 24, and several regional ones. ASTM D6083,

“Standard Speci�cation for Liquid Applied Acrylic Coating Used in Roo�ng,” is one of the most well-

known standards.2

Monomers for Elastomeric Binders

Latex polymers for elastomeric roof coatings are prepared by emulsion polymerization. In this process,

di�erent monomers are polymerized in water through free-radical polymerization. A polymer needs to

have a low Tg to be �exible at low temperatures. Therefore, latex polymers for elastomeric roof

coatings typically consist of a combination of low-Tg and high-Tg monomers to obtain the desired

balance between elongation and tensile strength.

Besides �exibility, water resistance is one of the most important properties of a roof coating. The

water resistance of a coating is mainly governed by the composition of the polymeric binder and

therefore by the monomer used. If one takes water solubility of the monomers as an indication of

hydrophobicity, it becomes clear that the vinyl ester of neodecanoic acid (VeoVa 10 vinyl ester) has a

much higher hydrophobicity than other monomers commonly used in emulsion polymerization (Table

1).3 In addition, the homopolymer Tg of the VeoVa 10 monomer (VV10)  of -3 °C is rather low, between

those of hard monomers such as styrene and methyl methacrylate (MMA) and those of softer

monomers such as butyl acrylate (BA) and 2-ethylhexyl acrylate (2-EHA).

TABLE 1 ǀ Water solubility and Tg of some commonly used monomers.

Get the data • Created with Datawrapper

Monomer Water Solubility at 20 °C (g/100g) Homopolymer Tg (°C)

VV10 monomer <0.001 -3

2-ethylhexyl acrylate 0.01 -65

Styrene 0.03 +90

Butyl acrylate 0.16 -40

Methyl methacrylate 1.5 +100

Vinyl acetate 2.5 +32

The very high hydrophobicity of the VV10 monomer combined with a Tg suitable for the preparation of

low-Tg polymers makes it a very interesting candidate to develop novel, high-performance binders for

elastomeric coatings.   

Highly Branched VeoVa Vinyl Esters

VV10 is an ideal vinyl monomer for the production of latices for high-quality water-based elastomeric

coatings. It �nds its principal use as a hydrophobic co-monomer in vinyl and acrylic polymerization.

This vinyl ester molecule has a unique, highly branched tertiary substituted α-carbon structure.

Therefore, this alkyl neodecanoate group is resistant to degradation in alkaline conditions as there is

no hydrogen on the α-carbon and in addition the bulky alkyl structure protects the ester function of

the molecule. The branched tertiary structure with bulky and hydrophobic hydrocarbon groups

provides the VV10 vinyl ester (Figure 2) with a highly hydrophobic nature and a low surface tension.

Furthermore, VV10 vinyl ester exhibits strong resistance to hydrolysis and does not degrade under the

in�uence of UV light.

FIGURE 2 ǀ Chemical structure of VV10 monomer.

VV10 monomer polymerizes with various other monomers through its vinyl ester functional group. In

this way the speci�c properties of the monomer can be imparted to its copolymers.

VV10 can be used in combination with a variety of other monomers to produce various polymers. The

ease of polymerization depends on the reactivity ratios of the monomers used (Table 2).

TABLE 2 ǀ Reactivity ratios of vinyl esters with other monomers.

Get the data • Created with Datawrapper

Monomer 1 Monomer 2 r1 r2 Temperature (°C)

Vinyl acetate VV10 0.99 0.920 60

Vinyl acetate Ethylene 1.02 0.970 130

Methyl methacrylate Vinyl acetate 20.00 0.015 60

Ethyl acrylate VV10 6.00 0.100 60

Styrene VV10 25.00 0.040 140

The data in Table 2 show that VV10 exhibits reactivity similar to that of vinyl acetate. There is a

di�erence of reactivity between vinyl esters and (meth)acrylate monomers, yet this di�erence is such

that they can still co-react in emulsion polymerization.

VV10 Vinyl Ester-Modi�ed Acrylics

VV10 monomer readily copolymerizes in emulsions with acrylate and methacrylate monomers. The

bulky and hydrophobic hydrocarbon structure of the VV10 monomer enhances the polymer and

provides a high degree of water repellence, hydrolysis resistance and improved adhesion to low-

surface-energy substrates such as TPO and  EPDM. VV10/acrylic latices represent a family of polymers

with a wide range of possible polymer compositions and performance properties. Any incorporation of

VV10 monomer leads to signi�cant improvements in water resistance and adhesion to plastics, and the

e�ect increases with increasing VV10 content.

The water repellence e�ect can be demonstrated visually in a water beading test shown in the video

below, and also by measuring contact angles. Figure 3 shows the spreading of equally sized droplets of

water over various acrylic paints. Acrylic systems modi�ed with 30% VV10 had a high water contact

angle of 79 degrees. On the VV10-modi�ed acrylic paint the water beads to a small droplet, while on

pure acrylic systems containing either BA or 2-EHA the water readily spreads out over a large area of

the paint surface.

FIGURE 3 ǀ Beading e�ect and contact angle of VV10/acrylic-based paint.

Water Absorption

According to the ASTM 6083 standard, the water absorption test must be performed following ASTM

D471. In this study, elastomeric coating samples based on all-acrylic binders and on VV10-modi�ed

acrylic binders were immersed in water for 14 days.

It becomes clear from Figure 4 that the incorporation of the hydrophobic VV10 monomer into the

acrylic backbone also reduces the water swelling of acrylic polymers. The more VV10 monomer

incorporated, the lower the amount of water absorbed into the elastomeric membrane. At 30% VV10

monomer (on total monomers), the amount of water absorbed into the coating drops to below 10%,

well below the maximum of 20% speci�ed by ASTM 6083.

FIGURE 4 ǀ Water absorption all-acrylic vs. VV10-modi�ed acrylics.

Elongation at Break

Elongation is measured as percentage of the maximum deformation when the sample breaks. At iso-

Tg an increase in VV10 content leads to a signi�cant increase in elongation (Figure 5).

FIGURE 5 ǀ Elongation of elastomeric coatings. All-acrylic vs. VV10-modi�ed acrylics.

Adhesion to TPO

TPO and EPDM roo�ng membranes are popular roo�ng systems in the United States. The

development of waterborne elastomeric roof coatings with su�cient adhesion to the surface of

weathered TPO roo�ng membranes has been challenging. Since polymers made with VV10 monomer

have lower surface tension and increased hydrophobicity, VV10-modi�ed acrylics make good

candidates for water-resistant elastomeric roof coatings with good adhesion to polyole�nic

substrates.

A series of elastomeric roof coatings based on VV10-modi�ed acrylics was applied onTPO. Both wet and

dry adhesion was tested (ASTM C794) at a peel rate of 2 inch/min. Wet adhesion was measured after

the samples were immersed in water for 7 days.

As can be seen from Figure 6, the incorporation of VV10 in the acrylic backbone has a very positive

e�ect on both the dry and wet adhesion of the roof coating to TPO, with higher levels of VV10 leading

to further improvements in adhesion. The low surface tension of the VV10-based polymers leads to an

improved wetting of the TPO surface while the increased hydrophobicity allows maintaining good

adhesion under wet conditions.  

FIGURE 6 ǀ Dry adhesion (left) and wet adhesion (right) on TPO.

VeoVa/Vinyl Acetate/Acrylate Emulsions

VV10 monomer and vinyl acetate exhibit very similar reactivities in free-radical emulsion

polymerization, which yields polymers with monomer units randomly distributed along the chains.

This is important because it allows the key performance characteristics of VV10 monomer to be fully

utilized. The unique, highly branched, carbon-rich structure of VV10 monomer sterically protects its

ester group from hydrolysis. More importantly, it also protects neighboring acetate groups (Figure 7),

thus improving the hydrolytic stability of the polymer. This protection is called the “umbrella e�ect,”
4 and enables such polymers to be successfully used as paint binders even on very alkaline substrates.

FIGURE 7 ǀ Protection of the acetate groups by adjacent VV10 groups.

Soft, plasticizing, acrylate monomers such as BA (Tg -40 °C) and 2-EHA (Tg -65 °C) can be used to

improve the �exibility of vinyl acetate-based polymers. Unlike VV10, these acrylates do not protect the

adjacent acetate groups from chemical attack and therefore such systems have the major

disadvantage of low hydrolytic stability, leading to poor outdoor durability. The addition of VV10

monomer to such polymers to form terpolymers with vinyl acetate and acrylates substantially

upgrades the hydrolytic stability, while allowing to retain a good �exibility. In addition, outstanding

water resistance and outdoor durability, good elongation, and tensile strength can be achieved for

elastomeric roof coatings.

As an example a vinyl-modi�ed acrylic resin based on vinyl acetate, VV10, and butyl acrylate was

synthesized. This resin was tested in a formulated elastomeric roof coating against a leading all-

acrylic emulsion. The performance of these systems against the reference is summarized in Figure 8.

FIGURE 8 ǀ Overall performance in elastomeric roof coatings. Vinyl-modi�ed acrylic vs all-acrylic.

Roof coatings based on VV10 terpolymers (vinyl-modi�ed acrylic) combine very high elongation with

high tensile strength. The VV10 terpolymer-based system has a much higher elongation than the

lower Tg commercial all-acrylic system. The very hydrophobic VV10 monomer also imparts very low

water absorption, often superior to commonly used acrylic polymers. Since these terpolymers are

based on a relatively low-cost vinyl acetate-based monomer, high-quality vinyl ester-based polymers

o�er the formulator a cost-e�cient option to design coatings that match and even outperform the

current products for elastomeric roof coatings.

Blending Resins

Latex blending is mixing two or more type of emulsion. It is also a technique used to reduce the overall

cost. The selection of blend resins are often based on their hydrophobicity, particle size or Tg.

Two VV10-based systems to be used as blending resins for all-acrylic resins were tested:

These resins were blended at 30% on polymer solids with a market-leading, all-acrylic resin and tested

in formulated elastomeric roof coatings against the base all-acrylic emulsion.

A vinyl-modi�ed acrylic resin based on vinyl acetate, VV10 and butyl acrylate;

A vinyl system rich in VV10 containing 80%VV10 and 20% VAM monomer (Veopol).

FIGURE 9 ǀ Overall performance of VV blending resins in elastomeric roof coatings.

The blending resins allow easy upgrade of a wide variety of di�erent elastomeric roof coating

formulations, leading to a reduced water absorption and substantially increased elongation (Figure 9).

Conclusions

VV10 monomer signi�cantly upgrades the overall performance of the binders used in roof coatings.

Combining VV10 monomer with acrylate monomers o�ers a versatile tool to formulate various high-

performance emulsion polymers for use in elastomeric coatings with an increased water resistance,

high elongation, and improved dry and wet adhesion to TPO.

Production of vinyl acetate / VV10 polymers is easy due to the favorable reactivity characteristics of

the VV10 monomer and vinyl acetate. Roof coatings based on VV10 vinyl ester terpolymers combine

very high elongation with high tensile strength and excellent water resistance. Since these

terpolymers are based on a relatively low-cost vinyl acetate monomer, high-quality vinyl ester-based

polymers o�er the formulator a cost-e�cient option to design coatings that match and even

outperform the current products for elastomeric roof coatings. Highly hydrophobic, pre-polymerized,

VV10-rich resins o�er an innovative route to easily modify existing elastomeric roof coating

formulations through simple blending.

Contact: David Vanaken, david.vanaken@hexion.com, https://veovahouse.hexion.com
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New X-Ray Di�raction
Technology
to Study Thin Polycrystalline Coatings

By Malvern Panalytical, Worcestershire, United Kingdom

Thin �lms as polycrystalline coatings are used in many di�erent application areas ranging from

biomedical coatings on medical implants to spray-coated paints on automotive steels, deposited �lms

on electrodes in batteries or metallic contacts in semiconductors, and optical coatings on displays, to

name a few.

As new applications for thin �lms emerge and existing applications become mainstream, the

technology of deposition is always advancing, and the materials deposited are always being improved.

The crystalline phases deposited and the residual stresses in deposited �lms are key parameters for

assessing the e�cacy of a deposition method or a processing step. Monitoring the integrity of a �lm

during the use is also vital to ensuring the long-term success of a product. With grazing incidence X-

ray di�raction (GIXRD) you can target your con�guration to maximize the signal from your coating.

This gives you the best possible data from which to obtain the results you need, whether you need

detailed studies of crystalline phases or rapid high-throughput quality control.

This article provides some example data and analysis showing the performance of Aeris for studying

polycrystalline coatings.

Aeris Con�gured for Grazing Incidence X-Ray Di�raction

With grazing incidence X-ray di�raction, you achieve a much-improved peak signal from thin �lms,

where regular symmetric (Bragg-Brentano) powder scans may not yield su�cient peak intensity or give

too much interference from the substrate.

Aeris can be a dedicated thin �lm di�ractometer for routine measurements or alternatively a versatile

powder di�ractometer enabling occasional thin �lm measurements. The high-performance de-coupled

goniometer scanning technology provides highly reproducible 2θ scans at a range of precise incident

beam (ω) angles suitable for GIXRD and residual stress measurements. The parallel plate collimator on

the di�racted beam side converts Aeris into the parallel beam measurement mode, providing accurate

peak positions and resolving defocusing e�ects, to bring you high-quality data. A range of robust

sample holders provides a variety of sample mounting options to suit your requirements (Figure 1).

FIGURE 1 ǀ Samples waiting in the Aeris loading area and an internal view of the Aeris in grazing incidence

con�guration. Solid sample holder on the left. Film holder on the right.

50-nm Thin Film of Polycrystalline Iridium on Silicon Substrate

The refractory metal iridium has many applications in high-performance optical devices due to its high

re�ectivity of X-rays, low-oxidation rate, and high melting point. For example, iridium is researched as

an alternative to gold and silver as an optical coating in high-performance telescopes.

The crystallite size and micro-strain are good indicators of the �lm microstructure and overall quality

of the �lm and can be quickly and non-destructively monitored by looking for changes in the

di�raction peaks. For such a thin �lm, the iridium di�raction peaks could easily be lost in the signal

from the substrate peak. By using the grazing incidence di�raction geometry, it is possible to get clear

and useful data quickly (Figure 2.1). The high-angle peaks from the layer, such as the 85° peak, are

only visible in the GIXRD scans as they are too weak to be seen in the re�ection con�guration.

Using HighScore analysis software,1 results for average crystallite size (11.1 nm), and micro-strain

(0.585%) are quickly obtained (Figure 2.2). These are structural parameters that help you to monitor

and optimize your fabrication processes to obtain the required layer performance and product quality

control.

For thin �lms and coatings, it is important to measure residual stress in the �lm both to understand

how the residual stress forms in the layer during deposition and to understand the �nal quality of the

�lm. Thin �lms can support high stresses and, in addition to o�ering chemical protection to a

component, coatings can provide additional strength to a component or conversely weaken the whole

component. Alternatively, a thin �lm that is overstressed can crack easily or become detached from

the substrate. Crystallographic residual stress is a major quality control parameter in thin �lm

processing. The residual stress within the layer can be determined using multiple-{hkl} residual stress

analysis in Stress Plus2 software (Figure 2.3).

Comparison of the GIXRD data with conventional Bragg-Brentano data in Figure 2.4 shows that both

iridium and silicon have strong di�raction peaks close to 69°2θ. With a GIXRD scan, the smaller iridium

peak is now clearly visible and not hidden by the silicon substrate peak, and the higher angle peaks

such as at 85° and 107° are more easily seen.

FIGURE 2.1  ǀ GIXRD measurement of a

polycrystalline iridium layer on a silicon single

crystal substrate measured with the new Aeris thin

�lm setup showing very good data quality.

FIGURE 2.2  ǀ The data allow phase analysis

including �tting as shown on this example exported

from HighScore Plus best �t was obtained for

crystallite size value 11.1 nm and micro-strain value

0.585%.

FIGURE 2.3  ǀ The residual stress within the layer

can be determined using multiple-{hkl} residual

stress analysis in Stress Plus software.

FIGURE 2.4  ǀ Comparison of the GIXRD data with

conventional Bragg-Brentano data clearly shows

the bene�t of the thin �lm analysis approach as it

completely suppresses the intense substrate signal

close to 69°, and the higher angle peaks such as at

85° and 107° are more easily seen.

Pb-Br-Perovskite on Glass Substrate

The processing methods and properties of PbBr3NCH5 perovskite thin �lms are being researched, as

promising candidates for solar cells and detectors. They can be produced by a variety of deposition

methods including cost-e�ective liquid coating. It is always important to maintain control of the

structure throughout any processing steps. The crystal structure, crystallite size and residual stress

are all important parameters in determining both the optoelectronic e�ciency and structural

robustness of the material during use.

These layers are designed for optimum absorption of solar energy wavelengths, and this means that

they are quite transparent to X-rays. The grazing incidence con�guration therefore maximizes the

signal that can be obtained from the layers and so is the preferred geometry for the most e�cient

data collection.

Here we show examples of high-quality GIXRD data and analysis. The parallel beam optics with grazing

incidence reduces beam broadening and hence leads to more accurate determination of crystallite

size, strain, and residual stress. Grazing incidence geometry improves intensity from thinner �lms,

where regular powder scans may not yield su�cient intensity for analysis.

Figure 3.1 shows data collected at di�erent angles of incidence (omega). At omega 0.5° (red scan) the

signal to background of the layer peaks are better than with omega 1° (blue scan). Unlike the example

in section 3, the substrate is glass, which, being amorphous, provides a high background intensity.

Being able to optimize the scan and reach low incident angles such as 0.5° is a great bene�t for this

kind of sample.

Crystal structure re�nement is an important measurement for perovskites, even small changes in the

crystal structure can have a large e�ect on the optical properties of this material. Figure 3.2 shows a

best �t for re�nement of the Perovskite structure using HighScore Plus analysis suite. In this way, the

crystal structure can be continuously understood, and the optical properties controlled.

FIGURE 3.1  ǀ GIXRD measurement of a thin

polycrystalline Perovskite layer deposited on a glass

substrate measured with the new Aeris thin �lm

setup collected with two di�erent angles of

incidence. The data shows a very good quality and

illustrates how angle of incidence can be optimized

to obtain best quality GIXRD data.

FIGURE 3.2  ǀ The data enables good quality phase

analysis including �tting and structure re�nement

as shown on this example exported from HighScore

Plus

Summary

With Aeris, you have all the capability of powder di�raction in one compact instrument. Here we have

shown two examples of GIXRD that demonstrate the versatility of Aeris and the quality of data. With

the patented and unique PreFIX optical mounting system, Aeris is easily recon�gured for quick

comparison of data from Bragg Brentano, transmission, and GIXRD methods. GIXRD scans can be

obtained within minutes, and data at di�erent angles of incidence can be compared to optimize the

data collection settings. Together with the analysis software HighScore Plus and Stress Plus, high-

quality data show the phase purity, crystallinity, crystallite size, micro-strain, and residual stress for a

complete view of your polycrystalline thin-�lm sample.
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Industrial Production
Eliminate Indoor Airborne Contaminants to

Protect Worker Safety and Productivity

By Del Williams, Technical Writer, Torrance, CA

In industrial settings, noxious airborne contaminants from a variety of sources can jeopardize indoor

air quality, compromising worker health, productivity, and even regulatory compliance unless the air is

su�ciently puri�ed when ventilation alone will not solve the problem.

Welding, plasma cutting, or combustion processes including engines and generators can produce

noxious smoke and exhaust gases. Fugitive emissions can include fumes in chemical processing, as

well as dusts and trace metals in metallurgy. Industrial solvents can contain chemical aromatics like

benzene, toluene, or xylene. Spraying paint or other substances can leave chemical mists suspended

in the air. Various processes and cleaning routines can release a complete spectrum of often-harmful

VOCs.

Regulatory agencies like the Occupational Safety and Health Administration (OSHA) set permissible

exposure limits for many toxic substances. The National Institute of Occupational Safety and Health

(NIOSH) also sets indoor environmental quality standards, which includes air quality.

To e�ectively protect industrial workers, productivity, and compliance, one solution is to install “smoke

eaters,” advanced air puri�cation systems that �lter large volumes of air quietly to remove smoke, air

contaminants, and even odors. In doing so, the contaminated indoor air passes through a series of

sophisticated �ltration media that eliminate harmful particulates before the cleansed air is released

back into the work environment.

“By providing cleaner air and removing irritants and potential toxins, industrial personnel can not only

breathe easier, but also work more productively. The approach can help to improve long-term

employee health, absenteeism, and retention; which are important concerns in today’s tight labor

market,” says Randolph Bush, owner and president of LakeAir, a manufacturer of industrial,

commercial, and residential air �ltration systems since 1968 based in Racine, Wisconsin.

Recently, a growing number of manufacturers and industrial processors have sought to purify their

indoor air with advanced “smoke eater” air �ltration. Because the requirements can vary considerably,

companies like LakeAir consult with the manufacturer to determine the best air �ltration based on

the application, physical layout, square footage, as well as the expected number and volume of

“smoke”-generating processes at the jobsite.

“Di�erences in particulate size, type, and the desired number of air exchanges per hour, as well as

other factors should be considered,” says Bush.

According to Bush, one of the most versatile commercial air puri�ers for industrial applications utilizes

multiple stages of �ltration to remove 97% of particulates down to .01 microns, and cleans up to 2,000

cubic feet per minute of indoor air. First, a pre�lter catches larger debris in the airstream like bigger

pieces of dust or particulates. Next follows two separate electrostatic cells, each with two stages of

electrostatic air puri�cation. In the �rst stage, the smoky air is drawn through the particle ionizer.

Here, the smoke in the air is given a negative charge. The second stage is a collection plate, where the

charged particles of smoke and contamination are attracted to each plate and trapped. The

contaminants remain on the �lter plates until they are removed when the �lter is washed.

Finally, an activated carbon �lter traps any remaining contaminants as well as odor molecules by

adsorption inside the pore structure of the carbon substrate. After passing through the commercial

�ltration systems, puri�ed air �ows back out into the indoor work area.

“Manufacturers bene�t from a longer �ltration section because the longer the particles are �ltered,

the more likely they are to be trapped,” says Bush.

He notes that the commercial air puri�er’s �ltration section is 10 inches thick, including the dual

electrostatic cells that provide over 26,000 square inches of collection area for contaminated particles.

The compact dual cell design allows more air change cycles for the available space than other

technologies while keeping operational noise to a minimum.

According to Bush, the air puri�cation units are often used in industrial settings like paint prep areas,

welding rooms, machine shops, and manufacturing �oors. To suit the speci�c design of the room, the

units are typically hung from the ceiling by chains or mounted to a wall.

In terms of reliability, the electrostatic cells in the industrial air puri�ers are built to last with non-

corrosive materials. “Some of our cells have been in service for more than 30 years,” says Bush. The air

�ltration units are made in America with heavy-duty, all-steel construction for durability.

As industry seeks to safeguard worker health and increase productivity, the use of advanced “smoke

eater” air puri�ers that continuously cleanse indoor air will become more prominent. The ability to

tailor the air �ltration system to accommodate the manufacturer or processor’s speci�c needs will

increase its adoption across an even greater range of applications.

For more information, call 800-558-9436 or visit www.lakeair.com.

Photos courtesy of LakeAir.
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COMPANY NEWS

Mergers & Acquisitions

Hempel has completed the

acquisition of the Cap Couleurs

Group’s store network in

Southeast France, supporting

its strategy to double Hempel

by 2025.

Perstorp has been acquired by

PETRONAS Chemicals Group

Berhad (PCG), Malaysian

integrated chemicals provider

and part of PETRONAS Group.

Barentz International, a global life science ingredients distributor, has acquired Viachem, Ltd., a

specialty distributor of life science ingredients and specialty chemicals.

Accessa, provider of high-quality coating, chemical, and equipment solutions, has acquired Clark

Deco in Pittsburgh, Pennsylvania. Clark Deco has been selling high-quality coatings and related

supplies to the greater western Pennsylvania and northeastern Ohio markets, and beyond, since

the 1950s.

DKSH announced its acquisition of Terra Firma, a distributor of specialty chemicals in North

America. Terra Firma represents premier suppliers in its core segments of CASE (coatings,

adhesives, sealants, and elastomers), plastics, and construction, as well as in agrochemicals, health

and nutrition, and personal care.
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Strategic Partnerships

Engineered Polymer Solutions and Ravago Chemicals North America have announced an expansion

of their long-standing strategic partnership, following the integration with Specialty Polymers, Inc.

EPS and Specialty Polymers are integrating under the EPS brand.

JNS SmithChem LLC has been awarded additional territory to distribute Lorama Group products,

especially for the CASE (Coatings, Adhesives, Sealants and Elastomers) market.

HMG Paints Ltd. has announced a new distribution partnership with fellow family run business

Rabart Decorators Merchants. The partnership will see Rabart distribute the HMG range across

South Wales and the Southwest of England.

LANXESS Corporation announced that its urethane systems business unit has partnered with Azelis

Americas to distribute its polyurethane dispersions in the United States.

Palmer Holland, a North American

specialty chemical and �ne ingredient

distributor, has announced its new

distribution agreement with Zeochem.

Palmer Holland will be a channel partner

in the United States and Canada for

Zeochem’s Purmol line of molecular sieves.

Vencorex has announced EMCO-Inortech

has been appointed the Canadian

distributor for the following products: HDI

and IPDI monomers, and Tolonate™ and

Easaqua™ aliphatic polyisocyanates.
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Companies on the Move

Arkema, together with a

consortium of companies, is

exploring and advancing the

recyclability of post-consumer

PET (from bottles and other

plastic items) to regain

monomers for reuse as raw

materials for more sustainable

polyester powder resins for the

coating market. The project,

entitled Suschempol, is led by the

Spanish Superior Council of

Science Research (CSIC) and was

founded by the Spanish

“Ministerio de Ciencia e

Innovación” and the “Agencia

Estatal de Investigación” as part

of “NextGenerationEU” Initiative.

Dutch startup RheoCube has opened its �rst U.S. o�ce in Boston, Massachusetts. Having

established a strong customer base across Europe, RheoCube is boosting its presence in the U.S.

market to further support clients and accelerate the commercial expansion in the United States.

PPG announced the opening and continued support of the PPG STEAM (Science, Technology,

Engineering, Arts, and Mathematics) Studio, an interactive space at the Museum of Discovery in

Little Rock, Arkansas, designed for hands-on, interactive exploration of science and technology.

AkzoNobel’s new logistics hub, which is set to become the company’s largest warehousing base in

China, is on course to be completed by the middle of 2023. Located at the company’s decorative

paints site in Songjiang, Shanghai, the new facility will use intelligent digital technologies and

advanced security management to customize storage and operation modes for di�erent product

categories.

Chicago-headquartered specialty chemical company Hallstar purchased the LANXESS' ester

manufacturing facility in Greensboro, North Carolina. As part of the acquisition, Hallstar is gaining

new product lines of brominated �ame retardants and phthalate-free plasticizers, including

benzoate and citrate esters.

Evonik's coating additives business line is increasing capacities of two additive product groups for

architectural paints: TEGO® Phobe hydrophobing agents and TEGO Viscoplus polyurethane

thickeners.

BASF Coatings has inaugurated a new research center for electrophoretic dip coating at its

headquarters in Münster-Hiltrup, Germany. In addition, the research center has two ultra-�ltration

and �ltration stands with which the quality and stability of new e-coats can be tested under the

customers' conditions before the tank is �lled for the �rst time.

GCU Consultants Sdn Bhd, an Aurecon Malaysia Group company, has been appointed by Jotun

Paints Malaysia Sdn Bhd to design and project manage its Southeast Asia research and

development (R&D) facility in Selangor, Malaysia. Slated for completion in 2025, the development

will bring together sta� from Jotun’s regional o�ces and R&D facilities across Malaysia.

Photo: Ipopba, iStock / Getty Images Plus, via Getty Images

Company Recognition
Two startups in India have won Paint the Future awards and the chance to continue working

together with AkzoNobel to accelerate their solutions. The winners are HyperReality Technologies,

located in Bengaluru, India, specializing in collaborative platforms for inspiration and visualization

of a space in the metaverse, and Fluid AI, located in Mumbai, India, specializing in multi-channel,

conversational, immersive, and interactive AI platforms to guide consumers during their painting

journey.

Sheboygan Paint Company’s

MachCure, patent-pending,

catalyst technology has been

nominated for the Coolest Thing

Made in Wisconsin contest,

sponsored by Wisconsin

Manufacturers & Commerce. This

catalyst can be added to a wide

variety of industrial coatings,

making them more

environmentally friendly.Photo: marchmeena29, iStock / Getty Images Plus, via Getty
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NAMES IN THE NEWS

PhenegerMcGarryKnavishHodge

David Beckford, managing director of Pronto Paints, an industrial coatings manufacturer based in

South Yorkshire in the United Kingdom, has been voted onto the CEPE (European coatings association)

board of directors. Beckford is a serving member of the British Coatings Federation’s board (since 2011)

and was BCF president from 2018 to 2020.

Flint Group Packaging, developer of inks and coatings for the packaging and label industries, has

appointed Terry Davis as vice president of strategic accounts, �exible packaging North America.

American Chemical Solutions (ACS), a global custom chemical manufacturer, has added two industry

executives to its team: Robert E. Gaston is joining the organization as engineering lead, and Je�ery S.

Diercks will serve as business development manager.

Specialty chemical company Mayzo Inc. has appointed Doug Hartman to the executive team as

director of Sales and Customer Care.

GDB International, Inc. has hired Victoria Hodge to be vice president, strategic relations. Victoria will

oversee the post-consumer recycling program at GDB.

PPG announced that Tim Knavish, chief operating o�cer, has been named president and chief

executive o�cer (CEO), e�ective January 1, 2023. Knavish joined the company’s Board of Directors,

e�ective October 20, 2022. Knavish will succeed Chairman and CEO Michael McGarry. McGarry will

become executive chairman, e�ective January 1, 2023 and intends to retire as executive chairman and

as a director of the company, e�ective October 1, 2023.

KTA-Tator, Inc. has announced that Johnnie Miller has joined its team as a senior project engineer.

Miller’s role at KTA will be a blend of consulting, project management, and business development.

Cortec Corporation has promoted its director of manufacturing, Caleb Pheneger, to the position of

chief operations o�cer (COO). Pheneger will be extending his support for projects and operations to

Cortec’s Canadian subsidiary Bionetix®, in addition to his manufacturing oversight of �ve Cortec

Corporation plants in the United States.

ACTEGA, manufacturer of specialty coatings, inks, adhesives, and sealing compounds for the print and

packaging industries, has appointed Dennis Siepmann to the newly created role of global head of

sustainability. Siepmann will lead the ongoing development and delivery of ACTEGA's sustainability

and ESG initiatives with a particular focus on circular economy, sustainable solutions, and ALTANA’s

goal of becoming climate neutral by 2025.

Teknos Group has appointed James Turner as chief communications o�cer. Turner is responsible for

internal and external communications, including public a�airs.

Avantium N.V., a technology company in renewable chemistry, announced the appointment of

Boudewijn van Schaïk as its chief �nancial o�cer, e�ective January 1, 2023. Schaïk will succeed

retiring CFO, Bart Welten.

The Association for Materials Protection and Performance (AMPP) has announced the selection of

Brad Wilder as the new director of the association’s standards program.
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