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Electric Ovens Signi�cantly

Reduce CO2 Emissions

Climate neutrality, increased CO2 prices, and

uncertainties with the natural gas supply are

prompting car manufacturers to intensify their

search for alternatives to gas-powered

production plants. In response, Dürr became the

�rst supplier to electrify all the body ovens in its

portfolio. Read article

Exploring Color in the

Metaverse

Valspar recently launched its 2023 Colors of the

Year, a collection of 12 usable shades

guaranteed to �t perfectly in anyone’s space.

After seeing increased consumer interest in

Web3 technologies and the metaverse, the

brand decided to create its own metaverse.

Read article

Expertly Predicting Color

Trends

Each year, over 30 of PPG’s global color experts

from 11 di�erent countries come together to

share emerging trends from their regions and

business unit sectors. These insights are

gleaned through attending local design shows

and keeping a �nger on the pulse of runway and

architecture trends, as well as lifestyle

directions, demographic changes, societal, and

other macroeconomic in�uences rising to

prominence on a regional level. Read article

Understanding Intumescent

Paint Standards

If you want your structure to have the best �re

resistance possible, you’ll want to give

intumescent paints serious consideration.

Intumescent paints are easy to apply, nice to

look at, and can stop a �re in its tracks. This

article discusses how intumescent paint works

and some of the industry ratings you’ll need to

know if you’re thinking of using intumescent

paints on your structure. Read article

Don’t miss these online exclusive articles on PCI’s website.

https://www.pcimag.com/articles/110679-electric-ovens-significantly-reduce-co2-emissions
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VIEWPOINT

Contact Kristin

By Kristin Johansson, Associate Publisher/Chief Editor | PCI

PCI Visits With

AkzoNobel in Nashville

In November, AkzoNobel invited PCI's associate editor, Courtney Bassett, and me to tour its powder

coatings manufacturing site in Nashville, TN, as well as interview Michael Friede, Chief Commercial

O�cer, and John Gri�n, Director of the North America Region and Commercial Director of the

Automotive & Specialty Coatings business, at the company’s nearby North America headquarters. We

were excited to receive the invitation. Visits like these help us learn more about the industry and the

latest technology, which results in better content for our readers. We also enjoy getting to know the

people behind the press releases, articles and subscription forms!

In 2002, AkzoNobel purchased the Nashville manufacturing site from a glass manufacturer, and

retro�tted it to produce powder coatings. In 2006, the company signaled its ongoing commitment to

the powder coatings market with a 10,000-square-foot site expansion and addition of an R&D lab. The

R&D function has since been moved to company facilities in Troy, Michigan, and Reading, Pennsylvania.

AkzoNobel's Interpon® and Resicoat® powder coatings o�er a variety of �nishes including gloss, matt,

structured and metallic, and coat products like window and door frames, pipes, alloy wheels, car

components, radiators, metal furniture, home appliances, shelves, barbecues, electric motors,

batteries, valves, and more. The Nashville site employs 150 people and manufactures powder coatings

primarily for the automotive industry, but serves other markets as well.

Our visit started as Cody Richards, continuous improvement manager, Blake Holder, plant engineer,

and Aaron Woods, head of regional communications – North America, treated us to a guided tour of

the facility, where they explained the manufacturing process and answered our questions about the

powder coating market and its trends.

The site handles over 200 solid

raw materials used to make

powder coatings. In the mix

loading area these materials are

selected, precisely weighed and

placed into a mixing vessel. A

high-quality, computer-

controlled scale system and

tolerance scanner ensure that all

amounts are accurate. As

Richards pointed out, quality at

the front end helps with product

quality throughout the entire

process.

From left to right, Cody Richards, Kristin Johansson, Courtney

Bassett, Aaron Woods and Blake Holder.

From here, the materials are blended into a homogeneous mixture, and then gravity-fed into an

extruder, "where the magic happens," as Holder noted. Courtney and I had only ever seen a lab-scale

extruder, so learning about the production-sized unit was really interesting. The extruder's screws

provide di�erent functions, including transporting and mixing the solid premix, to melting and mixing

it. Product coming out of the extruder can be anywhere from 250-300 °F, so cooling rollers spread it

into thin sheets, which bring the temperature down to 100-125 °F.

As parts of each batch exit the extruder, the sheets are broken up into small chips and sent to Quality

Control (QC) to test the surface properties and color. If a chip doesn’t pass QC, the remaining mixture

is sent back to the mixing area for adjustments. Richards stated that involving production teams in

quality control and testing makes for a more collaborative process that makes everyone feel involved

and take ownership of the product they are creating. He also mentioned how proud he is of the site’s

record of producing batches that are “right the �rst time,” which saves time, money, re-work, and scrap

product.

All product that passes inspection is transferred into a mill, where the rotor and classi�er break the

chips into �ne particles suitable for spraying. A screener captures any large particles and feeds them

back through. From here, the �nal product is packaged in boxes, bulk boxes, drums and super sacks,

weighed, labelled and shipped out.

Batch sizes vary, however Richards and Holder noted that over the years they have become smaller as

customers have moved more to a “just in time” inventory system. This has shifted somewhat in the last

two years, however, as COVID-19 and the global supply chain crisis have motivated companies to order

larger batches in order to have more supply on hand.

This AkzoNobel facility also has a Rapid Supply Unit (RSU), which caters to smaller (500 kg or less),

speci�c customer requests that are turned around in �ve days. Holder noted that they expect to see

more RSU orders in coming years, as customers discover new ways to use powder coatings and want to

test them out on a smaller scale.

Holder also commented on how much growth and change he has seen in the powder coatings industry

over his 34-year career. Raw materials continue to improve, allowing powder to be used on new

substrates such as heat-sensitive wood and plastic. New markets have opened up for powder coatings

as well, such as electronic vehicles (EVs). In fact, one of the products that AkzoNobel produces at this

site is a powder coating for EV battery compartments. Powder coating is good for these components

because it insulates to prevent shock and helps protect against battery corrosion.

When asked what their ongoing manufacturing challenges are, Richards and Holder noted that

adjusting to changing customer demands and looking for equipment that will allow them to be more

e�cient are at the top of their list.

After our tour, Aaron Woods took us to the company's North America headquarters where we spent

several hours talking with Michael Friede and John Gri�n about the latest trends and exciting new

technologies that AkzoNobel has developed to meet customer and regulatory demands. We look

forward to reporting on what we learned during our conversation in our February 2023 issue.

Many thanks to everyone involved in making our visit happen, and for taking the time to share their

knowledge, experience, and passion for coatings with us. We thoroughly enjoyed our visit and learned

a lot! 

mailto:johanssonk@bnpmedia.com?Subject=PCI%20Magazine
mailto:johanssonk@bnpmedia.com?subject=PCI%20Magazine


SHOWS & CONFERENCES

2022

DECEMBER

5-7

The Coatings Summit

Miami, Florida

european-coatings.com/events/2022/the-coatings-summit-2022

2023

FEBRUARY

6-10

Polymers & Coatings Winter 2023 Short Course

Cal Poly San Luis Obispo

calpoly.irisregistration.com

FEBRUARY

12-17

50th Annual Waterborne Symposium

New Orleans, Louisiana

waterbornesymposium.com

FEBRUARY

22-24

Guangzhou, China

chinacoat.net

MARCH

6-8

Big Ideas for UV+EB Technology Conference and Expo

San Diego, California

https://bigideasconference.com/

MARCH

19-23

AMPP Annual Conference & Expo

Denver, Colorado

ace.ampp.org/home

MARCH

28-30

European Coatings Show

Nurnberg, Germany

european-coatings-show.com

APRIL

23-26

SSCT Annual  Meeting

San Destin, Florida

southerncoatings.org

MAY

4

FOCUS 2023

Plymouth, Michigan

dsctfocus.org

MAY

16-18

Eastern Coatings Show

Atlantic City, New Jersey

easterncoatingsshow.com

JUNE

5-7

Sink or Swim Technical Symposium

Cleveland, Ohio

clevelandcoatingssociety.org

JUNE

6-7

Biobased Coatings

Amsterdam

https://www.wplgroup.com/aci/event/biobased-coatings-europe/

JUNE

19-21

Middle East Coatings Show

Cairo, Egypt

www.middleeastcoatingsshow.com/

JUNE

26-27

CoatingsTech Conference 2023

Cleveland, Ohio

paint.org/aca-events/ctc-2023

SEPTEMBER

6-8

Coatings Trends & Technologies Summit

Lombard, IL

https://www.pcimag.com/coatings-conference?

OCTOBER

15-18

Western Coatings Symposium and Show

Las Vegas, Nevada

https://westerncoatings.org/

https://www.european-coatings.com/events/2022/the-coatings-summit-2022
https://calpoly.irisregistration.com/Register?code=Polymers-Winter-Short-Course-2023
https://www.waterbornesymposium.com/
http://chinacoat.net/
https://bigideasconference.com/
https://ace.ampp.org/home
https://www.european-coatings-show.com/
https://southerncoatings.org/
https://dsctfocus.org/
https://easterncoatingsshow.com/
https://www.clevelandcoatingssociety.org/
https://www.wplgroup.com/aci/event/biobased-coatings-europe/
https://www.middleeastcoatingsshow.com/
http://www.paint.org/aca-events/ctc-2023/
https://www.pcimag.com/coatings-conference
https://westerncoatings.org/
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TiO₂ INSIDER

By Gerald Colamarino, Director, TiPMC Solutions

European Energy Costs and
Chinese Lockdowns
Dramatically Impact TiO2

Demand
Video: Xiaoxing Zhao / Creatas

Video, via Getty Images

The TiO2 industry is entering a signi�cantly challenging time. The optimism of the �rst half of 2022

has completely turned in the opposite direction. European demand may be o� as much as 40-50% in

the second half of 2022 versus the prior year. Although China is much more opaque, operating rates

and pricing developments point to reduced demand perhaps in the double-digit range versus prior

year comparisons. Numerous operating plants are reported to be curtailing or ceasing production.

North America and Latin America were reported to remain strong. These regions are expected to slow

in 2023, as recession is likely.

Demand in Europe dropped dramatically as energy prices spiked, reducing disposable income.

Multiple reports are also indicating large-scale destocking on the part of TiO2 consumers. These

forces combined for a dramatic impact. Imports into Belgium, a major hub for distribution throughout

Europe, fell dramatically in August.

FIGURE 1 ǀ 2019-2022: TiO2 import volumes into Belgium.1

Chinese producers are feeling the impact of weak domestic demand. Chinese pigment prices dropped

dramatically, beginning in August. Early fall is generally considered the Chinese “Golden Season” for

Chinese producers. Reduced raw material costs, such as sulfuric acid and domestic TiO2 feedstock,

combined with softening export demand, led to signi�cant export price decreases. Many observers

believe current prices are below the costs of multiple producers and are unsustainable.

FIGURE 2 ǀ 2021-2022: Chinese export prices to global regions.2

Multi-National Producers (MNPs) have responded with dramatic cuts in production. TiPMC estimates

nearly 400ktpa of TiO2 capacity in Germany has been reduced to minimal operating levels during

4Q22. Tronox announced volumes will be down 25-30% sequentially in 4Q22, following a 13%

sequential drop in 3Q22. Chemours noted extending a scheduled outage on a large production line,

de�ning the volume impact more than seasonal norms in 4Q22. These actions will maintain

manageable inventory levels while the industry deals with dramatically reduced demand.

What Does it Mean for TiO2 Consumers, and What Can be Expected in

the Future?

TiPMC believes MNPs will carefully manage sales volumes and inventories to minimize the impact on

TiO2 pricing. This is consistent with their actions during the previous cycle, as price stabilization

initiatives are expected to continue through the current downturn.

Chinese producers have responded with signi�cant price reductions to maximize volumes, consistent

with their actions during previous cycles. Next year, 2023, will prove challenging for all TiO2 producers.

Europe remains highly uncertain. TiPMC believes MNPs will maintain a strict focus on cash �ow. Input

costs are expected to see little relief, particularly for chloride producers in North America. Chinese

producers remain focused on growth and expansion despite signi�cantly reduced margins. The

current situation is highly unprecedented.

For more insights into the TiO2 and Mineral Sands markets, visit TiPMCconsulting.com, or see our ad in this

issue for more details. For more information about the impact price stabilization on the TiO2 industry, ask to see

our latest issues.

1 Global Trade Tracker / Tableau® for TiO2.

2 Global Trade Tracker.

https://www.tipmcconsulting.com/


FORMULATING WITH MIKE

The Robustness of a
Coatings System

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 few articles, we have covered dispersion. In this article, I discuss the robustness of a

coatings system in reference to pigment dispersion. Upcoming articles will cover resins and binders.

When formulating a coating there are many things to consider, and pigment selection is one of them.

Selecting pigments is important as they greatly a�ect the following:

Color stability

Gloss retention and exterior durability

Hiding power and tint strength

Ease of manufacture

Physical, chemical, and other properties

While all these properties are well known, one pigment area not normally covered is ease of dispersion.

You can have the same pigment made by di�erent manufacturers, made by the same manufacturer at

di�erent locations, or di�erent grades of the same pigment from the same manufacturer, and have

signi�cantly di�erent dispersion experiences. The same is true for dispersants. Choosing raw

materials only from lab experiences without considering how scale up and production friendly they

are can lead to production delays, longer grind times, and even failure of the product.

With raw material substitutions due to global logistics issues, substituting one pigment or dispersant

for another requires work. There is no such thing as a drop-in replacement, no matter what raw

material suppliers tell you. Some properties will always change. A robust formulation will resist

changes better.

If you plot property versus usage level, you will get di�erent curves. In Figures 1, 2, and 3 you see three

products plotted, with dispersant level versus Hegman grind, contrast ratio, and tint strength

respectively. Table 1 gives the physical properties of the dispersants.

In all cases, dispersant usage level was based on lowering the solids to 40% (lowest sample level) with

water so the dispersant actives on pigment solids remained the same. It is assumed economics are

similar for all three dispersants.

FIGURE 1 ǀ Coating system robustness - Hegman grind.

FIGURE 2 ǀ Coating system robustness – contrast ratio.

FIGURE 3 ǀ Coating system robustness – tint strength.

TABLE 1 ǀ Dispersant properties.

Get the data • Created with Datawrapper

Property Product A Product B Product C

Actives (%) 100% 40% 100%

Viscosity (cP) 140,000 150 400

State at room temperature Wax Liquid Liquid

Color (Gardner) <2 <1 <3

While all three products have the similar maximum properties, the shape of the curve will have a huge

in�uence on the e�ciency of production and �nal properties of the coating. You can formulate on a

plateau or a pinhead. On a plateau, variations in addition levels have less e�ect than if you formulate

on a pinhead.

Product C has the highest results in most cases, but will be di�cult for your plant. If you look at

Hegman grind and your process allows for 0.59-0.61% addition, then product A, B, or C all work.

However, for all practical applications, that is not possible in production, especially due to lot-to-lot

variability in the dispersant and pigment manufacture.

Another issue you will see is product A is a waxy solid. This requires heating up the material for it to

�ow, making use in manufacturing more di�cult. You must remember to put it in an oven the day

before you use it, or heat trace lines.

Product B would be the choice at around 0.7% usage level since it has the highest resistance to level of

addition variations and is easy for the plant to handle. The key is to look at the whole picture, and

anticipate issues in production to make the most robust system possible.

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.

javascript:void(0)
https://www.datawrapper.de/_/8h70N


ASK JOE POWDER
Sponsored by Gema

 Our popular Ask Joe Powder blog has made its

way to the pages of PCI magazine. What are your

powder coating questions and challenges? Joe

Powder, aka Kevin Biller of ChemQuest Powder

Coating Research, shares his powder coating

knowledge and expertise by answering questions

sent in from around the world.

Dear Sir,

Can you please explain how the powder will charge in a corona-type gun? Is it
charged with an electrode? Which type of nozzle should be used, a �at jet
nozzle or round jet nozzle?

Thanks, 
Shahroz Khan

Pakistan

Greetings Shahroz,

Your question is a good one. Basically, the electrostatic charge in a corona-type powder spray gun

is created by ionizing air. The high voltage at the gun tip electrode pulls electrons o� air

molecules (N2, O2, etc.) and results in a �eld of negative charge. This electric �eld converges on

the earthed target.

The deposition of powder is accomplished by passing a cloud of particles through the electric

�eld. The particles pick up electrons as they traverse through the �eld. These negatively charged

particles are attracted to the conductive surface if it is adequately connected to earth. As the

negatively charged particles accumulate on the surface of the substrate, negative charge leaves

the substrate to earth. The loss of negative charge at the surface creates a net positive charge at

the interface. This positive face charge secures the negatively charged powder to the surface.

The nozzle type a�ects the manner in which the powder cloud exits the spray gun. It has only

minimal e�ect, if any, on the charging characteristics of the powder.

I hope this helps answer your question.

Best regards,

Joe

Dear Joe,

What is your recommendation to guarantee an adhesion of powder paint for
a hot-dip zinc coating?

Best regards,

Ozlem Ekinci

Turkey

Dear Ozlem,

This is a di�cult question. One of the biggest issues is the variability in the quality of the hot-

dipped galvanized (HDG). It can be very inconsistent, not only from batch to batch of HDG, but

also on di�erent sections of the same part coated with HDG. What I recommend is �rst careful

cleaning of the surface. This can be an alkaline cleaner followed by a good quality rinse. You may

also want to consider media blasting as well, however, this adds cost to the process.

As for adhesion, some powder coatings work better than others. A good quality epoxy will adhere

better to HDG than a polyester powder. Hybrids (epoxy-polyester) fall somewhere in between. If

this is for an outdoor-durable application you need to either use a zinc phosphate pretreatment

with the polyester or the combination of an epoxy primer followed by the polyester topcoat.

Also, it is important to de-gas the HDG prior to applying the powder coating. Otherwise you may

observe pinholes in the coating. De-gassing involves preheating the HDG and applying the

powder to the warm substrate. Preheating to 150 ⁰C to 175 ⁰C usually su�ces.

I hope that this helps answer your question.

Kind regards,

Joe

Hi Joe,

I am currently in the process of doing some R&D with powder coating on top
of chilled, iron grit-blasted material, and we are currently experiencing
problems. I thought you might have a good knowledge of the subject after
reading your Q&As with other powder coaters.

The system we have in place is the SA 2.5 grit blasting, then coated with
APP120 (a zinc-rich primer), and cured at 180 °C for 30 minutes. However, after
this stage the topcoat refuses to adhere to the primed substrate and, when it
does, it generally “stars up” during spraying. I have tried spraying it hot
(metal temp greater than 150 °C), changing cure times for the primer (shorter
bakes at higher temps), lowering gun kVs, and changing the base primer, but
the results are not satisfactory. I wonder if there is anything basic that I could
be missing or a variable that I have overlooked that might improve the
results.

Kind regards,

James Breen, BSc Bio Med

Quality Technician

Hello James,

Thank you for your question. It sounds like you're getting rather frustrated in getting good parts

o� your �nishing line. You are wise to select the materials and process you are trying to make

work. Blasting the metal is a good idea, and the dual coat approach gives a very durable �nish.

To make this work, the devil is in the details.

The biggest problem seems to be getting a good second coat on these primed parts. The �rst

place to investigate is "are you getting a good earth to your parts?" If you are seeing starring and

poor �lm build, you probably have poor electrical continuity to the earth. Checking for earth

requires a megohmmeter that not only measures resistance but also provides up to 500 VDC,

which helps de�ne resistance more accurately. You want to have 1 megohm or less resistance. If

it is greater than 1 megohm start looking for poor contact points including hooks, hangers,

racks, and conveyors.

Regarding the powders, I would stick with the original powders and work on the application

process. It is wise to undercure (or "gel") the primer prior to applying the second coat, then fully

bake the two coats. This provides the best inter-coat adhesion.

I hope this helps. Please let me know if you have any further questions.

Warm regards,

Joe Powder

Do you have a question for Joe Powder? Email kevinbiller@yahoo.com. And be sure to listen to the

Ask Joe Powder “Powdcast” for all the latest news, insights and technology in the powder coatings

industry. Click here to listen!

https://www.completeitwithgema.com/?utm_source=12445-17
mailto:kevinbiller@yahoo.com?Subject=
http://askjoepowder.com/


Buyers’ Guide

As a coatings manufacturer, you use a multitude of raw materials, equipment and services to

formulate, manufacture, cure, test and transport your products. PCI’s 2023 online Buyers’ Guide has

just launched, and is designed to provide you with sources for these important products.

Below is a sampling of some of the companies featured in this year’s Buyers’ Guide. We invite you to

reference the supplier* logos below and click on them to learn more about each company’s o�erings.

Video: Taigashots, Creatas Video+ / Getty Images Plus via Getty Images

Plus, be sure to visit (and bookmark!) our easy-to-use online directory here.

Distributors

Suppliers

*Distributor and Supplier logos represent paid advertising. If you are a distributor or supplier and

would like to receive information regarding your company’s inclusion online and in future editions,

contact Renee Schuett at schuettr@bnpmedia.com or (248) 786-1661.

https://www.pcimag.com/directories/2169-buyers-guide
http://www.pcimag.com/directories/2169-buyers-guide/listing/2083-chem-materials-inc
http://www.pcimag.com/directories/2169-buyers-guide/listing/2351-imcd-us-llc
http://www.pcimag.com/directories/2169-buyers-guide/listing/2267-lintech-international
http://www.pcimag.com/directories/2169-buyers-guide/listing/2358-trinternational-inc
http://www.pcimag.com/directories/2169-buyers-guide/listing/1902-emco-chemical-distributors-inc
http://www.pcimag.com/directories/2169-buyers-guide/listing/3346-boehle-chemicals-inc
http://www.pcimag.com/directories/2169-buyers-guide/listing/1946-tcr-industries-inc
http://www.pcimag.com/directories/2169-buyers-guide/listing/2158-dorsett-jackson
http://www.pcimag.com/directories/2169-buyers-guide/listing/2278-barentz
http://www.pcimag.com/directories/2169-buyers-guide/listing/2316-r-e-carroll-inc
http://www.pcimag.com/directories/2169-buyers-guide/listing/2164-the-terra-firma-co-llc
http://www.pcimag.com/directories/2169-buyers-guide/listing/2433-the-kish-co-inc
http://www.pcimag.com/directories/2169-buyers-guide/listing/2429-jns-smithchem-llc
http://www.pcimag.com/directories/2169-buyers-guide/listing/2315-r-e-carroll-inc
http://www.pcimag.com/directories/2169-buyers-guide/listing/4062-global-biocides-solutions
http://www.pcimag.com/directories/2169-buyers-guide/listing/2776-chemquest-group-inc
http://www.pcimag.com/directories/2169-buyers-guide/listing/2280-michelman
http://www.pcimag.com/directories/2169-buyers-guide/listing/2188-emimills-engineered-mills-inc
http://www.pcimag.com/directories/2169-buyers-guide/listing/2784-active-minerals-international-llc
http://www.pcimag.com/directories/2169-buyers-guide/listing/2347-synthomer-usa-llc
http://www.pcimag.com/directories/2169-buyers-guide/listing/2478-sili-sigmund-lindner-gmbh
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New Range of Ecological
Anti-Foaming Agents
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By Josep Nadal and Lorenzo Rico, Concentrol

Anti-foam products allow controlling the presence of unwanted foam in di�erent processes, including

the manufacture and application of paints.

One of the most critical foaming steps in paints is the grinding phase. During the grinding of paints,

equipment that generates high-shear forces is used in order to obtain a homogeneous distribution of

the particle size of the �llers. Although the equipment is usually designed to reduce foaming, some

entrapped air is unavoidable. Another phase where foam tends to cause deviations in the production

system is during packaging, where the decrease in the density of the paint, meaning the relationship

between its volume and its weight, causes the weight speci�cations to not be reached due to excessive

air content. During the application of paints, high-shear applicators such as spray guns or foam rollers

promote the incorporation of entrapped air in the paint that can cause surface defects in the coating,

such as craters, pinholes, or reduced gloss.

The usual approach to solving foam problems generally involves selecting the appropriate anti-

foaming agent. The optimal anti-foam is usually established based on the characteristics of the

process, the formulation and the type of foam generated in the paint, and whether it is macro- or

micro-foam.

Traditionally, mineral oil-based anti-foams with hydrophobic foam-destroying particles have been

used in the paint industry.1 This class of anti-foams are generally the ones that o�er the best ratio

between anti-foaming e�ectiveness and cost, these two criteria being the ones that often turn out to

be the most important when choosing the anti-foam. However, there is a growing tendency to consider

ecological criteria as a fundamental requirement in the selection of raw materials.

In 2004, the European Union passed the 2004/42/EC paint directive,2 limiting the presence of volatile

substances in paints, varnishes and vehicle �nishes. In 2014, it established the criteria for obtaining

the ECOLABEL,3 with which the �nal consumer is guaranteed that paints and varnishes with this label

will have a minimum content of toxic substances, a minimum content of volatile and semi-volatile

organic compounds (VOC and SVOC), and an assurance of paint and varnish e�cacy when used indoors

and/or outdoors.

For this reason, at CONCENTROL we have designed a new range of mineral oil-free anti-foams, which

are not harmful to humans or the environment due to their low or no toxicity, and include enhanced

bio-degradability of the raw materials. They have been designed with a zero content of VOC and SVOC

(volatile and semi-volatile organic compounds).. From the point of view of e�cacy, they improve anti-

foaming e�ectiveness compared to traditional anti-foams based on mineral oils. The new range of

anti-foam agents comply with the European Union regulation 10/20114 that lists the allowed raw

materials to be used in materials and plastics for food contact applications, making them a suitable

and compliant option for applications such as coatings intended for food packaging.

In short, these antifoams are designed to be the best in terms of quality/cost/ecology ratio.

Presentation

The new range of environmentally friendly anti-foams, EMULTROL DFM, is made up of the following

references, which are compared in the following table with two traditional anti-foams based on

mineral oils.

TABLE 1 ǀ Base composition of the anti-foam range.

Get the data • Created with Datawrapper

Antifoam Base composition Solids (%)

EMULTROL DFM OLM-17 Mineral oils 100

EMULTROL DFM AFO-1 Mineral oil emulsion 55

EMULTROL DFM OLV-24 Vegetable derived oils 100

EMULTROL DFM AFO-24 Vegetable derived oils emulsion 55

EMULTROL DFM OLV-25 Ecological oils 100

EMULTROL DFM AFO-25 Ecological oil emulsion 55

The new formulated anti-foams EMULTROL DFM OLV-24 and EMULTROL DFM AFO-24 are based on

vegetable oils, and the newest EMULTROL DFM OLV-25 and EMULTROL DFM AFO-25 are based on

ecological oils. In the experimental part, further performance tests will be shown to verify how these

new formulations perform in e�ciency as anti-foam and compatibility in test paint applications. High-

quality raw materials have been chosen to ensure that the formulation, as a whole, can be used in the

most sensitive applications such as the formulation of paints and coatings suitable for food contact. In

addition, its composition is optimal to be used in paints and coatings that seek to comply with the

most demanding ecological certi�cations such as ECOLABEL or Nordic Swan.5

Comparative Study

To evaluate the anti-foam e�cacy of these new products, e�ectiveness, stability, and compatibility

tests have been carried out in Concentrol's application laboratories, using as test medium, standard

water-based polymeric dispersions of the paints and coatings industry, such as styrene-acrylic

polymer, acrylic, vinyl-veova, and ethylvinylacetate.

TABLE 2 ǀ Anti-foam compatibility tests with standard water-based polymeric dispersions.
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Dispersion Manufacturer Solids (%) pH MFFT (ºC)

Styrene acrylic copolymer BASF 50 6.5 - 8.5 22

Acrylic copolymer BASF 48 7.5 - 8.5 14

VeoVa® vinyl acetate copolymer OMNOVA 55 4.0 – 5.0 15

Ethylvinylacetate polymer WACKER 60 4.0 - 6.0 2

Anti-Foam Performance Test

To evaluate the anti-foam performance, a 200 ml sample of polymeric dispersion is taken in a beaker,

0.2% of the anti-foam to be tested is added, and a stirring process is undertaken at 1,300 rpm for 5

minutes. The percentage of entrained air is obtained by calculating the di�erence in the measured

density between the initial density of the dispersion and its �nal density after the test. The

preparation is aged in an oven at 45 °C for one week, afterwards the test is repeated to determine the

performance stability of the anti-foam during the aging. This last process allows us to evaluate the

stability of the anti-foam e�ect throughout the shelf life of the paint.

Results and Discussion

Further results of the anti-foaming performance tests in the di�erent test media are shown in Figure

1. A lower % of entrained air indicates a greater anti-foam e�ectiveness.

FIGURE 1 ǀ The results of the anti-foam e�ectiveness tests on four standard water-based polymer

dispersions, showing both the e�ectiveness of the fresh test (blue) and the test after aging of the polymer

dispersion (orange).

It can be seen that ecological anti-foams show a better performance in terms of anti-foam

e�ectiveness than traditional anti-foams. In polymeric dispersions such as styrene acrylic, they can de-

aerate between twice and three times as much entrained air as traditional anti-foams. It is observed

that the references EMULTROL DFM OLV-24 and EMULTROL DFM AFO-24 present an increased

persistency of the anti-foam e�ect against aging. While the EMULTROL DFM OLV-25 and EMULTROL

DFM AFO-25 references show a slightly better immediate anti-foam performance, their aged

performance is comparatively worse.

Anti-Foam Compatibility Test

The compatibility of the studied anti-foam preparations with the di�erent polymer dispersions is

evaluated in order to verify that the anti-foam does not cause quality problems such as �sh eyes,

craters, or orange peel in paint application. For this purpose, an application of the preparations of

polymer dispersions, with a Mayer-type spiral bar, of 25 micrometers depth, on a LENETA® cardboard

support, has been tested.

Figures 2, 3, 4, and 5 show the compatibility tests of the polymer dispersions, showing examples of

each of the new references in comparison with their traditional anti-foam equivalent. It can be seen

that the �nished coatings containing anti-foams are generally better or similar to the �nish of the

control test. A trend is observed where preparations with less entrained air % show a better coating

and levelling, resulting in a more homogeneous �nish.

FIGURE 2 ǀ Compatibility test in dispersion of styrene acrylic copolymer.6

FIGURE 3 ǀ Compatibility test in acrylic copolymer dispersion.6

FIGURE 4 ǀ VeoVa® vinyl acetate copolymer dispersion compatibility test.6

FIGURE 5 ǀ Ethylvinylacetate polymer dispersion compatibility test.6

Conclusions

A new range of ecological anti-foams has been developed as an alternative to mineral oil-based anti-

foams, showing an equal or better anti-foaming performance for applications in architectural paint

formulations. In addition, they have an excellent compatibility with most of the standard paints on the

market. And last but not least, they are designed for the most sensitive applications, ful�lling the

most demanding ecological and food standards in the paint and coatings sector.
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Today, many coatings producers are increasingly focusing their production towards water-based

coatings and are moving away from solvent-based formulations. This is to reduce the VOC content of

their formulations, not only to make it friendlier for the end-user, but also to improve the

sustainability impact on the environment by reducing their CO2 footprint.

Incorporation Challenges

Replacing traditional coatings technologies with water-based coatings can be challenging. The quality

and performance of the original solvent-based coating must be maintained otherwise this will have a

negative impact for the end-user. Very often, the bio-based technologies must perform just as well or

better than the existing technology to justify their incorporation.1,2 However, with the growing

consumer, governmental and market interest, development of sustainable and bio-based alternatives

is becoming a major sector within the coatings industry.

What Are Some Sustainable and Bio-Based Alternatives?

Currently, Borregaard AS produces a variety of wood-based performance chemical products from

renewable sources. Two of these products: lignosulfonate (LS) and micro�brillated cellulose (MFC),

both produced from the Norway spruce tree, have been added into various water-based coatings with

excellent results.

Lignosulfonates in Water-Based Coatings

LSs are used in various application areas, primarily as dispersants or binders.3 These LSs are water-

soluble polymers that act as electro-steric dispersants, providing both electro-static and steric

dispersion mechanisms. This is due to both the size of the LS polymers as well as the charges on the

surface of the polymer itself. An example of this is shown below in Figure 1.

FIGURE 1 ǀ Representation of the lignosulfonate structure. Extraction of the lignin from wood into water

involves treatment with hydrogen sulphite as the active reagent under acidic conditions, fractionating and

sulfonating the polyphenolic lignin structure, and bringing the resulting anionic polymer into solution.4

LS is an amphiphilic polymer, in that the natural lignin backbone is hydrophobic and the introduced

sulfonate charges are hydrophilic. This allows LS to wet both hydrophilic and hydrophobic surfaces,

enabling dispersion of a wide range of pigments. The complex structure of the backbone, containing

aromatics, hydrogen-bond donors/acceptors, ethers, alcohols, and carboxylates serve as anchoring

sites for a wide range of pigments including iron oxides, titania, organics, carbon black, graphite, etc.

By anchoring to the pigment and �ller surfaces, the lignosulfonates introduce a negative charge onto

the interface, resulting in electrostatic repulsions between the particles in the pigment formulation.

This dispersing action has the following bene�ts:

Reduced viscosity in the mill base, allowing better milling with lower water and higher

pigment load.

Small and stable pigment particle size, resulting in improved color strength.

Reduced �occulation of pigments and �llers in concentrates and �nished formulations (inks,

coatings, etc.), giving better storage stability.

Micro�brillated Cellulose in Water-Based Coatings

MFC has been used extensively as a rheology modi�er within various coatings formulations.5,6,7 The

unique, three-dimensional (3-D) network of cellulose �brils within the MFC interacts with the

components of a coating formulation through a mixture of chemical interactions, via the hydroxy

groups forming hydrogen bonds, and physical entanglements of the �brils. An example of this unique

network is shown in Figure 2.

FIGURE 2 ǀ Scanning electron microscopic (SEM) view of MFC with the unique entanglement of the cellulose

�brils.

This allows for a diverse range of bene�cial properties when MFC is added into a water-based coating

formulation:

Increased formulation stability

Increased shear-thinning

No-e�ect on color di�erence

Sag resistance with good levelling

Retained viscosity on tinting

Reduced mud-cracking

MFC is typically used together with a secondary thickener, for adjusting the mid-shear (KU) as well as

the high-shear viscosity (ICI), to compensate the exemplary shear-thinning e�ects provided by the

MFC. This allows the formulators to adjust the low-shear and mid/high-shear areas separately, leading

to excellent sag resistance and stability combined with good levelling and excellent

spraying/application pro�le with reduced misting and splattering e�ects.

Unique Bio-Based Synergies

Incorporating both MFC and LS into a water-based acrylic interior decorative spray primer allows for

some unique synergies to occur that dramatically improve the quality of the �nished primer without

any negative e�ects on the color di�erence. Table 1 shows incorporation of a LS (PIONERA DX5300) and

a MFC (Exilva F 01-V), either separately or combined, into the water-based acrylic spray primer. Both of

these additives are produced at Borregaard AS.

The LS was used as a replacement for the reference dispersant, which is based on a sodium salt of a

carboxylic acid copolymer. The LS was added directly as powder into the primer formulation during

the grind-phase (6.5 m/s, 25 min) for maximum dispersion. The MFC, along with a high-shear

thickening hydrophobically modi�ed urethane-ethoxylate (HEUR) as a secondary thickener, were used

as replacements for two reference rheology modi�ers, one being a low-shear thickening

hydrophobically modi�ed alkali-swellable emulsion (HASE) and the other, a mid-shear thickening non-

ionic HEUR. The MFC was also added to the primer formulation during the grind phase to provide the

best possible dispersion of the MFC. The water content for all formulations was adjusted accordingly.

TABLE 1 ǀ Overview of the acrylic water-based primer formulations incorporating LS and MFC.
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Additives Primer Formulations

Reference (%) LS-Based (%) MFC-Based (%)
LS & MFC-Based

(%)

Diluent (water) 12 12.8 9.8 10.7

Defoamers 1 0.5 0.5 0.5

- 1 0.8 0.8 0.8

Wetting agent 0 0.2 0.2 0.2

pH additive 0 0.2 0.2 0.2

Reference dispersant 1 - 1 -

LS (PIONERA DX5300) - 0.15 - 0.15

Grind-Phase Pigment 19 19 19 19

Filler 6 6 6 6

Reference rheology additive (low-shear
thickening HASE) 0 0.05 - -

Reference rheology additive (mid-shear
thickening HEUR) 0 0.3 - -

MFC (exilva F 01-V) - - 2.5 2.5

High-shear thickener (HEUR) - - 0.7 0.7

Let-Down Acrylic binder 56 55.5 55.5 55.5

Coalescing agent 3 3 3 3

Post Let-Down Diluent (water) 2 1.5 0.8 0.8

Total (%) - 100 100 100 100

Each formulation tested was analyzed after heat treatment (50 °C) for two weeks with subsequent cooling to room

temperature. The active content dosaging of LS used was 50% less compared to the reference dispersant.

No Visible E�ect on Color Di�erence

As human color perception varies from person-to-person, measuring the color di�erence using

colorimetry between paints is a critical analysis for the coatings industry. Any change in color of a

paint during production can have a detrimental e�ect for the end-user. The CIELAB analysis will

determine any changes in lightness and chromaticity of a paint and will give a value to which other

paints can be compared to. This analysis will even detect changes in color below the observable

threshold of a human eye.

The color di�erence of all four primers was measured on the clear-coated opacity Byko-Chart 2810

using the CIELAB method (Standard NS-EN ISO/CIE 11664-4:2019) using a CIELAB color meter. The

values were obtained on drawdowns with a wet-�lm thickness of 200 µm. After analysis of the dried

�lms by the color meter, all three primers gave a color di�erence value (ΔE*) when compared to the

reference primer. The ΔE* values for all three primers are below the “just noticeable di�erence” (JND)

threshold (>2.33 CIELAB) according to the ISO/CIE standard, as shown in Figure 3.

FIGURE 3 ǀ CIELAB color di�erence values as measured by the CIELAB color meter (Standard NS-EN ISO/CIE

11664-4:2019).

Substitution of the reference dispersant with the LS provides a primer with no noticeable color

di�erence (1.32). Replacement of the original rheology modi�ers with MFC and the secondary HEUR

thickener into the reference primer gave no change in color di�erence (0) compared to the reference

primer. Replacement of both the respective dispersant and rheology modi�ers with LS and MFC with

the secondary HEUR thickener also give an imperceivable change on the color di�erence on the dried

�lm (1.32).

Superior Sag Resistance

Application of a wet coating of paint to a vertical surface will allow the paint to �ow down the surface

under its own weight with cohesive forces opposing this �ow. Measuring the magnitude of resistance

to this �ow is called the sag resistance. Depending on the viscosity, the adhesive nature, and the wet-

�lm thickness of the applied paint, this sag resistance will vary in magnitude. Generally, a paint with a

low viscosity will have a lower level of sag resistance compared to a paint with high viscosity levels.

Measuring the sag resistance of a paint will determine whether defects, such as dripping and

curtaining, will occur for the end-user.

The sag resistance of the four primers was analyzed using the Leneta Anti-Sag Meter ASM-3 High-

Range from 350 – 1,500 µm following ASTM Standard D440:18. The visual representations of the dried

sagging drawdowns for all four primers, tested on �lm-laminated Byko-Charts 2852, are shown in

Figure 4.

FIGURE 4 ǀ Reference primer (far-left), LS-based primer (centre-left), MFC-based primer (center-right), LS- and

MFC-based primer (far-right) sag-resistance drawdowns on �lm-laminated Byko-Charts 2852 (ASTM Standard

D4400:18).

Table 2 below shows the sag-resistance values (µm) for the four primers tested based in Figure 4

above. Cleary, addition of the LS dispersant increases the �ow properties of the primer, reducing the

sag resistance (500 µm) compared to the reference primer value (625 µm). As expected, addition of

MFC, a known rheology modi�er, increases the sag resistance to a higher level (750 µm) compared to

the reference primer. However, using both the LS and MFC together creates a synergy, whereby the

sag resistance is increased further (875 µm). This increase in sag resistance could be down to

interaction of the 3D-network of the MFC with the LS8 and secondary thickener, strengthening the

overall integrity of the LS- and MFC-based primer, leading to reduced sagging.

TABLE 2 ǀ Sag-resistance values (µm) for all four primers tested.
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Primer Formulations Sag Resistance (µm)

Reference 625

LS-based 500

MFC-based 750

LS and MFC-based 875

Increased Thixotropic Recovery

Thixotropy is the property of certain �uids and gels becoming thinner when a constant force is

applied, and after reduction of the force the viscosity recovers fully to the initial state in an

appropriate period of time.9 Measuring this e�ect in a coating formulation will give an overall view of

how a coating will respond during application and whether there will be a potential for increased sag

resistance or better levelling. A three-interval thixotropy test10 (3-iTT) measures the viscosity recovery

after shearing at 12,000 s-1, which mimics the ICI viscosity11 of a coating being sprayed, as well as the

rest viscosity before shear. The speed of the recovery viscosity back to the initial rest viscosity will give

a good indication of the amount of sagging or levelling a coating might have.

Figure 5 shows the overview of the 3-iTT for all four primers analyzed. The reference primer (grey) has

a slow thixotropic recovery, after shearing, potentially meaning poor sag resistance but greater

levelling. The LS-based primer (orange) has a very-high rest viscosity before shearing, which is not

restored during the recovery viscosity step. This would indicate poorer sag resistance than the

reference primer as seen with the sag-resistance drawdown and values in Figures 4 and Table

2, respectively. This lack of thixotropic recovery returning back to the rest viscosity after shearing

could also indicate further problems before and after application.

FIGURE 5 ǀ The 3-iTT of all four formulations tested. All formulations were measured using an Anton-Parr

MCR rheometer, high-shear bob and cup geometry, at room temperature.

Addition of MFC (blue) into the primer formulation has a signi�cant increase in recovery viscosity after

shearing but with a small delay until the initial rest viscosity is reached. This increased thixotropy

implies improved sag-resistance properties of the primer compared to the �rst two primers (grey and

orange), as seen in Figure 4. However, with the short delay in reaching the initial rest viscosity, this

primer should have some levelling present after application.

Addition of both the LS and MFC into the primer formulation (green) gives the highest magnitude of

thixotropic development after shearing. This should result in the highest level of sag resistance for all

four primers tested, as seen in Figure 4, but with the lowest amount of levelling after application. This

synergistic e�ect is another useful bene�t that the addition of LS and MFC o�ers this water-based

acrylic spray primer where increased sag resistance is important.

Enhanced Formulation Stability

Yield stress and shear viscosity values give an indication of a coating’s storage stability at rest as well

as the behavior during and after application. The higher the yield stress, the more resistant a coating

formulation will be to syneresis and settling over time. This allows for better in-can storage stability,

making a more user-friendly primer.

Measuring the shear viscosity, at both low shear and high shear, is also important to determine the

properties of a coating during and after application. High low-shear viscosity values show a

formulation’s ability to resist dripping/�ow o� a vertical surface after application, potentially leading

to a dried �lm with no defects. During application, an e�ective high-shear viscosity for the acrylic spray

primer (~0.1 Pa.s)11 can give an excellent spray/application pro�le without misting or spattering

occurring.

As shown in Table 3, there is no yield stress associated with the reference and LS-based formulations.

Yield stress is only present for the formulations containing MFC, with the highest value (2 Pa) being

present in the LS- and MFC-based primers. This increase in yield stress for the MFC-based primers,

from 0.9 Pa to 2 Pa, could again be down to the interaction of the MFC’s 3D-�bril-network, with the

LS8 and secondary thickener increasing the stability of the formulation. This implies a synergy with

regards to in-can stability of the formulation when both MFC and LS are present. The low-shear

viscosity is also highest in LS- and MFC-based formulations (4630 Pa.s), again implying better stability

after application of this primer onto the desired surface. This matches well with the sag resistance

and 3-iTT results in Figures 4 and 5, respectively.

TABLE 3 ǀ Yield stress (Pa) and shear viscosity (Pa.s) of all primer formulations tested.
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Primer Formulations* Yield Stress (Pa) Low Shear Viscosity (0.0001 s-1) High Shear Viscosity (12,000 s-1)

Reference 0 352 0.04

LS-based 0 270 0.04

MFC-based 0.9 2730 0.15

LS and MFC-based 2 4630 0.15

*All formulations were measured using an Anton-Parr MCR Rheometer, high-shear bob and cup geometry, at

room temperature.

The high-shear viscosities for both the reference and LS-based primers (0.04 Pa.s) are below the ideal

spray viscosity (~0.1 Pa.s).11 This will lead to potential misting and spattering when applied by

spraying or roller. Addition of MFC with the high-shear thickening secondary HEUR increases the high-

shear viscosity to an acceptable level (0.15 Pa.s). This viscosity level is maintained when the LS is

incorporated into the mix design. Again, use of both LS and MFC within the primer indicates useful

synergies regarding in-can stability and primer application properties.

Improved Gloss with No Detrimental E�ect on Hiding Power

Gloss and hiding power are important aspects regarding the quality of the coating’s dried �lm and are

measured by using a glossmeter (ASTM Standard – D523) and re�ectometer (ASTM Standard – D2805-

11), respectively. Gloss relates to how much light is re�ected into the recipient’s eye, while hiding

power indicates how well the coating’s dried �lm covers the surface it has been applied onto.

Maintaining and improving these are critical to the success of a coating formulation.

As shown in Figure 6, the reference primer has a medium gloss level (26.2 GU) measured at 60°. The

LS-based primer formulation has an increase in the gloss value (34.4 GU). MFC shows a matting e�ect

typically at higher dosages but due to the use of the secondary HEUR thickener, which promotes gloss,

the gloss values are maintained above the reference primer (35.6 GU). Substitution of both the LS and

MFC with the high-shear thickening secondary HEUR into the primer allows for a higher gloss value

(43.6 GU) than when used separately, giving another useful synergy.

FIGURE 6 ǀ Gloss (GU) (ASTM Standard – D523) and Hiding Power (%) (ASTM Standard – D2805-11) of all

primer formulations tested at 150 µm wet-�lm thickness, measured on Byko-Chart 2810..

The hiding power of the reference formulation was above 98% at 150 µm wet-�lm thickness. All other

formulations were measured and compared at this wet-�lm thickness. All primer formulations tested

had similar hiding power (98.5% ±1). Based on these results, substitution of both the LS and MFC into

the primer formulation has no detrimental e�ect on hiding power.

Overall

Substitution of the synthetic additives for the water-based LS and MFC provides a coating that

outperforms the original formulation and improves the CO2 footprint of the coating. Incorporation of

both LS and MFC into a water-based coating formulation gives a synergistic e�ect when analyzing the

�nished properties of the water-based acrylic spray primer. Addition of these two bio-based additives

together provide:

Not only will adding these two unique bio-based additives boost the end-use pro�le of water-based

formulations, but by substituting synthetic, petroleum-based additives, the sustainability pro�le of

them will improve and give a better overall water-based coating for the end-user.

No visible e�ect on color di�erence

Superior sag resistance

Enhanced formulation stability

Improved gloss with no detrimental e�ect on hiding power
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By Dr. Jana Heiler, Global Commercial Marketing Manager, Pigments for

Architectural and lndustrial Coatings, Sun Chemical and Davis Koleas,

Sustainability Director, CoolSeal by GuardTop, CoolSeal by GuardTop

The coatings industry will play a major role in our near future’s sustainable way of life. It is interwoven

with basic human needs such as creating a home, connecting friends and family through means of

transportation, as well as with healthy ways of earning a living in an industrialized economy.

Living up to this relevance, coatings solutions are expected to enable aesthetic and agreeable long-

term protection for surfaces, while utilizing the least possible number of resources.

Accordingly, new generations of pigments for coatings must provide more than color for surfaces. Not

only must they enable the aesthetic visual appearance through colors and e�ects, they are also

required to contribute to a comfortable, safe, and sustainable future.

Driven by the creation and production of solutions to improve the human condition, new pigments are

developed with the aim to safely deliver color and comfort for sustainable prosperity. Providing

functionality that goes beyond aesthetic appearance, pigments for coatings are evolving into all-

around talents that combine various bene�ts, such as reducing resource consumption, protecting

surfaces and the materials they coat, and increasing comfort in everyday life.

This article reviews a new generation of coatings and color materials supporting the “Cool City”

initiative showcased across the United States as well as the industry collaboration of CoolSeal by

GuardTop® and Sun Chemical’s Color Materials division. This collaboration combines Sun Chemical’s

unique near infrared (NIR) re�ective pigments with CoolSeal’s bene�ts for a sustainable urban life.

The collaboration:

Enables solar heat management functionality in end-user applications that increases

convenience and contributes to sustainably reducing avoidable resource consumption.

Allows for the creation of more durable coatings using inorganic pigments that can extend the

substrate’s lifetime and reduce resource consumption for repeated renovation.

Reduces energy consumption in coating production thanks to the easy dispersibility of

pigment preparations.

Supports environment, health and safety (EHS) compliance as well as eco-label-compliant end-

user products by reducing formulations to the essential minimum number of raw materials.

Delivers on Sun Chemical’s sustainability strategy focusing on collaboration, products and

services and operations, and supports various United Nations sustainable development goals.

Reducing Heat Load in Urban Spaces

Solar heat management in coatings applications is no longer a niche requirement, especially in North

America where pioneering coatings producers have proven their heat reduction competence in various

architectural, automotive, and industrial markets. The usage in coil coatings for roo�ng applications or

façade painting and stylings for the automotive industry are just a few examples. What these

applications have in common is that they reduce the heat built-up in central living areas, thereby

increasing comfort and reducing the need for resource-intensive air conditioning.

The increasing heat in urban habitats is a key topic for a sustainable and healthy way of life. According

to the World Meteorological Organization (WMO), the urban heat-island e�ect can raise temperatures

by 5 °C to 10 °C.1

Correspondent to this concern, the United States Environmental Protection Agency (EPA) has started

the Urban Heat Island Program, pointing out that urban heat islands occur when cities replace natural

land cover with surfaces that absorb and retain heat. The organization wants to �ght the resulting

energy costs from air conditioning as well as heat-related illness and mortality.2

In 2015, the United Nations set 17 sustainable development goals as the heart of the 2030 Agenda for

Sustainable Development. These 17 interconnected global goals are designed to be a “blueprint to

achieve a better and more sustainable future for all.” Sun Chemical is most closely aligned with nine of

the 17 goals; those impacting climate change and resource conservation, sustainable use of natural

resources, as well as food, safety, and health.

One popular example of active engagement for healthy city life is the Cool Pavement Program in

Phoenix, Arizona. The cool pavement coating CoolSeal by GuardTop® re�ects a higher portion of the

sunlight that hits it, hence absorbing less heat.

Streets with the NIR-functional asphalt coating reduce urban heat in a Phoenix suburb. Image courtesy of

GuardTop.

During a year-long study led by the City of Phoenix and Arizona State University, CoolSeal was found

to have an average surface temperature 5.8 °C to 6.6 °C cooler than the control pavement. Even at

sunrise, pavement coated with CoolSeal was an average of 1.3 °C cooler than traditional pavement.3

Measuring Total Solar Re�ectance in Coating Stylings

In reaction to the emerging relevance of solar heat management, producers have started to work with

tools calculating the total solar re�ectance (TSR) value of a surface, which enables them to design

long-lasting products with reduced heat build-up. Thus, calculating the formulation-speci�c TSR of a

coated surface has become a key competence in the creation of a styling. Due to the low TSR of carbon

black, which is leading to a high heat build-up in end-user applications, the development of deep black

functional pigments as an alternative has been a key innovation goal.

Figure 1 shows how formulations with new inorganic black pigments reach around 80% TSR in the near

infrared (NIR) spectrum, compared to around 10% TSR of carbon black pigments. At the same time, the

re�ectance in the visible spectrum stays at a nearly identical black appearance.

FIGURE 1 ǀ Near infrared (NIR)-functional pigment enabling solar heat management in coated surfaces.

Modern pigment chemistries enable these attractive TSR values on a coated surface either by directly

re�ecting solar energy from the heat-relevant NIR spectrum or by staying transparent when being

applied to an NIR-re�ective surface. Figure 2 shows the di�erent usage of NIR-re�ective and NIR-

transparent pigment solutions in coatings applications.

FIGURE 2 ǀ NIR-functional pigments enabling solar heat management in coated surfaces.

More Durable Coatings with Inorganic Color Materials

In addition to the heat reduction of human habitats, the reduced heat stress of coated materials

comes with an additional protective function, leading to a longer lifetime. The surface color is a

relevant factor in�uencing its heating behavior and goes hand-in-hand with the heating of the carrier

material. The trend of anthracite window frames and doors on the dark surfaces of carrier materials

can lead to thermal expansion and signi�cant stress in the same or adjacent component. This stress

can result in the destruction of the material.

In asphalt pavement, one of the most problematic failure modes is cracking caused by thermal

fatigue. Asphalt pavement expands and contracts as it heats and cools throughout the day, causing

cracks within the pavement. These cracks can allow water intrusion, further degrading the pavement.

Many sealcoats will �ll in existing cracks to reduce water damage, but only special asphalt coatings

with NIR-functional pigments may reduce the surface temperatures to manage the problem at

its source.

Apart from the protective functionality of reduced heat load, NIR-functional inorganic pigments come

with outstanding durability properties. Pigment Brown 29 is a complex inorganic pigment based on

iron oxide. In the production process of coatings, this chemistry delivers extremely high heat stability

and good chemical resistance. In end applications, the outstanding weather fastness leads to non-

fading of the coloristic appearance and consumes fewer resources due to the reduced requirement

for regular renovation.

Reducing Energy Consumption in Paint Production with Dry Pigment

Preparations

Delivery form is an important innovation �eld for increasing the sustainable properties of color

materials. While pigment preparations are often stabilized as a liquid, paste, or slurry to simplify their

usage in coatings production, dry pigment preparations come with improved cleaning and

storage properties.

Dry pigment preparation in the form of granules simpli�es the handling, speeds up the throughput

within the production plant, and reduces the energy required in the most energy-consuming

processing steps of coating creation. Thus, the increased value in use combines economic and

environmental impact to gain sustainability advantages. An important area of development is also the

creation of easy dispersible pigments. The aim is a new technology that enables coatings companies to

reduce the time and cost in the production process.

Figure 3 shows a conventional coatings dispersion process that includes pre-dispersion and a complex

milling process that ultimately takes several hours for the generation of the desired color. If a dry

pigment preparation is used, the time- and energy-intensive dispersion process can be omitted

completely. Instead, the granules are simply stirred into the binder.

Since the granules are already optimized for dispersion, the quality control process is also simpli�ed.

Used in the production of functional asphalt coatings, the granule pigment preparations eliminate the

need for in-process tint strength and mass tone testing. If the occasional adjustment is required,

pigment can be added to a �nished batch without any need for re-grinding or re-milling.

FIGURE 3 ǀ  Conventional milling vs. reduced invest with dry pigment preparation.

Reducing Formulations to the Essential Minimum Number of

Raw Materials

In addition to special functionalities and distribution forms for resource reduction, the strengthening

of sustainable pigment properties also considers the trend of reducing components to the essential

minimum number of raw materials. More accurate analytical possibilities and better knowledge about

the e�ect substances might have on the environment and on human well-being, have led to stricter

global regulations. A few examples include the evolving global ban for lead-chromate, limits for

volatile organic compounds (VOC), the reduction of biocides, and APEO (alkylphenol ethoxylates)-free

paint.

Accordingly, the use of volatile organic compounds in asphalt has been a subject of regulatory scrutiny

for decades. This has led to the development of waterborne asphalt emulsions that use zero VOCs.

These coatings are formed from strictly essential raw materials and are routinely sampled by state

and federal agencies to ensure quality and EHS compliance. Typical sealcoat testing puts the total

VOC content at less than 25 parts per billion.

With an increasing number of global laws and regulations, non-governmental organization initiatives,

as well as eco-labels for consumer guidance, the relevance of all components of a coating’s formulation

have also become an important parameter for pigment development.

While the usage of a higher number of additives tends to make the paint production more complex, it

also becomes a requirement to indicate the usage of speci�c components. Thus, an important area of

development is the creation of universal, but additive-free pigments that do not negatively in�uence

coating formulations with unwanted components. In addition, due to the high relevance of

environmental, health, and safety regulations, expert teams now consolidate the latest global

standards, translating new �ndings into requirements for production and product innovation.

Conclusion

As the coatings industry is working on integrated ways to make carbon dioxide footprints of their

products and value chain transparent and comparable, aiming for sustainable advantages has become

a decisive factor in the development of new coating solutions. The application of a cool asphalt surface

enabling solar heat management in Phoenix, Arizona is a lighthouse project for the functional design

of industrial coatings.

Dr. Jana Heiler is the Global Commercial Marketing Manager, Pigments for Architectural & lndustrial

Coatings at Sun Chemical. To learn more about Xfast Black and Sicopal Black functional pigments for

solar heat management, visit www.sunchemical.com/solar-heat-management-pigments. Davis Koleas

is the Sustainability Director at CoolSeal by GuardTop. Learn more at https://guardtop.com/coolseal/.
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Stabilizer Solutions
Methods to Improve Resistance of BPA/BPF-Based

Epoxy Resins to Light and Heat Damage

By Sangjoon Park, Benno Blickenstorfer, and Rosanna Telesca, SONGWON

Industrial Group, Ulsan, Korea

Coatings can be applied to various materials to give unprecedented functions or to prevent damage to

the underlying surface caused by external factors. They can also enhance the value of objects through

a variety of color and gloss characteristics. Appropriate resin selection is essential to meet speci�c

application requirements. Epoxy resins, the main subject of this article, are widely used in coatings

thanks to their excellent adhesion to materials and their durability. Bisphenol A- and bisphenol F-

based epoxy resins and amine hardeners are common components of epoxy coatings. However, epoxy

resins typically contain aromatic groups with strong absorption in the UV range. This makes epoxy

structures vulnerable to UV degradation. Their poor UV light resistance limits their suitability for

exterior applications. Light stabilizers retard the e�ects of UV degradation such as yellowing by

screening UV light and by slowing down the rate of radical degradation reactions. Antioxidants further

reduce the yellowing caused by heat. The performance of SONGWON stabilizers in a typical

commercial epoxy resin with hardeners was tested and reviewed below.

Experiment

Materials and Preparation

The formulation incorporating a 50:50 resin mixture of BPA/BPF (Table 1) was designed to evaluate the

performance of stabilizers. Cycloaliphatic diamine was reacted with the resin to initiate curing. The

amounts of resin and hardener were calculated according to the stoichiometric ratio. Diluents and

solvents were added to control viscosity and improve workability. Stabilizers were classi�ed as UV

absorber, HALS, and antioxidant to test their performance. The �lm thickness was adjusted to 2 mm

through weighing and actual measurement in an aluminum dish used as a molder. The prepared

specimens were placed in an air circulation oven (Memmerts UF110) set at 30% fan speed, 100%

ventilation, and 40 °C, and cured for 12 hours. After conditioning for 7 days at 23 °C and 50% relative

humidity, the specimens were exposed to weathering as described below.

TABLE 1 ǀ Solvent-based epoxy formulation.

Get the data • Created with Datawrapper

# Chemistry Content (wt. %)

1 Diglycidyl ether bisphenol A (BPA) 30

2 Diglycidyl ether bisphenol F (BPF) 30

3 Monoglycidyl ethers of C12 to C14 alcohols 4

4 Stabilizers Various

5 Benzyl alcohol 18

6 Cycloaliphatic diamine 12.7

Arti�cial Weathering

The specimens were exposed to photo-aging in a Bandol Wheel® H400 developed by SEVAR/SEVN

Bandol. The specimens were mounted on a circular rack around the horizontal axis. The rack rotates

around a medium-pressure UV mercury lamp whose bulb is enclosed in a borosilicate envelope. The

lamp provides an irradiance of 95 W/m2 at wavelengths between 300 and 400 nm. The Bandol Wheel

reproduces the main natural phenomena responsible for chemical alterations on polymer matrices

and additives. It considerably accelerates the kinetics of alteration that would occur naturally. The

samples were exposed to a nominal UV radiation level corresponding to about “2 suns”. Degradation

e�ects become visible after shorter periods than with other methods.

The programmed protocol was set to a black panel temperature of 60 ℃. The rack speed of six rounds

per day ensured that the specimens were immersed in water for 17% of the time. The Bandol Wheel

meets the requirements speci�ed by the EN 16472 standard. Exposed specimens were withdrawn

every 20 hours for color data measurement by spectrophotometer.

Color Measurement

Color development on the exposed specimens was determined using a HunterLab MiniScan EZ

spectrophotometer (geometry; di�use/8°) with a 2.5 cm diameter aperture (illuminant 65, and 10°

standard observer). The color was measured on a standard white tile (Hunterlab, 11-0108-50), taking

into account the transparency of the specimens.

To express the discoloration ΔE (color di�erence), the Euclidean distance between two coordinates

pro�led as L*, a*, and b*, and ΔYI (Yellowness Index) were adopted according to:

      ∆E*ab = [(∆L2) + (∆a2) + (∆b2)]1/2.

Yellowness Index was expressed as the number calculated from spectrophotometric data in

accordance with ASTM E313:

      YI = 100(CXX-CZZ)/Y

CX,CZ: coe�cients of the equations for Yellowness Index.

X, Y, and Z: CIE tristimulus values.

The higher the color di�erence values  (ΔE, ΔYI), the stronger the color change. Three measurements

were taken for each specimen and the average was calculated in each case.

FIGURES 1-2 ǀ Exemplary cured epoxy coatings specimens: initial stage (left) and after 80 hours weathering

in Bandol Wheel® H400 (right).

Light and Heat Stabilizers

SONGWON develops and manufactures both light and heat stabilizers. SONGSORB® CS light

stabilizers retard the damaging e�ects caused by UV light. UV absorbers (UVAs) absorb ultraviolet

energy and convert it into harmless heat. Hindered amine light stabilizers (HALS) trap the radicals that

form and deactivate them. SONGNOX® CS heat stabilizers or antioxidants interrupt the auto-

oxidation process caused by the e�ects of elevated temperatures.

The study includes a performance comparison of three benzotriazole (BTZ) and one hydroxyphenyl

triazine (HPT) UV absorber as well as the combined e�ects at various HALS ratios and with an

additional antioxidant. Added stabilizers are listed in Table 2 and their dosage is given in the following

�gures, expressed as wt. % based on resin.

TABLE 2 ǀ Stabilizers.

Get the data • Created with Datawrapper

UV Absorber HALS Antioxidant

BTZ#1

BTZ#2 HALS#1 AO#1

BTZ#3

HPT#1

Results

Figure 3 shows ΔE color change and ΔYI results over an aging period of 200 hours. All three

benzotriazole UVAs show a positive e�ect on the light stabilization of the epoxy coating. The

hydroxyphenyl triazine UVA outperforms the BTZ materials by at least 4 ΔYI units. HPT#1 shows a

lower color di�erence of 8 ΔE units than the non-stabilized formulation.  

FIGURE 3 ǀ Comparison of UV absorbers: color change (ΔE, ΔYI) of specimens after di�erent accelerated aging

periods on Bandol Wheel H in accordance with DIN EN 16472.

The HPT#1-containing coating was further modi�ed with a HALS and an antioxidant. The aging results

are shown in Figure 4. Both additions further improve the light stability of the epoxies. The

formulation containing all three stabilizer chemistries results in a further ΔE reduction of 2.5 units.

This combination shows ΔYI to be 20 units lower than the non-stabilized formulation.

FIGURE 4 ǀ Combination of stabilizers (UVA, HALS, and AO): color change (ΔE, ΔYI) of specimens after

di�erent accelerated aging periods on Bandol Wheel H in accordance with DIN EN 16472.

The e�ects on protection of varying UVA:HALS ratios are shown in Figure 5. Being a non-pigmented

model coatings system, the 3:1 ratio of HPT#1 to HALS provides another approximately 2 ΔE-unit

improvement, while keeping the overall stabilizer quantity constant.  

FIGURE 5 ǀ Color change (ΔE, ΔYI) of specimens with di�erent ratios of UVA to HALS and after di�erent

accelerated aging periods on Bandol Wheel H as speci�ed in DIN EN 16472.

Conclusion

Yellowing of epoxy coatings is caused by photo- and thermochemical oxidation. These degradation

processes can also lead to deterioration of a coating’s physical and mechanical properties. The

inherent tendency to discoloration of epoxy coatings can be minimized by suitable selection of

preferably aliphatic amines or by initially setting the color of the system to yellowish or dark shades.

For this reason, epoxy coatings are frequently top coated with more weather-resistant materials.

To respond more fundamentally, SONGWON’s stabilizers help to retard the degradation of epoxy

coatings caused by both oxidation processes. The study shows that the combination of hydroxyphenyl

triazine UV absorber, hindered amine light stabilizer (HALS) and phenolic antioxidant provides

substantial bene�ts as regards discoloration. Optimization and adjustment of UVA:HALS ratio can

further improve performance, depending on the speci�c characteristics of the epoxy coating. With

light or white pigmented systems in particular, stabilizer combination and add-on quantity needs to

be further balanced with a view to initial color.

For further information or technical support, contact coatings@songwon.com or visit

www.songwon.com.

javascript:void(0)
https://www.datawrapper.de/_/H2Ics
javascript:void(0)
https://www.datawrapper.de/_/d4fcB
mailto:coatings@songwon.com
http://www.songwon.com/


Video: Milkare, Creatas Video+ / Getty Images Plus, via Getty Images

By Artur Palasz, Ph.D., Spektrochem, Poland

The winter period limits the course of some construction work such as painting or plastering, and is

also unfavorable for the logistics of water-based paints. The need to transport dispersion paints at

positive temperatures often necessitates organizing transport on days without forecasted

temperature drops below 41 °F (5 °C) or providing transport with heated vehicles. While these

conditions are possible, it is often impossible to ensure full loading and unloading at positive

temperatures. Heating system failures expose the transported paints to an unpredictable long period

of exposure to temperatures close to 32 °F (0 °C) and much lower, depending on latitude and the

winter season in di�erent regions of the world.

When water freezes in the packaging of dispersion paints, ice crystals form, which increase in volume

due to the temperature drop, and cause deformation of the polymer dispersion particles and force

additives into them, especially surfactants that cause the polymer particles to coagulate.

For preventive protection of water-based dispersion paints against uncontrolled exposure to low

temperatures, appropriate additives can be used to prevent damage to paints and the raw materials

present in them, the vast majority of which are highly sensitive to frost. This coagulation (Figure 1)

may be manifested by the presence of lumps, an increase in viscosity, or complete coagulation in the

form of needles, lumps, or solidi�cation in a bucket referred to as a "hockey puck." It may be deceptive

to think that the paint, after a freeze-thaw operation, while still in liquid form, is fully suitable for

application. The destruction of the binder may not have caused an increase in viscosity or coagulation,

but rather changes that will be visible only during the operation of the coating (decrease in resistance

to mechanical factors, weather conditions, etc.). To eliminate such "surprises," it is necessary to have

adequate knowledge about the stability of speci�c paint formulations during freezing and thawing

and about freeze-thaw-resistant additives (FTRA) that support this stability.

FIGURE 1 ǀ Paint failure due to freeze-thaw action can take various forms of coagulation.

However, in order to select such agents, knowledge about their operation, the in�uence on the other

coating parameters, and methods used to evaluate at the laboratory level, both the dose of such

additives and their interaction with other raw materials present in the recipes, is needed.

Freeze-Thaw Resistance Test Program

Properly planned tests, controlling their conditions, and post-test evaluation are undoubtedly the

most important components of assessing frost resistance of raw materials, dispersion paints, and

combinations of additives aimed at stabilizing the liquid form of the suspension in the form of

polymer dispersion and the �nished paint against frost damage.

For this purpose, the Spektrochem laboratory developed a test program based on the ASTM

International test methods. It includes two stages of testing to stabilize dispersion paints against

frost.

The �rst stage involves ladder tests (tests in gradually changing doses of FTRA). They are carried out

both on the �nished latex paint formulation and on the polymer dispersion in order to determine the

in�uence on the stability of the dispersion binder itself. At this stage, the aim is to determine to what

extent negative temperatures and freeze-thaw cycles are damaging to the paint/binder and to

establish an e�ective dose of FTRA additive to make the paint/binder frost resistant.

The next stage includes tests carried out on the paint with a selected dose of FTRA and checking

whether there is an in�uence of this additive on the other properties of the paint. While the �rst stage

is necessary to determine the dose to ensure stability, the second stage is necessary to provide the

necessary knowledge about the stability of the paint with FTRA added during storage.

TABLE 1 ǀ E�ects of FTRA.

* Ladder tests at various doses of FTRA additives vs. latex paint or polymer dispersion.

** Tests conducted on coatings obtained from paints with a dose-ensuring freeze-thaw stability determined by

ladder tests.
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Effect of FTRA on Freeze-Thaw * Effect on Other Properties **

Change in properties of
polymer latex dispersion or

latex paint according to ASTM
D2243

KU Stormer viscosity/Brook�eld viscosity  
ASTM D562/D2196

Particle agglomeration and coagulation 

"Gloss hiding power"
ASTM D523/D2805

Inclusions in the coating
color change

Wet-scrub resistance
ASTM D2486 

Package stability
ASTM D1849 

Color development
ASTM D5326 

Blocking resistance/print resistance
ASTM D4949/ D2064 

Accelerated arti�cial weathering 
ASTM G154  

ASTM D4587 (Q-UV chamber)

The scope of the tests in the �rst stage usually includes the determination of viscosity (changes in

viscosity), determination of the presence of coagulates, agglomerates, and inclusions due to this in the

coating, and change of color and gloss (in the case of paints other than matte). The standard scope of

the tests are de�ned by the ASTM D2243 standard, according to which freeze-thaw stability tests are

carried out. In the second stage, the scope of the tests may be appropriately modi�ed, depending on

the type of paint and its requirements; however, the aim is always to determine the in�uence of the

FTRA additive on key parameters that can be changed by it when the paint is not subjected to

freezing.

It is important to remember that FTRAs are not intended to allow transportation or storage at freezing

temperatures, but preventive protection against the occurrence of such instances in which the paint

freezes (at least partially) and thaws. Therefore, the scope of the tests is so that they are carried out

in appropriate temperature variants and a di�erent number of freezing and thawing cycles.

ASTM D2243 Test Method

The paint freeze-thaw stability testing procedure in accordance with ASTM D2243 underwent a minor

modi�cation in 2020. The existing standard, ASTM D2243-95 (reapproved 2014), has been withdrawn

and replaced by ASTM D2243-20.

The ASTM D2243-20 procedure is based on cyclic freezing and thawing of paint placed in a test

container. The prepared set of paint containers is placed in a freezer at 0 °F (-18 ° C) or another agreed

temperature, carrying out �ve cycles of freezing during 17 hours, and 7 hours of defrosting at ambient

temperature in the laboratory (Figure 2). The 2020 version of the standard introduces a procedure for

the gradual removal of the paint cans after each cycle, thus obtaining a set of �ve paints frozen in one,

two, three, four, and �ve cycles, and a sixth sample as the reference paint. Within the scope of the

modi�cation introduced to ASTM D2243 in 2020, there is also a modi�ed method of specimen

evaluation, in which the type of damage of the samples is assessed on a 10-point scale, as well as the

Stormer viscosity/or apparent viscosity (Brook�eld) and the appearance of the coating (color, gloss,

inclusions). The ASTM D2243-20 test procedure also divides the tests into 24-hour and 48-hour tests.

FIGURE 2 ǀ Paint samples in 1-pint (16 �. oz.) cans on removal after a freeze cycle.

The ASTM D2243 standard does not include such requirements, however, when such tests are carried

out in the Spektrochem laboratory, temperature and humidity loggers placed in the freezer during

the test, as well as during defrosting, are used. Data from such recorders provide a lot of useful

information about the time when the sample was actually brought to a certain temperature, how long

the defrosting process lasted, what the temperature graph during the test looked like, etc.

Case Studies

This article discusses selected test results (case studies) conducted in accordance with the new

version of the ASTM D2243 standard (research work at the draft standard stage), but for three

freezing and thawing cycles for the 24-hour test procedure.

Based on the test program described above, tests were carried out to verify the e�ect of latex paint

freeze-thawing additives. The tests aimed to determine the stabilization e�ect of FTRA on freezing

and thawing of the polymer dispersions that are used as binders in latex paints, and then the e�ect of

FTRA on the freezing and thawing of latex paints prepared on a laboratory scale. The tests

simultaneously determine the properties of paints and coatings that are not subjected to freezing

and defrosting in order to determine the extent to which FTRA a�ects the performance of paints and

coatings.

The tests carried out in the Spektrochem laboratory are used to determine the e�ectiveness of

operation at speci�c doses for additives stabilizing dispersion coating products for freezing and

thawing.

First Set of Tests

In the �rst set of tests, a freeze-thaw test was performed on two polymer dispersions di�ering in MFFT

(minimum �lm forming temperature), Tg (glass transition), and the type of surfactants:

Polymer latex #1 (styrene-acrylic): MFFT 68 °F (20 °C), Tg 72 °F (22 °C), 50% non-volatile matter,

biodegradable anionic surfactants.

Freezing and thawing were performed in three, 24-hour cycles at a sample freezing temperature of 0

°F (-18 °C). Appearance in relation to the reference sample and consistency were assessed. The test

results are in Table 2.

Polymer latex #2 (styrene-acrylic with acrylonitrile): MFFT 32 °F (0 °C), Tg -7.6 °F (-22 °C), 60%

non-volatile matter, anionic surfactants.

TABLE 2 ǀ Liquid sample appearance and Stormer viscosity of two polymer dispersions after a freeze-thaw

test.

Figures 3 and 4 show the visual destruction of the failures.

Sample
Liquid Sample Appearance 

ASTM D2243-95(2014)
Stormer Viscosity

ASTM D562 Method B

After Three Freeze-Thaw Cycles After Three Freeze-Thaw
Cycles Control Sample

Polymer latex #1 6 (slight change) 101.9 KU 78.6 KU

No coagulum, slight gelling, easy to mix by hand with a
spatula (increase 29.6 %) -

Polymer latex #2 0 (complete destruction) 
Granularity of the sample -- 55.9 KU

FIGURE 3 ǀ Polymer latex #1 after three cycles (sample on the left) and a control sample (on the right).

FIGURE 4 ǀ Polymer latex #2 after three cycles (complete failure and granularity).

The above results show that, depending on the type of polymer dispersion, its freeze-thaw stability is

very di�erent. There is no way to infer this stability after MFFT or Tg, because it depends mainly on

the molecular weight, as well as surfactants, the data of which the manufacturer does not provide.

The key lies not only in their type (cationic, anionic, non-ionic), but also how they work with the

appropriate particle size distribution, whether they are polymerizable or not. The above di�culties in

interpreting the freeze-thaw stability of the polymer dispersion make it necessary to perform each

time tests are carried out at di�erent temperatures and for a di�erent number of cycles.

Second Set of Tests

Subsequent tests included the preparation of latex paints with the above polymer dispersions, in

which the freezing stability of the full paint recipe with other raw materials is also checked, as well as

the e�ect of the applied FTRA doses on the freezing stability and the e�ect on the properties of paints

and coatings, without freezing the samples before testing. Such tests are a standard when

determining the recommendations and e�ectiveness of doses of new raw materials dedicated to the

paint and varnish market.

Due to the high temperature of �lm formation by polymer dispersion #1 (68 °F/20 ° C), it was

necessary to determine the doses of coalescing agents that would reduce MFFT to the level of 32-39 °F

(0-4 °C). For this purpose, before the preparation of the paint formulations, the coalescing curves were

determined in accordance with ASTM D2354-10 (2018) (Figure 5).

FIGURE 5 ǀ MFFT tests for polymer latex #1 with coalescing agents according to ASTM D2354.

In the scope of the tests, two coalescing agents with di�erent freezing points were used. The choice of

coalescents was dictated by the desire to check whether the di�erent freezing temperature would

have an impact on the stability of the paints in the freeze-thaw tests. The characteristics of the

coalescing agents are presented below. The data on the GHS and NFPA704 classi�cation were

presented for the Canadian and U.S. markets, as the project for which the tests were performed was

carried out for the needs of that market.

TABLE 3 ǀ Characteristics of coalescing agents.

For the tested polymer dispersion #1, a reduction of MFFT to the range of 0-4 °C was obtained for a

dose of 4% by weight for both coalescents. This amount was included in latex paint formulations

(amount of coalescing agent based on the total amount of polymer dispersion).

Latex paints in the form of tinting bases (medium base) were prepared for the tests. The recipe for

paints prepared on a laboratory scale for testing is shown in Table 4. (USC units – pounds due to the

preparation of recipes for the NAFTA market).

TABLE 4 ǀ Formula for paints prepared on a laboratory scale for testing.
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Raw Materials Lbs Function

Grinding stage – preparation of slurry

Demineralized water DI (< 0.5 µs/cm) 179 Solvent

Triton CF-10 8.6 Wetting agent

Tamol 165A 13.7 Dispersing agent

Kathon LX 7 Biocide

Byk 014 14.1 Defoamer

Rutile titanium dioxide 140.9 Prime pigment

Ground calcium carbonate d50 2µm 187.8 Filler

Ground calcium carbonate d50 5µm 350.1 Filler

Rheobyk-T 1000VF 5.1 Thickener

Let-down stage

Polymer latex #1 1,150.80 Latex binder

Coalescent 46.1 Coalescing agent

Demineralized water DI (< 0.5 µs/cm) 90.2 Solvent

Rheobyk-H 3300VF 9 Thickener

Total 2,202 lbs -

343.3 gal -

Formulation constants:

Weight per gallon: 10.85 lbs/gal -

Solid content by weight: 58.60% -

Volume soilids: 46.20% -

PVC: 30% -

PVC/CPVC: 0.42 -

(P+F/B): 1.18 -

Table 5 shows the results of freeze-thaw stability determinations carried out according to ASTM

D2243-95 (2014) in three cycles at 0 °F (-18 °C).

TABLE 5 ǀ Results of freeze-thaw stability determinations according to ASTM D2243-95.
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Test
Paint with Latex #1

+ 4% 2-Phenoxyethanol
Paint with Latex #1 

+ 4% TPnB
Paint with Latex #1 
Without Coalescent

After Three
Cycles Control Sample After Three

Cycles Control Sample After Three
Cycles Control Sample

Appearance of liquid
sample

0 
Complete failure -- 0 

Complete failure -- 10
None --

Stormer viscosity -- 110.2 KU -- 110.0 KU 127.8 KU 111.2 KU

Viscosity change -- -- -- -- 15% --

The results of the paint resistance to freezing and thawing show that the presence of coalescing

agents signi�cantly in�uenced the stability at negative temperature. The paint sample on polymer

latex #1, prepared as a control for the tests without a coalescing agent, showed no changes in the

appearance (no coagulants, granularity, etc.), and after three cycles of freezing and thawing in

accordance with ASTM D2243-95 (2014) it showed only a 15% increase in consistency. This is an

acceptable result, taking into account the fact that the prepared medium base constitutes the basis

for tinting in a fairly large proportion of colorants, hence the initial consistency setting at about 110

KU.

In dispersion paints used in the DIY market, there is no possibility of annealing the coatings or the use

of drying at elevated temperature, therefore the presence of coalescing agents in the formula is

necessary. As the tests carried out showed, however, coalescents disturb the freeze-thaw stability,

even though it is often assumed that coalescents with a very low freezing point will additionally

stabilize the damaging e�ect of frost. In the case used, the TPnB coalescent has a freezing point below

-103 °F (-75 ° C), so much lower than the test temperature 0 °F (-18 ° C), which shows that these

assumptions are, unfortunately, wrong and deceptive. The results of the above tests show that in

order to stabilize the paints prepared in this way, where it is not possible to eliminate the coalescing

agents from the recipe, it is necessary to carry out tests aimed at the selection of freeze-thawing

agents (FTRA).

The destruction of paints (Figures 6-8) with coalescing agents is caused by the pressure generated by

the freezing water pressing on the particles of the polymer dispersion. The deformation of the

particles caused in this way is similar in mechanism to those that occur during the process of water

evaporation during the formation of the coating. However, here the water does not evaporate (tightly

closed can), and the coalescents are additionally "pressed" into the surface of the polymer particles,

causing their irreversible coagulation. This is why the sample without the coalescing agent was not

destroyed due to the lack of an additional agent that would cause the polymer particles to coagulate

under the pressure generated by the ice.

FIGURE 6 ǀ Paint with 2-phenoxyethanol after three cycles (left) and control (center).

FIGURE 7 ǀ Paint with TPnB after three cycles (left) and control (center).

FIGURE 8 ǀ Paint without coalescent after three cycles (left) and reference sample (center).

In order to select an additive that immunizes the paints against freezing and thawing, paints were

prepared from the formulation as above, but using FTRA doses of 1% and 3% based on the entire paint

formulation. The name of the additive used in the tests is proprietary.

The test results are shown in Table 6 for freeze-thaw stability in three cycles according to ASTM

D2243-95 (2014). This article presents exemplary results for the paint on latex #1 with the coalescing

agent TPnB.

TABLE 6 ǀ Results for freeze-thaw stability stability in three cycles according to ASTM D2243-95.
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Test Paint with Latex #1 + 4% TPnB

+ 1 % FTRA + 3 % FTRA

After Three Cycles Control Sample After Three Cycles Control Sample

Appearance of liquid sample 2
Considerable -- 8

Very slight --

Stormer viscosity 124.0 KU 87.0 KU 95.5 KU 73.6 KU

Viscosity change + 42.50% -- + 29.70% --

The analysis of the obtained results allows for conclusions about the in�uence of FTRA additive on the

consistency of paints, as well as the changing stability on freezing and thawing along with the increase

of FTRA content in the paint. The addition of the tested FTRA reduces the consistency of the paint,

which provides information about the need to modify the formulation in terms of rheological

additives, as lowering the consistency of the control samples from 110 KU to 87 KU at a 1% dose and to

73.6 KU at a 3% dose will cause problems when coloring the base with pigment pastes, lowering the

consistency even more. Of course, this is not a problem in terms of modifying the paint viscosity, but it

shows the need to take such modi�cation into account when formulating the �nal recipe.

On the other hand, in terms of the e�ect on the stabilization of paints against damage at negative

temperature, an improvement can be noticed already at a dose of 1%, because the sample can be

mixed by hand, and is semi-liquid but with the presence of coagulants (Figure 9). It also shows a

signi�cant increase in consistency (42.5%), however, you can see the e�ect, which can be even more

e�ective at a dose of 3%. The sample shows only very slight deterioration and the presence of slight

amounts of coagulates and a nearly 30% increase in consistency (Figures 10-11), which is an

unacceptable result due to high market expectations in terms of consistency stability. For this reason,

further tests of the paint from the tested recipe were not performed.

FIGURE 9 ǀ Paint with FTRA 1% after three cycles (left) and control (right).

FIGURE 10 ǀ Paint with FTRA 3% after three cycles (left) and control (right).

FIGURE 11 ǀ Measurement of paint viscosity using a Stormer viscometer.

The full range of tests were carried out with paint based on polymer latex #2. The formulation was

generally the same except that no coalescents were used due to the formation of polymer latex #2

�lm at 32 °F (0 °C). The tests were carried out in an identical manner, three freeze-thaw cycles at 0 °F

(-18 °C). according to ASTM D2243-95 (2014). The evaluation of the samples in terms of appearance

after thawing after the end of the last cycle and the results of the determined consistencies are

presented in Table 7.

TABLE 7 ǀ Evaluation of appearance and results of the determined consistencies of samples.
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Test Paint with Polymer Latex #2

Without FTRA + 1% FTRA + 3% FTRA

After Three Cycles Control Sample After Three
Cycles Control Sample After Three

Cycles Control Sample

Appearance of liquid
sample

2 
Considerable -- 4

Moderate -- 6 
Slight --

Stormer viscosity 119 KU 108 KU 116 KU 115.1 KU 125.8 KU 133.6 KU

Viscosity change +10% -- +0.78% -- –5.8 % --

The presented results show a completely di�erent e�ect of FTRA on the tested ink. This is due to the

use of a completely di�erent polymer dispersion. The control paint without FTRA shows very high

coagulation and is foamed, however it can be easily mixed by hand with a spatula (Figure 12), enabling

the measurement of consistency, which only increased by 10% after three freeze-thaw cycles. The use

of FTRA at 1% and 3% shows an increasing improvement in freeze-thaw stability. The sample with the

addition of 1% FTRA shows moderate coagulation, it is also foamed, but shows virtually no increase in

consistency (Figure 13). The addition of 3% FTRA improves the stability to a signi�cant extent (Figure

14). The sample shows a slight deterioration in the form of locally present coagulants, it is also foamed

and can be mixed very easily. The only concern is the decrease in consistency by almost 6%.

FIGURE 12 ǀ Paint based on latex #2 without FTRA addition after three cycles (left) and control (center).

FIGURE 13 ǀ Paint based on latex #2 +1% FTRA after three cycles (left) and control (center).

FIGURE 14 ǀ Paint based on latex #2 +3% FTRA after three cycles (left) and control (center).

Further tests were also carried out under the program such as coating assessments. The �rst

assessment was to apply to the test cards with an automatic applicator and to check what the

coatings look like in the wet state, just after application, and after drying. Figure 15 shows the

appearance of three wet stripes of coatings obtained from paints after three freeze-thaw cycles (from

left: paint with no FTRA, paint with 1% FTRA, paint with 3% FTRA). The control paint without the

addition of FTRA shows signi�cant coagulation, which disquali�es it from being used as a �nishing coat

on walls.

FIGURE 15 ǀ Coagulates present in control paint (without FTRA) after three freezing cycles visible on wet �lm.

After the coatings had dried, another evaluation was made and it was found that the coating of the

control paint without FTRA obtained from the thawed samples showed a rough, dull surface, the

appearance of which is due to coagulants (also visible in the wet �lm). The 1% and 3% FTRA-paint

coatings showed no disadvantages. The assessment was supplemented with the determination of the

gloss of coatings in accordance with ASTM D523. The results of the gloss tests on coatings obtained

from thawed paints are shown in Table 8. The results were compared with the gloss of non-freeze

paint coatings.

TABLE 8 ǀ Results of the gloss tests on coatings obtained from thawed paints.
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Samples
(Paints Based on Latex #2) Specular Gloss ASTM D523

at 60° at 85°

After Three Cycles Control Sample After Three Cycles Control Sample

Paint without FTRA 14.2 8.4 24.2 5.3

+ 1% FTRA 19.1 19.1 30.3 28.3

+ 3% FTRA 31.9 31.5 48.2 46.2

The results of the gloss tests show a very interesting phenomenon, and more precisely, it is about the

increasing gloss of the coating with the addition of FTRA. This applies to both control samples (not

subjected to freeze-thaw) and samples after three freeze-thaw cycles. This is because FTRA is

composed of various types of polymer surfactants that, together with the polymer dispersion, increase

the gloss of the coating. This phenomenon can be observed especially in samples with a high content

of polymer dispersion.

Another test showing the e�ect of FTRA on the properties of the coatings was the determination of

the scrub resistance according to ASTM D2486. This standard applies to high-quality paints with a

high binder content, especially when no di�erences in scrubbing resistance can be demonstrated

using the ISO 11998 method, because the result of the analyzed paints is always class I (coating

thickness loss <5 µm after 200 scrubbing cycles). Table 9 shows the results of the scrub-resistance

tests in accordance with ASTM D2486.

TABLE 9 ǀ Results of scrub-resistance tests in accordance with ASTM D2486.
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Scrubbability ASTM D2486Test

Control Paints After Three Cycles Freeze-Thawing

Paint without FTRA 980 cycles 760 cycles

+ 1% FTRA 1420 cycles 1430 cycles

+ 3% FTRA 2300 cycles 2330 cycles

The results represent the number of cycles to wipe the coatings at the shim position according to

ASTM D2486, such as a 12.7-mm-wide line. The analysis of the results can provide a lot of valuable

information that shows that the addition of FTRA de�nitely increases the scrub resistance of the

coatings, and this increase is stable both for samples not subjected to freezing and after three freeze-

thaw cycles. The photos show the appearance of the coatings after scrubbing. Figure 16 shows a wipe

of a control coating containing no FTRA (wiped photo of 980 cycles of coating obtained with non-freeze

paint). It shows the coagulated polymer particles present in the coating after thawing and its lower

strength, which of course is mainly dependent on the coagulation of the binder. Figures 17 and 18

show that 1% and 3% FTRA coatings show practically the same wet scrub resistance result.

FIGURE 16 ǀ Paint without FTRA - control at the bottom, not frozen, at the top - after three cycles of freezing

and thawing.

FIGURE 17 ǀ Paint with 1% FTRA - bottom not frozen, top after three freeze-thaw cycles.

FIGURE 18 ǀ Paint with 3% FTRA - bottom not frozen, top after three freeze-thaw cycles.

Summary

The presented selected test results carried out as part of the project, "Freeze-Thaw Additives

Dedicated to the Canadian Market," show how the use of the ASTM D2243 test method can contribute

to the precise and reproducible testing of the stability of polymer dispersions and paints for freezing

and thawing, as well as for tests of additives to ensure freeze-thaw stability. The results show the

importance of coalescents and the type of dispersion in the tests of freeze-thaw resistance. Other raw

materials, which are not present in the article as factors in�uencing the results, have no less in�uence.

The purpose of the use of FTRA additives is to induce the paint behavior in such a way that the

samples that are not subjected to freezing and the samples after freezing and thawing have the same

parameters. The importance of properly conducted tests and the reliance on recommendations of raw

materials based on extensive laboratory tests provide reliable tools for technologists and laboratory

technicians from R&D departments of paint producers.

Providing such tools based on case studies and ladder tests carried out in accordance with ASTM

standards ensures the repeatability and relevance of the test results in the daily R&D work on new

paint and varnish recipes.
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BUYERS HIT THE PAUSE
BUTTON ON NEW INVESTMENT
ACTIVITY
Leland Harrs, Managing Director, Head of

Chemicals, at Houlihan Lokey, o�ers a brief

update on the current M&A market. Houlihan

Lokey is a leading global investment bank in

New York with expertise in mergers and

acquisitions, capital markets, �nancial

restructuring, and valuation.

Leland Harrs

PCI: This has been a turbulent year in the �nancial markets. How has it

impacted coatings sector M&A?

HARRS: Several factors have negatively impacted trading conditions and M&A volume in the

coatings sector through the �rst three quarters of 2022. The combined e�ects of spiraling in�ation,

global supply chain issues, high energy prices, and labor shortages have made it di�cult, if not

impossible, to accurately project earnings. The cloud of uncertainty around forecast earnings has

resulted in lower CEO con�dence levels. Earnings misses, stock market declines (stock prices of

coatings majors are down over 30% YTD 2022) and the retrenchment of the debt markets have made

investors nervous and put a chill on the M&A market. Deals are taking longer to get done, more deals

are getting pulled or put on hold, and multiples are starting to come down for the �rst time since the

recession of 2008. Overall, year-to-date (through 9/30/22), coatings M&A volume is down

approximately 30% over 2021 levels. Median deal size is down almost 50% year-over-year from $150

million in 2021 to $86 million YTD 2022. There has been an increasing preference for smaller, bolt-on

acquisitions by strategics (e.g. Gross & Perthun GmbH by S-W; Cristacol by PPG; and Cap Couleurs by

Hempel). Bite-sized targets that are seen as close to the core, o�ering lower risk and achievable

synergies, are strongly preferred.

Financial buyers (e.g. private equity sponsors, family o�ces) have hit the pause button recently on

their new investment activity.  Many investors have adopted a “risk-o�” position. Debt is harder to

raise, with the syndicated bank loan market e�ectively closed for business. Private capital sources (i.e.

direct lenders) are �lling the breach for middle market deals to some extent, but they are lending at

lower leverage levels than before and with tighter �nancial covenants, higher interest rate spreads,

and higher required equity commitments.

Despite the current headwinds, the coatings sector remains highly attractive to investors. There is no

lack of desire for acquisitive growth by both established coatings sector players and new entrants. The

diversity and fragmentation of the industrial coatings sector, in particular, appeal to investors. We

continue to see strong valuations for attractive assets that o�er growth and potential synergies.

Assets of scale (in excess of $50 million of EBITDA) can still garner frothy double-digit EBITDA

multiples.

Ironically, the current market disruption could present an attractive opportunity for deal-making. In

particular, for strategic players with an appetite for growth and strong balance sheets, there is an

opportunity to be proactive with respect to acquisitions. Limited auctions, sale processes with a

limited number of parties (handfuls rather than dozens), are on the rise. Sellers are increasingly open

to direct "bi-lateral" approaches. Broad, "boil the ocean" sales processes are increasingly rare. Sellers

prefer to deal with fewer, more knowledgeable buyers. The pendulum has clearly swung (for the time

being) in favor of strategic buyers relative to �nancial buyers.

PCI: What about larger deals? Do you see potential for the coatings

landscape to change?

HARRS: While the turmoil in the debt and equity markets is not conducive to large deal-making, I

do think there will be a few marquee transactions in the coming years. Several sizable players are ripe

for consolidation, and the availability of signi�cant synergies (often 50% or more of target EBITDA), will

continue to provide strategies with plenty of incentive to seek acquisitive growth. Our crystal ball

foresees continued consolidation. The big will continue to get bigger, and there is a good possibility

that one or more of the top 10 players will be acquired in the coming years.



https://www.pcimag.com/products/category/2166-books


Directory Premium Sponsorships

Directory Premium Sponsorships

Below are the premium listings from our PCI Directories. For a
complete list of companies and products, click here.

December 2022Back To Contents

https://www.pcimag.com/directories


Publishing/Sales Sta�

Thomas Fowler
Group Publisher/East Coast Sales     

T el: 248/786-1717 • Fax: 248/502-1091

E-mail: fowlert@bnpmedia.com

Kristin Johansson
Associate Publisher/Chief Editor     

T el: 248/786-1253

E-mail: johanssonk@bnpmedia.com

Sindy Wang
China Media Rep.

sindy.wang@pcimagcn.com

Uwe Riemeyer
Europe Regional Manager

T el: 49-(0)-202-271690

E-mail: riemeyer@intermediapartners.de

Renee Schuett
Directory Enhancement Sales

T el: 248/786-1661

E-mail: schuettr@bnpmedia.com

Brian Biddle
Production Manager

T el: 847/405-4104 • Fax: 248/244-3915

E-mail: biddleb@bnpmedia.com

Editorial Sta�

Courtney Bassett
Associate Editor

T el: 248/786-1596

E-mail: bassettc@bnpmedia.com

Christopher Crumley
Assistant Editor

T el: 586/404-8374

E-mail: chris.crumley01@gmail.com

Clare L. Johnson
Art Director

E-mail: johnsonc@bnpmedia.com

Editorial Advisory Board

John Boisseau
Applications Research Scientist, Eastman Chemical Co.

Dave Fasano, Ph.D.
President, David M. Fasano Consulting LLC

Ali Javadi, Ph.D.
Senior Scientist, Evonik Industries

Christopher J. Karwowski
President, Karwowski & Associates

Nancy Lockhart
Senior Manager, Product Portfolio Management, VIAVI Solutions

Vijay Mannari, Ph.D.
Distinguished Professor, Polymers and Coatings Tech., Eastern Michigan University

Michael Praw
Senior Applications Scientist – Paints, Coatings and Inks, Indorama Ventures

Gary Spilman, Ph.D.
R&D Director, Rust-Oleum

Kris Weigal
BioBased Business Senior Consultant, OmniTech

Audience Development

Lindsey Dowell
Audience Marketing Coordinator

Erin Mygal
Directories

Justin Colman
Marketing Specialist

List Rental
Please contact your sales representative

Reprints
reprints@bnpmedia.com

Corporate

Tagg Henderson
CEO

Rita M. Foumia
Human Resources & Information Technology Director     

Vincent M. Miconi
Chief Production O�cer     

Lisa L. Paulus
Chief Financial O�cer

Michael T. Powell
Chief Creative O�cer     

Scott Wolters
Chief Event O�cer

For subscription information or service, 

please contact Customer Service at:

Tel: 800/952-6643 or Fax: 847/763-9538 or e-mail pci@omeda.com

mailto:schuettr@bnpmedia.com



