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VIEWPOINT

Mosquitos are not just a nuisance - they 

carry and transmit a variety of dangerous and 

deadly diseases. Here in Michigan there are 

dozens of reports of West Nile virus each year. 

In 2015 and 2016, an outbreak of Zika virus 

in South America, Central America, Mexico, 

the Caribbean, and even a few U.S. states 

resulted in serious illness and birth defects in 

babies born to mothers who had contracted 

the virus while pregnant. According to the 

World Health Organization, “Of all disease-transmitting 

insects, the mosquito is the greatest menace, spreading 

malaria, dengue and yellow fever, which together are 

responsible for several million deaths and hundreds of 

millions of cases every year.” Bill Gates has even ranked 

mosquitos as the largest human predator, noting that 

mosquitos kill more people each year than any other 

animal, including humans. 

A recent press release I received addresses this issue 

and discusses two technologies available to help eradicate 

it. The first technology was developed by French ento-

mologist, Dr. Francois Martin, who is passionate about the 

global mosquito problem. The technology, called Kyzox, 

repels and kills mosquitos, and can be incorporated into 

products that people use in their daily lives, such as laun-

dry detergent, fabric softeners, soaps, lotions, sunblock, 

floor cleaners and house paint. The all-natural anti-mos-

quito biocide additive uses leaf extract from trees called 

Vitex Negundo and Vitex Trifolia. When used in paint, 

direct contact with the wall kills mosquitos, and the smell 

keeps them away. The product is EU certified, and is safe 

for children, pregnant women and pets.

The second technology uses a pyrethroid insecticide 

called deltamethrin, which dates back to 1974. This tech-

nology kills mosquitos on contact. A 2015 online article 

from the Borneo Post discusses tests performed by the 

Institute for Medical Research in Malaysia of anti-mos-

quito paint mixed with deltamethrin. Malaysian Health 

Minister, Datuk Seri Dr. Subramaniam, confirmed the 

effectiveness of the anti-mosquito paint, and held discus-

sions with the company seeking to develop the paint to get 

it on the market within a few months. 

According to Dr. Martin, both technologies claim high 

repellency results between 87-95% during the first year 

of application, and decrease 15-20% each year after coat-

ing. They are also a good value for families in 

risk zones, who spend on average U.S. $185 

per year on anti-mosquito products. Anti-

mosquito paint is only used during the final 

coating layer, and can be imagined as a giant 

anti-mosquito patch protecting the inside and 

outside of a home for years, without the incon-

venience of repetitive daily spraying or burn-

ing traditional anti-mosquito products.

Dr. Martin believes that paint manufac-

turers can help stop the mosquito crisis. He states 

that consumers in risk areas are ready to buy, but the 

paint industry is moving too slowly on developing anti-

mosquito paint technology. In fact, he says it is almost 

impossible to find, especially in tropical and subtropical 

countries where 92% of mosquito cases are reported. 

Even in the world’s top three largest anti-mosquito mar-

kets, Brazil, Indonesia and the Philippines, the technol-

ogy is only available in large Indonesian cities, and in the 

Philippines is only offered as a paint additive.

According to Dr. Martin, of the world’s top 10 play-

ers in the paint industry, Kansai entered this market in 

2015 and, overwhelmed by the demand in Malaysia and 

Indonesia, postponed its entry into the Philippine market 

until 2018. Nippon launched Mozzie Guard in 2016, and 

in 2017 Pacific Paint announced the launch of its anti-

mosquito paint in the near future. The first North Ameri-

can paint company to launch anti-mosquito paint (this 

spring) will be Loop Paint in Ontario, Canada.

Dr. Martin is urging painting campaigns to replace fog-

ging campaigns, which only postpone the problems and 

dangerously increase the mosquito population in urban 

areas, since in addition to killing mosquitoes, fogging also 

kills their natural predators. Mosquitos also reproduce 

seven times faster than any of their predators.

This sounds like a market with huge potential – not just 

in demand, but in the opportunity to help a global health 

crisis. If you are interested in learning more, contact Dr. 

Martin at ento.dr.francoismartin@gmail.com.

A Wake-Up Call to the Paint Industry

By Kristin Johansson, Editor | PCI
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INDUSTRY NEWS

CLEVELAND – Demand for silicone liquid-

applied roof coatings is forecast to rise 5.1% 

annually to 2.44 million squares in 2021 

(1 roof square = 100 square feet). This 

above-average growth rate will be spurred 

by rapid gains for cool roofing applications 

as roofing professionals opt for coatings 

that meet CRRC cool roofing guidelines 

while also offering superior performance 

properties. Silicone roof coatings offer the 

benefit of more moisture resistance com-

pared to acrylic and asphalt products. A 

shortage of trained roofing installers will 

also impact growth, as silicone coatings 

can be completely installed in a few days 

using only moderately skilled crews. These 

and other trends are presented in Liquid-

Applied Roof Coatings in the U.S., a new 

study from The Freedonia Group, a Cleve-

land-based industry research firm.

Demand for silicone liquid-applied 

roof coatings in the South – the largest 

regional market for these products in 

2016 – is forecast to advance at the most 

rapid pace of all U.S. regions, rising 5.9% 

annually to 960,000 squares in 2021. In 

this region, the South Atlantic subregion 

will see the most rapid gains due in part 

to the application of silicone coatings to 

existing roofs in the large Florida market 

to minimize roof damage in case of future 

hurricanes and tropical storms. 

As a whole, liquid-applied roof coatings 

are forecast to advance 3.2% annually 

through 2021 to 13.9 million squares. 

Gains will be promoted by rising interest 

in coatings that meet cool roofing criteria 

to improve buildings’ energy efficiency; 

increasing use of coatings to rejuvenate 

older or worn roofs, rather than engag-

ing in more costly reroofing projects; and 

contractors applying coatings to newly 

installed roofs to greatly extend the life-

span of primary roofing materials.

Liquid-Applied Roof Coatings in the U.S. 

is available from The Freedonia Group. 

For further details, contact Corinne Gan-

gloff by phone 440/684.9600 or e-mail 

pr@freedoniagroup.com. 

Report Predicts Demand for Silicone Liquid-Applied 
Roof Coatings to Grow Over 5% Annually

US Market for Liquid-Applied Roof Coatings

Key Products Growth Outlook to 2021

Cool Roofing Coatings Market Share (squares) Leading Industry Players

•  Gaco Western
•  GAF Materials
•  Garland
•  Gardner-Gibson
•  Polyglass
•  Tremco
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•  Silicone
•  Blended
•  PMMA

3.2%

Average

•  Acrylic
•  Urethane

Below Average

•  Asphalt

Õ16 Ð Õ21 growth

Report Finds Promising Biobased 
Alternatives to Polar Aprotic Solvents
WAGENINGEN, the Netherlands – A report from Wageningen 

Food & Biobased Research commissioned by RIVM (the Dutch 

National Institute for Public Health and the Environment) has 

revealed a number of promising biobased alternatives to the con-

troversial polar aprotic solvents NMP, DMAc and DMF. Wagenin-

gen Food & Biobased Research carried out a broad review of new 

and marketable biobased chemicals. The review focused specifi-

cally on substitutes for the polar aprotic solvents NMP, DMAc and 

DMF – all substances of very high concern, the use of which may 

be limited by EU law in the future.

Within the EU BBI project RESOLVE, Wageningen Food & 

Biobased Research is already developing safe alternatives to 

toluene and NMP, two widely used substances of very high con-

cern. RESOLVE focuses on the development of alternatives with 

a completely different chemical structure, entirely avoiding the 

chemical groups that make toluene and NMP toxic. Moreover, the 

alternatives are sustainable because they are made from carbohy-

drate-rich waste streams such as sugar beet pulp.

The RIVM study looked specifically at substitutes for polar 

aprotic solvents. One of these solvents is DMAc, which received 

negative coverage in the news as recently as last year for sup-

posedly causing fertility issues among the female employees at a 

chemical plant. Daan van Es, Senior Scientist at Wageningen Food 

& Biobased Research, carried out the study.

“Biobased chemicals are currently of considerable interest. The 

development of new materials with unique chemical structures 

and properties can provide a replacement for controversial polar 

aprotic solvents such as DMAc and NMP. It is, however, crucial to 

understand issues such as technical feasibility, availability of raw 

materials and the viability of commercial production. Our study 

presents all this clearly.”

Van Es indicates that further research is needed to judge the 

effectiveness, sustainability and toxicity of the proposed replace-

ments. “We have identified a large number of potential replace-

ments, but they are not yet in production as substitutes for the rel-

evant polar aprotic solvents.” Final assessments of sustainability 

and toxicological properties should be subject to further research 

performed in cooperation with the private sector.

RIVM is conducting a desk study to screen which toxicological 

information is available for these biobased alternatives, if any.

A follow-up program in which several potential replacements 

are made and tested would be very useful. “Ideally, we would work 

with several industrial partners – such as manufacturers of paints 

and industrial detergents, as well as producers of biobased mate-

rials themselves – to examine the proposed substitutes for toxic 

substances in their solvents,” Van Es continued. 

 Courtesy of The Freedonia Group.



ready2spray
Pre-installed and ready2spray: the paintrobot EcoRP10 R1100 is 
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offers a unique combination in the market. 

www.durr.com
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INDUSTRY NEWS

BCF Awards Celebrate Best and  
Brightest in the Coatings Industry
LEATHERHEAD, UK – The winners of the British Coatings Fed-

eration (BCF) Awards 2017 were announced on Nov. 23 at the 

annual BCF Awards in Cheshire. Winners across eight categories 

showcasing brilliance in the coatings industry were named.

Two new awards were added in 2017, the Young Leader of the 

Year, which was won by Alison Henshaw from Fine Décor Wall-

coverings, and the Award for Corporate Social Responsibility, 

which honored HMG Paints as the SME winner for its Paint the 

Town Green campaign, and PPG Architectural Coatings in the 

multinational category for its Community Engagement Program.

HMG Paints picked up a second award, as the company’s 

apprentice Darren James won the Coatings Training Institute Stu-

dent of the Year. AkzoNobel also received two awards. The com-

pany picked up the Customer Service Award for a program that 

has proved to deliver impressive business improvements, and the 

Sustainable Innovation Award for the company’s new factory in 

Ashington, its most sustainable plant ever. The Sustainable Inno-

vation category saw an uptake in entries in 2017, also awarding a 

winner for Sustainable Innovation Supplier, which went to BYK-

Gardner Q.C. The company’s industry-standard instruments are 

designed to simplify digital approval in the automotive industry.

Fujichem Sonneborn received the Excellence in Training award, 

which impressed the judges with an overarching approach to train-

ing that focuses on competence over completion. Finally, the most 

long-standing award, the Coatings Care Overall Best Performer 

Award, went to Crown Paints in Hull, and the Coatings Care Prog-

ress Award went to the Tor Coatings site in Chester-le-Street.

BIC Launches Report to  
Help Bioeconomy Projects Access Finance 
BRUSSELS – The Biobased Industries Consortium (BIC) has 

released a new overview of financial instruments available to 

support European bioeconomy development.

Access to EU Financial Instruments Suitable for the Implementa-

tion of Large Biobased Industry Investments outlines a range of 

funding opportunities and explores the synergies between differ-

ent instruments for cofinancing biobased projects.

Come see us April 10-12 at the American Coatings Show! Booth 525

2017 BCF Award winners.
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Since BIC’s 2014 report, Combining BBI 

(H2020) and European Structural and Invest-

ment Funds, the funding landscape for bio-

based projects has evolved. The European 

Commission launched the Juncker Plan in 

2015, and the European Investment Bank 

(EIB) published a Study on Access to Finance 

in June 2017, which was compiled in close 

collaboration with BIC and its members, 

and discusses the barriers and opportu-

nities for bioeconomy investments. The 

EIB and the  European Commission have 

recently pledged a stronger commitment 

to the European circular economy and bio-

economy sectors through a set of actions 

aimed at facilitating access to finance.

BIC’s latest report factors in these new 

changes and raises awareness of the EU 

instruments available today for support-

ing biobased ventures, especially for dem-

onstration and flagship investments. 

Dirk Carrez, Executive Director of the 

Biobased Industries Consortium, said, “Bio-

economy investments are crucial to reduce 

Europe’s dependence on nonrenewable 

resources and to make our economy more 

sustainable. BIC’s report is a practical guide 

for anyone looking to invest in the bioecon-

omy, providing a breakdown of applicable 

instruments and cofunding opportunities, 

ranging from debt and equity to quasi-

equity financing and grants. BIC continues 

to provide its members with vital informa-

tion on how to access capital and mobilize 

investment in biobased developments.”

Spray Finishing Workshops 
Offered This Spring
TOLEDO, OH – Two Spray Finishing Tech-

nology Workshops are being offered this 

spring in Toledo, Ohio. These three-day 

intensive training programs are scheduled 

for March 7-9 and May 9-11, 2018. Classes 

include both classroom and hands-on ses-

sions. Two continuing education units are 

awarded. Attendees should be involved with 

industrial, contractor or maintenance spray 

finishing applications, or spray equipment 

sales and distribution. Visit www.owens.

edu/workforce_cs/spray2018-brochure.pdf.

RadTech Forms UV+EB 
Technology Accelerator 
CHEVY CHASE, MD – RadTech, the non-

profit for ultraviolet and electron beam 

(UV+EB) processes, announced the forma-

tion of RadLaunch, a unique technology 

accelerator that will support early-stage 

start-ups and small businesses as they 

drive advancements in clean, sustainable, 

efficient and energy-saving next-gener-

ation technologies. The mission of Rad-

Launch is to connect technology start-ups 

to UV+EB industry leaders.

The emergence of innovative materials, 

additive manufacturing/3D printing, and 

the use of new tools, such as UV LEDs and 

inkjet, are accelerating the use of UV+EB as 

replacements for harsh industrial processes 

and chemicals, and as a way to eliminate 

waste. Several start-ups are already seeing 

the benefits of using UV+EB technology, 

and RadTech is working to support their 

efforts to lead the future of manufacturing.

RadLaunch applicants will be vetted and 

judged by Accelerator sponsors including 

Chris Seubert, Ford Motor Co.; Hui Yang, 

Procter and Gamble; and Mike Idacavage, 

Colorado Photopolymer Solutions. 

“Innovative start-up companies may 

face challenges in making the best use of 

UV+EB,” said Mike Idacavage, Colorado 

Photopolymer Solutions and board mem-

ber of RadTech. “RadTech has identified 

these potential hurdles and is working to 

help remove barriers. As part of this effort, 

in addition to supporting funds, RadTech 

will offer something potentially more valu-

able to a start-up: mentoring and network-

ing to help foster start-up success, espe-

cially in the early stages of growth.”

Selected RadLaunch technologies will 

be featured at the RadTech 2018 Confer-

ence and Exhibition, taking place May 

7-9, in Chicago. 

Core-Shell Latex Particles 
Morphology Workshop 
Offered in June
DURHAM, NH – John Tsavalas and Don 

Sundberg have joined forces to offer a 

workshop on core-shell latex particles, 

fundamental aspects of morphology con-

trol. This intensive workshop deals with 

basic factors controlling particle mor-

phology in synthetic lattices.

The workshop takes place June 4-7, 

2018, at the University of New Hamp-

shire in Durham, New Hampshire. E-mail 

info@epced.com for more information. 

Powerful New Blade Design

Contact us for quotes, customer service and sales

Phone 484.684.6986 | sales@norstoneinc.com  
www.norstoneinc.com

Currently offering a 30 day FREE trial!!

Must be used with stiffening plates.

Polyblade HS

• Faster Deagglomeration

• Anti-static For Use With Solvents

• Can’t Be Put On Backwards

• Flip Over For Dual Life

• Edges Do Not Sharpen 
 With Use

• Lasts Longer Than 
 Steel Blades

• Superior Pumping,  
 Excellent For Both 
 Low And High Viscosity

• From 1.5” Up  
 To 40” diameter

FREE TRIAL!
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CALENDAR

FEB. 4-9

Waterborne Symposium
New Orleans

waterbornesymposium.com

12-16

Polymers and Coatings Short Course
San Luis Obispo, CA
wctc.calpoly.edu

25-Mar. 1

Adhesion Society Meeting and World 
Congress on Adhesion and Related 
Phenomena 

San Diego
adhesionsociety.org

28-Mar. 2

Smart Coatings
Orlando
smartcoatings.org

MAR. 7-9

Spray Finishing Technology Workshop
Toledo, OH
sprayworkshop@netscape.net

19-21

Middle East Coatings Show
Dubai, UAE
coatings-group.com

19-22

Emulsion Polymers Workshop
Tampa, FL
epced.com

27-29

Eurocoat 2018
Paris
www.eurocoat-expo.com

APRIL 9-12

American Coatings Conference and Show
Indianapolis
american-coatings-show.com

15-19

Corrosion 2018
Phoenix
nace.org

17-20

PaintExpo

Karlsruhe, Germany
paintexpo.de

23-25

ASC Spring Convention & Expo
Miami
ascouncil.org

23-25

Hybrid Latex Systems Workshop
Savannah, GA
epced.com

MAY 3

DSCT FOCUS
Troy, MI
dsctfocus.org

7-9

RadTech UV+EB Technology Conference 
& Exposition

Rosemont, IL
radtech2018.com 

20-23

SSCT Annual Meeting
Destin, FL
ssct.org

Meetings, Shows and Educational Programs

NAMES IN THE NEWS

 Pamela Butcher is the new CEO and President 

of Pilot Chemical Co., replacing Michael Scott. 

 Daniel Carr is the new Plant Manager of 

Harris & Bruno International’s Rocklin, Cali-

fornia, and Roseville, California, facilities. 

Doug Corbett has been promoted to Global 

Service Manager. 

 Birla Carbon appointed Todd Cottrell Presi-

dent, Specialty Blacks Business (SBB). Jas 

Sandhu, Business Head for SBB, has decided to 

retire from the company.

 The National Association of Chemical Dis-

tributors awarded the association’s Lifetime 

Achievement Award to David B. Garner of 

Brenntag North America Inc. 

 Gelest Inc. appointed Ken Gayer Chief Executive Officer. Barry 

Arkles, who founded Gelest in 1991, will remain Chief Technology 

Officer and Chairman of the Board of Directors.

 Gulf Coast Chemical hired Joe Goodyear as Technical Sales Rep-

resentative for the Florida region.

 Advanced Polymer Coatings Inc. promoted 

David J. Keehan to President. 

 The CHEMARK Consulting Group Inc. has 

added Mark Leigh as Director of Enterprise 

Transformation Practice.

 Dymax Corp. appointed Jason Maupin as the 

new Chief Business Development and R&D Officer. 

 Douglas T. Mueller joined TCI Powder Coatings

as Vice President and Chief Technology Officer.

 AMETEK Brookfield appointed Joseph Plante 

Division Vice President/Business Unit Manager.

 Covestro appointed Dr. Thomas Toepfer 

Chief Financial Officer. Toepfer will take over the 

position from Patrick Thomas on April 1, 2018.

 Tnemec Co. Inc. named Terry Wallace Vice President of Business 

Development/Customer Experience. 

 JNS Smithchem LLC appointed Ron Warren as a Regional Sales 

Representative for the New England territory.  

Gayer

Wallace

Butcher

Keehan
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COMPANY NEWS

Pan Technology Inc. Receives Award
NEWARK, NJ – The Metropolitan New York Coatings Association 

(MNYCA) and its board of directors awarded Pan Technology Inc. 

its Company of the Year award. 

The inaugural award is based on multiple criteria, which 

include that its recipient is well respected in the industry for 

both its technical and market knowledge. Co-owners Bob Ros-

somando and Gary Spero were on hand to receive the award 

in front of their fellow peers and professional associates. Ros-

somando commented, “We are grateful and proud to receive 

this honor from the MNYCA. This award reflects the commit-

ment of all our employees. Pan Technology has always been 

committed to the MNYCA and other trade organizations, as 

they provide value to manufacturers in many ways.”

Dunleary, D&F and DN Lukens 
Share New Unified Corporate Identity
BALTIMORE – Dunleary Inc. announced its new corporate identi-

ty, The Terra Firma Co. LLC. “Our three companies made a collec-

tive decision to combine and form Terra Firma, our vision of sure 

footing during changing times,” said David Behan, CEO. “This was 

facilitated by our closely shared values, strong belief in customer 

centricity, and changes in world markets.”

Headquartered in Towson, Maryland, Terra Firma will main-

tain local sales, customer service and distribution in Baltimore, 

Boston and Dallas, ensuring comprehensive coverage of its 

geographic markets and preserving longstanding relationships. 

The three founding companies of Terra Firma have oper-

ated across multiple regions of the United States since 1949 

(Dunleary), 1951 (DN Lukens) and 1975 (D&F). Dunleary first 

announced its acquisition of the two companies in July 2017, with 

the deals being completed in September.

Expanded Territory for The Chidley & Peto Co.
VALPARAISO, IN – Cathay Industries USA Inc., Valparaiso, Indi-

ana, announced that The Chidley & Peto Co. has additional ter-

ritory as a regional distributor. Under this agreement, Chidley & 

Peto will distribute all pigments sold under the Cathay and Hoover 

trade names into the powder coatings, plastics and construction 

markets. The territory includes Arkansas, Illinois, Indiana, Iowa, 

Kansas, Kentucky, Michigan, Missouri, Nebraska, North Dakota, 

Ohio and South Dakota.  

Valtris Specialty Chemicals Names 
New Distribution Partner
HAMBURG, Germany – Valtris Specialty Chemicals appointed 

the Krahn Chemie Group as its new distributor for Germany, 

Poland, the Benelux, Switzerland, Slovakia, Hungary, Romania 

and the Baltic countries for its SANTICIZER® specialty phos-

phate esters plasticizers.

Krahn Chemie is well known in the industry for its expertise 

in the field of plasticizers, operating in markets such as coatings, 

adhesives, sealants, rubber and PVC, all of which are key applica-

tion areas for SANTICIZER products.  

CINCINNATI – Specialty 

c h e m i c a l s  d i s t r i b ut o r 

Azelis has opened a new 

U.S. Coatings, Adhesives, 

Sealants and Elastomers 

( C A S E )  h e a d q u a r t e r s 

office in Cincinnati. The 

13,000-square-foot office 

serves as both the CASE 

U.S. headquarters and the 

GMZ (an Azelis company) 

corporate office.

As the CASE market seg-

ment continues to grow 

for Azelis, this new office 

will house more than 40 

A zel is /GM Z employees 

and was designed to accommodate continued growth plans. 

Frank Bergonzi, Azelis CEO and President, Americas, com-

mented, “The opening of our new U.S. CASE headquarters is 

an important milestone for us as we continue our evolution 

and maturation as the market-leading specialty chemical 

distributor. This location, along with Ribelin’s corporate office 

in Garland, Texas, will service as Azelis CASE centers of excel-

lence and are designed to encourage employee engagement, 

collaboration and productivity.”

The new facility is home for the Azelis CASE U.S. leadership 

team led by Dan Gruber, Managing Director, and the CASE 

supply chain team. Gruber 

explained, “Our overall 

commitment and growth 

in this sector warranted 

expanding resources. The 

new CASE headquarters 

will allow us to have a 

more centralized and effi-

cient supplier experience.”

Tom Wells, General 

Manager, GMZ, elaborat-

ed, “GMZ has been rap-

idly growing as a result 

of collaborating with our 

principals to provide the 

leading portfolio of prod-

ucts, as well as execut-

ing on our corporate strategy of providing unparalleled 

customer and technical support to our more than 2,000 

customers to help them win and grow in their markets. All 

of our employees are very excited about the new office, as we 

had outgrown our previous space. This new facility affords 

us the ability to continue to expand and will enhance our 

ability to attract top-notch talent, ultimately for the benefit 

of our customers and principals.”

Guests and dignitaries joined Azelis and GMZ executives and 

staff for a ribbon cutting and grand opening ceremony at the new 

headquarters, which is located at 225 Pictoria Dr., Cincinnati.

New Headquarters for Azelis CASE and GMZ Opens in Cincinnati

The Azelis CASE, GMZ-Cincinnati ribbon cutting ceremony. Pictured left to right: 

Sarah Hunold; Rocky Prior; Tom Wells; Frank Bergonzi; Mayor of Springdale, Doyle 

H. Webster; Dan Gruber; and Kim Borke.
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DSM Expands Capacity at Resins Plant in Germany
ZWOLLE, the Netherlands – Royal DSM announced it has 

invested €15 million for the expansion of its coating resins 

plant in Meppen, Germany. The facility specializes in the pro-

duction of liquid polyesters and other specialty resins. With this 

expansion, DSM Coating Resins reinforces its position in the 

can and coil coatings segment, and ensures it remains fit for 

growth in the BPA-free market.

Michelman Expands Capacity in Asia-Pacific
CINCINNATI – Michelman is marking two decades of providing 

water-based coatings and surface-modifying additives to the Asia-

Pacific markets with a capacity expansion of its manufacturing 

facilities. The company has recently invested in a 20-ton reactor, 

which will double production capabilities and complement its exist-

ing 400 kg, 6,000 kg and 12,000 kg reactors. The occasion also 

marks laying the foundation for improving Michelman’s Advanced 

Technology Center. The laboratory expansion will include advance 

equipment for barrier testing and for improving the characteriza-

tion of both the physical and chemical properties of coatings. 

The Singapore location will not only serve as an Advanced Man-

ufacturing Site and Technology Center, but also a Regional Logis-

tics hub and Shared Service Center for Finance and HR activities.

BASF Opens Automotive Coatings  
Plants in Thailand and China
LUDWIGSHAFEN, Germany – BASF’s Coatings division inaugu-

rated new automotive coatings plants at its Bangpoo manufactur-

ing site, Samutprakarn province, Thailand, and at the Shanghai 

Chemical Industry Park (SCIP) in Caojing, Shanghai, China.  The 

new plant in Thailand is the first BASF automotive coatings man-

ufacturing facility in the Association of Southeast Asian Nations 

(ASEAN), and will produce solventborne and waterborne automo-

tive coatings to meet growing market demand in the region. 

The new production plant in Bangpoo complements the 

facilities at the Coatings Technical Competence Center ASEAN, 

which was opened in September 2015 at the same location. The 

technical center includes a laboratory for product development, 

high-performance application facilities, color design, as well as 

a small-batch production unit. The co-location of production 

and technical facilities enables operational efficiency and speed 

to market. The new plant’s design not only allows BASF to offer 

customized service, it also has the potential for future expan-

sion and the f lexibility to adapt to new production require-

ments and changing industry trends.

The €140 million project at the SCIP in Caojing, Shanghai, 

China, is an extension of the existing automotive coatings plant, 

a joint venture between BASF and Shanghai Huayi Fine Chemi-

cal Co. Ltd. The expansion will further enhance the company’s 

local production and better serve the growing automotive mar-

ket in China and Asia-Pacific.

The facility will be a production hub for solventborne and 

waterborne coatings, and is closely connected to the company’s 

existing infrastructure for automotive coatings, resins and elec-

trocoat production, as well as R&D laboratories.

Allnex Increases Palmer Holland Territory
CLEVELAND – Coatings resins and additives supplier allnex has 

appointed Palmer Holland as its Southeast region distributor for 

its crosslinker and radcure product lines. Adding to its existing 

footprint, Palmer Holland’s new territory will comprise all of the 

Midwest, Southeast and East Coast regions. 

HEINKEL Group Expands in Asia
BESIGHEIM, Germany – HEINKEL Drying and Separation Group, 

Besigheim, Germany, opened a new office and assembly area on 

Nov. 15, 2017, in Foshan, near Guangzhou, China. The new facil-

ity strengthens the company’s presence and competitiveness in 

the Asian market. The facility is a new milestone for the expansion 

of the group’s Asian business with its existing offices in Wuxi, 

near Shanghai, as well as Singapore and Mumbai.

The HEINKEL Group will assemble its centrifuges, dryers, filter 

dryers, agitators and mixers locally in Foshan. The actual produc-

tion, design and engineering will continue to be in Europe.

Oxea and German Partner to Produce DOTP in Europe
MONHEIM AM RHEIN Germany – The global chemical company 

Oxea is partnering with a German company to produce dioctyl 

terephthalate (DOTP), a general-purpose nonortho-phthalate plas-

ticizer, in Europe. By 2019, Oxea will initially offer 60,000 metric 

tons of DOTP. For this project with Oxea, the partner will construct 

a modular DOTP production unit at its manufacturing site in Ger-

many. Oxea will supply the key precursor 2-ethylhexanol and will 

market the end product DOTP through its own sales channels.

Covestro Continues Production at Tarragona Site
LEVERKUSEN, Germany – Materials manufacturer Covestro, 

Leverkusen, Germany, will continue production in Tarragona, 

Spain, beyond 2020. The company will invest around €200 mil-

lion to increase the cost competitiveness at the site by implement-

ing various measures. As a first step, it intends to build its own 

chlorine supply, thus ensuring a highly efficient, sustainable and 

independent supply of the crucial raw material.

Covestro will also debottleneck its local MDI plant, increasing 

production capacity by 50,000 metric tons to around 220,000 

metric tons per year. MDI is a precursor for rigid foam.

Debottlenecking will be carried out through 2022, while the 

start of chlorine production is planned for the end of 2020. Exter-

nal sources will supply the operation until 2020. 

ATRP Solutions Inc. Gets New Name
CINCINNATI – ATRP Solutions Inc., a subsidiary of Pilot Chemi-

cal Co. headquartered in Pittsburgh, is now Pilot Polymer Tech-

nologies Inc. (PPT). The new name better reflects PPT’s broaden-

ing proprietary technologies in important chemical markets.
BASF’s new automotive coatings plant at the Shanghai Chemical Industry Park 

in Caojing, Shanghai.
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Eastman Expands Ketones 
Manufacturing Capacity
KINGSPORT, TN – Eastman Chemical 

Co. has completed phase one of a two-

phase expansion of its ketone manufac-

turing capacity at its Kingsport, Tennes-

see, operations. 

“This investment reaffirms our com-

mitment to the specialty ketones market,” 

said Charles Giaudrone, General Manager 

of the Additives & Functional Products 

Segment’s Coatings and Inks business. 

“In addition to world-class technology 

improvements to maintain Eastman’s 

quality leadership in the market, the addi-

tional capacity enhances our ability to 

serve our global customer base.”

SINOPEC and BASF Expand NPG 
Production Capacity in China
LUDWIGSHAFEN, Germany/NANJING, 

China – BASF and SINOPEC will expand 

the production capacity of neopentylgly-

col (NPG) at the Verbund site, BASF-YPC 

Co. Ltd., a 50-50 joint venture in Nan-

jing, China. The plant was established in 

2015 with an annual capacity of 40,000 

metric tons. Following the expansion, 

the annual capacity will be doubled to 

80,000 metric tons. The expanded capac-

ity will come on stream in 2020.

Protech/Oxyplast Group Buys 
U.S. Powder Coatings Provider
MONTREAL – The Protech/Oxyplast 

Group of Montreal, Canada, has pur-

chased Trimite Powders Inc. of Spar-

tanburg. South Carolina. A recognized 

name within the powder coatings indus-

try, Trimite Powders has been provid-

ing products and service to its clients 

for many years. Protech will maintain 

Trimite’s powder manufacturing opera-

tions in Spartanburg. 

Orion Engineered Carbons 
Opens New Production Line
YEOSU, South Korea – Carbon black suppli-

er Orion Engineered Carbons has completed 

construction of a new carbon black produc-

tion line at its plant in Yeosu, South Korea. 

The new line, which will produce specialty 

products, started production on Nov. 23, 

2017, and has begun commercial sales.

“This new line in Yeosu will produce 

premium grades of specialty carbon black 

for demanding customer applications 

such as automotive coatings, engineered 

plastics, printing inks, and adhesives and 

sealants,” said Jack Clem, Orion’s Chief 

Executive Officer. 

Specialty Polymers Inc.  
Names New Sales Agent 
CHESTER, SC – Specialty Polymers Inc. has 

signed an agreement with Jose Olivieri of 

Olivieri & Associates to be the company’s 

new sales agent in Costa Rica, Puerto Rico, 

Dominican Republic and the Caribbean.

AEA Investors Buys  
Excelitas Technologies 
WALTHAM, MA – Excelitas Technologies®

Corp. has been acquired by funds spon-

sored by AEA Investors LP (AEA Inves-

tors). Formerly owned by Veritas Capital 

Fund Management since November 2010, 

Excelitas Technologies provides photonic 

products and solutions to meet the light-

ing, optical and detection requirements 

of a broad range of customers. Excelitas 

will remain headquartered in Waltham, 

Massachusetts, and retain its corporate 

identity and brands.

Auburn Systems and 
FilterSense Merge
BEVERLY, MA – Auburn Systems and 

FilterSense have merged to create a lead-

ing provider of particulate monitors and 

intelligent controls for filtration systems 

and related material flow processes.

Auburn Systems invented triboelectric 

particulate flow monitoring, and Filter-

Sense has been a pioneer in advancing 

particulate monitoring and intelligent 

filtration control. The new company, 

Auburn FilterSense LLC, Beverly, Massa-

chusetts, will apply over 60 years of com-

bined experience and application knowl-

edge to help customers prevent emissions 

and improve operations. 

Innovative Chemical Products 
Group Announces Acquisition 
ANDOVER, MA – ICP Construction, a 

division of Innovative Chemical Products 

Group (the ICP Group), Andover, Mas-

sachusetts, has acquired Master Coating 

Technologies, a leading manufacturer 

of specialty architectural coatings head-

quartered in Eagan, Minnesota. 

In recognition of a successful assessment to ISO/IEC 17025:2005, accreditation is granted to Cortec® Corporation to perform the following tests:

Cortec® Laboratories, Inc.
4119 White Bear Parkway

Saint Paul, MN 55110, USA
1 800 4CORTEC / 1 651 429 1100

Fax: 1 651 429 1122
info@cortecvci.com
www.cortecvci.com

The ONLY laboratory in the world certified to perform testing protocols with 
VCI/MCI® (Vapor Corrosion Inhibitor / Migratory Corrosion Inhibitor).
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T
he performance of a semiconductor depends 

greatly upon the strength of its packaging 

assembly. Without a durable, reliable and effi-

cient packaging assembly, the semiconductor is 

susceptible to corrosion, heat, moisture and physical impact 

as well as weakened connections to external circuits. 

To ensure the protection of the device, many semi-

conductor packaging assemblies are composed out of 

an industrial-strength epoxy compound that provides 

physical protection and mechanical strength as well as 

a number of desired performance properties based on the 

application or the physical location of the semiconductor 

in the finished device. 

Epoxy resins are the main component of durable epoxy 

compounds used in semiconductor packaging assemblies. 

Therefore, the properties of the epoxy resins directly deter-

mine the performance and features of the final semicon-

ductor packaging assembly. Naphthalene- and dicyclopen-

tadiene-based epoxy resins are typically utilized in these 

packaging assemblies due to their exceptional performance 

in demanding applications. These epoxy resins are regarded 

as high-performance chemistries due to their high heat resis-

tance, water resistance, ductility and bonding in demanding 

applications, such as semiconductor packaging, molding 

materials, electrical laminates and aerospace applications. 

Moisture and heat are the primary concerns of epoxy 

compound formulators, as both can destroy the semi-

conductor, warp the finished device and even catch fire. 

While standard semiconductors feature aluminum heat 

sinks, the packaging assembly must be able to with-

stand excessive internal heat waste buildup and possibly 

even heat from the external environment. Semiconduc-

tor packaging assemblies must also be able to withstand 

moisture or risk destruction of the finished device. 

The semiconductor packaging assembly requires 

immense durability and must be able to withstand a 

multitude of elements at the same time. Two new multi-

functional naphthalene-based epoxy resins and one new 

dicyclopentadiene-based epoxy resin from Sun Chemical 

Advanced Materials will be the focus of this article. These 

resins have been optimized for the development of semi-

conductor packaging with extremely high glass transition 

temperature and modulus as well as low melt viscosity, 

dielectric constant and moisture absorption.

A Novel, High-Modulus Epoxy Resin
Typically, naphthalene-based epoxy resins deliver high 

flame retardancy, but the two new naphthalene-based epoxy 

resins, which will hereto be referred to as Epoxy Resin 

N1 and Epoxy Resin N2, also exhibit exceptionally high 

glass transition temperature (Tg). When utilizing a phenol 

novolac hardener and a triphenylphosphine catalyst, Epoxy 

Resin N1 features a Tg of 181 °C according to dynamic 

mechanical analysis, the most precise method of Tg testing. 

Although Epoxy Resin N1 delivers a lower Tg than 

N2, it features higher mechanical properties, especially 

high modulus when utilizing a diamino-diphenylsul-

fone curing system. Figure 1 and Figure 2 detail the 

high tensile and flexural strength of Epoxy Resin N1 

when compared to a bisphenol A (BPA) epoxy resin and 

a tetrafunctional epoxy resin. 

In addition to semiconductor packaging applications, 

Epoxy Resin N1 is optimized for use in semiconductor 

encapsulants, advanced composite materials, copper 

clad laminates (CCL), various films and adhesives. A 

summary of the general performance properties of 

Epoxy Resin N1 is listed in Table 1. 

By Mark Edwards, New Business Development 
Manager; and Michael Scrivner, Marketing 
Communications and Research Specialist; Sun 
Chemical Advanced Materials, Parsippany, N.J. 
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FIGURE 1 È Tensile strength of Epoxy Resin N1.

for Semiconductor Packaging Assemblies 
Resolve Moisture and Heat Challenges
for Semiconductor Packaging Assemblies 

Epoxy Resins 
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New, Multipurpose Epoxy Resins
There are many high-performance naphthalene-based 

epoxy resins that can be utilized in semiconductor packag-

ing assemblies, but relatively few deliver the range of prop-

erties available in Epoxy Resin N2. Similar to Epoxy Resin 

N1, N2 delivers an exceptionally high Tg of 196 °C, but also 

low melt viscosity, low thermal expansion, low moisture 

absorption, good solubility and high adhesive strength. 

As detailed in Table 2, Epoxy Resin N2 has a lower melt 

viscosity, lower thermal expansion and higher Tg than a 

biphenyl aralkyl novolac epoxy resin. In addition, Epoxy 

Resin N2 is available in an alternative chemistry that 

features a lower softening point and lower melt viscosity 

- this version of Epoxy Resin N2 is ideal for semiconductor 

encapsulants, copper clad laminates CCL and more.

Epoxy Resin N2 is a convenient and versatile option for 

formulators of epoxy systems for semiconductor packag-

ing assemblies in demanding applications. The properties 

of the standard Epoxy Resin N2, which are ideal for semi-

conductor packaging assemblies, are listed in Table 3. 

Innovative Epoxy Resins for  
Ultralow Moisture Absorption
Unlike Epoxy Resin N1 and N2, the new dicyclopentadi-

ene-based epoxy resin does not feature high Tg or flame 

retardancy. The new dicyclopentadiene-based resin will 

be referred hereto as Epoxy Resin D1. 

Instead, Epoxy Resin D1 is optimized for semiconductor 

packaging assemblies requiring low moisture absorption, 

low dielectric constant (Dk) and low dissipation factor (Df). 

Low Dk and low Df values keep the semiconductor packag-

ing assembly from conducing electricity and minimize the 

possibility of destroying the entire finished device. 

In addition, Epoxy Resin D1 features some heat resis-

tance and low thermal expansion properties that are typi-

cal of dicyclopentadiene-based chemistries. This lowers 

the risk of warping and destroying the finished device. 

As detailed in Table 4, Epoxy Resin D1 is available 

in five varieties, with moisture absorption percentages 

ranging from 0.90% to 1.07% under 85 °C tempera-

tures and 85% relative humidity for 300 hrs. These five 

chemistries are referred to as Epoxy Resin D1, D1a, D1b, 

D1c and D1d in Table 4. 

When compared to BPA and epoxy cresol novolac resins, 

Epoxy Resin D1 has a considerably lower moisture absorp-

tion percentage at nearly half the value. As expected, the 

versions of Epoxy Resin D1 with lower moisture absorption 

rate also exhibit exponentially higher melt viscosities, soften-

ing points and epoxy equivalent weight, as seen in Table 5. 

The five different chemistries of Epoxy Resin D1 are 

optimized for a variety of applications, including semicon-

ductor encapsulants, films, adhesives and advanced com-

posite materials. In addition, the various types of Epoxy 

Resin D1 contain varying levels of volatile compounds to 

meet the requirements of global regulatory bodies.

Conclusion
Semiconductor packaging assemblies require immense 

durability to protect the finished device from heat, 

physical impact, warping, static electricity and mois-

ture. Therefore, formulators of epoxy compounds for 

semiconductor packaging assemblies require epoxy 

resins that deliver multiple performance characteristics 

that are dependent upon the requirements of the appli-

cation or location of the finished device. 

TABLE 3 » Properties of Epoxy Resin N2.*

Epoxy 
Equivalent 

Weight  
(g/eq.)

ICI 
Viscosity 

150 °C 
(dPa·s)

Softening 
Point (°C)

Mw

Gelation 
Time 160 °C** 
(Minutes and 

Seconds)

Tg*** 
(DMA) 

(°C)

Coefficient 
of Thermal 
Expansion 

***(a1) (ppm)

250 2.5 80 410 7’09 196 48

*Typical property values, not to be construed as specifications.

**Hardener: phenol novalac (softening point 120 °C) catalyst: 2E4MZ 0.05 phr

*** Hardener: phenol novalac (softening point 80 °C) catalyst: TPP 1.0 phr

Curing conditions: 175 °C x 5 hrs

TABLE 2 » Melt viscosity, flame retardance, CTE and Tg of Epoxy Resin 
N2 vs. BiPN.

Epoxy 
Resin

Melt Viscosity 
(Mpa·s/150 °C)

Flame Resistance 
(Similar to UL-94, 

Total F Sec.)

Coefficient of 
Thermal Expansion

(<Tg/TMA, ppm)

Tg (DMA) 
(°C)

N2 250
62 (flame 

retardant free)
48 220

BiPN 350 109 59 193

Hardener: TD-2090-60M (phenol novolac, SP 120 °C)

Accelerator: 2E4MZ

Glass Cloth: Nittobo 2116 (100 µm x 6 ply)

Curing Schedule: 200 °C/1.5 hrs

TABLE 1 » Properties of Epoxy Resin N1.*

Epoxy 
Equivalent 

Weight  
(g/eq.)

ICI 
Viscosity 

150 °C 
(dPa·s)

Softening 
Point (°C)

Mw

Gelation 
Time 160 °C** 
(Minutes and 

Seconds)

Tg*** 
(DMA) 

(°C)

Coefficient 
of Thermal 
Expansion 

***(a1) (ppm)

204 0.8 72 370 6’28 181 54

*Typical property values, not to be construed as specifications.

**Hardener: phenol novalac (softening point 120 °C) catalyst: 2E4MZ 0.05 phr

*** Hardener: phenol novalac (softening point 80 °C) catalyst: TPP 1.0 phr

Curing conditions: 175 °C x 5 hrs

Hardener: Diamino-diphenylsulfone (DDS)
Stoichiometric ratio

Accelerator: None

Curing Schedule: 150 ºC/1 hr + 180 ºC/3 hrs

Epoxy Resin N1

TGDDM

BPA Type
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FIGURE 2 » Flexural strength of Epoxy Resin N1.



Epoxy Resins

F E BRUA RY 2018  | W W W . P C I M A G . C O M20   

These three new epoxy resins solve multiple challenges 

of semiconductor packaging assemblies at the same time.

The two new naphthalene-based epoxy resins referred 

to as Epoxy Resin N1 and N2 both deliver exceptionally 

high heat resistance and high Tg, but vary greatly in other 

properties. Epoxy Resin N1 delivers very high modulus, 

making it ideal for applications that require toughness 

and flexibility. Industrial electronics and construction 

equipment, for example, must resist physical contact and 

years of heavy use. 

Conversely, Epoxy Resin N2 delivers the highest Tg of all 

the resins detailed in this article, but is also the most versa-

tile, bringing an impressive number of performance capa-

bilities, including low melt viscosity, low thermal expan-

sion, low moisture absorption, good solubility and high 

adhesive strength. Epoxy Resin N2 is ideal for a number 

of applications, making it an all-around choice for durable 

and cost-effective semiconductor packaging assemblies. 

The all-new dicyclopentadiene-based epoxy resin, 

referred to as Epoxy Resin D1, is ideal for naval electron-

ics, locations with high humidity, and for semiconductors 

that feature unusual electrical characteristics due to its 

low moisture absorption, low dielectric constant and low 

dissipation factor characteristics. 

For more information, e-mail mark.edwards@sunchemical.com. 

TABLE 5 » Properties of Epoxy Resin D1.

Epoxy Resin
Epoxy Equivalent 

Weight (g/eq.)
Softening Point 

(°C)
Melt Viscosity 

(Mpa·s) (150 °C)

D1 258 60 60

D1a 247 56 30

D1b 280 83 400

D1c 280 88 850

D1d 286 102 3800

TABLE 4 » Moisture absorption of Epoxy Resin D1.

Epoxy Resin Moisture Absorption (%)

BPA type 1.55

ECN type 1.75

D1 1.02

D1a 0.97

D1b 1.05

D1c 1.07

D1d 0.90

Hardener: Pheonol novolac PHENOLITE TD-2131 (SP 80 °C)

Stoichiometric ratio

Accelerator: TPP 1.0 phr

Curing Schedule: 175 °C/5 hrs

Test Method: 85 °C/85% RH x 300 hrs

Coating Thickness Gages

n No calibration adjustment required for most applications – measure right out of the box!
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S
mart materials are becoming an important part 

of our future, and in many cases they are right 

under (or above) our noses today. Every-day 

examples range from your child’s forehead ther-

mometer to your sunglass frames. 

Children’s forehead film thermometers are inexpensive 

and convenient tools for measuring approximate tem-

peratures based on the surface reaction of materials in 

a layered film. But what makes it “smart”? The particles 

that are layered and positioned in the thermometer film 

are specially selected inks and polymer particles that 

change their reflective properties based on the surface 

temperature. The resulting effect creates the appearance 

of intelligence by providing a viewpoint of perspective to 

the user. The particles are individually performing a spe-

cific localized reaction to a stimulus that is fundamental 

to the particles themselves. In this case the attribute of 

the particles is that they change their optically reflec-

tive properties based on temperature. This gives the user 

the apparent viewpoint that the film appears to become 

“smart” by providing a reading of temperature in color 

and numerical information. It almost can appear to be 

magic – but it is actually physics.

Another smart material example that we use every day 

is built into most of our sunglass frames through the use 

of shape memory alloy material. One of the most amazing 

and spectacular metal alloys in use today is nickel titanium 

(also known as Nitinol). One of the properties of this material 

is the ability to program a shape of the metallic structure 

under extreme temperatures. The resulting shape can be 

recalled through material memory by reheating the object 

to a nominal temperature, which will cause realignment of 

the particles to the original programmed shape. Other uses 

for Nitinol alloy is a form of wire called muscle wire. The 

wire shape can be formed in such a way that it effectively 

contracts its length like a muscle when heated. Another 

principle of the material is that it is electrically conductive. 

Therefore the programmable stimulus can be in the form of 

electrical energy and perform motion based on a computer 

signal. This is very important for the advancements in robot-

ics and industrial automation.

What is a Smart Material?
So what is a smart material? The generally accepted defi-

nition is, “A material that exhibits one or more properties 

that can be significantly changed in a controlled fashion 

by external stimuli.” You could therefore generalize this 

definition to say that everything and every one of us is 

a smart material. But, in the context of material science 

today we focus our definitions to the nonobvious and spec-

tacular. I want to make this point because the perception of 

spectacular and common knowledge is an ever-changing 

spectrum. In the not-too-distant future we will find poten-

tial to control molecules in ways that we never dreamed 

to be possible. An example of this is in the ever-expanding 

discoveries based on DNA and protein modeling of matter. 

In my opinion we are all examples of the spectacular nature 

of smart materials that have been programmed by DNA 

coding becoming organisms and humans. We are also 

continually programmed by external stimuli reacting and 

responding to ever-changing situations. The fact that we 

gain a greater understanding than we previously had does 

not make these now-known facts less spectacular.

By David Strumpf, Vice President of Research and Development, Windgo, Inc., Columbia, MO
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FIGURE 1 È The principle of bimetal displacement based on tem-
perature (the thermostat), could at one time have been considered 
“smart” technology.

Smart Materials
Finding a Path to Smart Paints, Coatings, Adhesives, Films and Alloys
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For example, the most basic discovery of moving par-

ticles based on temperature was shown clearly through 

the invention of the Galileo Thermometer in the 1600s. 

This was an amazing accomplishment of a physical set 

of attributes based on object density and fluid-object dis-

placement. The temperature can be observed by the user 

in a self-contained temperature acquisition and display 

device. A truly amazing invention for its time and still 

respected today. However, we don’t think of this as spec-

tacular in today’s high-tech world.

Many scientific discoveries become obsolete over time, 

and industries lose interest in the scientific fundamentals 

of the inventions and discoveries that once were thought 

to be magical and spectacular. 

Another example of a scientific principle that is still 

widely used today but is becoming obsolete is the prin-

ciple of bimetal displacement based on temperature. This 

technology is one of the world’s simplest thermostat inven-

tions (Figure 1). The movement of the two different metals 

occurs due to each metal having different attributes based 

on temperature. The net effect is a predictable movement 

of the combined structure of bimetal commonly known 

as a bimetal strip. You can imagine that the movement of 

the heated and cooled bimetal shape could be connected 

to an ON/OFF switch where the switch is pushed upward 

to turn ON the air conditioner and pushed downward to 

turn OFF the air conditioner. This is the basic structure 

of almost all mechanical thermostats made over the last 

hundred years. One interesting note related to this “magi-

cal” phenomenon is that we do not think of this solution as 

a smart material in today’s modern world. I would ask you 

to ask, “Why?” or “Why not?” I feel the answer is percep-

tion of reality, and we love what is newly discovered. We 

think of it as “magic” and therefore “smart.”

So, where is the world of discovery heading and what 

should we look for as significant smart materials for 

the future?

•	 Polymers

•	 Ceramics

•	 Carbon forms

•	 Mixed-mode hybrids

Smart Materials

Polymer chemistry advancements have become part of 

our everyday lives. The addition of long-chain water-

soluble polymer lubricant strips have helped in the act 

and art of shaving by allowing a renewed application of 

lubrication in every stroke. The apparent structure of the 

strip is perceived as a magic piece of plastic to most users 

as they just wet the surface and it continually provides 

lubrication over hundreds or thousands of shaving strokes 

(Figure 2). The material in the form of polymer molecules 

forms chains that transfer from the strip to the skin, which 

provide a smooth surface coating for the razor blades to 

float over while the cutting surface removes the unwanted 

hairs, therefore reducing pain during shaving.

Advancements in polymer research have also provided 

the ability to create specific molecular features or attri-

butes that can be manufactured to provide various states 

or forms. One type of polymer that can become “smart” 

utilizes the property of thermochromatic transition states 

(Figure 3). This technology is seen in the previous example 

of the children’s thermometer film but can also be used to 

create color changes in items dating back to the mood ring 

of the 1970s. In today’s world we can utilize these prop-

erties to allow polymer particles to become transparent 

based on temperature rise or temperature fall. This can 

be used to create multilayered signage including building 

materials that can change color or become invisible.

Another version of smart materials based on tempera-

ture is a hybrid material application that utilizes conductive 

electrical current flow to visually indicate a quantitative 

energy meter directly on the side of a battery (Figure 4). 

Thermochromic inks can be used along with a resistive film 

coating. The display will change based on a battery’s volt-

age. The energy must be sufficient to create a proportionate 

current flow through the film in order to generate enough 

heat to display 100% full. The lower the voltage – the lower 

the bar graph as seen by the observer. Smart particles pro-

vide a power meter with no computer involved.

Piezoelectric elements can be formed as films, wafers 

or crystalline particles that can be used as sensors and 

that can also become actuators (Figure 5). The physical 

properties of the surface can be energized to move based 

on the voltage level and polarity of the stimulus pro-

vided differentially across the surface of the crystal. This 

property can be used to make a movement, a beeper or a 

FIGURE 3 » One type of polymer 
that can become “smart” utilizes 
the property of thermochromatic 
transition states.

FIGURE 2 » Lubricant strips on 
razors demonstrate polymer 
chemistry advancements that have 
become part of our everyday lives.

FIGURE 5 » Piezoelectric ele-
ments can be formed as films, 
wafers or crystalline particles that 
can be used as sensors and that 
can also become actuators.

FIGURE 4 » Smart particles 
provide a power meter directly on 
the side of a battery.
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speaker. Another interesting property of the material is 

that the inverse operation is possible as well. This means 

that the same device that is a speaker can also operate as 

a microphone or a displacement vibration sensor. It can 

also generate small amounts of energy during vibration 

to yield energy harvesting.

One of the principles of all matter is that there is some 

level of temperature nearly everywhere in the universe. This 

brings an interesting property of a device called a Peltier 

device or thermoelectric cooler. The primary function of 

the special silicon junction is that you can provide a voltage 

potential that creates a current flow, and the material attri-

butes create a cooling effect on one side of the device while 

creating a heating effect on the other side (Figure 6). Another 

spectacular attribute is that the device can also generate a 

small amount of energy if you provide a temperature differ-

ential with sufficient heat and delta temperatures. Another 

seemingly magical example of potential energy harvesting.

Organic LEDs are providing the ability to provide an 

electrical stimulus across a junction of material that 

can create a transmission of light at a specifically pro-

grammed wavelength (or color) (Figure 7). The interest-

ing part of this material advancement is that the particles 

can be manipulated in such a way to create a nonplanar 

or flexible surface. This will evolve into silk-screened TV 

screens and spray-on digital signage as active billboards.

Electronic ink film is created as a grid of electrically 

reprogrammable particles that are less than 100 microns 

each that can be used to create flexible signage, labeling 

and screen displays. One of the unique properties of the 

particles is that they can become reflective or light absorbing 

and remain in that state permanently without the need for 

power. Electrical signals in the form of pulsed waveforms are 

used to excite the particles into discretely programmed states 

of black, white or red (Figure 8). The display film is flexible 

and can be reprogrammed down to the pixel level. There are 

also segment and block modes for the particles to allow large 

areas to change colors or thermal properties such as reflec-

tive or black body radiating thermal collectors.

Thermochromic polymer particles can be used to coat a 

surface such as asphalt shingles to allow color changes to 

the surface-applied particles based on temperature. Figure 

9 shows an example of 90 °F trigger programmed particles 

that reflect light in the summer and turn black in the cooler 

months in order to absorb heat in the winter. The purpose 

of the coating is to allow modification to existing produc-

tion methods while providing a variety of color mixtures 

and patterns. It is also possible to create other building 

material solutions using this methodology including inside 

walls, ceilings and counter surfaces. In some cases the 

material itself could be injection molded or extruded to pro-

vide a functional composite material solution.

The hybridization of these and other smart materials 

is making its way into other materials such as paints and 

coatings. One example of this is the recently discovered 

state of carbon known as graphene, which allows struc-

tural enhancements that can be mixed with a carrier 

component and grown onto a substrate. The end result 

can form a lattice structure that creates extremely strong 

bonds structurally as a hexagonal grid. One of the impor-

tant properties of this material as a lattice is the ability to 

conduct electricity. This means that the advancements of 

sensors and computing devices are abundant.

One of the most exciting areas of research into smart 

materials is in the field of carbon forms such as Fuller-

FIGURE 7 » Organic LEDs can 
provide an electrical stimulus 
across a junction of material that 
can create a transmission of light 
at a specifically programmed 
wavelength (or color).

FIGURE 6 » The special silicon 
junction of the Peltier device can 
provide a voltage potential that 
provides a current flow that cre-
ates a cooling effect on one side of 
the device while creating a heating 
effect on the other side. 

FIGURE 9 » Thermochromic poly-
mer particles can be used to coat 
a surface such as asphalt shingles 
to allow color changes to the 
surface-applied particles based 
on temperature.

FIGURE 8 » Electronic ink film is 
created as a grid of electrically 
reprogrammable particles that are 
less than 100 microns each that 
can be used to create flexible sig-
nage, labeling and screen displays.

FIGURE 11 » Carbon nanotubes 
and graphene can be structured 
together in a lattice formation in a 
complementary manner that can 
form electrical sensory networks.

FIGURE 10 » A suspension of CNT 
that can be used as a coating, paint 
or adhesive when mixed in produc-
tion with an appropriate carrier 
material.
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ene C-60 (Buckyballs), carbon nanotubes 

(CNT) and graphene. Figure 10 shows a 

suspension of CNT that can be used as a 

coating, paint or adhesive when mixed 

in production with an appropriate car-

rier material. Carrier materials such as 

silicone rubber, epoxies and acrylic paints 

can provide lattice structures that enhance 

elasticity, impact resistance and resonant 

tolerance such as damping properties. 

The electrical conductive properties of 

the carbon additives can create a hybrid 

material that can be used to create sensors 

and actuators to tune or de-tune reso-

nant vibrations. The hybrid composites 

can also be used to change durometer and 

response to shock through electrical and/

or thermal excitation. Thermal heating 

modes can create “distributed warming” 

by conducting an electric current through 

the hybrid composite to create solutions 

such as avoiding brittle carrier material 

characteristics in the cold.

Plastic and epoxy carriers can be 

formed and molded into strategic shapes 

based on application or to exploit physical 

vibration characteristics based on strate-

gically generated waveforms for material 

displacement. Applications include sound 

damping and active noise canceling. Flex-

ible silicone adhesives, gaskets, washers 

and O-rings can be easily formed to pro-

vide programmable response to vibration, 

pressure, temperature or other electro-

magnetic properties. Externally powered 

warming caulk can be created that can 

offset humidity-based fogging on glass 

surfaces or defrost cold surfaces.

Carbon nanotubes form a contiguous 

lattice structure during the curing pro-

cess of the carrier that provides an evenly 

distributed electrical network through-

out the hybrid composite material. One 

of the inherent properties of CNT lattice 

structures is the ability to absorb elec-

trostatic discharges (ESD), which can 

destroy electronic devices. This makes 

hybrid composite CNT smart materials 

attractive as electrical safety improve-

ment solutions. Applications such as CNT 

coatings and potting compound adhe-

sives can become a solution for thermal 

dissipation as well as energy discharge 

surface enhancements.

Carbon nanotubes and graphene can 

be structured together as a lattice forma-

tion in a complementary manner that 

can form electrical sensory networks 

including the formation of a functional 

field effect transistor (Figure 11). With 

this ability to become a smart mate-

rial hybrid functioning as a transistor 

we enter a new frontier of semiconduc-

tor research that takes smart materials 

beyond the perception of spectacular to a 

true functioning computer circuit within 

the materials of tomorrow.

Conclusion

Today’s smart materials can be realized 

in the form of solids, adhesives, coatings, 

paints and liquids. They can provide rigid 

or flexible solutions that are resilient and 

temperature-stable while absorbing unde-

sirable vibrations. The capabilities may 

seem like magic today, but they will some-

day seem as standard as a thermostat. Be 

ready to embrace the features and func-

tions of tomorrow that will exploit the 

benefits of the attributes contained within 

smart materials. They are taking over the 

world… and that’s a good thing. 

For more information, email d.strumpf@windgo.

com or visit www.windgo.com.
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C
orrosion protection of organic coatings has 

received a significant amount of study in 

both academia and industry. Without con-

sidering anticorrosive pigments or other cor-

rosion-inhibiting additives, three of the most commonly 

highlighted factors influencing corrosion resistance are 

barrier properties (water and O2 permeability), adhe-

sion and electrochemical impedance. When attempt-

ing to identify the rate-limiting or primary protection 

mechanism, the various literature studies often conflict. 

Discrepancies may arise for a number of reasons, includ-

ing differences in polymer chemistries, test methods 

and conditions. To explore the disagreements, a focused 

study of 21 styrenated acrylic resins in clear formula-

tions was conducted in an effort to correlate film proper-

ties with corrosion resistance on flat, bare, cold rolled 

steel. The study was then extended into high-gloss 

pigmented systems. The structure property relationships 

derived from this work were then applied to the develop-

ment of next-generation, low-volatile organic compound 

(VOC), direct-to-metal (DTM) polymers. 

Introduction
Historically, 1K waterborne styrenated acrylic resins have 

been utilized in the light-duty industrial maintenance 

sector, often sold for DTM coatings. DTM in this context 

refers to the direct application of a single coat (or option-

ally multicoat) paint to a metal substrate without a primer 

to provide adhesion and corrosion resistance. Thus, the 

DTM coating must provide the full balance of properties 

By Allen S. Bulick, Technical Manager; Chris R. 
LeFever, Chemist; Glenn R. Frazee, Senior Scientist; 
and Matt L. Mellott, Chemist, EPS, Marengo, IL; 
and Kailong Jin, Ph.D. Candidate, Northwestern 
University, Evanston, IL

Incumbent Prototype A

FIGURE 1 » Aluminum cross-
hatch adhesion vs. corrosion 
resistance on CRS (2 mil DFT, 400 
hrs B117) of incumbent resin vs. 
Prototype A.

Incumbent Prototype A

Attempts at improving AI adhesion

Prototype B Prototype C

FIGURE 2 » Prototype resins with aluminum adhesion vs. corrosion 
resistance on CRS (2 mil DFT, 400 hrs B117).

Prototype D

FIGURE 3 » Aluminum 
adhesion vs. corrosion 
resistance on CRS (2 
mil DFT, 400 hrs B117) 
of Prototype D.

and conditions. To explore the disagreements, a focused 
By Allen S. Bulick, Technical Manager; Chris R. 

The Impact of 
Film Properties on 
Corrosion Resistance 
in Waterborne Acrylics and Next-Generation Low-VOC Resin Development
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expected of a metal protective system including, among 

others, corrosion resistance, adhesion, chemical resis-

tance, UV resistance and hardness. This presents signifi-

cant challenges in polymer design, forcing the chemist to 

balance what often appear to be competing properties. 

When considering ASTM B117 as the accelerated corro-

sion testing method, performance ranges for commer-

cially available 1K DTMs based on styrenated acrylics are 

typically between 24-300 hrs exposure in a single coat at 

~ 2 mil dry film thickness (DFT). Some more specialized 

styrenated acrylic DTMs can achieve > 500 hrs. 

One of the major driving forces for new development 

in this space is VOC reduction. Legacy DTM products 

tend to be formulated to < 250 g/L, but a combination of 

regulation, consumer pull-through and voluntary adop-

tion by suppliers has driven a demand for high perfor-

mance under 100 g/L and lower. In a recent development 

project for a < 100 g/L VOC-capable styrenated acrylic 

DTM, significant difficulties arose in maintaining cor-

rosion resistance while trying to improve adhesion to 

aluminum substrates. Working off the platform of an 

in-house incumbent polymer, the initial project focus was 

to improve its corrosion resistance as measured by ASTM 

B117 salt fog on flat, untreated cold rolled steel (CRS). 

Early prototypes accomplished this, but yielded reduced 

adhesion to aluminum (Figure 1). 

In developing prototype A, the compositional changes 

necessary to deliver the improved corrosion resistance 

limited its ability to adhere to aluminum. Another round 

of prototype synthesis was conducted to improve the 

aluminum adhesion. Results were mixed, with a general 

trend emerging of improved adhesion at the expense of 

corrosion resistance. A representative subset of the evalu-

ated prototypes is summarized in Figure 2. 

In light of these findings, an additional prototype (Pro-

totype D) was synthesized, specifically deemphasizing 

aluminum adhesion as a property (Figure 3). Prototype D 

produced a 0b crosshatch adhesion result, but yielded the 

best corrosion resistance seen to that point. The results 

prompted an in-depth review of corrosion and adhesion 

mechanisms in an attempt to explain the apparent inverse 

relationship between the two properties.

Steel Corrosion and  

Mechanisms of Protection

A simplified schematic of steel corrosion is presented in 

Figure 4. For corrosion to initiate and propagate, certain 

conditions are required: 1) an anode; 2) a cathode; 3) oxy-

gen (or other reducible species, e.g. CO2); 4) water (for ion 

flow); and 5) electrolytes (e.g. NaCl, accelerate corrosion 

processes). For steel, there is an additional requirement of 

a pH < ~ 9.5. A thin passivation layer of oxide forms above 

this pH, shutting down further corrosion. Elimination of 

any one of these components can inhibit the corrosion 

process. For corrosion prevention with organic coatings, 

without considering anticorrosive pigments or small-

molecule corrosion inhibitors, there are several potential 

inhibition mechanisms:

1. Prevention of water and/or oxygen from penetrating 

the coating film – these mechanisms will be collectively 

referred to as barrier properties.

2. (a)Exclusion of water from the surface or prevention of 

anode/cathode formation via strong coating wet adhe-

sion properties.

    (b)Passivation of either the anode or cathode as it forms 

via the adhesion properties of the coating.

3. Inhibition of electrolyte f low via film resistance – 

generally measured via electrochemical impedance 

spectroscopy (EIS).

Literature Review

Attempts at elucidating the role organic coatings play in 

preventing corrosion stretch back decades. There has been 

significant disagreement over the primary mechanism by 

which coatings inhibit corrosion, with examples of studies 

concluding that any one of the three components – bar-

rier properties, adhesion properties or impedance – is 

the limiting factor. Historically, barrier properties were 

thought to be of primary importance. One of the earliest 

challengers to this was Mayne and coworkers.1-3 Mayne 

performed extensive work beginning in the late 1940s on 

the mechanisms of corrosion protection in coatings. The 

common theme that arose from this work was that the 

rate of permeation of the elements necessary for corrosion 

to occur (i.e. water and oxygen) was anywhere from one 

to several orders of magnitude too high, depending on the 

chemistry, for barrier properties to be a limiting factor in 

corrosion control. Instead, Mayne argued that the coat-

ing provided a high resistive barrier to electrolyte flow, 

inhibiting the formation of a complete galvanic cell.3 This 

was confirmed via EIS measurements, which appeared to 

correlate well with accelerated corrosion testing on steel 

immersed in salt water. 

Similar results were observed independently in 1948 

by Bacon and coworkers who completed an extensive 

EIS study of 300 coatings systems of different chem-

istries and arrived at the general rule of thumb that 

maintaining an impedance of >106Ω was required 

for good corrosion resistance.4 Other researchers dis-

agreed with the barrier property findings of Mayne 

and others, producing research that suggested oxygen 

transport through the coating was the rate-limiting 

factor in corrosion resistance.5-7 A more sophisticated 

model was proposed by Funke that posited that a com-

bination of oxygen transport inhibition and loss of 

adhesion via water incursion drove corrosion.8

Additional researchers concluded that adhesion under 

saturated conditions, or wet adhesion (as opposed to dry 

Water

Red Rust
Fe       Fe2+ + 2e-

e- e- O2 + 4H+ + 4e-         2H2O

O2 + 2H2O + 4e-         4OH-

Fe2+ + 2H2O        Fe(OH)2 + 2H+

Fe2+ + 2OH-        Fe(OH)2

4Fe(OH)2 + O2       Fe2
O

3•xH2O
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Cathode Anode Cathode

FIGURE 4 È Simplified schematic of corrosion on steel.



Corrosion Resistance

F E BRUA RY 2018  | W W W . P C I M A G . C O M28   

adhesion), either alone or in concert with barrier proper-

ties, was of primary importance in inhibiting corrosion.5,9

The combined efforts of these works and many others 

proved that both corrosion and its control by organic 

coatings were extremely complex and difficult to model 

processes. More recent works have tended to favor EIS as 

the standard predictive tool.10-13 An in-depth review and 

theoretical treatment of EIS as a technique applied to coat-

ings is provided by van Westing.14 Despite this, adhesion 

and barrier properties continue to be a significant compo-

nent of the corrosion conversation.

Several potential issues arise when attempting to 

compare the various models of corrosion resistance 

generated by different researchers. The cited studies and 

other works in this area are not necessarily consistent 

with one another in their resin chemistry, formulation, 

metal type, surface prep, accelerated corrosion method, 

analytical techniques, etc. This can make attempting 

to develop a unifying theory of corrosion protection via 

organic coatings difficult. As a resin supplier, we are 

primarily concerned with the development and study 

of waterborne, styrenated acrylic resins. As relatively 

polar 1K systems, styrenated acrylics are likely to exhibit 

significantly different behavior in, say, barrier properties 

vs. highly crosslinked epoxies, chlorinated rubbers or 

semicrystalline polyolefins. To develop styrenated acryl-

ics with optimal corrosion resistance while retaining the 

necessary balance of other properties, a more focused 

study is required to isolate the structure/property rela-

tionships for a single chemistry. 

To better make comparisons between experiments and 

draw conclusions specific to a single chemistry, the work 

presented here will focus on corrosion resistance of water-

borne, styrenated acrylics as measured by ASTM B117 

salt fog on flat, untreated CRS. Specifically, the CRS panels 

tested were R-series Q-panels, which were received clean 

and with no further surface prep prior to coating. 

Experimental Observations
The results from Figure 2 indicate that seeking to opti-

mize adhesion properties can be detrimental to corrosion 

resistance. Figure 5 illustrates an example in which a 

prototype with good dry adhesion but poor wet adhe-

sion to CRS was adjusted compositionally to impart wet 

adhesion via an increase in acid monomer content. Wet 

adhesion was tested by applying a 10-mil wet drawdown, 

curing at ambient conditions for 7 days, forming a 3-mm 

crosshatch and exposing to a wet paper towel for 30 min. 

After 30 min, the paper towel was removed, the film 

patted dry and the crosshatch immediately tested with 

adhesion tape. 

An additional prototype was then made reducing the 

adhesion properties of Prototype E via acid monomer 

reduction such that the resin failed dry crosshatch adhe-

sion on CRS. The observed corrosion resistance (Figure 

6), presented both in a pigmented high-gloss formulation 

(2 mil DFT) and a clear formulation (1 mil DFT), exhibited 

an incremental improvement in corrosion resistance over 

Prototype E. Even with poor dry and wet adhesion, scribe 

propagation was unexpectedly minimal (< 3mm), and 

field corrosion was isolated to a few pin points.

Prototype G

Dry Adhesion
0b crosshatch

500 hrs

FIGURE 6 » Corrosion resistance (2 mil DFT for white, 1 mil for clear, 500 
hrs B117) of prototype with poor dry adhesion on CRS.

300 hrs

Prototype H Prototype I

Decreasing Acid Content

Prototype J

FIGURE 7 » Corrosion resistance (1.5 mil DFT, 300 hrs B117) of three 
prototypes with decreasing acid monomer levels.

Prototype E

Dry Adhesion

Wet Adhesion

Dry Adhesion

Wet Adhesion

Prototype F

500 hrs 500 hrs

FIGURE 5 » Effect of wet adhesion on corrosion resistance (2-2.2 mil 
DFT, B117).
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Insight as to the underlying mechanism and interplay 

between these properties may lie in work performed by 

Ulfvarson and Khullar, in which they demonstrated an 

inverse correlation between the ion exchange capacity of 

the resin and its corrosion resistance.15 Framed another 

way, increasing the acid monomer content of a resin is 

expected to be detrimental to corrosion resistance. For 

waterborne styrenated acrylics, this presents an inter-

esting challenge, as these polymers rely on acid groups 

both for metal adhesion and colloidal stability. To test 

this, a series of resins was synthesized, changing noth-

ing but the acid monomer level. Each resin was tested for 

corrosion resistance in a clear formulation (Figure 7). A 

significant correlation between acid level and corrosion 

resistance emerged, with lower acid levels yielding supe-

rior corrosion resistance.

Clear films provide easily observable visual cues, partic-

ularly in the cases of field corrosion and water incursion. 

In the Prototype J (Figure 7), water has visibly penetrated 

the film and is present at the film/substrate interface on 

> 70% of the surface area. Yet, in the vast majority of the 

field area, no visible corrosion is present, and corrosion 

protection continues even after water has penetrated to 

the substrate surface. This indicates that water incursion, 

in and of itself, is not the rate-limiting step in the initiation 

and propagation of corrosion at the steel surface. Addi-

tionally, polymers that pass the standard wet adhesion 

test quickly lose adhesion strength in the salt fog cabinet. 

This is consistent with the work of Walker.16 Resins that 

pass wet adhesion as measured by one-hour immersion 

in water fail crosshatch adhesion upon removal from the 

salt fog cabinet. Adhesion strength is typically low enough 

after 300 hrs exposure to salt fog that the entire film could 

be lifted from the substrate with minimal effort (Figure 8).

Also, despite the loss of substrate adhesion, it is appar-

ent from Figure 8 that no significant scribe propagation 

or field rust had occurred.

Systematic Study of  
Styrenated Acrylics
Experimental
In an effort to understand both the findings from litera-

ture and experimental observations, and begin to pursue 

a more unified theory of corrosion protection specifically 

for styrenated acrylics, a study evaluating 21 commer-

cially available styrenated acrylics (henceforth referred 

to as Resin A through Resin U) was conducted. The resins 

were formulated into identical clear formulations, only 

adjusting coalescing solvent level based on the minimum 

film formation temperature of each resin (Table 1). Select 

film properties were then evaluated for correlation with 

accelerated corrosion in a B117 salt fog cabinet (Q-FOG, 

Q-lab) at a target of 3-3.5 mil DFT in a single coat on flat, 

untreated CRS (4”x6” R-series Q panels) via drawdown. 

Results discussed here will focus on adhesion, impedance, 

film hardness, water vapor transmission and oxygen 

transmission. Future papers will extend the structure/

property model to other performance tests such as Cleve-

land humidity and cyclic prohesion. 

Each of the resins was exposed in B117 salt fog and 

monitored for progression of corrosion at 66 hrs, 240 

hrs and 560 hrs (560 hrs panels in Figure 9). To ana-

lyze the data, the panels were force ranked on a discrete 

10-unit scale, with 10 being the best ranked panel and 

1 being the worst. 

For dry pull off adhesion, coatings were applied over 

4”x6” R-series Q panels at 10 mil wet DFT and cured at 

TABLE 1 » Start point clear formulation for film property testing.

Pounds Gallons Name NVMW

640.00 74.85 Resin 288.00

2.00 0.27 Ammonium hydroxide 0.00

4.00 0.46 Silicone wetting agent 4.00

3.00 0.34 Silicone defoamer 2.94

4.00 0.44 Biocide 0.60

xx.xx xx.xx Water (adj. for resin) 0.00

xx.xx xx.xx DPnB (adj. for resin) 0.00

15.00 1.80 Sodium nitrite 4% 0.60

12.00 1.31 High-shear HEUR thickener 2.40

3.00 0.33 Low-shear HEUR thickener 0.65

100.00 Totals 299.19

FIGURE 8 » Loss of adhesion after 300 hrs exposure to the B117 salt 
fog cabinet.

Resin GResin FResin EResin DResin CResin BResin A

Rating 1Rating 6Rating 7Rating 8Rating 3Rating 1Rating 8

Resin UResin TResin SResin RResin QResin PResin O

Rating 8Rating 7Rating 8Rating 9Rating 5Rating 7Rating 10

Resin NResin MResin LResin KResin JResin IResin H

Rating 3Rating 5Rating 6Rating 2Rating 4Rating 2Rating 6

FIGURE 9 » Corrosion results (560 hrs B117) and ratings of Resin A 
through U (3-3.5 mil DFT, CRS).
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ambient conditions for 7 days. Metal dollies were fixed to 

the film via an epoxy adhesive for 24 hrs. The test area 

was separated from the rest of the film by cutting around 

the dolly and the peak force (psi) necessary to remove the 

film from the substrate was measured (Table 2). 

In an effort to quantify the wet adhesion properties of 

the films, a series of immersion tests was run with a lad-

der of exposure times. Coatings were applied over 4”x6” 

R-series Q panels at 10 mil wet DFT and cured at ambient 

conditions for 7 days. The initial test was the 30-min wet 

paper towel test described before. The crosshatches were 

rated on a scale of 0b-5b, with 0b meaning > 65% film 

removal and 5b meaning 0% film removal. Resins that 

retained ≥ 2b adhesion in this test were then immersed 

in water for 1 hr and retested for adhesion. Additional 

immersion times were 24 hrs, 48 hrs, 4 days and 1 week. 

At each time point, resins that exhibited ≥ 2b adhesion 

were carried through to the next immersion time point. 

An average of the six runs was taken with results sum-

marized in Table 2. 

Barrier properties are known to be directly related to 

polymer Tg, which is in turn directly related to measured 

film hardness. Coatings were applied over 4” x 6” glass 

panels at 10 mil wet DFT and cured at ambient conditions 

for 7 days. Konig hardness was measured via oscillations 

at 3⁰ on a pendulum hardness tester from BYK (Table 2).

For water vapor and oxygen transmission, each coating 

was drawn down on a silicone release liner at 15 mil WFT 

and cured at RT for 7 days. Three 4-cm-diameter disks 

were cut from each film. Samples were measured for water 

vapor transmission on an Illinois Instruments 7002 WVT 

for 24 hrs at 90% humidity, 100 ⁰F.

For EIS, samples were prepared in an equivalent man-

ner to those prepared for B117 salt fog. EIS was conducted 

on the films upon initial immersion in a 5% NaCl solution 

and after 24 hrs of immersion. Impedance values at low 

frequency (0.01Hz, via potentiostat) at 24 hrs immersion 

were used for correlation assessment. 

Results and Discussion

A series of plots (Figure 10) was generated to investigate 

any correlations that might arise amongst the follow-

ing pairs: dry adhesion/wet adhesion; dry adhesion/

corrosion resistance; wet adhesion/corrosion resistance; 

water vapor transmission/corrosion resistance; Konig 

hardness/corrosion resistance; and 24-hr low-frequency 

impedance/corrosion resistance.

Dry and wet adhesions were moderately correlated, 

with initial strength of dry adhesion explaining a small 

portion of the wet adhesion data. Neither dry nor wet 

adhesion showed a significant correlation with corrosion 

resistance. Prior to this study, based on experimental 

observations, the hypothesis was that a negative correla-

tion between adhesion and corrosion resistance would 

emerge, but this was not the case. Similarly, water vapor 

TABLE 2 » Pull-off adhesion on CRS (R-series Q panel), average wet adhesion rating, and Konig hardness for Resin A 
through U.

System
Dry Adhesion 

Peak Force (psi)

Avg. Wet 
Adhesion 

Rating

Konig 
Hardness (#3° 
Oscillations)

System
Dry Adhesion 

Peak Force (psi)

Avg. Wet 
Adhesion 

Rating

Konig Hardness (#3° 
Oscillations)

Resin A 277 4.7 5 Resin L 180 1.8 11

Resin B 132 0.3 10 Resin M 111 0.2 13

Resin C 172 3.2 6 Resin N 95 0.3 11

Resin D 214 2.8 6 Resin O 222 2.0 6

Resin E 294 2.7 5 Resin P 233 1.5 7

Resin F 94 0.5 9 Resin Q 219 3.0 7

Resin G 216 1.7 8 Resin R 165 2.8 9

Resin H 163 1.7 13 Resin S 172 1.8 8

Resin I 289 1.7 16 Resin T 208 2.3 10

Resin J 215 4.0 8 Resin U 320 2.0 9

Resin K 212 1.5 8
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FIGURE 10 » Correlation of physical properties: a) dry pull off adhesion 
vs. avg. wet adhesion; b) corrosion resistance vs. dry pull off adhesion; 
c) corrosion resistance vs. avg. wet adhesion; d) corrosion vs. H2O vapor 
transmission; e) corrosion vs. Konig hardness; f) corrosion vs. oxygen 
transmission; g) corrosion resistance vs. low frequency impedance (0.01 
Hz, 24 hrs immersion).
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transmission, oxygen transmission and Konig hardness 

did not exhibit strong correlations with corrosion resis-

tance. Future work will compare water vapor transmis-

sion with liquid water uptake data and any respective 

correlation with corrosion resistance. The two physical 

forms of water represent two different aspects of barrier 

properties, as water vapor transmission is dominated by 

bulk diffusion while liquid water transport proceeds pri-

marily via capillary action.

Low-frequency impedance correlated strongly with the 

observed corrosion resistance, with impedance explain-

ing a majority of the experimental data (R2 = 0.61). The 

remaining variability may arise in film properties still to 

be measured and may also be inherent to the test due to 

panel to panel inconsistencies in film quality. Data cor-

relation may also change/be improved by extending the 

EIS exposure time to one week. However, one week, or 

168 hrs, is approaching a meaningful timescale to be able 

to observe differences in B117 corrosion performance of 

styrenated acrylic resins, thus reducing its effectiveness 

as a quick screening tool. 

Based on these findings, film impedance is an impor-

tant part of the model of coating corrosion resistance. 

However, a significant portion of the data remains unex-

plained. An important takeaway from the adhesion results 

is that, contrary to previous experimental observations, 

achieving good wet adhesion properties is not necessarily 

detrimental to corrosion resistance. Good adhesion is also 

not strictly necessary to achieve good corrosion resis-

tance. In real-world applications, however, good adhesion 

properties serve another important purpose in reducing 

the likelihood of coating film damage and substrate expo-

sure. Polymers with good wet adhesion are more likely 

to resist delamination/removal from the substrate from 

mechanical damage when hydrated due to rain or high 

humidity. Any damaged area without coating coverage is 

readily susceptible to corrosion processes.

Next-Generation Development  
and Conclusion
The adhesion/corrosion balance of the previous study 

yielded significant new insights into resin design. Poly-

mers with good wet adhesion and good corrosion resis-

tance could be isolated, and those properties correlated 

back to their monomer compositions and particle mor-

phologies. The knowledge gained drove development of 

a next-generation, low-VOC (< 50 g/L) styrenated acrylic 

DTM resin with high-performing adhesion and corrosion 

properties. A new prototype was synthesized that pro-

vided a robust adhesion profile across many substrates, 

capable of passing dry and wet adhesion within 72 hrs of 

application (Figure 11). Additionally, the corrosion resis-

tance (Figure 12) surpassed that of most previously evalu-

ated prototypes while delivering a comprehensive wet 

and dry adhesion profile. The novel synthetic approaches 

demonstrated here achieved improved adhesion without 

negatively impacting the film’s impedance or relying on 

high levels of acidic functional groups.

Current efforts are focused on further optimizing the 

performance of Prototype K and continuing to drive 

down the VOC demand of waterborne styrenated acrylic 

DTMs. Additional unmet 

needs in this space such 

as adhesion to poorly 

prepared substrates (e.g. 

oily/greasy, dirty, rusted, 

et c.)  a re a l so b ei ng 

ex p lo r e d ,  l e ve ra g i n g 

learnings from the study 

presented here. 

This paper was originally pre-

sented at the 2017 Waterborne 

Symposium in New Orleans. For 

more information, email allen.

bulick@eps-materials.com.
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FIGURE 11 » 24-hr wet and dry crosshatch adhesion of Prototype H 
across a variety of metal substrates.

Prototype K

700 hrs

FIGURE 12 » Corrosion 
resistance (700 hrs B117, 2 
mil DFT, CRS) of Prototype K.
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I
n 1795, the government of France, under Napoleon 

Bonaparte, offered a 12,000 Franc prize for a solution 

to preserving food for France’s army and navy. In 

1809, Nicolas Appert won the award by preserving 

canned food through sterilization. On August 25, 1810, King 

George III of England granted a patent to British merchant, 

Peter Durand for the invention of preserving food using 

tin cans (Figure 1). In 1818, Peer Durand introduced the 

first tin-plated steel cans to America, and in 1819, Thomas 

Kensett, Sr. and Ezra Daggett of England introduced canned 

fruits, meats, oysters and vegetables in New Yok City. 

In the 1820s Rear Admiral Sir William Edward Perry’s 

two arctic expeditions pursuing Northwest Passage routes 

used canned food for their provisions. In 1825, Kensett pat-

ented tin-plated steel cans in America. In 1847, Machine-

Stamped Tin Can was patented with the pendulum press 

– a die allowing a metal can end to be manufactured in a 

single operation, increasing can production ten-fold, from 

five to six per hour by hand to 50-60 per hour by machine. 

Gail Borden received a patent for the process of condensing 

milk by vacuum in 1856 (Borden’s Condensed Evaporated 

Milk, Figure 2), and its unique packaging continues into 

present day (Nestlé Carnation Evaporated Milk). 

Cold-rolled steel sheet, tin plated for corrosion resis-

tance, was the earliest production steel can protective 

coating method due to availability and soldering ability 

of tin for steel end-cap stampings. This was replaced 

with bisphenol A epoxide for steel and aluminum 

By Bruce Bachman, Managing Director, CSI Group 
of Companies, Singapore

FIGURE 2 » An early Borden’s condensed evaporated 
milk poster.

FIGURE 1 » An early tin can.

milk by vacuum in 1856 (Borden’s Condensed Evaporated 

Formable Sheet Metal

Current Trends of Cationic Coating Formulations, Production Methods and Apparatus Upon 
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can protective linings and subsequently replaced by a 

variety of industrial coating alternatives – more com-

monly novolac or aliphatic epoxies, primarily but not 

exclusively for food and/or beverage metal substrate 

container use (Figure 3). 

Two-part epoxy industrial coatings were further devel-

oped for metal substrate can or container use, primar-

ily fabricated, stamped, bendable and/or formable sheet 

steels. These tough, protective, nonporous industrial coat-

ings offered excellent hardness for food, industrial and 

automotive applications due to the epoxies’ greater heat 

resistance over conventional latex and/or alkyd-based 

coatings, but remained susceptible to UV deterioration, 

resulting in “chalking”.

Metal cans and containers used for storage of acidic 

foods, highly polar solvents and/or hydrocarbons may 

also use fatty acid-reacted epoxies to yield epoxy-ester 

industrial protective coatings. 

Polyester epoxies are commonly used in powder 

coating of sheet steel appliances, other white goods and 

many high-volume and/or high-value consumer prod-

ucts from sheet steels.

Crosslinking epoxies with phenolic are commonly 

used for coating 55-gallon steel drums or with amines 

for high-performance industrial clear and/or opaque 

decorative top coats. This includes solvent-free for-

mulations premixed at heated-head airless spray gun 

applications where coating cure time is at a premium 

and/or high industrial coating thicknesses are speci-

fied for aluminum or steel substrate protection in truly 

hostile environments, such as aircraft airframes, mari-

time containers and sea-going vessels, large-diameter 

steel or concrete piping, bridge structures, concrete 

highway, high-speed induction train support or airport 

runway and taxiway rebar/joints/cables, deep sea drill-

ing platforms, and the like. 

Materials, Methods and Apparatus
Industrial coating formulations, methods of application and 

apparatus dedicated to high-volume production coating of 

metal substrates have generally met the challenges of:

•	 Lowered overall manufacturing processing costs;

•	 Increased processing throughputs;

•	 Improved quality and global availability of advanced 

industrial coating formulations; 

•	 Reductions in overall carbon footprints;

•	 Improvements in UV protection, mechanical and/or 

functional industrial coating properties;

•	 Increased galvanic and/or corrosion substrate protection; 

•	 Advancements in water-based, powder and 100%-sol-

ids UV or EB energy cure industrial coatings;

•	 Elimination of toxic metals; 

•	 Raw materials from renewable resources rather than 

conventional petroleum-based resources;

•	 Compliance with local APCD – Air Pollution Control 

District regulations for hydrocarbon emissions through 

advanced industrial chemical formulations, higher effi-

ciency application methods and/or apparatus, recovery 

of and/or thermal oxidizing of emissions to meet Fed-

eral regulations;

•	 Reductions in cradle-to-grave hazardous waste materials;

•	 Availability of the above for OEMs and ODM contract 

manufacturer global incorporation.

Use of laminated and/or formable sheet stainless steels 

– electro-polished, brushed, oxidized and/or in combina-

tion with colorized sealants – have also been a factor in 

consumer products across many product categories, but 

come with separate issues from handling, processing 

challenges and cost factors (Figure 4). 

Several consumer product OEMs such as LG have 

applied two-dimensional, second-surface print decorated 

front-facing clear polymer sheet or first-surface printed 

polymer laminates upon steel or aluminum sheet metal 

appliance substrates, but are inherently unable to address 

three-dimensional decorative and functional sheet metal 

substrate protection and/or fabrication requirements that 

are readily addressed by current industrial conformal 

coatings used within the industry upon sheet metal sub-

strates, with nearly no limitations.

 Steel mills specializing in galvanic protection by hot-

dip galvanizing coil sheet steels supply differing levels of 

surface appearances for use in consumer products by con-

trolling galvanizing bath chemistry for Spangle reduction 

and improved surface rheology. Further surface refine-

ments are accomplished by passing galvanized sheet steels 

through high-compression rollers, improving substrate 

FIGURE 4 » Examples of consumer products that use laminated and/or 
formable sheet stainless steels.

FIGURE 3 » Chemical structure for bisphenol A.

HO OH
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smoothness and imparting resistance to stretcher stain 

and fluting – key issues where surface appearance and 

rheology are factors. 

One major U.S. steel mill1 brands galvanized coil sheet 

steel as Smooth, Extra Smooth and Ultra Smooth, thus 

allowing use of sheet steel for consumer products having 

varying sheet steel thicknesses and degrees of galvanic 

protection that are surface-defect-free for application of 

industrial decorative coatings. Where in-house coating 

facilities lack the methods and/or apparatus for coil steel 

pretreatment processing (i.e., cleaning), a thin, zinc-phos-

phate coating is applied over galvanized steels to allow 

direct industrial coating of the coil sheet steels.

Of commercial sheet steels used in moderate forming, 

bending, stamping and/or fabricating operations, such 

as of consumer products, the ability of sheet steels to be 

formed without fluting (stretch strain during forming 

operations), steels are commonly tempered and have 

specific tolerances of carbon and alloying metal contents. 

Where greater forming is desired (extra deep drawing 

steels), carbon content is reduced along with proprietary 

steel processing, such as vacuum degassing, and/or addi-

tion of titanium, resulting in extra deep drawing steel plus 

– known as Interstitial Free or I-F¨ steels.

OEMs currently may incorporate industrial and 

mechanical designs having features, benefits and advan-

tages of formable sheet steel substrates requiring highly 

complex sheet metal forming, bending, stamping and/

or fabrication operations without hesitation for high-

volume and/or high-value consumer products, but then 

said formable sheet steels require application of industrial 

conformal coatings for cosmetic decoration or of nongal-

vanized steels for both decorative and functional galvanic 

protection, and thus successful marketing and sale of 

finished consumer product goods at retail points of sale.

Peter Durand’s tin-plated cans, modern kitchen and 

laundry major appliances, mechanic’s rolling tool cabi-

nets and outdoor home four- or five-burner BBQ grills 

share one common feature. Sheet metal forming, bending, 

stamping and/or fabrication operations and subsequent 

industrial conformal coating operations are entirely sepa-

rate operations due to their respective materials, methods 

and apparatus requirements (Figure 5).

If formable sheet metal could be readily available pre-

coated with industrial coatings of decorative and/or func-

tional nature, sheet metal forming, bending, stamping 

and/or fabricating operations could produce high-quality 

and/or high-volume finished sheet metal substrate con-

sumer products or other goods predecorated, ready for 

final assembly. Noting that sheet metal forming, bending, 

stamping and fabrication tooling, jigs, processing opera-

tions and handling would require adjustments to accom-

modate Class A finish standards – all entirely possible 

from sophisticated sheet metal forming, bending, stamp-

ing and fabricating operations. 

Sheet metal forming, bending, stamping and/or fab-

ricating operations require specialized steels for draw, 

deep-draw and extra deep-draw processing applications. 

What present-day industrial coating formulations are 

available offering properties of sufficient coating elonga-

tion to allow formable sheet steel deep draw forming, 

bending, stamping and/or fabrication process operations 

without the applied industrial coating shearing or sepa-

rating away from the sheet metal substrates of tight-flush 

roll-over seam edges – ID or OD, corner and/or male/

female internal support features? And that additionally 

maintain full opacity, incorporate latest state-of-the-art 

mica specialty pigments or colorants without limitation, 

yet maintain the desired industrial coating properties 

of gloss retention, UV resistance, hardness, abrasion, 

scratch and/or mar resistance post forming, bending, 

stamping and/or fabrication of the intended high-volume 

and/or high-value sheet metal consumer products?

Herein lies The Holy Grail for industrial coating for-

mulators for steel mills, in-house and/or contract man-

ufacturers of sheet metal forming, bending, stamping 

and/or fabrication operations processing high-volume 

and/or high-value steel substrate OEM consumer prod-

ucts – viable production and processing availability of 

an industrial coating for precoating of deep drawing 

sheet steels with few or no limitations. Successful out-

come requires a combination of the correct materials, 

methods and apparatus.

Materials

Industrial coatings for coil coating of food or nonfood-

grade steel cans and/or containers is a long-mature 

coating technology available in varied formulations to fit 

specific methods and apparatus requirements, with on-

going new industrial coating formulations, coating com-

ponent advancements and/or discoveries. Said protective 

coatings being epoxides or reacted epoxides of some form, 

FIGURE 5 È Sheet metal forming, bending, stamping and/or fabrication 
operations and subsequent industrial conformal coating operations are 
entirely separate operations for BBQ grills and rolling tool cabinets.
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either water-based, single- or two-component cure, ther-

mal- or UV-energy cure, or 100% solids, due to epoxide 

groups’ highly reactive nature, result in very strong but 

highly brittle cured epoxides that inherently lack capabil-

ity for elongation and/or flexibility required of sheet metal 

forming operations, much less passing 180° mandrel bend 

testing, yielding catastrophic failures.2  

Epoxide groups may be readily reacted with one or more 

anionic catalysts, such as aliphatic, cycloaliphatic or aro-

matic amines, or with cationic UV or EB energy reactive 

catalysts such as boron trifluoride, yielding a strong, but 

still brittle, high thermal- and chemical-resistant poly-

mer. When method and apparatus allow for conformal 

coating of epoxide group polymers upon substrates such 

as deep draw sheet steel under UV or EB energy cure, it is 

cationic UV catalyst, or more commonly, cationic coating. 

Formulations combining epoxides with other cationic 

UV energy cure reactive groups such as, but not limited 

to, oxiranes and/or oxetanes, polycaprolactone3 and/or 

polyester polyols as crosslinkers and/or flexibilizers, with 

reactive diluents such as trimethylolpropane oxetane for 

viscosity control, result in cationic polymer formulations 

that improve not only overall hardness, thermal and 

chemical resistance, but increased abrasion, scratch and 

mar resistance of a highly flexible and formable industrial 

coating suitable for use upon deep draw steels. 

The author has found UV energy cure of 200 mJ/cm2

should suffice using 150-watt D lamps. Epoxides and other 

cationic UV energy cure reactive group and/or ligands are 

hydroscopic, so added measures should be undertaken for 

production process coating operations during periods of 

high humidity and/or of high-humidity environs.

Industrial coating material formulations built around 

UV cationic coating systems offer significant features 

and benefits over conventional free-radical polymerized 

acrylates. The author has experienced the following with 

cationic coating material formulations:

•	 Superior adhesion to phosphate-coated and/or galva-

nized deep draw steel per ASTM D-1044-05;

•	 Low coating shrinkage;

•	 Outstanding barrier properties;

•	 Very deep draw formability;

•	 Gloss retention of over 120 units @ 60°;

•	 High thermal stability;

•	 Compressibility;

•	 No discernable haze loss; 

•	 Pencil hardness of 4H or greater;

•	 Solvent resistance per ASTM D-5402;

•	 Scratch and mar resistance @ Scotch Brite® per ISO 

DIN 53778;

•	 Abrasion resistance per ASTM D1044-05;

•	 High surface tactile lubricity;

•	 Clear, translucent or opaque chromatic colorization 

and/or effect pigments.

Methods

Any conventional industrial coating application method 

might be utilized for formable deep draw steels, such as:

•	 Curtain coat;

•	 Flow coat;

•	 Print coat;

•	 Roll coat;

•	 Screen print;

•	 Spray coat;

The most likely candidate for cationic coating application 

method upon roll-to-roll coil or sheeted deep draw steel is 

in-line roll coating – allowing for highly controllable indus-

trial coating film thickness sufficient for 100% opacity of all 

post-forming, bending, stamping and/or fabricated com-

mon sheet metal steel gauges used in consumer products. 

In-line flow coating is also suitable for cationic coating 

application upon roll-to-roll or sheeted deep draw steel where 

higher industrial coating film thickness and/or a more 

debris-free coating outcome is desired for Class A finishes.

For roll or flow coat cationic coating upon deep draw 

steels, in-line speeds on the order of ~50+ M per minute are 

attainable for production processing. It is important to bear 

in mind that sheet metal forming, bending, stamping and/

or fabricating operations will engage forming, bending, 

stamping and fabricating tools and jigs common to sheet 

metal process operations that may further smooth applied 

cationic coating film under high compression pressures 

and resulting heat generation, further enhancing the sur-

face rheology outcome. In other words – industrial cationic 

coatings are along for the ride of sheet metal forming, bend-

ing, stamping and/or fabricating operations. 

Use of sheet metal substrate protective films, proper 

sheet metal handling and highly polished matching tools 

and jigs sets are de-rigueur. There are removable protective 

films specific to sheet metal forming, bending, stamping 

and fabricating operations, which generally remain intact 

until final sheet metal assembly or fabrication operations. 

Precoated cationic coating formed, bent, stamped and/

or fabricated sheet metal for consumer products and/or 

components should be handled and protectively packaged 

for in-house use or transportation the same as any sheet 

metal component following application of decorative and/

or functional conventional industrial coatings.

Sheet metal department managers and/or sheet metal 

fabrication businesses may initially voice concerns about 

having to process cationic precoated deep draw steels with 

special handling plus the added costs of highly polished 

and matched tooling and jigs sets. But the added revenue 

derived from custom specialty tooling and jigs that in all 

probability means the tooling and jigs plus the OEM steel 

sheet metal consumer product or component program 

remains in-house or becomes specific to a given sheet metal 

fabrication business, results in a win-win for all parties. 

Some fundamental features and benefits of incorporat-

ing cationic precoated deep draw steels include:

Industrial coating material formulations 

built around UV cationic coating 

systems offer significant features  

and benefits over conventional  

free-radical polymerized acrylates. 



Cationic Coating of Formable Sheet Metal

F E BRUA RY 2018  | W W W . P C I M A G . C O M36   

•	 Transportation costs, packaging and demurrage to pro-

cess industrial coaters may be eliminated;

•	 Associated costs from industrial coating defects is 

reduced to nearly zero;

•	 Costs of secondary industrial coating is eliminated;

•	 Cradle-to-grave hazardous material liability and trans-

portation costs of hazardous industrial coatings waste 

are entirely eliminated;

•	 Airborne coating VOCs, particle pollutants and all asso-

ciated costs and liabilities are entirely eliminated;

•	 Energy costs for drying and/or curing ovens and associ-

ated exhaust air handling are entirely eliminated; 

•	 In-line roll and/or f low coating means 100% material 

transfer efficiency – not 25-30%, from combination 

of spray gun transfer efficiency losses and overspray 

footprints required for 100% coverage and opacity 

requirements; 

•	 No longer would a viable and reliable conformal coating 

vendor application base be necessary;

•	 There are literally thousands of capable high-volume 

and/or high-value sheet metal forming, bending, 

stamping and fabricating operations worldwide for 

support of cationic precoated deep draw steels upon 

consumer products or other components use;

•	 Proprietary, unique and/or custom decorative coating 

formulations may be more tightly controlled;

•	 Cationic precoated deep draw steel can be shipped any-

where worldwide, without limitations;

•	 OEM prospective new market cosmetic chromatic colors 

and/or effect pigments or refresh decoration can be 

easily accomplished or test marketed with the highest 

secrecy through shipping of cationic precoated deep 

draw steel samples direct to current sheet metal form-

ing operations and run on current program sheet metal 

forming, bending, stamping and/or fabrication tooling 

– 100 or 100,000 units, is all the same;

•	 Counterfeit and/or fraudulent consumer products may 

be reduced;

•	 Overt and/or covert identifiers may be incorpo-

rated for fraud prevention and/or consumer product 

authentication. 

  

Apparatus
In-house cationic precoating apparatus of formable deep 

draw steel mill operations would be of a roll-to-roll coil 

web configuration or of a roll-to-sheeted configura-

tion by addition of slitter and automated sheet stacker, 

albeit roll-to-sheeted configuration would be of a lesser 

through-put due to the added complexities at stacking 

and unloading station. 

High-volume and/or high-value consumer products 

specifying cationic precoated deep draw steels will gener-

ally specify coil rather than sheeted and stacked steel for-

mats for overall material cost savings, ease of transporta-

tion and handling plus near 100% reliability in receiving 

undamaged sheeted steel materials. 

The author can attest to the challenges in receiving 

sheeted and stacked palletized steels undamaged from 

transportation incidents and/or mishandling once leav-

ing a steel mill. Coiled steels have an added protective 

outer steel sheet covering the entire coil surface and 

exposed sheet metal edges. One just can’t load a steel sheet 

metal coil onto the bed of a Ford F-150. 

Since steel is a highly conductive substrate, in-line pro-

cess coil steels need to remain earth-grounded, separate 

to the coating processing apparatus ground to prevent 

stray electrical charges from attracting airborne debris 

and/or charged particles. A cationic precoated deep draw 

steel coated surface will remain a dielectric surface. Plus 

sheet metal traveling 50+ M per minute will inherently 

create air flow movement and added possibility of surface 

debris contamination during processing. 

It is highly desirable for in-line roll or flow cationic 

coating apparatus and preproduction coil steel substrates 

to be within controlled environments to address airborne 

debris contamination through proper process air han-

dling design and particle filtration equipment.

Of any specific in-line coil steel roll or flow coat appara-

tus for cationic coating of deep draw steel, it is also highly 

recommended that from the station following coil-loading 

onward through the self-adhesive removable temporary 

surface protective film laminating station following UV 

or EB energy cure, the entire coating apparatus coil steel 

path be further isolated under more stringent environ-

mental conditions to allow for near flawless output of 

Class A finish cationic precoated deep draw steels to be 

off-loaded in coil or sheet finished formats. 

Since epoxides and other cationic UV energy cure 

reactive group ligands are hydroscopic, it is advisable 

to utilize sources of clean, filtered air that are relatively 

free of water vapor, and/or heated air that is essentially 

devoid of all moisture and particle matter. To this end, the 

author has found Can-Am Engineered Products, Inc.4 to 

be a turn-key solution for clean, high-volume dry air, far 

superior to conventional air handling systems for clean 

room-controlled process and production coating environ-

ments – thus allowing cationic coating of deep draw steels 

in the most humid climates and/or high-precipitation 

global regions, without limitation. 

Examples
Household kitchen and laundry major appliances incor-

porate brushed stainless steels, brushed and oxidized 

stainless steels and conventional industrial coatings in 

any variety of colors and texture effects upon formable 

sheet steels for cosmetic and market branding purposes.

One major global appliance brand has spent consider-

able time and monies in attempts to move away from 

galvanized and/or phosphated coil steels to cold-rolled 

coil steels as a cost-saving measure. It should be strongly 

noted that industrial coating pretreatment chemistries, 

processes and equipment used for galvanized and/or 

phosphated sheet and/or rolled steels are entirely different 

from that of cold-rolled steels straight from the mill. 

Not-withstanding that cold-rolled steels, once entering 

any industrial coating pretreatment rinsing operation 

(power spray, curtain coat or immersion), will immedi-

ately start flash rusting, and to this end are largely unsuit-

able for any OEM consumer product. 

Household kitchen and laundry major appliance sheet 

metal forming, bending, stamping, fabricating and indus-

trial coating operations are truly massive in size and scope 
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due to the overall nature and size of appliances, plus major 

appliances being 4-, 5- or 6-sided sheet metal substrate 

components. While top-load laundry major appliances 

generally have separate top and rear sub-component sheet 

metal pieces, front-load laundry appliances have separate 

front, bottom and/or rear sub-component sheet metal 

pieces. Both appliance designs incorporate bends, cor-

ners, portals, added fabrication features and/or roll-overs 

for added hardware and/or subcomponent attachments, 

with all visible surfaces requiring industrial coating for 

cosmetic and/or functional purposes. This is a major, mul-

tistep manufacturing process of steel sheet metal forming, 

bending, stamping and fabrication, followed by pretreat-

ment and industrial coating of all major steel components 

and sub-components, followed by assembly.

Refrigerators, freezers and refrigerator/freezer appliances 

follow the same general formable sheet metal venue as 

laundry appliances, but of a much larger scale of complex-

ity due to size and variety of top or cover, front, top-bottom, 

side-by-side and combined side-by-side with top-bottom door 

configurations, including new front doors within doors. 

The potential features and benefits to a major appliance 

manufacturer to specify and incorporate cationic pre-

coated deep draw steels within manufacturing, fabrication 

and assembly operations has near-overwhelming financial 

implications as highlighted in the above Method bullets. 

Major appliance sheet metal department managers 

and/or sheet metal contract manufacturing businesses, 

through incorporation of cationic precoated deep draw 

steel, fulfill a critical key component in fulfilment of form-

ing, bending, stamping and/or fabrication of precoated 

deep draw steels for high-volume and/or high-value con-

sumer products on a global basis. 

Formable sheet metal steel is the substrate of choice for 

commercial, industrial and institutional HVAC system 

ducting worldwide. Fresh, filtered exterior air enters 

though galvanized sheet metal ducting work by ducted 

intake fans and is distributed as required via HVAC system 

ducting throughout a structure’s interior (Figure 6).

For economy of operation, a percentage of interior air 

may be recirculated through HVAC ducting systems in 

large and/or multistory building structures, often with 

limited or no means of any widow or portal opening for 

access to outdoor air environment. Roof-top water-cooled 

evaporating towers may also be employed for rapid cool-

ing of high volumes of air. Cooling of warm and moist 

humid air to below the temperature-humidity dew point 

results in condensation of water - fog or clouds outdoors 

and indoors - water droplets condensing inside HVAC 

sheet metal ducting work. Submicron-size airborne par-

ticles aid in water droplet nucleation. 

Standing stagnant water, especially in environs where 

lack of UV exposure from bright sunlight over long periods 

of time, creates a rich breeding ground for pathogenic 

bacterium. Tuberculosis is the most common bacterium 

disease - Mycobacterium tuberculosis. Other pathogenic 

bacteria cause infections such as tetanus, diphtheria or 

typhoid fever, foodborne illnesses from salmonella and lung 

inflammation resulting in pneumonia from streptococcus, 

pseudomonas and most notably legionella. Milder strains of 

legionella bacterium result in flu-like symptoms of Pontiac 

Fever, while more severe strains infecting the elderly or per-

sons with severely weakened immune systems from smok-

ing, cancer treatment and/or HIV are likely to succumb 

without aggressive antibiotic treatment, but often result 

in life-long quality of life issues from Legionnaires’ disease.

The top three causes of death in the United States are 

from heart attacks, cancers and hospital-acquired infec-

tions. UV cationic coatings represent an ideal delivery 

transport mechanism for new pathogen inhibition and 

biocidal efficacy technologies as broad range deterrents 

to bacterial, fungal, parasitic, prionic and viral pathogen 

infections, communicating the deterrents to pathogens in 

a manner adapted to render them, inhibited and/or dead.

Through UV cationic coating engagement of pathogen 

deterrents upon deep draw steels, the author believes 

validation efficacy CFU/ml R values of 6+ may be achieved 

for recalcitrant pathogens common, but not limited to 

CDI, HAI, MSRA, TSE and VRE domains in contact times 

of as little as 30 seconds for HVAC system ducting and 

other formable sheet metal uses, including precoated deep 

draw steels where cross contamination communication of 

deadly pathogens may be rendered inhibited and/or dead. 

Conclusion

UV cationic coatings present a viable and attractive option 

to OEMs, sheet metal mills and formable sheet metal 

fabricators for precoated deep draw steels to present-day 

conventional sheet metal forming, bending, stamping 

and/or fabrication operations that require secondary 

conventional industrial conformal coatings processing, as 

well as an effective delivery transport mechanism for new 

pathogen inhibition and biocidal efficacy technologies. 

The author wishes to thank UV Specialties, LLC of St. Charles, Illinois, and 

Mr. Dewy Mason, Technical Director, for his contributions. 
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FIGURE 6 È Formable sheet metal steel is the substrate of choice for 
commercial, industrial and institutional HVAC system ducting.
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C
hillers have been in use for many years in 

industrial applications that include paint and 

coating manufacturing, chemical process-

ing, food and beverage processing, cosmetics 

production, various plastic processes, die-casting and 

machine tooling, pharmaceutical formulation, vacuum 

systems, and power supplies. Until recently, chillers used 

in these applications have all been driven by fixed-speed 

motors and quite rudimentary control systems. While 

these performed adequately, maintenance requirements 

and operating costs tended to be quite high.

Chillers with variable-speed drives have been used for 

more than a decade in commercial air conditioning equip-

ment. However, the use of these drives is not yet common 

in other industrial applications, as variable-speed chillers 

have not been available for these applications. This is 

beginning to change, as the inherent benefits of variable-

speed drives have been recognized, and the evolution in 

control hardware, software and sensors has opened the 

door to great improvements in industrial chiller reliability, 

accuracy and energy efficiency.

It is the combination of improvements in each of the 

systems’ componentry that has resulted in significant per-

formance gains in a new generation of industrial chillers. 

Let’s look at each area in detail to get an understanding of 

the progress that has been made.

Variable-Speed Drives with Integral 
Power Electronic Controls
A drive is an electronic control device used to vary the 

speed of an electric motor. The controller provides pulses 

of current to motor windings that control the speed and 

torque of the motor.

Variable-speed technology has four main benefits: it 

protects motors from main power supply spikes and 

shocks; it eliminates shocks induced by full power-on 

starts and stops; it allows operating torque and speed to be 

continuously varied to match operational requirements 

throughout a production cycle; and finally it provides 

unmatched, precise temperature control.

This type of a system is therefore able to protect itself 

from mechanical wear and tear or electrical failure in 

ways that traditional, fixed-speed compressor motors 

cannot. Since a drive constantly monitors and adjusts the 

power required of a chiller’s compressor motor to opti-

mize operation, electrical power consumption is typically 

reduced by 30% to 50% (Figure 1).

By Dan Brandenburg, Director of Sales and 
Marketing, Delta T Systems, Richfield, WI

10-Ton Air-Cooled Chiller
Five-day, two-shift operation based on $0.14/kw-hr

Chiller Load in %

Cost Savings:
$4,690 per year

3 Year ROI
at 58% average load
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FIGURE 1 È  Annual cost saving comparison of fixed- and variable-
speed systems.

New Technology and Advanced 
Controls Bring Energy Efficiency to 

Industrial
Chiller
Equipment
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New chiller systems also use variable-speed con-

denser fans; by using various on-board sensors to 

monitor the refrigeration system, a controller varies the 

speed of the condenser fan to ensure it operates at the 

most efficient point. 

A variable-speed condenser fan also protects the 

compressor by monitoring the discharge pressure of the 

system, which keeps the compressor in the ideal operat-

ing envelope.

Electronic Commutated Motors (ECM)
Also known as brushless DC motors, these units are the 

latest development for condenser fan motors. They are the 

quietest, most efficient and most reliable motor technol-

ogy available to industry today.

Adaptive Controls
The current generation of process controllers brings sig-

nificant improvements to the industrial chiller systems 

that have appeared on the market in recent months. The 

controllers use several application-specific algorithms to 

control both motors and related valves at an optimally 

efficient operating point while protecting the compressor.

New, faster hardware, dedicated software, along with 

sensor and ECM technology improvements enable the 

latest generation of chillers to control process tempera-

tures within 0.5 °F. 

Adaptive control capabilities are also very important in 

cases of operational issues. Thanks to adaptive controls, 

the chiller portion of a production system can continue to 

operate at reduced capacity, but will not shut down, thus 

ensuring continued production.

Electronic Expansion Valves
This technology works in conjunction with variable-

speed drives, compressors and controls to precisely tune 

the valve to the system needs. Electronic expansion 

valves are driven by a DC stepper motor that typically 

has quarter-turn increments. The motor is used to move 

a pin up and down to allow more or less refrigerant 

flow through the valve port. It is much more 

precise since it is controlled directly from 

the controller using the temperature and 

pressure sensors as feedback. 

Data Collection and 
Communication
Along with run-time control capabili-

ties, current controllers are also capable 

of collecting and communicating large 

amounts of operational data, improving 

performance and enabling close integration 

into an overall process control system. 

Data sets include information about suction and dis-

charge pressures and temperatures, entering and leaving 

water temperatures, tank level, pump pressure, compres-

sor drive output, fan output, pump status, compressor 

amps, volts, phase monitoring, and all alarms. 

Captured information can be used either for real-time 

control adjustments, diagnostics and alarming, or for 

historical analysis.

Communication capabilities include industrial network 

interfaces and cloud-based distribution to remote PCs, tab-

lets, or phones to facilitate supervision and remote diagnos-

tics and maintenance. The chiller is ready for Industry 4.0.

Other Design Improvements 
and Material Considerations
While control system improvements contribute to sig-

nificant operational cost improvements, a judicious set of 

design improvements and material selections makes the 

new generation of industrial chillers less susceptible to 

traditional maintenance problems, and easier to maintain.

Stainless steel and copper brazed evaporators have more 

plates and larger surfaces that lower compressor demand 

and make the overall system more efficient. Microchannel 

aluminum condenser coils eliminate galvanic corrosion 

typical of the traditional copper tube and aluminum fins 

coil construction. Units include all nonferrous chilled 

water piping that will not rust. And cleanable condenser 

air inlet filters, evaporator strainers and refrigerant filter/

dryer reduce contaminant incursion and significantly 

reduce maintenance requirements.

Footprint Reduction 
Facility f loor space is always a premium in industrial 

applications, especially in the chemical processing 

industry. This combination of highly efficient compo-

nentry allows advanced chiller designs to physically 

require less space. Not only does the chiller cabinet 

require less space, the four-sided air intake eliminates 

the standard three-foot perimeter clearance of vintage 

chiller designs. Maintenance and facility managers 

express sincere appreciation for the extra f loor space, 

which could be as much as a +50% reduction.

Conclusion
Recently introduced industrial chiller systems incorpo-

rate a significant series of hardware, software, material 

usage and design improvements. The combination of 

improvements in each of these domains has led to a 

significant overall performance improvement 

for this type of equipment. Operating cost 

reductions of 30% to 50%, reduced main-

tenance costs, operational accuracy and 

consistency, as well as improved inte-

gration and communication capabili-

ties, add up to a great step forward for 

processes applications that incorporate 

chillers in their production systems.

While this technology is becoming 

available, few of the industry’s chiller 

manufacturers offer either standard or cus-

tom variable-speed products. According to Rick 

Holzhauer, Delta T Systems’ Chief Engineer, the com-

pany is one of the suppliers that offer both approaches. 

Many systems can use standard 5-, 10-, 15- or up to 

30-ton chillers to run their process efficiently. For 

other applications, completely custom designs may 

be more effective. n

For more information about Delta T Systems, please visit www.deltatsys.com.
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T
eflon, or polytetrafluoroethylene (PTFE), is 

one of the most versatile industrial coatings 

available today. Best known for its nonstick 

properties, Teflon offers an extremely low 

coefficient of friction, chemical inertness and excellent 

dielectric stability. 

While almost everyone has heard of Teflon, due to 

ongoing advancements and more precise application tech-

niques, the expanding range of potential uses for PTFE 

and other functional coatings can often be overlooked. 

Far more than a product for cookware, Teflon’s non-

stick properties can be used to solve a variety of design 

challenges including preventing build-up of contami-

nants, corrosion and bacteria; reducing friction or stick-

ing between parts that come into contact; and even as an 

ingredient in heavy-wear, high-load applications.

“Teflon is the ultimate problem solver for design issues 

that can include sticking, release, wear, noise and abra-

sion,” says George Osterhout of Orion Industries, one of the 

largest Chemours-licensed applicators for Teflon coatings 

in North America. “Engineers often seek assistance when 

they are experiencing problems, whether it’s a part that has 

no coating or a coating that isn’t performing as expected.” 

According to Osterhout there is no limit to the type of 

substrates that can be coated with Teflon. This includes 

carbon steel, aluminum, stainless steel, steel alloys, brass, 

titanium and magnesium as well as glass, fiberglass, sili-

cone rubber, rubber and plastics. 

There is also no limit to the kinds of products that are 

coated. A short list includes cookware, supercharger rotors, 

automotive throttle shafts, solenoids, airplane toilet bowls, 

the exterior of light bulbs, rubber O-rings and the rollers 

used to cook hot dogs in convenience stores, to name a few.

Precision Application 
Today, the application of Teflon and other functional coat-

ings has advanced into a precise, highly automated opera-

tion. Due to the investment in production equipment and 

the rigors of meeting environmental regulations, applica-

tors of Teflon coatings are partnering with companies 

that previously performed this work in their own facility 

or that used to job it out to a local applicator. 

However, within this group there can be a broad 

range of capabilities and levels of quality. According to 

Osterhout, the difference in quality between applicators 

is usually defined by two primary factors: the proper and 

thorough pretreatment of parts prior to coating, and the 

ability to apply precise thickness of coatings as low as 10 

microns with little to no variance between parts and at a 

tolerance of +/- 3 microns. The industrial norm is 10-20 

microns per side of coating. 

To assure that level of precision, applicators must 

design and build their own production lines from the 

By Jeff Elliott, Technical Writer, Torrance, CA 

Solving Engineering 

Challenges with Teflon
Teflon and other functional coatings from an experienced applicator can 

solve design problems including excessive wear, sticking, noise and corrosion.
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ground up. Furthermore, these systems must be config-

ured to be flexible enough to accommodate a wide range 

of parts in different sizes and geometries.

As an example, Orion uses what they call a f lexible 

cellular manufacturing approach to speed production 

for a wide variety of parts, while controlling the mate-

rial cost and energy. 

The stationary equipment or robotic cell is moved into 

position and allows the coatings to be applied exactly to 

specification while using conveyers and ovens to do the 

flash and curing process or to completely cure the part. 

The parts are coated in these cells with very little over-

spray and coating waste. 

“In our process we meter out the coating material out 

of the gun so it is the same every single time,” says Oster-

hout. “There is very little overspray because we apply 

the coating where it needs to be, not all over the coating 

booth.”  By using infrared ovens mixed with convection 

air oven, parts can often be cured three times faster than 

with traditional convection ovens.

Nonstick, More Than Just Food
Although Teflon is very popular as a highly durable and 

reliable coating for cookware, its nonstick qualities can 

be just as important for preventing the accumulation of 

foreign particles, contaminants and wear properties.

In many applications, the build-up of dirt, ice, soot, 

scale, food and other foreign material can prevent the 

proper function of machine or engine components. If con-

tamination of a surface is anticipated, it can be minimized 

with thin Teflon coatings.

Teflon’s nonstick properties make it an excellent corro-

sion barrier, as well. Coated parts can be used to prevent 

galvanic corrosion and shed corrosive fluids like salt 

water, process chemicals, fuels and lubricants. 

Today’s formulations can also include antimicrobial 

agents that can benefit a wide range of applications. 

Conformable Coatings
For applications where very tight clearances between parts 

are required, such as rotary screw compressors, Teflon-

based conformable coatings can be used to narrow the gap 

without allowing metal-to-metal contact during operation. 

There are many benefits to decreasing the gap, 

including reducing noise, stopping air or f luid leakage, 

or creating a tighter hydrodynamic seal. In the case of 

rotary screw compressors, a conformable coating can 

increase efficiency over 10% or more without changing 

machining tolerances. 

Ultrathin conformable coatings, like the DB L-908 from 

Orion for instance, contain a mixture of polyimide and 

other resins. The formulation contains nanometer-sized 

wear-resisting particles, as well as PTFE. 

The coating is applied in thicknesses specified during 

initial design and testing, such that the two coated sur-

faces initially contact each other while allowing the tips 

clearance to pass in a rotary screw application.

Small air pockets in the polymer allow the coating 

to compress under mechanical pressure. Once com-

pressed, the air pockets remain crushed so the coating 

holds the new profile. The PTFE in the formulation pre-

vents the surfaces from galling or sticking to each other 

during this initial contact. 

This is a superior alternative to surface hardening, 

which only delays galling, or more precise machining of 

parts with extremely tight tolerances.

Given the extremely tight clearance, these conformable 

coatings must hold ±0.001” tolerance on all surfaces at a 

thickness of 0.002” to 0.006”.

Low-Friction Coatings for Silicone Rubber
In addition to being a licensed applicator of Teflon coat-

ings, some manufacturers have developed their own line 

of proprietary coatings. Case in point, Orion’s FluoroBond 

LSR was designed to reduce the coefficient of friction of 

molded silicone rubber from 20-60%. In addition, it also 

aides in reducing the collection of dust or dirt on the fin-

ished coated surface. 

Silicone rubber, though widely used for tubes, seals and 

rollers, is tacky and can cling to any object it comes in con-

tact with – even other silicone surfaces. This is due to the 

material’s high friction coefficient, which can exceed 1.0.

To lower the coefficient of friction on the surface of 

silicone parts, many applications use a Parylene coat-

ing that utilizes a chemical vapor deposition process 

to form a physical bond. However, Parylene is rigid, 

can crack and also has no antimicrobial properties. 

Furthermore, only process parts that fit in the vapor 

chamber can be coated, and interior dimensions are 

very difficult to coat. 

FluoroBond LSR instead provides a chemical bond to 

silicone rubber to reduce the coefficient of friction. Due to 

its excellent elongation properties, the coating does not 

crack, and antimicrobial properties can be added.

Dry Film Lubricants 
Typically engineers are schooled in oil- or grease-based 

lubrication techniques, but not nearly as much time or 

attention is spent on dry film lubricants. 
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Unlike oil and grease that can migrate 

away, dry film lubricants continue to 

transfer back and forth on the mating 

surfaces and stay in place for a much 

longer time. Also, dry film coatings 

serve as a thin cushion, spreading 

high point loads in bearings and 

reducing element fatigue.

For this, graphite and molybdenum 

disulfide (Moly) are often used. Moly- 

disulfide coatings are recommended for 

conditions of heavy wear, particularly 

high-load situations. This includes bearing-

type applications where one part rolls or slides 

over another part. Graphite coatings are generally 

used in wet service or at elevated temperatures. 

Tef lon can also serve a dry f ilm lubricant, though 

typically for light to moderate applications. Tef lon 

is often incorporated with Moly and graphite into 

unique formulations.

R&D Laboratory Access
Osterhout admits the variety of coating formulations as 

well as the variety of products that could benefit is daunt-

ing. In many cases engineers have product with no coat-

ing, or a coating that isn’t performing as expected, and 

need a resource to explore the options.

“Engineers need to establish how the Tef-

lon coating is going to function, and they 

also need to know the thickness that 

will be applied to compensate for it to 

fit within their existing dimensions,” 

says Osterhout.

To assist in developing specialized 

materials and application methods, a 

select number of applicators now main-

tain an in-house R&D laboratory to test 

new coatings available on the market, 

and research and develop their own for 

specific customer applications. 

Some labs are even equipped with the latest 

QC equipment for testing wear, lubrication, coefficients 

of friction and other key application parameters. In addi-

tion, customers and prospects can consult with in-house 

engineering staff when custom coatings are required.

Among the benefits of having the in-house lab, says 

Osterhout, is that “We have access to baseline perfor-

mance information from past research and experimenta-

tion so we can compare one coating to another that we 

have developed. This allows us to know that we made sub-

stantial improvements in new coatings performance.” 

For more information, contact Orion Industries at 773-282-9100, e-mail 

info@orioncoat.com or visit www.orioncoat.com. 

sales@crohmiq.com | www.crohmiq.com 

1-305-200-5001 

Contact us to find a qualified CROHMIQ Type D FIBC manufacturer 

WARNING: Groundable Type C FIBC have a history of causing industrial fires! 

To prevent injuries and accidents from electrostatic discharges, your answer for safe packaging is CROHMIQ® 

Complete Safety Without the Need for Grounding   ·   Proven Safety in Industry’s Most Demanding Applications 

A Perfect Safety Record with Over 60 Billion Pounds of Chemicals Safely Packaged in CROHMIQ FIBC 

Demand CROHMIQ Type D FIBC ... Your Employees and Customers Deserve The Best Protection 

WHEN SAFETY MATTERS, THERE IS NO SUBSTITUTE 

USE CROHMIQ


 STATIC PROTECTIVE TYPE D FIBC PACKAGING 

DANGER!  
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PRODUCTS

 Waterborne Polymer 
Dispersions and Emulsions 
MICHELMAN

Designed for metal coating formula-

tors, ProHere L-range solutions are 

waterborne polymer dispersions and 

emulsions specifically developed 

for use in metal coatings. The range 

encompasses both polymer resins 

that can serve as organic binders in a 

coating formulation, as well as lubri-

cants and antiscratch additives for 

metal processing and in-use lubri-

cants. Visit www.michelman.com.

 Planetary Mixer
CHARLES ROSS & SON CO.

The four-gallon Planetary Dual Dis-

perser (Model PDDM-4) is equipped 

with two high-viscosity blades and 

two high-speed dispersers. All four 

agitators rotate on their own axes 

while orbiting the vessel. The mixer 

delivers excellent dispersion and uni-

formity throughout a wide viscosity 

range up to around two million centi-

poise. E-mail klanghorn@mixers.com. 

 Viscometer
AUTOMATION PRODUCTS, INC.

Designed to operate in a range of 

conditions, the Dynatrol® CL-10DV vis-

cometer provides excellent results for 

resins and coatings. Features include 

rugged performance, digital accu-

racy, noise immunity and CSA NRTL/C 

approved for Class 1 Group D Div 1. 

Visit www.dynatrolusa.com. 

 Acrylic Resin
SUN CHEMICAL 

BURNOCK® AC 2530 acrylic polyol 

resin for air-dry curing systems and 

chemistries brings the same perfor-

mance properties widely desired 

from a stoving system to an air-

dry system. There are no baking 

ovens required and no potlife limi-

tations while providing the same 

durability as heat-cured systems. 

Visit www.sunchemical.com.

 Hardness Tester
ELCOMETER

Elcometer 3045 pendulum hardness 

tester provides a fully automated 

Persoz or König pendulum hardness 

test with no human intervention, 

ensuring accurate and repeatable 

results. It can be used in accordance 

with ASTM D 4366, BS 3900 E5, DIN 

53157, ISO 1522, NF T30-016. E-mail 

sales@elcometer.com.

 Oven
THE GRIEVE CORP.

No. 960 is a gas-heated, 550 °F tunnel 

oven. Workspace dimensions mea-

sure 75”W x 156”D x 25”H. 400,000  

BTU/HR are installed in a modulating 

gas burner to heat the unit, while a 

12,500 CFM, 10 HP recirculating blower 

provides vertical downward airflow to 

the load. Call 847/546.8225.  
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CONFERENCE: MARCH 26–29, 2018 

EXHIBITS: MARCH 27–28, 2018

LONG BEACH [CA] CONVENTION CENTER

>>

>>  REGISTER NOW WITH PROMO CODE PCIP AT AERODEFEVENT.COM

Discover the ideal approach 

to intelligent manufacturing at 

AeroDef 2018. The premier industry 

event for aerospace and defense 

manufacturers, AeroDef provides

you with the tools and connections 

you need to build products better, 

faster and cheaper.

Free Exhibits and Early Bird 
Conference Rates through 
February 23, 2018

produced by featuring

TECHNOLOGIES.TECHNOLOGIES.TECHNOLOGIES.TECHNOLOGIES.TECHNOLOGIES.TECHNOLOGIES.SMART TECHNOLOGIES.
 EDUCATION.TION.TION.TION.TION. TOP-TIER EDUCATION.

INTELLIGENT MANUFACTURING STARTS HERE.
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CLASSIFIEDS

RECRUITMENT SERVICES EQUIPMENT

EQUIPMENT

To place YOUR classified, 
contact Andrea Kropp 

kroppa@pcimag.com (810)688-4847

www.pcimag.com/PCIclassifieds

INSULATED

OVEN PANELS

20-16 ga. 2” thru 6” thick, formed 
tongue & groove, aluminized, 
galvanized, stainless steel.

ENVIRONMENTAL ROOMS
Panels – white, one or both sides

OVENS, WASHERS, 

DIP TANKS, ETC.

fabricated to your specifications.

R J Manufacturing, Inc.
P.O. Box 886

Iron Mountain, MI 49801

(906)779-9151  Fax: (906)542-6151

It’s time to change 

your Blade!

www.quickblades.net 
sales@quickblades.net

260•359•2072
High Speed Dispersion

PRODUCTS & SERVICES

P.A.T.T.I.
Coating Adhesion Testers

“When Accuracy Matters!”
● Analog/Digital/Computer Models Available
● Complete Packages start at only $999!

www.adhesiontesting.com

Global executive search firm seeking 
passionate, high-impact professionals for 

CONFIDENTIAL retained positions. 

Spencer M. Hermann 

SEARCHLIGHT PARTNERS
28052 Camino Capistrano, Suite 209 

Laguna Niguel, CA  92677       

(949)429-8813 ¥ spencer@mrisearchlight.com
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We can help you pick the right 

media for your 

application.

All types, sizes 

and shapes.

484-684-6986

sales@grindingmediadepot.com

www.grindingmediadepot.com

1-800-243-ROSS
 www.HighShearMixers.com

Scan to learn more.

Try our mobile app:
mixers.com/web-app

HIGH SHEAR 
MIXERS

World’s Widest Selection,
Single Stage to Ultra-High Shear!



Annual Convention Highlights:

• The ONLY Adhesive & Sealant Convention in 2018!

• EXCLUSIVE Networking Events & Opportunities

•  Keynote Presentations from subject matter 

experts & thought leaders

•  50+ Educational Sessions with very strong 

technical content 

•  Monday Night Welcome Reception

•  LARGEST Ever EXPO Tradeshow – 

just 1X per year so a must attend!

•  Members Only Networking Lunch

•  Meetings with Your Customers and Suppliers

•  Innovation Awards Event

•  ‘ASC Gives Back’ - community service on 

Monday in Miami

•  Polyurethane Short Course

•  Hot Melt Short Course

•  Convention APP for use before, during and after 

the convention. Great for scheduling,  

session info, speaker  

bios and NETWORKING  

with fellow attendees

•  Closing Reception

Confirmed Keynotes Include:

The Art of Retaining, Developing  
and Recruiting Talent

Jim Larranaga,  
Head Men’s Basketball  
Coach, University of Miami

Industry Outlook: Key  
Insights Driving the Future of  
Food Packaging

Michael O. Okoroafor, Ph.D.,  
Vice President,  
Global Sustainability &  
Packaging Innovation,  
McCormick & Company, Inc.

Henkel Ventures – Our New Path  
to Business Growth

Chuck Paul,  
NSC Fellow, Henkel  
Corporation

Make your reservations and register your TEAM today  
for the ONLY ASC Adhesive & Sealant Convention in 2018!



Ross Planetary Mixers are versatile. 

While suited to handle a wide range 

of processes, they are uniquely built to 

take on viscous applications. Mix gels, 

pastes, putties and shear-sensitive 

materials up to 6 million cP. 

With laboratory sizes starting at 1/2-pint, 

up to 1000-gallon units for large-scale 

production, Ross has the Planetary 

Mixer to fit your process line. 

Learn more at mixers.com. 

Call 1-800-243-ROSS or try our 

free online Knowledge Base & 

Product Selector web app 

at Mixers.com/web-app.

Scan to learn more.

Thru Thick 

& Thin

Call 1-800-243-ROSS or try our 

1-Quart

1000-Gallon


