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Chairman’s Message

Dear SPE Colorant and Appearance Members,
As your new Chairperson, I would like to begin by expressing my appreciation for this opportunity. It is both an honor 
and a privilege to serve in this capacity.  I would also like to thank Doreen Becker as outgoing chair for her leadership 
over the past year.

It is difficult to find words to appropriately describe what we are dealing with, collectively, regard-
ing the Covid-19 pandemic.  It has impacted our way of life unlike anything most of us have ever 
experienced before.  It does not necessarily mean we cannot do the things that we are accustomed 
to doing; however, it does mean we must be responsible and do some things differently.  Welcome 
to Virtual RETEC®!

Yes, our 58th annual conference for the coloration and appearance of plastics “Make a SPLASH 
with Color” will go on.  Education is the core of our mission and a full technical program of pa-
pers will be offered virtually September 21st-23rd.  Jeff Drusda and Cheryl Treat, RETEC® Chair 
and Vice Chair, have admirably demonstrated the resilience of our team by coordinating a virtual 
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program that will be educational, provide meeting venues, and include 
some fun with the awards reception, the annual charity fun run/walk, 
and closing prize raffle.

I encourage all who have attended RETEC® in the past to join us again 
this year and anyone who may not have, to give it a shot.  You will not 
be disappointed! 

On behalf of the CAD BOD, I would like to offer our sincere gratitude 
to our Corporate Sponsors.  Your commitment and generosity through 
sponsorship, membership, and employee attendance is essential and 
appreciated. Your support further enhances educational forums like 
RETEC® and more.

One of the first orders of business during our August 18th virtual sum-
mer meeting was the greeting of our newest CAD BOD members.  Kar-
en Carlson - EMD Performance Materials, Tony Tanner - Milliken, and 
Andrew Smith - AErnest.Consultech were recently elected to three-year 
terms and we are excited to have them as part of the team. 

In closing, my appreciation for personal interaction has grown even 
stronger through these times and I look forward to seeing you all in 
person at a future conference or meeting.  In the meantime, please re-
member “In uncertain times, kindness connects us all” and “we will get 
through this together.”
                                                                                                                                           

Stay Healthy and Safe!
                                                                                                                                          

Mark A. Freshwater
                                                                    2020-2021 CAD BOD Chair

                                                                                              

http://www.specad.org/
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Hello Color and Appearance Division and welcome to the 2020 Fall issue of the Newsletter where you 
will find helpful information on upcoming events, especially the 2020 CADRETEC® which is Virtual 
for the first time due to COVID-19 concerns.

What a year 2020 has turned out to be and how it has greatly affected our lives in so many ways.  The 
task of putting together a Virtual CADRETEC®, virtually, was something we never thought we would 

have to do.  There were many people involved, as there is in a typical live event, that sacrificed many hours and days to 
put this event together. None of whom has had to do this before, so it was a great learning curve for all involved.  Please 
consider coming to this year’s Virtual CADRETEC® and check out all that was put together for the Division and see how 

Editor’s Note

Long lasting
color Heat & chemical 

resistant Easy to
disperse

shepherdcolor.com

Choose 
Shepherd Color.

Looking for an experienced
complex inorganic color
pigment supplier?

This is an SPE CAD Scholarship Information Re-
minder for the 2021/2022 School Year. The Society 
of Plastics Engineers Color and Appearance Division 
have scholarships available for qualified individuals.

Each year, scholarships are awarded in honor of some of those who 
have influenced our industry through education of up to $4,000 each. 
Additional full or partial scholarships may be awarded based on avail-
able funding and on the number of qualified applicants.

Jack Graff Memorial Scholarship up to  $4000.00  
Gary Beebe Memorial Scholarship up to $4000.00
Bob Charvat Memorial Scholarship up to  $4000.00  
Steve Goldstein Memorial Scholarship up to $4000.00
George Rangos Memorial Scholarship up to $4000.00

For questions on applications or process 
please email Ann Smeltzer, or call her at 412-298-4373  

Scholarship Opportunities

it benefits our Division. A special thanks needs to be given out to 
this year’s Chair, Jeff Drusda and Co-Chair Cheryl Treat for the 
organization and diligence in making sure everything gets con-
verted from the live event to the virtual platform.  It was not an 
easy task, but we feel we have captured what we could to make 
this year’s CADRETEC®, although different, the best conference 
about Color and Appearance in the world.

We also need to thank each and every one of this year’s spon-
sors for their continued support of the CADRETEC®. The sup-
port received by the conference sponsors is what is used to help 
spread the word of the importance of the coloring of plastics. This 
is demonstrated through the number of scholarships given out 
each year by CAD.  Also, by supporting of the Plastivan (details of 
Plastivan in this issue) which educates students around the coun-
try about the importance of plastics in our world today. Just a 
couple examples of what is done with this support.  

Please enjoy this edition of the CADNEWS® and check out what 
is inside.  As always, if you have comments about the Newsletter 
or like to see certain content that is currently not being added or 
discussed, please let me know. Always looking ways to make the 
Newsletter better for all.

Mark Tyler
Newsletter Editor

tylerm@xxxsilberline.com

https://www.emdgroup.com/en/performance-materials.html
https://www.shepherdcolor.com
mailto:ann.smeltzer%40clariant.com?subject=
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Problems and Solutions for 
Coloring High Heat Polymers

Growth of the plastics industry depends on finding performance 
polymers that can replace traditional substrates and provide 
better performance, lower cost, extended durability or reduced 
weight. These performance polymers are generally processed for 
several minutes at temperatures in excess of 550°F (288°C), and 
therefore, require colorants that are equally heat stable. Howev-
er, many organic pigments and solvent dyes degrade, sublimate, 
or migrate at these elevated temperatures. To further complicate 
matters, the amides in nylon react with many organic colorants. 
This reaction causes the chromphore to degrade, thus leaving 
very few options to color high performance 
high temperature polymers. 

Seeing this problem, ColorChem has 
developed and commercialized a solu-
tion—a full line of heat resistant dyes 
specifically engineered for glass-filled nylon, 
polysulfones and other high heat polymer applications. 
Testing and commercial usage has shown that Col-
orChem’s Amaplast® high heat dyes can withstand the 
elevated processing temperatures and extended dwell times 
that cause other colorants to degrade. These Amaplast® dyes 
provide the brightest hues on the market, and will 
not react with nylon, thereby maintaining their 
color and clarity throughout multiple processing 
cycles.

ColorChem’s dyes are ideal for coloring all ny-
lons and glass-filled nylons, polysulfones, PC, 
and PEEK. ColorChem’s technology is proven, propri-
etary and domestically manufactured. Amaplast® dyes outper-
form the commercial alternatives offered by offshore manufac-
turers, such as Solvent Orange 116, Solvent Red 52, Solvent Red 
149, Solvent Yellow 104 and Solvent Blue 7. 

As a domestic manufacturer, ColorChem has complete control 
over the manufacturing process, purity, inputs, 

supply chain, and logistics, for these 
products. 

ColorChem’s high heat colorants include the following products: 
 Amaplast® Yellow NX: a bright neutral yellow
 Amaplast® Orange YXL: a bright orange
 Amaplast® Orange GXP: a bright red-shade orange
 Amaplast® Blue HB: a strong blue
 Amaplast® Violet PK: a strong violet
 Amaplast® Red BSR: a blue-shade red (not suitable for  
       polyamide)

In addition, ColorChem offers cerium sulfide based pigments for 
use in opacifying and coloring nylon and other high heat poly-

mers. These pigments, now known as Greentop™ 
and Neolor™ pigments, can be used in conjunc-
tion with ColorChem’s Amaplast® dyes to color 
the most demanding polymer applications and 

the combination is especially suitable for use in 
coloring glass-filled nylons.

The GreenTop™ and Neolor™ products, for which Col-
orChem is the exclusive U.S. distributor: 

  Neolor™ Light Orange H
 GreenTop™ Orange S

 GreenTop™ Red S
  

With the addition of the Greentop™ and Neolor™ 
pigments, ColorChem is a one-stop shop for high 
heat coloring solutions. 

 
Please visit www.colorchem.com, or contact ColorChem di-

rectly at +1-770-993-5500 or sales@colorchem.com for addi-
tional regulatory or product information.

      ColorChem International Corp. 
   www.colorchem.com  770-993-5500  sales@colorchem.com

http://www.colorchem.com
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CAD RETEC® 2020 Fun Run
14th Annual 5K Virtual Fun Run 

This year the annual 5K Fun Run is going virtual! Register and run (or walk) your distance around your neighborhood, 
on your treadmill, or anywhere you can physically distance. Register through the CAD RETEC® Website!

Use a fitness tracker or your cell phone to track your time and distance. Prizes (Two $50 Amazon Gift Cards) will be 
awarded for the fastest and most colorful runner, so make sure to share your time and/or a photo on Facebook (tag @
DCLCorporation2020) or email to amiller@pigments.com. Please submit your time and/or photo of yourself completing 
the run by Monday, September 21st at 7:00 PM. If you have any questions, please contact DCL Corporation!

Still deciding on Registration?

With virtual venue, this is a great opportunity 
to educate yourself and make contact with the 
most informed professionals in your field, and 
all without leaving your home office.  Join 
Us, It is easy. Click here.

Cost:
SPE MEMbER 2020 $195
SPE NON-MEMbER: $395

CAD RETEC® Committee:
Chairperson:
Jeff Drusda, The Chemours Company
jeffrey.drusda@chemours.com 
  
Vice Chairperson:
Cheryl Treat, BASF
cheryl.treat@basf.com 

Technical Program:
Alex Prosapio, Sudarshan   

     aprosapio@sudarshan.com

Mark Tyler, Silberline Manufacturing
tylerm@silberline.com

A special thank you to all who responded to our survey a few months back, and to all our 
sponsors and team of organizers for your flexibility and support dedicated to this conference. 

Please take time to view the sponsors recognized on the pages following our schedule.

Join us virtually at CAD RETEC® 2020
September 21-23, 2020

For information go to www.4spe.org/CADRETEC
Check out the CAD RETEC Sizzle video

https://www.4spe.org/i4a/pages/index.cfm?pageID=6014
mailto:amiller%40pigments.com?subject=
https://www.4spe.org/i4a/ams/meetings/index.cfm?controller=meetings&action=startRegistration&conferenceID=298&reginit=1&pageID=5233
mailto:jeffrey.drusda%40chemours.com?subject=
mailto:cheryltreat%40basf.com?subject=
mailto:aprosapio%40sudarshan.com?subject=
mailto:%09%20tylerm%40silberline.com?subject=
mailto:%09%20tylerm%40silberline.com?subject=
https://www.youtube.com/watch?v=fppGMHvSWFw&feature=youtu.be
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2:30 3:30 Panel Discussion - Sustainability Challenges for Colors & PlasticsPanel Discussion - Sustainability Challenges for Colors & PlasticsPanel Discussion - Sustainability Challenges for Colors & Plastics

3:30 5:00    Supplier Showcase (Exhibits Open)

WednesdayWednesdayWednesdayWednesdayWednesday
Eastern TimeEastern Time Speaker Company Title
9:00 9:30 Mike Willis On behalf of SPE Colorants – Part IV of the CAD Color Education Series
9:30 10:00 Joseph Fay BASF The Effect of Accelerated Weathering Conditions on the Appearance of Polymer Compounds Intended 

for Outdoor Applications
10:05 10:25
10:30 11:00 Rob Lorenzini Maroon Group New Functional Inorganic Pigments for Laser Marking and Compostable Plastic Products

11:00 11:30 Philip 
Richards Sasol Improved Dispersibility with Fischer Tropsch Synthetic Waxes in Manufacturing Masterbatch and 

Colorants
11:35 11:55 Wednesday Sponsor Time Wednesday Sponsor Time Wednesday Sponsor Time 
12:00 12:30 Closing Remarks / Raffle

MondayMondayMondayMondayMonday
Eastern TimeEastern Time Speaker Company Title

8:15 8:30 Jeff Drusda 2020 RETEC 
Chair Opening Remarks

8:30 9:00 Jeralyn Camp Byk Gardner How Gloss and Texture Affect Visual Color

9:00 9:30 Salvatore 
Monte

Kenrich 
Petrochemicals Functioning the Pigment Interface with 1.5-Nanometer Titanates and Zirconates

9:35 9:55 Monday Sponsor Time  Monday Sponsor Time  Monday Sponsor Time  

10:00 10:30 Breeze 
Briggs BASF Coloring Plastics for a Sustainable World

10:30 11:00 Nathan 
Noyes Croda Advances in Liquid Color Concentrate Formulation

11:05 11:25 Monday Sponsor Time Monday Sponsor Time Monday Sponsor Time 
12:00 13:00    PlastChicks Session 
1:00 1:30 Curtis Ross DCL Increasing Pigment Black Jetness with Color Pigment Blending 

1:30 2:00 Patrick Ryan Silberline The Effect of Particle Size, Morphology, and Loading Levels, of Aluminum Pigments in Polypropylene 
Molded Products

2:05 2:25 Monday Sponsor Time Monday Sponsor Time Monday Sponsor Time 
2:30 3:30    Platinum Sponsor Showcase (5 min talks from Platinum Sponsors) 
3:30 5:00    Supplier Showcase (Exhibits Open)

Tuesday Tuesday Tuesday Tuesday Tuesday 
Eastern TimeEastern Time Speaker Company Title
8:30 9:00 Mark Ryan Shepherd Color Innovation in Unlikely Places: Hard Work, Attentiveness, and Luck Lead to New Pigment Chemistries
9:00 9:30 Mike Willis Sun Chemical Colorant Stability in Common Sanitizing Solutions 
9:35 9:55 Tuesday Sponsor Time  Tuesday Sponsor Time  Tuesday Sponsor Time  

10:00 10:30 Eric Andrews Colour Synthesis 
Solutions Reconciling Risk Assesment of Colourants with Contemporary NIAS Strategy

10:30 11:00 George 
Iannuzzi Consumer Packaging Directions for 2020+

11:05 11:25 Tuesday Sponsor Time  Tuesday Sponsor Time  Tuesday Sponsor Time  
11:30 12:30    Awards Presentation
1:00 1:30 Bruce 

Mulholland Celanese Design for Sustainability - A Case Study with Appearance Nylon

1:30 2:00 Jackie Anim Ethicon Role of Branding and Color Science in Medical Devices
2:05 2:25 Tuesday Sponsor Time  Tuesday Sponsor Time  Tuesday Sponsor Time  

Conference Schedule

 Closing Remarks / Prize Give-Aways

  1:00
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PLATINUM SPONSORS
GOLD SPONSORS

bRONZE SPONSORS

SILVER SPONSORS

https://www.colors-effects.eu/sustainability/
https://www.clariant.com/en/Corporate
http://www.pigments.com/
https://lanxess.com/
http://chemical.milliken.com/
https://www.shepherdcolor.com/
http://www.sunchemical.com/
https://www.tronox.com/
http://www.fsw.cc/
https://www.cabotcorp.com/
https://www.silberline.com/
https://aakashchemicals.com/
https://cinic.com/en/site/aboutCompany
https://www.colour-synthesis.com/
https://www.cwbrabender.com/en/brabender/
https://blachfordcs.com/
http://www.heubachcorp.com/
https://www.sudarshan.com/
https://spectradyes.com/
https://spectradyes.com/
https://umccorp.com/
https://4kenrich.com/
https://www.dayglo.com/
https://www.venatorcorp.com/
http://kuncaius.com/
https://www.chromacolors.com/
https://leistritzcorp.com/
https://www.q-lab.com/
https://www.tomatec.com/
http://chemical.milliken.com/
http://www.pigments.com/
https://www.shepherdcolor.com/
http://www.sincol.com.cn/
https://royceglobal.com/
http://www.torrecid.com/
https://www.datacolor.com/
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16 STATES VISITED
91 CITIES

169 total visits
121 schools, universities, STEM fairs and corporations visited

PlastiVan is a fun, hands-on educational program that 
introduces students to plastics science and teaches  

them the value plastics bring to our world. 
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24,535 STUDENTS
experienced PlastiVan® in 2019 

Sponsored in part by

PLASTIVAN®: CHANGING THE PERCEPTION OF 
PLASTICS ONE CLASSROOM AT A TIME

Through lively demonstrations and hands-on activities, the 
PlastiVan® Program is designed to excite students about oppor-
tunities in science and engineering within the plastics industry. 
Students are educated about the chemistry, history, processing, 
manufacturing, and sustainability of plastics and how the sci-
ence and real-world applications relate to their everyday lives. 
PlastiVan® provides sound science and educational programs 
which spark scientific curiosity in students while increasing 
their knowledge of the contribution plastics make to modern 
life; encouraging them to seek careers in engineering.
 
PlastiVan® educators are skilled in tailoring the presentation to 
meet the needs and grade-level expectations of each classroom 
and teacher. The program is easily integrated into school cur-
ricula. A PlastiVan® visit typically consists of 5 classes/day for 
up to 40 students/class or is individually designed for STEM 
and science fairs.

Click here for more information on the PlastiVan®

The SPE Color and Appearance Division generously donated $35,000 to PlastiVan® 
in 2019. Combined with their 2018 gift of $17,500, their support over two years of 

$52,500 provided a PlastiVan® visit to 30 classrooms, bringing the exciting world of 
plastics to thousands of students. Thank you, Color and Appearance Division, for 
this meaningful impact toward changing the perception of plastics one classroom 
at a time. And a big THANK YOU for committing to another $35,000 for 2020!

The SPE Foundation supports the 
development of plastics professionals  
by funding quality educational programs, 

grants and scholarships.
sp    eYOUR WORK MATTERS

Support the Future of Plastics

IMPACT REPORT 2019

https://www.4spe.org/i4a/pages/index.cfm?pageid=3312
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ANTEC® 2021 Denver
Sunday, March 21, 2021 - Thursday, March 25, 2021 - All Day

Sheraton Denver Downtown, Denver, Colorado

CALL FOR PAPERS
YOU ARE INVITED TO SUBMIT A PAPER FOR PUBLICATION & PRESENTATION

Podium and poster presentations showcasing the latest in industrial, national laboratory and academic work.
Share your findings in polymer research or new and improved products and technologies 

TOPICS WILL INCLUDE
  
 S Additive Manufacturing/3D Printing  S Automotive  S Bioplastics   
 S Blow Molding  S Building and Infrastructure S Color & Appearance  
 S Composites S Decorating and Assembly / Joining  S Electrical & Electronic  
 S Engineering Properties & Structures  S Extrusion S Failure Analysis  
 S Flexible Packaging  S Foams S Injection Molding 
 S Rheology  S Medical Plastics   S Mold Technology 
 S Plastic Analysis S Plastic Pipe and Fittings  S Plastics Recycling  
 S Polymer Analysis  S Polymer Modifiers & Additives  S Product Design & Development
 S Rotational Molding  S Thermoforming  S Thermoplastics Materials   
    S Thermosets  S Sustainability S Vinyl Plastics
 
A full manuscript submission is required and will be due towards end of October 2020. Your paper will be published as 
part of the ANTEC® 2021 proceedings.
 

FOR MORE INFORMATION PLEASE CONTACT 
Mark Spalding                                                  

Technical Program Co-Chair   

National Distributor
for Pigments from

www.LintechInternational.com
877-Lintech (877-546-8324)

Chuck.Churn@LintechInternational.com

9

mailto:maspalding%40dow.com?subject=
http://lintechinternational.com/
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                  for  
High Performance Plastics

www.tronox.com 

Si lberl ine of fers the bri l l iant shine of 
aluminum pigments in a wide variety of 
product forms for plast ics .
Visit silberline.com or call us at 

800.348.4824 today.

F R O M  S C I E N C E  T O  S H I N E

SPECTRA DYESTUFFS INC.
363-E Cliffwood Park St.

Brea, CA 92821
P:  714-990-4300
F:  714-990-4302

www.spectradyes.com

Organic Pigments
Pearlescent Pigments
Fluorescent Dyes
Solvent & Disperse Dyes for Plastics

   Prompt deliveries from our
   warehouses across the country.

HIGH PERFORMANCE COLORS FOR PLASTICS

Prove it with pigments that go the Xtra 
mile for sustainable plastics coloration.

www.colors-effects.eu/sustainability

Leading Manufacturer of Complex Inorganic Color Pigments (CICP)
 Pigment Brown 24, Yellow 53, Blue 28, Green 50, Black 28, etc.
   Environmentally Friendly Pigments; Brown 48, etc.
   Laser Marking Pigments

 

  Contact in Americas:
 TOMATEC America, Inc.
  7914 Tanners Gate Lane Florence, KY. 41042
  TEL: (859) 746-0407 FAX: (859) 746-0467
  tomatecam@tomatec.com
  WWW.TOMATEC.COM

    
 

Leading Manufacturer of Complex Inorganic Color Pigments (CICP)   
 Pigment Brown 24, Yellow 53, Blue 28, Green 50, Black 28, etc. 
 Environmentally Friendly Pigments; Brown 48, etc. 
 Laser Marking Pigments 

  
  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

     
 

Contact in Americas: 
 
 
7914 Tanners Gate Lane Florence, KY. 41042 
TEL: (859) 746-0407 FAX: (859) 746-0467 
tomatecam@tomatec.com 
WWW.TOMATEC.COM 

The Broadest Selection of Pigments Worldwide
What do you get when you combine the unparalleled heritage and passion of
Dominion Colour Corporation and LANSCO Colors? Presenting DCL, the new
global leader in the supply of color pigment and dispersions for the coatings, 
plastics and ink industries. And while the name DCL may be new, the people,
philosophy, and innovation behind it are anything but. Moving forward, DCL is poised 
to positively impact our customer’s business by continuing to innovate, rapidly
respond to customer needs, and be the difference our customers are looking for.

https://www.tronox.com/
https://www.silberline.com/
http://spectradyes.com/
https://www.colors-effects.eu/sustainability/
https://www.tomatec.com/
http://www.pigments.com/
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Technical Article

THE INFLUENCE OF ADDITIVES ON POLYMER DISCOLORATION 
Tad Finnegan and R. E. King III 
BASF Corporation, Tarrytown, NY 
 
 
 
ABSTRACT 
 
Managing the color of a plastic article requires not only the appropriate selection of the colorants, but 
also careful selection of the processing, thermal, and light stabilization additives. Improper selection and 
use of these additives can lead to the formation of chromophores and discoloration of the polymer after 
processing, during storage, or upon exposure to heat or light. These chromophores may be either 
transient or durable, leading to unexpected and difficult-to-manage changes in the article’s color during 
storage and use. The use of recycled polymer or regrind can exacerbate the potential for discoloration by 
introducing chromophore precursor compounds formed by thermo-oxidative stress on the polymer 
system. In this paper, common causes of discoloration and strategies to manage them through additive 
selection are presented.  
 
 
 
INTRODUCTION 
 
Polymers undergo oxidation during processing and storage that can negatively impact their properties. 
This oxidation can impact the polymer’s molecular weight, melt flow behavior, and color in addition to 
other properties. Discoloration, because it is immediately evident to an observer, can be of special 
concern1,2.  
 
Color is how we perceive the absorbance, reflectance, and transmission of wavelengths of 
electromagnetic radiation between ~400 nm to 700 nm from an object. The portion of the molecule 
responsible for absorbing light is the chromophore. In organic molecules, the chromophore is a usually a 
region of highly conjugated chemical bonds where the electrons are delocalized. When an electron in the 
chromophore absorbs a photon of the right energy, the electron is excited from the ground state into the 
excited state, as illustrated in Figure 1. The electronic band gap between the highest occupied molecular 
orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) shows us the energy required to 
excite the electron, and the wavelength of light required to provide that energy is given by Equation 1. 
 

𝐸𝐸𝐸𝐸 = ℎ𝑐𝑐𝑐𝑐
𝜆𝜆𝜆𝜆

       (Equation 1) 
 
where 𝑬𝑬𝑬𝑬 is the energy of the photon, 𝒉𝒉𝒉𝒉 is Planck’s constant, 𝒄𝒄𝒄𝒄 is the speed of light, and 𝝀𝝀𝝀𝝀 is the 
wavelength of the light. 
 
Molecules with a low level of conjugation require higher energies (i.e., shorter wavelengths) to excite. 
As the level of conjugation increases, the energy required to excite the electron decreases until 
eventually the absorbed wavelengths of light will extend into the visible range. From Fieser-Kuhn rules 
for conjugated systems3, we can determine the absorbance will enter the visible spectrum for a linear, 
conjugated system with 8 or 9 conjugated double bonds. As an example, β-carotene (a naturally-
occurring pigment) has 11 conjugated double bonds, as shown in Figure 2. It has an absorption of  
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Figure 1. Ground state and excited state of electron in a conjugated chromophore 
 
 
 
 
 

 
 

Figure 2. Molecular structure of β-carotene 
 
 
452 nm. This value is well into the visible spectrum (400-700 nm) and corresponds to the absorption of 
blue light, giving the molecule its characteristic yellow/orange color. 
 
In polymers, often the discoloration is not due to conjugation in the polymer itself; rather, it is other 
components in the polymer (e.g., antioxidants, light stabilizers, and impact modifiers) that lead to the 
discoloration. Furthermore, many of these ingredients are not inherently colored, but rather form 
chromophores as they are oxidized during processing, thermal aging, and weathering of the polymer in 
the autoxidation cycle.  
 
Figure 3 shows the autoxidation cycle4. The process is started when the polymer is exposed to light (in 
particular, ultraviolet light), heat, or shear in the presence of oxygen. Improperly deactivated catalyst 
residues or the presence of transition metals can also initiate the process. In the initiation process, a 
highly reactive free radical (R•) is formed by carbon-carbon or carbon-hydrogen bond scission. Cycle I 
illustrates the formation of hydroperoxides from the free radical. The free radical interacts with 
molecular oxygen present in the polymer to form a peroxy radical (ROO•). This peroxy radical can 
abstract a hydrogen from the polymer or another molecular to form a new free radical (R•) and a  
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Figure 3. The autoxidation cycle 
 
 
hydroperoxide molecule (ROOH). The newly generated free radical can then interact with molecular 
oxygen and repeat Cycle I. 
 
Cycle II illustrates the breakdown of the unstable hydroperoxide to form additional free radicals. The 
hydroperoxide splits to form an alkoxy radical (RO•) and a hydroxy radical (HO•). These radicals can 
then interact with the polymer or other molecules to form new molecules (such as alcohols, ROH) and 
generate additional free radicals that can then enter Cycle I. The breakdown of the hydroperoxides in 
Cycle II increases the overall radical flux and accelerates the oxidation process. 
 
Polymer additives, such as antioxidants and light stabilizers, are used to slow down and prevent 
autoxidation. Primary antioxidants, such as hindered phenol compounds, act as hydrogen donors and 
oxygen-centered radical scavengers, preventing the formation of hydroperoxides. Primary antioxidants 
are most effective in Cycle I, but also can act in Cycle II. Secondary antioxidants, such as hindered 
phosphite compounds, act to decompose the hydroperoxide without the formation of free radicals, 
slowing the creation of free radicals in Cycle II. Ultraviolet light absorbers can absorb ultraviolet light 
(UV) and dissipate the energy before it interacts with the polymer to form a free radical, preventing 
entrance into the autoxidation cycle.  
 
While these additives can, and are intended to, reduce the discoloration of the polymer relative to 
unstabilized polymer, the additives can also contribute to color under certain conditions. As examples, 
three methods by which additives can contribute to color are 
1. Over-oxidation of hindered phenols can lead to conjugated structures with strong color 
2. Interactions between hindered phenols and oxides of nitrogen (NxOy) can lead to the formation of 

strongly-absorbing chromophores 
3. High concentrations of ultraviolet light absorbers can begin to absorb short-wavelength visible light, 

directly discoloring the polymer 
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DISCUSSION 
 
Over-Oxidation of Hindered Phenols 
Hindered phenols, such as 2,6-di-tert-butyl-4-methylphenol (AO-1) or octadecyl-3-(3,5-di-tert-butyl-4-
hydoxyphenyl)propionate (AO-2), have been long-established to act as antioxidants in polymer systems. 
Even at low concentrations, these molecules are very effective at preserving the architecture of the 
polymer. However, as the antioxidants donate hydrogen atoms to neutralize free radicals in the 
autoxidation cycle, they can undergo a variety of rearrangements and reactions that can lead to the 
formation of conjugated chromophores. AO-1, due to its simplicity as a molecule, offers a good model 
for examining how conjugated chromophores can arise from oxidation of the hindered phenol. Figures 4 
and 5 illustrate the transformation of AO-1 into stilbenquinone and diphenoquinone respectively. The 
more complex conjugated chromophores for the oxidation of AO-2 are shown in Figure 6. Table 1 
shows the wavelength of maximum absorption and the molar absorptivity of the transformation products 
relative to β-carotene. 
 
As illustrated, chromophores do not arise from the loss of a single (or even second) hydrogen in the 
hindered phenol. To form a chromophore, the antioxidant must donate multiple hydrogens, undergo 
coupling reactions, and donate further hydrogens to conjugate the coupled molecule. This over-oxidation 
of the molecule is ultimately what results in the formation of the chromophore. 
 
As polymer converters increase the use of regrind in their processes, and with a strong consumer focus 
on increasing the amount of recycled polymer used, there is a unique challenge relating to discoloration.  
In these cases, the starting material (i.e., the antioxidant) has already been partially oxidized or 
consumed. Each heat history applied to the polymer increases the level oxidation and consumes more 
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Figure 4. Oxidation of AO-1 to stilbenquinone 
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Figure 5. Oxidation of AO-1 to diphenoquinone 
 
 
 
 

 
 

Figure 6. Oxidation products of AO-2 
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Table 1. Wavelength of maximum absorption and molar absorptivity of chromophores. 

Chromophore Structure λmax, 
nm 

ε, 
l/mol∙cm 

Diphenoquinone O

O

 

423 72,700 

Stilbenquinone OO

 

452 106,000 

Biscinnamate 

2

OH

O

O R

 

450 106 

Unconjugated bisquinonemethide 

2

O

O

O R

 

420 116 

Conjugated bisquinonemethide 

2

O

O

O R

 

440 34,800 

β-carotene 
 

 

452 152,000 

 
antioxidant. If supplemental antioxidant isn’t used at each processing step, the probability of forming a 
chromophore increases. And since many of the chromophore precursors are nearly colorless, there may 
be little warning to the converter or consumer that there is a problem until the next stress to the polymer 
creates discoloration. 
 
To minimize the formation of chromophores due to oxidation of hindered phenols, there are several 
strategies that can be employed5. 
 
1. Select the correct hindered phenol (and concentration) 

As an example, the formation of chromophores can be reduced by increasing the difficulty of the 
coupling reaction. The steric hindrance to coupling provided by the C18 fatty ester tail of AO-2 
compared to the methyl group of AO-1 illustrates this principle. There are many phenolic 
antioxidants available commercially, with each product having strengths and weaknesses related to 
discoloration and melt flow control. 

2. Select and use secondary antioxidants (phosphite) 
The use of secondary antioxidants such as a hindered phosphite to decompose hydroperoxides can 
reduce the formation of free radicals in the autoxidation cycle, and reduce the burden on the 
hindered phenol. 

15 16
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3. Optimize the ratio of hindered phenol to phosphite 
Because the performance of primary and secondary antioxidants is synergistic, finding the right ratio 
to will ensure neither component is over oxidized or consumed disproportionately. It is 
recommended that the ratio of phenol to phosphite be in the range of 1:1 to 1:4, with 1:2 being a 
good starting ratio. 

4. Select and use an appropriate acid scavenger 
Since catalyst residues and certain types of acidic or alkaline species can accelerate reactions leading 
to discoloration, using an appropriate acid scavenger can help minimize the formation of 
chromophores. 

5. Consider employing phenol-free stabilization 
The use of alternative chemistries, such as hydroxylamines, in place of hindered phenols can reduce 
the likelihood of forming chromophores and provide better polymer color. 

 
 
Gas Fading / Pinking of Hindered Phenols 
Hindered phenols are known to interact with oxides of nitrogen (NxOy) to create chromophores7,8,9, as 
illustrated in Figure 7. In this instance, the degree of discoloration is also related to the exposure surface 
and the surface area to volume ratio of the plastic part. Materials will high surface area to volume ratios, 
like polymeric fibers or films, have a higher exposure to NxOy during storage, leading to a higher rate of 
discoloration. 
 

.
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Figure 7. Gas fading reaction 
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To minimize the formation of chromophores due to gas fading, beyond limiting the exposure of the 
plastic part to NxOy, the strategies employed are similar to the strategies used to prevent over-oxidation 
of hindered phenols (see above). Selection of the correct phenol, phosphite, and acid scavenger, and 
using the appropriate concentration and ratio of ingredients can reduce the oxidation of the hindered 
phenol. The best option, however, may be moving to phenol-free stabilization systems, such as those 
based on hydroxylamine stabilizers. 
 
Additionally, it should be noted that many polymer manufacturers include at least some hindered phenol 
in their polymers to provide melt processing stability. Phenol already present in the polymer cannot be 
removed and will always be prone to gas fading reactions. Selection of low gas fading grades of polymer 
may be required for sensitive applications. 
 
 
Direct Absorbance by Ultraviolet Light Absorbers 
Ultraviolet light absorbers are chromophores that prevent the photodegradation of polymers by 
absorbing ultraviolet light and dissipating the absorbed energy without breaking down or initiating 
oxidation. The mechanisms of absorption have been studied extensively5. 
 
UV absorbers are governed by Beer-Lambert law, which equates absorbance of light to the 
concentration of the absorber, the pathlength the light travels, and the molar absorptivity of the molecule 
itself as given in Equation 2: 
 

𝐴𝐴𝐴𝐴 = −𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙10 �
𝐼𝐼𝐼𝐼
𝐼𝐼𝐼𝐼0
� = 𝜀𝜀𝜀𝜀𝑙𝑙𝑙𝑙𝜀𝜀𝜀𝜀        (Equation 2) 

 
where A  is the absorbance, I  is the intensity of transmitted light, 𝐼𝐼𝐼𝐼0 is the intensity of incident light, 𝜀𝜀𝜀𝜀  is 
the molar absorptivity (a measure of the attenuation of a particular wavelength of light), 𝑙𝑙𝑙𝑙   is the 
pathlength, and 𝜀𝜀𝜀𝜀  is the concentration of the absorber. 
 
For absorbers that block longer-wavelength UV radiation, at high concentrations their absorbance can 
impinge on the visible spectrum and absorb blue light, introducing yellow discoloration into the 
polymer. This discoloration will be present in the polymer from the start, rather than forming over time 
as we saw in the previous two cases. According to Beer’s law, this impingement will be concentration-
dependent, with higher concentrations of absorber acting to absorb more of the visible light. 
 
As an example, Figure 8 show the reflectance curves of three UV absorbers (BTZ-5, BTZ-6, and CYA-
1) at different concentrations in polycarbonate relative to a control10. At the start of the visible spectrum 
(400 nm) all the UV absorbers show some absorbance, but BTZ-6 shows strong absorbance than BTZ-5 
at equal concentration. CYA-1 shows a longer absorbance tail into the visible spectrum, giving it 
intermediate performance between BTZ-5 and BTZ-6 in this case. 
 
To minimize the discoloration due to the absorbance of visible light by UV absorbers, there are several 
considerations to take. 
 
1. Ensure the light stabilization package is well-designed 

UV absorbers are only one class of light stabilizers. Other classes, such as hindered amine light 
stabilizers (HALS), may offer better protection in some polymers (such as polyolefins) without 
contributing significantly to discoloration. Optimizing the light stabilizer package will help 
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determine if a UV absorber is necessary in the formula, or if the same result can be achieved by a 
different mechanism. 
 

2. Minimize the concentration required for the UV absorber 
Since absorbance is directly related to the concentration of the absorber and pathlength the light 
travels, understanding how much UV absorber is required can help. For thick parts, like those found 
in rotational molded water tanks, only a few hundred parts per million of UV absorber may be 
required to provide a benefit in light stability. In contrast, in polycarbonate glazing, up to several 
percent of absorber may be required to meet the durability requirements. Understanding the 
relationship between durability, concentration, and part thickness will ensure the system is optimized 
for the end-use application. 
 

3. Consider alternate chemical families of UV absorbers 
Every UV absorber has its own absorption spectrum and characteristics. Every polymer has chemical 
bonds that are susceptible to absorption of UV light. By carefully selecting a UV absorber that 
covers the spectrum of concern for the polymer, one may be able to select a UV absorber that has 
less impingement into the visible spectrum while preventing photodegradation of the polymer.  

 
 
 

 
 

Figure 8. Reflectance curves for ultraviolet light absorbers in polycarbonate 
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CONCLUSION 
While many polymer additives are intended to reduce the discoloration of polymers and ensure the 
polymer’s performance, they can under certain conditions contribute to discoloration. By ensuring that 
additive packages are well-formulated, one can help mitigate some of the most common discoloration 
problems. Starting with the antioxidant package, selection of the hindered phenol, phosphite, and acid 
scavenger is the first step to minimize discoloration. Optimizing the ratio of the phenol to phosphite can 
also reduce excessive oxidation that can lead to discoloration. Understanding the role UV absorbers can 
play in initial color is also important. Formulating a robust light stabilizer package, selecting the right 
UV absorber, and optimizing its concentration are crucial steps to ensure the discoloration is minimized.  
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So let the dedicated Plastics Team at Palmer Holland help 
separate your business from the competition. As the leader in 
plastic additives technology and distribution, we’re here to provide 
you with unrivaled levels of service and industry knowledge to 
make sure your formulations perform at their best. 

iD Additives, Inc  •  512 W Burlington Ave., La Grange, IL 60525  •  (708) 588-0081  •  iDadditives. com

Unmatched Technical Support for Innovative Products! 

iD UV Stabilizer Systems 
have proven their ability 
to outperform standard 
Hindered Anime UV  
Products in both PE and PP  
in the following applications:

•  Color Concentrates /  
 Masterbatches

•  Wood Composites /  
 Roofing / Pipe

•  Outdoor Furniture /  
 Stadium Seating

•  Film for Chemically  
 Aggressive Applications

iD UV Stabilizer Systems have been structured with a
Hindered Amine Backbone that provides maximum
compatibility for both PE and PP based end products. 

This VERSATILITY allows for minimizing the variety of
products usually needed to provide protection for each 
of the substrates and their end uses, resulting in cost savings. 

Contact iD Additives today 
for all your stabilization needs.
Contact us today at info@idadditives.com 

Stay Updated! Scan 
here and Subscribe 
to our YouTube 
Channel today! 

https://www.palmerholland.com/
https://www.idadditives.com/
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