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■ Introduction

▪ Color and composition of PCR

■ Challenges coloring mechanical recycled polymers

▪ Why do we need solutions?

■ PCR Color Optimization & Prediction Tool

▪ How to support customers developing colored products with PCR

■ Batch-batch variation of PCR

■ Using special effects with PCR

Agenda
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■ Brand owners have commitments to use more recycled material in their products

▪ Packaging with minimum of 30% PCR; ultimate target 100%

▪ Appliances, Transportation and Consumer Goods with recyclate content for lower CO2 footprint

▪ Recyclate content can depend on regulatory or industry targets

■ Wide color variation of recycled polymers provides challenges for brand owners 
and material producers to develop & supply consistent colored products.

▪ Regulatory requirements and physical properties for the application also need to be considered

■ Mechanical recycled polymers are available from multiple sources

▪ Pre-consumer recyclate (PIR) – e.g., traceable industrial sources

▪ Post-consumer waste recyclate (PCR) – e.g., mixed household waste

Introduction
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Color and Composition of PCR

Company confidential      4

PCR Color Ash Content Non-polymer content Impact on color vs. virgin polymer

Natural < 1% Silica, CaCO3 Neutral affect; yellowness affects natural or white colors

White / Ivory 2 – 7% TiO2, CaCO3 High white pigment content not suitable for dark colors

Grey 1 – 10% TiO2, CaCO3, Carbon Black, mixed pigments Variable grey shades; not suitable for light or vibrant colors

Black 1 – 10% Carbon Black, Talc, CaCO3, mixed pigments Black color difficult to convert to other colors; NIR detection

Blue 1 - 5% TiO2, CaCO3, organic pigments Specific to blue articles

■ PCR can vary significantly in color and composition

▪ Different sources of feedstock

▪ Sorted into multiple polymer and color fractions

▪ Same visual color can have wide range of pigment content; especially grey produced with mixed color fraction

▪ Homogenized by compounding and blending



■ Existing color targets are not always possible in recycled materials

▪ More difficult to achieve desired colors and special effects compared to virgin polymer

▪ New color recipes have to be developed for each quality of recycled material

■ Batch-Batch variation of recycled material

▪ Material from same source can be different depending on feedstock composition

▪ Color recipes can need adjustment for each batch

■ PCR availability 

▪ Limited availability of prime PCR grades

▪ Need to work with all quality of PCR

■ Complexity

▪ Color development

▪ Managing materials, PCR and Color Masterbatch 

■ Cost

▪ Color matches and molding trials

▪ Higher coloring costs

Challenges coloring mechanical recycled polymers
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Polybatch 5670 in PCR Ivory & Grey Polybatch 4012 in PCR Ivory & Grey



■ Allow designers to understand and simulate the effect on color when using PCR

▪ Color capability is already considered in design phase

▪ Which colors & cannot can be achieved using preferred PCR quality?

▪ Determine maximum PCR content possible and use of blends

■ Reduce the complexity and costs of product development

▪ Fewer color matches and molding trials

▪ Faster color development process 

■ Understand how batch-batch color variation of chosen PCR will affect color 

specification

▪ Color masterbatch development to mitigate variation 

▪ Allow for color specification to be managed in supply chain

▪ Determine realistic color specification (DE) limits

■ Maximise PCR usage and utilisation of all qualities of available PCR

▪ Limited availability of color selected PCR

▪ Solutions required for Grey and mixed color PCR

Why do we need solutions? 
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Lyondellbasell PCR Color Optimisation Tool

Company confidential      7

■ Digital solution to predict and visualise the influence of PCR on the target color

▪ Calibrated with multiple PCR grades to simulate effect on color when replacing virgin polymer 

▪ Enables specific color matching in selected PCR source

▪ Allows for color simulation with different blend ratios of PCR

■ Coloring of plastics is usually measured and communicated using LAB values 

▪ L = lightness / darkness

▪ a = red → green

▪ b = yellow → blue

■ Color Gamut can be used to visualise the portion of the color space which can 
be depending on: 

▪ Pigment color set and concentration

▪ Substrate e.g. polymer or PCR type
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■ Digital visualization of working color space (gamut) for different polymer and PCR
▪ Comparison of PP Homopolymer with Ivory and Grey PCR

PCR Color Optimisation Tool

PP Homopolymer

CirculenRecover PP Ivory

CirculenRecover PP Grey

L*

L*
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■ Pigment concentration can adjust the color space for a selected polymer or PCR 
▪ Digital visualization of color space with different pigment concentration limits (2% → 4% total pigments)

▪ Simulation of using higher concentration of pigments to overcome inherent color of PCR

▪ Pigment concentration can be limited by processing, physical properties and cost

PCR Color Optimisation Tool

Pigment concentration limit = 4%

In CirculenRecover PP Ivory

Pigment concentration limit = 2%

In CirculenRecover PP Ivory

L*

L*



PCR Color Optimisation Tool – Batch Calculation

10

■ Batch calculation allows set of brand colors to be analysed with different PCR polymers
▪ Determine which colors can (or cannot) be achieved when replacing virgin polymer with PCR, or alternative PCR sources

▪ Calculate DE possible for selected PCR and pigment concentration

▪ Example of standard color range in CirculenRecover PP Ivory with 2% pigment concentration limit

▪ Possible to achieve all colors with CMC DE target <2.0



PCR Color Optimisation Tool – Batch Calculation
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■ Batch calculation used to compare change in PCR for brand colors
▪ Example of standard color range changing to CirculenRecover PP Grey with 2% pigment concentration limit

▪ Only possible to achieve 8 colors with CMC DE target <2.0

▪ Not possible to correct other colors to meet specification!



PCR Color Optimisation Tool
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■ Example of Polybatch L 5646 red masterbatch 

▪ Color comparison with PCR Grey or PCR Ivory versus virgin PP at 2% masterbatch dilution

▪ PCR Grey – DE = 16.7

▪ PCR Ivory – DE = 7.6

▪ Using Color Optimization Tool recipe for 100% PCR Ivory can be adjusted to achieve DE of <0.5 (good visual color)

2% Polybatch L 5646 in PCR Grey

2% Polybatch L 5646 in PCR Ivory



PCR Batch-Batch Color variation
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■ Example of CirculenRecover HD5603 Silver 

■ Measurement of color range for typical Low → High ‘L’ value batches

▪ Comparison of L*a*b values versus mid range batch

▪ DL range from -1.96 to 1.22

▪ DE CMC = 1.6 and 1.8 

■ Can color masterbatch be developed to meet the customer specification allowing 
for batch-batch variation? 



PCR Batch-Batch Color variation – Blue Color Example
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■ 4% Polybatch EB402230 NIR + 50% CirculenRecover HD5603 Silver

■ Measurement of color coordinates for Low → High ‘L’ value range batches

▪ Comparison of L*a*b values versus mid range batch

▪ DL range from -0.16 to 0.10

▪ DE CMC = 0.23 and 0.95

■ Good visual color obtained, same masterbatch used in different PCR batches



■ Color matching system optimised to include recycled polymer

▪ PCR and other recyclates calibrated in database to use as destination polymer

▪ Allows use of existing pigment databases and customer color references

■ How can we support Customers & Brand Owners

▪ Digital visualisation of brand colors when using PCR

▪ Prediction of which brand colors are possible with different PCR quality

▪ Calculate maximum PCR content for specific color using different PCR quality

▪ Batch calculation of brand colors to support PCR allocation

▪ Reduced complexity and costs of product development

▪ Faster color development process 

▪ Fewer color matches and molding trials

▪ Cost prediction of color matches to meet target color

▪ Manage batch-batch variation of PCR

▪ Visualisation of color effect with batches from lower and upper limits

▪ Development of masterbatch to mitigate color variation

▪ Specification setting, determine realistic DE limits

Benefits of PCR Color Optimisation Tool to Customers
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■ Special effect pigments like Pearlescent, Metallic and Fluorescent are influenced by the PCR color

▪ Transparent polymer is required to maximise the special effect

▪ TiO2 pigment content in PCR reduces light transmission and limits pearlescent effect

■ How to achieve special effects with PCR? 

▪ Compromise the PCR content when special effect pigments are required 

▪ Allow for blends with virgin polymer to improve color and transparency

▪ Selective use of Natural PCR

▪ Design with alternative special effects which complement look of PCR

▪ Stone, marble, particle effects with contrasting color 

▪ Use multi-layers for film extrusion and blow molding in flexible or rigid packaging

▪ Special effect can be applied in outer (visual layer) with virgin polymer or natural PCR

▪ Allows use of lower PCR quality in core layers to hide color variation

Using Special Effect Colors with PCR
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Metallic Gold in virgin PP, PCR Ivory and PCR Grey

Fluorescent Pink in virgin PP and PCR Grey



Specialized color 
competence and 
masterbatch technology 
centers

Innovative solutions to 
exactly meet customer 
application requirements

One-Stop shop for color 
and additive masterbatches

Raw materials 
harmonization to ensure 
consistent quality and 
supply, worldwide

Sustainability is a core 
value and a driver

Applications

Masterbatch & Color Concentrates

We deliver… Solutions for Coloring of Recycled Polymers
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Appliances

Packaging

Consumer 

Goods

Agriculture

Building & 

Construction

Transportation

■ Lyondellbasell Color Optimisation Tool can be used 
to support customers & brand owners

▪ Color simulation with different PCR 

▪ Extensive database of pigments, polymer and PCR

▪ Reduce the complexity and costs of product development

■ Extensive Color Knowledge & Experience

▪ Different polymers and recyclates

▪ Special effects

▪ Multiple applications & processing techniques



The statements in this presentation relating to matters that are not historical facts are forward-looking statements. These forward-looking statements are based upon 
assumptions of management of LyondellBasell which are believed to be reasonable at the time made and are subject to significant risks and uncertainties. When 
used in this presentation, the words “estimate,” “believe,” “continue,” “could,” “intend,” “may,” “plan,” “potential,” “predict,” “should,” “will,” “expect,” and similar 
expressions are intended to identify forward-looking statements, although not all forward-looking statements contain such identifying words. Actual results could 
differ materially based on factors including, but not limited to, market conditions, the business cyclicality of the chemical, polymers and refining industries; the 
availability, cost and price volatility of raw materials and utilities, particularly the cost of oil, natural gas, and associated natural gas liquids; uncertainties and impacts 
related to the extent and duration of the pandemic; competitive product and pricing pressures; labor conditions; our ability to attract and retain key personnel; 
operating interruptions (including leaks, explosions, fires, weather-related incidents, mechanical failure, unscheduled downtime, supplier disruptions, labor 
shortages, strikes, work stoppages or other labor difficulties, transportation interruptions, spills and releases and other environmental risks); the supply/demand 
balances for our and our joint ventures’ products, and the related effects of industry production capacities and operating rates; our ability to manage costs; future 
financial and operating results; benefits and synergies of any proposed transactions; legal and environmental proceedings; tax rulings, consequences or proceedings; 
technological developments, and our ability to develop new products and process technologies; our ability to meet our sustainability goals, including the ability to 
operate safely, increase production of recycled and renewable-based polymers, and reduce our emissions and achieve net zero emissions by the time set in our 
respective goals; our ability to recruit and retain diverse employees; our ability to procure energy from renewable sources; the successful shut down and closure of 
the Houston Refinery, including within the expected timeframe; potential governmental regulatory actions; political unrest and terrorist acts; risks and uncertainties 
posed by international operations, including foreign currency fluctuations; and our ability to comply with debt covenants and to amend, extend, repay, redeem, 
service, and reduce our debt. Additional factors that could cause results to differ materially from those described in the forward-looking statements can be found in 
the “Risk Factors” section of our Form 10-K for the year ended December 31, 2021, which can be found at www.LyondellBasell.com on the Investor Relations page 
and on the Securities and Exchange Commission’s website at www.sec.gov. There is no assurance that any of the actions, events or results of the forward-looking 
statements will occur, or if any of them do, what impact they will have on our results of operations or financial condition. Forward-looking statements speak only as 
of the date they were made and are based on the estimates and opinions of management of LyondellBasell at the time the statements are made. LyondellBasell does 
not assume any obligation to update forward-looking statements should circumstances or management’s estimates or opinions change, except as required by law.

Polybatch and Circulen are trademarks owned and/or used by the LyondellBasell family of companies and are registered in the U.S. Patent and Trademark Office.

Disclaimers
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https://nam11.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.sec.gov%2F&data=05%7C01%7CBianca.Acardag%40lyondellbasell.com%7Ce495020320104c7fa4dc08da60372ca5%7Cfbe6208106d8481dbaa034149cfefa5f%7C0%7C0%7C637928087329739118%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=EvHlbzMoC%2BTbHcW8nLawtgII1WCvKH1F2tm2ObC2Mo8%3D&reserved=0
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Thank you !


