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Enhancing Plastic Resin Color Quality 
Control with Spectrophotometry 

 

Introduction 

Color consistency in plastic resins and pellets is a critical quality attribute that can 

significantly impact the appearance and performance of finished plastic products. In 

manufacturing sectors ranging from packaging and consumer goods to automotive 

and medical devices, even slight color variations in resin can lead to visible 

inconsistencies, customer complaints, or product rejections. Ensuring precise color 

quality control at the resin and pellet stage helps manufacturers catch and correct 

issues early in the process, safeguarding brand integrity and reducing waste. 

Spectrophotometers – advanced instruments that measure color objectively – have 

become indispensable tools for achieving this level of control. By quantifying color in 

numeric terms, spectrophotometers eliminate the subjectivity of visual inspection and 

provide the data needed to maintain tight color tolerances. This white paper explores 

how spectrophotometric color measurement can enhance plastic resin and pellet 

manufacturing, improving quality control and consistency. We will discuss the 

importance of color measurement in the resin industry, what color can reveal about 

resin quality, practical applications and challenges in measuring resin color, and the 

global standards that guide these practices. We then present the recommended 

solution – the HunterLab Agera spectrophotometer – explaining why its features make 

it best-in-class for resin color quality control. A comparison of key solution features 

(with their advantages and benefits) is provided, along with hypothetical case studies 

illustrating how improved color measurement can solve common manufacturing 

problems and deliver a strong return on investment. 



 

2            KA-07425 
 

The goal is to provide manufacturing professionals, quality control specialists, 

technical decision-makers, and HunterLab’s own teams with a comprehensive, 

technically grounded understanding of how spectrophotometric color control can be 

implemented to enhance resin and pellet manufacturing processes. The tone is 

technical yet accessible, focusing on real-world practices and standards rather than 

marketing hype. Let’s begin by examining the plastic resin market and why color 

measurement matters from the very start of the plastics production chain. 

Overview 

Plastic resins are the fundamental building blocks of most plastic products, serving as 

raw materials for items such as bottles, packaging films, automotive parts, electronics 

housings, medical devices, and countless other applications. These resins (which 

include polymers like polyethylene, polypropylene, PET, PVC, polystyrene, 

polyamides, etc.) are typically produced in pellet or granule form, or sometimes as 

powders. In pellet form, they are small cylindrical or spherical pieces of plastic that can 

be easily transported, metered, and melted in manufacturing processes like injection 

molding, extrusion, and blow molding. Powders and flakes are also used in some 

processes or as carriers for additives and colorants. The plastic resin market is 

enormous – a global industry valued in the hundreds of billions of dollars annually – 

and it continues to grow as plastics remain in high demand across industries. Key 

application segments include: 

• Packaging: Plastic resins (especially PET, HDPE, PP, etc.) are widely used for 

bottles, containers, caps, films, and wraps. Beverage and food packaging is a 

major consumer of plastic pellets. In these applications, color and clarity are 

vital for branding and appearance. For example, a beverage bottle’s resin must 

have the right color (or lack of color for clear bottles) to meet brand 

specifications. 
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• Automotive and Electronics: Resins are used for interior and exterior 

automotive components (dashboards, trim, buttons) and electronic device 

casings. These parts often require exact color matching (e.g., an automotive 

interior scheme where all plastic parts must have consistent color). 

Manufacturers often buy pre-colored resin pellets or masterbatches to mold 

parts in the required hues. 

• Consumer Goods and Appliances: From toys to household appliance housings, 

colored plastic resins provide the desired appearance without secondary 

painting. Consistent pellet color ensures that the final products look uniform. 

• Medical and Pharmaceutical Packaging: Resin color can indicate purity or 

material consistency (many medical plastics are required to be clear or white, 

with any yellowing seen as a sign of degradation or contamination). Strict 

standards often apply here, and color consistency is tied to quality perception. 

• Construction and Industrial: Resins for pipes, fittings, or industrial components 

may also have color requirements (for coding or aesthetics), though often these 

are less visually critical than consumer-facing products. Still, even in these cases, 

color uniformity can indicate consistent material properties. 

Across all these applications, color uniformity is not just cosmetic – it often signals that 

a resin batch has been produced correctly. If the color of a resin batch is off-spec 

(even subtly), it may reflect issues like formulation errors, contamination, or process 

deviations. Therefore, manufacturers place great importance on measuring and 

controlling the color of resins and pellets as part of their quality control (QC) 

protocols. 

Plastic Resin Market and Applications 

To appreciate the scale and importance of resin color control, consider that global 

plastic production exceeds 350 million metric tons per year, with resins being traded 
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and shipped worldwide. Resin manufacturers produce pellets in huge lots, which are 

then shipped to plastics processors. Each application has its own color needs: some 

resins are sold as natural (uncolored) pellets (often a translucent or opaque white 

color), which the processor may later mix with colorants. Other resins are sold as pre-

colored pellets, especially when consistent color throughout the material is required 

(such as a specific Pantone shade for a consumer product component). In both 

scenarios, controlling the pellet color is key. Natural resins are expected to have 

minimal color (often quantified by a Yellowness Index or brightness value for clarity), 

whereas pre-colored pellets must match a target color value within a tight tolerance. 

Color in resin can also correlate with material properties and performance. For 

example, a batch of PET resin that has a higher yellow tint might indicate higher levels 

of degradation (which can affect strength and clarity of bottles made from it). A batch 

of polypropylene with an unusual color could indicate the presence of contaminants 

or wrong additive dosing. Thus, color measurement at the resin stage provides an 

early indicator of quality that can predict downstream issues. In essence, by treating 

color as a measurable quality parameter, resin producers and users can ensure that 

every pellet contributes to a consistent, high-quality end product. The next section will 

delve into why measuring color quantitatively is so important, and how traditional 

visual checks fall short in this regard. 

Importance of Color Measurement 

Color measurement is crucial in plastic resin manufacturing for several reasons: it 

ensures aesthetic consistency, it serves as an indicator of material quality, and it helps 

meet customer and industry specifications. Unlike dimensions or other easily 

measured attributes, color can be deceptive if evaluated only by the human eye. 

Human vision is subjective – perceived color is influenced by lighting conditions, 

viewing angle, surrounding colors, and individual eyesight differences. What looks 



 

5            KA-07425 
 

“good enough” to one person may appear unacceptable to another. Moreover, subtle 

color shifts might not be noticed at all until they cause problems in the final product 

(for instance, two parts molded from different resin lots that look mismatched when 

assembled together). 

By implementing instrumental color measurement, manufacturers introduce an 

objective, repeatable method to quantify color. A spectrophotometer measures the 

light reflected (or transmitted) by a sample across the visible spectrum and translates 

that into numeric color values (such as CIE Lab* coordinates or other color scales). 

These numbers allow for precise color comparison against standards and across 

batches. The benefits of using spectrophotometers for color quality control in resins 

include: 

• Consistency Across Batches: Each batch of resin can be measured to ensure it 

falls within the specified color tolerance. This prevents surprises later – for 

example, a batch of “white” resin that is slightly more yellow than usual can be 

detected and corrected (or segregated) before it is molded into products. 

Maintaining consistent color batch-to-batch upholds product quality and brand 

consistency. 

• Early Problem Detection: Color data often provides an early warning of process 

or material issues. If a spectrophotometer detects a drift in color (say, the pellets 

are gradually getting more yellow or less vibrant over time), it can alert 

operators to issues like oxidation, thermal degradation, or incorrect additive 

levels in real time. Prompt adjustments can then be made in the production 

process (e.g., modifying temperature, adding stabilizer or colorant) to bring the 

color back on target before a large volume of off-spec material is produced. 

This reduces scrap and rework. 

• Objective Specifications: Many resin supply agreements and industry standards 

define color requirements numerically (for instance, “Yellowness Index must be 
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below 10” or “ΔE color difference from the standard must be less than 1.0”). 

Spectrophotometric measurement is the only reliable way to ensure 

compliance with these objective specs. For critical applications (like medical or 

food-grade plastics), being able to document that the resin color meets 

standards is often part of regulatory compliance and customer acceptance 

criteria. 

• Eliminating Human Error: Relying on visual color checks introduces the risk of 

subjective judgment and inconsistency. An operator’s perception can be 

affected by fatigue or ambient lighting, and two operators may not agree on a 

color match. By contrast, a calibrated spectrophotometer under controlled 

illumination will give the same result regardless of who operates it, greatly 

improving reliability of QC data. 

• Saving Cost and Time: Instrumental color control can reduce the frequency of 

trial-and-error in color adjustments. For instance, when producing a colored 

compound, instead of adjusting pigment levels based on guesswork or multiple 

visual checks, a manufacturer can measure the color data from a small sample 

and know precisely how far off it is from target, then calculate adjustments. This 

speeds up color matching and formulation processes. It also helps avoid the 

cost of scrapping large runs of product due to unnoticed color deviations – an 

issue that can be very expensive if only caught at final product inspection. 

In summary, color measurement is important not just to make things “look nice,” but as 

a practical tool for quality assurance and process control in plastic manufacturing. By 

treating color like the measurable metric it is, companies can ensure each resin batch 

is right the first time. The next section will explore what specific information color can 

reveal about the quality of plastic resins, providing insight into material composition 

and processing conditions. 
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What Color Reveals About Plastic Resin Quality 

Color can be thought of as a fingerprint of quality for plastic resins. Changes in a 

resin’s color often correlate with changes in its chemistry or processing history. By 

analyzing color data, quality control teams can infer a great deal about the resin’s 

condition and consistency. Here are some key ways in which color reveals resin quality 

or process variations: 

• Oxidation and Degradation: Many polymers will develop a yellow or brown tint 

when they undergo oxidation or thermal degradation. For example, recycled 

PET (polyethylene terephthalate) resin tends to become more yellow with each 

reuse cycle. Each time PET is melted for processing, a small amount of polymer 

chain breakage and oxidation can occur, creating chromophoric (colored) 

compounds that absorb blue light and cause a yellowish appearance. 

Therefore, if a PET pellet sample shows an increased yellowness index or a 

lower brightness than expected, it likely indicates thermal history or 

contamination issues. Quality engineers use color as a quick check – if a 

supposedly “clear” or colorless resin is too yellow, it might fail to meet the 

requirements for making clear bottles and could cause visible off-color in 

finished products. They may need to adjust the process (lower residence time 

or temperature) or blend in more virgin material to dilute the discoloration. 

• Additive Presence (Optical Brighteners): Some resin formulations include 

optical brightening agents (OBAs) to improve the visual brightness or whiteness 

of the material. OBAs work by fluorescing: they absorb invisible UV light and re-

emit it as blue light, which masks yellow tones and makes the plastic appear 

more white or “brighter”. The effect of OBAs on color can be detected by 

comparing color measurements under UV-included vs. UV-excluded conditions. 

If a resin’s color significantly improves (becomes less yellow, more neutral) 

when measured with UV light, this reveals that OBAs are present and active. 
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Sophisticated spectrophotometers with UV control can quantify this difference. 

By doing so, manufacturers can ensure the OBA levels are correct and 

consistent. For instance, a resin user might require that resin with OBAs still 

appears white under store lighting (which often has low UV) – measuring color 

with UV excluded will show the true base color (which might be duller). A 

discrepancy here could indicate an incorrect OBA dosage or a mix-up between 

resin batches with and without brightener. In short, color data (especially 

spectral data) reveals the presence of UV-reactive additives and whether they 

are within expected ranges. 

• Contaminants and Impurities: Many contaminants in polymers impart a slight 

color. For example, trace amounts of metal catalyst residues can cause a faint 

yellow or amber hue; organic impurities might give a slight haze or darkness. If 

a normally water-clear resin batch comes out with a visible tint, that’s a red flag. 

Spectrophotometers can detect these subtle color changes well before they are 

obvious to the naked eye. A shift in the resin’s L* (lightness) or b* (yellow-blue 

axis) value might reveal contamination that could affect performance or 

appearance. Thus, monitoring color helps catch off-spec material that, if left 

unchecked, could cause downstream production problems (like unexpected 

color in molded parts or compromised properties). 

• Mixing and Pigment Dispersion: In colored (pigmented) resins or masterbatch 

pellets, consistent color indicates that pigments or dyes are well-dispersed and 

at the correct concentration. If the color measurement of pellets shows variation 

or drift, it might suggest uneven mixing, pigment settling in the hopper, or 

dosing errors in the compounding process. For example, if a batch of blue resin 

pellets measures slightly greener or lighter than the standard, it could mean a 

pigment feeder ran low or a different lot of pigment was used inadvertently. 

Catching this via instrumental measurement enables corrective action (such as 
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adjusting the formulation or rejecting a bad batch) before those pellets are 

molded into parts. 

• Process Variations: Certain process changes can influence color. Higher 

processing temperatures or longer drying times can sometimes darken a resin. 

Changes in raw material (like a new lot of monomer or stabilizer) might also 

subtly shift the color. By trending color values over time, a manufacturer can see 

if any process parameter changes correlate with color shifts. For instance, a 

slight increase in pellet yellowness might consistently occur when a particular 

production line operates at the higher end of its temperature range – indicating 

that tighter temperature control or added antioxidant might be needed. In this 

way, color serves as a process diagnostic tool. 

In essence, color is a proxy for quality in plastic resins. A resin that meets its color 

specifications is very likely one that was produced under correct conditions with the 

right ingredients. Conversely, an unexpected color reading is often the first sign of a 

problem in production or material composition. This insight underscores why rigorous 

color measurement is so valuable at the resin stage: it provides a non-destructive, fast 

check on multiple facets of quality. 

Next, we’ll discuss how manufacturers actually apply color measurement in practice – 

i.e., the typical applications and points in the workflow where resin color is measured 

and controlled. 

Plastic Resin Color Measurement Applications 

Color measurement of resins and pellets comes into play at various stages of 

manufacturing and across the supply chain. Below are key application areas where 

spectrophotometric color control is implemented: 
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• Resin Production (Manufacturers): Companies that produce plastic resin 

(whether virgin polymer or compounded masterbatch pellets) use color 

measurements as part of their quality control release criteria. For example, a 

polypropylene producer will measure the pellet color (often using indices like 

Hunter L,a,b or Yellowness Index) for each production lot. The color data is 

typically reported on a Certificate of Analysis (COA) that accompanies the 

shipment. Ensuring the resin meets the customer’s color spec (or the “natural” 

color standard for that grade) is essential. If the product is a color masterbatch 

pellet (concentrated pigment in resin), the manufacturer will measure its color 

strength or hue to guarantee it will yield the correct color when let down into 

natural polymer. Spectrophotometers are used to compare masterbatch pellets 

against standard color plaques or against previous batches, ensuring 

consistency in color strength and tone. 

• Incoming Material Inspection (Processors): Companies that purchase resin – 

such as injection molders, extrusion companies, bottle manufacturers, etc. – 

often verify the color of incoming pellets before accepting a shipment or before 

use in production. An incoming QC lab might measure random samples from a 

delivered lot of resin to confirm it matches the COA and expected color values. 

This is especially important if multiple resin suppliers are used for the same 

product or if recycled resin is blended with virgin. For instance, if a beverage 

bottle manufacturer is using 30% recycled PET in their process, they will check 

the color (and yellowness) of each lot of rPET pellets to ensure it’s within an 

acceptable range, because any excessive yellowness could affect the final bottle 

clarity. By catching a off-color batch at receiving, they can prevent mixing it into 

production and avoid a potential large-scale color defect. 

• In-Process Color Monitoring: Some advanced operations measure color at 

intermediate points during processing. For example, in a compounding 

operation (where resins, pigments, and additives are mixed and re-extruded 
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into pellets), technicians might take samples of pellets at the extruder or 

blender and measure color periodically. This way, if a color drift is detected (say 

the pellets gradually become a shade darker), adjustments can be made on the 

fly – like tweaking a feeder rate or mixing speed. While continuous online color 

measurement is not common (due to the complexity of measuring moving 

pellets), frequent offline measurements (every X minutes or per lot) are used to 

maintain control. This application is about real-time quality feedback, 

minimizing the production of off-color material. 

• Product Development and Color Matching: In R&D labs, spectrophotometers 

are used to formulate and match colors for new plastic products. When 

developing a new colored resin or masterbatch, color data guides the process – 

formulations are adjusted until the measured color values match the target (for 

example, matching a brand’s specific color standard). Resin plaques or 

prototype parts may be molded and then measured to ensure the resin’s color 

will yield the desired result in the final application. During scale-up from lab to 

production, pellet color measurements ensure that the production batches 

achieve the same color as the lab samples. 

• Process Troubleshooting and Adjustments: When a manufacturing line 

experiences a color issue – e.g., parts coming out slightly off shade – the first 

step is often to measure the resin or pellet color to isolate the cause. For 

instance, if injection molded parts are too dark, checking the color of the pellets 

(both virgin and any regrind being used) can determine if the raw material itself 

is off or if something in the molding process (like overheating) is causing the 

change. This helps pinpoint whether the solution lies in material replacement or 

process adjustment. Color measurements might also be used to verify the 

effectiveness of corrective actions (measure before and after a process change 

to see if color moved back toward target). 
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• Supplier and Customer Alignment: In a global supply chain, resin color 

measurement provides a common language between suppliers and customers. 

A resin supplier might establish a numeric color standard (such as L*=95.0, a* 

and b* near zero for a natural resin) that all parties agree on. Both the supplier 

and customer will measure to that standard, ensuring that even if the resin is 

produced in one location and used in another, the color data is directly 

comparable. In cases where resins are approved for a specific use (like an 

automotive interior plastic), the manufacturer of the final product will often have 

color specifications that the pellet supplier must meet instrumentally. This 

shared measurement practice reduces disputes and misunderstandings about 

color acceptability. 

In all these applications, having the right spectrophotometer equipment and 

procedures is vital. Typically, resins in pellet form are measured in a reflectance 

measurement mode. The pellets are placed in a sample dish or cup, often with a 

backing, and the instrument illuminates them and measures the reflected light. For 

translucent or near-transparent pellets, a backing (like a flat black or white background 

or an opaque cover over the cup) might be used to ensure consistent results. In some 

cases, resins are pressed into flat plaques for measurement – especially if the end 

customer wants color data on a flat sample – but pressing adds time and potential 

variability. Modern instruments can often measure pellets directly without pressing, as 

long as a sufficient sample is used to cover the measurement port completely, 

producing a uniformly packed surface. 

Spectrophotometers designed for these applications come with accessories like large 

sample cups, to accommodate enough pellets for an accurate reading, and perhaps a 

height guide or fill line to ensure repeatable sample presentation. Achieving good 

packing (no gaps or voids that let light through) is important. As we’ll see later, 
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instrument geometry and features can help address the challenges of measuring 

uneven, multi-faceted samples like pellets. 

Before diving into the specifics of those challenges and the solution features, it’s 

important to understand the limitations of human visual assessment versus instrument 

measurement in this context. The next section covers the challenges in applying color 

measurement – especially comparing visual methods to instrumental methods. 

Challenges in Applying Color Measurement (Visual vs. 
Instrumental) 

Implementing color quality control for resins comes with challenges, particularly if 

relying on visual inspection alone. Below are some of the key challenges and reasons 

why instrumental measurement is generally superior for resin and pellet color 

evaluation: 

• Subjectivity and Inconsistency of Visual Checks: Human vision, while powerful, is 

highly subjective. Different individuals may perceive the same color slightly 

differently. Factors such as color vision acuity, fatigue, and even mood can 

affect judgments. In a busy production environment, one operator might pass a 

batch as “acceptable color” while another might flag it, simply due to personal 

perception differences. Additionally, as shifts change, the subjectivity 

introduces variability in quality control. Visual inspection lacks quantifiable 

consistency – it can catch gross color errors but is unreliable for fine tolerances. 

• Influence of Lighting Conditions: The appearance of resin pellets is greatly 

influenced by the ambient light in which they are viewed. Factory floor lighting 

(e.g., fluorescent or LED overhead lights) can have a different spectral power 

distribution than natural daylight or the lighting in an end-use environment (like 

a retail store). A batch of pellets with a slight yellow tint might look acceptable 
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under one light source but visibly yellow under another (for instance, under a 

daylight lamp). Without a controlled viewing environment, visual inspectors 

might inadvertently approve off-color material. This is especially problematic 

with materials containing optical brighteners: under lights without UV (such as 

typical indoor lighting), those pellets might appear more yellow (since the 

brightener isn’t activated), whereas under daylight they look bright white. A 

visual inspector might misjudge the color if they’re not considering the lighting 

effect. Spectrophotometers solve this by using standardized illumination (often 

D65 “daylight” illuminant in the measurement) and by offering the ability to 

include/exclude UV light in a controlled manner. In effect, the instrument can 

simulate consistent lighting conditions far better than the human eye can adapt 

to varying lights. 

• Pellet Geometry and Appearance: Resin pellets are irregularly shaped 

(cylinders, ovals, etc.), and they have curved surfaces that reflect light in many 

directions. When an operator tries to visually assess pellet color, they usually 

look at a whole sample of pellets in a dish or on a tray. The mix of highlights, 

shadows, and varying angles can make it difficult to discern the true uniform 

color of the material. Shiny or glossy pellets might appear lighter or darker 

depending on the angle of viewing because of specular reflections (tiny “shiny 

spots”). Conversely, very matte or frosty pellets (like some glass-fiber-filled 

pellets) might look dull. In short, visual assessment of a pile of pellets is 

inherently inconsistent – the perceived color can change with viewing angle and 

how the light hits the pellets. An instrument with the right geometry can 

overcome this by measuring color at predefined angles and, in the case of 

certain geometries (like 45°/0° or 0°/45°), by effectively excluding gloss and 

viewing the sample uniformly. This yields a measurement more indicative of the 

actual color of the material rather than influenced by surface luster. 



 

15            KA-07425 
 

• Need for Sample Preparation (Pressed Plaques): Historically, one way to 

mitigate the pellet geometry issue for both visual and instrumental assessment 

was to melt or press pellets into a flat plaque or chip. A pressed plaque 

provides a uniform, flat surface that is easier to view or measure. However, this 

extra step is time-consuming and can introduce variation (differences in 

thickness, bubbles, or slight color changes due to heating during pressing). It’s 

also not practical for every batch to do this, especially for routine QC on the 

production floor. Relying on plaque preparation means slower feedback and 

potential delays in detecting color issues. Visual comparison of plaques to 

standards (like comparing to a standard color chip) can work for approximate 

checks but still suffers from human subjectivity and ambient lighting influences. 

The challenge for instrumental measurement is to get accurate readings directly 

on pellet samples without needing this preparation. As we will discuss in the 

solutions section, modern spectrophotometers like the HunterLab Agera 

address this by using large-area viewing and specialized sample holders to 

measure pellets “as is” with high accuracy – eliminating the need to press pellets 

in many cases. 

• Visual Detection Limits: The human eye has a certain threshold below which 

color differences are hard to notice. A color difference of ΔE 1.0 (in CIELab 

units) is often cited as roughly the minimum perceivable under ideal conditions 

for an average observer. In a factory environment, even differences of ΔE 2 or 3 

might go unnoticed if not directly compared side by side. However, those 

differences can be significant – for example, ΔE 2 might mean the difference 

between two shades that a customer could notice when two parts are 

assembled together. Instrumental measurement can detect differences far 

smaller than what is visible, enabling a manufacturer to tighten internal controls 

and catch drift early. By the time a color difference is obvious visually, the 

material could be far out of spec. 
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• Operator Training and Fatigue: Consistent visual color assessment requires 

training people to use controlled lighting and possibly physical color standards 

(like Pantone or RAL plastic color standards) for comparison. Even with training, 

over the course of a workday, an inspector’s eyes can get tired, or they may 

become desensitized to slight variations after looking at many samples. 

Mistakes or oversight can happen. On the contrary, a spectrophotometer 

doesn’t “get tired” – as long as it is properly calibrated and maintained, it will 

provide the same evaluation every time. Operator training for an instrument 

largely involves proper sample handling and understanding the readout, which 

is more straightforward and less variable than training people to visually discern 

color under light booths. 

In summary, the challenges of visual color assessment – subjectivity, lighting influence, 

irregular sample appearance, and human limitations – make it an unreliable method 

for ensuring the high level of color consistency that today’s market demands. 

Instrumental color measurement addresses these challenges by providing objective, 

quantifiable data under controlled conditions. Nevertheless, using instruments comes 

with its own best practices: appropriate instrument geometry must be chosen, and 

industry standards should be followed to ensure data accuracy and comparability. In 

the next section, we will outline the global color measurement methods and standards 

relevant to plastic resins, which set the framework for how instruments like 

spectrophotometers should be used in this context. 

Global Color Methods and Standards 

Color measurement in industry is governed by well-established standards and 

methods to ensure that results are accurate and comparable across different labs and 

locations. For plastic resin and pellet color quality control, several key standards and 

practices are relevant: 
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• ASTM D6290 – Color Determination of Plastic Pellets: ASTM International 

provides a specific standard test method (D6290) for measuring the color of 

plastic pellets. This standard outlines a procedure for measuring pellets 

instrumentally without needing to mold them. It emphasizes using consistent 

pellet presentation (comparing pellets of similar shape, size, and translucency) 

and typically focuses on measuring yellowness index and basic color values (like 

CIE XYZ or Lab*). One important note in ASTM D6290 is that it recognizes 

pellet color measurements are primarily for comparing one resin batch to 

another of the same type, and that the absolute pellet color might not directly 

predict the exact color of a finished molded product (due to differences in 

shape and thickness when molded). Nonetheless, D6290 is widely used to 

quantify pellet color and particularly the degree of yellowness, which is critical 

for near-white or clear resins. It recommends using a spectrophotometer or 

colorimeter in reflectance mode and provides guidance on sample handling. 

There is also an equivalent international standard, ISO 17223, which covers 

similar scope for pellet color measurement (ASTM D6290 and ISO 17223 

address the same subject, though with minor technical differences). 

Manufacturers adhering to these standards can confidently compare results, 

knowing they’re following globally recognized methodology. 

• ASTM E313 – Yellowness and Whiteness Indices: This practice defines how to 

calculate a Yellowness Index (YI) and Whiteness Index (WI) from 

spectrophotometric data. In plastics (as well as textiles and paints), Yellowness 

Index is commonly used to quantify the slight yellow tint of materials that are 

supposed to be near white or colorless. For instance, a perfect water-clear 

plastic would have a very low YI (close to 0), whereas a slightly aged or impure 

sample might have a YI of a few units, indicating more yellow. ASTM E313 

provides formulas to compute these indices under specified illuminants (often 

D65 daylight). Resin manufacturers often report YI for products like 
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polycarbonate, acrylic, or PET that need to be crystal clear. Whiteness index is 

conversely used when a material is supposed to be pure white (taking into 

account deviations toward other tints). Following these standardized 

calculations allows consistent monitoring of resin clarity and brightness. 

Instruments like the HunterLab Agera can directly compute YI and WI according 

to ASTM methods as part of their software, streamlining compliance with this 

standard. 

• ASTM E1164 – Standard Practice for Obtaining Spectrometric Data for Object-

Color Evaluation: This standard covers general procedures for using a 

spectrophotometer to measure color of objects, including instrument geometry 

requirements and calibration procedures. Specifically, it addresses 0°/45° or 

45°/0° geometries (where illumination and viewing angles are fixed relative to 

the sample). The HunterLab Agera, for example, uses a 0°/45° circumferential 

geometry and is compliant with ASTM E1164. Complying with E1164 ensures 

that the instrument’s measured color values (reflectance factor at each 

wavelength) are accurate and can be used to compute color coordinates 

reliably. This is important for traceability – a resin supplier and a customer both 

using instruments that follow E1164 can trust that their color readings will be in 

agreement within tight tolerances. 

• ASTM E1349 – Standard Test Method for Reflectance Factor and Color by 

Spectrophotometry Using Bidirectional Geometry: This is another relevant 

standard (often paired with E1164) that specifically deals with measuring color 

using spectrophotometers with bidirectional (45/0 or 0/45) geometry. It covers 

the specifics of calibrating the instrument’s white tile standards, handling 

specular reflectance, etc. Compliance with ASTM E1349 means the device can 

accurately measure reflectance color and report in terms of standard color 

values (like CIE XYZ, CIELab, etc.). Instruments meeting this standard are suited 

for high-precision color QC work in plastics and other industries. 
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• Geometry Considerations (45°/0° vs. Diffuse/8°): Globally, two main categories 

of instrument geometry are used for color measurement – 45°/0° (or 0°/45°) 

and integrating sphere (diffuse/8°) geometries. The 45/0 geometry (used by 

Agera and similar instruments) illuminates the sample at a 0° (perpendicular) 

angle and measures reflected light at 45° (or vice versa), often with a ring of 45° 

detectors (circumferential) to capture all azimuths. This geometry is very good 

at simulating how the human eye sees color, excluding mirror-like reflections 

(glare) and emphasizing surface color. It’s ideal for measuring solid colors, 

including textured or irregular surfaces like pellets, because it minimizes the 

effects of gloss differences. Diffuse/8° sphere geometry, on the other hand, 

illuminates the sample inside an integrating sphere and captures reflected light 

at 8° from perpendicular (with an option to include or exclude gloss reflection). 

Sphere instruments are versatile, especially for measuring both color and 

appearance for materials that might be translucent or need total color including 

surface effects. However, for pellets, sphere instruments might “average out” 

the directional effects but can be sensitive to how light scatters through 

translucent pellets (sometimes causing lower accuracy unless the sample is 

prepared in a consistent way). There’s no absolute “right or wrong” – both 

geometries are covered by standards (ASTM has standards for sphere 

instruments too, like E1331). But many in the plastics industry prefer 45/0 for 

pellets and solid color quality control because it correlates strongly with visual 

perception. It’s important that whichever geometry is used, it follows the 

relevant standard methods to ensure consistency. 

• Standard Illuminants and Observers: When reporting color data, industry 

standards typically prescribe using a standard illuminant (a defined light source 

spectral distribution) and a standard observer (either 2° or 10° as defined by 

CIE). In plastics, a common choice is Illuminant D65 (representing average 

daylight) and the 10° observer (which is often more representative for viewing 
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larger objects). Standards like ASTM D6290 will assume measurements under 

such standard conditions unless otherwise specified. This matters because the 

numeric color values (L*, a*, b*, etc., or YI values) are calculated based on these 

conditions. Spectrophotometers allow selection of different illuminants (A, C, 

D50, D65, etc.) – but for global consistency, both supplier and customer should 

use the same settings. ISO and ASTM methods often suggest D65/10° for 

plastics, unless a specific industry (like automotive) uses another standard 

illuminant. Ensuring everyone uses the same color calculation settings is as 

important as using the same geometry. 

• Gloss and Appearance Standards: While color is the main focus, gloss can 

influence perceived color (as discussed earlier). Standards exist for gloss 

measurement, such as ASTM D523 and ISO 2813, which define how to measure 

gloss at certain angles (60° gloss is common as a general gloss measurement). 

In the context of resin quality, gloss measurement is more applicable when 

resins are pressed into plaques or when evaluating final molded parts. 

However, some advanced color instruments incorporate gloss measurement 

(the Agera, for example, integrates a 60° gloss meter in compliance with ASTM 

D523). If a manufacturer wants to fully quantify appearance, they might measure 

both color and gloss, and there are standards to guide each. A plaque 

measured for color under ASTM color standards could also be checked for 

gloss consistency under ASTM D523 – ensuring that differences in shine aren’t 

mistaken for color differences. 

In practice, aligning with these global methods and standards ensures that color 

measurements of resins are reliable and recognized throughout the industry. A resin 

supplier can reference ASTM D6290 procedures to assure customers that the 

reported color values (like YI or CIELAB) are obtained correctly. Likewise, a 
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manufacturer using an instrument that is ASTM/CIE compliant can trust that their 

internal color control data will hold up under customer scrutiny or in regulatory audits. 

The next section will transition from the general methods to a specific recommended 

solution for resin color measurement: the HunterLab Agera spectrophotometer. We 

will describe how the Agera is designed to meet these standards and tackle the 

challenges discussed, and why it is particularly well-suited for plastic resin and pellet 

color quality control. 

Recommended HunterLab Solution – Agera – and Why 

For manufacturers seeking to enhance color quality control in resin and pellet 

production, the HunterLab Agera spectrophotometer is a highly recommended 

solution. The Agera is a state-of-the-art benchtop spectrophotometer that was 

specifically engineered to address common challenges in measuring the color of 

plastics (among other materials). Here we outline the key reasons why the Agera is an 

excellent choice for resin color measurement and how it aligns with the needs we’ve 

discussed: 

1. 0°/45° Circumferential Geometry (ASTM E1164 Compliance): The Agera uses a 0° 

illumination / 45° viewing geometry with an all-around (circumferential) optical design. 

This means the sample is illuminated directly from above (perpendicular), and the 

instrument collects reflected light at 45° from all directions around the sample. This 

geometry is ideal for measuring the color of resin pellets and powders because it 

effectively captures the color as the human eye would see it, while minimizing the 

influence of surface texture and gloss. Irregular pellet shapes and orientations are 

handled well by the circumferential design, since it averages the measurement from 

every direction around the sample. The compliance with ASTM E1164 ensures that the 

spectral data it gathers is precise and can be used to calculate accurate color values. In 
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practical terms, this geometry allows consistent measurements of pellet color without 

needing to orient or align the pellets in a specific way, and it closely correlates to visual 

perception (so if the instrument detects a difference, a person would likely see it under 

standard conditions). Many competitive instruments might use either 45°/0° geometry 

(but not circumferential, meaning only a single-angle view) or sphere geometry – the 

Agera’s circumferential 45° offers an excellent balance for pellets by averaging out 

directional variations. 

2. Extra-Large Measurement Area: One standout feature of the Agera is its extra-large 

2-inch diameter measurement area (when configured with the XLAV port plate). It 

offers multiple aperture sizes, but the largest effectively measures a 2" (51 mm) area 

on the sample. This is significantly larger than many traditional benchtop 

spectrophotometers, and it’s critically important for heterogeneous samples like 

pellets. By measuring a larger area, the Agera can include a lot of pellets in one 

reading, thus averaging out any color variation from pellet to pellet or within a pellet. 

The result is a more representative measurement of the bulk color of the resin sample. 

A small-aperture instrument might be overly sensitive to a few pellets that are slightly 

different (or might require many repeat measurements on different spots to average 

out the variability). The Agera’s large view simplifies this – just fill the sample cup and 

measure, knowing that a broad cross-section of the sample is captured in each 

reading. This large area improves accuracy and repeatability for pellet measurements. 

It also means that for powder resin (or finely ground material), it can measure a big 

area of the powder, improving signal and averaging any non-uniformity. 

3. Specialized Sample Handling – Smart Sample Cup Design: HunterLab provides a 

sample cup accessory that is specifically designed for use with the Agera’s 2-inch port. 

This cup is engineered with optical clarity and a precise size so that it fits snugly over 

the measurement port, positioning the sample at the correct distance. It also features 

a fill line to guide operators in pouring a consistent amount of pellets or powder. This 



 

23            KA-07425 
 

design ensures that every operator presents the sample in the same way – the depth of 

the pellets, the area covered, and the distance from the optics are controlled. With this 

cup, the Agera can measure pellets in their natural form (no pressing into plaques) 

with high repeatability. The optical clarity of the cup’s bottom means it does not 

interfere with the measurement (light passes through to hit the pellets, and reflectance 

is measured uniformly). This seemingly simple feature goes a long way in minimizing 

operator error and variability. It addresses one of the challenges mentioned earlier: 

inconsistent sample presentation. By removing guesswork (no need to decide how full 

the cup should be – the fill line defines it), it makes results more reliable and consistent 

across different users and labs. 

4. UV-Inclusive and UV-Exclusive Measurement with UV Control: The Agera comes 

with full-spectrum LED illumination (360 nm – 700 nm), which means it covers the near 

ultraviolet region through the visible range. Importantly, it has an automated UV 

control feature. This allows users to measure samples with the UV portion of the 

illumination included or excluded (or even calibrated to a certain level of UV, such as 

simulating specific lighting conditions). Why does this matter? As discussed, many 

plastic resins contain optical brighteners or are sensitive to UV content in light. The 

Agera can perform a measurement with UV included (to simulate daylight, which has 

UV) and another with UV excluded (to simulate a UV-free light source). By comparing 

the two, users can detect the presence and effect of optical brighteners. For example, 

if a resin pellet sample shows a significant jump in the blue reflectance region when 

measured with UV versus without, the operator immediately knows OBAs are present 

and active. This is critical for quality control: if a supplier claims a resin has brightener, 

the instrument can verify it; if they claim none, but the data suggests otherwise, that’s a 

problem to address. Furthermore, controlling UV ensures that fluorescence is 

measured consistently – a challenge some older instruments might not handle well if 

they lack UV control. With Agera, manufacturers can also establish UV-included and 
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UV-excluded color standards for their products. For instance, they might require that a 

recycled resin has a certain whiteness under UV-included (to ensure it looks good in 

daylight) but also set a tolerance for UV-excluded (to ensure it doesn’t look too yellow 

under indoor light). The Agera makes such dual-condition measurement practical and 

straightforward. 

5. Integrated 60° Gloss Measurement: Uniquely, the Agera includes a built-in 60-

degree gloss meter. This means that in addition to color, it can measure the gloss 

value of a sample’s surface at the standard 60° angle (per ASTM D523, ISO 2813, etc.). 

For resin pellets themselves, gloss measurement may not be directly applied (since 

pellets have complex shapes). However, this feature becomes extremely valuable 

when measuring pressed resin plaques or any flat samples. As noted earlier, gloss 

differences can affect perceived color, and controlling gloss is part of overall 

appearance quality. The Agera allows users to capture gloss and color simultaneously 

in one instrument. For example, if a resin producer is pressing plaques from each 

batch for customer inspection, they can document not only the plaque’s color in Lab* 

but also its gloss level. If a plaque has an unusually low gloss, it might hint at surface 

texture differences or processing differences in pressing – which could correlate with 

why visual assessment looks off even if color numbers match. Having gloss data thus 

provides a more complete picture of appearance. It’s also worth noting that some 

competitive color instruments do not offer integrated gloss, requiring a separate gloss 

meter. The Agera’s combined approach simplifies the workflow and ensures the gloss 

measurement is taken at the exact same spot as the color measurement for true 

correlation. 

6. High-Resolution Imaging for Sample Positioning: The Agera features an integrated 

high-resolution camera that displays the sample view. This helps the operator ensure 

that the sample completely covers the measurement port and there are no anomalies 

(like a big air gap or an oversized pellet sticking up) that could skew the reading. The 
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camera essentially gives a “through the lens” view. This is particularly handy for non-

uniform samples. In the case of pellets, one might use the camera to confirm, for 

instance, that the pellets haven’t left any uncovered area at the edges of the port or 

that the sample cup is properly in place. It’s an extra layer of confidence that the 

measurement is being done correctly. Additionally, the Agera can save an image of 

the sample with the measurement data. For quality records, this means you have a 

visual documentation of each measurement’s sample presentation – valuable for 

traceability and auditing. If a question arises about a certain measurement, one can 

look at the saved image to verify how the sample looked. This feature is not directly 

about color accuracy, but about ensuring proper usage and adding traceability, which 

are important in a quality system. 

7. Fast, Easy Operation with Integrated Software: The Agera is a stand-alone 

instrument with an industrial touchscreen interface and comes with built-in EasyMatch 

QC Essentials software. This means users do not need a separate computer to run it 

(though they can connect one if they want to use additional software or enterprise 

solutions). The interface provides all common color scales, indices, and pass/fail tools 

at your fingertips. From a manufacturing perspective, this is a big advantage: it 

simplifies the setup (just plug in the instrument and it’s ready to measure) and reduces 

the learning curve for operators. The user interface can be configured to display 

exactly what is needed – for example, a QC operator might have a view that shows L*, 

a*, b*, ΔE from standard, and Yellowness Index all at once, plus a simple Pass/Fail 

message. The ability to create custom measurement templates means the team can 

standardize how results are recorded. This ease of use ensures that adopting the 

instrument into the workflow won’t slow things down. Measurements themselves take 

less than 3 seconds, so it’s feasible to measure many samples quickly (important if 

testing multiple batches or doing frequent process checks). The software integration 

also allows for data connectivity – results can be exported via USB or network, 
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integrated into a LIMS (Laboratory Information Management System) or SPC (statistical 

process control) system. The Agera supports sending data directly via Ethernet or 

saving to a network location, which aligns well with modern digital factory needs. 

8. Compliance and Robust Design: The Agera was designed to meet internationally 

recognized standards (ASTM, ISO, DIN, CIE) for color measurement, as noted on its 

spec sheet. It comes with all necessary calibration standards (white tile, black glass, 

etc.) and procedures to maintain accuracy over time. It’s built as a rugged laboratory 

device with a relatively small footprint, suitable for both lab and production floor 

environments. The solid-state LED light source has a long life (years of operation 

without needing lamp replacement, unlike older lamp-based spectros), ensuring 

consistent performance and low maintenance. For manufacturers, this means reliability 

– minimal downtime and consistent results day after day, even with heavy use. The 

instrument is also supported by HunterLab’s global service network, and it even 

includes remote support capability (with user permission) to help troubleshoot or 

update if needed. In short, Agera offers not just performance but also the support and 

longevity expected in an industrial setting. 

In combination, these features make the HunterLab Agera exceptionally well suited to 

improving color quality control in plastic resin and pellet manufacturing. It directly 

addresses the earlier challenges: large-area measurement and 45/0 optics solve the 

pellet geometry issue; UV control handles the optical brightener issue; the sample 

handling and integrated software solve many human error and consistency issues. By 

deploying an instrument like the Agera, manufacturers can attain more accurate, 

consistent, and comprehensive color data for their materials, leading to better 

decision-making and quality outcomes. 

Next, we’ll briefly consider the competitive landscape – other approaches or 

instruments available for color measurement – and discuss why HunterLab’s solution 
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stands out as best in class. This will be kept general without naming specific 

competitors, focusing instead on the unique strengths that set HunterLab apart. 

Competitive Landscape and HunterLab’s Best-in-Class 
Advantages 

There are several other solutions on the market for color measurement of plastics, 

ranging from simple handheld colorimeters to advanced spectrophotometers offered 

by various instrument manufacturers. In evaluating the competitive landscape, it’s 

important to consider what features and capabilities are truly needed for effective 

resin color quality control, and how HunterLab (with instruments like the Agera) meets 

those needs better. Here’s a general overview of alternatives and HunterLab’s 

advantages: 

• Visual Comparison Tools vs. Instrumentation: At the most basic level, some 

small operations might still use visual color comparison tools (such as colored 

plastic plaques, Pantone color matching systems, or viewing booths). These are 

low-cost but suffer all the limitations we’ve covered: subjective and not precise. 

When quality demands rise, companies quickly outgrow these methods and 

look to instrumental solutions. HunterLab’s approach, as an industry leader, has 

always been about instrument-based color control – providing objective data far 

beyond what visual tools can do. So, in a sense, the first competitive leap is 

from no instrument to an instrument. The ROI of moving to spectrophotometers 

(like reducing waste and rejects) makes a strong case on its own. 

• Colorimeters and Basic Spectrophotometers: Some competitors offer portable 

colorimeters or basic bench spectrophotometers with limited features. These 

might measure color in broad terms (e.g., providing L, a, b values) but often 

lack the sophistication needed for the nuances of resin measurement. For 

example, a 3-filter tristimulus colorimeter can tell you general color values but 
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won’t detect fluorescence from OBAs, nor provide spectral curves to analyze 

issues like that “blue bump” from optical brighteners. Many do not have UV 

control or large area viewing capabilities. Compared to such basic instruments, 

the Agera (and HunterLab’s portfolio in general) offers advanced spectral 

analysis with UV capability, which is increasingly non-negotiable given the 

prevalence of OBAs and recycled content. Additionally, some portable 

instruments have small viewing areas (a few millimeters), making them 

impractical for something like pellets without significant averaging of multiple 

measurements. HunterLab’s large area view is a clear advantage in obtaining 

representative readings quickly. 

• Integrating Sphere Spectrophotometers (d/8 geometry): Another category of 

competitor instruments are those using sphere (diffuse/8°) geometry. These 

can be very accurate and are often used for measuring solid colors in paints, 

textiles, and even plastics. Sphere instruments have an advantage that they can 

measure both reflectance and (in some cases) transmission, and they can 

average gloss effects (unless gloss is excluded). Some plastic color applications 

(like measuring the color of transparent preforms or films) might use sphere 

geometry. However, for pellets, sphere instruments still require careful sample 

prep: usually a large sample cup is used, and often they recommend using a 

backing tile. One potential downside is that sphere instruments, by design, 

include scattered light from all directions, which for irregular pellets could lead 

to slightly different results compared to what an eye sees (since an eye typically 

doesn’t integrate all scattered light equally). HunterLab does offer sphere 

instruments (for example for other industries or applications), but the Agera’s 

45°/0° approach is chosen specifically to maximize correlation with human 

visual assessment of surface color. Where Agera stands out is having both the 

directional geometry and an integrated gloss measurement. Many sphere 

instruments cannot measure gloss at the same time – requiring a separate step 
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or device if gloss is important. In the competitive landscape, very few 

instruments combine color and gloss and UV in one, which gives Agera a best-

in-class multi-functionality benefit. 

• Measurement Area and Sampling Efficiency: Many competitor benchtop 

spectrophotometers have smaller apertures (often 1 inch or less). To measure 

pellets with those, one might need to take multiple readings and average them, 

or be very careful in sample presentation, which is time-consuming. HunterLab 

identified this need in plastics (and other industries like textiles with large 

pattern variation) and delivered the largest aperture in its class with Agera. This 

means better accuracy in one shot and improved efficiency – an advantage 

particularly valued in production environments where time is money. It also 

simplifies the SOP (standard operating procedure): instead of “measure 5 times 

and average”, it might be just “measure once” because that one measurement 

is already an average of a big area. This is a tangible productivity and reliability 

gain. 

• UV Fluorescence Handling: Not all competitor instruments have full-spectrum 

UV-inclusive illumination or easy toggling of UV. Some older models use 

physical UV cutoff filters that have to be manually placed or removed, which is 

less convenient and less precise. The Agera’s LED-based UV control is high-tech 

in comparison – it can modulate UV content smoothly or calibrate it to match 

certain conditions. In a competitive sense, this means better handling of 

fluorescent samples. Manufacturers dealing with OBAs or any UV-reactive 

colorants will find the Agera uniquely suited to that challenge. In contrast, an 

instrument lacking UV control might give misleading color data (for example, 

reading a brightened sample under its lamp that has some UV, without a way to 

exclude it, could make the sample look “too good” compared to how it appears 

under UV-absent conditions, thus masking a potential issue). HunterLab’s 
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approach is to ensure you see the whole picture by measuring both ways 

conveniently. 

• Software and Data Management: Another competitive factor is the software 

usability and data integration. Some color instruments rely heavily on PC 

software and may not have a user-friendly interface on the device. HunterLab 

has focused on ease-of-use – the Agera’s built-in touchscreen and EasyMatch 

Essentials software are designed for intuitive operation. This means less training 

and fewer user errors (a known issue with some complex systems from other 

brands is that they require specialized training to operate properly, and any 

turnover in staff can lead to problems). Moreover, HunterLab’s software is 

known for offering a wide range of color indices (like all the relevant ASTM/ISO 

indices for plastics). The Agera can report not just L, a b, but also yellowness per 

ASTM E313, whiteness, opacity, strength calculations, etc., all in one place. 

Competing instruments may not offer all indices or make it easy to display 

them. When comparing, HunterLab consistently wins praise for comprehensive 

data output and flexibility needed in real-world labs. Additionally, connectivity 

(USB, Ethernet) and the ability to run standalone give it an edge in modern QC 

environments where network integration and paperless operations are growing. 

• Support and Expertise: While not a feature of the instrument per se, the level of 

support and color science expertise behind a solution is a critical differentiator. 

HunterLab, with over 70 years in the color measurement industry, has deep 

experience in plastics applications. When a customer faces a color 

measurement challenge, HunterLab can usually advise on best practices (like 

how to present a tricky sample, how to interpret unusual results) thanks to this 

extensive background. This kind of partnership is often what sets apart “best in 

class” from just an equipment vendor. Competing companies exist, but 

HunterLab’s specialization in color (as opposed to being a general 

instrumentation company) means their focus and innovation pipeline is very 
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much driven by real customer color applications. For instance, features like the 

large area view and integrated gloss on Agera likely emerged from listening to 

customer needs in plastics and packaging markets. 

• No Need to Name Competitors – Broad Capability Lead: In summary, without 

naming names, the Agera and HunterLab’s solutions differentiate by offering a 

more complete and targeted package for color quality control. Some 

competitors might have one of the advanced features (say, a certain geometry 

or a large sphere) but not another (no gloss meter, no easy UV control, etc.). 

HunterLab combined multiple capabilities into one instrument. This makes the 

Agera a one-stop solution: instead of buying two or three devices or making 

trade-offs, a manufacturer can invest in one platform that covers all bases. From 

a cost-benefit perspective, that’s compelling. Additionally, the robust hardware 

and long-term calibration stability mean lower life-cycle costs (some instruments 

drift more and need frequent service or lamp changes – Agera’s LED and dual-

beam design helps maintain calibration longer with less maintenance). 

In conclusion, while the competitive landscape for color measurement instruments 

does offer various options, the HunterLab Agera stands out as best in class for resin 

and pellet color quality control due to its unique combination of features tailored to 

the challenges at hand. It delivers accuracy, consistency, and versatility unmatched by 

general-purpose or older-generation instruments. For companies that want to push 

their color quality control to the highest standard, Agera provides the confidence and 

capability to do so, backed by HunterLab’s decades of experience in the field. 

Having outlined the features and competitive advantages, we will now summarize 

these features in a table with their corresponding advantages and benefits (the F.A.B. 

approach), which succinctly highlights how each feature translates into practical value. 

This will be followed by hypothetical case studies illustrating real-world impacts and 

ROI of implementing such solutions. 
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Table of Solution Features and F.A.B.s (Features, 
Advantages, Benefits) 

To clearly understand how the HunterLab Agera’s features translate into 

improvements in resin color quality control, the following table summarizes key 

features along with their advantages and the resulting benefits for a manufacturing 

operation: 

Feature Advantage Benefit to Manufacturer 
0°/45° 
Circumferential 
Geometry  
(ASTM E1164-
compliant 
directional 
measurement) 

Measures color as the human 
eye sees it, excluding glare and 
minimizing effects of pellet 
orientation. 
 
Captures uniform color data 
from irregularly shaped 
samples. 

Accurate, human-correlated color 
readings of pellets and resins, 
leading to QC decisions that 
align with visual expectations. 
 
Reliable comparisons of color 
data across batches since 
measurements aren’t skewed by 
sample positioning or gloss.  

Extra-Large 2" 
Measurement 
Area  
XLAV port 
averaging a broad 
sample area 

Encompasses a large number 
of pellets in each 
measurement, averaging out 
any individual pellet variation. 
 
Reduces the need for multiple 
measurements. 

Highly representative results for 
each batch – the color value 
reflects the true bulk material, not 
just a small spot. 
 
Improved efficiency: one reading 
gives confidence, saving time and 
effort (fewer re-tests or re-preps).  

Custom Sample 
Cup with 
Consistent 
Presentation 

Ensures a fixed path length and 
uniform sample packing (fill line 
guarantees same sample 
amount every time). 
 
Optical clarity cup doesn’t 
influence color, while fitting 
perfectly over the port. 

Excellent repeatability, operator-
to-operator and lab-to-lab – 
minimal variation due to 
handling. 
 
No need for pellet pressing, 
streamlining the workflow and 
eliminating a source of potential 
error or color change.  
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Feature Advantage Benefit to Manufacturer 
UV-Controllable 
Illumination  
(UV-included or 
UV-excluded 
measurements) 

Detects optical brightener 
effects by toggling UV 
presence. 
 
Can simulate various lighting 
conditions (daylight vs. store 
light) within the instrument. 

Confidence in measuring 
fluorescent/brightened resins – 
ensures color data matches real-
world appearance under different 
lights. 
 
Prevent quality escapes: catches 
issues with OBAs or UV-sensitive 
additives that could cause 
customer-visible differences if not 
managed.  

Integrated 60° 
Gloss Meter 

Simultaneously measures 
surface gloss along with color 
in one instrument. 
 
Provides insight into 
appearance changes that pure 
color data might not explain. 

Comprehensive appearance 
control – ability to differentiate if a 
color difference is due to actual 
color or just gloss variation. 
 
Customer satisfaction: deliver 
resin or samples that meet both 
color and gloss specs for an 
optimal final product look.  

High-Resolution 
Camera for 
Sample Viewing 

Aids in correct sample 
placement, ensuring the 
measurement area is fully 
covered by the sample. 
 
Records images of each 
measurement for 
documentation. 

Reduced measurement errors – 
operator can visually confirm 
proper sample setup, avoiding 
bad data from mis-loaded 
samples. 
 
Traceability: saved images serve 
as proof of proper procedure and 
can be reviewed during audits or 
troubleshooting.  

Fast Measurement 
& Easy 
Touchscreen 
Interface 

Less than 3-second read time 
keeps up with production pace. 
 
Intuitive software with one-
touch measurements and on-
screen results. 

High throughput testing – dozens 
of samples can be measured 
quickly, supporting real-time QC 
decisions and minimizing 
production delays. 
 
Minimal training required – 
operators can quickly become 
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Feature Advantage Benefit to Manufacturer 
proficient, and the risk of mistakes 
is low due to guided workflows.  

Comprehensive 
Color Metrics and 
Indices 

Calculates all relevant color 
values: CIE Lab*, Hunter Lab, 
ΔE, Yellowness/Whiteness 
indices, opacity, etc., in 
compliance with ASTM/ISO 
standards. 
 
Stores standards and 
tolerances digitally for instant 
pass/fail feedback. 

Meets any customer/regulatory 
reporting need – no manual 
calculations, the instrument 
directly provides the needed 
quality metrics (e.g., “YI per ASTM 
E313”). 
 
Streamlined QC: immediate 
pass/fail alerts help quickly 
accept or reject material, 
reducing chances of off-spec 
resin going downstream.  

Robust Design & 
Long-Term 
Stability 

Solid construction, LED light 
source with ~5+ year lifespan, 
and dual-beam optics for self-
referencing stability. 
 
Small footprint for easy 
placement in lab or production 
areas. 

Dependable performance – less 
downtime or recalibration drift, 
meaning the instrument is ready 
whenever needed and maintains 
accuracy over time. 
 
Adaptable deployment – fits into 
lab benches or near-line stations; 
its durability withstands frequent 
use, even in industrial 
environments.  

Data Connectivity 
and Storage 

Over 1 million measurements 
storage with images. 
 
USB/Ethernet connectivity to 
export data or integrate with 
LIMS/SPC systems. 
 
Remote support capability if 
enabled for troubleshooting. 

Data-driven decisions – easily 
analyze trends over time (e.g., 
color drift analysis) with ample 
stored data; integrate results into 
central databases for quality 
tracking. 
 
Quick support and maintenance – 
if issues arise, remote diagnostics 
can minimize downtime; plus, 
software updates keep the system 
current. 
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Each of these features, advantages, and benefits aligns with solving the challenges 

identified earlier and contributes to a robust color quality control program for plastic 

resins and pellets. Together, they help ensure that manufacturers can achieve 

consistent color, early detection of issues, compliance with standards, and overall 

improved efficiency and confidence in their process. 

With the technical foundation and solution features now detailed, let’s turn to some 

illustrative case studies. These hypothetical scenarios will demonstrate how 

implementing spectrophotometric color control (using a solution like Agera) can 

improve quality outcomes, address customer problems, and deliver a return on 

investment in real-world manufacturing settings. 

Case Studies 

Case Study 1: Consistent Color for a Global Packaging Resin Supplier 

Background: A company producing polypropylene resin pellets supplies material to 

packaging manufacturers worldwide. One of their key products is a “natural” 

(unpigmented) PP resin used for food containers, which is supposed to be a neutral 

translucent color. The company had occasional complaints from a big client that some 

batches of containers made from their resin appeared “dull” or slightly yellow 

compared to others, affecting the look of the final product. The resin producer 

realized that their internal color control relied on a technician visually comparing pellet 

samples to a standard plaque, which might not catch subtle shifts, especially since lab 

lighting varied. 

Implementation: The supplier invested in a HunterLab Agera spectrophotometer to 

tighten their color QC. They established a numeric color standard for their resin (target 

L*, a*, b* values under D65 illumination) corresponding to an acceptable appearance, 

and set a maximum Yellowness Index tolerance. Every production lot of resin is now 
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tested: pellets are poured into the Agera’s sample cup and measured in seconds. The 

instrument immediately shows if the lot passes or if it’s outside the agreed color spec. 

They also measure with UV excluded and included to see if any brighteners or 

unexpected fluorescence is present (in one instance, this caught that an operator had 

mistakenly added a small amount of a brightened regrind into what should have been 

virgin resin – the UV comparison flagged unusual behavior, and that batch was 

quarantined before shipment). 

Results: Over the first year of use, the supplier saw a dramatic drop in customer 

complaints related to color. They could confidently certify each batch’s color on the 

COA with instrument data to back it up. In fact, when one client questioned a batch’s 

color, the supplier was able to provide the spectral data proving it was within spec – 

the issue turned out to be the client’s molding process slightly scorching the resin, not 

the resin itself. Internally, the color data also helped them improve their process: they 

noticed a trend that batches produced when a particular extruder was due for 

maintenance had a slight b* increase (more yellow). This insight, gleaned from trend 

analysis of saved color data, led them to perform earlier maintenance on that 

equipment, which improved overall product consistency. 

ROI and Benefits: The reduction in complaints meant no more returned material or 

emergency replacements, saving tens of thousands of dollars. The production team’s 

confidence improved; they no longer “crossed fingers” hoping the color was okay – 

they knew it. The instrument paid for itself in under a year by preventing two large off-

spec shipments that would have been caught only after reaching the customer in the 

past. Moreover, the company began marketing their tighter color control as a 

differentiator, gaining trust from clients in highly color-sensitive applications. This case 

demonstrates how adopting spectrophotometric control leads to tangible quality and 

financial benefits in resin supply. 
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Case Study 2: Maximizing Recycled Content with Color and UV Control 

Background: A beverage bottle manufacturer is under pressure to increase the 

percentage of recycled PET (rPET) in their bottles to meet sustainability goals. 

However, they encountered a problem: higher rPET content was causing slight 

yellowing in the bottle preforms, which accumulated into a noticeable tint in the final 

bottles. Simply adding more optical brightener or blue toner blindly was risky – too 

much could overshoot and give an unnatural blue glow under sunlight, too little and 

the yellow remained. They needed a precise way to monitor and adjust for this. At the 

time, their color checks were done on finished preform samples by visual comparison 

in a light box, which was after the resin had already been processed, sometimes 

leading to scrapping batches of preforms that didn’t meet color appearance 

standards. 

Implementation: The company integrated a spectrophotometer (HunterLab Agera) 

into both their incoming resin inspection and their compounding process. For each 

new lot of rPET pellets received, they measure the color and specifically the 

Yellowness Index with UV excluded (to see the true base yellowness) and included (to 

gauge any residual brightener effect). They now have a database of rPET lots, some of 

which are more yellow than others. Using that data, they adjust their formulation: for a 

more yellow lot, they either reduce its usage percentage or pre-treat it by adding a 

small concentrated masterbatch of brightener. The Agera’s UV measurement 

capability quantifies how effective a given dose of OBA is (by measuring the change in 

the blue reflectance bump). Essentially, they developed a formula that links the initial 

YI of the rPET and the required brightener dose to achieve a neutral color in the final 

mix. Additionally, they measure the mixed virgin+recycled pellet blend before 

molding. This early measurement acts as a go/no-go: if the blend color is off-target by 

more than a small ΔE, they know something is wrong (maybe a dosing pump failed or 
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a wrong material got in). They can stop the process and fix it before making thousands 

of off-color preforms. 

Results: By using data-driven color control, the manufacturer successfully increased 

the rPET content from 10% to 50% in their bottles while maintaining virtually the same 

appearance as 100% virgin PET. The spectrophotometer data gave them the 

confidence to do this incrementally; they would raise recycled content, verify color, 

adjust as needed, and proceed. The UV comparison in particular was a revelation – 

they discovered one supplier’s rPET had no brighteners at all (hence required more 

added in-house), while another’s had some carry-over brightener. If they had treated 

those two sources the same, results would have varied, but with measurement they 

tailored the approach. In terms of cost, using more recycled content saved on virgin 

resin costs, and thanks to color monitoring, they did it without incurring rejects or 

customer complaints. They estimated saving hundreds of thousands of dollars per 

year in raw material costs, far outweighing the instrument investment. Furthermore, 

they avoided producing off-color bottles (which would have been scrapped), 

contributing to waste reduction. From an ROI perspective, the instrument and the 

program around it paid off in a few months, and it enabled a sustainability 

achievement that has intangible marketing and environmental benefits as well. This 

case highlights how spectrophotometric control with UV functionality can unlock 

process changes (like higher recycling) that were previously challenging due to color 

quality constraints. 

 

Case Study 3: Improving Automotive Plastic Part Matching and Reducing 
Scrap 

Background: An automotive interior components supplier molds various parts 

(dashboards, door panels, consoles) using ABS and polycarbonate plastic resins. 
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These parts come in molded-in colors that must match closely so that when assembled 

in a car, everything looks uniform. In the past, they had an issue where parts from 

different production lines or different lots didn’t perfectly match, leading to rejections 

at assembly or customer plant hold-ups. They traced many issues back to color 

inconsistencies in either the base resin or the color masterbatch. They were doing 

color checks on finished parts (using a sphere-based color instrument in the lab), but 

by the time a part was made and found off-color, they had potentially produced a 

large batch of scrap. 

Implementation: The supplier decided to push color control upstream. They acquired 

an Agera spectrophotometer to use at two points: checking the incoming colored 

resin pellets or masterbatch pellets, and monitoring color at the press machine 

startup. For incoming pellets, any batch of colored resin from a materials supplier is 

measured to ensure it hits the agreed color values (using Lab* and ΔE tolerance from 

the standard color). If a batch is out of spec, they can halt it before it goes into 

production (and either return it or correct it by mixing with other material). This 

prevented the situation of unwittingly using off-color material. At the press startup, 

they began taking a small sample of the first molded parts and also directly measuring 

some pellets that were going into that run – this gave them immediate feedback if 

something was wrong (for example, if the wrong color concentrate was loaded by 

mistake, the pellet color would show a huge ΔE and they could correct the issue after 

a handful of parts rather than a whole shift’s production). The Agera’s quick 

measurement and easy interface was key here – technicians on the floor could do a 

quick pellet measurement in a minute and get a pass to proceed or a flag to adjust. 

Results: This proactive approach dramatically reduced mismatches. The scrap rate due 

to color issues dropped by an estimated 80%. They essentially eliminated the scenario 

of doing a large molding run only to discover at final inspection that the color was off 

and parts had to be scrapped or reworked. In one instance, the spectrophotometer 
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helped uncover a subtle issue: two different molding machines using ostensibly the 

same color resin were yielding slightly different color parts. By measuring the pellets 

from each machine’s feed, they found that one hopper had an outdated batch of 

masterbatch that was slightly different (a mix-up in inventory). This might have gone 

unnoticed visually until final assembly, but the instrument caught the ΔE of ~1.5 which, 

though small, was beyond their tight tolerance. They corrected it immediately, 

avoiding a potential customer complaint from the automaker. Over the course of a 

year, the savings in scrap (material, energy, labor of re-molding parts) was significant – 

on the order of tens of thousands of dollars – not to mention protecting the supplier’s 

quality reputation (which is invaluable in the automotive industry). This case shows 

how implementing spectrophotometric checks at multiple points in the resin-to-part 

process can create a closed-loop color control, ensuring problems are identified and 

corrected at the earliest possible stage, thus improving overall efficiency and product 

quality. 

These case studies, although hypothetical, reflect common outcomes and scenarios 

reported by manufacturers who adopt advanced color quality control. Whether it’s a 

resin supplier aiming for batch-to-batch consistency, a processor incorporating 

recycled materials, or a molder coordinating multiple materials, spectrophotometers 

like the HunterLab Agera provide the data and confidence to solve color challenges, 

leading to measurable improvements in quality and cost savings. 

 

 

Conclusion 

Color quality control in plastic resin and pellet manufacturing is more than just an 

aesthetic concern – it is a vital component of ensuring product consistency, customer 
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satisfaction, and efficient operations. Through this white paper, we have explored how 

spectrophotometric color measurement elevates the ability of manufacturers to 

monitor and control color from the very first stages of the plastics supply chain. Key 

takeaways include: 

• The Critical Role of Color in Quality: Color can reveal a wealth of information 

about resin quality, from material composition (additives, contaminants) to 

process history (thermal degradation, oxidation). By treating color data as a 

quality metric, companies can catch deviations that might indicate deeper 

issues in production or incoming materials. In an era where brand image and 

material performance are closely tied to appearance, maintaining tight color 

tolerances protects both the visual and functional integrity of products. 

• Limitations of Visual Methods: Human eyes and subjective judgment are not 

sufficient for the demands of modern manufacturing. Lighting variations, subtle 

differences, and personal bias can all lead to inconsistent assessments. The 

challenges are especially pronounced with plastic pellets due to their shape 

and how light interacts with them. We highlighted that solely relying on visual 

inspection or rudimentary comparison can result in missed problems or false 

passes, which carry a high cost when they propagate through to finished goods. 

• Advantages of Spectrophotometers: By using spectrophotometers, 

manufacturers gain an objective, quantifiable, and repeatable method for 

evaluating color. Instruments like the HunterLab Agera, with specialized 

features (0/45° geometry, large area view, UV control, integrated gloss, etc.), 

are purpose-built to handle the intricacies of resin and pellet measurement. 

They adhere to global standards (ASTM, ISO), ensuring that the color values 

obtained are accurate and meaningful across the supply chain. The result is 

more reliable quality control – every batch can be measured and compared 
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against a standard, and even slight drifts can be detected and corrected before 

they become big problems. 

• Best Practices and Standards Alignment: Effective implementation of color 

measurement involves following best practices such as measuring under 

consistent conditions (lighting/observer), using proper sample handling (like 

the sample cup method to avoid variability), and calibrating instruments 

regularly. Adhering to standards like ASTM D6290 for pellets, using indices like 

Yellowness Index where appropriate, and maintaining digital color standards all 

contribute to a robust system. The recommendations provided (e.g., 

establishing UV-included and excluded standards when OBAs are present, 

aligning with suppliers on instrument settings) ensure that the benefits of the 

technology are fully realized in real-world use. 

• Holistic Solutions for Color and Appearance: We also noted that color does not 

exist in isolation – properties like gloss or transparency can affect appearance. 

The integrated approach of solutions like Agera (capturing color, gloss, and 

even an image of the sample) gives a comprehensive picture of how a resin will 

appear in practice. This holistic view allows manufacturers to correlate 

instrument readings with what customers will see, thereby bridging the gap 

between numeric data and visual experience. 

• Return on Investment and Real-World Impact: Through the hypothetical case 

studies, it’s evident that investing in improved color measurement pays 

dividends. Reductions in scrap, prevention of off-spec shipments, smoother 

incorporation of recycled materials, and avoidance of assembly mismatches are 

all quantifiable benefits. Additionally, having top-notch color control can 

become a competitive advantage – it demonstrates to customers a commitment 

to quality and can open doors to new business (for instance, being trusted to 

supply a high-precision color-critical component). The ROI often goes beyond 
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just scrap savings; it’s also seen in improved production efficiency, less 

downtime for troubleshooting color issues, and enhanced brand reputation. 

In conclusion, enhancing plastic resin and pellet manufacturing with 

spectrophotometric color quality control is a strategic move that aligns with the 

modern manufacturing objectives of consistency, data-driven decision-making, 

sustainability, and high quality. By adopting advanced instruments like HunterLab’s 

Agera and following the outlined best practices, companies can achieve greater color 

consistency, early detection of variations, and smoother compliance with global 

standards – all while reducing waste and improving profitability. 

Color measurement may be one piece of the production puzzle, but it is a piece that 

touches every product and every customer impression. Thus, refining this aspect of 

quality control has ripple effects throughout the manufacturing process and supply 

chain. With the right tools and practices, manufacturers can ensure that from the raw 

pellet to the finished product, color is accurately controlled, leading to products that 

meet or exceed expectations time after time. 

Ultimately, the message is clear: investing in robust color quality control is investing in 

the overall excellence of your plastic products. By implementing spectrophotometric 

solutions and embracing a culture of color data, manufacturers set themselves up for 

success in a market that demands nothing less than perfection in appearance and 

performance. 

 


