‘3’ HunterLab

Enhancing Color Quality Control in Plastic
Cap & Closure Manufacturing with
Spectrophotometers

Introduction

Plastic bottle caps and closures are more than just functional components - they are
critical to brand identity and product quality. A cap’s color instantly communicates
flavor, brand, or product type to consumers, and any inconsistency can erode
confidence. In high-volume manufacturing environments producing millions of caps,
even subtle color variations can lead to batch rejections, customer complaints, or
costly rework. Achieving precise and consistent color across every cap and closure is

therefore a top priority for manufacturers and brand owners alike.

This white paper explores how modern spectrophotometers can dramatically improve
color quality control in plastic cap and closure production. We will examine the
importance of color measurement, what color can reveal about quality and process
conditions, and the challenges of relying on visual inspection alone. We also discuss
global color standards and methods that ensure consistency across suppliers and
production sites. Finally, we introduce the recommended solution - the HunterLab
ColorFlex L2 spectrophotometer - explaining how its features address common
challenges and why it is considered best in class. Realistic use cases and hypothetical
case studies will illustrate how implementing instrument-based color control can solve
manufacturing problems, enhance ROI, and ensure every cap meets stringent quality

standards.

1 KA-07427



‘;9 HunterLab

Overview

The Plastic Cap & Closure Market and Applications

Plastic caps and closures form a vast global market, with trillions of units produced
annually for beverages, foods, pharmaceuticals, cosmetics, and household products.
In beverage packaging alone, demand for plastic bottle caps (for water, soft drinks,
juices, etc.) is projected to reach well over 1.5 trillion units per year in the mid-2020s,
reflecting the indispensability of these components. Caps and closures are typically
made from thermoplastics like polypropylene (PP) or polyethylene (HDPE), produced
via high-speed injection molding or compression molding processes. They come in
numerous designs - from standard screw-on bottle caps and sports drink spouts to
flip-top lids and child-resistant closures - each engineered for functionality, safety, and

user convenience.

Color plays a pivotal role across these applications. Brand owners often specify exact
colors for caps to reinforce brand recognition and ensure a consistent look on the
retail shelf. For example, a beverage company may use a signature cap color for each
flavor or product line, or a pharmaceutical firm might color-code medicine bottle caps
by dosage or type. In cosmetics and personal care, cap colors are chosen to
complement the packaging design and signal premium quality. Even in industrial or
household chemicals, cap colors can indicate different formulations or hazards. Thus,
the appearance, texture, and color of a closure must align with branding standards
and consumer expectations. A bottle cap truly serves as a “miniature ambassador” for

the brand'’s image.

The sheer scale of production and the critical branding function of caps drive
extremely tight color tolerances in this industry. Large multinational beverage and

consumer goods companies have been pushing suppliers for higher color
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consistency, often demanding that every cap match a master color standard within a
very small delta (difference). In practice, this means that every batch, from every
molding machine or plant, should be virtually indistinguishable in color. Achieving this
is challenging due to the many variables in plastic processing, which is why advanced
color quality control methods are increasingly adopted. In the following sections, we
delve into why objective color measurement is so important and how it can be applied

effectively to cap and closure manufacturing.

Importance of Color Measurement

Color is one of the most immediate indicators of quality in manufactured products,
especially consumer-facing items like bottle caps. Human eyes are naturally drawn to
color differences; a slight off-shade cap on a bottle can stand out and create a
negative impression about the product’s quality or authenticity. For brand-centric
products, inconsistent cap color can dilute brand identity - imagine a row of beverage
bottles on a shelf where one cap is noticeably different in hue. This not only looks
unprofessional but may cause consumers to question if something is wrong with that
unit (e.g. is it old, counterfeit, or from a bad batch?). Therefore, maintaining uniform

color is integral to brand consistency and consumer trust.

Beyond aesthetics, color measurement is important because color often correlates
with material and process conditions. A change in color can signal a change in the
formulation or production parameters. For instance, if a cap comes out darker or more
yellow than expected, it might indicate overheating of the plastic (thermal
degradation), contamination with another resin, or a dosing error with the colorant. In
this sense, color is like a “vital sign” of the manufacturing process - monitoring it helps

detect issues early. By measuring color quantitatively, manufacturers can catch subtle
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drifts in real time and correct them before a large volume of defective product is

produced.

Instrumental color measurement using spectrophotometers provides the objectivity
and precision needed for these tasks. Unlike visual inspection, which can only say “it
looks okay” or “it looks off” in a subjective way, a spectrophotometer assigns numeric
color values (such as CIELAB coordinates) with a high degree of repeatability. This
enables setting clear color specifications and tolerances (for example, a target color
value and a maximum AE difference allowed). Quality control teams can then use
those metrics to enforce consistency: each batch or shift sample can be measured and
compared to the standard. If the color difference exceeds the tolerance, the batch can
be held for investigation or adjustment. Over time, these measurements also allow
analysis of process stability and continuous improvement - trends in color data might

show if a machine needs maintenance or if a raw material is varying.

In summary, color measurement is important not only to ensure the product looks
right to customers but also because it provides quantitative feedback for process
control. It reduces the reliance on human judgment, supports data-driven decisions,
and ultimately saves costs by preventing off-spec products from progressing down the
line or into the market. In the context of caps and closures, robust color measurement
protocols are a hallmark of advanced manufacturing and a key to meeting the

stringent demands of global brands.

What Color Reveals About Cap and Closure Quality

Color is a revealing quality attribute for plastic caps and closures, often reflecting
underlying material or process conditions. Here are several aspects of cap/closure

quality and production that color can reveal:
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Material Composition & Purity: Plastic caps are made from base resins
combined with colorants (masterbatches or pigment concentrates) and
sometimes other additives. If the wrong material is used, or if there's
contamination, the color can shift unexpectedly. For example, a batch of caps
that appear more opaque or off-color might indicate that a different resin lot
(with slightly different natural color) was used or that regrind/recycled material
with impurities was introduced. In extreme cases, stray plastic of another color
can contaminate a hopper, resulting in streaks or swirls of off-colors in caps -
something easily caught by color measurement.

Pigment or Masterbatch Dispersion: The quality of color dispersion in the resin
greatly affects visual uniformity. Poorly dispersed pigment can cause marbling
or speckles of color on caps, or slight part-to-part variation. By measuring the
color of multiple caps from a batch, quality control can detect an unusually high
variation (statistically) which might point to a mixing issue or a masterbatch that
isn't blending well. Consistent measured color across samples indicates
pigment is uniformly dispersed, whereas a wide range of measurements could
reveal inconsistent mixing.

Colorant Dosing Accuracy: Many cap manufacturers color their products by
mixing a natural (uncolored) resin with a concentrated color masterbatch or
liquid color. This dosing is often controlled by volumetric or gravimetric
feeders. If the dose is off (e.g. feeder error or calibration drift), the cap color will
be lighter or darker than target. For instance, underdosing colorant typically
yields paler caps (higher L* value, or lower chroma), while overdosing can waste
expensive pigment and make the color too intense or even distort other
properties. Spectrophotometric color data will show these differences clearly.

By monitoring L*, a*, b* values or a AE from the standard, the production team
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can adjust the colorant feed on the fly to bring color back into spec, thus
minimizing scrap during start-up or color changeovers.

Process Conditions (Temperature, Pressure, Cycle Time): The injection or
compression molding process itself can influence color. Excessive barrel
temperatures, prolonged residence time of resin, or overly high shear can start
to degrade the polymer or the colorant, often resulting in yellowing or
darkening of the plastic. If one molding machine or cavity is running hotter, its
parts might measure a slightly lower L* or a shift toward yellow on the b* axis
compared to others. A spectrophotometer can detect these slight shifts,
alerting engineers to investigate the machine settings. Similarly, uneven cooling
or mold inconsistencies might affect gloss or texture, indirectly affecting color
appearance (discussed further in the next section). Thus, consistent color
readings across all machines and cavities are a sign that processing conditions
are uniform and under control.

Cap Surface Quality and Defects: Certain surface defects can affect perceived
color - for example, a slight scorch mark, flow line, or variation in gloss on a cap
could make it appear different in color. While these are physical defects, color
measurements can help catch them. If one area of a cap is scorched (browned),
measuring that cap might show an out-of-tolerance color value even if the rest
of the cap is fine, prompting closer inspection. In this way, color data can act as
a proxy to catch some cosmetic defects that are related to process upsets.
Additive Levels (Functional Additives): Some closures include additives for UV
protection, oxygen scavenging, or other functions that have their own color. For
example, a UV stabilizer might impart a slight yellow tint, or an oxygen
scavenger might gray the material over time. If the additive dosing is incorrect,
the color can reveal it - e.g. insufficient UV stabilizer might show a higher

yellowness index after a heat aging test. In manufacturing, if a usually gray-
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tinted closure suddenly measures less gray (closer to pure white), it could
indicate a feeder for that additive ran empty. Monitoring color thus indirectly
monitors the presence and correct amount of these additives that are invisible
except for their color effect.

» Consistency Across Lots and Plants: For companies producing caps in multiple
factories or sourcing from multiple suppliers, measured color data is critical to
ensure consistency. If two plants produce the “same” blue cap for a soft drink,
both need to match the master color standard closely. By exchanging numeric
color standards and measurement methods, one can ensure each site’s output
is essentially identical. Any deviation (e.g., one plant’s caps trending slightly
redder in a*) will show up in the data, and corrective action (such as adjusting
the masterbatch formulation or process at that site) can be taken. In essence,
color data becomes a common language for quality between supplier and
buyer - many brands require Certificates of Analysis with color values for each
lot, knowing that the numbers convey more precise information than a verbal

"looks okay”.

In summary, color reveals a great deal about cap and closure quality. It is an integrator
of material, process, and appearance factors. By paying attention to the color
measurements of caps, manufacturers gain insight into raw material consistency,
mixing quality, equipment performance, and overall process stability. Any unwanted
variation in color often serves as an early warning sign of a deeper issue affecting
product quality. Thus, rigorous color control helps maintain not just visual appeal but

the underlying consistency and reliability of the manufacturing operation.

7 KA-07427



‘;9 HunterLab

Plastic Cap and Closure Color Measurement Applications

Implementing spectrophotometric color control in cap and closure manufacturing can

take place at various points in the production workflow. Key applications include:

Incoming Material Color Inspection: Quality control can begin before a cap is
even molded. Many manufacturers verify the color of incoming materials - for
example, pre-colored resin pellets or color masterbatch lots - using a
spectrophotometer. Measuring the resin’s color (often by preparing a pressed
plaque or by measuring pellets with specialized methods) ensures it matches
the supplier's specification. If the incoming colorant batch is off, using it could
yield off-color caps, so this step is crucial for preventing problems downstream.
Additionally, if regrind or recycled resin is used for caps, its color (yellowness,
etc.) should be checked batch-to-batch to adjust formulations as needed.
Color QC of Finished Batches: At the end of a production run or for each lot of
caps, a more comprehensive color analysis may be done. This could involve
measuring multiple samples from the lot and computing statistics - mean color
and variability. The goal is to certify that the entire batch meets the customer’s
color specifications. The data can be documented on a certificate for the
customer or kept for internal quality records. If any trends are observed (say the
last samples of the run were drifting), it can prompt maintenance or review
before the next run. This final QC step provides the confidence to ship the
product, knowing it has been instrumentally verified.

Comparative Color Matching (Caps to Bottles/Labels): In some applications, the
cap color is meant to coordinate with other packaging elements, such as the
bottle color or label design. Color measurement can be used to compare
different components. For example, if a water bottle has a slight blue tint and

the cap is supposed to complement it, measurements of both can ensure the
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cap’s shade of blue falls within the desired range relative to the bottle (this
might involve measuring the bottle resin color as well). In quality terms, one can
measure color differences between components (AE between cap and target
color). This is particularly useful in multi-component assemblies, e.g. a pump
dispenser with a cap and an actuator in two plastic colors - those two should
match closely. Instrumental measurement allows numeric definition of “match”
and avoids subjective judgments when comparing parts.

Process Development and Troubleshooting: Beyond routine QC, color
measurements are invaluable during process setup or troubleshooting. When
launching a new cap color, technicians can use the spectrophotometer to
quickly iterate and adjust the pigment formulation to hit the target color (this is
essentially color formulation use, which spectrophotometers excel at by
allowing recipe prediction with software). During mold trials or when optimizing
machine settings, measuring the color of trial caps under different conditions
can reveal the best settings to minimize color variation. If a problem arises - say
one cavity of a multi-cavity mold is producing discolored caps - measuring caps
cavity by cavity might isolate the issue. In these ways, color data supports R&D,
process engineering, and continuous improvement tasks in cap manufacturing.
Supplier and Customer Alignment: In a supply chain context, a cap producer
and the brand customer can use color measurement as a basis for acceptance.
They will agree on a standard and a method (e.g. measured on a specific
instrument geometry, with specific illuminant/observer) and an acceptable
tolerance. The manufacturer measures every lot and provides the data; the
customer can measure the received goods to verify. This harmonization
prevents disputes that could arise from simply looking at the caps under
different lights. It also helps when multiple suppliers are involved: all can be

required to measure and meet the same color standard. This application
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underscores the importance of having global standards and methods which we

will discuss next.

Overall, using spectrophotometers in these applications helps maintain color control
in cap and closure production. From raw materials through production and final QC,
objective color data guides decisions and adjustments. The result is fewer off-spec
products, more efficient production (less trial-and-error), and documented proof of
quality. In an era where color tolerances are tighter than ever, these applications of

color measurement have become standard best practices for industry leaders.

Challenges in Applying Color Measurement (Visual vs.
Instrumental)

Implementing color control is not without its challenges. Traditionally, many
manufacturers relied on visual inspection - operators or quality inspectors comparing
caps to a known standard by eye. However, visual color evaluation is fraught with
limitations, and even switching to instruments introduces considerations that must be

addressed. Below we examine the challenges and how to overcome them:

Limitations of Visual Color Inspection

o Subijectivity and Human Variability: No two people see color exactly the same
way. Perception can be influenced by age, eyesight, color vision deficiencies,
fatigue, and even expectations. One technician might judge a cap “acceptable”
while another perceives a slight difference. Training can help reduce variability,
but it cannot eliminate it. Humans are particularly poor at consistently judging
very small color differences - the kind of differences that might be crucial for
brand standards. What one person judges as a perfect match, another might

say is slightly off, leading to inconsistency in quality control decisions.

10 KA-07427



11

(;9 HunterLab

Lighting Conditions: The appearance of color depends heavily on the lighting
under which it's viewed. A cap might match the standard under factory
fluorescent lights but look different in daylight or retail store lighting. Without a
controlled light booth (and even with one), visual inspectors may not be
evaluating color under the intended standard illuminant (such as D65 daylight).
This can lead to metamerism issues where two materials appear to match in one
light but not in another. Inconsistent ambient lighting on the production floor
(shadows, color cast from walls) can further mislead the eye.
Spectrophotometers circumvent this by measuring under standardized
illuminants and reporting results that predict how the color will look in various
defined lighting conditions.

Small Color Differences: As caps (or preforms) become more opaque or
saturated, small differences become harder for humans to discern. In a lineup
of light-colored caps, an off-color one might be obvious, but in a set of very
deep-colored caps (or if each is viewed separately), the eye may not catch a
slight difference in tone or intensity. A spectrophotometer, however, will detect
even minute differences (down to AE of 0.5 or less) that a person could easily
miss. Relying on visual inspection in these cases risks allowing drift until the
difference grows large enough to be noticed - by which time a lot of product
might be out of spec.

Fatigue and Efficiency: Visual inspection of color, especially over long shifts and
for high volumes, can be exhausting. Eyes can become desensitized after
staring at similar colors for hours. Mistakes creep in as fatigue sets in. Moreover,
it's not practical to visually inspect a high percentage of output - it's slow and
labor-intensive to check every 100th cap by eye, for instance. An instrument can
measure a sample in a second and doesn't get tired; this enables higher

sampling rates and more reliable monitoring without burdening staff.
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In summary, while a trained human eye is a wonderful tool for general color

assessment and is still useful for a final aesthetic check, it cannot match the

consistency, quantification, and sensitivity provided by instrumental measurement.

Instrumental Measurement Challenges and Considerations

Using spectrophotometers for caps and closures solves many issues but comes with its

own practical challenges that must be managed:

12

Sample Geometry and Placement: Bottle caps are small, often curved objects.
Getting a repeatable measurement requires that the cap covers the
instrument’s measurement aperture fully and lies in a consistent orientation. If
the spectrophotometer has a large measurement port (say 25 mm diameter)
and the cap is smaller than that, stray light can enter or the reading might
include background, skewing results. The ColorFlex L2 is designed with small-
sample measurement in mind, offering interchangeable port plates (apertures)
down to approximately 13 mm. For caps and enclosures, dedicated placement
fixtures ensure precise and repeatable sample positioning. Together, these
features allow accurate and consistent measurement of caps across a wide
range of sizes, eliminating variability from manual handling and improving
overall color quality control.

Gloss and Texture Effects: Caps can have different surface finishes - some are
high-gloss (shiny), while others are matte or have a textured grip on the outside.
Surface gloss can significantly influence perceived color. A shiny cap tends to
look darker or more saturated to the eye compared to the same color in a matte
finish, because the gloss affects how light is reflected. If not accounted for, this
can also affect instrument readings. Here, the choice of instrument geometry is
crucial. A 45°/0° geometry spectrophotometer (like the ColorFlex L2)

illuminates at 45° and views at 0°, intentionally excluding the mirror-like
KA-07427
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specular reflection. This means it measures color “as the eye sees it,”
emphasizing diffuse reflected color and minimizing gloss artifacts - so a glossy
and matte cap of the same pigment will read more like how a person would
perceive them (the glossy one reading a bit darker, which aligns with visual
impression). In contrast, an integrating sphere (d/8° geometry) with specular-
included would capture all reflected light, making a glossy sample appear
lighter in measurement than it looks to the eye. Most cap manufacturers prefer
45/0 instruments or sphere instruments in specular-excluded mode to ensure
the instrument isn't “fooled” by gloss differences.

Instrument Calibration and Maintenance: To get accurate readings,
spectrophotometers need regular calibration with known standards (typically a
white tile and a black trap or black glass for zero). In a busy production
environment, dirt, dust, or scratches can also affect readings over time. The
ColorFlex L2 is designed with a sealed measurement optics area to keep out
dust and spills, which helps maintain accuracy on the factory floor. Still,
operators must follow a calibration schedule (often daily or per shift) and keep
standards clean. The good news is modern instruments often have on-screen
prompts and wizards to guide calibration, making it straightforward. Consistent
calibration ensures that measurements remain reliable day-to-day and align
with other instruments globally (traceability to NIST standards, etc.).

Operator Training and Standardization: While easier than visual judgment,
using an instrument properly does require training in technique and
understanding results. Operators should be trained to place samples the same
way each time, choose the correct settings (like the proper illuminant and
observer for the company’s standard, e.g. D65/10°), and interpret the pass/fail
output correctly. The instruments often allow different modes or color scales -

using them incorrectly (for example, measuring with the wrong illuminant or

KA-07427



‘;9 HunterLab

forgetting to exclude specular when required) can lead to mismatched data. To
combat this, features like the ColorFlex L2's built-in software with pre-
configured setups and a help wizard are invaluable. They simplify the workflow
so that even non-experts can get repeatable results. Companies should also
establish SOPs (Standard Operating Procedures) for color measurement: e.g.,
"measure three caps from each batch, average them, and compare to standard
under llluminant D65, 10° observer, using CIELAB and AE2000 tolerance of 1.0"
- a clear procedure that everyone follows to avoid inconsistencies.

Dealing with Fluorescent Samples: While not extremely common in bottle caps,
some plastic colors (especially bright whites or neon colors) might contain
fluorescent dyes or optical brighteners. These substances fluoresce under UV
light, meaning their color can change depending on UV content of the light
source. If a cap formulation had an optical brightener (perhaps to enhance
whiteness), a visual inspector might be fooled - the cap could appear brilliantly
white in sunlight (high UV) but duller under office lighting (low UV). If such
materials are in use, the spectrophotometer must have a way to handle UV
calibration or control. Many high-end instruments allow measuring with UV
included or excluded to quantify this effect. The ColorFlex L2's xenon lamp is
filtered to simulate D65 daylight, which includes a certain amount of UV,
thereby capturing the effect similar to natural viewing conditions. If needed,
manufacturers can establish measurement conditions that account for UV
fluorescence. The main challenge is consistency: all parties should measure the

same way regarding UV content to avoid discrepancies.

By recognizing these challenges, manufacturers can take steps to ensure instrumental

color measurements are implemented smoothly. In practice, once the correct

geometry instrument is chosen and proper fixtures/procedures are in place,

spectrophotometric color control becomes highly reliable and far superior to visual
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inspection. The initial setup and training effort are quickly repaid by the reduction in

color errors and the confidence of objective data. The next section will outline the

standardized methods and practices that help ensure everyone is speaking the same

“color language” globally.

Global Color Methods and Standards

Color measurement in industry is governed by several international standards and

methods that ensure consistency and accuracy, no matter where measurements are

taken. Aligning with these standards is essential for meaningful quality control,

especially when communicating color requirements between different facilities or

companies. Here we overview key global color measurement practices and standards

relevant to plastic caps and closures:

15

CIELAB Color Space (CIE L* a* b*): The CIE (Commission Internationale de
'Eclairage) L* a* b* color space has become the universal language of color in
manufacturing. In this system, L represents lightness (0 = black, 100 = perfect
white for a non-fluorescent sample), a represents the green-red axis, and b
represents the blue-yellow axis. A specific color can be defined numerically in
L*, a*, b*. For example, a certain brand'’s blue cap might be defined as L* =
32.0,a* =-5.0, b* = -20.0. Using CIELAB allows different parties to understand
what “color” exactly means in numeric terms. This color space is defined by
international standard (originating from CIE's 1976 recommendations) and is
device-independent, meaning it's derived from how humans perceive color
differences. Most color spectrophotometers, including the ColorFlex L2, output
CIELAB values as a primary result.

Color Difference (AE) and Tolerances: Along with absolute color coordinates,

standards exist for calculating the difference between two colors. The simplest,
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AE* (often called AE 76), is the Euclidean distance between two L a b points.
However, to better represent human perception, modern industries often use
refined formulas like AE CMC or AE 2000 (CIEDE2000). ASTM D2244 is a
standard test method for calculating color differences from instrument data,
guiding on these calculations. A global company might specify, for instance,
that the cap color must not deviate by more than AE 2000 = 1.0 from the
approved standard. These tolerance values are usually determined by visual
acceptability trials. The key is that everyone uses the same formula - with many
opting for AE 2000 nowadays because it correlates best with human perception
for small color differences. The ColorFlex L2 and similar instruments can
compute all these AE values automatically. Consistent use of a color difference
formula (as per ISO/CIE or ASTM guidelines) means a AE reportedinone Lab
is directly comparable to one in another L a b.

Standard llluminants and Observers: The lighting under which color is specified
is critical. Standards define several “illuminants” that simulate common lighting
conditions. Illuminant D65 (representative of average daylight at noon,
including some UV) is by far the most widely used reference for industrial color
matching - it approximates a neutral daylight and is often mandated for plastic
color quality. Other illuminants like A (tungsten incandescent) or F2 (cool white
fluorescent) might be used for specific applications or secondary checks.
Similarly, the CIE defines standard observers (2° and 10°) which correspond to
different fields of view of human vision - 10° is common in industry as it better
represents viewing a larger object. A color measurement isn't complete without
specifying illuminant/observer (e.g., “Lab* measured under D65/10°").
International standards such as CIE 15 outline these fundamentals, and
instruments compliant with CIE 15 (like the ColorFlex L2, which is CIE 15:2018

compliant) ensure they simulate these illuminants accurately. By adhering to the
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same illuminant/observer conditions globally, one ensures that a L a b value in
one place corresponds to the same visual condition as in another.

Geometry Standards (45/0 vs. d/8): As discussed earlier, instrument geometry
(how the sample is illuminated and viewed) is standardized to ensure
measurements are comparable. ASTM E1331 (for example) is a standard test
method for reflectance colorimetry using bidirectional geometry (45:0 or 0:45),
while ASTM E1349 covers measurements using integrating sphere geometry.
These documents provide guidelines on instrument design and calibration for
each geometry. It's important when exchanging color data to note the
geometry used, because the results can differ slightly between geometries
especially on glossy or textured samples. Many suppliers and brands in the
packaging industry prefer 45/0 geometry readings for color-critical parts like
caps, since it correlates with visual appearance. Thus, they may reference
something like “color measured per ASTM E1331, 45/0 geometry”. By using
instruments that meet these standards, like the ColorFlex L2 (which conforms to
ASTM E1164 and related methods for 45/0 devices), manufacturers ensure that
their color values align with recognized methodology and can be trusted in a
global context.

Indices and Special Scales: There are additional standardized color indices that
can be relevant. For instance, Yellowness Index (ASTM E313 or D1925) might
be used if one is tracking the yellowing of a normally white or clear material (for
caps, perhaps to monitor if a natural resin is degrading over time). Whiteness
Index (ASTM E313) could be used if producing white caps, to ensure a high
degree of whiteness is maintained. While these are secondary to the mainL a b
measurements, they are defined by standards and sometimes specified by
customers (e.g., "Yellowness Index shall not exceed 5 for natural-colored caps”).

The HunterLab ColorFlex and similar instruments typically come with these
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indices pre-programmed for convenience. Other specialized scales like Hunter
L a b or appearance factors like gloss (ASTM D523 defines gloss measurement
at 60°) might come into play. For instance, if a cap must meet a certain gloss
level in addition to color, separate gloss measurements would be taken (some
spectrophotometers, like HunterLab’s Agera, even integrate a gloss meter for
simultaneous reading).

Quality Systems and Traceability: From a broader standards perspective,
manufacturers often align their color measurement practices with quality
management standards like ISO 9001 or even laboratory accreditation
standards like ISO/IEC 17025. This ensures that the instruments are calibrated
on schedule, procedures are documented, and results are traceable. Many
spectrophotometers, including the ColorFlex L2, come with calibration
certificates traceable to national standards (NIST in the USA, for example).
Traceability means that the measured values can be connected back to physical
reference standards (like master calibration tiles) that are agreed upon
internationally. If a dispute arises or cross-check is needed between two labs,
having traceable standards and following ASTM/CIE methods provides
confidence in resolving any differences.

Global Harmonization of Color Quality: Industry groups and large companies
sometimes establish their own guidelines to harmonize color quality control
globally. For example, a beverage consortium might publish a guideline on
how to measure preform or cap color (defining instrument type, settings,
sample prep) so that all suppliers adhere to it. Similarly, standards organizations
have specific methods for particular products (though none specifically just for
bottle caps, they might fall under general plastic color measurement standards).
By complying with these, cap and closure manufacturers demonstrate

professionalism and make it easier to work with international clients. For
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instance, following something like ASTM D6290 for measuring pellet color
could be part of ensuring the pellets that will be used for caps are within spec
before they even go into production, as part of an overall strategy to meet the

final cap color spec.

In essence, global color methods and standards provide the framework that turns
color measurement from an art into a science. By following standardized practices -
whether it's using CIELAB values, measuring under D65 lighting, maintaining
instrument calibration, or adhering to an agreed AE tolerance - manufacturers and
brands ensure that everyone interprets color data the same way. This consistency is
the bedrock of effective quality control across different locations and over time. With
the groundwork of standards in place, we can now look at how a specific instrument,
the HunterLab ColorFlex L2, leverages these principles and advanced technology to

deliver superior color quality control for caps and closures.

Recommended HunterLab Solution - ColorFlex L2 - and
Why

To address the challenges of color control in plastic cap and closure manufacturing,
HunterLab's ColorFlex L2 spectrophotometer is a highly recommended solution. The
ColorFlex L2 is a modern 45°/0° geometry color measurement instrument that has
been engineered with the needs of plastics manufacturers in mind. Here we outline
why the ColorFlex L2 is particularly well-suited to enhancing color quality control for

caps and closures:

e Measures Color “As the Eye Sees It": The ColorFlex L2 uses a 45° illumination /
0° viewing geometry, which is ideal for measuring the color of opaque, solid
samples like bottle caps. This geometry aligns with DIN and CIE standards for

appearance measurement, meaning it captures color in a way that correlates
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with human visual perception. Glossy or matte, rough or smooth, the instrument
will emphasize the true color of the material rather than be misled by surface
shine. This is critical for caps, which often have varying gloss levels - the
ColorFlex L2 ensures that two caps that look the same to a person also read the
same on the instrument. By contrast, many general-purpose
spectrophotometers use an integrating sphere geometry; while versatile, those
can introduce gloss-related differences. The directional 45/0 method of the
ColorFlex L2 provides confidence that if it says two batches match (within
tolerance), they will look matched to customers in real life.

Versatile Sample Handling for Small Parts: Recognizing that caps and closures
come in different sizes and shapes, the ColorFlex L2 features interchangeable
port plates (apertures) of various diameters (such as 13 mm, 19 mm, 25 mm,
etc.). This allows the user to choose a measurement area appropriate for the
sample. For a standard beverage cap (around 28-30 mm in diameter), one
might use the 25 mm port to measure the flat top evenly. For smaller closures
or portions of a part, a smaller aperture ensures the whole measurement is on
the sample. Additionally, the instrument can be used with its measurement
opening facing upward (top-ported), so a cap can simply be placed on top for a
quick read, or facing frontward for measuring samples that can be presented
vertically. This flexibility in orientation and aperture means fewer limitations on
what can be measured - from flat discs cut out of larger closures to the caps
themselves without any cutting. HunterlLab also provides tailored accessories
(like sample clamps or holders) to help position tricky samples consistently. All
these features reduce operator error and improve repeatability when
measuring plastic caps.

Ease of Use with Stand-Alone Operation: The ColorFlex L2 is designed as a

stand-alone colorimetric station with an integrated touchscreen and on-board
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software (EasyMatch Essentials). This is a huge advantage on the production
floor: operators do not need a separate PC or advanced technical knowledge
to run measurements and get results. The interface offers simple pass/fail
displays, color plots, and even step-by-step guidance through a Help Wizard.
For a busy manufacturing team, this means minimal training is needed to get
reliable measurements. New users can be up to speed quickly, and the risk of
mis-setting an option is reduced by the guided software. The stand-alone
design also minimizes the footprint - the unit is compact and can fit on a
benchtop near the production line, ready forimmediate use. And because all
computing is on-board, there's less IT complexity (useful for plants that might
not want PCs on the shop floor due to dust or network restrictions). This ease of
use directly translates to more consistent color checks and less downtime.

Fast, Accurate Measurements: With a measurement time of about 3 second per
sample, the ColorFlex L2 can quickly provide results even if many samples need
to be checked. Rapid measurements enable high sampling frequency - QA can
measure multiple caps from each cavity or multiple points in a shift without
bottlenecks. Despite the speed, the instrument does not compromise on
accuracy: it uses a dual-beam spectrophotometer with a diode array sensor,
ensuring excellent wavelength resolution and repeatability. The internal design
(e.g., a high-quality holographic grating and stable xenon flash illumination)
yields very low instrument drift and excellent agreement with reference
standards. The device meets stringent performance criteria (for example,
HunterlLab specifies very low AE repeatability on a white tile and inter-
instrument agreement). This level of accuracy is necessary when tolerances are
tight - the ColorFlex L2 can reliably distinguish even subtle color differences,

giving manufacturers the precision needed to maintain tight control.
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Rugged, Production-Ready Construction: Manufacturing environments can be
harsh (dust, moisture, vibrations). The ColorFlex L2's housing and optics are
sealed against dust and spills, protecting the sensitive components. The
device's compact size and light weight make it portable if needed; it can be
moved between lines or labs without hassle. It also has no exposed moving
parts during measurement (the optics are solid-state and the sample is
measured statically), improving durability. For quality teams, this means the
instrument can be confidently used in a lab or right at the production line
without worrying about environmental damage. The consistent performance in
non-ideal conditions is a big plus for real-world manufacturing use.
Comprehensive Color Data and Standards Compliance: The ColorFlex L2
comes pre-loaded with all the relevant color scales, indices, and illuminants that
a cap manufacturer might require. It supports multiple illuminants (D65, A, F11,
etc.) and both 2° and 10° standard observers. It can display color in CIELAB,
Hunter Lab, XYZ, and other spaces, and calculate all common AE formulas (AE?,
AE_2000, AE_CMQ). It also includes indices like whiteness, yellowness, opacity,
and even specialized ones (though those might be less used for caps).
Importantly, the instrument’s design and software adhere to international
standards: it is compliant with CIE, ASTM, DIN, and JIS methods for color
measurement. For a manufacturer, this means data from the ColorFlex L2 can
be trusted and directly compared with data from customers or suppliers using
other compliant instruments. The instrument even provides features like “search
for closest standard” (helpful when trying to match a cap to a library of color
standards) and average measurements (to easily average several readings).
These capabilities streamline the quality control process - for example, an
operator can measure three different caps from a batch, press “average,” and

instantly get the average color to compare to the target, all in the device.
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Data Connectivity and Integration: In modern QC, data traceability and analysis
are vital. The ColorFlex L2 offers multiple ways to export and connect data. It
has USB ports for saving data to a flash drive in CSV format and even an
Ethernet port for connecting to a network. This means measurement results can
be uploaded to a central database or LIMS (Laboratory Information
Management System) or SPC system if needed, or simply transferred to a PC for
further analysis. HunterLab's EasyMatch QC software (if used in conjunction) can
provide more advanced trending and SPC (Statistical Process Control) charting.
With these features, a quality engineer can track color performance over time,
set up automated reports, or trigger alarms when certain thresholds are
exceeded. Essentially, the ColorFlex L2 can slot right into a data-driven quality
environment, supporting continuous improvement initiatives and audits. The
fact that it can store up to 1 million readings internally means even if it's used
stand-alone for extended periods, one won't lose historical data - it can be
backed up whenever needed.

Alignment with Real Manufacturing Needs: Perhaps most importantly, the
ColorFlex L2 is not a lab novelty - it was clearly developed with input from
industry. Its feature set addresses the very pain points we discussed earlier: it
mitigates human error with easy operation, handles the small size of caps,
neutralizes gloss issues with 45/0 geometry, and provides the speed and
ruggedness demanded by production. It allows manufacturers to implement
standardized color control without excessive cost or complexity. Compared to
large, high-end lab spectrophotometers, the ColorFlex L2 is relatively compact
and cost-effective, yet it delivers the precision needed for strict color tolerances.
This makes deploying multiple units (e.g., one at each plant, or one in QC lab

and one at the line) feasible, ensuring consistency across the board.
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In summary, the HunterLab ColorFlex L2 is recommended because it offers a balanced
combination of accuracy, usability, and industrial suitability. It directly tackles the
challenges of color measurement in cap manufacturing - from handling small glossy
parts to providing objective data quickly. By using the ColorFlex L2, manufacturers can
elevate their color quality control to meet the highest standards, minimize color-

related rejects, and satisfy the demands of brand owners for perfect color consistency.

Next, we'll look briefly at the competitive landscape to understand how HunterlLab’s
solution stands out and then present a feature-advantage-benefit summary for easy

reference.

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

Color measurement is a mature field, and there are several other instruments and
solutions available from various suppliers. In the context of plastic cap and closure
color quality, manufacturers might consider handheld colorimeters, bench-top sphere
spectrophotometers, or even on-line color sensors. Without naming specific
competitors, we can outline the landscape in general terms and highlight why
HunterLab’s approach - exemplified by the ColorFlex L2 - is considered best in class

for this application:

o Generic Portable Colorimeters vs. Spectrophotometers: Simpler handheld
colorimeters (which use tristimulus filters rather than full spectral data) are
sometimes used for on-the-spot color checks. They are usually lower cost but
also less precise and flexible. These devices might be adequate for very lenient
color tolerances, but for demanding applications like branded caps where AE
tolerances are tight, they often fall short in accuracy and inter-instrument

agreement. HunterLab's ColorFlex L2, being a true spectrophotometer,
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provides greater accuracy and repeatability. Its measurements capture the full
spectral reflectance curve, which not only improves color matching precision
but also allows detection of metamerism or unusual optical behavior (like
fluorescence) that colorimeters can’t handle. Essentially, HunterLab's
instruments deliver laboratory-grade results with production-friendly
packaging, whereas generic portable units are more like rough gauges.
Companies that initially try basic color readers often upgrade to instruments like
the ColorFlex when they encounter inconsistent readings or customer
complaints about color mismatches.

Integrating Sphere Instruments: Another class of competitor is the integrating
sphere spectrophotometer, which might be offered by other major color
instrumentation companies. These sphere instruments (often with d/8
geometry) are versatile because they can measure reflectance and sometimes
transmission, and they tend to reduce sensitivity to sample orientation.
However, as mentioned, sphere geometry (especially with specular component
included) can be a disadvantage for appearance-critical color matching. If a
competitor's device uses sphere geometry without specular exclusion, it may
report two visually different samples as the same - a risk for gloss-variable
products like caps. HunterLab has sphere instruments too for other needs, but
the choice of a 45/0 geometry in the ColorFlex L2 is a deliberate advantage
when appearance matching is vital. Additionally, sphere instruments often
require more careful calibration of gloss traps and such, which can add
complexity. The ColorFlex directional geometry simplifies calibration and
directly measures what QC teams and customers care about (the perceived
color). This focus on the right geometry demonstrates HunterLab's deep

understanding of industry requirements.
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Feature Set and Customization: Many competitors offer spectrophotometers
with basic color measurement capabilities, but HunterLab has distinguished
itself by offering industry-specific configurations and firmware. For example,
they have versions of ColorFlex L2 specifically for products like tomato products
or coffee, including specialized indices. While those might not apply to caps, it
shows the platform’s flexibility. The standard ColorFlex L2 comes loaded with all
relevant plastic color indices and a large memory. Some other instruments
might require connecting to a PC software to do advanced things like saving
data or analyzing different illuminants. HunterLab's solution provides a
comprehensive set of functions in one package. Also, not all competitor devices
might have the robust solid-state design (e.g., some older designs use moving
gratings or mechanical filters that wear over time). The ColorFlex L2's use of a
diode array and long-life xenon lamp yields high reliability and low
maintenance, which is a strong point in manufacturing where downtime is
costly.

User Experience and Support: HunterLab has a long-standing reputation in the
color industry and typically provides strong customer support, including
training, application notes, and consultation by color experts. When comparing
solutions, the ease-of-use of the ColorFlex L2's interface and the availability of
support can be deciding factors. In contrast, some technical instruments from
other suppliers might have steeper learning curves or less guided interfaces,
increasing the chance of user error. The "Help Wizard” and intuitive
touchscreen on the ColorFlex L2 set it apart by making sophisticated color
science accessible to non-specialists. Furthermore, in terms of after-sales
support, HunterlLab and its distributors often have local representatives who
understand the applications (like plastics) and can assist with setup or

troubleshooting. This service aspect means that when a manufacturer chooses
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HunterLab, they are not just buying a box, but gaining a partner in
implementing color quality control. That can be a competitive advantage
compared to a less supported product.

Integration into Quality Systems: Many large manufacturers are implementing
Industry 4.0 concepts, linking measurement devices into networks for
centralized monitoring. The ColorFlex L2's connectivity (Ethernet, USB data
export) and compatibility with HunterLab’s EasyMatch software mean it can
seamlessly integrate into such systems. Some competing devices might be
older models without network connectivity, or require proprietary software that
doesn't allow easy data export. The openness and modern connectivity of the
ColorFlex align well with current manufacturing IT environments, making it
future-proof. Additionally, the traceability to NIST and strict compliance to
international standards is a mark of a top-tier instrument - some low-end
competitors might not provide the same level of documented traceability or
might have looser agreement tolerances between units, which is a risk if
multiple instruments are used.

No Need to Compromise Between Lab and Floor: Oftentimes, companies face
a trade-off - have a highly precise lab spectrophotometer for R&D and a simpler
rugged instrument for production. HunterLab's approach is to combine these
needs: the ColorFlex L2 gives near-lab precision in a production-friendly format.
This means a single model can be deployed both in the central lab and at
satellite production lines, ensuring consistent results. The competitive
advantage here is uniformity - when all instruments are the same model and
calibrated the same way, the data correlates perfectly. If a competitor's solution
forces using a fancy lab unit and a different portable on the line, the readings
between them might not match exactly, causing confusion. By deploying

ColorFlex L2 everywhere, HunterLab ensures everyone from the mixing room to
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the final QC lab is reading color the same way. This best-in-class uniformity and

versatility is a strong point in head-to-head comparisons.

In sum, while there are other tools available for color measurement, the HunterlLab
ColorFlex L2 stands out as a best-in-class solution for plastic cap and closure
manufacturers because it optimally balances accuracy, practicality, and support. It
doesn't sacrifice technical excellence for ease of use, nor vice versa. HunterLab's deep
experience in the color industry (especially in plastics and packaging) has resulted in
an instrument that meets the challenges competitors address only in pieces. By
choosing a solution that is purpose-fit for the task, manufacturers gain a competitive

edge in quality control, which in turn strengthens their reputation with customers.

Table: ColorFlex L2 Features, Advantages, and Benefits
(FAB)

To summarize the strengths of the ColorFlex L2, the following table outlines key
features of this spectrophotometer and explains the advantage of each feature and

the resulting benefit for cap & closure color quality control:

Feature Advantage Benefit to Manufacturer

45°/0° directional Measures color the Ensures true appearance match of cap

geometry way the human eye color to standards; gloss differences
perceives it, won't cause false fails or passes.
minimizing gloss and  Consistent visual quality for the end
texture influences. customer.

Interchangeable Flexible measurement Allows accurate measurement of various

apertures (multiple  area to accommodate cap sizes and shapes (from small

port plate sizes) small or large samples. droppers to wide jar lids) without stray

light. No special sample prep required -
measure caps directly.
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Feature

Integrated
touchscreen with
EasyMatch Essentials
software

Fast 3-second
measurement with
Xenon flash
illumination

Sealed optics and
durable design

Comprehensive data
and standards
compliance (CIE,
ASTM, ISO)

Extensive memory
and connectivity
(USB/Ethernet)

Automatic functions
(averaging, standard
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Advantage

Stand-alone operation
with intuitive interface
and guided workflow.

Rapid readings and
high throughput
without sacrificing
accuracy.

Protection against
dust, spills, and
environmental
vibrations; long-life
lamp.

Outputs all standard
color values and
indices;
measurements
traceable and globally
comparable.

Stores large datasets
internally; easily
exports data or
connects to networks.

Built-in calculations
and comparisons
reduce manual effort.

Benefit to Manufacturer

Easy for production staff to use with
minimal training; reduces human error.
Fast pass/fail decisions on the line
improve response time. No PC clutter
or complex setup needed at line.

Enables high sampling frequency (more
caps checked per batch) so issues are
caught early. Keeps up with production
pace; virtually no wait time for results,
supporting real-time adjustments.

Reliable performance in factory
conditions - instrument stays calibrated
longer, less downtime or maintenance.
Longevity of device provides lower total
cost of ownership and consistent data
over years.

Easy communication of color specs with
clients/suppliers using common values
like CIELAB and AE. Fulfills customer
QA requirements and audits
confidently. Multi-site operations
produce matching results, ensuring
brand uniformity worldwide.

Facilitates trend analysis and reporting -
build a color history for process
improvement. Simple integration with
LIMS or SPC systems for centralized
quality monitoring. Data-backed
evidence of quality for management or
customers.

Saves time for QC analysts - e.g.,
averaging multiple measurements is
one tap, ensuring robust data.

KA-07427



‘;9 HunterLab

Feature Advantage Benefit to Manufacturer
search, pass/fail Immediate alerts on out-of-tolerance
alerts) results help prevent shipping bad

product. Overall, more efficient and
proactive quality control.

Backed by Application-specific ~ Smooth implementation and problem-

HunterLab support advice, training solving - users have expert help to

and expertise resources, and service optimize their color program.
available. Confidence that the instrument's

performance is maintained via
professional support, minimizing risk in
critical quality checks.
Each of these features contributes to a holistic solution: the ColorFlex L2 not only
measures color with high precision, but it also fits into the manufacturing workflow,
empowers operators with actionable information, and maintains its performance in
real-world conditions. The advantages translate directly into benefits like reduced

rejects, faster troubleshooting, and stronger customer satisfaction due to color-

consistent products.

Case Studies

To illustrate the impact of implementing spectrophotometric color control in cap and
closure manufacturing, let's explore a few hypothetical case studies. These scenarios
reflect common challenges and how using an instrument like the ColorFlex L2, along

with good practices, can solve problems and improve return on investment (ROI).

Case Study 1: Reducing Color Variation and Scrap in Beverage Cap
Production

Background: A company produces plastic caps for a major soft drink brand in several

colors (red, blue, green corresponding to different flavors). They run high-speed
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injection molding lines and were initially relying on operators to visually check cap
color every half hour. The brand'’s specification was that AE should be below 2.0
(roughly what the eye can just notice) compared to the master standard. However, the
manufacturer found that about 5% of production lots were being rejected by the
brand’s auditors for color inconsistencies - often a subtle drift would go unnoticed
until a large batch was made. This led to expensive scrap and rework, as well as

tension with the client.

Challenge: The main challenge was that by the time a color drift was noticed visually,
thousands of caps might have been produced out of tolerance. Variation sources
included masterbatch feeder rate fluctuations and leftover resin in the hopper when
changing colors (causing slight cross-contamination at startup). They needed a more

sensitive and continuous way to monitor color and catch deviations early.

Solution Implementation: The manufacturer invested in a HunterLab ColorFlex L2 and
established a protocol to measure caps hourly (and additionally at every color change
or startup). They placed the instrument near the production lines, and trained
technicians to measure three samples and average them, checking the result against
pre-loaded standards for each color. They set up the pass/fail feature to flag if

AE_2000 exceeded 1.5 (tighter than customer spec, to have a safety margin).

Results: Within weeks, the scrap rate due to color fell dramatically. For example, in one
instance the instrument detected a trend of increasing AE on a blue cap run just 10
minutes after a new batch started - it showed the caps gradually getting lighter (higher
L*). The team paused the line and found a blockage in the colorant feeder causing
under-dosing. They fixed it and avoided producing an entire bad batch. Previously,
this might have gone unnoticed for a full half-hour or more. Over a quarter, they

calculated that material scrap due to off-color production dropped by 80%, saving
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tens of thousands of dollars in resin and masterbatch costs. Additionally, they had zero
customer rejections in that period - the first time ever. The ROI on the instrument was
achieved simply by the scrap reduction within 6 months, not to mention the intangible

benefit of improved supplier rating with their client.

Quality Improvement: Beyond numbers, this company now had data to understand
their process better. By analyzing the logged color measurements, they identified that
certain molding machines had more drift during long runs, prompting preventive
maintenance on those machines. They also used the data to finetune their colorant
dosing system - for instance, noticing that in very humid days the feeder delivered
slightly less due to material flow issues, they added hopper dryers and solved that.
This proactive, data-driven approach was a direct result of having continuous,

objective color measurements rather than sporadic visual checks.

Case Study 2: Ensuring Brand Consistency Across Multiple Plants

Background: A global consumer products company produces a line of sports drink
bottles. The bottles themselves are made in one location, but the caps are sourced
from two different manufacturing plants (to meet volume demands and have
redundancy). The cap is a custom bright orange color that needs to precisely match
across all units, so that whether a bottle is capped at Plant A or Plant B, the consumer
sees the same consistent appearance. The brand owner provided a L a b color target
and allowed only AE 1.0 maximum difference between any two caps. Initially, they
encountered issues: batches from Plant B often looked just a touch “duller” than those
from Plant A when viewed side by side - not always noticeable alone, butin

distribution centers mixing stock, the difference was observed.

Challenge: The two plants were using different color measurement practices. Plant A

had a spectrophotometer (a HunterLab ColorFlex L2) and Plant B was relying on an
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older sphere-based unit from another supplier. Moreover, their calibration and
illuminant settings might have differed. Both thought they were within tolerance, yet
their outputs didn't match perfectly. There was also an element of pigment
formulation - perhaps the masterbatch from two suppliers had slight differences

requiring adjustment.

Solution Implementation: The brand owner facilitated a harmonization: both plants
would use the same model of spectrophotometer (ColorFlex L2) and align on
procedure. They installed ColorFlex L2 units at each site and ensured both were
calibrated to the same traceable standard tile. They agreed on measuring all cap
samples under D65 lighting, 10° observer, using AE_2000 for difference calculations.
The brand’s quality team provided a single “golden” cap sample as the color standard,
measured on a master instrument, and the numeric target values were loaded into
both instruments. Plant B adjusted their pigment formulation slightly after initial
measurements showed a small AE (they increased the colorant concentration by a
fraction to boost chroma). After this, both plants consistently measured their output
with AE < 0.5 to the standard and also cross-checked: they would periodically

exchange cap samples and measure each other’s products to ensure alignment.

Results: The consistency between the two plants improved to the point that even side-
by-side, caps were indistinguishable. The brand owner’s auditors confirmed the color
match and lifted the probation they had put on Plant B. A significant benefit was the
improved communication: since both plants now spoke the same “color language,”
they could troubleshoot collaboratively. For instance, if Plant B saw a drift towards
yellow, they could call Plant A to discuss possible causes (both measuring in b*). It
turned out both had experienced occasional pigment lot variation; by sharing data,
they pushed the pigment supplier to tighten their spec or provide lot-specific offsets.

The effort also prevented a scenario of a potential recall: at one point Plant A had a
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mixing issue and caught a drift that, had it gone out, would have resulted in noticeably
off-color caps in certain batches. With the ColorFlex system, they quarantined those
lots in time. The cost avoidance from preventing a mixed-color batch from reaching
the market (with all the brand image damage that would entail) was hard to quantify

but undoubtedly large.

Quality Improvement: This case underlined how having standardized, high-quality
color measurement across the supply chain protects brand integrity. The cost of the
instruments was minor compared to the value of ensuring a uniform brand
appearance globally. It also streamlined their operations - the two plants could now
mutually back each other up because their products became truly interchangeable
from a color standpoint. In broader terms, this approach set a template for the
company to require the same color QC setup for any future suppliers or new plants,

effectively raising the bar for all.

Case Study 3: Optimizing Recycled Material Use without Sacrificing Color
Quality

Background: Sustainability goals pushed a manufacturer of water bottle closures to
increase the use of recycled PP resin in their caps. Recycled resin (PCR) can often have
a slight tint or more variability in color than virgin resin. They use a white masterbatch
to produce white caps. After moving to 50% recycled content, they noticed an uptick
in color variation - some caps had a faint beige or gray cast. They were concerned that
pushing recycled content further might cause the caps to look noticeably off-white,
which for a product that's supposed to look “pure” and clean (water) could be a

problem.

Challenge: The challenge was balancing environmental sustainability with the

stringent aesthetic requirement of a bright white cap. Recycled material tends to
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introduce a yellowness or dullness due to impurities and the thermal history of plastic
(each re-melt can yellow the polymer slightly). They needed to quantify how the color
was changing and find a way to compensate, rather than just trial-and-error mixing of

more pigment (which has cost and limit points).

Solution Implementation: They started using a spectrophotometer (ColorFlex L2) to
measure the whiteness and yellowness index of caps at different PCR levels. By doing
controlled trials - 0% PCR, 25%, 50%, 75% - they gathered data on how L*, b*, and
Yellowness Index changed with increasing recycled content. The instrument’s ability to
measure these subtle differences was crucial. They found, for example, that going
from 0% to 50% PCR raised the Yellowness Index by a few units and dropped L* by
about 1 unit on average. Using this information, they worked with their colorant
supplier to tweak the masterbatch formulation: adding a small amount of a blue tint
(since blue can offset yellow visually) and increasing titanium dioxide content slightly
for higher opacity. They measured the caps after these changes to ensure the L* and
b* were back in line with the original virgin-resin standard. Additionally, they
implemented routine color checks to monitor any fluctuations, since recycled batches

could vary.

Results: With the data-driven formulation adjustment, they successfully produced caps
with 75% recycled content that were virtually as white and bright as the 100% virgin
resin caps. The color measurements showed they maintained a very low yellowness
and AE < 1 to the original standard, which meant consumers would see no difference.
This allowed them to proudly market the closures as high-recycled content without any
aesthetic compromise, giving them a competitive edge in sustainability messaging.
Economically, using more recycled resin also cut raw material costs (recyclate was
cheaper than virgin), so there was a direct financial benefit as well. The

spectrophotometer became a tool not just for QC but for process development and
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material optimization - it took the guesswork out of how far they could push PCR
content. They even discovered that one supplier's PCR was consistently causing higher
yellowing than another’s; armed with that info (backed by color data), they negotiated

with suppliers or adjusted their mix of sources to keep color in check.

Quality Improvement: After implementing spectrophotometric control, the company
found that they could confidently expand recycled content usage across more product
lines. The ColorFlex L2's ability to capture trends helped them build a knowledge
base: for instance, they identified that moisture content in PCR (if not dried properly)
correlated with more color variability, likely due to micro-degradation - they added a
drying step which improved both color and mechanical properties. The instrument
also helped in customer communication: when some buyers were initially skeptical
about recycled content (“will my caps look recycled or off-color?”), the company could
share objective color data showing no difference, which eased acceptance. This case
demonstrates how precise color measurement can enable innovation (like

sustainability improvements) by ensuring quality remains controlled.
These case studies underscore several key themes:

o Proactive Quality Control: Using spectrophotometers transforms color QC from
a reactive to a proactive discipline. Issues are detected and addressed early,
saving costs and protecting reputation.

» Data-Driven Decision Making: Quantitative color data guides process
adjustments, whether it's tuning a machine, adjusting a formula, or negotiating
with suppliers. It takes out the ambiguity and makes color a controlled variable.

o ROl and Beyond: The return on investment comes not just from scrap reduction

(though that alone can be substantial) but also from improved client
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relationships, the ability to meet stricter requirements (thus winning or keeping
business), and enabling new initiatives like increased recycled usage.

o Holistic Improvement: Often when color QC is tightened, it has ripple effects of
improving overall quality. A process in control for color tends to be in control
for other aspects too, since many root causes (mixing, temperature control,

material quality) affect multiple attributes.

For any cap and closure manufacturer dealing with high volume and high
expectations, these examples illustrate that implementing spectrophotometric color
control is a smart investment that pays dividends in quality, efficiency, and customer

satisfaction.

Conclusion

Color quality control in plastic cap and closure manufacturing is not just about making
products look good - it is about ensuring consistency, signaling quality to customers,
and maintaining the integrity of a brand. In a market where millions of caps are
produced daily and global brands demand perfection, relying on subjective visual
checks or outdated methods is no longer sufficient. As we have explored,
spectrophotometers bring a level of precision and objectivity that transforms color

control from a potential weak link into a strength.

Through this white paper, we discussed how color affects every facet of cap
production, from material selection to process stability. We highlighted that what
might appear as a simple colored cap actually carries complex information about
formulation, processing, and quality - information that only instrument-based
measurement can fully capture. We examined the practical challenges of measuring
color on small, glossy parts and saw that they can be overcome with the right

instrument (45/0 geometry, proper sample handling, standardized procedures). We
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also emphasized the importance of aligning with global standards (CIE, ASTM, ISO) so
that color can be measured and communicated consistently across different teams

and supply chain partners.

The recommended solution, HunterLab’s ColorFlex L2, emerges as a powerful yet
user-friendly tool to meet these needs. Its features directly address the pain points in
cap color measurement: it provides consistency, speed, and accuracy in an industrial
package. The ColorFlex L2 enables manufacturers to measure color “the way the eye
sees it” and do so repeatably, quantifying slight differences that would be
imperceptible otherwise. This empowers quality control teams to maintain tight reign
on color tolerances, reducing waste and ensuring every cap that leaves the factory

meets the specification.

In a competitive landscape, HunterLab's approach stands out for blending technical
excellence with practical considerations like ease of use and rugged design. The table
of features and FABs summarized how each aspect of the instrument translates into
real-world benefits - from fewer rejects to smoother audits. And our hypothetical case
studies painted a picture of what is possible: dramatic reductions in scrap, seamless
multi-plant color matching, and even enabling sustainability initiatives without quality
loss. These are not just theoretical wins; they mirror experiences of many

manufacturers who have adopted modern color quality control.

In conclusion, enhancing color quality control for plastic caps and closures using
spectrophotometers is a strategic move that yields far-reaching advantages. It ensures
that color, an attribute so immediately visible and tied to consumer perception, is
always within your control rather than left to chance. By investing in robust color
measurement practices and tools like the ColorFlex L2, manufacturers can achieve

greater operational efficiency, meet stringent customer standards, and uphold the
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brand image that their caps and closures carry. The technical details - illuminants,
geometries, tolerances - ultimately serve a clear business goal: delivering color quality

with confidence, every time.
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