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Enhancing Plastic Bottle Manufacturing
with Spectrophotometric Color Quality
Control

Introduction

Coloris more than a cosmetic attribute in plastics manufacturing - it is a critical quality
indicator. Even slight color deviations in plastic bottles can ruin product appeal, lead
to rejected batches, and erode brand reputation. Unlike painted products where color
is added at the end, in plastic bottles the color is often engineered directly into the
resin or molded part. This means color consistency must be managed throughout
processing, from raw polymer to finished bottle. Spectrophotometric color
measurement provides precise, objective data far beyond what the human eye can
discern. By quantifying color in standard color spaces (e.g. CIELAB) and metrics like
AE (total color difference), manufacturers can detect subtle shifts early and ensure

products meet exact color specifications.

This white paper examines the role of color measurement in plastic bottle
manufacturing for the beverage, cosmetic, and pharmaceutical industries. It discusses
why color quality control matters for product success and compliance, what color can
reveal about material or process issues, how color measurement is applied at various
production stages, and the challenges involved (such as visual vs. instrumental
assessment and measuring curved or translucent bottles). We also review global color
measurement methods and regulatory standards (ASTM, ISO, FDA, EU) that guide
these practices. Finally, we outline recommended HunterlLab solutions for different
bottle types - including the Agera L2, UltraScan VIS, and Vista spectrophotometers -
and compare technology options in the market. Hypothetical case studies illustrate the

real-world impact of implementing rigorous color QC. All sections are grounded in
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scientific and standards-based information rather than marketing, to serve

manufacturing professionals, QA/QC teams, and regulatory specialists.

Overview of Plastic Bottle Manufacturing and Industry
Applications

Plastic bottles are ubiquitous across beverage, cosmetic, and pharmaceutical
industries, produced in staggering quantities (on the order of hundreds of billions
annually) to meet global demand. Packaging is the single largest end-use segment of
plastics (~40% of all plastic usage), and bottles form a major part of this segment. The
manufacturing of plastic bottles typically involves molding processes such as injection
molding (for preforms or caps) and blow molding (for bottles). Common materials
include PET (polyethylene terephthalate) for beverage bottles (e.g. water and soda
bottles), HDPE (high-density polyethylene) for items like milk jugs or pharmaceutical
pill bottles, and PP (polypropylene) or other polymers for cosmetic bottles and
closures. These industries each have unique applications and priorities for bottle

color:

o Beverage Industry: Beverage bottles (for water, soft drinks, juices, etc.) are often
clear or tinted to showcase the product while maintaining an appealing look.
Brand identity is crucial - iconic colors (like a particular shade of green or clear
transparency) are often associated with certain drinks. Even minor color shifts
can be noticeable to consumers and dilute the brand'’s visual impact. High-
volume beverage production demands that every bottle, from the first to the
billionth, matches the approved color/tint standard. For example, if a premium
water brand promises crystal-clear bottles, any haze or yellow tint due to resin
impurities or recycled content could be unacceptable. Beverage bottle color
must also comply with food-contact safety regulations (only approved

colorants/additives can be used in plastics that contact beverages).
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Cosmetics Industry: Cosmetic and personal care products use a wide array of
colored or frosted plastic bottles and caps to convey luxury, fun, or natural
themes depending on the brand. The bottle’s color often complements the
product or brand image (for instance, a shampoo bottle in a signature pastel
color or a lotion in an opaque white bottle for an “elegant” look). Consistency is
essential so that a lotion bottle produced this month matches the color of the
same SKU from last year on a store shelf. Cosmetics packaging also often
involves small batch runs and frequent color changes (to create seasonal or
limited-edition packaging), making rigorous color QC important to avoid off-
color batches. While cosmetic packaging color is not as heavily regulated as
food or pharma, companies adhere to internal quality standards to ensure
aesthetic consistency and avoid customer perception issues.

Pharmaceutical Industry: Pharmaceutical plastic bottles (such as pill bottles,
medicine syrup bottles, dropper bottles) prioritize function and compliance in
addition to appearance. Many pharma bottles are amber or opaque to protect
contents from light (UV) degradation - the color is directly tied to functionality,
as an amber tint filters harmful light. These bottles must meet stringent
standards: for example, U.S. Pharmacopeia (USP) tests for light transmission
ensure that amber pharmaceutical bottles block a required percentage of UV
and visible light to protect the drug. Consistent color (and thus consistent light-
blocking ability) across production lots is critical. Additionally, only certain FDA-
approved colorants can be used in drug or food packaging - manufacturers
must carefully control formulations to use compliant pigments and verify that no
unintended color or variability appears (which could indicate contamination or
a process issue). In the pharma space, color can also serve an identification
purpose (e.g. different strengths of a drug might be packaged with caps of
different colors), so accurate color differentiation without drift is needed to

prevent mix-ups. Overall, color quality control in pharma packaging is closely
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linked to regulatory compliance and patient safety, and thorough

documentation of color measurements may be required for audits.

Across all these industries, plastic bottle color management is a key aspect of quality
assurance. Manufacturing processes are optimized to produce bottles with consistent
color lot-to-lot. Spectrophotometers and color QC procedures are used at various
points: from checking incoming plastic resins or color masterbatches, to in-process
monitoring during molding or blowing, to final product inspection. By maintaining
tight color tolerances, beverage, cosmetic, and pharma companies ensure brand

consistency, consumer acceptance, and compliance with any applicable standards.
Importance of Color Measurement

Implementing precise color measurement in bottle manufacturing is crucial for several

interrelated reasons:

o Brand Consistency and Customer Expectations: Many consumer products are
defined by signature packaging colors. A slight mismatch in a beverage bottle's
tint or a cosmetic cap’s shade can be immediately noticeable, undermining
consumer trust. Manufacturers risk complaints or returns if packaging color falls
outside approved tolerances. Consistent color across production lots is
essential to meet customer and brand-owner expectations for uniformity. By
quantitatively measuring color (rather than judging by eye alone), companies
ensure every batch of bottles stays within the brand’s color specifications.

o Quality Control and Scrap Reduction: Spectrophotometric color checks help
catch off-color batches early, preventing large-scale waste. For example, if a
plastic extrusion or molding line begins drifting in color due to a metering
issue, an on-line spectrophotometer can alert operators before thousands of

bottles (or meters of extruded material) are produced off-spec. Timely
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detection means process adjustments can be made immediately, not after
hours of production. This significantly reduces scrap and rework, directly
improving yield and saving material and energy costs. In essence, color
measurement as a real-time QC tool leads to less waste and higher efficiency.
Process Control (SPC): Color data serves as a real-time process control
parameter. Deviations in measured color values (L*, a*, b*) often reflect
changes in raw material or processing conditions. By monitoring numerical

|II

color values and AE trends, operators can keep the process “in control.” For
instance, if AE starts creeping up during a run, it may signal equipment issues
like pigment feeder drift or resin lot variation - prompting proactive
adjustments (such as tweaking pigment addition rates or extrusion
temperature) to maintain the target color. Many manufacturers integrate color
metrics into Statistical Process Control charts. Trending color data can provide
early warnings of process drift, allowing corrections before a batch goes out of
tolerance. In this way, spectrophotometers are not just lab tools but integral
sensors for process stability.

Regulatory Compliance and Documentation: In certain industries, color and
appearance are subject to regulations or strict customer specifications. For
example, food and pharmaceutical packaging must often use only approved
colorants, and medical-grade plastics may have specified color requirements
for safety or identification. Spectrophotometric measurement provides
documented evidence that products meet these color standards. Quality
control records of bottle color (with spectrophotometer printouts or digital
records showing CIELAB values and AE) can be crucial during audits or when
providing certificates of conformance. Regulators and clients may require that a
plastic bottle’s color be measured and verified against standards like USP or
customer-supplied color targets. Having instrument-based data lends credibility

and traceability to such reports. Overall, robust color measurement practices
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give manufacturers confidence that they are meeting all safety, legal, and
contractual color specifications.

Improved ROl and Reputation: While ensuring color quality has an upfront cost
(instruments, training, calibration), it tends to pay back through reduced waste,
fewer rejects, and stronger customer satisfaction. Studies have shown that
implementing spectrophotometric color QC leads to fewer off-spec batches
and less downtime for color adjustments, translating into tangible cost savings
and higher profitability. For example, one plastics molding plant that
introduced routine spectrophotometer checks reduced color-related scrap by
an estimated 80%, more than paying back the instrument cost in a year.
Additionally, delivering perfectly color-consistent bottles strengthens a
supplier's reputation. In competitive markets (like cosmetics or beverages),
being known for exceptional quality and consistency - verified by data - can
secure long-term business. In summary, color measurement is an investment in

quality that yields returns through process optimization and brand protection.

What Color Reveals About Plastic Bottle Quality

In plastics production, color is often a telltale indicator of material quality and process

conditions. Subtle shifts in a bottle’s color can reveal problems before other quality

tests detect them. Some examples of what changes in color can signify include:

Thermal Degradation or Resin Oxidation: An increase in the yellowness of a
normally clear or neutral-colored plastic usually signals that the material has
been exposed to excessive heat or is degrading. For instance, PET (commonly
used for beverage bottles) will gradually develop a yellow tint (higher b* value
or Yellowness Index) if it's overheated during processing or not properly dried
(PET is hygroscopic, and residual moisture can cause polymer breakdown

during melt processing). A spectrophotometer detecting a rise in b* or Y| for
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PET preforms or bottles can alert engineers to a potential drying problem or
overly high melt temperatures before the bottles become visibly brown or
brittle. This early warning allows intervention (e.g. checking dryer operation,
reducing barrel temperature, or adding stabilizer) to prevent further quality
compromise.

Contamination or Mixing Issues: A shift in the a* axis (red-green hue) or an
unexpected tint can indicate contamination by another material or an incorrect
pigment mix. For example, if a batch of polypropylene bottle caps suddenly
shows a slight greenish cast (a* drifting negative) when it should be neutral, it
might mean a small amount of another plastic (or an unintended pigment)
contaminated the material. Spectrophotometric quantification of this off-color
can help trace the source - perhaps a mislabeled regrind or a mixing hopper
not properly cleaned. Similarly, a bluish or reddish deviation in what should be
a pure white bottle could point to leftover colorant from a previous run. By
catching these color shifts instrumentally, QC can quarantine suspect batches
and investigate issues with material lots or equipment cleaning before a large
volume is produced.

Additive Levels and Aging: Many plastic formulations include additives (UV
inhibitors, antioxidants, etc.) that themselves have color or influence color
stability over time. Monitoring color can thus gauge aging and additive
performance. For instance, polycarbonate or polyethylene given accelerated
UV exposure will show increasing yellowness over time; measuring Yl
periodically quantifies how much UV-induced degradation has occurred. If a
normally clear polymer’s b* value starts higher than expected, it could mean an
insufficient level of UV stabilizer was added. In pharmaceutical bottles, color
stability over shelf life is important - a darkening or yellowing of the plastic
might indicate oxidation as antioxidants deplete. By tracking color indices over

time or after environmental exposure, manufacturers can assess whether a
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bottle’s material will maintain appearance and protective properties throughout
its intended lifespan. This is useful both for R&D (to compare stabilizer
packages) and for quality monitoring (e.g. checking that an aged batch of
plastic hasn't exceeded a yellowness limit that correlates with loss of
performance).

Optical Clarity and Haze Issues: For transparent or translucent bottles,
measuring color alone is not enough - haze (cloudiness) is a key quality
attribute. A spike in haze % (measured along with color) might indicate
particulate contamination, crystallization, or phase separation in the polymer
that scatters light. If a normally clear PET bottle starts turning cloudy, it could
mean moisture in the resin caused micro-bubbles or that recycled content
introduced impurities, etc. By measuring total transmittance and haze alongside
color, manufacturers can distinguish between a true color shift (a change in tint)
versus a clarity problem. For example, a measured drop in L* (brightness)
accompanied by a jump in haze could point to physical haze (light scattering),
whereas a drop in L* with no haze change might be a uniform tint change
(darker colorant). In practice, seeing both color and haze data helps ensure
transparent bottles meet both color and clarity specifications. It also reveals
process issues: e.g. increasing haze might result from a worn screw introducing
black specks or a cooling rate change affecting polymer crystallinity.

Process Variations and Equipment Issues: Continuous color monitoring can
serve as an early warning system for process disruptions. If color gradually drifts
during a production run (AE values slowly increasing), it may correspond to a
mixing issue such as pigment settling, gradual screw wear, or feeder calibration
creeping off. A sudden color jump, on the other hand, might occur if a chunk of
material that was stuck in the extruder suddenly dislodges (“surging”) and alters
the mix composition momentarily. An in-line spectrophotometer would catch

this as an immediate out-of-spec reading, prompting operators to check the
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equipment. In one real scenario, a plastic film extrusion line saw periodic color
spikes; color data helped trace it to an intermittently sticking valve in the
colorant dosing system, which was then repaired. In summary, color
measurements (L*, a*, b*, AE, haze, etc.) form a rich dataset reflecting the state
of both materials and processes. Manufacturers treat this data as a key part of
process control and troubleshooting - it helps infer if something in production
has changed (material lot variation, machine issues, human error in mixing)
even before other sensors or tests might notice a problem. By paying attention
to color, one can often catch and diagnose underlying issues that affect quality,
ensuring that by the time bottles reach the customer, they not only look correct

but have been processed correctly.

Applications for Color Measurement Across Bottle
Manufacturing

Color measurement is employed at virtually every stage of plastic bottle

manufacturing and quality control. Key applications include:

Raw Material and Pre-production Checks: The color of raw resins, pellets, and
masterbatch concentrates is checked before processing. Even “natural” pellets
that appear colorless can have slight tints (e.g. virgin PET resin might have a
faint yellow or blue cast). By quantifying pellet color, suppliers and molders
ensure incoming material is within spec and will yield the correct final bottle
color. This is especially critical when using recycled plastic: recycled pellets
typically have higher yellowness that must be compensated in formulation and
color QC. For example, a PET bottle manufacturer might measure each lot of
recycled PET (rPET) pellets for Yellowness Index (Y1) and L* (brightness); if the
rPET is too yellow, they know to add a bit more blue toner or optical brightener
to counteract it. Consistent pellet color translates to consistent bottle color

downstream. Thus, spectrophotometers are used in incoming QC of plastic
KA-07510
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granules and color masterbatches, and some companies require color
certificates from material suppliers (measured per ASTM standards) before
accepting shipments.

In-Process Extrusion (Films, Sheets, Preforms): In processes like film extrusion,
sheet extrusion, or injection molding of preforms (for PET bottles), color and
clarity must be tightly controlled along the continuous production.
Manufacturers use at-line or in-line color measurements to monitor extruded
plastic materials. For transparent films or preform tubes, transmission color and
haze are measured on samples to ensure clarity and correct tint. For opaque
extruded sheet or blown film (e.g. an opaque plastic label film), reflectance
color is measured. In practice, in-line spectrophotometer sensors such as the
HunterLab SpectraTrend HT (or similar on-line systems) can be mounted on an
extrusion line to continuously scan the moving plastic and alert if color drifts out
of tolerance. For instance, a green-tinted transparent film for packaging
produce can be monitored in real time to ensure the tint stays within spec
lengthwise. If the color starts shifting due to a feeder issue, the system signals
operators to make immediate adjustments (avoiding producing a large roll of
off-color film). Offline, cut samples of film or extruded preforms are also
measured in the lab for full QC reporting and to archive color data for each lot.
Color control in these intermediate forms is crucial not just for appearance but
for functionality too - e.g. if a film or preform is supposed to contain a UV-
blocking additive, its slight tint or absorbance at certain wavelengths indicates
proper additive levels.

Molded Bottle and Cap Production: Finished molded parts - including bottles
(blow-molded), caps and closures (injection-molded), and other container
components - are routinely checked for color uniformity. Typically, a benchtop
spectrophotometer is used in the lab to measure samples of the product at the

start of a production run, at set time intervals (e.g. every 30 minutes), and after
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any pigment changeover. For opaque bottles or caps, 45°/0° and 0°/45°
geometry instruments are often preferred because they measures color as the
human eye perceives it, including the effect of surface gloss or texture. This
ensures that if a bottle passes the instrument test, it will visually match the
approved standard under standard lighting. For transparent bottles,
measurements in transmission (for color and haze) are used to ensure the
bottle’s clarity and tint meet requirements. In some cases, manufacturers will cut
a portion of a bottle or mold a flat plaque of the same material/color to
measure in reflectance, because curved bottles can be harder to measure
directly (this will be discussed under Challenges). Additionally, handheld
portable spectrophotometers are used on the factory floor for quick spot
checks on large items or when bringing samples to a lab is impractical. Portable
instruments allow an operator to walk up to a pallet of bottles in the warehouse
and verify color on a few samples, for example.

Color Matching and Formulation: During product development and color
formulation, spectrophotometers are invaluable. In a lab setting, trial color
plaques or prototype bottles are measured to compare against the target color
values. Formulation software (often included with the spectrophotometer) can
suggest recipe adjustments to correct any AE differences. This iterative process
continues until the color is within a small tolerance of the standard. For
example, if a new cosmetic bottle is supposed to match a Pantone® shade, the
color lab will blend pigments/dyes with the base plastic, mold sample chips or
mini-bottles, and measure L*, a*, b*. If the a* is too high (too red), they might
reduce a red pigment or add a complementary colorant; the instrument
quantifies the effect of each tweak. By using numerical feedback, color
matching becomes faster and more precise than relying on subjective eye

comparisons. This ensures that when the formula is scaled up to production, the
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first article is already very close to the desired color, needing minimal
adjustment.

Use of Recycled Materials and Compounding: With increasing use of recycled
plastic (PCR resin, regrind) in bottles, color control is critical because recycled
material can introduce variability (slight gray or yellow tints, impurities). As
mentioned, manufacturers blend recycled and virgin materials and use color
measurements to ensure the final mix still meets color specs. They may adjust
the mix ratio or add compensating tints if needed. Color QC of batches with
recycled content helps achieve sustainability goals (using more recycled resin)
without sacrificing the visual quality of the bottle. For instance, if measurements
show that adding 30% rPET causes a measurable increase in haze or a Ab* of
+1 (slightly more yellow), the producer might decide to include an optical
clarifier or limit recycled content to a level that keeps the color within tolerance.
Over time, tracking the color and haze of bottles with various recycled lots also
feeds back into procurement - if one source of recycled pellets consistently
yields unacceptable color, another source might be preferred. Compounding
facilities that produce colored resins for bottle manufacturers use
spectrophotometers to QC their pellets, as noted earlier, ensuring each batch
of color concentrate or compounded resin will produce bottles of the correct
hue.

Secondary Operations (Coatings, Printing): Although the focus is on the bottle
material itself, it's worth noting that color measurement principles also apply to
any post-mold decorations. Some plastic bottles or caps are painted, varnished,
or have screen-printed labels. Spectrophotometers (especially 45/0 geometry
or spherical instruments in reflectance) are used to check that these coatings or
prints meet color targets and do not adversely affect the overall appearance.
For example, if a cosmetic bottle is molded in white plastic and then spray-

coated with a pearlescent pink finish, the final color can be measured to ensure
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it matches the intended Pantone shade. Likewise, if a logo is printed on a
bottle, a color imaging spectrophotometer can verify the logo color is correct.
While these are beyond the base plastic’s color, they are part of the total
package appearance that might be audited for consistency.

o Quality Documentation and Communication: At all stages, color measurements
are typically logged in a database or QC software (such as HunterlLab's
EasyMatch QC). This yields color QC reports for each production lot, showing
the measured color values (L*, a*, b*, etc.) and whether they pass within the
defined tolerance. Such data is critical internally for maintaining standards over
time and is often shared with customers or auditors. Many supply agreements
for plastic packaging require a certificate of analysis including color data for
each batch, demonstrating that the parts meet the agreed color spec (often
defined by a master sample or a CIELAB target and AE tolerance). In global
supply chains, consistent color measurement programs ensure that a bottle
produced in different factories or countries will match, since all sites measure to
the same standards and can directly compare CIELAB values. The traceability of
color measurements (with instruments calibrated to standards traceable to NIST
or other national labs) also gives confidence in data during customer-supplier
disputes; for instance, if a client claims a batch of bottles is off-color, the
manufacturer can refer to spectrophotometer readings showing the batch was
within spec, and both parties can agree on objective numbers rather than

subjective impressions.

In short, spectrophotometric color control is implemented from start to finish in plastic
bottle manufacturing. This end-to-end monitoring not only preserves aesthetic
consistency but also flags functional or material issues at each step, ensuring that by
the time the product reaches the consumer, it both looks correct and has been

processed correctly.
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Challenges: Visual vs. Instrumental Assessment,
Curved/Translucent Surfaces, and Sample Presentation

Implementing color measurement in practice comes with several challenges, both

human and technical:

14

Visual vs. Instrumental Methods: One fundamental challenge is overcoming
reliance on visual inspection. Historically, many bottle manufacturers relied on
trained inspectors to compare plastic samples to color standards by eye.
However, human vision is subjective and prone to inconsistency. Different
observers may perceive color slightly differently (due to individual eyesight or
color vision deficiencies), and ambient lighting conditions dramatically affect
perceived color. A bottle that looks acceptable under factory fluorescent lights
might appear off-hue in daylight - a phenomenon known as metamerism,
where two samples match under one light source but not another. Moreover,
the human eye cannot reliably detect very small color differences; a AE of 1.0 or
below is usually imperceptible to an untrained observer. Instruments can easily
quantify differences much smaller than that. Convincing stakeholders to trust

|H

instrument readings over “gut feel” can be an initial hurdle. The solution is
training and correlation - e.g. showing how a spectrophotometer catches a
slight yellowing that an inspector missed, or how instrument data correlates
with customer feedback. Over time, objective data wins confidence, especially
as it can predict visual issues before they are obvious. Still, gaining acceptance
that numbers (L*, a*, b*, AE) are better quality metric's than a person’s eyes
requires cultural change and management support in some organizations.
Measuring Curved and Translucent Bottles: Plastic bottles often have curved
surfaces and varying wall thickness, which pose challenges for color

measurement. Spectrophotometers are typically designed to measure flat

samples placed flush against an aperture. If one tries to measure a full curved
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bottle, several issues arise: (1) The curvature means the sample is not uniformly
illuminated or viewed by the instrument geometry, potentially causing errors or
non-repeatability; (2) If using transmission (for a transparent bottle), the light
passes through two layers of plastic (front and back of the bottle), effecting path
length and possibly creating a different color reading than a single wall would.
Any variability in wall thickness or bottle shape can further distort the reading.
Standards recommend using flat sample cut-outs of uniform thickness for
accurate measurement. In practice, the preferred method is to cut a section of
the bottle wall (at least a few inches square, avoiding any embossed areas or
gates) and use that flat piece for the measurement. This eliminates curvature
and gives a single thickness of material. The cut piece is placed against a white
backing (for reflectance measurements of opaque/translucent samples) or in a
transmission chamber for transparent samples. Using cut-outs provides far
more repeatable and representative color data. The downside is it's destructive
(sacrificing a bottle), but the improvement in accuracy is usually worth it. Only
when time or other factors prohibit cutting might one attempt to measure the
whole bottle, typically by using a large-area sphere instrument and averaging
multiple readings at different orientations. Even then, special fixtures (like a
clamp or shelf to hold the bottle at the measurement port consistently) are
needed, and results may be less reproducible than flat samples.

Transmission vs. Reflectance for Translucent Materials: Transparent and
translucent bottles require careful consideration of measurement mode. Fully
transparent bottles (through which text can be read) should be measured in
transmission mode only, to directly gauge how they tint or diminish light
passing through. Highly opaque bottles are measured in reflectance mode. The
tricky middle ground is translucent bottles - those that let light through diffusely
(you can see a glow of light through them but not clear details). Translucent

samples can often be measured in either mode, the choice may depend on
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which correlates better with visual perception. One rule of thumb: if you can see
slight details of your finger through the plastic, a transmission measurement is
preferred; if you cannot see any details (just light), a reflectance measurement
(with a white backing) might be sufficient. Integrating-sphere
spectrophotometers in transmission (d/0° geometry) are ideal for
transparent/translucent samples because they capture all scattered light. If
using reflectance on a translucent bottle, one typically places a white standard
behind the sample to simulate an opaque backing, but this measures the color
in a partially reflective mode, not true transmission color. Both methods can
yield different numbers, so it's important to decide based on what property is
more critical: looking through the bottle (transmission haze/tint) vs. looking at
the bottle (surface color). Often, haze is a major factor for translucent bottles
(e.g. a frosted look), which again favors a transmission sphere measurement
that can report % haze (per ASTM D1003). The challenge for QC teams is to
standardize a method - many companies will specify something like “measure
translucent bottles in transmission with a 2 mm path cell” or alternatively
“measure with the sphere in reflectance over white” and stick to one method so
that data is consistent batch to batch. Clear communication of the chosen
method (and backing, if any) is important for meaningful color specs on
translucent items.

Surface Finish and Geometry Effects for Opaque Samples: Opaque bottles (or
colored caps) are generally measured in reflectance, but the instrument
geometry can affect results. As noted, 45°/0° geometry instruments view the
sample at 0° (perpendicular) with illumination at 45° (from a ring or multiple
directions). 0°/45° geometry illuminates and views the sample inversely. These
geometries capture color the way our eyes perceive it and excludes specular
reflection (glare). It is often recommended by standards for color quality control

of solid colors. However, if a sample has significant texture or gloss variation, a
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single measurement spot might not be representative of the overall
appearance. In those cases, multiple readings at different locations or rotations
on the part should be averaged to get a true average color. Some instruments
(like the HunterLab Agera) use circumferential viewing to inherently average
around the sample, which helps reduce sensitivity to directionality. On the other
hand, integrating sphere (diffuse d/8°) geometry illuminates the sample
diffusely and collects reflected light at 8° from normal. This geometry by default
includes the specular component (SCI mode), unless a gloss trap is employed
to exclude it (SCE). Sphere instruments are more forgiving with textured or non-
uniform surfaces because the diffuse illumination averages out surface effects.
They are also versatile enough to measure both reflectance and transmission in
one device. The challenge is that sphere measurements may not correlate
exactly with how the eye sees color on high-gloss samples - a sphere (SCI
mode) might say two samples are color-matched when one looks darker due to
lower gloss. Using SCE mode or a 45/0 (or 0/45) device would catch that
difference. Choosing the right geometry for the application is critical: color-
critical visual match applications (e.g. cosmetic caps that must look identical to
the eye) often prefer 45/0°, whereas multi-purpose applications or those
requiring haze measurements may prefer sphere. Using the "wrong” geometry
can yield misleading conclusions - e.g. measuring a glossy bottle cap on a
sphere in SCI mode might show it within AE tolerance, but to the eye it looks off
because of a gloss difference that a 45/0 or 0/45 method would have detected.
Thus, part of the challenge is setting proper procedures: defining whether color
tolerances are based on including or excluding gloss and educating the team
that instrument geometry matters.

Sample Presentation and Preparation: To obtain repeatable results, consistent
sample presentation is necessary. This includes using the same backing, sample

thickness, and positioning for each measurement. For example, pellets should
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be measured in a sample cup that is filled to avoid seeing any background (and
shaken to randomize orientation). Powder must be loosely packed and leveled
for consistency. Liquid colorants might be measured in transmission cells of
defined path length (avoiding bubbles).

Instrument Standardization is another aspect: spectrophotometers need regular
standardization with reference white and black standards (usually daily or every
shift). These reference tiles must be kept clean and handled properly; any dirt
or scratches can throw off measurements. The lab environment (temperature,
humidity, and even ambient light if the instrument is open) can also affect
readings, so instruments are often placed in a controlled area. Ensuring all
these little details (from cutting identical sample pieces to calibrating on
schedule) is part of the discipline of color measurement. In a busy production
setting, establishing clear SOPs for sample preparation and instrument care is
essential to overcome these practical challenges and achieve reliable,

reproducible color data.

Global Color Measurement Methods and Regulatory
Standards

Achieving consistent color measurement across different facilities and satisfying

customer or regulatory requirements necessitates adherence to global standards and

methods. Several key standards and guidelines apply to color measurement in

plastics:
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International Color Measurement Standards (ASTM, ISO, CIE): Organizations
like ASTM (American Society for Testing and Materials), ISO (International
Organization for Standardization), and CIE (International Commission on
lllumination) have published standard practices for spectrophotometric color
measurement. These ensure that instruments and procedures are consistent

worldwide. For example, ASTM E1164 (and its equivalents ISO 7724-2 and
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portions of CIE Publication 1I5) specifies standard practices for obtaining
reflectance spectra and the geometries to use. It ensures, for instance, that if
one lab measures color per ASTM E1164, they are using either a 45/0 or d/8
instrument that meets certain illumination/viewing conditions. ASTM E308 (and
ISO 11664-4) then defines how to convert a spectrum into tristimulus values
(XYZ) and standard color values like CIELAB. Following E308 ensures that
everyone uses the same color equations and illuminant/observer combinations,
so that CIELAB values computed in different software will match. ASTM D2244
(and ISO 7724-3 /1SO 11664-6) outlines how to calculate color differences (AE)
between a sample and a standard. It describes formulas for AE and tolerancing
that are commonly used in QC - for instance, saying a batch “failed AE > 2.0 per
ASTM D2244" has a specific meaning. By using such standards, a plastic bottle
producer in one country can communicate color results to a client elsewhere
with confidence that they're speaking the same language (L*, a*, b*, AE all
computed the same way). Other relevant standards include ASTM E313 for
Yellowness Index (YI) and Whiteness Index, which is often used for clear plastics
or resins. For example, a spec might say "Yl < 2.0 per ASTM E313" to ensure a
clear bottle has minimal yellow tint. In summary, these ASTM/ISO/CIE standards
provide the foundation for color measurement, and modern
spectrophotometers typically come with software that conforms to them (so the
user can select "ASTM E308” computation, etc.). Plastics companies integrate
these into their SOPs so that all color data is traceable to accepted methods.
Haze Standards: For transparent materials, haze is as important as color. The
global standard for measuring haze in transparent plastics is ASTM D1003,
“Standard Test Method for Haze and Luminous Transmittance of Transparent
Plastics.” This standard (and ISO 14782, its international equivalent) defines how
to measure total light transmission and % haze using either a dedicated haze

meter or a spectrophotometer with an integrating sphere. There are two
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procedures in ASTM D1003: Procedure A uses a haze meter instrument;
Procedure B uses a spectrophotometer with an integrating sphere. Many
modern sphere spectrophotometers (like HunterLab's Vista and UltraScan) are
designed to comply with D1003 Procedure B so they can report haze values in
line with the standard. In the context of bottles, a requirement might be written
as "haze < 5% per ASTM D1003 Procedure B for a clear bottle - meaning when
measured with the appropriate geometry, the haze value should be under 5%.
Instruments that meet this standard allow manufacturers to certify that their
bottles meet clarity specs without needing a separate haze meter. ISO 13468 is
related, dealing with luminous transmittance. In practice, ASTM D1003 and the
ISO haze standards produce comparable results, so companies will often adopt
whichever is prevalent in their region (ASTM in the U.S., ISO in Europe).
Industry-Specific Standards and Regulations: Beyond the general ASTM/ISO
methods, certain industries and governing bodies impose additional standards
on color and appearance. In the food and drug sector, regulatory bodies like
the FDA (U.S. Food & Drug Administration) and standards like the USP (U.S.
Pharmacopeia) have requirements related to color. The FDA regulates color
additives in packaging: only certain pigments are approved for use in food-
contact plastics (under FDA's food additive regulations) and similarly for
pharmaceutical packaging. While the color of the packaging itself might not be
directly limited (except that it should not impart color to the contents), using a
non-approved pigment could render packaging non-compliant. USP standards
may require tests like clarity or solution color for parenteral solutions in plastic
containers, which indirectly involve measuring color of liquids in the bottle to
ensure they're essentially colorless. The European Union has its own regulations
(e.g. EU Plastics Regulation 10/2011) that list substances including colorants
allowed in food-contact plastics. The EU also may implicitly require that no

unintended discoloration occurs (since that could signal contamination or
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degradation). In automotive plastics, automakers often have internal color
standards for parts - for example, a car manufacturer might specify a AE
tolerance under illuminant D65 and under illuminant A to ensure a part doesn't
have metamerism issues (color matching in multiple lighting conditions). These
are often based on ASTM/ISO methods but tightened to their use-case. Medical
device plastics sometimes have standards like ISO 10993 for biocompatibility
where color change after aging (say, after sterilization or accelerated aging) is
monitored as part of device stability, since a significant color change could
indicate material degradation. A specific example in pharma: USP <671> sets
standards for light transmission of pharmacy bottles - an amber bottle must
allow only a small percentage of UV light through; manufacturers measure the
transmittance spectrum of their bottles to ensure compliance (which is
essentially a color measurement at specific wavelengths). All these industry-
specific requirements mean that color measurement isn't just a cosmetic
exercise but is sometimes directly tied to safety and efficacy of products.
Corporate and Brand Color Standards: Many large companies have their own
detailed color quality manuals and tolerances for packaging. For instance,
Coca-Cola famously defines precise L*, a*, b* values and allowable AE for their
PET bottle green tint and other brand colors at each bottling plant. These
internal standards ensure that a Coke bottle's red or a Sprite bottle’s green is
the same around the world, providing brand consistency. Another example is
LEGO®, which has extremely strict color tolerances for their ABS plastic bricks -
they use spectrophotometers to ensure a red brick produced today matches
one from decades ago. These brand standards usually reference the same
ASTM/ISO techniques (so that measurements are standardized), but the
tolerances are customized to the brand'’s needs. They demonstrate that in
supply agreements, a plastics manufacturer might be given a target color value

and told to maintain AE < 1.0 against that target, measured per ASTM
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guidelines. Compliance then requires using the right instrument geometry,
calibration, and method as specified - if a spec says “color to be measured per
ASTM Dxyz", the lab must have the appropriate setup and follow the procedure

to the letter.

In all cases, adhering to these standard methods and regulations ensures that color
measurements are reliable and accepted. It means that a color measured in one lab
will agree with the same color measured elsewhere, if both follow the same standards
- crucial when a supplier and customer need to reconcile results. It also provides
traceability: instrument calibration tiles are traceable to national standards (like NIST),
and procedures are documented, which is important for ISO 9001 quality systems and
audits. By integrating ASTM/ISO methods into their SOPs and using instruments that
support those methods, plastic bottle manufacturers not only comply with regulatory
and customer requirements but also gain confidence that their color control program

aligns with international best practices.

Recommended HunterLab Solutions and Why

Selecting the right spectrophotometer for color measurement depends on the types
of bottles being produced (opaque vs. transparent) and the specific quality control
needs. HunterlLab - a leader in color measurement instrumentation - offers several
solutions suited to different applications in plastic bottle manufacturing. The following

are recommended solutions for various bottle types, along with the rationale for each:

» Use Flat Cut-Outs, Not Full Bottles: Before discussing instruments, an important best
practice is sample preparation. When measuring bottle color, accuracy is greatly
improved by using flat sections of the bottle wall (cut-outs) rather than measuring the
entire curved bottle. Curvature and the double-layer effect of a whole bottle can

distort color readings, especially in transmission. By cutting a flat plaque from the
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bottle (or molding a flat sample of the same material), you ensure a uniform, single-

thickness sample that the instrument can measure repeatably. All the instruments

below can measure such flat samples easily (using a sample clamp or transmission

chamber). If whole bottles must be measured, results may be less reliable; however,

instruments with large sphere geometries can accommodate them in a pinch.

Nonetheless, using flat cut-out specimens is strongly recommended for precise color

QC of bottles.
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Agera™ L2 - 0°/45° Benchtop Spectrophotometer for Opaque Bottles: The
HunterLab Agera L2 is a state-of-the-art benchtop spectrophotometer
optimized for opaque plastics and surface appearance measurements. It
operates with a 0°/45° circumferential geometry (often written as 0°/45°c
Circumferential).The Agera illuminates the sample at 0° and views at 45°
through a full 360° ring, effectively capturing true surface color while excluding
specular glare. This makes it highly sensitive to color differences that a person
would see, even on glossy or textured bottle surfaces. Uniquely, the Agera L2
also has an integrated 60° gloss meter and a high-resolution imaging camera
built in. In one measurement, you can get both the color (L*, a*, b*, AE) and the
gloss value of a sample, and the camera shows you the measurement spot
(helpful to ensure you're not inadvertently measuring a blemish or logo). This is
especially useful for opaque bottles or caps where appearance is a combination
of color and gloss. For example, a pharmaceutical bottle cap might need to be
a specific blue (color) and have a certain sheen - Agera can check both at once.
Technically, the Agera uses an array of LEDs covering the visible range (360-
700 nm including near-UV) as its light source. This gives excellent stability and
allows detection of optical brighteners or UV absorbers in materials. The broad
spectrum LED and precise optics provide excellent repeatability and inter-

instrument agreement (so two Agera instruments will read very closely).
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Use cases: Agera L2 is ideal for any opague or only slightly translucent plastic
parts where precise color matching is required. In bottle manufacturing, this
includes colored HDPE or PP bottles (like an opaque shampoo bottle or a dairy
bottle), colored bottle caps and closures, or opaque pharmaceutical bottles. It's
especially valuable when appearance needs controlling alongside color - e.g. a
cosmetic bottle where both color and gloss must meet spec to satisfy aesthetic
criteria. By using 0/45 geometry, manufacturers ensure that if the instrument
says a color is in tolerance, it will look in tolerance to the human eye as well. The
integrated gloss means you catch issues where maybe the color is right, but the
surface is too shiny/matte. In summary, the Agera L2 provides a comprehensive
solution for opaque to translucent bottle color, delivering visual correlation and

surface finish measurement in one convenient unit.

UltraScan® VIS - Universal Integrating Sphere Spectrophotometer (Opaque to
Transparent): The UltraScan VIS is a high-performance lab spectrophotometer
with a 6-inch integrating sphere, designed as an all-in-one “workhorse” for color
measurement of virtually any sample type. It operates in diffuse/8° (d/8) sphere
geometry and can measure in multiple modes: reflectance (with specular
included or excluded) and total transmission and haze for transparent materials.
Essentially, UltraScan VIS covers opaque, translucent, and transparent samples
in one instrument. This makes it ideal for bottle manufacturers who handle a
range of products - for example, a plant that makes both opaque HDPE jugs
and clear PET bottles could use UltraScan VIS for both. It has high accuracy with
10 nm spectral resolution and excellent inter-instrument agreement, meaning it
provides reference-grade data suitable for tight tolerances and color
formulation work. Notably, UltraScan VIS includes a large transmission
compartment capable of accommodating large samples. The instrument covers
the near-UV through visible range (360 nm to 780 nm), which allows it to

capture phenomena like fluorescence from brighteners.
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Use cases: UltraScan VIS is recommended when a lab deals with many types of
samples or needs to comply with various standards. For example, a bottle
company'’s central lab might use UltraScan VIS to certify color on everything
from opaque to transparent preforms and bottles, to bottle caps (reflectance
with specular excluded) to clear films (transmission and haze). Instead of
needing separate instruments for color and haze, UltraScan VIS can do it all,
including measuring haze to ASTM D1003 and yellowness index to ASTM E313,
etc., with proper configurations. Many customers use UltraScan VIS as their
primary color standard instrument - they might have portable units on the
production floor for quick checks but use the UltraScan in the lab to measure
the master standards and for final quality reports. It's often referred to as a
“workhorse” or “reference” instrument in color labs, given its versatility and
precision. For bottle makers, UltraScan VIS offers unmatched flexibility: if you
produce a mix of opaque colored bottles, translucent colored bottles, and clear
bottles, this one instrument can handle all the necessary measurements (color
in reflectance and transmittance, and haze). It is also a top choice if you need to
strictly adhere to multiple standards - e.g. measuring color per ASTM E1164,
haze per ASTM D1003, and checking AE per D2244, all with one device. In
short, UltraScan VIS is the universal solution that ensures you have no gaps in

measurement capability.

Vista™ - Transmission Color & Haze Spectrophotometer for
Transparent/Translucent Preforms and Bottles: The HunterLab Vista is a compact
benchtop spectrophotometer dedicated to measuring transmitted color and
haze in transparent and translucent materials. It uses an integrating sphere in
transmission (diffuse d/0° geometry) and is designed to comply with ASTM
D1003 Procedure B for haze measurement. In one measurement, Vista can
report the full CIE color values (L*, a*, b* and more) and the % haze of a

transparent sample. This simultaneous measurement is a huge advantage for
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bottle producers focused on clarity, such as PET beverage bottles or
transparent cosmetic bottles. For example, a clear PET bottle wall sample
placed in the Vista might yield L* = 92, a* = +0.2, b* = +1.5 (indicating a very
slight warm tint) along with 15% haze, all in one test. A QC technician can
immediately judge if both the color and Haze are within spec for that bottle.
Vista is engineered to accommodate various sample formats: one can insert
strips of film, flat plaques cut from bottles, whole preforms and even cuvettes of
liquids into its transmission chamber. This versatility means a transparent bottle
producer could use Vista to measure not only the bottles but also perform
checks like measuring the color of the liquid product (if needed) or the preform.
The instrument covers the visible spectrum (400-700 nm) at high resolution,
which is sufficient for color and haze (it doesn’t measure into UV like the
UltraScan). The interface is user-friendly with a touchscreen, facilitating quick

testing on the production floor.

Use cases: Vista is ideal for manufacturers whose primary concern is transparent
or translucent preform and bottle quality - for instance, a water bottling
company ensuring its PET bottles are colorless and clear, or a cosmetics
company checking the haze of frosted PET bottles. It's also useful for anyone
who needs to measure haze to ASTM standards routinely, such as producers of
clear polymer bottles, films, or lenses, because it eliminates the need for a
separate haze meter instrument. Since Vista cannot measure opaque samples
(it has no reflectance mode), it is recommended only for those working mostly
with see-through materials. In summary, Vista provides a fast, integrated way to
measure color and Haze in one step for transparent/translucent bottles, greatly

streamlining QC for those applications.

In choosing between these instruments, consider your product range and quality

priorities. For solely opaque products, the Agera L2 offers superb visual correlation
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and gloss measurement (appearance control). For a mix of product types or highest
precision needs, the UltraScan VIS covers all bases as a lab reference. For exclusively
transparent products where haze is key, Vista is a targeted solution that maximizes
efficiency. All three instruments support the practice of using flat samples and come
with software to report standard color indices (CIELAB, AE, YI, etc.) and pass/fail
against stored standards, making them suitable to enforce compliance with the

methods discussed in the previous section.

Table: Features and FABS of Recommended Solutions

To summarize the key Features, Advantages, Benefits, and Specifications (FABS) of the
three recommended HunterLab instruments discussed in Section 8, the table below
highlights their capabilities in the context of plastic bottle color measurement:

Instrument Vista™ Agera™ L2 (0°/45° UltraScan® VIS
(Transmission Color Reflectance) (Reflectance/Transmission
& Haze) Color & Haze)

Features - Transmission -0°/45° - Large 6" integrating
spectrophotometer circumferential sphere (diffuse/8°
with integrating illumination/viewing  geometry) with specular
sphere (d/0° geometry inclusion/exclusion control
geometry) and built- - Integrated 60° gloss - Measures both reflectance
in haze sensor and live and total transmission
measurement imaging camera for  (includes haze
- Full visible sample view measurement capability)

spectrum coverage
(400-700 nm) for
color analysis

Advantages - Two measurements - Eye-relevant color: - All-in-one versatility: One
in one: Captures 45/0 geometry reads instrument handles opaque,
color and haze color the way the eye translucent, and transparent

simultaneously ina  perceives it, excluding samples - reflects and
single pass, saving  glare - ideal for QC of transmits - consolidating
time and ensuring  opaque bottlesasit  lab needs into a single

both parameters detects color device.

correspond to the  differences visible to - Reference-grade accuracy:
same sample area. consumers. High spectral resolution

- Optimized for - Gloss control: (10 nm) and large sphere
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Instrument Vista™

Benefits

Key Specs

28

(Transmission Color
& Haze)

clarity: Specifically
designed to quantify
Haze and turbidity
per ASTM D1003
Procedure B, making
it easy to ensure
bottles meet specs
without separate
equipment.

- Efficiency in QC:
Ensures color and
clarity specs are met
in one step,
accelerating quality
checks for clear
bottles, preforms, or
films (no need to run
separate color then
haze tests).

- Comprehensive
clarity control: Can
immediately flag if a
batch of bottles has
developed haze or
off-color tint, helping
maintain product
attractiveness (e.g.
water bottles remain
crystal clear).

- Geometry: Diffuse
d/0° transmission

Agera™ L2 (0°/45°
Reflectance)

Simultaneous 60°
gloss measurement
and image of the
measurement spot
allow appearance
control (color + gloss)
and confirm proper
sample positioning
(no unintended
blemishes measured).

- Accurate visual
matching: Achieve
precise color matches
on opaque parts
(accounts for surface
finish), meaning fewer
customer rejections
for color mismatch -
the bottles will look
right to end-users.

- Streamlined
appearance QA:
Controls overall
appearance in one
measurement (both
color and gloss),
improving efficiency
and ensuring that
glossy vs matte
differences are caught
alongside color, which
is particularly
important for
premium cosmetic
packaging where
finish consistency is
crucial.

- Geometry:

UltraScan® VIS
(Reflectance/Transmission
Color & Haze)

provide precise, averaged
measurements with
excellent inter-instrument
agreement, suitable for
tight tolerances and
standards compliance.

- Lab space & calibration
savings: Replaces the need
for multiple instruments
(one device for solids,
liquids, and haze), saving
bench space and reducing
maintenance/calibration
workload (one system to
standardize).

- Standards compliance &
confidence: Meets a wide
range of standard test
methods in a single
platform (e.g. ASTM D1003
for haze, ASTM E1164 for
color, ASTM E313 for YI),
giving confidence in
passing audits and ensuring
data is accepted by global
customers.

- Geometry: Diffuse/8°
integrating sphere (6"
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Instrument Vista™ Agera™ L2 (0°/45° UltraScan® VIS

(Transmission Color Reflectance) (Reflectance/Transmission
& Haze) Color & Haze)

sphere (ASTM 0% illumination / 45°  diameter) with automated
D1003 compliant).  viewing for uniformity. specular include/exclude
- Spectral Range: - lllumination Source: (SCI/SCE).

400-700 nm (Visible Full-spectrum LED - Spectral Range: 360-
spectrum). array (360-700 nm) 780 nm (UV-Visible).

- Outputs: with UV control Resolution: 10 nm (dual-
Simultaneously (stable, long-life light). beam optics for low noise).
measures color - Extras: Built-in 60° - Measurement Modes:
values (L*, a*, b*, gloss meter; high-res Reflectance (SCI & SCE),
etc.), % camera for viewing Total Transmission, and
Transmission, and % sample spot. Haze (built-in haze

Haze (per ASTM - |deal Sample Types: measurement per ASTM
definition). Opaque or matte D1003).

- Ideal Sample plastics (colored - Ideal Sample Types: All
Types: Transparent HDPE/PP bottles, plastics - from opaque
and translucent caps, preform chips, masterbatch pellets to clear
plastics (e.g. PET etc. where surface bottles to translucent films
bottles, appearance matters). (atrue universal color QC
polycarbonate instrument).

sheets, clear films).

Table 1: Comparison of HunterLab Vista, Agera L2, and UltraScan VIS
spectrophotometers in terms of Features, Advantages, Benefits, and key Specifications
(FABS) for plastic bottle color measurement applications.

Hypothetical Case Studies

Case Study 1 — Opaque Detergent Bottles: Visual and Gloss Consistency with Agera
L2

A global household products manufacturer produces a wide range of opaque HDPE
detergent bottles in various brand colors—deep blues, bright greens, and neutral
whites—each designed to convey brand identity and shelf appeal. The company
operates multiple high-speed extrusion blow-molding lines supplying both domestic
and private-label packaging.
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Problem: Despite tight formulation control, the company experienced subtle yet
frequent visual mismatches between production lots. Under store lighting, some
batches appeared duller or more matte, while others looked slightly glossier even
though the color data from older instruments indicated they were “in spec.” Customer
audits revealed that even small differences in gloss affected brand perception, with
some bottles perceived as “flat” or "faded.” The existing reflectance-only
measurements failed to account for combined effects of color and surface finish, and

QC teams lacked quantitative correlation to human visual impressions.

Solution: The company implemented the HunterLab Agera L2, a 0°/45°
circumferential geometry spectrophotometer equipped with an integrated 60° gloss
meter and high-resolution sample-viewing camera. QC procedures were updated to
test flat wall cut-outs from molded bottles rather than curved surfaces, ensuring
accurate and repeatable reflectance readings. Each color masterbatch was defined by
L*, a*, b*, AE*, and gloss unit targets, stored in EasyMatch Essentials software.
Operators measured samples every 30 minutes during production and used real-time

AE* and gloss trend charts to verify compliance.

Positive Outcomes: Within the first three months, the manufacturer achieved near
elimination of color-related customer complaints and reduced rework by 75%.
Consistent correlation between measured gloss and perceived brightness enabled
more reliable appearance control. Operators became adept at detecting early
pigment-feed drift or mold texture wear before visual differences appeared,
preventing off-tone batches. The company adopted the Agera L2 data for supplier
specifications and brand quality reports, positioning instrumental measurement as the

visual standard reference across its global packaging operations.

Case Study 2 — Transparent PET Bottles: Color and Haze Optimization with Vista
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A major beverage-packaging suppllier manufactures clear and tinted PET bottles and
preforms for water, soft drinks, and functional beverages. Their production involves
high throughput and frequent material changes, including partial incorporation of
recycled PET (rPET). Maintaining color clarity and low haze is critical to ensure product

visibility and consumer trust in purity.

Problem: As the company increased its recycled content, slight variations in preform
tint and bottle haze began to appear. Visual inspection was inconsistent—some QA
inspectors flagged bottles as “too yellow” or "hazy,” while others found them
acceptable. The lack of objective, simultaneous color and haze data made it difficult to
correlate changes to specific resin batches or process parameters. Customers began

demanding quantitative haze and clarity reports to verify product quality.

Solution: The company adopted the HunterlLab Vista, a transmission
spectrophotometer with integrated haze measurement designed to meet ASTM
D1003 Procedure B. Flat wall cut-outs from blown bottles and uncut preforms were
analyzed for L*, a*, b*, Yellowness Index, and % Haze in one measurement. Data was
automatically logged through EasyMatch Essentials software, allowing the QA team to
compare recycled vs. virgin resin batches and correlate Yl/haze changes with process
adjustments. Vista's diffuse d/0° transmission geometry ensured accurate
measurement of both transparent and slightly translucent samples without optical

distortion.

Positive Outcomes: Quantitative measurement replaced subjective inspection,
reducing operator disagreement and improving lot release time by 40%. The
company established baseline Yl < 2.5 and Haze < 1.0 % for all bottles, enabling
immediate feedback during line start-ups. By tracking haze and Yl trends, engineers
optimized drying temperatures and colorant compensation for higher rPET usage,

achieving up to 30% PCR incorporation without visible clarity loss. Vista's rapid one-
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step measurement saved lab time, and the data provided verifiable evidence of clarity

compliance for brand and regulatory audits.

Case Study 3 — Multi-Product Bottle Producer: Universal Color Management with
UltraScan VIS

A diversified plastics manufacturer supplies bottles for food, beverage, personal care,
and pharmaceutical customers. Their portfolio ranges from opaque HDPE and PP
bottles to translucent colored PET and clear cosmetic containers. The company
operates multiple plants worldwide, each previously using different measurement

systems, resulting in inconsistent color control and data correlation across facilities.

Problem: The lack of a unified color measurement platform caused discrepancies in
color data between sites—AE tolerances met in one lab failed in another. Instruments
with different geometries and calibration routines made global quality reporting
unreliable. Additionally, QA teams needed a single instrument capable of measuring
both opaque and transparent materials, including haze, without switching devices or

methods.

Solution: The company standardized on the HunterLab UltraScan VIS, a 6-inch
integrating-sphere spectrophotometer with reflectance, total transmission, and haze
capability. The UltraScan VIS enabled all plants to measure opaque, translucent, and
transparent samples using a single instrument platform. Flat cut-outs from bottles
were measured in reflectance (SCE) for opaque materials and in transmission for clear
PET. EasyMatch QC software centralized global color databases, applying ASTM
E1164 and D1003 standards for cross-site uniformity. Regular inter-instrument

agreement checks ensured data traceability across the organization.

Positive Outcomes: Color tolerances were harmonized globally, eliminating cross-

plant variation in reported values. QA teams reduced instrument redundancy by 50%
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and improved throughput by consolidating color and haze testing in one workflow.
The UltraScan VIS's high precision allowed engineers to detect subtle polymer or
additive shifts that previously went unnoticed, preventing specification drift. Most
importantly, the unified platform enabled consistent, reference-grade color data for all
product types—opaque detergent bottles, translucent vitamin containers, and crystal-
clear PET beverage bottles—establishing a true global color standard within the

organization.
Conclusion

Color measurement in plastic bottle manufacturing is far more than an aesthetic check
- it is a scientific, data-driven practice that underpins quality, consistency, and
compliance across the household, beverage, cosmetic, and pharmaceutical industries.
By treating color as a critical quality attribute and employing modern
spectrophotometric instruments, manufacturers can ensure that every bottle not only
meets the brand’s visual standards but also serves as an indicator of proper material
and process conditions. We have seen how precise color control yields tangible
benefits: it safeguards brand identity (every bottle on the shelf matches the expected
color), reduces waste and rework (off-color batches are caught and corrected early),
and provides assurance of regulatory compliance (through documented conformity to

color and appearance specifications).

Implementing an effective color quality program involves understanding the
challenges - from the limitations of human vision to the technical hurdles of measuring
curved, translucent objects - and overcoming them with best practices such as using
flat sample cut-outs, choosing appropriate measurement geometry, and adhering to
standardized methods. It also involves selecting the right tools. Whether it's a
specialized instrument for transparent bottle haze or a versatile sphere

spectrophotometer for all sample types, the technology should align with the product
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requirements and industry standards. HunterLab's solutions like the Vista, Agera L2,
and UltraScan VIS exemplify how instruments can be matched to needs (transparent
vs. opaque) without compromising accuracy or ease of use. These and similar
instruments in the market have advanced features that eliminate the need for separate
devices (integrating color, gloss, haze measurements), reflecting an overall trend

towards more integrated and efficient color QA systems.

Global standards (ASTM, ISO, CIE) and regulations (FDA, EU, USP, etc.) form the
framework that guides how color is measured and judged. A robust color
measurement program in a manufacturing setting will incorporate those standards -
ensuring that data from one lab can be confidently compared with data from another,
and that the numbers correspond to real visual and functional criteria. By following
such standards and using calibrated, high-quality instruments, manufacturers achieve
traceability and consistency that are recognized across the supply chain. This not only
helps with passing audits or meeting client specs but fosters a culture of quality where

decisions are driven by objective data.

In conclusion, color quality control in plastic bottle manufacturing is an essential part
of modern production, merging scientific precision with practical quality management.
It enables companies to hit aesthetic targets and maintain uniform appearance, which
in turn influences consumer perception and brand trust. It also serves as an early-
warning system for material or process deviations, thus indirectly ensuring the integrity
of the bottles (since many process issues that affect color could affect other properties
too). As sustainability initiatives introduce new variables (like recycled content) and as
product lines diversify, the role of accurate color measurement becomes even more
critical - providing the means to innovate without losing control over quality. By
investing in the right technologies and adhering to best practices, manufacturers can
confidently produce bottles that look right, perform right, and meet all requirements

batch after batch. In the competitive markets of beverages, cosmetics, and
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pharmaceuticals, this level of color control is not just preferable - it is increasingly
expected, and it is a hallmark of an operation that is scientifically and standards-driven

for excellence.
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