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Enhancing Color Quality Control in Global
Coatings Manufacturing

Introduction

Color and gloss are the defining attributes of coatings - they create first impressions
and signal quality to customers. In the global paints and coatings market (worth nearly
$193 billion in 2024), appearance is paramount across all segments from pre-painted
metal coils to industrial equipment finishes and architectural paints. Architectural
coatings (e.g. building and decorative paints) form the largest segment, over 56% of
global volume, where consistent color between every can and coat is non-negotiable.
Industrial coatings (including automotive, aerospace, appliance, and general OEM
finishes) and coil coatings (continuous pre-painting of metal coils for products like
cladding and appliances) make up the rest, where appearance consistency is equally
critical. Manufacturers and end-users alike demand that each batch of coating
matches the target color and gloss exactly - a challenge, given variations in materials
and processes. This white paper explores the importance of color and appearance
control in coil, industrial, and architectural coatings, and how modern
spectrophotometric solutions from HunterlLab (especially the Agera with its integrated
gloss, UV and imaging capabilities) help ensure perfect appearance quality. We
discuss what color reveals about coating quality, key applications of color
measurement in production, and profile HunterLab instruments - Agera, SpectraTrend
HT, MiniScan 4500L, and UltraScan VIS - with hypothetical case studies illustrating
their ROl impact.

Overview of Coatings Segments and Applications
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Coil Coatings: Coil coating is a continuous, high-speed process of applying paints to
metal sheets (steel or aluminum) before fabrication. It yields uniform, durable finishes
for architectural panels, roofing, appliances, and automotive parts. The coil segment
values consistency immensely: if a building panel color deviates from the specified
standard, it stands out on the facade. Coil coaters often repeat standard colors over
time, so each production run must match the original reference to ensure parts
assembled months or years apart look identical. Factors like paint formulation, film
thickness, metal substrate, oven temperature, and line speed can all shift the final
color. Tight process control and color monitoring are therefore ingrained in coil

coating operations to achieve “perfect color appearance and matching” on every coil.

Industrial Coatings: This broad category covers paints and coatings applied during
manufacturing of products - automotive OEM finishes, aerospace coatings, machinery
and equipment paint, consumer electronics coatings, and more. Here color serves
both aesthetic branding and functional purposes. Automakers, for example, require
uniform color and gloss across a car’s plastic bumpers, metal body, and interior parts;
any mismatch is seen as a quality defect. In automotive interiors specifically, a
"harmonious color palette with uniform gloss and texture” conveys luxury and
craftsmanship, whereas inconsistent color or sheen suggests poor quality. Industrial
coating often involves multiple suppliers (for parts or paint) who must coordinate to
the same color standard. Achieving that demands objective color measurements and
standardization across plants. High-performance industrial coatings also undergo
weathering and chemical exposure tests - color change or gloss loss in these tests is
used to predict durability. Thus, color measurement is key not only for initial
appearance but also to ensure coatings maintain their appearance over time (e.g.

minimal fading or yellowing).

Architectural Coatings: Encompassing interior and exterior house paints, wall

coatings, wood stains, and metal finishes used on buildings, this segment is the largest
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coatings market share. For architectural paints, color is the product’s identity -
consumers choose paints by color name and expect every gallon to match regardless
of batch or store. In fact, experts note that color consistency is the number one
attribute end users look for in interior paints, "both from can-to-can and visit-to-visit”. A
homeowner buying “eggshell white” this year expects it to be an indistinguishable
match to a touch-up bought years later. Any noticeable difference undermines trust.
This drives manufacturers to tightly control color recipes, use spectrophotometers in
paint tinting machines, and enforce AE tolerances for batch QC. Gloss level is another
critical parameter - architects and contractors require consistent flat, satin, or semi-
gloss finishes from bucket to bucket. Commercial paint specs even call for “consistent
gloss, low odor, and fast drying” as key quality factors. In sum, architectural coating
success hinges on rigorous color management to ensure uniform appearance and

alignment with design expectations.
Importance of Color and Appearance in Coatings Quality

In all coating sectors, appearance is a direct proxy for quality. Color and gloss are
immediately visible indicators of whether a coating was applied correctly, formulated
precisely, and cured under proper conditions. Studies in automotive finishes confirm
that uniformity in color and gloss across components strongly influences customer
perception of workmanship. A slight off-shade door panel or a mismatch between a
glossy trim and a matte body will be seen as a defect. Similarly, an architectural paint
that dries a different tint than advertised will lead to customer complaints. Because of
this, coatings companies set strict internal standards for color (often CIELAB values or
industry indices like AE tolerances) and gloss (measured in gloss units at 60° or 20°
per ASTM D523). Meeting these standards consistently is critical for maintaining brand

reputation and avoiding costly rework.
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Crucially, color consistency is also a marker of process consistency. When a coating's
color falls out of spec, it often flags an upstream issue. For example, in coil coating, if
measured color L* drops or shifts hue, it could indicate the paint film went on too
thick, the pigment dispersion was uneven, or the cure oven temperature deviated -
any of which can alter color. A change in gloss might signal a formulation error (e.g.
incorrect level of matting agent) or curing problem. In architectural paint production,
batch color drift might mean a raw pigment lot with different tint strength or a slight
dosing error. Thus, continuous color monitoring helps catch these process variations
early. Manufacturers treat color data as a “fingerprint” of both ingredients and
processing: consistent color means raw materials and process parameters are under
control, while a color shift can reveal problems like contamination, improper mix
ratios, or equipment malfunction. There is an expectancy that no matter the day or can
of paint, the color will be a seamless match - which puts pressure on maintaining

pigment quality and dosing accuracy.

Beyond immediate production, appearance measurements also tie into performance
and compliance. Many high-end coatings guarantee color stability and gloss retention
over years; manufacturers quantify these traits by measuring color/gloss before and
after accelerated aging tests (UV exposure, salt spray, etc.). A small AE or gloss loss
indicates a durable product. In regulated industries, color measurements may be
mandated - for instance, verifying that highway line paint meets a specific chromaticity
or that a fire-retardant coating’s color is within spec for safety identification. In
summary, accurate color and gloss measurements are essential at every stage: they
ensure the coating looks right, signals proper processing, and will stay looking right

during its service life.

What Color and Gloss Reveal About Process & Quality
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Measured color and gloss data provide rich insight into both product quality and the
coating process behind it. Coating professionals know that if you can quantify it, you
can control it. By instrumentally measuring a coating’s appearance, one can often

deduce underlying factors:

o Color Variations: Even small color shifts can point to changes in formulation or
application. For example, a slightly darker color than standard might reveal that
the wet film thickness was higher than intended or that a pigment’s
concentration was a bit too high. In coil coating, “paint formulation and quality,
film thickness, substrate color, cure temperature, and oven dwell time” all affect
the final color. If a coil comes out too light, perhaps the coating weight was low
or a pigment was under-dispersed; if it's too yellow, maybe oven temperature
ran hot, over-curing the resin. Tracking color numerically allows engineers to
pinpoint which variable strayed. In architectural paint batching, if a
spectrophotometer catches a AE > 1 from the master standard, QC might trace
it to a new dye lot or a volumetric dosing variance and correct it before filling
gallons. Thus, color data helps troubleshoot process deviations promptly.

o Gloss Changes: Gloss is highly sensitive to application and cure conditions. A
drop in gloss (finish turns out more matte than it should) can indicate
insufficient curing, improper flow/leveling, or a shift in the particle size of
matting agents. Conversely, unexpectedly high gloss might mean a thinner coat
or missing flattener. Because gloss affects visual color impression, a gloss issue
can masquerade as a color mismatch to the eye. By measuring gloss separately,
manufacturers can differentiate true color pigment issues from appearance
issues due to surface finish. For instance, two paint batches might have identical
colorants (spectral color match) but if one dried glossier, it will look
richer/darker - instruments catching the gloss difference ensure the
manufacturer adjusts the formulation or process (e.g. add matting agent or alter

cure time) to meet the specified gloss level.
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o Process Consistency: Continuous appearance monitoring often exposes subtle
trends that manual checks might miss. A slow drift in color over a production
run - say AE creeping up with each successive coil - could foreshadow a
problem like paint solids buildup on rollers or a pigment settling in the feed
tank. Early detection via an in-line spectrophotometer allows intervention
(cleaning, mixing) before the product goes out of spec. This preventive aspect
of color monitoring reduces off-spec output and waste.

o Quality Compliance: Many industry standards and customer specifications are
built around quantifiable color and gloss limits. For example, an architectural
metal panel might require =50 gloss units at 60° and a color within AE 0.5 of the
approved sample. Instrument measurements are the only way to certify these
criteria are met. By measuring each batch and retaining records, manufacturers
build a data trail proving compliance to clients and regulators. If a dispute arises
(e.g. a customer claims a color mismatch), the objective data can confirm

whether the product was within tolerance.

In short, color and gloss measurements serve as diagnostic tools. They not only
confirm that the final appearance is correct but also reveal whether the coating was
made and applied under the right conditions. Coatings companies leverage this by
integrating spectrophotometric data with process control - linking certain color shifts
to specific adjustments (like mixer speed, oven temp, pigment lot changes) to
continually refine their operations. The result is a tighter process, fewer rejects, and a
more consistent product. As the National Coil Coating Association notes, “matching
the color standard on each run ensures consistency over time” and this requires
monitoring all those factors that can affect color during production. Modern color

measurement instruments make such monitoring both feasible and highly precise.

Applications of Color Measurement in Coatings
Production
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Because appearance is central to coatings, spectrophotometers and gloss meters are

employed at multiple points from formulation to final product. Key applications

include:

Formulation & Color Matching: In R&D labs, spectrophotometers help create
new colors and match custom references efficiently. Rather than trial-and-error
with visual comparison, formulators measure lab drawdowns and use software
to adjust pigment concentrations until the spectrophotometric color values (e.g.
Lab* or spectral curve) match the target. This accelerates matching corporate
color standards or achieving an exact shade for a client. Additionally, formulas
are stored with their spectral profiles, so future batches can be reproduced and
verified against the original reference.

Raw Material QC: Colorants (pigments, dyes) and base resins/latex can vary
from lot to lot. Coatings manufacturers often measure incoming pigment lots
for strength and tone - for instance, checking the tint strength of a batch of TiO,
white or the hue of an organic pigment dispersion. A spectrophotometer can
quantify if a new lot is slightly yellower or weaker, allowing a formula tweak (or
rejecting the lot) to ensure final paint color remains consistent. Similarly, clear
resins or solvents are measured on APHA or Gardner color scales to ensure they
are colorless (any unintended yellow tint in a “clear” varnish resin would affect
final color). By verifying pigments, bases, and even pre-mixed color chips
before use, manufacturers prevent downstream color issues.

In-Process Control and Adjustments: During production of a batch of paint or
coating, taking color readings at intermediate stages can save time. For
example, after the dispersion stage but before let-down, a sample can be
measured to see if the color is on target; if not, additional pigment or
adjustments can be made while the batch is still in process. In industries like coil
coating or automotive paint lines, at-line or in-line spectrophotometers track

colorin real time. On a coil coating line, a sensor positioned after the oven
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measures each coil's color and can alarm if it strays beyond tolerance,
prompting operators to tweak coating thickness or paint feed immediately
rather than discovering the issue at coil’'s end. This real-time feedback loop
dramatically reduces off-spec product. In automotive assembly, portable
spectros are sometimes used on the line to verify color uniformity between
body panels and plastic trim, catching any mismatch before cars proceed to
final inspection.

Quality Control of Final Product: Before shipping products or filling paint cans,
final QC checks of color and gloss are standard. Coated panels (from a coil line
or an industrial coater) are measured and compared to customer-approved
standards. Each batch of architectural paint is tested - a drawdown or liquid
sample in a cuvette (for colorimetric values like Hunter L,a,b or CIELAB) - to
ensure it meets the spec (often AE within a certain range of the standard or a
specific color index). Gloss is measured on cured films to verify sheen level
(critical for products sold as “flat,” "eggshell,” "high-gloss,” etc.). Only batches
within spec are released; if out of spec, they might be corrected (e.g. tinted a
bit more) or downgraded. Many companies label the color data on product
Certificates of Analysis, giving end-users confidence in consistency.

Inter-Plant and Supplier Coordination: Global manufacturers use instrumental
color data to synchronize quality across different sites. A digital color standard
(spectral data or L,a,b target) can be shared with supplier factories or toll
coaters so that even if production occurs on different continents, all output
matches. Instruments ensure that, say, an automotive paint made in two plants
yields indistinguishable color on the car. This is far more reliable than relying on
visual judgment under potentially different lighting. Additionally, brand owners
often require their coating suppliers to provide spectrophotometric color

reports for each lot, enforcing consistency in the supply chain.
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o Field or On-Site Measurements: Appearance measurement isn't confined to the
factory. Architects and contractors might use portable spectrophotometers to
verify color of delivered paint or pre-painted materials before installation. For
example, a construction QA team could spot-check metal panels from different
production lots to confirm they are visually identical - avoiding the nightmare of
installing panels that subtly differ. If a discrepancy is found, the lot can be held
back before it's put up on a building. Portable instruments also assist in color
troubleshooting in the field (such as investigating why a touch-up paint doesn't
match an existing wall - measurements might reveal aging or UV fading of the
original).

o Weathering and Performance Testing: As mentioned, coatings are often tested
for colorfastness and gloss retention. Spectrophotometers measure color
before and after accelerated UV exposure or corrosion tests, while gloss meters
track gloss loss. Quantitative data from these tests (e.g. AE after 1000 hours UV,
or % gloss retained) are crucial for product development and for meeting
performance standards (such as ASTM or ISO specifications for outdoor
coatings). A classic example is automotive clearcoats - manufacturers will
specify that after a certain UV exposure the color shift must be below a
threshold and gloss above a minimum. Only with instrumental measurement

can these criteria be evaluated objectively.

Collectively, these applications span the entire lifecycle of coatings - from design and
formulation, through manufacturing, to end-use verification. At each step, using
spectrophotometric color measurement and gloss measurement improves decision-
making and reduces waste. Finish performance and color consistency are of utmost
importance to customers - and achieving that consistently is only possible by

leveraging the precision of instruments over the subjectivity of human vision.

Challenges of Visual vs. Instrumental Color Control
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Historically, paint and coating color was often evaluated by trained technicians visually

comparing painted samples to reference standards (e.g. using light booths or painted

cards). While human color assessment is valuable for subjective aesthetics, relying

solely on visual checks in quality control is fraught with problems:

10

Subjective and Inconsistent: Human perception varies from person to person
and even for the same person over time. Factors like lighting conditions,
background colors, observer fatigue, and even color vision deficiencies can
lead to inconsistent judgments. What one inspector calls an acceptable match,
another might reject. With visual inspection, there's no numeric record of what
was deemed “close enough.” In contrast, a spectrophotometer yields objective
numbers (like AE 0.4) that any operator or lab can agree upon. Instruments can
be calibrated to absolute standards, ensuring reproducibility across shifts and
locations.

Sensitivity Limits: The human eye is quite sensitive, but an instrument is much
more so. Slight color differences that may be invisible under certain lights can
be quantified by a spectro. This is particularly true when colors are very close or
neutral. An instrument might detect a small yellowish shift (via b* value) that an
observer wouldn't notice until it became larger or until two samples were
viewed side by side in daylight. By catching subtle drifts early, manufacturers
can correct issues before they grow into visible problems.

Metamerism and Lighting Issues: Two coating samples might appear to match
under one light but not another - a phenomenon called metamerism. Visual
inspection under a single condition can miss this. A full-spectrum
spectrophotometer captures the reflectance across the spectrum, enabling
evaluation of metamerism (often by comparing color under multiple illuminants
computationally). This ensures that a paint will match not just in the lab’s

lighting but also under sunlight or store fluorescent lights. Human eyes can't
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easily anticipate metameric mismatches without multiple light evaluations,
whereas instruments simplify this check.

Gloss and Texture Influence: As noted, differences in gloss or surface texture
can trick the eye into perceiving color differences. A matte vs glossy surface of
the same paint will look different side-by-side because the glossy one appears
darker/saturated to our eyes due to specular reflection. An untrained observer
might think the formula is different when it's just gloss. Instruments can separate
color from gloss either by geometry (0°/45° instruments inherently exclude
most specular gloss) or by measuring in both SCl and SCE modes (sphere
instruments). This gives an unbiased color comparison. Visual inspection cannot
reliably “ignore” gloss - one would need to physically adjust viewing angle to
minimize glare, which is not quantitative.

Speed and Throughput: Modern production lines run fast. Stopping to perform
a visual check on every piece or batch is impractical. Spectrophotometers can
measure a sample’s color in a second or two and instantly compare to
standards, enabling high-throughput QC. In-line systems can even scan every
product without interruption. Trying to visually inspect every coated part at such
speeds would be impossible - humans simply cant work at that pace with any
accuracy.

Data Logging and Analysis: Instruments automatically log color values, allowing
manufacturers to maintain databases of batch quality, generate trend charts,
and perform statistical process control. This data-driven approach (e.g. plotting
AE over time, Cpk values for color) is key to continuous improvement. Visual
methods leave no such data trail. Moreover, audit and compliance programs
(ISO quality systems, automotive PPAP requirements, etc.) increasingly expect
documented proof of color conformance - something only instrument readings

can provide objectively.
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In summary, instrumental color measurement brings precision, consistency, and
traceability that human vision alone cannot achieve. This doesn’t diminish the role of
visual assessment - after all, coatings ultimately must look good to people. But
instruments serve as the referee and reference that quantifies color in standard terms.
A combination of spectrophotometers (for color/haze) and gloss meters ensures that
manufacturers meet tight QA tolerances that keep customers happy. Given the tight
margins and high-quality expectations in today’s coatings industry, relying on
subjective methods is risky and outdated. Companies that have transitioned from
purely visual QC to instrument-based QC generally see reduced customer complaints,

fewer batch adjustments, and greater confidence in delivering a consistent product.

Recommended HunterLab Solutions for Coil, Industrial,
and Architectural Coatings

To meet the demanding color and appearance requirements of the coatings industry,
HunterLab offers a range of spectrophotometric solutions. These instruments are
designed to cover every need - from lab bench analysis to in-process monitoring and
field measurements. The featured solution is the HunterLab Agera, a state-of-the-art
benchtop spectrophotometer that provides simultaneous color, gloss, and image
capture, making it ideal as a central QC tool for coatings. Complementing it are the
SpectraTrend HT for continuous in-line color monitoring (excellent for coil coating
lines), the MiniScan EZ 4500L portable spectrophotometer for on-site or remote
measurements, and the UltraScan VIS spectrophotometer for high-precision lab
measurements including transmission for inks or transparent coatings. Below we detail
each solution and why each is well-suited to coil, industrial, and architectural coating

applications:

HunterLab Agera (Benchtop 0°/45° Spectrophotometer with Gloss &
Imaging):
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The Agera is an all-in-one color and appearance measurement system. It uses a 0°/45°
circumferential geometry, meaning the sample is illuminated at 0° and measured at
45° circumferentially 360-degrees around the sample - this geometry closely
replicates how the human eye perceives color on surfaces. As a result, Agera’s color
measurements correlate strongly with visual assessments of painted samples, which is
vital for quality control. Unique to Agera, it also integrates a built-in 60° gloss meter
and a 5-megapixel camera into the measurement process. In one rapid measurement,
users get both the color values (e.g. CIELAB, AE, etc.) and the gloss level, as well as a
live image of the measured spot. This combination addresses a key coatings need:
ensuring that a batch not only has the right color but also the correct gloss finish -
without needing separate instruments or multiple steps. The Agera’s illumination
covers the full visible spectrum including the near-UV range, allowing measurements
of coatings that contain UV-reactive agents or optical brighteners. Users can include or
exclude UV light to evaluate a sample’s appearance under UV-inclusive conditions
(important for bright whites or fluorescent colors). Key features of Agera include: large
interchangeable aperture plates for different sample sizes, a UV-stable LED light
source for consistent output, and an intuitive touchscreen interface running
EasyMatch® Essentials QC software for standalone operation. These make it versatile
for all coating types - from measuring small paint drawdowns and color swatches, to

large metal panels.

Analytical Benefits: With the Agera, a coatings QC lab can simultaneously verify color
and gloss against specifications in a single reading, ensuring both components of
appearance meet standards. This one-stop measurement improves throughput (one
calibration, one instrument instead of two) and guarantees that color and gloss data
come from the exact same spot on the sample. The integrated camera is a powerful
aid: it not only helps in positioning the sample (so you measure the intended area,
avoiding blemishes or edges) but also stores an image with each measurement for

documentation. This image is useful, for example, in communicating with a supplier
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about an issue - one can send the measured color values and a picture highlighting a
defect or color inconsistency. Agera's 0/45 geometry inherently measures color in
specular-excluded mode, aligning with visual color matching where gloss differences
are set aside. Meanwhile, the separate gloss sensor quantifies the specular
component per ASTM standards. Together, this means the instrument provides a
complete appearance profile (color + gloss) for coatings. Coating manufacturers using
Agera can tighten their tolerances, knowing that even if two batches have the same
color, any gloss variation will be caught. This is especially crucial for products like semi-
gloss architectural paints or automotive interior parts, where gloss uniformity is as
important as color. Additionally, Agera comes pre-loaded with industry color scales
(e.g. CIELAB, AE, opacity index, etc.) and allows UV-control - enabling compliance
measurements such as Yellowness Index (ASTM D1925) or Brightness on paints
containing whitening agents. In short, Agera is the benchmark lab spectrophotometer
for appearance, giving coatings producers confidence that their lab measurements

truly reflect how customers will see the product.

o Key Features of Agera: 0°/45° circumferential illumination geometry; integrated
60° gloss meter; full-spectrum LED with UV inclusion/exclusion; high-resolution
sample image capture; multiple aperture sizes; touchscreen with EasyMatch®
QC software.

o Functional Benefits: One-stop measurement of color and gloss for efficiency
and consistency; geometry that mimics human vision for relevant QC results;
UV control for measuring optically brightened or fluorescent coatings; visual
documentation of each sample for traceability and communication; compliance

with international standards for color and gloss.

HunterLab SpectraTrend HT (/n-line Non-Contact Spectrophotometer):
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The SpectraTrend HT is a compact on-line color measurement instrument designed
for continuous processes like coil coating, high-speed painting lines, and other
moving webs or parts. It mounts directly on the production line and measures color
without touching the product. The SpectraTrend HT employs a 0/30° optical design,
meaning it illuminates and views at specific angles optimized for continuous
substrates. This geometry provides excellent precision on moving or textured surfaces,
and by positioning the sensor at 30° from perpendicular, it can minimize interference
from specular glare in typical coil finishes (which often have some gloss). SpectraTrend
HT's measurements are rapid and can be taken at defined intervals or even
continuously as the material passes by. It outputs real-time color values (such as
CIELAB and AE to a reference) that operators or an automated system can monitor.
The unitis built to be rugged and production-friendly - encapsulated optics protect
against dust or paint overspray, and it can handle the elevated temperatures or
vibrations often present on a line. Setting up the SpectraTrend HT involves
establishing target color standards in its software; it then provides a continuous
comparison of the running product to the standard. If color begins to drift out of the
preset tolerance band, the system can trigger alarms or interface with process controls

(e.g. adjust paint pump rates or alert an operator to check viscosity).

Analytical Benefits: SpectraTrend HT brings the power of spectrophotometry directly
into the manufacturing process, eliminating the lag between production and quality
feedback. On a coil coating line, for instance, this means no more waiting to finish a
coil, cut a sample, and carry it to the lab to know if the color was right - by that time,
hundreds of meters could be off-color. Instead, SpectraTrend HT measures each coil
in real time, so any deviation is caught within seconds. This minimizes off-spec footage
and paint waste, since operators can pause or correct the process as soon as an issue
arises (such as adjusting oven temperature if color shift indicates under-cure, or
stirring paint if settling is detected via color drift). It essentially enables closed-loop

color control. Many modern quality programs (Six Sigma, PAT, etc.) emphasize such in-
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process monitoring, and SpectraTrend HT supports that by providing continuous data.
Another benefit is consistency over long production runs - the instrument can track
gradual trends (like a slow pigment depletion in a paint bath) and alert staff for
preventive action. In multi-color operations, it can expedite color changeovers: once
the new color is running within spec as per SpectraTrend’s reading, the operator
knows the transition is complete and material can be accepted. Overall, SpectraTrend
HT reduces laboratory workload (fewer samples need lab measurement since the line
is being actively monitored) and ensures that each produced coil or part is verified for
color. It augments an instrument like Agera: Agera might be used to verify and
formulate color in the lab and for final QA audits, while SpectraTrend HT keeps the
process within those lab-set limits in real time. For coil coaters or any high-volume
coater, this combination yields tremendous savings by preventing large-scale rework.
In summary, SpectraTrend HT delivers ultimate color precision on the line, turning
color quality control into a continuous, automated aspect of production rather than a

post-production checkpoint.

o Key Features: Non-contact 0/30° measurement geometry for continuous
substrates; high-speed spectral measurements for real-time monitoring;
industrial enclosure resistant to heat, dust, and overspray; integration capability
with PLCs and QC software for alerts and control adjustments.

o Functional Benefits: Real-time color feedback to operators for immediate
corrections; significant scrap and rework reduction by catching issues early;
100% coverage of production (every coil or every part monitored, not just
occasional lab samples); supports quality initiatives (SPC data, trend analysis) by
streaming continuous color data; complements lab spectrophotometers by

enforcing color specs on the factory floor.

HunterLab MiniScan EZ 4500L (Portable 45°/0° Spectrophotometer):
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The MiniScan 4500L is a handheld spectrophotometer with 45°/0° directional
geometry (the same geometry as Agera in a portable format). It is designed for
portability without sacrificing accuracy, allowing color measurements to be taken in
the field, at a warehouse, or anywhere in the production environment. Weighing only
a few pounds and battery-operated, the MiniScan can travel from the lab to the
production line, or even outdoors, to audit color wherever needed. The 4500L
features an easy-to-read display and onboard storage for standards and tolerances -
meaning users can load the target color values into the device and get immediate
pass/fail readings on the go. It's rugged, ergonomic design is built to handle industrial
environments (e.g. it's often used on construction sites or factory floors). With a 45/0
measurement, it effectively captures color as the eye sees it (excluding gloss
influence), making it suitable for evaluating finished painted surfaces, plastic parts,
printed materials, etc. The “L" in the name indicates a large area of view, beneficial for
measuring the often-heterogeneous surfaces of coatings (like a wall with slight texture

or a part with spray variation).

Analytical Benefits: The MiniScan 4500L brings a new level of flexibility to color QC.
For large or unwieldy samples that can't be easily brought to a benchtop instrument
(imagine a 5-meter coil sheet, or an installed metal door), the MiniScan can be taken
to the sample. This is invaluable for incoming inspections and field quality checks. For
instance, a building materials distributor can use MiniScan to verify that batches of pre-
painted siding from different lots all fall within the agreed color tolerance before they
ship to a job site. If any lot is out of tolerance, it can be held back, preventing a costly
mistake of mixing non-matching product in a building. The device's on-board
tolerancing and results display mean decisions can be made on the spot - the user
sees AE or Pass/Fail immediately, no need for a connected PC. In manufacturing, a
portable spectro can be used for spot-checks on the production line where fixed
instruments aren't installed: e.g. measuring random parts coming off an assembly,

auditing color in hard-to-reach areas of a large part, or double-checking areas that an
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in-line sensor flagged. It's also excellent for service and troubleshooting: a tech service
engineer visiting a customer complaint about paint color can measure the customer's
sample with MiniScan and compare to reference, pinpointing if the issue is within spec
or not. By having a portable spectrophotometer, companies ensure quality control
extends beyond the lab - wherever the product goes, color accuracy can be checked.
This helps maintain consistency across distribution and application. Moreover,
MiniScan uses the same measurement geometry and principles as lab units, so its
readings correlate well with lab data, enabling seamless communication of color
values from field to lab. Overall, the MiniScan 4500L is the go-to solution for mobility
and convenience in color measurement, empowering users to uphold color standards

anytime and anywhere.

o Key Features: Handheld 45/0 spectrophotometer, lightweight and battery-
powered; rugged housing and ergonomic grip for field use; internal memory
for ~100 standards and thousands of samples; large aperture option (for
measuring coarse or uneven surfaces accurately); direct LCD readout of color
values and pass/fail.

o Functional Benefits: Allows color checks on large orimmovable objects (on-site
measurements); immediate decision-making with on-screen results; ensures
incoming materials or outgoing shipments meet color specs without requiring
lab visits; expands QC coverage to points in the supply chain (e.g. installation
site, customer facility); same geometry as visual inspection gives results that

predict customer perception.

HunterLab UltraScan VIS (Laboratory Sphere Spectrophotometer for
Reflectance/Transmittance):

The UltraScan VIS is a high-performance bench spectrophotometer that measures
across the full visible spectrum plus near-UV (360 nm - 780 nm). It uses a diffuse d/8°

integrating sphere geometry, meaning it can measure both reflected color (with
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optional specular included or excluded) and transmitted color of liquids or films. This
instrument is essentially the workhorse for comprehensive color analysis: it has a large
measurement sphere and a spacious transmission compartment, allowing it to handle
opaque solids, translucent samples, transparent liquids, and even measure
transmission haze. The UltraScan VIS meets strict international guidelines for color
measurement - for example, it conforms to CIE recommendations for spectral range
and resolution, and it meets ASTM and USP standards for color scales (useful in
industries like pharmaceuticals, but also for coatings tests like APHA color of solvents).
With dual light-path optics and a xenon flash lamp, it offers superb accuracy and

repeatability, even on highly saturated or dark samples where lesser devices struggle.

Analytical Benefits: For coatings manufacturers and ink producers, the UltraScan VIS
provides capabilities that simpler instruments can't. One major advantage is
transmittance measurement, which is critical for colorants and coatings that are not
fully opaque. For example, consider a liquid tint or a wood stain that is designed to let
the grain show through - its color needs to be measured in terms of how it filters light
(transmission) as well as how it looks on a reflective surface. UltraScan VIS easily
measures the transmitted color and calculates metrics like APHA (Hazen) for slight
yellowness in clear coats, or transmittance haze for clear paints/varnishes. This enables
producers to control the clarity of clear coatings (ensuring no haze or cloudiness). In
ink manufacturing, knowing the spectral transmittance of an ink can indicate its tinting
strength. The UltraScan VIS can also measure the opacity of a coating by taking
readings over black and white backgrounds (contrast ratio) - important for
architectural paints where hiding power matters. Another benefit is the instrument's
ability to do specular-included vs specular-excluded measurements at the touch of a
button (it has an automated port door): this is useful when formulating color, because
formulators often want to measure SCI (including gloss) to see the true effect of
pigment without surface differences, and also measure SCE to see how it will appear

to the eye. The UltraScan VIS handles both modes, providing comprehensive data. It's
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also used for quality control of raw materials: for instance, measuring the color of a
resin in transmission to ensure it's water-clear, or checking pigment dispersions for any
haze that might indicate flocculation. With its extended wavelength into the near-UV,
UltraScan can assess whiteness and UV brightener effects (it has UV control options
similar to Agera). Many labs use UltraScan as a reference-grade unit to certify
standards and to develop color formulas, since its accuracy is top-tier. For coatings
companies that also produce printing inks or deal with pigment dispersions, UltraScan
VIS is invaluable - it covers the full range of sample types from transparent to opaque.
In sum, UltraScan VIS offers the highest level of analytical flexibility: any sample - be it
a transparent film, a translucent color filter, or a solid paint chip - can be measured for
color with confidence. This supports not only production QC but also research needs
(e.g. studying how a pigment’s absorbance spectrum contributes to a coating'’s color
or verifying compliance with color standards like ASTM D1925 Yellowness or CIE
Whiteness).

o Key Features: Diffuse/8° sphere geometry with automated specular component
inclusion/exclusion; full CIE spectral range 360-780 nm (captures visible and
near-UV); dual beam xenon optics for high precision; measures both
reflectance and transmittance (large transmission compartment); capable of
calculating transmission haze and ASTM color indices; supported by EasyMatch
QC software for extensive analysis and data management.

o Functional Benefits: One instrument to measure transparent, translucent, and
opaque samples - ideal for inks, clear coats, and paints; quantifies color in any
form (liquid, solid, film) to ensure consistency of all components (e.g. a tint and
the base paint both checked); enables sophisticated analysis like opacity
determination, whiteness/yellowness index, metamerism testing with different
illuminants; highest accuracy for use as a lab reference standard (maintaining
consistency across multiple instruments or sites by using UltraScan as the

benchmark); ensures compliance with color quality standards and customer
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specs that require specific test methods (e.g. USP or ASTM methods for color of

liquids).

HunterlLab Vista - For Transparent Dyes, Varnishes, Epoxies, and Paint
Solvents:

The HunterlLab Vista is a purpose-built transmission spectrophotometer designed for
precise measurement of transparent and translucent liquids. It is particularly effective
for controlling the color, clarity, and haze of materials such as transparent dyes,
varnishes, clear epoxy systems, lacquers, and paint solvents, where optical
transparency and subtle color tints directly influence product quality and performance.
Using d/0° integrating sphere geometry, Vista simultaneously measures both
transmitted color and scattered light (haze), providing a full optical profile of a sample
in a single scan. This dual analysis is critical for coating and resin manufacturers who
must ensure that base materials, whether colorants or solvent carriers—are optically

clean and visually consistent.

o Key Features: Vista uses a solid-state LED light source with a full visible
spectrum (400-700 nm) and a dual-detector system to measure direct
transmittance and diffuse scatter. Samples are placed in precision glass or
disposable plastic cuvettes, flow-through cells, or vials, depending on viscosity
and optical path requirements. The instrument reports all major liquid color
indices, including APHA (Hazen), Gardner, Saybolt, Pt-Co, CIE Lab*, and CIE Y],
while also quantifying % haze and NTU (Nephelometric Turbidity Units) per
ASTM D1003. For solvent-based coatings and varnishes, this allows
simultaneous monitoring of both tint strength and particulate contamination.
Vista's rapid read time (=2 seconds) and no-warm-up LED technology make it
ideal for production QC environments where dozens of samples per shift are
tested.

e Functional Benefits:
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o Provides simultaneous color and haze data for total transparency
analysis.

o Ensures optical cleanliness and visual uniformity of clear formulations.

o Supports compliance with ASTM D1003, ASTM D1209 (APHA), and
Gardner color standards.

o Offers configurable cells (1 mm-50 mm pathlength) for liquids from thin
solvents to viscous resin systems.

o Delivers instant, repeatable results (AE < 0.05) with stable LED

illumination and no lamp drift.

Applications and Advantages:

(@]

Transparent Dyes and Stains: Quantifies color strength and purity, ensuring
uniformity across batches of concentrated colorants used in clear wood
coatings, stains, and transparent architectural finishes. Even subtle shifts in
hue or saturation can be detected numerically, enabling corrective
blending.

Clear Varnishes and Polyurethane Resins: Measures yellowness index (Y1)
and haze to monitor clarity and resin oxidation. In UV-curable or solvent
borne varnishes, Vista detects early-stage yellowing or suspended
microbubbles invisible to the eye, safeguarding aesthetic transparency.
Epoxy Systems: Characterizes clear resin and hardener before mixing to
control optical purity (APHA < 30, haze < 1%), and evaluates the clarity of
cured coatings or encapsulants. Vista provides both color (Lab)* and haze
trend data that correlate strongly with polymerization quality and raw
material aging.

Paint Solvents and Reducers: Evaluates incoming solvent lots for color and
haze to prevent off-grade batches from affecting coating transparency or
final color tone. Detects trace contamination or residual moisture indicated

by increased scattering or color shift.
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In a coatings QC lab, Vista can rapidly differentiate between a properly refined clear
varnish (APHA = 10, haze = 0.2%) and one with slight oxidation or contamination
(APHA = 45, haze = 1.2%), long before the difference becomes visually noticeable. For
epoxy producers, Vista's ability to trend Y| over time allows proactive resin rotation
and shelf-life management. In dye and solvent preparation, it ensures formulation
repeatability and prevents the introduction of sub-visible haze that can dull the final

finish of high-gloss coatings.

In short, Vista delivers best-in-class transparency measurement for liquid coating
components, bridging the gap between laboratory precision and production
practicality. It provides a quantitative foundation for color and clarity control in all clear
or translucent coating materials, helping manufacturers maintain the optical

performance, purity, and visual brilliance their customers expect.

All five of these HunterlLab solutions are designed to work in harmony. For example, a
coil coating manufacturer might use UltraScan VIS in the lab to characterize new
pigment batches or do advanced testing, Agera in the QC lab for routine batch
release measurements (color and gloss), SpectraTrend HT on the production line for
real-time monitoring, and MiniScan 4500L for auditing coils in the warehouse or at
customer delivery. Together, they cover every angle of color quality control, from
laboratory development to on-line assurance to field validation. By deploying the
appropriate instruments at each stage, coatings producers can achieve an integrated
color management system that greatly reduces the chance of color failures and boosts

overall efficiency.

Instrument FABS Comparison Table

Vista (d/0° Sphere Transmission)

| Key Features | Advantages | Benefits to Coatings
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Transmission sphere,
dual detector for
color and haze

Measures transparent dyes,
varnishes, and solvents per
ASTM D1003

Ensures clarity, brightness,
and purity of transparent
coating components

Agera (0/45° Reflectance)

Key Features

Advantages

Benefit to Beverage QC

45°/0° geometry,
integrated
glossmeter, UV
control, imaging
capability

Measures color, gloss, and
texture simultaneously
under one illumination
geometry

Eliminates subjective
interpretation, correlates
numeric data with visible
surface quality

SpectraTrend HT (In-Process reflectance)

Key Features

Advantages

Benefit to Beverage QC

Non-contact inline
color measurement

Continuous monitoring on
moving webs or coils

Detects drift in real time,
reducing scrap and ensuring
color uniformity during
production

MiniScan 4500L (45/0° Reflectance Portable)

Key Features

Advantages

Benefit to Beverage QC

Portable 45/0°
geometry, battery-
powered, field-ready

High accuracy and
repeatability in the field

Enables on-site verification
and complaint resolution with
lab-quality precision

UltraScan VIS (d/8° Reflectance/Transmittance)

Key Features

Advantages

Benefit to Beverage QC

d/8° geometry with
reflectance and
transmittance modes

Measures both opaque and
clear coatings, SCI/SCE
switchable

Evaluates both pigment and
film properties for complete
optical analysis

24
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Case Studies lllustrating ROl and Quality Gains

Coil Coating Line: A global steel coil coater produces pre-painted metal coils for
appliance and building manufacturers, running ~50,000 m?® of coated steel daily.
Historically, about 1.5% of coil output was downgraded or reworked due to color
mismatches (slight batch-to-batch differences that led to customer rejections when
coils were used adjacent on a project). This translated to over $200,000/year in lost
value from re-coating and scrap. After installing a SpectraTrend HT in-line
spectrophotometer on the coil line and adopting Agera in the lab for batch approvals,
the company saw immediate improvements. The SpectraTrend HT allowed operators
to catch color drift within minutes - for instance, detecting a AE rising above 0.5
partway through a run, prompting an adjustment in paint feed pump to correct film
thickness. As a result, off-color coil lengths were cut by 80%, reducing scrap to just
0.3% of output. The Agera’s integrated gloss measurement also helped the lab team
fine-tune oven settings: they noticed some coils met color spec but had gloss 5 units
below target, indicating under-cure. By adjusting cure temperature based on Agera
feedback, they eliminated those gloss issues. Overall, the coil coater estimated savings
of $160,000 per year in waste reduction and rework labor. Customer satisfaction also
rose, as evidenced by a 50% drop in color-related complaints. The capital investment
in instruments paid back in under 12 months through these tangible savings, and the

plant now advertises its “100% color-inspected” coils as a quality differentiator.

Architectural Coatings (Bridge Paint): A major infrastructure coating manufacturer

supplying bridge paint systems to DOT specifications required consistent color and
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gloss across both shop-applied and field-applied components. The system—a zinc-rich
primer, epoxy intermediate, and polyurethane topcoat—was visually approved in the
lab, yet occasional field complaints arose that girders and splice plates appeared off-
shade once erected. To bring quantitative control, the manufacturer implemented the
HunterLab Agera as its reference instrument for production release testing. Each
batch of polyurethane topcoat was measured in both color and gloss, targeting AEgy <
0.60 and 60° gloss within 3 GU of the master panel per ASTM D2244 and D523.
Agera’s integrated gloss sensor and imaging capability helped separate tone
differences from surface finish issues and provided stored visual documentation of
each measurement. Field QA teams were equipped with the MiniScan 4500L portable
45/0 spectrophotometer to verify color on installed steel and investigate customer
complaints on site. In one instance, the MiniScan confirmed that suspect girders were
within color tolerance but 6-8 GU lower in gloss—indicating a field touch-up technique
issue rather than pigment mismatch. Adjustments to reducer ratio and spray
parameters resolved the problem. Within months, field rework dropped by roughly 65
percent, and color-related requests for information were closed within 48 hours thanks
to objective data from both instruments. With Agera ensuring laboratory batch
uniformity and MiniScan verifying on-structure color consistency, the coating supplier
eliminated nearly all color-driven disputes and cut costly field repaints while

strengthening confidence in its DOT-approved system.

Industrial Coatings (Epoxy Floor Systems): A manufacturer of high-build epoxy floor
coatings for warehouses and cleanrooms faced chronic issues with post-cure
yellowing in clear topcoats and subtle shade drift among pigmented gray mid-coats.
Visual inspection and reflectance-only instruments could not capture resin clarity or
distinguish undertone from opacity. The company introduced the UltraScan VIS to
characterize both opaque and transparent components of its multi-layer floor system.
Using the instrument’s transmission mode, QC technicians established APHA (Hazen)

thresholds for resin and hardener lots—Part A < 15, Part B < 50, and mixed resin < 30—
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along with transmission haze < 1 percent to screen for micro-gelation or moisture
contamination. UV-included scans quantified yellowing tendencies under LED-rich
spectra, enabling supplier benchmarking. For the pigmented coats, the UltraScan’s
dual SCI/SCE reflectance geometry provided both formulation and visual correlation
data, maintaining AEq < 0.50 to the master and contrast ratio > 0.98 at 125 ym dry
film. When color drift appeared, the instrument revealed a blue-channel dip linked to
low film thickness and TiO, crowding. Process adjustments to film build and rheology
resolved the variation. In another instance, elevated APHA readings exposed oxidation
in stored hardener drums, preventing an off-color batch from shipping. The combined
reflectance and transmittance data also guided the addition of a UV absorber package
that cut long-term yellowing by three-quarters. After implementation, customer
complaints over discoloration dropped 75 percent, and first-pass color acceptance on
pigmented coatings improved from 92 to 99 percent. By quantifying what visual
inspection could not, the UltraScan VIS transformed the company’s color program—
bringing traceable metrics to both clarity and opacity control, improving reliability,

and reducing costly field remediation.

In each of these scenarios, implementing advanced color measurement tools led to
concrete improvements: scrap and rework were slashed, customer satisfaction
increased, and new efficiencies were realized. While the initial motivation in all cases
was to ensure color accuracy, the ripple effects - fewer rejects, faster approvals,
enhanced reputation - underscore how vital color quality is to the overall business
performance in coatings. These case studies demonstrate that investment in modern
spectrophotometers and robust QC processes yields a fast return by turning color
control from a potential weak link into a strength. The numbers may vary, but the
theme is consistent: better measurement leads to better management, which leads to

significant cost savings and quality gains.

Conclusion
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Across the global coatings industry - from massive coil coating lines to small paint
batching facilities - maintaining precise and consistent color and appearance is a non-
negotiable requirement. In an era where end-users expect perfection and have
endless options, coatings manufacturers must deliver products that meet exacting
visual standards every time. Instrumental spectrophotometry and gloss measurement
have become indispensable for achieving this goal. They provide objectivity,
sensitivity, and speed that human observation simply cannot match, allowing
companies to catch the slightest deviations before they become problems and to

document quality with quantitative confidence.

By deploying advanced solutions like HunterLab's Agera, SpectraTrend HT, MiniScan
4500L, and UltraScan VIS, manufacturers can establish a comprehensive color quality
control program that covers every stage from lab formulation to final inspection. Each
instrument plays a role - the Agera ensuring lab samples and batch QC are spot-on in
both color and gloss, the SpectraTrend HT keeping continuous production within
limits in real time, the MiniScan extending QC to the field or warehouse, and the
UltraScan VIS enabling deep analysis of any material’s color properties. Together,
these tools empower companies to reduce waste, improve efficiency, and instill
confidence in their products’ consistency. The result is a controlled, predictable color
outcome that strengthens brand identity (a customer knows “this product will match

the last one | bought”) and reduces costly surprises.

Furthermore, robust color data allows for continuous improvement and innovation -
companies can analyze trends, tighten tolerances, and even develop new appearance
technologies (like special effect finishes) with measurable parameters. In coatings,
where aesthetic trends evolve and new pigments emerge, having state-of-the-art

measurement capability means being able to adapt and lead in the market.

In conclusion, ensuring color and appearance quality is both a science and an art, but

with modern spectrophotometric technology, the science can take the lead. Coatings
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manufacturers who embrace these tools convert color from a potential liability into a
competitive asset - delivering beautiful, consistent finishes that delight customers and
distinguish their products. The investments made in advanced color measurement
yield dividends in quality, cost savings, and customer loyalty. As demonstrated, even
hypothetical cases mirror real-world outcomes: tighter color control directly translates
to bottom-line benefits. In the highly visual world we live in, there is perhaps no better

return on investment than making sure color is always on point.
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