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Enhancing Cement and Concrete
Manufacturing through
Spectrophotometric Color Quality Control

Introduction

Color plays a pivotal role in the cement and concrete industry, not just for aesthetics
but also as an indicator of material quality. In modern construction, concrete is no
longer limited to dull gray - it comes in a spectrum of colors, from pure white to earthy
browns and vibrant tones. As architects and consumers increasingly demand
consistent, appealing colors in concrete structures, manufacturers must ensure precise
color quality control. This white paper explores the importance of color measurement
in cement and concrete applications (both dry powders and wet mixes, including
precast products) and presents how advanced spectrophotometers enable
consistency and quality. We will discuss the global market context, why color matters
for different applications, what color can reveal about product quality, and the
challenges of visual vs. instrumental evaluation. Global color measurement methods
and standards will be outlined, and we will highlight recommended HunterLab
solutions - notably the ColorFlex L2 benchtop (for lab and in-process use) and the
MiniScan EZ 4000L and MiniScan EZ 4500L portable spectrophotometers - explaining
why they are best-in-class for cement and concrete color control. We also provide a
comparison of features and benefits (FABs) for these instruments, hypothetical case
studies demonstrating their use, and a conclusion on the value of implementing

instrumental color quality control.
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By the end of this paper, readers will understand how objective color measurement
can enhance product appearance, ensure batch-to-batch consistency, and ultimately

improve quality and customer satisfaction in the concrete and cement industry.
Cement and Concrete Markets and Color Applications

The cement and concrete sector is one of the largest global industries, with ordinary
gray Portland cement being a foundational material for infrastructure worldwide. In
2025, global cement production remains in the billions of tons annually, underpinning
highways, bridges, and buildings. Within this massive market, color has emerged as a
key differentiator for certain segments. White Portland cement is a notable niche, used
for prestige construction and decorative works because it enables bright, true colors
when pigments are added. Manufacturers of white cement even guarantee a
minimum whiteness (often defined by a high reflectance L value above 85%) as part of

quality specifications, underscoring the importance of color in that market.

Beyond cement itself, colored concrete is a growing global market, estimated in the
tens of billions of USD and expanding steadily as architects and consumers seek more
visually appealing structures. Historically a niche for decorative applications, integrally
colored and stained concretes are now commonly used in driveways, patios, floors,
facades, and even iconic architectural projects. Both ready-mix concrete producers
and precast concrete manufacturers are offering a “rainbow of colors,” from warm
earth tones to custom hues, to stay competitive. For example, landmark structures like
the ocean-blue Forum building in Barcelona exemplify how concrete can be an

aesthetic feature, not just a structural one.

Within this context, color measurement applications span the full lifecycle of cement

and concrete products:
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Cement Production (Dry Powders): Quality control of cement color (especially
for white cement) to ensure consistency of raw material color and purity.
Uniform gray or white color indicates consistent composition and processing.
Instrumental color checks can detect even slight shifts caused by changes in raw
materials or kiln conditions.

Pigment Manufacturing and Blending: Formulating concrete color involves
natural or synthetic iron oxide pigments (red, yellow, black, etc.) or other
mineral pigments. Measuring pigment color and strength helps formulators
blend precise shades. Spectrophotometers are used in pigment QC to ensure
lot-to-lot consistency of colorants.

Concrete Batch Formulation (Wet & Dry Mixes): During mix design in R&D,
spectrophotometric evaluation of trial batches helps optimize pigment types
and dosages. Color measurement through development ensures the final
cured concrete will meet the target appearance without sacrificing strength
(since adding excessive pigment or water can weaken concrete).

In-Process Quality Control: On the production line, whether mixing ready-mix
trucks or casting precast elements, color must be monitored for each batch.
Many producers establish a standard color for a product (e.g. a specific shade
of paving block) and use instruments to compare each batch against the
standard, ensuring uniformity across production.

Precast Concrete Products: Products like architectural cladding panels,
concrete masonry units (CMUs), roofing tiles, and pavers often come in various
colors. Manufacturers measure the color of cured units to verify they meet
customer-approved color specifications. Color consistency is critical when
pieces will be installed adjacent to each other on a building - any perceptible
mismatch can be unacceptable aesthetically.

Field or On-Site Measurements: Contractors and inspectors sometimes use

portable color instruments to verify that delivered concrete or finished surfaces
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match the specified color (especially if multiple loads or lots are used in one
project). This is increasingly important for large pours or multi-phase
installations - a portable spectrophotometer can quickly confirm if color
differences are within tolerance before the concrete cures, avoiding costly

rework later.

In summary, the global cement/concrete market is enormous, and within it the colored
segment is significant and growing. Color measurement is applied from the laboratory
(during formulation and raw material testing) to the factory floor (batch QC) and even
to the construction site (incoming material verification), highlighting its broad

importance.
Importance of Color Measurement by Application

Color consistency is a crucial quality attribute in all building materials, and concrete is

no exception. Different applications place emphasis on color for specific reasons:

o Architectural and Aesthetic Applications: In visible concrete (facades,
decorative flatwork, polished floors), consistent color is paramount for aesthetic
appeal. Architects and owners often pre-approve color samples or mock-ups;
meeting those exact color tones in production is essential. Any variation in
shade can ruin the visual uniformity of a wall or floor, creating a patchy or
unprofessional look. Instrumental color measurement allows manufacturers to
maintain tight color tolerances, ensuring each batch of product aligns with the
approved standard.

e Precast Structural Elements: Even when structural components (beams,
columns) are made with gray concrete, color indicates if the curing and mix
were correct. A significantly darker or lighter piece could imply a different

moisture content or curing time. Moreover, if such elements are exposed (e.g.,
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architectural concrete with no paint), uniform gray color is desired for visual
harmony.

o Cement Quality Control: For cement producers, color can serve as a quick
diagnostic tool. For instance, a yellowish or brownish tint in ordinary Portland
cement might indicate excessive iron oxide or manganese content in the clinker
(since those impurities impart color). Consistent gray color suggests the process
and raw mix are in control. In white cement, the degree of whiteness is directly
tied to how well the manufacturer has minimized trace elements like iron - a
drop in whiteness could signal a process issue. Thus, measuring color helps
ensure the cement meets grade specifications (many white cement makers use
a reflectance or whiteness index as a control metric).

o Ready-Mix and On-Site Mixing: For contractors, the color of wet concrete or
stucco can be a proxy for mix consistency. If one truck’s load is visibly different
in color, it might have a different water content or pigment dosing error. Using
a portable spectrophotometer, contractors can quantitatively compare colors of
wet samples before placement, catching issues early. This is especially
important when multiple loads must match (for example, a large slab poured
from several trucks) - color measurement ensures each load is within the
acceptable range, preventing a “quilted” appearance.

o Regulatory and Grading Considerations: In some cases, color affects grading or
classification. While it is not common for structural concrete, it is analogous to
industries like bricks or tiles where color uniformity can affect product grade.
For example, a precast company might classify products as prime or secondary
quality based on whether they fall within a color tolerance. Instrumental
measurements provide an objective basis for such decisions, avoiding

subjective human judgments that can vary.

Ultimately, across applications, instrumental color measurement provides objectivity

and precision that visual inspection cannot. Human eyes are subjective and can be
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fooled by lighting or background, whereas a spectrophotometer quantifies color in
numerical terms (like CIE L*a*b* values or proprietary color indices) with fine
resolution. This ensures that color remains within the desired range tailored to each
application’s needs. Buyers pay top dollar for construction materials and approve
color tones and patterns in advance, so each produced unit must meet those exacting
standards. Using calibrated instruments during production is the only reliable way to

achieve that level of consistency and fulfill customer expectations.

What Color Reveals About Cement and Concrete Quality

Color is more than just an aesthetic property - it can be an insightful quality indicator
for cement and concrete, reflecting aspects of composition, processing, and

performance:

o Raw Material Composition: The base color of cement is directly influenced by
its chemical contents. Ordinary Portland cement's gray-to-greenish shade
comes from trace elements (like iron, chromium, manganese) in the clinker. A
sudden change in cement color might reveal a change in limestone source or
fuel that introduces more of these oxides. For white cement, as mentioned,
whiteness indicates purity; a drop in whiteness could mean higher iron or clay
contamination. By measuring color (L* value or whiteness index), producers
monitor these impurities quantitatively. A higher L* (closer to 100) implies fewer
colorants like iron, which often correlates with premium white cement specs.

o Processing Conditions: Inconsistent color in cement or concrete can flag
process issues. For example, clinker that is over-burned in the kiln can appear
darker or even over-oxidized, affecting cement hue. Clinkers are the
intermediate products formed when the raw materials for cement—mainly
limestone (calcium carbonate), clay or shale (silica, alumina, iron oxide), and

minor additives—are heated to very high temperatures (typically 1400-1500 °C)
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in a rotary kiln. In concrete, if a batch was improperly mixed or cured, its color
may differ - e.g., uneven curing can cause mottling or a whitish “"blush” (from
efflorescence of salts) on the surface. A uniform color suggests the mix was
homogeneous and the curing was well-controlled, whereas blotchy or off-color
areas might indicate curing temperature differences or poor mixing of
pigments/water. Thus, color measurement on samples can serve as an early
warning system for process drift. One quality manager described a
spectrophotometer as an “early warning system” - in the tomato industry
context it caught browning from a heating issue before it got worse; similarly, in
concrete, a spectrophotometer could catch an abnormal color shift indicating a
mixer not dispensing pigment correctly or a dryer overheating aggregates.
Strength and Durability Clues: While color itself does not directly equate to
strength, it can indirectly signal issues that affect strength. For instance, adding
too much water to a concrete mix makes it lighter in color when cured (since the
surface has more bleed water and eventually more porosity, causing a chalky
lighter appearance). That lighter color could reveal an over-watered mix, which
likely has lower strength. Similarly, a very dark patch on a slab might indicate a
section that stayed wet longer (potentially lower strength if curing differed).
Bricks and grout color are known to indicate age/strength - darker aging or
improper curing can darken color, whereas proper strength development often
correlates with expected color. In essence, color deviations can prompt
investigation into whether the product meets other quality criteria (strength,
density, etc.).

Consistency and Blending: In precast operations with multiple production lines
or plants, color consistency equates to consistent quality control across sites. If
one plant’s concrete has a slightly different tint, it may mean a different raw
material or mixing practice was used. Companies that measure color at all sites

can ensure interchangeability of product. For example, if a company produces
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precast panels in two factories, they will want the panels to match in color (so
they can be used on the same building). By sharing a common color standard
and measuring AE (total color difference), they can keep differences below a
tight threshold (such as AE < 0.5, which is barely perceptible). Achieving such
consistency across locations is a strong indicator of uniform quality processes.
Customer Perception and Grading: Ultimately, color is what the end customer
or inspector immediately notices. A high-quality concrete product is often
expected to have a clean, uniform color that meets the specification. Deviations
might be perceived as defects even if structural integrity is fine. For instance, an
otherwise strong concrete floor with some sections that have cured differently
(and look discolored) could lead to customer complaints or rejections.
Therefore, maintaining the correct color is part of quality assurance - it “reveals”
that the manufacturer took care in the process. In official grading of some
materials (analogous to how 30% of a processed tomato product’'s grade can
be based on color), we can think of certain architectural concrete jobs where

color is part of the contractual acceptance criteria.

In summary, color measurement provides a non-destructive, quick check on various

aspects of quality. A spectrophotometer can quantify subtle color shifts that human

eyes might miss but which correlate with changes in materials or processes. Color can

often indicate the age and strength of a material like concrete or bricks - while not a

direct strength test, color is a valuable qualitative gauge and when quantified,

becomes a powerful tool in the QA/QC toolkit. Manufacturers who track color data

over time often find they can detect and correct issues before other tests (like strength

tests) would even be completed.

Cement and Concrete Color Measurement Applications
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Color measurement using spectrophotometers is applied at multiple stages in cement
and concrete production. Here we detail key application points and how

measurements are performed in practice:

o Base Cement Color Measurement: Before any pigments are added to create
colored concrete, producers examine the color of the cement itself. This is
especially critical when aiming for light or vibrant colored products. Before
concrete color pigments are added, it is important to measure the cement color
itself to set a base for color formulation. Cement color can vary from batch to
batch; using a white cement base is preferred for achieving brighter colors, and
its whiteness can be quantified spectrophotometrically. Manufacturers will
measure the L* value or a whiteness index of cement powder samples using a
benchtop spectrophotometer. For example, if a white cement shows an L* of 90
in one lot and 86 in another, that signals a significant difference in whiteness
that could impact final concrete color - adjustments in pigment load or
sourcing might be needed. Grey cements are also checked; a
spectrophotometer can detect subtle shade differences due to iron content that
human eyes might not reliably distinguish.

» Pigment Quality Control and Formulation: Pigments (often delivered as
powders) are measured for color strength and consistency. This can be
challenging because pigment powders are highly saturated in color and can be
non-uniform. Instrumental methods are used such as placing the powder in a
sample cup with a glass port - samples are often measured through the side of
a clear glass cell to present the powder in an optically dense, uniform way. By
doing so, the loose powder is effectively “made into a solid” for measurement,
improving consistency. Multiple readings are averaged to account for any
texture effects. Spectrophotometers help formulation by allowing technicians to
mix trial batches of pigments and cement and measure the resulting color,

iterating until the desired hue is achieved.
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In-Process Batch Monitoring: During concrete mixing (either in a batch plant for
ready-mix or in a factory for precast), spot samples are taken for color
measurement. For wet concrete or mortar, typically a sample is placed in a
small mold or dish to create a consistent surface for measurement (excess water
may be drained or a consistent timing after mixing is used to account for color
change on setting). Portable 45/0 instruments can be pressed against the
smooth surface of a fresh concrete patty to get a reading. Some producers also
create small, cured coupons from each batch and measure those after curing as
a retained sample for quality records. In high-volume production, in-line
spectrophotometers are sometimes installed (e.g., above a conveyor of wet mix
or analyzing dry mix flowing) - these can give continuous color readings. In fact,
advanced systems with integrated height measurement can adjust for irregular
surfaces of concrete, enabling accurate non-contact readings of wet or textured
samples in real time. Such in-line monitoring “virtually eliminates the risk of
releasing unsatisfactory products” by catching any color drift immediately.
Precast Product QC (Dry Samples): Once concrete products (blocks, panels,
tiles, etc.) are cured, manufacturers typically measure the surface color as part of
final QC. A spectrophotometer in reflectance mode is used on the product’s
surface (often multiple spots on a large piece, to account for any slight
variation). This provides data like L*, a*, b* which can be compared to the target
color. If the AE (overall color difference) exceeds the allowed tolerance, that
batch might be flagged. For example, a company making red concrete roof
tiles will measure tiles from each kiln load; if a batch is too orange or too dark
compared to the standard (say AE=3 when tolerance is AE=2), they may
investigate whether pigment was dosed correctly or if firing conditions changed
the color. Only batches within tolerance are passed for shipment. This
instrument-based approach replaces or augments visual sorting. As a result, it

greatly improves consistency - one case study in the food realm noted that
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using spectrophotometers across plants reduced inter-plant color variation by
75%; similarly, in concrete, a network of instruments ensures every production
line converges to the same color standard.

« Field Verification: In some scenarios, a contractor or inspector will perform a
color check on site. For instance, imagine a large architectural concrete facade
being constructed with precast panels delivered over several weeks. If a panel
from a later delivery doesn't visually match the earlier ones, a handheld
spectrophotometer (like the HunterLab MiniScan 4500L) can quantify the
difference objectively. This can prevent disagreements by providing data - if the
color difference is within the agreed tolerance, the contractor can proceed with
confidence; if not, they can halt installation before an inconsistent panel is put
up. Another field use is for integrally colored concrete slabs: an owner’s rep
might measure a cured sample slab and then measure the actual installed floor
to ensure they match. Portable instruments with 45/0 geometry are ideal here
since they measure color as the eye sees it, even under outdoor lighting. Field
measurements provide real-time feedback - for example, if on-site mixing of
stucco yields a color slightly off from the sample, adjustments (adding a bit
more pigment or a different sand) can be made to subsequent batches to

correct the hue.

Throughout these applications, maintaining consistent procedures is important.
Operators develop standard methods: same sample thickness, same illumination
conditions, calibration of instruments daily, etc., to ensure the color data is reliable.
Setting formal color tolerances (in units like AE*) is also a best practice. By
programming these tolerances into software or the instrument, any measurement out
of range triggers an alert, enabling proactive corrections. This systematic approach to
color QC in cement and concrete production helps achieve batch-to-batch consistency
effortlessly and builds trust with customers that each product will meet the expected

appearance criteria.
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Challenges in Applying Color Measurement (Visual vs.
Instrumental)

Ensuring accurate color control in cement and concrete comes with unique
challenges, both in human visual assessment and in instrumental measurement. It's
important to understand these challenges to appreciate the value of

spectrophotometers and how to use them effectively.

Visual Assessment Challenges: Relying on the human eye to judge concrete color is
notoriously problematic. Vision is subjective and influenced by lighting, background,
and observer differences. For example, a gray concrete sample might appear
differently under cool daylight vs. warm indoor lighting. Human observers also
experience fatigue and inconsistency - what looks “acceptable” to one person might
not to another. A worker's judgment might even shift throughout the day or with
mood. As a result, purely visual QC can lead to erroneous passes or rejects. In
building materials, where subtle shade differences matter, this subjectivity is risky.
Manufacturers who rely on manual color comparisons leave their process open to
errors resulting from perception differences and visual fatigue. Furthermore, using
color charts or reference panels (like painted tiles as comparison) has limitations:
concrete surfaces have texture and slight gloss that can make direct visual comparison
to a flat color chip inaccurate. Ambient conditions on a job site (dust, wetness,

shadows) can further mislead the eye.

Instrumental Measurement Challenges: Spectrophotometers remove subjectivity by

providing objective data, but they introduce their own set of challenges:

o Sample Presentation and Heterogeneity: Concrete and cement samples can be
non-uniform. Cement powder, for instance, can trap air or have slight color
variegation. Fresh concrete is wet and textured; cured concrete might have

exposed aggregates or surface roughness. These factors can affect instrument
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readings. If not addressed, one reading might not represent the true overall
color. The solution involves consistent sample prep and sometimes averaging
multiple readings. For powder samples, as mentioned, using a glass sample
cup and filling it uniformly makes a big difference. For rough surfaces,
instruments with larger measurement areas or the practice of taking an average
of several spots help capture a representative color. HunterLab's Aeros
instrument, for example, averages color over a large area (with a rotating
platform) to handle non-uniform products. If using a handheld device, an
operator might take 5-10 readings on different areas of a precast panel and use
the average as the panel’s color - this mitigates the effect of any single
aggregate or surface blemish.

Texture and Gloss Effects: Concrete surfaces can range from matte (rough form
finish or broom finish) to relatively glossy (troweled or polished). The
appearance difference between two finishes can be significant even if the base
color (pigment) is the same - a smoother, more polished surface looks darker
and richer in color because it reflects light directionally, whereas a rough
surface looks lighter and more diffuse. This is where instrument geometry
matters. 45°/0° instruments (like the ColorFlex L2 or MiniScan 4500L) view the
sample similarly to the human eye and include the effect of gloss and texture in
the measurement. In contrast, d/8° sphere instruments (like MiniScan 4000L)
can be set to include or exclude specular gloss; when including it, they tend to
"see” color regardless of surface shine (gloss is diffused in the integrating
sphere). Each approach has its purpose: 45/0 is great for evaluating the product
as the customer will see it (appearance), whereas d/8 can be useful if you want
to measure the intrinsic color of the pigment itself, negating texture differences.
Without the right instrument choice, a manufacturer might get inconsistent
readings - for instance, a sphere instrument might show two blocks are the

same color even if one is glossy and one is matte (which visually look different).
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Companies must choose geometry based on what they're trying to control:
appearance vs. color-only. This is a challenge but also a decision point where
knowing the difference is key.

Environmental Factors and Instrument Maintenance: Cement plants and precast
factories can be harsh environments - dusty, with vibration and temperature
fluctuations. Optical instruments require clean optics and stable calibration.
Dust on a spectrophotometer’s optics can skew readings over time. Thus,
regular maintenance and calibration checks are needed. Many modern
instruments (including HunterLab's) have sealed optics and rugged designs to
cope with such conditions. For example, the ColorFlex L2 has a spill-resistant
sample compartment to protect it from wet or powdered samples. Still,
implementing a maintenance routine (cleaning calibration tiles, zeroing the
instrument, etc.) is a challenge that must be managed.

Data Interpretation and Integration: Another potential challenge is not
obtaining color data, but in using it effectively. Converting raw color
measurements into actionable QC decisions requires setting standards and
tolerances (which might be new to some producers used to just “eye-balling”
color). There can be a learning curve in understanding metrics like AE, or
indices like whiteness. Training staff to interpret the numbers and correlate
them with visual outcomes is important. Fortunately, modern software can
simplify this, flagging out-of-tolerance results automatically. Integration of color
data into Quality Management Systems can also be challenging but pays off by
allowing trend analysis (e.g., seeing if a certain mix is gradually drifting in color

over several months).

Despite these challenges, the benefits of instrumental color measurement far

outweigh the difficulties. By addressing sample presentation and choosing

appropriate geometry, manufacturers get repeatable, objective data.

Spectrophotometers are better options than color charts or human observation for

KA-07493



‘;ﬂ HunterLab

building materials, providing “reliability, repeatability and consistency.” Many

spectrophotometers can factor in texture through proper configuration. The key is

understanding the limitations of both human and instrument methods and

implementing best practices (standardized measurement procedures, regular

calibration, and using the right instrument for the job). When done properly,

instrumental color measurement dramatically reduces production color errors, leading

to fewer customer complaints and rejected materials.

Global Color Methods and Standards

Color measurement in the cement and concrete industry doesn’t happen in isolation -

it follows broader color science standards and methods developed by organizations

like the CIE (International Commission on lllumination) and ASTM. Here we overview

the key color measurement methods and standards relevant globally, and how they

apply to cement/concrete color control:

15

CIE L*a*b* Color Space: The international standard for objective color
description is the CIE L*a*b* system. Virtually all modern spectrophotometers
output color in L*a*b* values. L* represents lightness (0 = black, 100 = white),
a* represents the green-red axis, and b* represents the blue-yellow axis.
Concrete colors (whether gray, red, etc.) can be precisely quantified in this
space. For example, a typical gray concrete might be L*=70, a*=0, b*=0
(neutral gray), whereas a terra cotta colored block might be L*= fifty-something,
a* around +15 (reddish), b* around +15 (yellowish) to indicate an orange-red
hue. The CIE AE* (delta E) formula calculates the color difference between a
sample and a standard - this is the universal metric to decide if a color is “close
enough.” Many industries have guidelines for acceptable AE (for instance, AE <
1 might be required for very tight matching in precast panels; AE < 3 might be

acceptable for less critical applications). Manufacturers often establish internal
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standards: e.g., a precast panel must not deviate more than AE 2.0 from the
approved color tile.

45°/0° vs d/8° Geometry Standards: Globally, there are standards about
instrument geometry for certain applications. In the concrete realm, there isn't a
single mandated geometry - but as noted by HunterlLab's data, about “70% of
customers choose a 45°/0° geometry instrument ... for opaque finished materials
viewed by customers,” while ~30% use d/8° sphere geometry to ignore
gloss/texture. This aligns with general industry practice: if measuring
appearance (what the human eye sees), 45/0 is standard (similar to paint and
textiles industries for visual assessment). If measuring an ingredient or intrinsic
color, sphere is common. ASTM standards for color measurement (like ASTM
E1164 for spectrophotometry) describe both geometries. In practice, many
cement/concrete labs follow the same approach used in paint/plastics: 45/0 for
surface color, sphere for raw powders. The key is consistency - pick a geometry
and standardize on it so that all data is comparable.

Whiteness and Brightness Indices: For applications like white cement or
pigments, specific indices are used internationally. The CIE Whiteness Index
(ASTM E313) is widely accepted for measuring “"degree of whiteness” under
standard illuminant conditions. A white cement manufacturer, for example,
might report a CIE Whiteness (D65/10°) value for each lot of cement, ensuring it
stays above a benchmark. There are also ISO brightness measures (R457 blue
light reflectance) historically used in the paper industry and sometimes
referenced for white powders like cement. In construction materials standards,
one finds references to color and whiteness: e.g., ASTM C979 (specification for
pigments for integrally colored concrete) doesn't dictate how to measure color
but does mention using white cement for maximum color “discrimination” when
evaluating pigment strength. This implies measuring color difference of a

mortar or concrete made with a test pigment vs. a reference pigment -
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essentially a standardized color test to compare pigment quality. Such tests
would require a spectrophotometer and a standardized method (sample
preparation, curing time, etc.) so that results are reproducible across labs.
Standard Observers and llluminants: Globally, color is measured under
standardized lighting conditions. Common illuminants used are D65
(representing average daylight) and C or A for other specific uses. In concrete
applications, D65 (daylight) with a 10° observer is often used, since concrete is
usually seen outdoors from a broad field of view. Instruments allow switching
illuminants/observers, but the key is to pick one and stick with it for specs. Many
industries stick to D65/10° or C/2°. For example, the CIE Whiteness formula can
be applied for both D65 and C illuminants. HunterlLab instruments support
multiple illuminants and observers; the ColorFlex L2, for instance, can use C/2°
(commonly used in some quality standards) or D65/10° as needed.
International standards like ISO 11664 ensure that no matter where you
measure the concrete’s color (in the US, Europe, Asia), if you use the same
instrument settings, you should get comparable Lab* values.

Color Reference Standards: In a global context, having physical reference
standards is important for inter-lab consistency. Some industries (e.g., ceramics,
coatings) maintain color reference tiles or chips. A concrete example is the use
of standard gray tiles for calibrating visual assessment - not as common, but
larger companies might have a “master panel” kept as a golden sample.
Instrumentally, HunterLab provides calibrated white tiles and even product-
specific references (like their renowned tomato color tile for that industry). For
building products, there are reference standards too - e.g., tiles for specific
colors. Global methods encourage hitch standardization - i.e., each instrument
is standardized (calibrated) to the same reference so that results match across
devices. HunterlLab’'s documentation often talks about “hitching” instruments

together using standard samples. This is critical for a company with multiple

KA-07493



‘;ﬂ HunterLab

instruments globally: by reading the same physical sample and adjusting, they
ensure that a AE calculated between a panel measured in New York and one
measured in Shanghai truly reflects actual color difference, not instrument
variation.

o Standards for Visual Color Difference Acceptance: Organizations like the ACI
(American Concrete Institute) and ASTM provide guidance on color uniformity
in concrete finishes. For example, ACI has guidelines for acceptable variation in
architectural concrete, often still visually assessed, but instrumental methods are
increasingly suggested for arbitration. If a dispute arises about whether two
panels are "too different” in color, using a spectrophotometer and referencing
CIE AE can provide an objective answer. There is a trend toward including color
measurement in project specifications (e.g., "All precast panels shall be within
AE 2.0 of the approved standard, measured with a 45/0 spectrophotometer
under D65 illumination”). This trend reflects the broader acceptance of

instrumental color standards as part of construction quality standards.

In conclusion, the methods and standards used for color measurement in
cement/concrete are consistent with global color science practices. Manufacturers
benefit from this because the same tools and metrics (like CIELAB, AE) can be
communicated up and down the supply chain. A concrete pigment supplier can
provide CIELAB values for their pigment; the concrete producer can use that in
formulation; the architect can specify a color in CIELAB and the producer can then
verify it instrumentally. Everyone speaks the same “color language.” HunterLab's
instruments are designed to comply with these international standards, offering
compatibility with all common scales and indices. By adhering to global standards, the
industry ensures that color quality control is both objective and universally

understood.

Recommended HunterLab Solutions and Why
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When it comes to measuring the color of cement and concrete products, selecting the
right instrument is crucial due to the variety of sample types (powders, wet mixes, solid
surfaces) and the need for both laboratory precision and field portability. HunterLab,
with decades of experience in color measurement, offers several instruments ideally
suited to these tasks. Here we highlight the recommended HunterlLab solutions for
this industry and explain why they are best-in-class for cement and concrete

applications:

o ColorFlex® L2 Spectrophotometer (Benchtop 45°/0°) - For Laboratory and At-
line Use (Wet and Dry Applications): The ColorFlex L2 is a compact benchtop
spectrophotometer that uses 45°/0° geometry, meaning it illuminates at 45°
and measures color at 0° (perpendicular) - this geometry is excellent for
measuring color the way the human eye perceives it on surfaces. There are
several reasons this instrument is ideal for cement and concrete labs:

o Versatility: It can measure opaque solids, liquids, powders, and even
translucent samples with equal ease. In practical terms, this means the
same device can measure a cup of dry cement powder, a paste of wet
concrete, or the surface of a hardened concrete sample. The ColorFlex
L2 has an easy-to-clean sample cup system and a spill-resistant sample
compartment, so even wet or dusty samples can be handled without
damaging the optics. Many concrete labs prepare a slurry or pressed
pellet of cement to measure whiteness - the L2 handles these with its
45/0 optics that ignore specular glare off the surface and focus on true
color.

o Human-eye Correlation: Because of its directional geometry, the
ColorFlex L2 captures color in a way that correlates with visual
assessment. This is important for finished concrete products - you want
the instrument reading to match what a customer would perceive. For

instance, if a concrete sample looks too dark to the eye due to a
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smoother finish, the L2 will also register a lower L* value, reflecting that
appearance. This makes setting visual tolerances easier.

Integrated Software & Ease of Use: The ColorFlex L2 features a built-in 7-
inch touchscreen interface and onboard software (HunterLab Essentials)
that allows for standalone operation - no external PC is required for
routine use. This is a big plus in an industrial environment; it simplifies
operation for technicians. They can select a stored product standard on
the screen, measure the sample, and immediately see pass/fail
indicators. The interface supports storing thousands of readings and can
display data in various formats (color values, spectral curve, trend plots).
Moreover, it can connect via Ethernet or USB to a network, enabling data
export to a LIMS or QC database. Such connectivity is valuable for
cement companies tracking quality data across time.

Ruggedness and Reliability: The L2 is built with industrial settings in mind
- it has a chemical-resistant housing and a sealed optics design. The
device is relatively light (~12-15 lbs) and has a small footprint, so it can
be moved between the lab and production floor if needed. Its
illumination is provided by a long-life LED lamp, eliminating warm-up
times and frequent lamp replacements that older instruments needed.
This means stable performance and lower maintenance in the long run.
Calibration is straightforward with provided white and black standards,
and the instrument performs automatic diagnostics on startup to ensure
everything is functioning correctly.

Why It's Recommended: For a cement/concrete producer, the ColorFlex
L2 offers a perfect balance of accuracy, ease-of-use, and durability. It can
be stationed in a central lab for precise measurements of cement
whiteness or pigment strength, and it can just as easily be set up near the

production line to test every 30-minute sample of concrete coming out
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of a mixer. With its 45/0 geometry and powerful software, it essentially
streamlines quality control - providing unsurpassed confidence and trust
in color outcomes. Whether the application is measuring a wet mix’s
color or the final dry product, the L2 handles both (wet samples can be
placed in a dish with a clear cover to measure reflectance, while dry
powders go in sample cups). This flexibility, combined with the
instrument’s high precision, makes it a go-to lab/at-line solution for

cement and concrete color management.

MiniScan® EZ 4000L (Portable Sphere Spectrophotometer, d/8°) - For Portable

Measurements, Large Area View (Ideal for Textured Surfaces and Color Quality

“on the go”): The MiniScan 4000L is a handheld spectrophotometer with

diffuse/8° geometry (an integrating sphere with 8° viewing) and a large area

view (LAV) port. This instrument is exceptionally useful for field measurements

or quick checks on bulky samples. Key reasons to use the 4000L:

@)

Portability and Convenience: The MiniScan 4000L is lightweight, with an
ergonomic rubberized handle and one-handed operation design. This
means a technician can easily carry it around a plant or construction site.
It has a large LCD display on the device, so results are visible
immediately on the unit (no need to tether to a computer). It runs on
battery power, enabling truly cordless operation. This portability is
perfect for a precast yard or for measuring in-situ concrete surfaces (e.g.,
checking the color of a concrete floor in a warehouse without cutting a
piece out).

Sphere Geometry - Minimizing Texture/Gloss Influence: Because it uses
an integrating sphere (diffuse illumination), the MiniScan 4000L “looks” at
only the color of the sample, effectively reducing the effect of surface
texture or gloss on the measurement. This is a big advantage when

measuring things like rough concrete blocks, exposed aggregate panels,
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or any sample where surface variations might otherwise cause reading
fluctuations. For example, if you measure a textured paver that has some
sparkling aggregate, a 45/0 device might register slightly different color
depending on which part of a grain it hits, whereas the sphere will
average out those effects. The 4000L is ideal for those who wish to
reduce the effects of texture or gloss in measurements. In other words, it
isolates the color of the cement/pigment itself.

Large Area View (LAV): The “L" in 4000L indicates a large viewing area - it
has about a 20mm measurement area (with a 25mm port opening). This
large spot size is very useful for heterogeneous materials like concrete. It
captures more of the sample in each measurement, which improves
representativeness. By measuring a bigger area, the instrument provides
more "averaged” color data in one read. If the concrete has speckles or
tiny color variations, the large area helps smooth those out in the data.
According to product info, this yields more accurate results and more
data for analysis on larger or non-uniform samples.

Data Capabilities: Despite being portable, the MiniScan 4000L stores up
to 100 standards and 800 samples internally. It can also average up to 20
readings for uneven samples (a feature right on the device). This is very
handy - an operator could take 5 readings on a slab and let the device
compute the average AE against the standard, all in the field. It supports
all common color scales and indices (CIELAB, Hunter L,a,b, AE, etc.) and
can display spectral plots as well. Later, the data can be downloaded via
USB to a PC for record-keeping. The MiniScan can also be paired with
EasyMatch software if needed for more detailed analysis.

Rugged Design: Recognizing that field instruments might be subjected
to drops or rough use, the MiniScan is built tough and even has a rubber

grip for shock absorption. The device operates in a range of conditions
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(typical 0-40°C environments). Additionally, there are optional nose cone
accessories like a glass plate cover for measuring wet paint or a foot for
positioning - for concrete, one useful accessory is a nose cone with a
protective glass, allowing measurement of dusty powder without letting
dust inside the sphere.

Why It's Recommended: The MiniScan 4000L is the tool of choice for on-
site or shop-floor color checks, especially when dealing with varied
surface finishes. If a QA inspector needs to roam among pallets of
colored pavers to test a few from each pallet, the 4000L makes it feasible
- try doing that with a benchtop! Its ability to neutralize gloss/texture
means it provides consistent readings even if one sample is smoother
than another. In the context of cement and concrete, this instrument is
fantastic for measuring things like architectural concrete samples (which
might have surface treatments), aggregate color, or form-liner textured
panels. It gives the quality engineer flexibility: measure anything,
anywhere. And importantly, its readings will align with lab instruments
when used in specular-included mode, since it's all grounded in the
same ClE-based measurements. Think of the 4000L as the field extension

of the lab - you get lab-quality data in your hand.

MiniScan® EZ 4500L (Portable 45°/0° Spectrophotometer) - For Portable
Measurements with Directional Geometry (Appearance-focused, also large
area): The MiniScan 4500L is the sister to the 4000L, but with 45°/0° geometry
and similarly a large viewing area (approximately 25mm). This instrument is
essentially a handheld version of a 45/0 bench, giving you visual-correlated

measurements on the go. Here's why the 4500L is highly recommended:

True Appearance Measurement, Portably: The 4500L's geometry
measures color the same way the ColorFlex L2 does - capturing the

effect of color and gloss/texture together. This is important for quality
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control of final products where how they appear to customers is the
ultimate concern. If you need to check the color of a polished concrete
countertop on-site, the 4500L will measure what your eye sees (including
the gloss). It's often used for products like painted metal or glossy
plastics for this reason; for concrete, it could be ideal for things like
colored polished floors or sealed decorative blocks. Many building
product manufacturers prefer this geometry - 40% of customers prefer [a
45/0 instrument] because of its compact design and integrated display -
for QC of building materials. The 4500L brings that geometry into a
portable form.

Large Area & Accessories: Like the 4000L, it has a large measurement
area (25mm) which is great for concrete surfaces. It also supports various
nose cones. One notable accessory is a “Wet Sample” nose cone that can
be attached (as listed in HunterLab brochures) - this allows, for instance,
measuring a wet paint or wet concrete surface by preventing direct
contact with liquid. This could hypothetically be used to measure fresh
concrete color without touching the wet mix, although typically one
would measure a slightly dried surface or put a protective film.
Nonetheless, the availability of such accessories shows the flexibility of
the instrument (e.g., a special port insert for glass can even allow
measuring liquids or spread coatings).

Ease of Use and Memory: The user interface and capabilities mirror the
4000L. It has a large LCD screen and thumb-tip navigation so that even
with one hand you can operate it. It can store up to 100 standards and
800 samples and averaging up to 20 readings. The instrument can be
personalized with a USB keyboard or barcode scanner if a plant wants to
tag samples with IDs easily. This might be useful if, say, each concrete

batch has a code - the operator scans the batch code, measures the
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color, and the reading is stored under that code in the device. This kind
of integration boosts efficiency on the factory floor.

o Durability and Popularity: The MiniScan 4500L is described as “versatile
and durable,” and indeed, it tends to be the more popular model among
MiniScans for industrial users. It has a slightly larger port than the 4000L
(31.8mm port with 25mm view) and similarly robust design. Companies
choose it when they want consistency with lab 45/0 instruments in a
portable form. For instance, a company that uses ColorFlex (45/0) in the
lab may pick 4500L for the plant floor so that all measurements align. It
travels anywhere - from lab to production line, indoors or outdoors -
without compromising accuracy. It's battery-powered and comes with a
carrying case, making it truly field-ready.

o Why It's Recommended: The MiniScan 4500L is the top recommendation
for on-site color matching and quality checks where visual consistency is
key. If a precast concrete producer ships panels to a job site, a quality
officer can bring a 4500L to the site and validate that the panel color (as
installed) matches the approved sample panel. Because it accounts for
the actual appearance, there's no discrepancy between instrument data
and what the eye sees. This instrument is also excellent for audit
scenarios - e.g., a third-party inspector verifying color uniformity of
delivered materials can use a 4500L as a standard tool. Its combination of
precision, portability, and human-eye correlation is unmatched. In
essence, the 4500L delivers “laboratory performance in a light-weight,
handheld design”, which is exactly what many building materials

companies need in their color QC arsenal.

By deploying the ColorFlex L2 in the lab/production line and MiniScan EZ
4000L/4500L in the field or plant floor, a company can cover all aspects of cement and

concrete color measurement. The ColorFlex L2 handles high-precision analysis and
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messy or varied sample types in a controlled setting, while the MiniScans extend that
control to anywhere it's needed - whether on the factory floor, warehouse, or
construction site. All these instruments are backed by HunterlLab's software and
support, meaning data from one can be compared with data from another seamlessly
(they can all speak L*a*b*, AE, etc., and use the same standards for calibration). The
recommendations above are based on those best fits for the cement and concrete
sector’s challenges of wet vs dry samples, textured vs smooth surfaces, and lab vs field

settings.
Competitive Landscape and HunterLab’s Advantages

The field of color measurement instruments has a few key players and various
technologies, but not all are equally suited to the rugged and varied needs of cement
and concrete applications. In discussing the competitive landscape, we will avoid
specific competitor brand names and instead focus on the types of technologies

available and why HunterLab's solutions stand out as best in class.
Types of Color Measurement Technologies in the Market:

o Visual Comparison Tools: At the most basic level, some companies might use
color comparison charts or painted swatches to judge concrete color. These are
inexpensive and low-tech, but as discussed, they are subjective and not
quantitative. They also fail with textured or wet samples. This isn't truly
"competition” to instruments, but it's a baseline that some smaller operations
still rely on. The clear disadvantage is the lack of precision and consistency -
one cannot reliably ensure color quality this way, especially for tight tolerances.

o Portable Colorimeters/Low-cost Spectrophotometers: There are simple
colorimeters (3-filter devices) and lower-cost handheld spectrophotometers on

the market aimed at general color QC. While these can be a step up from visual
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checks, they often have limitations in accuracy, inter-instrument agreement, and
build quality. In harsh environments like cement plants, a flimsy device may not
hold up or maintain calibration. Additionally, simpler devices might not account
for texture well or have limited aperture sizes, making them ill-suited for
concrete’s heterogeneous nature. Simple color-measurement devices
introduce challenges with data limitations or poor construction and might not
give comprehensive or reliable data. For example, a small-aperture colorimeter
could give erratic results on concrete with larger aggregate exposure.

High-end Spectrophotometers (Bench and Portable) by other providers: There
are other instrument manufacturers who offer spectrophotometers with similar
geometries (45/0 or d/8) that could, in theory, be used for concrete. Some are
oriented towards industries like paint, plastics, or textiles. While these can
measure color accurately, they may not have the specific features or support
needed for building materials. For instance, not all have large area view options
(critical for concrete), or they may lack rugged enclosures. Furthermore,
competing bench units might require a PC for operation or have less user-
friendly interfaces, which can be a drawback in a production environment with
varying skill-level operators. The competitive landscape in tech also includes
multi-angle spectrophotometers - however, those are mainly for
metallic/pearlescent paints, not relevant to cement color (since concrete color
isn't angle-dependent in that way).

Online Color Monitoring Systems: A few companies provide inline color
sensors that mount on process lines (like on a conveyor or mixer) for continuous
monitoring. These can be advantageous for real-time control, but they can be
expensive and sometimes need custom integration. Their competition to
HunterLab’s benchtops is situational; in fact, HunterlLab itself offers an online
system (SpectraTrend HT). In contexts like continuous dry cement production,

an online system can measure powder color as it flows. But for most concrete
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batch operations (which are batch, not continuous), benchtop/portable

solutions are more practical.

Why HunterLab is Best in Class:

. Tailored Solutions for Industry Needs: HunterLab has a long history of working

with industries like building materials. They have engineered instruments to
meet the specific challenges of concrete color measurement. For example, the
Aeros (non-contact) was developed to measure irregular products, and the
ColorFlex series for ease in production settings. The availability of large view
spheres and 45/0 devices, as well as accessories (like the wet sample device),
shows their depth of understanding of application needs. Competing products
might be one-size-fits-all; HunterLab's lineup is more comprehensive, covering
bench, portable, and even non-contact, ensuring an optimal choice for each

scenario.

. Accuracy and Consistency (Instrumentation Quality): HunterLab's

spectrophotometers are widely recognized for their accuracy and long-term
stability. They use high-quality optics and illumination (e.g., the use of full-
spectrum LED in ColorFlex L2 ensures stable calibration). Inter-instrument
agreement (the degree to which two instruments read the same sample the
same way) is a point of pride - critical if a company has multiple units. The
company’'s commitment to innovation and quality has made them “the most
sought-after name in spectrophotometry”. This reputation is built on delivering
instruments that consistently produce reliable data.

Robust Construction & Longevity: Cement plants are tough on equipment -
abrasive dust, vibrations, and possibly exposure to caustic materials.
HunterLab's devices like the ColorFlex L2 are built with these considerations
(sealed optics, rugged exterior). The portable MiniScans are similarly built to be

rugged and ergonomic, as evidenced by their widespread use in field
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industries (even meat processors use MiniScans for color - think how messy that
can be, yet the device holds up). The competitive edge here is that HunterLab
instruments might have a higher upfront cost than some low-end competitors,
but they last longer and maintain performance, which lowers the total cost of
ownership.

Ease of Use and Support: HunterlLab places strong emphasis on user-friendly
design. The ColorFlex L2's touchscreen and standalone capability mean
minimal training is needed - an advantage over some competitors that still rely
on PC-only operation or cryptic interfaces. For instance, one can train a plant
operator to use the ColorFlex L2 via its wizard-driven software in very little time,
whereas another brand’s device might need a dedicated lab tech. Moreover,
HunterlLab's technical support and application support are often praised (they
provide application notes, on-site training, etc.). They have a global support
network, which is valuable for multinational companies ensuring all plants get
help when needed.

Comprehensive Features (All scales/indices, data handling): HunterLab
instruments come with the ability to handle all relevant color scales and indices
out-of-the-box. If a user needs CIELAB, Hunter L,a,b, Whiteness Index, and
other custom indices, the software can deliver those. This is not always true of
simpler competitors. Additionally, the ability to integrate with software (like
EasyMatch) and systems (SPC/LIMS) means HunterlLab fits into modern quality
control infrastructure smoothly. Competing instruments that are stand-alone
without such integration can become data silos.

Innovation and Adaptability: HunterLab has continuously innovated - from
pioneering 45/0 instruments decades ago to introducing novel non-contact
systems (Aeros) recently. This means as customer needs evolve (say, if a
concrete company moves to more automated QC, or needs to measure new

materials like ultra-high-performance concrete with very dark color), HunterLab
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likely already has a solution or is developing one. They also pay attention to
user feedback, adding features that industries request. For example, their
newer instruments have features like a built-in camera for sample viewing (to
ensure proper sample placement) - an innovative feature that aids users in
getting it right every time. Not every competitor has that kind of user-centric

innovation.

In the competitive landscape, one might also consider alternative technologies like
image-based color analyzers or spectral cameras, but those are not mainstream for
routine QC due to complexity and cost. HunterlLab's focus on proven

spectrophotometry remains the gold standard.

Finally, HunterLab’s dominance in certain sectors speaks to their quality. When a
majority of an industry’s players are using one company's instruments, it's a strong
testament that those instruments deliver value. HunterLab's best-in-class status is thus
earned by a combination of technical excellence and industry trust. They don't just sell
hardware; they offer complete solutions (knowledge, support, and customization
when needed), helping clients integrate color measurement effectively into their
operations. This holistic approach often sets them apart from competitors who may
simply drop off an instrument at the lab. HunterLab’s philosophy is to always “go
beyond color, delivering precise, science-backed solutions that help industries achieve

superior quality and appearance control”.

Hypothetical Case Studies for Cement & Concrete Color
Control

To illustrate how these HunterlLab instruments can be applied in real-world scenarios,
below are a few hypothetical case studies. Each case focuses on one of the
recommended instruments and shows how it might solve a common color quality

challenge in the cement/concrete industry:
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Case Study 1 — Using ColorFlex® L2 in a White Cement Plant (Lab Application)

Background: A producer of high-grade white Portland cement supplies precast and
pool-plaster manufacturers who require consistently bright whiteness; even slight
dullness can compromise downstream colored concrete. Historically, the plant relied
on visual checks against a reference tile—subjective and insufficient for detecting small
shifts. They implemented a ColorFlex L2 in the QC lab to objectively measure L* and

CIE Whiteness for each production lot.

Application: For every batch, the lab prepares a pressed cement pellet with a uniform
surface and measures it on the ColorFlex L2 (llluminant D65/10°, reporting CIE L*a*b*
and CIE Whiteness). The internal spec requires L* > 92.0 for the premium grade. The
instrument flagged one lot at L* = 90.5, below threshold. The batch was quarantined,
and investigation traced the drop to slightly elevated iron in the day’s limestone. The
lot was diverted to a lower grade where a faint gray cast is acceptable. Over time,
accumulated spectrophotometric data were correlated with chemistry (Fe,O3%) to

refine raw-material selection and quarry blending.

Outcome: The plant preserved its reputation for ultra-consistent whiteness and
prevented off-color cement from reaching customers. Downstream concrete
producers reported tighter color control in their mixes owing to stable base cement
color. The ColorFlex L2 became a guardrail and process-improvement tool, ensuring

raw-material color quality that feeds forward into better final products.
Case Study 2 — Using MiniScan® EZ 4000L in Precast Concrete (At-line/Field)

Background: A manufacturer of architectural precast facade panels produces custom
hues in multiple molds and outdoor curing conditions. For a high-visibility project
requiring a warm beige tone, all panels had to closely match an approved reference

panel. Variable weather during cure raised concern about panel-to-panel appearance
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drift. QA deployed a MiniScan EZ 4000L (d/8° sphere, large-area view) to verify color
directly in the yard.

Application: The approved mock-up was measured and stored as the on-device
standard (L*, a*, b*). After cure (dry to touch), inspectors measured five spots per
panel and used the instrument’s averaging to obtain a representative color, then
computed AE to the standard. One unit (Panel #12) averaged AE = 3.5, exceeding the
internal AE < 2.0 tolerance; visually it appeared slightly cooler/gray—differences likely
to be obvious once installed side-by-side. Batch records showed pigment dosing near

the low end and curing on a cooler day—both potential contributors.

Outcome: Panel #12 was re-stained (or scheduled for recast) prior to shipment,
avoiding an on-site aesthetic failure. The objective 4000L data increased stakeholder
confidence; the manufacturer supplied a panel-by-panel color report demonstrating
all other panels were within tolerance. The portable sphere instrument’s large-area,
texture-neutral readings proved ideal for field QC of large, heterogeneous surfaces,

preventing a patchwork facade.
Case Study 3 — Using MiniScan® EZ 4500L for Ready-Mix Consistency (Field)

Background: A ready-mix supplier produced a terracotta-red integral color for a multi-
week subdivision build where every driveway had to look uniform. Because pours
spanned many batches and days, on-site verification was essential. A QA technician
accompanied each crew with a MiniScan EZ 4500L (45°/0° geometry) to evaluate color

as it would be perceived by homeowners.

Application: A preapproved trial slab was measured and stored as the target. For each
daily pour, a fresh sample puck from the truck was cast and measured at a consistent
T-hour set to predict final appearance. On Day 3, the technician observed AE = 2.5

(typical days were ~1.0), with reduced a* (less red). The plant confirmed a new
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pigment lot had been introduced; dosing was increased and mix water slightly
reduced to avoid wash-out. The next truck measured AE = 0.8. Recently placed
driveways from the out-of-family batch were surface re-tinted with a compatible

hardener to restore match.

Outcome: All driveways presented a visually consistent appearance upon cure.
Without on-site spectrophotometry, the drift would likely have been discovered too
late for economical correction. The 45/0 geometry aligned decisions with human
perception, making the 4500L a practical last line of defense for multi-batch, multi-day

colored concrete projects.

These hypothetical scenarios demonstrate tangible benefits: the ColorFlex L2 securing
raw material and lab QC, the MiniScan 4000L managing product uniformity for big
precast pieces, and the MiniScan 4500L ensuring consistency across multiple
deliveries and locations. In each case, instrumental color measurement provided early
detection of issues and data-driven solutions that would be difficult or impossible to
achieve with visual assessment alone. The ROl is seen in prevented problems: no
rejected loads by customers due to color, no costly rework after installation, and
stronger trust in the supplier's quality control. As a result, these companies maintain

high customer satisfaction and protect their brand'’s reputation for quality.
Conclusion

Color quality control in cement and concrete products is no longer an afterthought - it
has become a critical component of delivering premium, consistent materials in
today's construction industry. This white paper has explored the multifaceted role of
color: from reflecting material composition and processing conditions to influencing
aesthetic acceptance and market value. We've seen that color measurement matters

for dry cement powders (where whiteness can signal purity and performance) as well
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as for wet and hardened concrete (where consistent color means satisfied architects
and owners). Visual inspection alone is insufficient given the subtle differences and
high standards involved; instead, instrumental color measurement provides the

objectivity and precision needed to meet modern demands.

Implementing spectrophotometers in cement and concrete workflows offers
numerous benefits. Color data correlates with and can even predict other quality
attributes - for instance, a drop in cement L* might hint at a raw mix change, or an off-
color precast panel might indicate a batching error. By catching these through color
metrics, producers can intervene early, reducing waste and rejects. As demonstrated,
what might seem like a small AE difference can have big implications when pieces are
installed together; hence, controlling color tightly is both an economic and
reputational necessity. It's all about consistency - consistent raw materials, consistent
processes, and consistent final appearance. Instrumental measurement makes

consistency measurable and manageable.

Globally, standards and practices have evolved to support this, and companies that
adopt them position themselves as quality leaders. We discussed how CIE color
systems and indices are universally accepted languages of color - by using them, a
supplier and customer can have a clear agreement on color requirements (no more “it
looks a bit off to me” debates - the numbers will speak). Moreover, methods like 45/0
vs d/8 geometries are tools to either capture appearance or isolate true color, giving
manufacturers the flexibility to address different needs. The best strategy often
combines both: use 45/0 for final product control (appearance matching) and d/8 for
internal formulation and materials (colorant consistency). HunterLab’s range supports

exactly that approach, which is a major advantage.

In recommending solutions, we identified the ColorFlex L2, MiniScan 4000L, and
MiniScan 4500L as an effective toolkit for the industry. Each instrument shines in its

intended setting - the L2 bringing laboratory-grade measurement and ease of
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integration, and the MiniScans bringing that capability to the production floor and
field with rugged, user-friendly designs. Together, they ensure that whether in the lab
or at the construction site, color can be measured with the same confidence. We also
looked at hypothetical case studies that mirror common challenges, illustrating how
these tools can preventissues and add value. The recurring theme is that objective
data leads to better decisions: be it holding back an off-spec batch, adjusting a mix on
the fly, or assuring a client of product uniformity, having the numbers in hand changes

the game.

When examining the competitive landscape, it became evident that while there are
multiple options for color measurement, HunterLab distinguishes itself through its
deep understanding of applications and continuous innovation. They have effectively
become a partner to the building materials industry, not just an equipment vendor.
Their instruments are built to handle cement's dust, concrete’s messiness, and the
need for quick, reliable results - attributes that generic or lower-end devices struggle
with. With over 70 years in the business, HunterLab has earned a reputation for
excellence, and as we noted, a large portion of industry professionals entrust their
color quality to HunterLab devices. The phrase “best in class” truly applies when the

instruments deliver accuracy, durability, and ease of use that surpass alternatives.

In conclusion, implementing spectrophotometric color control is a wise investment for
any cement or concrete manufacturer aiming for superior quality. It reduces the
subjectivity and uncertainty in color evaluation, leading to tighter quality ranges and
fewer customer complaints. The initial cost of instruments is quickly offset by savings -
fewer rejected loads, optimized pigment usage (thanks to data-driven formulation),
and the avoidance of costly rework or replacements. Beyond cost, it elevates the
manufacturer’s credibility. They can provide documentation of color compliance, use it
as a selling point (especially in architectural concrete markets), and have peace of

mind that they won't be surprised by a color problem. As one quality director in an
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analogous industry put it, a spectrophotometer “removed a lot of uncertainty. We
sleep easier knowing our color is always under control.”. The same peace of mind can

be achieved in cement and concrete production.

Ultimately, controlling color is about controlling quality - and in an era where
consistency is king and visual appeal can distinguish products, having the right color
measurement solutions is essential. By leveraging instruments like the ColorFlex L2
and MiniScan EZ series, concrete and cement producers can ensure that every bag of
cement and every concrete unit that leaves their facility meets the highest standards of
color quality. This commitment to color excellence will reflect in the structures built,

creating a lasting impression of quality that endures as long as the concrete itself.
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