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Enhancing Ceiling Tiles in Building Products Manufacturing 

Through Spectrophotometric Color Quality Control 

 

Introduction 

Ceiling tiles play a critical role in the visual quality of commercial and institutional 

interiors. In offices, healthcare facilities, schools, and retail spaces, ceiling systems are 

installed in large, continuous grids where uniform appearance is essential. Even small 

color differences between tiles can disrupt the clean, finished appearance of a space 

and become immediately noticeable after installation. 

Most ceiling tiles are white or near-white, making them particularly sensitive to 

variations in brightness, undertone, and yellowing. Visual inspection alone is often 

insufficient to detect these subtle differences, especially under varying lighting 

conditions. As a result, leading ceiling tile manufacturers rely on spectrophotometric 

color measurement to objectively quantify color, whiteness, and batch-to-batch 

consistency throughout production. 

Many manufacturers also monitor the color of incoming raw materials before 

production begins. Early detection of color variation, contamination, or raw material 

inconsistencies can help prevent costly production losses, reduce waste, and improve 

finished product consistency. 

In addition to meeting structural, acoustic, and fire-performance requirements, ceiling 

tiles must also satisfy stringent color and appearance specifications to ensure a 

uniform visual presentation across large installed areas. 

 

Application Challenges 

Large-Area Visual Sensitivity 

Ceiling tiles are viewed collectively rather than individually. A slight color difference 

that may go unnoticed on a single tile can become highly visible when dozens or 

hundreds of tiles are installed side by side. 

White and Near-White Control 
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Small shifts in whiteness or yellowness can significantly impact perceived cleanliness 

and brightness. Variations in raw materials, coatings, binders, pigments, or curing 

conditions can introduce subtle color changes that are difficult to identify visually 

during production. 

Surface Texture and Porosity 

Many ceiling tiles incorporate textured, perforated, or porous surfaces to enhance 

acoustic performance. These textures scatter light unevenly, making visual assessment 

challenging and increasing the likelihood of inconsistent appearance evaluations. 

Lighting Influence 

Ceiling tiles are commonly evaluated under daylight conditions (D65) but are 

ultimately viewed under a wide range of fluorescent and LED lighting systems. Without 

spectral color data, materials that appear acceptable under one lighting condition may 

look significantly different under another. 

 

Raw Material Color Control 

Color measurement begins long before the finished ceiling tile reaches the production 

line. 

For manufacturers producing gypsum-based ceiling panels and tiles, the primary raw 

materials typically include: 

• Calcium Sulfate (Gypsum) 

• Cellulose Fibers 

• Crystalline Silica 

• Starches 

• Polyvinyl Chloride (PVC) and other polymer additives 

• Pigments and Optical Brightening Agents (OBAs) 

These materials contribute to the structural integrity, appearance, durability, and long-

term performance of the finished product. Many can be evaluated in powder or slurry 

form, allowing manufacturers to identify color and consistency issues before they 

impact finished tile production. 
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Objectives of Raw Material Color Measurement 

Ensuring Aesthetic Consistency 

Ceiling tiles are installed in large, continuous grids where even small color differences 

between adjacent tiles can create an uneven, patchy appearance. 

Controlling Raw Material Purity 

Natural and synthetic gypsum may contain impurities such as iron oxides, clay, or 

organic materials that can introduce undesirable yellow, gray, or pink color shifts. 

Measuring color helps verify the consistency of incoming raw material lots. 

Optimizing Brightness and Reflectivity 

Ceilings play an important role in indoor lighting efficiency. High whiteness and 

brightness maximize light reflectance and contribute to reduced lighting requirements 

and lower energy consumption. 

Monitoring Additives 

Manufacturers often use pigments, optical brightening agents, recycled content, and 

specialty additives to optimize appearance. Spectrophotometric color measurement 

verifies proper dosing and consistency of these materials. 

 

Recommended Measurement Method 

45°/0° reflectance spectrophotometry is the preferred measurement method for 

ceiling tile applications because it closely correlates with human visual perception of 

matte, diffuse surfaces. 

This geometry: 

• Minimizes the influence of surface texture and porosity 

• Excludes specular reflection that could distort color readings 

• Provides stable and repeatable reflectance data 

• Correlates closely with visual evaluation of finished products 
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Measurements are typically performed using CIE D65 illumination and a 10° standard 

observer to represent real-world viewing conditions commonly encountered in 

architectural interiors. 

For white and near-white ceiling tiles, manufacturers frequently monitor: 

• L* (Lightness) 

• Y (Reflectance / Brightness) 

• Whiteness Index (WI) 

• Yellowness Index (YI) 

• ΔE (CIELAB Color Difference) 

Whiteness Index and Yellowness Index are particularly valuable for monitoring 

brightness, detecting early discoloration, and identifying process-related yellowing 

before it becomes visually apparent. 

 

Standards and Industry References 

Spectrophotometric color measurement of ceiling tiles aligns with internationally 

recognized standards to ensure consistent, objective, and defensible results. 

ASTM E308 

Computing the Colors of Objects Using the CIE System 

Defines the calculation of CIE Lab* values and color differences from spectral 

reflectance data. 

ASTM E313 

Whiteness and Yellowness Indices 

Commonly used to quantify yellowing and monitor whiteness in white and near-white 

ceiling tile products. 

ISO 11664 (CIE Colorimetry Series) 

Defines standard observers, illuminants (including D65), and color spaces used 

globally for objective color measurement. 

European References 
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While no ceiling-tile-specific EN standard exists, manufacturers commonly utilize: 

• CIELAB color measurement according to ISO 11664 

• Reflectance-based brightness (Y value) 

• Whiteness and Yellowness Index monitoring 

 

Recommended HunterLab Solutions 

Different stages of ceiling tile manufacturing may require different color measurement 

solutions. 

Raw Materials and Slurries 

HunterLab ColorFlex® L2 

ColorFlex L2 is well suited for measuring gypsum slurries, pigments, fillers, coatings, 

and incoming raw materials. 

Key Benefits: 

• 45°/0° optical geometry 

• Robust design for industrial environments 

• Direct reporting of L*, a*, b*, Y, WI, and YI 

• Fast, operator-friendly measurements 

• Suitable for laboratory and at-line testing 

 

Finished Ceiling Tiles 

HunterLab Aeros® 

Aeros is ideal for finished ceiling tiles with textured, porous, or non-uniform surfaces. 

Automated averaging over a large measurement area provides a more representative 

evaluation of overall tile appearance. 

Key Benefits: 

• Non-contact measurement 
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• Large-area averaging 

• Excellent for textured and porous surfaces 

• High repeatability on non-uniform materials 

 

In-Line Process Control 

HunterLab SpectraTrend® HT 

SpectraTrend HT provides continuous, non-contact color monitoring directly on the 

production line. 

Key Benefits: 

• Real-time process monitoring 

• Immediate detection of color drift 

• Reduced off-spec production 

• Improved process control 

 

Inline vs. Laboratory Testing 

Many ceiling tile manufacturers utilize both laboratory and in-line color measurement 

systems as part of a comprehensive quality control strategy. 

Laboratory instruments are commonly used for: 

• Incoming raw material inspection 

• Product development 

• Process validation 

• Final product approval 

In-line systems provide continuous process monitoring and immediate feedback, 

enabling operators to identify color drift before significant quantities of material are 

produced outside specification. 

Together, laboratory and in-line measurements help manufacturers reduce waste, 

improve process consistency, and maintain uniform product appearance. 
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Case Study: Raw Material Color Control Improves Ceiling Tile Appearance 

Background 

A manufacturer of premium acoustic ceiling tiles utilizes gypsum, cellulose fibers, 

mineral fillers, pigments, and optical brightening additives to produce highly reflective 

white ceiling panels. Maintaining consistent raw material quality is essential to 

achieving uniform finished product appearance. 

Challenge 

The manufacturer experienced periodic variation in finished tile whiteness despite 

maintaining stable production conditions. Investigations revealed that subtle color 

differences in incoming gypsum and mineral filler lots were contributing to finished 

product variability. 

These shifts were often too small to detect visually but became noticeable after 

installation when tiles were viewed as part of a large ceiling system. 

Solution 

The manufacturer implemented HunterLab ColorFlex® L2 within its quality laboratory 

to evaluate incoming raw materials before release to production. 

Each incoming lot was measured for: 

• L* (Lightness) 

• a* and b* color coordinates 

• Y Reflectance 

• Whiteness Index (WI) 

• Yellowness Index (YI) 

Material acceptance limits were established using approved production standards. 

Raw material lots falling outside specification were flagged for further investigation 

before entering production. 

The ColorFlex L2 also enabled evaluation of gypsum slurries, pigments, coatings, and 

recycled content materials used throughout the manufacturing process. 

Results 
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• Improved consistency of incoming raw materials 

• Reduction in finished product color variation 

• Earlier detection of contaminated or off-color material lots 

• Reduced production waste and troubleshooting time 

• More consistent whiteness and brightness across manufacturing batches 

By implementing objective color measurement at the raw material stage, the 

manufacturer prevented color variability from entering production and significantly 

improved finished ceiling tile consistency. 

 

Case Study: Maintaining Uniform White Appearance in Ceiling Tiles 

Background 

A global manufacturer of mineral fiber acoustic ceiling tiles markets a premium "Ultra 

White" product designed to maximize light reflectance and deliver a clean, bright 

interior appearance. The product is widely used in commercial and retail environments 

where ceiling uniformity is critical. 

Challenge 

The manufacturer began receiving customer feedback that newly installed ceiling tiles 

appeared slightly warmer in color than previous shipments. Although subtle, the 

variation became noticeable across large installed ceiling grids. 

Investigation revealed variability in a raw mineral filler combined with slight 

overheating during curing, both of which contributed to increased yellowness. 

Solution 

The manufacturer implemented a spectrophotometric color quality control program 

using HunterLab Aeros. 

A master color standard was established, and tolerances were defined for: 

• L* (Lightness) 

• Y (Reflectance) 

• Yellowness Index (ASTM E313) 
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Incoming raw materials, coatings, and finished tiles were measured throughout 

production. Elevated Yellowness Index values triggered immediate process 

investigations. 

During early deployment, abnormal YI values identified excessive curing temperatures 

before significant quantities of off-spec product were produced. 

Results 

• Batch-to-batch color variation reduced by more than 50% 

• Elimination of customer complaints related to discoloration 

• Improved process control through early detection of yellowing trends 

• Quantitative documentation available for customers and specifiers 

By replacing subjective visual inspection with objective color measurement, the 

manufacturer achieved consistent appearance across production lots and facilities. 

 

Case Study: Real-Time Color Monitoring Improves Ceiling Tile 

Consistency 

Background 

A leading manufacturer of mineral fiber ceiling tiles produces high-volume white and 

near-white ceiling products for commercial construction projects. Product appearance 

is critical because even minor color differences become highly visible when hundreds 

of ceiling tiles are installed together in a large grid. 

Challenge 

The manufacturer relied on periodic laboratory testing and visual inspection to 

monitor product color. While these methods identified color variation after production, 

they often failed to detect process drift early enough to prevent significant quantities 

of off-spec material from being produced. 

Variations in gypsum composition, coating application, drying conditions, and curing 

temperatures occasionally resulted in shifts in brightness and yellowness. When color 

drift was discovered, large sections of production frequently required rework or 

disposal. 
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Solution 

The manufacturer implemented HunterLab SpectraTrend® HT directly on the 

production line to continuously monitor color during manufacturing. 

The system provided real-time measurement of: 

• L* (Lightness) 

• Y Reflectance (Brightness) 

• Whiteness Index (WI) 

• Yellowness Index (YI) 

• ΔE Color Difference 

Process alarms were established to notify operators whenever measurements 

approached established color tolerances. 

Rather than waiting for laboratory results, operators could immediately identify 

developing process issues related to raw material variation, coating application, or 

curing conditions. 

Results 

• 60% reduction in off-spec production 

• Earlier detection of color drift and yellowing trends 

• Reduced scrap and rework costs 

• Improved batch-to-batch consistency 

• Greater confidence in meeting customer appearance specifications 

By implementing continuous color monitoring, the manufacturer transformed color 

quality control from a reactive process into a proactive process control tool, reducing 

waste while improving product consistency. 

 

Conclusion 

Ceiling tiles demand tight color and whiteness control due to their large-area visibility 

and sensitivity to subtle variation. Visual inspection alone cannot reliably detect small 

shifts in brightness, whiteness, or yellowing that become apparent after installation. 

By implementing standardized spectrophotometric color measurement throughout 

the manufacturing process—from incoming raw materials through finished product 
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inspection—manufacturers gain objective control over product appearance, reduce 

waste, improve process consistency, and increase customer confidence. 

Instrument-based color control transforms ceiling tile quality from a subjective 

judgment into a measurable, repeatable, and data-driven process. 

 


