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Flexographic printing on self-adhesive substrates presents unique challenges due to complex 

interactions between ink, substrate properties and printing press parameters. This paper aims to 

identify critical print defects that significantly affect production consistency and print reliability 

in flexography. Through a systematic analysis of defect occurrence patterns, various print 

inconsistencies are examined to determine their frequency and underlying causes. By evaluating 

defect trends, substrate compatibility and ink adhesion issues this research provides insights 

into process optimization strategies. The findings will contribute to improved defect mitigation 

approaches, enhancing print quality, minimizing wastage and will ensure the greater efficiency 

in flexographic printing applications. 
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INTRODUCTION 

Flexographic printing is a widely used process for packaging and labelling applications due to 

its efficiency, adaptability and ability to print on a variety of substrates. It utilizes flexible relief 

plates, liquid inks and high-speed rotary presses to achieve precise image reproduction. The 

process is particularly well-suited for non-porous materials like self-adhesive substrates, where 

ink adhesion and print quality are directly influenced by substrate characteristics and printing 

parameters (Harper & McGrath, 2018). 

Self-adhesive substrates consist of a base material coated with a pressure-sensitive adhesive, 

designed to adhere to surfaces without requiring heat or solvents. These substrates vary in 

composition, surface energy and compatibility with different ink systems, making their 

interaction with flexographic inks crucial in achieving consistent print quality. While they offer 

advantages such as durability, printability and efficient application in labeling, they also 

introduce challenges related to ink transfer, curing and adhesion stability (Patel, 2019). 
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In flexographic printing, several print defects can arise due to variations in ink properties, 

substrate characteristics and printing conditions. Common defects include dot gain, Colour 

variation, mottling, blurring, ink smearing, drying inconsistencies, misting (ghosting), edge 

flare, pinholing, plate marking and hickeys. These defects affect overall print clarity, adhesion 

reliability and production efficiency. Identifying and analysing critical defects is essential for 

optimizing process parameters, minimizing material wastage and improving print consistency 

in industrial applications. 

RESEARCH OBJECTIVE 

This study aims to identify and analyze critical print defects in flexographic printing on self-

adhesive substrates to improve print quality and production efficiency. Flexographic printing 

is widely used in packaging and labeling applications due to its versatility and ability to print 

on various substrates. However, maintaining consistent print quality remains a challenge due 

to defects that arise from ink-substrate interactions, printing press parameters and 

environmental conditions. Understanding these defects is essential for optimizing printing 

conditions and ensuring reliable production outcomes. A key objective of this research is to 

categorize and examine commonly occurring print defects such as dot gain, Colour variation, 

mottling, blurring, ink smearing, drying inconsistencies, misting (ghosting), edge flare, 

pinholing, plate marking and hickeys. 

These defects vary in frequency and severity, impacting print clarity, adhesion and overall 

aesthetic appeal. By systematically analyzing defect rejection trends, this study aims to 

determine the primary contributors to wastage and assess their effect on production efficiency. 

This study aims to propose effective defect mitigation strategies by optimizing printing 

parameters, refining ink formulations and evaluating substrate compatibility. Implementing 

corrective measures based on defect analysis can lead to improved print reliability, reduced 

material wastage and enhanced production performance. The findings will contribute to 

ongoing efforts to achieve higher-quality print output while minimizing defects in industrial 

flexographic printing applications. 

RESEARCH METHODOLOGY 

This study employs a data-driven approach to identify and analyse critical print defects in 

flexographic printing on self-adhesive substrates. The research is conducted at Sai Comcodes 

(P) Ltd., a label printing company located in Sonipat, India, utilizing the Mark Andy P5 narrow 

web flexographic printing press, a widely used machine in label production known for its 

precision and efficiency. By examining production data and defect rejection trends, this 

methodology aims to establish a structured framework for defect identification, classification 

and mitigation. 

The production data will be gathered over a three-month period, focusing on defect records, 

print quality assessments and operational parameters influencing defect formation. The 

methodology involves several key steps. First, defect categorization will be conducted to 

classify frequently occurring print inconsistencies, such as dot gain, Colour variation, mottling, 

blurring, ink smearing, drying problems, ghosting, edge flare, pinholing, plate marking and 
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hickeys. Understanding the frequency and severity of these defects will allow for an in-depth 

evaluation of their impact on production efficiency. 

Next, process condition analysis will be performed to examine the effects of key printing 

parameters, including ink viscosity, curing methods, substrate surface energy and press 

settings. These factors are essential in determining defect formation mechanisms. Additionally, 

defect rejection trends will be analysed through statistical evaluation, identifying recurring 

patterns and the most problematic defects. By studying rejection percentages, the research will 

establish the most critical defects affecting overall print quality. 

Since substrate properties play a significant role in print consistency, substrate interaction 

evaluation will be conducted to assess adhesion performance, transparency, barrier properties 

and compatibility with flexographic inks. Understanding these characteristics will aid in 

optimizing substrate selection and reducing defect occurrence. Finally, based on the analysed 

data, optimization strategies will be proposed, including adjustments in printing parameters, 

ink formulation refinements and defect mitigation techniques to enhance print reliability and 

reduce material wastage. This methodology ensures a comprehensive investigation into defect 

formation and prevention, providing valuable insights for improving flexographic printing 

efficiency on self-adhesive substrates. 

DATA COLLECTION & ANALYSIS 

The data for this study will be collected over a three-month period from Sai Comcodes (P) 

Ltd., a label printing company located in Sonipat, India. Production records will be obtained 

from the Mark Andy P5 narrow web flexographic printing press, a widely used machine known 

for its efficiency and precision in label printing. The data collection process will focus on defect 

rejection trends, print quality assessments and operational parameters that influence defect 

formation. Key metrics such as substrate properties, ink adhesion performance, press settings 

and environmental factors will be documented to understand their role in print inconsistencies. 

The dataset will include rejected print samples categorized based on defect types, including 

dot gain, Colour variation, mottling, blurring, ink smearing, drying issues, misting (ghosting), 

edge flare, pinholing, plate marking and hickeys. Statistical analysis of defect rejection rates 

will be conducted to determine patterns and critical areas for improvement. By systematically 

analysing this production data, the study aims to establish a structured framework for 

identifying critical defects and developing optimization strategies to enhance flexographic 

printing performance. 

Table 1, Wastage prrcentage of printing defects recorded of M-I  

(Total Production = 5851578 Meters) on PSSAs 

Wastage Percentage in M-I 

S. No. Defect Name Wastage Wastage % 

1 Dot Gain 47397.78 0.81% 

2 Colour Variation 42716.51 0.73% 

3 Mottle 38035.25 0.65% 

4 Blurring 29843.04 0.51% 
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5 Ink Smearing 24576.62 0.42% 

6 
Drying Problems (Lamination 

Issues) 
21065.68 0.36% 

7 Misting (Ghosting) 15799.26 0.27% 

8 Edge Flare 13458.62 0.23% 

9 Pinholing 11800 0.20% 

10 Plate Marking 7400 0.13% 

11 Hickeys 3300 0.06% 
 Total 255392.8 4.37% 

 

Table 1, presents the wastage pattern observed across three flexographic printing processes, 

categorized based on various defects that impact production efficiency. It details defect 

rejection trends for dot gain, Colour variation, mottling, blurring, ink smearing, drying 

problems (lamination issues), misting (ghosting), edge flare, pinholing, plate marking and 

hickeys, providing corresponding wastage in meters and percentage values relative to total 

production. Each process exhibits a slightly different total wastage, with rejection percentages 

ranging between 4.37% and 4.49%, demonstrating a consistent rate of material loss due to print 

inconsistencies. Dot gain, Colour variation and mottling contribute significantly to wastage, 

indicating their dominant role in print quality deviations. Meanwhile, plate marking and 

hickeys account for minimal wastage, but still require attention for overall quality control. The 

dataset emphasizes the necessity for defect reduction strategies and optimized printing 

parameters to improve material efficiency and minimize process variability. Identifying the 

most recurrent defects and their impact on production is critical for enhancing flexographic 

print consistency on self-adhesive substrates. 

 

Fig. 1, Comparative Analysis of wastage percentage on PSSAs for M-I 

In fig. 1, the graph illustrates the percentage of total production affected by various 

flexographic print defects on self-adhesive substrates over a month. Dot gain (0.81%), Colour 

variation (0.73%) and mottle (0.65%) are the most significant contributors to wastage, 

impacting print clarity and consistency. Blurring (0.51%), ink smearing (0.42%) and drying 

issues (0.36%) further reduce production efficiency. Misting (0.27%), edge flare (0.23%) and 
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pinholing (0.20%) show moderate effects, while plate marking (0.13%) and hickeys (0.06%) 

have minimal influence. The overall defect-related wastage highlights the need for process 

optimization and defect control to minimize material loss in flexographic printing. 

Table 2, Wastage prrcentage of printing defects recorded of M-II  

(Total Production = 5649347 Meters) on PSSAs 

Wastage Percentage in M-II 

S.No. Defect Name Wastage Wastage % 

1 Dot Gain 44064.9 0.78% 

2 Colour Variation 44629.84 0.79% 

3 Mottle 35025.95 0.62% 

4 Blurring 29941.53 0.53% 

5 Ink Smearing 25422.06 0.45% 

6 
Drying Problems (Lamination 

Issues) 
19772.71 0.35% 

7 Misting (Ghosting) 14123.36 0.25% 

8 Edge Flare 15253.23 0.27% 

9 Pinholing 10168.86 0.18% 

10 Plate Marking 6765.91 0.12% 

11 Hickeys 2827.46 0.05% 
 Total 247995.8 4.39% 

 

Table 2, shows defect-related wastage in flexographic printing on self-adhesive substrates over 

one month at Sai Comcodes (P) Ltd. using the Mark Andy P5 press. The total production was 

5,649,347 meters, with 4.39% wastage. Colour variation (0.79%) and dot gain (0.78%) caused 

the highest material loss, affecting print clarity and consistency. Mottle (0.62%), blurring 

(0.53%) and ink smearing (0.45%) impacted surface uniformity and readability. Drying issues 

(0.35%), misting (0.25%) and edge flare (0.27%) affected adhesion and ink transfer. Pinholing 

(0.18%), plate marking (0.12%) and hickeys (0.05%) contributed minimally but still require 

attention. These results highlight the need for process refinement and defect mitigation 

strategies to enhance print efficiency and reduce wastage. 
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Fig. 2, Comparative Analysis of wastage percentage on PSSAs for M-II 

Fig. 2, represents the analysis of print defects in flexographic printing on self-adhesive 

substrates highlights the significant impact of defects such as Colour variation, dot gain and 

mottle on production efficiency and material wastage. While some defects cause substantial 

losses, others have a minimal effect but still require attention for quality consistency. The 

findings emphasize the need for process optimization, ink formulation refinements and 

substrate evaluation to reduce defect occurrence. By addressing critical defects through 

improved printing parameters and defect mitigation strategies, manufacturers can enhance 

print reliability, minimize wastage and achieve higher efficiency in flexographic printing 

applications. 

Table 3, Wastage prrcentage of printing defects recorded of M-II  

(Total Production = 5793854 Meters) on PSSAs 

Wastage Percentage in M-III 

S.No. Defect Name Wastage Wastage % 

1 Dot Gain 46350.83 0.80% 

2 Colour Variation 44033.29 0.76% 

3 Mottle 36501.28 0.63% 

4 Blurring 31866.19 0.55% 

5 Ink Smearing 22596.03 0.39% 

6 
Drying Problems (Lamination 

Issues) 
22016.64 0.38% 

7 Misting (Ghosting) 16222.79 0.28% 

8 Edge Flare 15064.02 0.26% 

9 Pinholing 12746.48 0.22% 

10 Plate Marking 8031.4 0.14% 

11 Hickeys 4635.08 0.08% 
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 Total 260064 4.49% 

 

Table 3, shows defect-related wastage in flexographic printing on self-adhesive substrates, 

with 5,793,854 meters of production and 4.49% overall wastage. Dot gain (0.80%), Colour 

variation (0.76%) and mottle (0.63%) caused the highest losses, affecting print clarity and 

consistency. Blurring (0.55%), ink smearing (0.39%) and drying issues (0.38%) impacted 

readability and adhesion. Misting (0.28%), edge flare (0.26%) and pinholing (0.22%) showed 

moderate effects, while plate marking (0.14%) and hickeys (0.08%) had minimal impact. 

These findings highlight the need for process refinement to minimize defects and improve 

efficiency. 

 

Fig. 3, Comparative Analysis of wastage percentage on PSSAs for M-III 

In fig. 3, the graph illustrates the wastage percentage of printing defects observed in M-III 

flexographic printing on pressure-sensitive self-adhesive substrates (PSSAs). The highest 

wastage contributors are dot gain (0.80%), Colour variation (0.76%) and mottle (0.63%), 

affecting print clarity, uniformity and ink distribution. Blurring (0.55%), ink smearing (0.39%) 

and drying problems (0.38%) further impact readability and adhesion performance. Misting 

(0.28%), edge flare (0.26%) and pinholing (0.22%) show moderate effects, while plate marking 

(0.14%) and hickeys (0.08%) contribute minimally. The analysis highlights the need for defect 

mitigation strategies, optimized ink formulations and process refinements to enhance print 

efficiency and minimize wastage in flexographic printing applications. 

Table 4, Wastage Pattern in M-I, M-II and M-III on PSSAs 
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Colour 

Variation 
42716.51 0.73% 44629.84 0.79% 44033.29 0.76% 

Mottle 38035.25 0.65% 35025.95 0.62% 36501.28 0.63% 

Blurring 29843.04 0.51% 29941.53 0.53% 31866.19 0.55% 

Ink Smearing 24576.62 0.42% 25422.06 0.45% 22596.03 0.39% 

Drying Problems 

(Lamination 

Issues) 

21065.68 0.36% 19772.71 0.35% 22016.64 0.38% 

Misting 

(Ghosting) 
15799.26 0.27% 14123.36 0.25% 16222.79 0.28% 

Edge Flare 13458.62 0.23% 15253.23 0.27% 15064.02 0.26% 

Pinholing 11800 0.20% 10168.86 0.18% 12746.48 0.22% 

Plate Marking 7400 0.13% 6765.91 0.12% 8031.4 0.14% 

Hickeys 3300 0.06% 2827.46 0.05% 4635.08 0.08% 

Total 255392.8 4.37% 247995.8 4.39% 260064 4.49% 

 

Table 4, provides a comparative analysis of wastage percentages caused by various printing 

defects in M-III flexographic printing on pressure-sensitive self-adhesive substrates (PSSAs). 

It highlights dot gain (0.80%), Colour variation (0.76%) and mottle (0.63%) as the most 

significant contributors to print inconsistencies, affecting clarity, uniformity and ink 

distribution. Blurring (0.55%), ink smearing (0.39%) and drying problems (0.38%) also pose 

challenges by reducing readability and adhesion stability. Misting (0.28%), edge flare (0.26%) 

and pinholing (0.22%) show moderate effects, while plate marking (0.14%) and hickeys 

(0.08%) contribute minimally. The findings reinforce the need for optimized printing 

parameters, ink formulation refinements and defect mitigation strategies to improve print 

consistency and minimize material wastage in flexographic printing applications. 

RESULTS & DISCUSSION 

The analysis of defect-related wastage in flexographic printing on pressure-sensitive self-

adhesive substrates (PSSAs) reveals key trends that impact production efficiency and print 

quality. By the data analysis it is found that dot gain, colour variation and mottle consistently 

emerge as the most critical defects contributing significantly to material loss due to ink spread, 

colour inconsistencies and uneven ink distribution. Defects such as blurring, ink smearing and 

drying issues further reduce readability and adhesion stability while misting, edge flare and 

pinholing show moderate effects, often linked to substrate-ink interactions. Plate marking and 

hickeys contribute minimally but remain relevant for overall print consistency. 

The overall defect rejection rates range between 4.37% and 4.49% of total production, 

emphasizing the need for optimized process control and defect mitigation strategies. The 

recurring trends indicate that improvements in printing parameters, ink formulation and 



3476   Critical Analysis Of Print Defects In …  Sandeep Kakran et. al. 

 

Nanotechnology Perceptions 20 No. S16 (2024) 3468-3476 

substrate compatibility can significantly reduce wastage and enhance print reliability. By 

implementing targeted corrective measures for high-impact defects, manufacturers can achieve 

greater efficiency, lower material loss and improved print consistency in industrial 

flexographic printing applications. 

CONCLUSION 

The analysis of print defects in flexographic printing on pressure-sensitive self-adhesive 

substrates has identified critical defects that significantly impact print quality and production 

efficiency. Among them, dot gain, Colour variation and mottle have been determined as major 

defects, contributing the highest percentage to material wastage due to ink spread, inconsistent 

Colour reproduction and uneven ink distribution. These defects directly affect clarity, 

uniformity and overall visual appeal, making them key targets for process optimization. 

On the other hand, defects such as blurring, ink smearing, drying issues, misting, edge flare 

and pinholing present moderate effects, influencing readability, adhesion performance and ink 

transfer stability. While these defects do not cause as much wastage as the major ones, they 

still require attention to maintain print consistency. 

Lastly, plate marking and hickeys are classified as minor defects, having a lower impact on 

wastage and print clarity. Despite their minimal influence, they remain relevant for ensuring 

high-quality print standards. Addressing all defect categories through optimized printing 

parameters, ink formulation refinement and substrate selection improvements will help 

minimize wastage and enhance overall production efficiency in flexographic printing. 
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