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Polymer coloration is the process of imparting color to polymer materials to achieve
desired visual and aesthetic effects creating product brandings. This process incorporates
colorants, such as pigments or color masterbatches into the polymer matrix during
manufacturing to fabricate a wide range of color designs in polymer products. Color
properties of polymer materials are generally carried out off-line measurement at a quality
control laboratory, which is a separate location or environment from the actual production
line, which can lead to inaccurate color measurements and affect the ability to ensure
consistent color quality from the production line. On the other hand, in-line color
measurement is integrated color measurement instruments directly into the production line for
real-time monitoring and continuous color measurement of the process. However, in-line
color measurement may face certain limitations that must be addressed to ensure reliable and
consistent color monitoring. Moreover, the accuracy of in-line color monitoring and its
relationship with the off-line color measurement are necessary to elucidate and
standardization for color acceptance and quality control in production. Therefore, machine
learning (ML) and artificial intelligence (AI) have revolutionized to combine both off-line and
in-line color measurement processes. These technologies enable more accurate, efficient, and
automated color analysis, leading to improved product quality and consistency. The
convergence of in-line color measurement with ML algorithms and Al will empower real-time
data analysis and predictive modelling. Al-driven systems learn from historical color data and
process parameters both off-line and in-line measurements, enabling the prediction of optimal
color formulations, adjustments, and potential deviations. Therefore, in this thesis, the effects
of compounding conditions on off-line and in-line color measurements, the relationship
between the off-line and in-line color properties, and the development of data-driven
modelling for predictive color in polymer compounding have been reported in the following
Chapters.

Chapter 1 presents the research background, color measurement, and machine learning for
polymer coloration, the literature review, and the objectives of the thesis.

Chapter 2 clarifies the influence of compounding conditions on the color properties of
polymers incorporated with inorganic pigment. A higher melt flow rate (MFR) polymer and
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higher opacity in polymers resulted in increased lightness and color strength, surpassing
translucent polymer with lower MFR by 15-40% at equivalent pigment contents. Pigment
content emerged as a significant factor influencing the color properties of colored
thermoplastics. The statistical analysis revealed the influence of screw speed on the color
properties of the low-MFR polymer, whereas die temperature affected the color properties of
the high-MFR and high-opacity polymers.

Chapter 3 shows the benefit of in-line color monitoring for process control and real-time
color monitoring in polymer coloration. The relationship between in-line color monitoring and
the off-line color of the molded products was performed to predict and evaluate the accuracy,
and consistency in color properties of polymers incorporated with pigments.

Chapter 4 displays the utilization of machine learning algorithms to develop predictive
models from the application of decision tree regression and bagging regressors, and using the
root mean square errors (RMSE) to confirm the predictability of color properties. The bagging
regressions with a decision tree regression model hold promise in predicting offline color data
using inline color data and material compositions as input. The model provided the well
predictability on the offline L* values and b* values, which were different about 3.13% and
15.51%. The model achieved an RMSE of 10.87 at a sample size of 66.

Chapter 5 is the conclusion of the Thesis. The important results of the Thesis are
summarized and demonstrated he importance of integrating machine learning (ML) and
artificial intelligence (AI) for the accuracy of polymer coloring process. The challenge and
future expectation are presented.
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