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Hair Structure and Coloring Mechanisms: From Scientific Principles to
Application

Yasin Ramin?, Mousa Sadeghi-Kiakhani'*, Farhad Ameri®*
1- Department of Organic Colorants, Institute for Color Science and Technology, Tehran, Iran
2- Department of Color Physics, Institute for Color, Science and Technology, Tehran, Iran
* sadeghi-mo@icrc.ac.ir; fameri@icrc.ac.ir.

Abstract

Despite 150 years of industrial hair dye use worldwide, technical expertise and scientific research in this field remain highly
limited in Iran. Unfortunately, no comprehensive or applied studies have been conducted on the formulation and composition
of hair dyes in the country, and manufacturers primarily rely on replicating ready-made formulas. While the global industry is
rapidly evolving-advancing toward innovative color spectrums and cutting-edge technologies-Iran’s focus remains confined

to basic hues such as black, brown, and red. This article scientifically examines the industry in two main sections:
1. Analyzing hair structure as the foundational substrate for dye absorption.

2. Investigating the mechanisms of various hair dyes and their modes of action.

A precise understanding of these fundamentals can lead to optimized dye application methods and the development of novel
formulations. The paper emphasizes the need for domestic knowledge development and advanced technologies in the hair dye
industry, enabling Iran to keep pace with global advancements and produce diverse, safe, and high-quality products.

Keywords: Hair Colorant, Temporary Color, Semi-Permanent Color, Permanent Color.
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Figure 1. Hair structure
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Figure 2. Complete structure of hair with skin
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Figure 3. Hair growth
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Table 1. Types of chemical bonds in the hair structure
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Table 2. Effect of some primary and secondary precursors on the produced color
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Figure 5. Example of color quality that displays a variety of colors for customer selection.
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Table 3. Factors affecting dye penetration
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Table 4. Different types of dye absorbed into the inner layers of hair
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Table 5. Comparison of hair colorant preferences between generations
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Table 6. Comparison of hair dye brands in terms of quality and application(101)
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Figure 7. Top hair dye brands
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Table 7. Challenges and opportunities in the hair dye market
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