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ABSTRACT

Despite the 150-year history of using industrial hair dyes in the world, technical
knowledge and scientific research in this field is very limited in Iran. Unfortunately,
until now, no coherent and applied research has been conducted on hair dye
formulations and compositions in the country, and manufacturers have mainly
limited themselves to reproducing ready-made formulas. While the global industry
is evolving at a high speed and moving towards the production of new color ranges
and environmentally friendly technologies, in Iran the main focus remains on basic
shades such as black, brown and red. This article deals with the scientific study of
this industry in two main sections: analyzing the hair structure as the main basis of
the dyeing process, examining the various mechanisms of hair dyes and their mode
of operation. By understanding these fundamentals, it is possible to achieve optimal
methods of applying color and developing new formulations. This article
emphasizes the need to develop indigenous knowledge and new technologies in the
hair dye industry so that Iran can achieve the production of diverse, safe, and high-
quality products in line with global advances.

Mechanism of hair dyeing
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Figure 1: Hair structure (4).
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Figure 2: Complete structure of hair with skin (12).
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Figure 3: Hair growth (26).
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Table 1: Types of chemical bonds in the hair structure (29).

Site of interaction / Location of Breakability /
Primary function / Main role Susceptibility to cleavage Type of bond

Between amino acids SEeE

Between keratin strands

Between chains / Interchain

Formation of the primary protein

Provides stren%t_h_ and structural
stability

Internal structural stabilization

Peptide bond

Reduced by reducing agents Disulfidgot?%nd /158

Affected by water/heat Hydrogen bond
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Figure 4: Hair color classification (2).
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Table 2: Effect of some primary and secondary precursors on the produced color (94).

Produced Color (Approx.) Secondary Precursors

HO. OH

Golden Blonde, Light Brown

G

Resorcinol

p-Aminophenol

OH
NH2
CHj
. NHz o
Dark Brown, Black m-Phenylenediamine Toluene-2,5-Diamine
NH; HoN
OH OH
. CHg . .
Reddish Brown 2-Methylresorcinol m-Aminophenol
OH NH»
NH, OH
Olive Brown, Gray m-Phenylenediamine m-Aminophenol
NHa NH,
o. OH
. HN™ : :NHZ 2-Amino-4- i
Ash Blonde, Silver H 0 Hydroxyethylanisole © p-Methylaminophenol
g HO-5-0H Y
0 -
HsC
HO. OH NH
Dark Brown U Resorcinol /©/ p-Phenylenediamine
HzN
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Figure 5: Example of color quality that displays a variety of colors for
custome (95).

NH> NH Rii NH,
Oxidati coupling
xidation Oxidation N
(1) B W e e
NHa NH® 3

Quinonedimine
(QDJ) Intermediate

Precursor Semiquinone Diimine Coupler

Radical Intermediate

u\ GHy N CHy
toroueesr S
HN HN OH (4) HN HN OH
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Figure 6: The steps of dye formation from a primary intermediate to
coupling with a secondary intermediate and dye formation (97).
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Table 3: Factors affecting dye penetration (99).

Smaller molecules
penetrate the hair more
easily

Smaller molecules penetrate the hair more
easily

Cationic dye molecules exhibit greater
absorption due to the negative charge of the  Electric charge of the
cuticle.
Cationic dye molecules exhibit greater

absorption due to the negative charge of the pH of the medium

cuticle.
Damaged hair has a loosened cuticle, Physical condition of
resulting in greater dye absorption. the hair
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Table 4: Different types of dye absorbed into the inner layers of hair (100).

Chemical Reaction Durability Optimal pH Cortex Penetration Cuticle Interaction Type of Hair Dye

2-4 washes 45-5.5 None Surface / Very slight Natural
- 1-2 washes 6.5-7.0 None Surface / Very slight Temporary
- 4-6 washes 6.7-7.0 Surface / Very slight Surface / Slight SIS T

(Direct dyes)

Surface oxidation 4-8 weeks 7.5-8.0 Slight penetration Slightly lifted Demi-permanent

Full oxidation Long-lasting 9.0-10.0 Deep penetration Fully lifted Permanent
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Figure 7: Top hair dye brands.
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Table 5: Comparison of hair colorant preferences between generations (102).

Temporary /
P ey Semi—per?nane):]t

Natural,

Multilayered U
Natural-like RIS
Natural

Creative self-expression

Younger — GenZ

Graycoverage+ Middle-aged—
Rejuvenation Gen X
Calm appearance+ Older- Silent

Wellbeing Generation

V) o)l g CaS ) 90 5 o anglie iF Jgur

Table 6: Comparison of hair dye brands in terms of quality and application (101).

Main Features

Type of Dye

Permanent / Cream stability

Permanent / Demi-permanent

Permanent

Permanent / Demi-permanent effect

Permanent a
formulation

Permanent / Fantasy longevity

Permanent stability

Permanent / Strengthening .
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Full gray coverage, high color

Affordable price, ammonia-free

High shine, moderate durability
Wide color range, moisturizing

Long-lasting effect, professional
Unconventional shades, strong
Gloss enhancement, excellent

Anti-dryness, fiber-reinforcing

All hair types Wella Professionals
Home consumers Matrix
Dry and brittle hair Redken

All ages and hair types L’Oréal Professionnel

Schwarzkopf

Beauty salons -
Y Professional

Youth and modern

styles Pravana
Colored a}nd damaged Goldwell
hair
Weak and damaged hair Joico
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Table 7. Challenges and opportunities in the hair dye market (101).

Consumer concerns regarding chemical damage to hair and skin.

Stringent health and environmental regulations in developed countries.

Price competition with low-cost, non-standard local brands in emerging markets.

Expansion of natural and organic hair dyes — non-damaging, odor-free, and with improved color
longevity.

Growth of emerging markets in developing countries driven by rising income levels and increased
internet access

Customized and personalized hair colors enabled by artificial intelligence and advanced technology
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