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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

Melanin Degraded - é
pigment melanin ol &
\ o o
pigment ool o
LY o0
o °
e ©
°
— o ° °
o o
°
Open aunticle Bleached hair shaft Dyed hair shaft Closed cuticle

Corresponding author:
* sadeghi-mo@icrc.ac.ir;fameri@icrc.ac.ir

This work is licensed under a Creative Commons Attribution 4.0 International License


http://creativecommons.org/licenses/by/4.0/

" P i
h.-n‘ir .z';.: L"!.-JI-P’* b’lu‘;‘-’.

WWW.SCW.ICre.ac.ir sl (ow pwd Lot Aes el o
U3 g wliaiios (pgle w)lj . . .. v JEew Tl
f_%u’o,g x 9}’; FRA—FYRPF(1FF) 1D /S5y slis 39 Sladlao ols &yl
S99 4o &9

539305 B ade Jgo! 510,555 51,5 93bw 3 90 4l Lus
Tspole ola 8 T GBLS (Bolo cwge oyl y iy
\7\(9&—70\: (5»...«4 dsM ‘Q‘)"‘ ‘u‘)'éﬁ sh.i.i) oliu.hj).v “.\...u)‘ (swl.».w)ls ngmb -\

APvYeL-20F (5»...«4 B9 su‘).l| ‘U‘J'QJ sg.fa') omsf ‘L_'>JT L.S‘)f") ¢‘9.a ‘5‘...153).’ 05; s)L».u.AJ‘O -y
NEVEO-FOY 1 iy Ggaio (ol ml )lye5 o5, oRinghy « 5, J S 9 0dei 0,bgs oidghy 09,5 o Luiils =Y

Alie wledb!

Slidzy g 8 il (Glgm o Sirio logo T ) oolain] Wl 1D able 09 L
5 et cslagiagsy (3T aliwlio oo Sgtma Jlaws Gl i3> Suloeale
buae (WS adyr 5 oai plon] 52550 30 By Sl 7 5 (sibir oS 53y 2 520/
S o Yo oy b gz cvio a5 > 0 . Liloo )5 odi 00lo] clo fpo,8 ST 4
g jlarmo J0sss slos)slis 5 gl (K) slochil Uy Cean b g Sl JpT
o 5 shoged (Kt wile 4l slopls o Aol (S ped Hlizmas lu)o S oo &5 >
Aol (ol jrw Glie 4 go LS lo Ll Lol i g0 o dlio pla] ouile 5L
Gl eole o 4 il S los 05 5 oge Ty ciliie sla) gl (s 15T
dryl g Sy Jael digy slosds) 4 Ol so (o 2550 S0 b ojlop o Srio
slosy5ls 5oz S dasi o) o allis Gl w5 Sl o iz (slasitiy oS
i b o slocdiig b pller W j Gl U el 50K Caio o g

b Cews oS g arhfsiio OYgazo

llie sy 5
VEF YN il fl
VRN F il b
VN A s Sy oS g Ay o yinsd 5o
YYOV-YYVA : l> LLs
VYAY-YYYY ;g 250l LLs

DOI: 10.30509/jscw.2025.167557.1240

(goals ol
5o S,

Cdge K,
wSlda K5,

S,

Corresponding author:
* sadeghi-mo@icrc.ac.ir;fameri@icrc.ac.ir

3o (0,555 )95l

This work is licensed under a Creative Commons Attribution 4.0 International License


http://creativecommons.org/licenses/by/4.0/

24 w3V B ele Jgaol )l 93,5 55) sl)ls'g jlw 9 90 HUa L/ Ohlsed 9 oyael) by

@lbs ollasbny plo g Gludl )0 bage WS g0 0y Congy pyo 4Y

3o, le a5 w5 ls (gouse

slocawl UV g, oy 0 cavg 5l e sloge redadlns
S oo dadle  gles Ol sy ¢ SIS

QS o Jes Gl Bile Glee 4 ge (Ollgs jo les pudal
Lol Az yieS s cplolad! o Ll

4y s bl e Olacl b ge Gla 559 iy >

9 23 Zagn il o cage B Gl 0 g0 1lagm g aluj °
ol 1) slooind £ 28l g Joo « ) Gyb 5l g o)l v
(Ve F) aeo o

0 Slaiile —FY
Solde 5 JsS9S (oS58 Yo slo 25 Jold 9o Lol
() JS8) abboe ity (b LSy

Olye 4l Spo 5 Sibege Bl (215 Y1 oS5 55
IS e e g0 5l il

go SLI 23l 5 S5, pliorinl a5 9o aBles Jle Y iS5 )5
= oo JoSiS |y g0 S5 039 e pd A0 4 Koo S (0 el
S20Ss 4y (6 yed o0lo Sy Lawwgs 45 ol (gloaesS oo sl
Y IS eSS g el o g oSl 45 5 0 uaio
b S5, lage 4 a5 el (o) WSS, ggl Cprizeen
.A.Q&‘so

ptd g Sy slage j3 hadd cge aBlu Y (5 Gree Vode
555 ladsho sl aY Galogd oo &S i 5o She o 4y 093 g0 00y
W5 Vg Logas Sk 5 g amrbe sloge ol oud L3
sl Gl 33 90 555 2 Sl 5 Sl plBl 5 o 5l g 33
baarl gl (i 2l (0 3 SasS 5l 9o jlle V JS2 Billas
Sigms L 4 0t (glowsjlos (sloaly lbapasl ginal 35 o g3,
Sloyemy wamd oo S35 1) sartn oy SRS &
tilaces |y 0lS ol 4 (s sl le Culed )3 o

Sy ¥
L Gogba, Jpdyfe gt

0.1-04pm

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

OH
HO. OH
Golden Blonde, Light Brown \Q/ Resorcinol p-Aminophenol
NH2
NH, 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»
NHa 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 N
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.

LDQT T &3) ol g o 6“&]“""‘3 -7
a4 aS el elge 5l SO egian b gand laliSS) 5l oolanl
S8 Glizee oo clis oloy 5 S Sbua g Sy
g_;l:z.o-).’ é».o.ﬂ u_ayl&a | OMC‘)?LH..J ;.)LC)U@‘ u,uL...v‘ A.»Sso
olal 5 0 LQJ‘ ﬂ)ti sy, g calize glo Q“ 90 sSJ)
LSL“J"’“JJ“'B"“&)UW)" anb)Q)M)}la;jwloM

OV Y) Conl ool A lie calizes

Silaie e 5 by S, @ s pl ol Gladus ©

99 J.aL..u L@Oi L?'L"""" LSL“’&) PP e i Aeddle

1] os)f

wdle GRa 5 (sl irdey (hge wle il sl

ol a5 508 5 6 hnd s il 9le g 5 Sy slaSS, 0
ailey B adylo sedlodend g cdge sbl3S, 4 g0l Joled Juud
iy S ok g 5 0583 i |, ialiga 5,
S by S o]y g0 S5 5l oolawl sl el ol
Lol (69,8 Cugm 5 glis Gl

@MJGLQLD&)AJMOS; u.;l.)‘).sl (X J.w.)) JL«MJLAAJM’ °
LY 05; d‘cﬂ) Lgthubuq‘ S o uLv.o.J FES p.:)l.o 9
139850 S ) sl iy

stk Wok 5 (slosed slapls gyl @

Sy 09,5 (alaglslge 03,5 Frdy, lp podle lacodble

aS oS oo oolawl salle G5, 51 s plal 815l 6l

Ayl g5 Yk 5,5l

b g e S5, @ 0F (nlm S e slades
5 23l gl ol (550 4 S5; n FSdg oS ol Bslane
g ilig Ygons 05,5 alys g0 S5, 5 ool Lol Gos

ol i s g 03ls (S Ty ouiiS e ST Jaloe b e STL oole oS b b (S sboasy daid o] o a8 caws | g3 ol s w51

00,5 565,55 4z BB jeb 4 oole (Al LSl aSol g0y el oo

g o 1o 00l 0T IelS Y gase a5 ools (iiSTy oaiSannST Jole b 5ST L JolS jsb 4 oole 5 o 50 a5 el g T3 JolS oo

3 Brand

EFD-EVA E(1E-E) 1D /55, LSS ) lelloosele &y yuiss



£vod w3V B ele Jgaol )l 93,5 55) sl)ls'g jlw 9 90 HUa L/ Ohlsed 9 oyael) by

O s o 50 Sy Sloes 5 aslie 10 Jooo
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 .

sladls o Sz grbe GeS 8 Jame arugi 5 ysls °
isle tailes S as o glail s g gaiie Y game yu5]
slio t90 5 Cusgy byl s omrb 5 Sligal ooy slage S, -
g0 el 51 G (el 5 S g5
gl (@b (2l Bl olwl) 5o gl gl 0ag gainse b -
o )b cilizee glail ol clajl 4
il 5 oyl (Tl sleelKig B s g8 e A
S £55 5 Censd gy daglie 3] 0yslie Sloas el L
@ Egdge (plilond 50 5 (598 b (098 e 25 Sy
Lol Obyie 5 £8,5 (6 i B, Ug)S 0,99 ;0 (ogas
Sle aole giypnla s> o
| I P L R W T IR A SYCINPRTCIUS WP PIPRCA T JPESN S
LS5 W8l oSS arwgl 4 jeome |) ES W0 () o0
o m/S M)JGW
2 g Cewl Gl JB it e 5l 90 S, L

WJyaze g5 a5l o)l 1) 05 s slanig, 5 b Sy i

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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