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ABSTRACT

SYNTHESIS OF SOME NANO DISPERSE DYES AND THEIR DYEING
CHARACTERISTICS ON POLYESTER FABRICS
MSC THESIS
ABDULHADI OZTEKIN
BOLU ABANT IZZET BAYSAL UNIVERSITY GRADUATE SCHOOL OF
NATURAL AND APPLIED SCIENCES
DEPARTMENT OF CHEMISTRY
(SUPERVISOR: ASSOC.PROF.DR.MUHAMMET YILDIRIM)

BOLU, JUNE 2019

Disperse dye molecules are small, planar, non-ionic with attached polar
functional groups, so they have poor water solubility while interaction with
polymer structures over weak-moderate intermolecular forces. Due to their
compatibility with hydrophobic fibers (e.g. polyester, nylon), disperse dyestuffs
have been used in dyeing of many synthetic fabrics in dye related researches
since 1950s and they were traditionally applied to synthetic fibers at different
temperatures in the dyebath. However, for last twenty years, intense efforts on
dyeing the variety of textile fabrics were given by the nanotechnology,
ultrasonication or microwave applications. Since dyeing with nanoscale
dyestuffs decreased the amounts of dye needed to dye the same size of textile
fabric and exhibited much better color shades or properties on the synthetic
fabrics.

Due to such advantages of nanocolorants, the preparation of new nano
disperse dyes and the investigation of their dyeing performance in traditional
way and nanoscale forms on polyester fabrics comparatively were aimed to
perform in the present study. To achieve these goals, in the first part of the
study, p-dimethylamino p-arylpropenone and aryldiazonium tetrafluoroborate
precursors were prepared and isolated in good yields. Then, their structures were
determined by IR and NMR analyses.

In the second part of the work, arylpropenone-based disperse dyes were
efficiently prepared through diazo coupling reactions of new f-
(dimethylamino)arylpropenones with diazonium tetrafluoroborate salts under
slightly basic conditions. The structures of dyestuffs were fully characterized by
IR, NMR and HRMS analyses.

In the last part of the study, dyeing and fastness properties of new
arylpropenone dyes were studied using standard and nanoemulsion forms of the
dyes on polyester fabric samples. A color range from beige to orange were
obtained on polyester fabrics with standard and nanodyestuffs. In general,
dyeing with nanodyestuffs imparted much deeper color shades. Washing, water,
acidic-basic perspiration and rubbing fastnesses of dyed polyester fabric samples
were mostly obtained good to excellent, however, light and sublimation/staining
fastnesses of same polyester fabric samples dyed with disperse dyestuffs were
obtained in satisfactory levels.

KEYWORDS: Enaminone, nanodisperse dye, nanoemulsion, dyeing, fastness.
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OZET

BAZI NANODISPERS BOYARMADDELERIN SENTEZI VE
POLYESTER KUMASLAR UZERINDEKi BOYAMA OZELLIiKLERi
YUKSEK LISANS TEZI
ABDULHADI OZTEKIN
BOLU ABANT iZZET BAYSAL UNiVERSITESI
FEN BIiLIMLERi ENSTIiTUSU
KIMYA ANABILIM DALI
(TEZ DANISMANI:DOC.DR.MUHAMMET YILDIRIM)

BOLU, HAZIRAN - 2019

Dispers boya molekiilleri iizerlerindeki polar gruplarla birlikte, kiigiik,
diizlemsel ve noniyoniklerdir, bu nedenle zayif-orta kuvvette molekiillerarasi
cekimlerle polimerlerle etkilesirken suda diisiik c¢oziiniirliikleri vardir.
Hidrofob fiberlerle (polyester, naylon) uyumluluklarindan dolayi, dispers
boyarmaddeler, 1950lerden beri, boya ile ilgili arastirmalarda cesitli sentetik
kumaslarin boyanmasinda kullanilmiglar ve geleneksel olarak, boya banyolari
icerisinde farkli sicakliklarda sentetik fiberlere uygulanmislardir. Bununla
birlikte, son 20 yilda, nanoteknoloji, ultrases veya mikrodalga uygulamariyla
cesitli tekstil iirlinlerinin boyanmasi icin yogun cabalar harcanmistir. Ciinkii
nanodlcekli boyarmaddeler, aym oOlciideki tekstil iirliniinii boyamak ig¢in
gerekli olan boya miktarini diisiirmekte ve sentetik iiriinler {izerinde daha iyi
renk derinlikleri ve 6zellikleri gostermektedir.

Nanorenklendiricilerin bu tiir avantajlarindan dolayi, bu ¢alismada yeni
nanodispers boyalarin hazirlanmast  ve polyester kumaslar {izerinde
karsilagtirmali  olarak  geleneksel sekilde ve nanoboyutta boyama
performanslarinin arastirilmasi1 amaclanmistir. Bu hedeflere ulasmak icin,
calismanin ilk kisminda, A-dimetilamino p-arilpropenon ve arildiazonyum
tetrafloroborat baslangic maddeleri hazirlanip iyi verimlerde izole edilmistir.
Daha sonra, yapilar1 IR ve NMR analizleriyle belirlenmistir.

Calismanin ikinci kisminda, arilpropenon-bazli dispers boyalar, /-
(dimetilamino)arilpropenonlarin diazonyum tetrafloroborat tuzlariyla diazo
kenetlenme reaksiyonlariyla hafif bazik kosullarda etkili sekilde
hazirlanmistir. Boyarmaddelerin yapilari, IR, NMR ve HRMS analizleriyle
tam olarak karakterize edilmistir.

Calismanin son kisminda, yeni arilpropenon boyalarin standart ve
nanoemulsiyon ¢ozeltileriyle, polyester kumaslar iizerinde boyama ve haslik
ozellikleri calisilmistir. Standart ve nanoboyarmaddelerle, polyester kumaslar
tizerinde  bej-turuncu  renk tonlar1 elde  edilmistir.  Genellikle,
nanoboyarmaddelerle yapilan boyamalar daha koyu renk tonlar1 vermistir.
Boyanan polyester kumas Orneklerinin, yikama, su, terleme (asidik-bazik) ve
siirtinme hashklar1 iyi-miikemmel seviyede elde edilmis, fakat, aym
orneklerin 151k ve siiblimlesme/lekelenme hasliklart orta seviyede elde
edilmistir.

ANAHTAR KELIMELER: Enaminon, nanodispers boya, nanoemiilsiyon,
boyama, haslik.
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1. INTRODUCTION

Textile initially appeared as a need but then it turned into art and science with
the development of human intelligence. Dyestuffs and dyeing technologies have been

developed regarding the structure of fibers which are mostly hydrophobic.

Until the mid-1950s, all classical fabrics were dyed in aqueous solutions
containing dyestuffs in classical dye baths. Newer synthetic fabrics, such as cellulose
acetate, are often not dyed in aqueous solutions due to their hydrophobic nature.
However, after 1920s, these type synthetic fabrics was able to be dyed by the
invention and use of disperse dyestuffs (Broadbent,2001). In 1922, BDC produced
the neutral or basic ionic dyestuffs containing the hydroxyl and amino groups, and
this provided dyeing of synthetic fibers (Green & Saunders, 1923). The dyestuffs
bearing soluble ionic groups (SRA, Duranol) were produced by different companies
and then they were inspired by the properties of dyes such as ionamine. Synthetic
fabrics (nylon, acrylic and polyester) have been widely used in dyeing in the
beginning of 1950 (Burkinshaw, 1995). Thus, effective use of disperse dyestuffs in

dyeing synthetic fabrics and dye-related researches have begun.

1.1 DISPERSE DYES

1.1.1 Chemical and Physical Properties of Disperse Dyes

The general structure of disperse dye molecules is small, planar and non-ionic,
with attached polar functional groups (hydroxyalkyl, nitro and cyano). This shape of
the dye cause an easy interaction of it with tightly packed synthetic polymer chains,
and also the polar groups provide water solubility and dipolar interaction between
dye and polymer, as well as influencing the shade of dye. These interactions between

dye and polymer structures are mostly the weak intermolecular forces such as van



der Waals and dipole-dipole. Owing to such characteristics of disperse dyestuffs,

they are especially used for dyeing of hydrophobic fibers (polyester, nylon, acetate).

Since the disperse dye particles have a very small particle size (<1 pum) and
also have a low molecular weight (400-600 g / mol), this will provide a larger surface
area which helps dissolution to allow uptake by the synthetic fiber. Because the dye
particles show dispersion on the surface of the surfactants, their names are called
disperse dyes (Ingamells, 1993). In general, disperse dyes do not have water-soluble
groups and genarally they can be substituted with azo, anthraquinone and

diphenylamino groups.

Disperse dyestuffs are usually prepared by milling the press cake with an equal
amount of an auxiliary agent and small amount of water. Then this mixture is dried
and mixed with suitable diluents to obtain a commercial product having 15-40% dye.
The choice of dispersing agent used while the grinding will affect the dyeing rate

significantly.

Disperse dyes usually have a density of 0.4-0.6, pH value of 7-9, COD about 1-
2g O,/g, BODs about <0.01- 0.05g O,/g, LCsq (rainbow trout) of >100 mg/L for 96 h
and LDsg of >2-5g/kg.

The solubility of these dyes are mostly linked with the polar groups such as
amino, hydroxyethylamino, azo, carbonyl in the dye molecule, since the groups have
electronegative atoms (N,O,S) interacting with water molecules strongly. Sometimes,
aromatic rings in the absence of such atoms can also have strong interactions water

molecules and this alters the solubility of dyes (Jones, 1984).

Birch (1954) stated that aqueous solubility of dyes are related with the dyeing
rate of disperse dyes and it affects their levelling power mostly. Also, the inclusion
of dispersing agents support dye solubilization, especially above the CMC of the
agent. In some studies, the solubility of the dyes was found in a range of 5-30 mg/L
between 25-90°C, however, in some other studies, the solubility of dyes have been
tested by pressure filtration, MPC and titration between 60-140°C and they were
found between 3.3-419 mg/L (Datyner, 1978; Ptikrylet al., 1979; Braun, 1991).



In addition, the solubilization rate of the dye can also affect the dyeing rate of
disperse dyes (Odvarka & Hukova, 1983) and also, disperse dye particles under 1 pm
size create unstable colloids entering the solution (Braun,1983). Moreover, degree of
crystallinity are effective on the solubility of the dyes (Cyung et al., 2001). The
particle size of disperse dyes also affect the dyeing properties of the dye molecules
which were investigated in many studies. Besides, different crystalline properties of
disperse dyes cause many different dispersion behaviours and this effect on dyeing
performance of dyes were demonstrated by many reports in literature (Leube, 1978;
Apperley, 1969; Biedermann, 1971; Shenai & Sadhu, 1976). Ultrasonication can
reduce the particle size and crystallinity of dyestuffs and this technique is much more
effective on the breaking of fine dye crystals rather than on poor ones (Lee et al.,

2001).

1.1.2 Constitution and Fastness Properties of Disperse Dyes

In textile industry, strength of disperse dyes after application and the
compatibility of the materials they included in terms of health are called fastness
properties. Many approaches have been made to follow connection between the
chemical structure of the dye and its fastness characteristics. But, finding these
relationships would be somewhat complicated. Some general things can be
identified, however more delicate interactions such as electronic and steric effects
make more difficult to understand the essence of fast rules. Recently, some studies to
obtain clearer information on this subject showed that the groups of very closely
related dyes having minor structural changes had changed their fastness properties.
Sufficient fastnesses to light, washing, sublimation, friction, rubbing, and burnt gas

fumes, are especially important for disperse dyes (Dawson, 1983; Dawson, 1984).

Disperse dyes are often applied to hydrophobic fibres as a dispersion in
aqueous solution (Mock, 2004) and are mostly used on polyester fibers. These
dyestuffs should be resistant to different conditions such as pH and temperature,

making little change in color shade and light fastness (Aspland, 1992).

Disperse dyes are generally applied to polyester at the boil with a carrier

substance in the dyebath to get better diffusion of dye into the polyester fabric.
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Moreover, surface active agents can be applied into the dyebaths in order to improve
the solubility and stability of the dispersion. As follows, these agents are adsorbed by
the surface of dye particle by producing negatively charged surface resulting in the
repulsion of the particles. Thus, disperse dyes are solubilized in the micelles of the
surface active agents, so a dye dispersion containing the dye solubilised in water is
obtained. Ultimately, the dye distributes well between the aqueous phase, the micelle

core and surface during the dyeing process (Jones,1984).

In polyester fabrics, high fastness values are desired for washing. Normally,
washing and perspiration fastnesses of polyester fabrics dyed with a disperse dye are
better than nylon and acetate fabrics. Also, in most applications of disperse dyes to
nylon, cellulose acetate and acrylic fibres, the wet-fastness properties of the dyes are
poor on these substrates. However, a reduction clear on dyed substrate is usually

performed after dyeing in order to clean the substrate surface from dye stains.

Moreover, sublimation fastness of polyester fibers dyed with disperse dyes is
an essential parameter due to the thermal applications at the last stage of fabric
production, and disperse dye molecules should be as small as possible and non-ionic.
For instance, in the ironing, dye molecule may sublimate and cause stains on the
fabric (Gordon & Gregory, 1983). When the size and polarity of dye molecule is
high, its vapor pressure will be low. Eventually, dye molecule cannot leave the dyed

fiber easily and this increase its sublimation (or temperature) fatsness.

ICI system classify the disperse dyestuffs into four main classes using letters
A-D regarding their fastness to sublimation and dyeing properties. According to this
classification of disperse dyes, Class A dyes have good dyeing characteristics and
poor temperature fastness but Class D dyes have weak dyeing characteristics and

good temperature fastness (table 1).

Table 1.1. Classification of dyes by ICI

Class A low molecular weight, poor sublimation fastness, good dyeing properties
Class B-C Class A and Class D must be among the extreme values
Class D high molecular weight, good sublimation fastness, poor staining properties

To ensure the Class A characteristics, changes in the amino group, the addition

of hydroxyl or acetylamino substitutents to ED ring can be done to increase the



temperature fastness of dyestuffs (Hallas, 1979). So that, increasing the number of
polar groups that can make more hydrogen bonding will decrease the possibility of

sublimation.

When the dyed fabrics are exposed to sunlight for a while, the color shades
on the fabrics will fade, this is another important issue of dyestuffs (Zollinger, 1991).
The dyestuffs on the dyeing of fabrics should be between the acceptable values in the
light fastness scale (1-5). Even though there is a close connection between the light
fastness and chemical structure of the dye, some other factors govern this relation.
Different groups attached to the main chromophore, concentration of used dyestuff,
chemical nature of the fabric fiber and atmospheric conditions (wavelength range of

the light, humidity) can be given as examples to these factors (Giles, 1991).

Two other most significant factors affecting the dispersion of dyestuffs are
oxidation and reduction reactions. Nonetheless, photooxidation reactions also cause
high fading results on dyed polyester and acetate fabrics (Kassim & Peters, 1973).
Besides, color fading effect is known to be accelerated by the oxygen density of the

environment.

Figure 1.1. Conversion of azo group to azoxy group by photooxidation and
fading of color

Also, the carriers used in dyeing may cause a reduction in light fastness of
dyed fabrics due to residual of carrier substance. Now, no need to carriers, these dyes
can be applied to polyester at around 130°C in pressurized machines and the dyeing

is followed by a reduction clear.

In many studies, it was stated that the light fastnesses of disperse dyes in
polyester fabrics are much better than in acetate or nylon fabrics, therefore both
commercial interest and research studies in disperse dyes are much more

concentrated on dyeing polyester fibers rather than others.



A chemical classification done according to the chromogen core of the dye
molecules are known as ICI system. These general chemical classes are given as azo,
anthraquinone, nitrodiphenylamine, xanthene, aminoketone, quinoline. Thus,

approximately 1150 disperse dyestuffs are present in the ICI system today.

1.1.3 Azo Disperse Dyes

Azo disperse dyes (1) may constitute the entire color scale (yellow-blue-green),
especially by azo linkage of aminobenzene groups bearing variety of heterocycles
and ED groups. Even so, azo dyestuffs have some disadvantages such as more pale
color shades and light resistance, formation of some carcinogenic amino groups by

cleaving the azo groups (Fig.2) (Nunn, 1979).

R® R®

R2 N~R7 R" = EW group; R? and R®=H or EW group
N. R* and R%=H or ED group;
( j N R*
R1

R® and R” = H or alkyl group
R3
1

Figure 1.2. General structure of the azo dyes

1.1.3.1 Diazo Components of Azo Dyes

Diazo groups used in azo dye production are generally divided into the two

main aromatic amine derivatives as follows:

Aniline and Substituted Anilines: -Me, -Cl, -NO,, -OMe, -OEt, -OPh, -OH, COOH,
-C(O)OAIk-, -CONH-, and SOsH groups are used as primary substituents.

NH, NH, NH "
2 2
N = NH2 =
NO, SOzH

CHj (o}
Toluidines  Nitroanilines ~ Aminobenzoylamide  Anilinosulfonic acids

3 4 5 6

Figure 1.3. Aniline substituted azo components
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Naphthylamines and Naphthylaminesulfonic Acids: Naphthylaminosulfonic acid

azo components are given below with their common names.

NH, NH, SO3HNH; SO3H
SOaH SOaH } }
Naphthionic acid Laurent acid Peri acid Tobias acid
7 8 9 10
{ i { SOH |
l l NH, /“/IINHZ HOSS\“/II NH, l l NH»
' I HO3S
SO3H Brénner acid Erdmann acid Aminocroceine acid
Dahl acid | 12 13 14
11
NH, SO3H NH; NH, SOaH |
N # e N » NH,
s XX (T s
SO3H SOaH 7
Freund acid I, Il Amino € acid SO3H SOsH
Dahl acid II, Il C acid
S0H e SO3HNH
NH, OH SR
PONO® -
HO3S OO
SOsH HO3S SO3H
Amino G acid Béniger acid Koch acid
19 20 21

Figure 1.4. Naphthylamino substituted azo components

1.1.3.2 Synthesis of Azo Disperse Dyes

All azo dyes can be obtained by the azo coupling reaction of primary aromatic
amines, diazonium salts bearing an electron-rich nucleophile. A diazotization
reaction is done by the reaction of primary aromatic amine with nitrous acid which is
produced in situ using HCI and NaNO,. Firstly, the nitrous acid reacts with amine to

generate the N-nitrosoamine 22 which tautomerizes into the hydroxydiazoarene 23.



H
. Ns,
Ar/N‘N’O Ar” "N OH
nitrosoamine diazohydroxide
22 23

Scheme 1.1. Tautomerization of nitrosoamine 22

Then, the protonation of the hydroxy group and elimination of one mole of

water give the resonance-stabilized diazonium salts 24 (Scheme 2).

.k H—Cl R N
. Ns  .OH N
Ar/N‘N’O = A" N - - Ar/N‘N’Q 2
nitrosoamine diazohydroxide
22 23 l-HZO
.. + + .
Ar—N=—/N Ar—N=—/N

Aryl diazonium salt
24

Scheme 1.2. Mechanism for the formation of aryl diazonium salts

When weakly basic amines have several EW groups, nitrosylsulfuric acid
(ONOSOsH) can used as a nitrosating agent and it is also mixed with phosphoric,
acetic, or propionic acid. Since diazonium salts 24 are weak electrophiles they reacts
only with highly electron-rich compounds (26) bearing amino and hydroxy groups.
Especially, phenols and naphthols as hydroxy compounds (25, 26) can couple with
diazonium salts in alkaline medium (pH 7-11), but aromatic amines such as N,N-
dialkylamines can couple in slightly acid medium (pH 1.5). Therefore, optimum
stability of diazonium salt is provided without deactivating the nucleophile

(protonation of the amine).



Coupling component
Diazonium salt

X
N=
X

£ P

R Q} | A
@NENI + B — /© R/_
s
26 R@—N:NOY
1

24

X: -OH; Y: -NH,, -OH
Azo dyes

Scheme 1.3. General synthesis of azo dyes

Aminobenzene dyes (28-32) are frequently used in dyeing of polyester fibers in
textile industry. Azo dyes bearing EW groups (A, B, C) and ED groups (R', R?) on
their aromatic rings give different colors from yellow-red to blue, this is a typical

example of electron-donating-attracting chromogen system.

OoN \C[CI
HsCOCHN HN

Disperse Red 167

OAc
28 29 30

O,N CN
pl \@ O,N Br (?Hs
N~ ND\ J/OAC N'.N)@OJ/OAC
HsC N

NO, N
Hz;COCHN
Disperse Volet 33 Di Blue 79 |)
OAc isperse Blue OAc
31 32

Figure 1.5. Examples of some of the azo disperse dyes

Moderate-to-good washing fastnesses of azo disperse dyes are obtained on
synthetic materials. In general, washing fastness for azo diperse dyes is obtained
between three and five. A better washing fastness depends upon the insolubility of
disperse dye molecules and hydrophobicity of applied synthetic fibres. Their light
fastness values differ between four and five. Fair or better light fastness results are
based on the nonionic part of dye molecule which will not easily interact with water

or other polar molecules that may cause an acceleration on light fading. Prolonged



exposure of dyed fabrics to UV component of sunlight will cause some colour

fadings on these materials.

1.1.4 Other disperse dyes

One of the common disperse dyestuffs are the anthraquinone disperse dyes
which are also known as acetate dyes. Monoazo and bisazo anthraquinone disperse

dyes (33-36) are significant classes of disperse dyes in textile industry.

O NH, o HNT O NH, O NH,
OPh OPh
0 OO0 OO, 0
0] OH ) NH, o NH, (o) OH
Disperse Red 15 Disperse Violet 4 Disperse Violet 26 Disperse Red 60
33 34 35 36

Figure 1.6. Structures of some commercial anthraquinone disperse dyes

Anthraquinone disperse dyes are used to get some purple-blue bright colors
and their light fastnesses are usually obtained in good levels, but, they usually fade in
the presence of nitrous oxide originating from polluted air. Fading caused by nitrous
oxide can be eliminated by treating the dyed material with an azoic thiophene-
benzene complex (Gordon & Gregory, 1983). When the nitrous oxide reacts with this
complex instead of disperse dye molecule, the resistance of dyed fabric to gas fading

will be improved more.

Besides, there are many other important classes of disperse dyestuffs such as
benzodifuranone (37), coumarin (38), methane (41), nitroarylaamino (39) and

quinophthalone (40) disperse dyes.
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OH O OH

g

A NO, O HN
Ar— 38 39 \© 40
0 ° C.I Disperse yellow 82 C.1 173 disperse blue C.I Disperse yellow 54
Benzodifuranone Coumarin Nitroarylamino Quinophthalone
disperse dye disperse dye disperse dye disperse dye

o

et
%

O
41 CN
CHz  C.lI Disperse yellow 99 CHs
NC.__~
Methine
CN disperse dye

Figure 1.7. Examples of other important disperse dye classes

1.2 HYDROPHOBIC FIBERS

Disperse dyes are primarily applied to synthetic fibers (hydrophobic,
acetate, acrylic, nylon, polyester and polyurethane). Among them, polyester and
cellulose acetate fibers are the most significant ones for disperse dyeing (Aspland,

1992).

1.2.1 Polyester fibers

Polyester synthetic fibers (44) are obtained by esterification of terephthalic
acid 42 and a diol (ethylene glycol 43) (Heimanns, 1981). Polyester fabrics
commonly used in textile industry are the derivatives of PET obtained by this

polymerization reaction.

i N
HO—C@—C—OH + HOL~qy c«i>—co/\/O
n

42 44

43

Figure 1.8. A basic PET polymerization reaction
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The first commercial PET fiber was first discovered in 1941 in UK and it
was commercially sold under the trade names such as Terylene and Dacron.
Polyester fibers are the synthetic fibers but they are quite resistant to chemicals and
moths. Also, they have great washing and wearing characteristics and when mixed
with wool and cotton their fabric quality is substantially improved. Nowadays, new
polyester fibers can be produced in physical and aesthetic quality using advanced
dyeing with thanks to polymer compositions. Thus, the addition of ionic moieties to

the modified polyester fibers increased the dyeing ability using ionic dyes.

1.2.1.1 Physical properties of polyester fibers

Transverse section and longitudinal appearance: Polyester fibers are observed as

a smooth rod under a microscope, also their cross-sections are round.

Figure 1.9. SEM images of polyester fibers in microscale (Wu et al., 2008)

Color and gloss: Polyester fibers are often white in colour, bright, semi-matte or

matte.

12



Figure 1.10. Appearance of polyester fibers and products (Nunn, 1979)

Thinness, length and strength: Polyester fibers are produced in various lengths,
size and strengths depending upon the area of their use and way of production. Their

fibers in the filament state are between 4-7 g / denier.

Moisture absorption: Polyester fibers do not absorb moisture and hydrophobic in
nature. Their moisture absorption rate is about 0.2-0.8%. The moisture regain of a
polyester fiber is about 0.4-65% relative humidity at 20°C (Moncriff, 1970). Since
polyester fibers can keep moisture on the surface, the products of polyester fabric

should be worn in hot weather.

Figure 1.11. Hydrophobic nature of polyester fibers (Moncriff, 1970)

Moreover, polyester fibers have very good abrasion resistance and polyester
fabrics with hot fixing can attract high temperatures. Also, the elasticity of polyester
fibers is generally good and elongation rate of them in filament ranges from 15-30%
and from 30-50% in batch. Polyester fibers are lightweight fibers (a specific gravity:
1.38 g/ cm?3) (Nunn, 1979).

13



Medium strength yarns shrink by about 6% in boiling water, however, when
polyester fibres will have a permanent structure when treated with high temperature
applications. When polyester fibre is exposed to sunlight for about 600 hours and its

strength will still stay same as 60-70% of its original strength (Moncriff, 1970).

1.2.1.2 Chemical properties of polyester fibers

Polyester fibers exhibit superior resistance to the damage of most common
chemicals under several conditions of exposure and many kinds of substances have
slight or no effect on their structures. The strength to oxidizing or reducing agents is
quite high and therefore, bleaching treatments with NaClO,, NaOCl or H,O; can be
easily performed. Concentrated formic acid, acetic and oxalic acids may result in loss
in their strength. Polyester fibers are chemically resistant to acids, dry cleaning
solvents and bleaching agents, but strong alkali medium (pH>8) will damage
polyester fibers at high-temperature dyebaths in prolonged treatments. The caustic
alkali solutions affect and hydrolyze the polymer, but this effect is limited to the
surface of the fibre at temperatures up to the boil, however, this essential property

can be used for the production of silk-like polyester materials.

Polyester polymers are hydrolyzed using dilute alkali or acid or water alone as
in typical reactions of ester groups. No serious reaction may take place in the textile-
processing properties of these fibers and yarns dyed for 1-2 h as long as the pH of the
bath was adjusted about 7. But, in an acidic bath at 130°C where pH was seriously

below 4 or alkaline, more rapid hydrolysis will happen (Nunn, 1979).

The resistance of polyester fibers to sunlight is quite good when compared to
many other synthetic fibers, but long exposure to sunlight will harm the fibers.

Bacteria, fungi, mold and other pests are harmless to polyester fibers.

Besides, polyester fibers exhibit very low electrical conductivity and they can
be charged with static electricity. Since the polyester fibers have high m.p. (250°C),
they do not wrinkle too much. However, they can be ironed at low temperatures
(about 140°C) for short periods. When polyester fibres are exposed to flame, they

will melt down with a chemical odour and a black surface.
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1.3 DISPERSE DYEING

Dyeing of polyester fabrics is actually performed using disperse dyes. Due to
hydrophobic properties of polyester fibers, disperse dyes easily penetrate between
hydrophobic fibers. Because disperse dyes have low solubility in water, they are put
into the dyebath with dispersion agents to supply dispersion stability (Burkinshaw,
1995). In this technique, application of dispersing agent is critical due to its
bidirectional function. Dispersing agent maintains the disperse dyestuff in critically
low concentration by directing the hydrophobic ends of the disperse dye molecules
inward. Hence, the hydrophilic ends of the agent are also directed to the aqueous
part. In brief, the micelle holds and carries the disperse dye and transports it to the
fiber and the dye is absorbed molecularly by the fiber. So, the empty micelle
provides an efficient dissolution and dyeing function by holding and carrying the
disperse dye over and over (Ingamells, 1993). As a result, in dyeing process, a
dynamic balance is provided between the absorbed disperse dye by the fiber and the
dye remaining in the bath. In this way, this resulting balance can be illustrated as

given below.

Dye (solid)
AN
Dye (micelle)
) AN

° Dye (dissolved)

st % _______ %

,l Dye (fiber)

polyester fiber
Figure 1.12. Disperse dyeing mechanism (Johnson, 1989)

Mechanism of dyeing in the aqueous environment is therefore similar to the
addition of solid compound with a non-immiscible solvent to get a dispersion. Thus,
disperse dyes absorbed by water and fiber [D].n,, the amount remaining in the bath

[D]; ratio is found by the distribution coefficient (K);
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K= [D]em/ [D]s

The crystalline structure and particle size of disperse dye, dispersing agent, pH
of the dye bath, dyeing temperature and the thinness of fiber are the factors affecting
the disperse dyeing. For instance, the solubility of disperse dye in an aqueous
dispersion promotes with decreasing particle size. Moreover, in order to get the
desired particle size and distribution, disperse dyes are often mixed with the
dispersing agents in certain time periods. In general, the dispersion of polyester
fibers using disperse dyes is prepared between pH-5.5-6.5, otherwise higher or lower
pH values result in degradation of dyes or hydrolysis of fibers (Hallas, 1979). Since
the affinity of dyes decrease with increasing dyeing temperature, polyester fibers are
usually dyed at temperatures below 100°C. However, higher dyeing temperatures

will lead the saturation of dye in the fiber (Bird et al., 1959; White, 1960).

In disperse dyeing of polyester fibers, in general, three main dyeing methods
are often used, they are carrier dyeing, high temperature dyeing and thermosol
dyeing. In carrier dyeing technique, a carrier compound is carried to the fiber in the
form of a complex with the dye, this will provide faster dyeing (Johnson, 1989). The
carriers in polyester dyeing are the organic compounds which are dissolved or
emulsified in dyebath. Common carrier compounds are butylbenzoate 45,

methylnaphthalene 46, dichlorobenzene 47 and o-phenylphenol 48.

0 OH
Cl
0NN O [ :[
Cl O
butyl benzoate methylnaphthalene  dichlorobenzene o-phenylphenol

45 46 47 48

Figure 1.13. Commonly used carriers in polyester dyeing

High temperature dyeing is one of the most widely applied dyeing technique.
This dyeing method needs 130°C and the use of pressurized equipment to increase
the diffusion rate and kinetic energy of dyestuff, in this way, faster and more

effective dyeing results are obtained.

High temperature dyeing consists of three main phases, they are adsorption,

diffusion and clearing, respectively.
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Figure 1.14. Main phases in high temperature dyeing (General diagram)

Lastly, thermosol dyeing method using disperse dyes is applied for continuous
dyeing of polyester and polyester-cellulose composite fibers. In this technique, the
polyester fabric is covered with dispersion of the disperse dye and then the dye
dispersed on the fabric is dried using hot air dryer and infrared heater. The fiber
coated with dye is heated with dry air at about 190-220°C. When the maximum
temperature reaches to the maximum, the vapour of the dye is absorbed by the

polyester and the dyeing occurs (Broadbent, 2001).

1.4 NANOTECHNOLOGY IN DYEING WITH DISPERSE DYES

Nanotechnology stands out with its examples in different scientific branches,
one of which is textiles. Because textile is categorized itself as other scientific fields,
nanotechnology have potential applications in textile, fiber, material coating and

colorant agents.

Polyester fiber has a hydrophobic nature, therefore it is necessary to use
higher temperatures about 130°C if it will be dyed by using exhaust dyeing and a
temperature of 180-210°C if it will be dyed by using thermosol method.

Accordingly, in the last twenty years, the research studies mostly focused on the
application of new dyeing techniques such as nanotechnology, electrochemistry,
supercritical carbon dioxide dyeing and the use of plasma, ultrasonic and microwave

to modify and develop new dyeable polyester fibers (Nahed & EI-Shishtawy, 2010).
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Since the polyester is the most hydrophobic, compact and crystalline synthetic fiber,
its dyeing using disperse dyes can be performed in aqueous solutions at high

temperature and pressure (Choi et al., 2001).

The dyes in nanoscale show superior chromatic properties assigned to the nano

scale effects of more homogeneous nano colouring agents (Hu et al., 2008).

The disperse means that the better and homogenous distribution of dye
molecules to provide the dyeing more smooth and healthy. The most important rules
in the polyester dyeing method are based on the rules affecting the mechanism of

chemistry, concentration, temperature and pH.

Normally, the industry aims easier and cheaper production of any material.
The main reason for searching alternatives like nanotechnology arise from the
question of how to provide more economical, more effective and cheaper production

of a material.

Since the nature of disperse dyes are non-ionic, sparing soluble in water and
often crystalline, these properties are not enough for dispersing the dyes in water and
this causes unsmooth dyeing of hydrophobic materials. In order to provide the
suitable particle size and distribution, the disperse dyes are mixed with a dispersing
agent and grounded by mills (Heimanns, 1981; Derbyshire et al., 1972). In
conventional dyeing method, the disperse dyes are applied as fine aqueous
dispersions on polyester fabrics at 130°C and on nylon fabrics at 100°C (Choi &
Kang, 2006).

Nanoemulsions are very fine droplets of oil dispersed in water and their droplet
size are between 20-600 nm (El-Aasser et al., 1988; Liu et al., 2006). These
homogeneous nanocolorants have excellent chromatic properties due to their nano
scale effects (Hu, 2008). Nanoemulsions or nanodisperse dyestuffs can be produced
as aqueous nanoemulsions of surfactants such as SLS 49, capric triglyceride 50,
Tween 80 51 by mixing of dye particles in oil spheres using ultrasonication

(Nakajima, 1997; Tomomasa et al., 1988).
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Figure 1.15. Common surfactant used in nanoemulsions

Nanoemulsions are thermodynamically stable structures and need very low
concentration of surfactant to be used. Dye nanoparticles can be obtained by direct
addition of dye molecules in the form of liquid solution to the primary reactant which

is found in nanoemulsion.

Surfactant
molecule
Material
or .
dye particle Oil droplet

Nanoparticle

Figure 1.16. O/W nanoemulsion system

At first, dye particle is collected in the oil core of nanoemulsion system.
Afterwards, the nuclei forms inner part of the oil core and this core grows in time
until the nanoemulsion droplet precipitates out. Ultimately, the degree of particle

growth will be limited by the size of the oil droplets in nanoemulsion system.
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Dye particle Dye particle

Entering the dye particle Entering another dye particles Dye particles in oil droplet
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Combination and growing

Formed nanoparticle of dye particles

containing disperse dye

Figure 1.17 Formation of nanoparticles containing disperse dye (Choi & Kang,
2006)

1.5 RECENT STUDIES ON DYEING AND BIOLOGICAL
PROPERTIES OF DISPERSE AND NANODISPERSE
DYESTUFFS

Recently, many studies on the preparation of various disperse dyes have been
performed to dye the synthetic fibers, particularly polyesters and to develop their
dyeing properties. Sayed et al (2012) prepared some pyrazolo[1,5-a]pyrimidine
bisazo dyestuffs (54, 56, 58, 60) to provide satisfactory dyeing and fastness
properties on polyester-based fabrics, meanwhile bisazo dyestuffs have been found to

exhibit strong antimicrobial activities against some bacteria and fungi.
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Scheme 1.4. Preparation of pyrazolo[1,5-a]pyrimidine bisazo dyestuffs

Besides, in the study of Liu et al (2012), yellow, red, purple and blue color
shades were obtained on polyester fabrics dyed with newly synthesized
dicyanoethyl-based disperse dyes (64), and light and washing fastnesses of dyed

fibers were quite good.

CN
R
\\ NaNO,, H;S0; XS ® Vo
NH, = ~° =N: N
S ot . O
63 ON

0-5°C
R: Cl, NO,

61 l 1. H,SOy, H3POy, 6h, 0-5°C
2.50°C, 2h

R CN
\\ S /_/
ST é )
@N N=N N .

Scheme 1.5. Preparation of dicyanoethyl-based disperse dyes

R

In another study conducted by Metwally et al. (2012) in the same year, new
chroman-based azo disperse dyestuffs 66 were prepared and the dyed polyester

fabrics were found to have good washing, perspiration, sublimation and light fastness

R
. Y
H
NaOH/EtOH 0 o
66

Scheme 1.6. Synthesis of chroman-based azo disperse dyes

values.
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In addition, after the synthesis and characterization of new 2,6-dichloro-4-
nitroaniline-based azodisperse dyestuffs (1), PET fabrics were dyed using these
dyestuffs and the alkaline stability of the dyestuffs was reported to be very good as
the result of the dyeing studies (Li et al., 2016).

Cl R’
ON @ Hoso,0N=0 N.g2
- =i + — ~
\©i Sl OZNQNEN HSO, + ©/ R
NH, R
L H,S0,, 0-5°C ol o
67 68 l pH:5.5, 15°C
O,N Cl

\©:N¢N\©\

Cl 2

1 N’R
R1

good alkaline stability

Scheme 1.7. Synthesis of nitroaniline-based azodisperse dyes exhibiting good
alkaline stability

In another study conducted in 2016, two azo disperse dyestuffs with
dimethylamino-p-arylpropenone 70 were prepared, polyester fabrics are dyed using
carrier dyeing technique and washing, squeezing, persipiration and light fastness of

the dyestuff were found excellent (Al-Etaibi et al., 2016).

o)
N
- NaOH -
/@)\/AN’CH3+ NENCI — /@»IN \©
CH EtOH
X 3 04 X H >0
X: Me, NO,
70
69

Scheme 1.8. Synthesis of 3-oxo-3-propanal-based azodisperse dyes

Biological effects of some azo disperse dyestuffs have also been studied. For
instance, after preparation of new azodisperse dyes based on acetamide (72), their
dyeing properties were tested on polyester fabrics and good fastness properties were
obtained. Also, their strong antibacterial properties against E.coli, P.aeruginosa
S.aureus and antifungal properties against C.albicans were determined (Zadafiya &

Malik, 2013).
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Scheme 1.9. Synthesis of azodisperse dyes exhibiting antibacterial and
antifungal properties

In another study (2015), the important antioxidant properties of piperazine-
based azo disperse dyes (74) prepared with good light, washing and squeezing

fastness were determined (Mohammadi et al., 2015).

L L
©/N\) Br * Ar—ltlEN HSO4_ M /©/N\) Br
73 68 AN 74

Ar: p-NO,-Ph ; triazole; 1,3-thiazole;
benzothiazole derivatives

Scheme 1.10. Synthesis of piperazine-based azodisperse dyes exhibiting
antioxidant properties

Recently, some nanoformulation and nanodyestuff studies were also performed
on polyesters and nylon synthetic fabrics to improve the dyeing properties using

various techniques.

In the study of Maamoun (2014), polyester fabrics were treated with burn-out
technique utilizing strong acids and dyed with azo nanodisperse dyes produced by
ultrasonication after milling. The dyeing results showed that the color depth has

increased with dyeing using dyestuff in nanoscale.

Disperse dyestuffs can be applied in nanoscale to polyester fabrics using
certain surfactants. For instance, six different nanodisperse commercial dyestuff
mixed with SLS and capric triglyceride was converted into nanoemulsion in 110-130
nm sizes separately and applied to polyester fabrics. Thus, more effective dyeing
properties were obtained with these nano dyestuffs than ordinary dyeing applications

with disperse dyes (Choi & Kang, 2000).
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Scheme 1.11. Method for the production of nanodisperse dyes

In a more recent study (2014), nanodisperse dye solutions were prepared with
commercially available disperse dyes by ultrasonication (SO) and spontaneous
emulsion (SE) formation, and higher depth in colors were obtained in dyeing studies

on microdenier polyester fabrics (Kale et al., 2014).

OEt 0J< NG
N02 /_/ 2
N

OZNQN’NHN L\o O Q KL Q QNC

Br )':O ﬂ

2
6]

Disperse red 73 Disperse Orange 25
Disperse blue 79.2 I
32 l DMF
3% dyestuff
in DMF o
SO Method Stirring :
Paraffin oil, Tween 80, H,O Ultrasonication + —— _Nanodlsperse dye
—_——

OR

SE Method Nanoemulsion

Coconut oil, Span 80, Acetone
Tween20, H,O

mix and stir at RT

then heat 70°C

Scheme 1.12. Preparation of nanodisperse dyes using different methods

In a very recent study (2017), nanoemulsions obtained with commercial

azodisperse dyes as oil emulsion in water were applied on nylon fibers and similar
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dyeing and fastness values were obtained using Flexi dyeing at 100°C (Kale et al.,

2017).

@] Paraffin oil, Tween 80 in H,O

Disperse blue 79.2 l Homogenized at

12000 rpm for 20 min

C
2 DMF
N~®’N 3% dyestuff in DMF ‘ + ‘ nanoemulsion ‘
N<©’N02 Homogenized at
12000 rpm for 15 min

79 NC

Disperse red 73
P Nanodisperse dye

2
Disperse Orange 25

Scheme 1.13. Preparation of nanodisperse dyes
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2. AIM AND SCOPE OF THE STUDY

Disperse dyes, in particular azo disperse dyes are commercially important
group of organic molecules used in coloring the variety of materials in textile, paper,
leather or cosmetic industry. Meanwhile, the synthetic fibers such as polyester,
nylon, PET etc. are versatile polymeric materials used especially in textile industry to
produce many types of textile fabrics for different purposes. Therefore, the
development of new generation synthetic or semi-synthetic fibers are quite important
but it is also important to dye these fibers in the desired shades of color. As the
dyeing of textile products is complex and it requires the use of different technologies
and various dyestuffs. For this reason, many studies have been carried out to produce
new dyestuffs and to try their dyeing properties on various fabrics for many years.
Recently, nanodisperse dyestuffs have also been prepared by the use of
nanotechnology and more sophisticated and higher quality dyeing of various fabrics

have been provided.

For this purpose, firstly, it was aimed the preparation of a new series of
arylpropenone-based disperse dyestuffs (70) following simple and effective two-step
synthetic protocol. After purification and characterization of the disperse dyestuff,
they were applied on commercial polyester fabric samples to determine their dyeing
characteristics. The dyestuff were applied on polyester fabrics in two ways. First
dyeing technique included the direct addition of dye solution as a dispersion in water
at high temperature but in the second technique, dyestuff was mixed with a surfactant
and mineral oil in water and resulting mixture was homogenized and ultrasonicated
to form nanodisperse dyestuff in the form of nanoemulsion. Then, this nanoemulsion
form was added in aqueous dyebath for dyeing of polyester fabrics at high

temperature.

Finally, the dyeing characteristics and fastness (light, washing, water, acidic-
basic perspiration, rubbing, sublimation) properties of dyestuffs on polyester fabrics

were determined by following standard ISO protocols. Hence, the current study was
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completed successfully in three main parts; synthesis, dyeing and color-fastness tests

(Figure 2.1).

60 O
0
R:—/ — R “NH
=
80 70 — ro
2

Azo disperse dyes

H,0 Surfactant
H,O

h e

dispergion of dyestuff nanodisperse dyestuff
in water as

U nanoemulsion

Fastness properties
on polyester fibers

Dyeing properties
on polyester fibers

Figure 2.1. Main strategy for the preparation and dyeing fastness properties of
dyestuffs throughout the thesis study
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3. MATERIALS AND METHODS

The reagents and solvents were purchased from commercial suppliers in
analytical and reagent grades (Merck, Acros, Sigma-Aldrich). All reactions were
stirred either at room temperature or reflux using Heidolph MEI magnetic stirrer-
heaters. High-temperature jet dyeing of polyester samples with disperse dye solutions
and nanoemulsions were performed using a TERMAL mini high-temperature jet
dyeing machine. Colors of dyed polyester samples were measured in a datacolor
SF600 color spectrophotometer. Ultrasonication and homogenation of
nanoemulsions were performed using an IKA T25 Ultra-Turrax Homogenizator. All
NMR spectra of the dyes and precursors were recorded on a 400-MHz JEOL
ECS400 Delta2 spectrometer at room temperature. The chemical shifts were reported
in ppm downfield from TMS; J values are given in Hz. The abbreviations used for
NMR signals are: br s= broad singlet, s = singlet, d = doublet, t = triplet, q = quartet,
m = multiplet, dd=doublet of doublets. IR spectra were recorded on a SHIMADZU
FTIR-8400S instrument using KBr pellets or on a PERKIN-ELMER Spectrum Two
ATR equipped FTIR system. HRMS measurements were run on a Waters Lct
Premier XE 0a-TOF Mass Spectrometer. Melting points of solid compounds were
determined on a MELTEMP apparatus and they are uncorrected. TLC analyses were
carried out for monitoring the reaction progress on pre-coated plates with fluorescent
indicator (Merck 5735). Column chromatographic separations were performed on
silica gel (Merck, 230-400 mesh ASTM) and the eluents were mixtures of ethyl
acetate (EA) and hexanes (H). Staining solutions of potassium permanganate and

UV-254-366 were used for visualization of the TLC spots.
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3.1 EXPERIMENTAL

3.1.1 Synthesis of Precursor Compounds

3.1.1.1 General Procedure for Synthesis of Precursor 1 (Dimethylamino-

p-arylpropenones) (69) (Zhu et al., 2016)

(0] ~ (0]
j’\ 80°C P
+ ~ E—— N
0 T 15-16 h
R1 R1
80 81 69

R': -CF3, -OEt, -NO,

A mixture of 1-phenylethanone 80 (1 equiv.) and DMF-DMA 81 (3 equiv.)
was boiled at 80°C, the consumption of starting material was controlled by TLC.
When the reaction is complete, the reaction mixture was cooled to room temperature
and poured into a mixture of petroleum ether / diethylether (4:1) and stirred for a
further half an hour. The precipitated solid was filtered off through sintered funnel by
vacuum filtration. Collected solid was first dried at RT, then under high-vacuum. The

precursor compound 1 (69) was isolated as solid in very pure state and good yields.

(E)-3-(dimethylamino)-1-(4-(trifluoromethyl)phenyl)prop-2-en-1-one (69a)
(Mohebbi et al., 2011)

o)

leaal
FsC

69a

Heated at 80°C for 4 h and precipitated from petroleum ether/diethylether mixture to
afford bright yellow crystalline solid. (1.567 g, 67%), m.p. 101-103°C; Rt (50%
EtOAc/hexane) 0.15; IR (KBr) v: 3456, 2924, 2816, 1643, 1589, 1550, 1435, 1327,
1118, 1064, 902, 856, 779 cm™; "H-NMR (500 MHz, DMSO-de) &: 5 8.02 ( 2H, d, J
8.09 Hz), 7.72-7.75 (3H,m), 5.80 (1H, d, J 12.20 Hz), 3.13 (3H, br s), 2.90 (3H, br s);
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(TOF-MS ESI") m/z: 244 (100, [M+H]") C;,H,F3NO requires 243.22. Anal. Found:
C, 59.18; H, 4.98; N, 5.78. Calcd for C;,H,F3NO: C, 59.26; H, 4.97; N, 5.76 %.

(E)-3-(dimethylamino)-1-(4-ethoxyphenyl)prop-2-en-1-one (69b)

Heated at 80-100°C for 16 h and precipitated from petroleum ether/diethylether
mixture to afford an orange solid. (1.250 g, 63%); R (50% EtOAc/hexane) 0.20; IR
(KBr) v: 3456, 2980, 2875, 1647, 1602, 1585, 1550, 1438, 1363, 1238, 1178, 1043,
904, 854, 777 cm™'; "TH-NMR (400 MHz, CDCls) &: 7.86 (2H, d, J 8.4 Hz), 7.76 (1H,
d, J 12.4 Hz), 6.87 (2H, d, J 8.4 Hz), 5.68 (1H, d, J 12.3 Hz), 4.04 (2H, q, J 6.8 Hz),
3.08 (3H, br s), 2.90 (3H, br s), 1.40 (3H, t, J 7.0 Hz); “C-NMR (100 MHz, CDCl5)
0: 187.5,161.5, 153.8, 133.0, 129.5, 113.7,91.8, 63.4, 14.8.

(E)-3-(dimethylamino)-1-(4-nitrophenyl)prop-2-en-1-one (69c) (Kantevari et al.,
2007)

O

/@)j\/\'?/
O5N

69c

Heated at 80°C for 1 h 30 min and precipitated from petroleum ether/diethylether
mixture to afford a brown solid. (1.63 g, 82%), m.p. 151-153°C; R¢ (50%
EtOAc/hexane) 0.15; IR (KBr) v: 2918, 2806, 1641, 1604, 1554, 1410, 1340, 1273,
1058, 977, 898, 788 cm™'; '"H-NMR (300 MHz, CDCls) &: 8.22 (2H, d, J 8.5 Hz),
7.95 (2H, d, J 8.5 Hz), 7.78 (1H, d, J 12.1 Hz), 5.61 (1H, d, J 12.8 Hz), 3.25 (3H, br
5), 2.90 (3H, br s); "*C-NMR (75 MHz, CDCls) &: 185.8, 155.0, 148.8, 145.9, 128.1,
123.2,91.7, 45.1, 37.2; MS (EI) m/z: 220 (M", 32%), 204 (82), 157 (10), 70 (25), 55
(22), 44 (7); Anal. Calcd for C;1H2NOs: C, 59.99; H, 5.49; N, 12.72. Found: C,
59.86; H, 5.56; N, 12.80.
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3.1.1.2 General Procedure for Synthesis of Precursor 2 (Aryl diazonium

tetrafluoroborates) (83) (Collevile et al., 2014)

48% HBF, . B
@NHZ ——— ¢ Nn=NeF,
2<___ 2
R NaNO,,H,0 R
0°C, 1-1.5h R2: -CH3, -OCH,CH40-,

82 83 -OMe, -NOg, CI

48% of HBF, solution (2.6 equiv.) were mixed with the corresponding aniline
derivative 82 (1.0 equiv.) at 0°C. Then, 1.5 volume aqueous solution of sodium
nitrite (1.1 equiv.) was added dropwise with stirring to this solution. The resulting
mixture was stirred at 0°C for 30 min and allowed to warm at RT for 30 minutes.
The precipitate was filtered, washed with a small amount of water and dried at room
temperature to afford the corresponding diazonium tetrafluoroborate salt 83 as solid

in very pure state.

4-nitrobenzenediazonium tetrafluoroborate (83a) (Reay et al., 2017)

+ _
OzN@NEN BF4

83a

Stirred at 0-25°C for 1 h 30 min and the filtration afforded white solid. (2.08 g, 82%),
m.p. 148-151°C; IR (KBr) v: 3117, 2306 (N=N), 1612 (C-N), 1543, 1357, 1049, 864,
740, 524 cm™'; '"H-NMR (400 MHz, DMSO-dg) &: 8.77 (2H, d, J 9.0 Hz), 8.63 (2H,
d, J 9.0 Hz); "C-NMR (100 MHz, DMSO-d¢) &: 153.3, 134.6, 126.1, 121.9; ''B-
NMR (128 MHz, DMSO-de) &: -2.3; "F-NMR (376 MHz, DMSO-dg) &: -148.1 (m,
1JF-10B, 4F), -148.1 (m, 1JE- 11B, 4F); (TOE-MS ESI) m/z: 150 (100%,
(IM-BF,]"); HRMS (TOF-MS ESI'): [M-BF,]" found 150.0304. C¢H4N;0, requires
150.0298.

4-methylbenzenediazonium tetrafluoroborate (83b) (Reay et al., 2017; Shiraki et
al., 2017)

+ -
H3C QNEN BF4

83b
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Stirred at 0-25°C for 1 h 20 min and the filtration afforded silver gray solid. (1.19 g,
57%), m.p. 106-107°C; IR (KBr) v: 3417, 3109, 2291(N=N), 1581(C-N), 1311,
1072, 817, 505 cm™; 'H-NMR (400 MHz, DMSO-d¢) o: 8.58-8.51 (2H,m), 7.83—
7.75 (2H, m), 2.57 (3H, m); BC-NMR (100 MHz, DMSO-dg) o: 153.94, 132.7,
131.8, 112.0, 22.4; ""B-NMR (128 MHz, DMSO-d¢) &: -2.3; ""F-NMR (376 MHz,
DMSO-dg) o: -148.1 (m, 1JF- 10B, 4F), -148.1 (m, 1JF-11B, 4F); (TOF-MS ESI)
m/z: 119 (100%, [M-BF4]"); HRMS (TOF-MS ESI): [M-BF,]", found 119.0603.
C7H;N; requires 119.0604.

3,4-dimethoxybenzenediazonium tetrafluoroborate (83c) (Nyugen et al., 2009)

+ _
HaCO N=N BF,

HsCO 83c

Stirred at 0-25°C for 1 h and the filtration afforded brown solid. (1.51 g, 56%), m.p.
123°C; IR (KBr) v: 3124, 2970, 2252(N=N), 1581(C-N), 1512, 1296, 1057, 856,
810, 516 cm™; "TH-NMR (400 MHz, DMSO-d¢) &: 8.55 (1H, dd, J 9.1, 2.5 Hz), 8.22
(1H, d, J 2.5 Hz), 7.57 (1H, d, J 9.1), 4.17 (3 H, s), 3.99 (3 H,s); *C-NMR (100
MHz, DMSO-dg) &: 161.7, 151.2, 131.9, 114.4, 113.4, 103.2, 57.8, 57.3. ""F-NMR
(DMSO-dg) 8: -148.2; (TOF-MS ESI") m/z: 165 (100%, [M+H]"); HRMS (TOF-MS
ESI"): [M+H]", found 165.0664. CgHyN,O, requires 165.0653.

4-chlorobenzenediazonium tetrafluoroborate (83d) (Reay et al., 2017)

+ _
m—@—NzN BF,

83d

Stirred at 0-25°C for 1 h 30 min and the filtration afforded a white solid. (1.10 g,
48%), m.p. 138-139°C; IR (KBr) v: 3396, 3080, 2274(N=N), 1622(C-N), 1560,
1464, 1311, 1093, 1031, 833, 520 cm™; "H-NMR (400 MHz, DMSO-ds) &: 8.73-8.64
(2H, m), 8.15-8.07 (2H, m); *C-NMR (100 MHz, DMSO-dq) &: 146.5, 134.4, 131.6,
114.8; ""B-NMR (128 MHz, DMSO-dg) &: —2.3; "F-NMR (376 MHz, DMSO-dg) &:
-148.1 (m, 1JF-10B, 4F), -148.1 (m, 1JF-11B, 4F); (TOF-MS ESI') m/z: 139 (100%,
[M-BF,]"); HRMS (TOF-MS ESI): [M-BF4]", found 139.0054. CsH4CIN; requires
139.0058.
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Benzo[d][1,3]dioxole-5-diazonium tetrafluoroborate (83e) (Nyugen et al., 2009)

+ _
L

o 83e

Stirred at 0-25°C for 1 h 30 min and the filtration afforded brown solid. (3.40 g,
72%), m.p. 121°C; IR (KBr) v: 3414, 3119, 3018, 2252(N=N), 1595(C-N), 1496,
1475, 1373, 1282, 1261, 1070, 914, 871, 520 cm™; 'H-NMR (400 MHz, DMSO-de)
o: 8.36 (1H, dd, J 8.8, 2.3 Hz), 7.89 (1H, d, J 2.3 Hz), 7.34 (1H, d, J 8.8 Hz), 6.41
(2H, s); *C-NMR (100 MHz, DMSO-dg) &: 161.5, 151.0, 135.4, 112.0 (2x C), 110.3,
107.3; ""F-NMR (DMSO-de) &: -148.2; (TOF-MS ESI") m/z: 149 (100%, [M+H]");
HRMS (TOF-MS EST"): [M+H]", found 149.0341. C;HsN,O, requires 149.0351.

3.1.2 Synthesis of Disperse Dyes

3.1.2.1 General Procedure for Preparation of Arylpropenone Azo

Disperse Dyes (70) (Al-Etaibi et al., 2016)

0
o~ / N\ _y=nyme~  NaOAc [ ©
" + DCM, 0-25°C R
2-4 h =
69 83 70 |
R': -CF3, -OEt, -CH3 R2: -CHj, -OCH,CH,0-, \\Rz

-3,4-diOCHg, -NO,, Cl

A cooled aqueous solution of diazonium tetrafluoroborate salt 83 (1.5 equiv.)
at 0°C was added into a solution of NaOAc (3.0 equiv.) and dimethylamino-p-
arylpropenone derivative 69 (1.0 equiv.) in DCM (15 mL). The resulting mixture was
stirred at RT for 1-2 h, the resulting precipitate was filtered off using sintered funnel
via suction filtration and dried under high-vacuum to afford corresponding azo
disperse dye (70) as a solid. Solid residue of disperse dyes (70) were further purified
by flash CC using mixtures of hexanes-EtOAc and obtained in pure state.
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(E)-2-(2-(4-nitrophenyl)hydrazono)-3-0x0-3-(4-(trifluoromethyl)phenyl)
propanal (70a)

NO,

With stirring at RT for 3 h 15 min and flash chromatography (25% EtOAc/hexane)
afforded light brown solid. (1.131 g, 74%), m.p. 88-90°C; Rs (50% EtOAc/hexane)
0.80; IR (KBr) v: 3109 (NH), 3086, 1697 (C=0), 1651 (C=0), 1597 (NH bending),
1519, 1327, 1257, 1165, 1111, 1064, 949, 848 cm™; "H-NMR (400 MHz, CDCl5) &:
10.22 (1H, s, CHO), 8.28-8.26 (2H.d, J 9.0 Hz), 8.04-8.02 (2H.d, J 8.2 Hz), 7.78-
7.76 (2H, d, J 8.2 Hz), 7.40-7.38 (2H,d, J 9.0 Hz); "C-NMR (100 MHz, CDCL) §:
190.1 (C=0), 190.0 (C=0), 145.9, 145.2, 139.4, 134.2-133.9 (*JcE(rno) = 32.8 Hz),
133.3, 130.6, 125.9, 125.3-125.2 Clcrmen = 3.2 Hz), 124.9, 124.7-122.0 ('Jcg =
277.1 Hz), 120.6, 116.4; (TOF-MS EST) m/z: 364 (100, [M-H]"), 365 (15%); HRMS
(TOF-MS ESI): [M-H]", found 364.0544. C;sHoF3N30, requires 364.0550.

(E)-3-0x0-2-(2-(p-tolyl)hydrazono)-3-(4-(trifluoromethyl)phenyl)propanal (70b)

FaC NH
70b

CHj

With stirring at RT for 1 h 45 min and flash chromatography (25% EtOAc/hexane)
afforded pale orange solid. (0.856 g, 60%), m.p. 114-116°C; Rt (50% EtOAc/hexane)
0.70; IR (KBr) v: 3117 (NH), 3016, 2924, 1643 (C=0), 1527, 1419, 1327, 1288,
1165, 1118, 1072, 956, 810 cm™'; "H-NMR (400 MHz, CDCl;) &: 10.17 (1H, s,
CHO), 8.02-8.00 (2H.d, J 8.2 Hz), 7.74-7.72 (2H,d, J 8.5 Hz), 7.19 (4H, s), 2.34
(3H,s); *C-NMR (100 MHz, CDCl3) &: 190.3 (C=0), 189.1 (C=0), 138.6, 137.3,
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133.8-132.9 (Jckornoy = 32.6 Hz), 130.6, 130.3, 130.1, 129.1, 124.9-124.8 (Jcrmetn =
3.8 Hz), 125.2-122.5 ("Jep = 272.5 Hz), 119.5, 116.7, 21.0; (TOF-MS ESI') m/z: 333
(100, [M-H]"), 334 (20%); HRMS (TOF-MS ESI): [M-H]", found 333.0821.
C7H2F3N,0; requires 333.0856.

(E)-2-(2-(3,4-dimethoxyphenyl)hydrazono)-3-oxo-3-(4-(trifluoromethyl)phenyl)

propanal (70c)
O H
| @)
FsC NN
70c
OCH,
OCHs

With stirring at RT for 2 h 50 min and flash chromatography (25% EtOAc/hexane)
afforded brick-red solid. (0.460 g, 65%), m.p. 138-139°C; R¢ (50% EtOAc/hexane)
0.80; IR (KBr) v: 3093 (NH), 2939, 1651, 1627, 1597 (C-N), 1519 (C=C), 1404,
1311, 1265, 1126, 826 cm™; '"H-NMR (400 MHz, CDCl3) &: 10.16 (1H, s, CHO),
7.98-7.96 (2H,d, J 8.2 Hz), 7.71-7.69 (2H.,d, J 8.2 Hz), 6.87-6.80 (3H,m), 3.86
(3H,s,0CH3), 3.77 (3H,s,0CH3); "C-NMR (100 MHz, CDCl3) &: 190.5 (C=0),
188.7 (C=0), 150.4, 148.5, 140.9, 134.6, 133.6-132.6 (Jcrorme = 32.8 Hz), 131.4,
130.4, 124.7-124.6 Clcrmen = 3.6 Hz), 125.2-122.4 ("Jep = 272.2 Hz), 111.5, 109.5,
99.8, 56.2, 55.8; (TOF-MS ESI) m/z: 379 (100, [M-H]"), 380 (15%); HRMS (TOF-
MS ESI): [M-H]", found 379.0920. C;gH4F3N,0, requires 379.0920.

(E)-3-(4-ethoxyphenyl)-3-0x0-2-(2-(p-tolyl)hydrazono)propanal (70d)

EtO NH
70d

CHs
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With stirring at RT for 1 h 30 min and flash chromatography (25% EtOAc/hexane)
afforded red solid. (0.400 g, 55%), m.p. 110-112°C; R¢ (50% EtOAc/hexane) 0.75;
IR (ATR) v: 2983, 2921, 1638, 1598 (C-N), 1505 (C=C), 1451, 1390, 1247, 1157,
1080, 819 cm; '"H-NMR (400 MHz, CDCl3) &: 10.10 (1H, s, CHO), 7.99-7.97
(2H.d, J 8.9 Hz), 7.25-7.22 (2H.d, J 8.8 Hz), 7.18-7.16 (2H, d, J 8.4 Hz), 6.95-6.93
(2H,d, J 7.1 Hz), 4.14-4.09 (2H, q, J 7.0 Hz), 2.33 (3H,s), 1.45 (3H, t, J 7.0 Hz); "°C-
NMR (100 MHz, CDCl3) 8: 189.6, 189.0, 162.4, 139.0, 136.5, 132.9, 132.4, 130.4,
129.4, 116.5, 113.7, 63.8, 21.1, 14.8; (TOF-MS ESI') m/z: 309 (100, [M-H]"), 310
(25%); HRMS (TOF-MS ESI): [M-H]", found 309.1245. C;3H;7N,O;3 requires
309.1244

(E)-3-(4-ethoxyphenyl)-2-(2-(4-nitrophenyl)hydrazono)-3-oxopropanal (70e)

O H
o
N.
EtO NH
70e
NO,

With stirring at RT for 2 h and flash chromatography (25% EtOAc/hexane) afforded
yellow-orange solid. (0.845 g, 65%), m.p. 124-126°C; R¢ (50% EtOAc/hexane) 0.80;
IR (ATR) v: 3115 (NH), 2987, 1627, 1597 (C-N), 1503 (C=C), 1336, 1240, 1108,
848 cm™; 'TH-NMR (400 MHz, CDCl3) 8: 10.12 (1H, s, CHO), 8.25-8.23 (2H,d, J 8.9
Hz), 7.99-7.97 (2H,d, J 8.9 Hz), 7.41-7.39 (2H, d, J 9.1 Hz), 6.97-6.95 (2H.d, J 8.9
Hz), 4.16-4.11 (2H, g, J 7.0 Hz), 1.46 (3H, t, J 7.0 Hz); "C-NMR (100 MHz, CDCl;)
d: 190.6, 189.0, 163.1, 146.5, 144.7, 134.1, 132.9, 128.4, 125.9, 116.2, 114.1, 63.9,
14.7; (TOF-MS ESI') m/z: 340 (100, [M-H]"), 341 (30%); HRMS (TOF-MS ESI):
[M-H]", found 340.0927. C;7H4N30s requires 340.0938.
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(E)-2-(2-(benzo[d][1,3]dioxol-5-yl)hydrazono)-3-(4-ethoxyphenyl)-3-oxo

propanal (70f)
O H
| O
EtO N. NH
70f
o\/O

With stirring at RT for 1 h 30 min and flash chromatography (25% EtOAc/hexane)
afforded brown solid. (0.800 g, 90%), m.p. 108-110°C; Rf (50% EtOAc/hexane)
0.75; IR (ATR) v: 3062 (NH), 2983, 2919, 1736, 1627 (C=0), 1600 (C-N), 1502
(C=C), 1448, 1304, 1250, 1176, 1033, 834 cm'; '"H-NMR (400 MHz, CDCls) &:
10.07 (1H, s, CHO), 7.95-7.93 (2H.,d, J 7.0 Hz), 6.95-6.93 (3H.d, J 8.8 Hz), 6.79-
6.77 (1H, d, J 8.3 Hz), 6.73-6.70 (1H,dd, J 8.4, 2.1 Hz), 5.98 (2H,s), 4.14-4.09 (2H,
q, J 7.0 Hz), 1.44 (3H,t, J 7.0 Hz); *C-NMR (100 MHz, CDCl;) &: 189.6, 189.4,
162.4, 149.2, 146.4, 136.4, 132.7, 132.2, 129.4, 113.6, 110.6, 108.6, 101.8, 97.8,
63.7, 14.7; (TOF-MS EST) m/z: 339 (100, [M-H]"), 340 (20%); HRMS (TOF-MS
ESI): [M-H], found 339.0967. C;sH;5sN,Os requires 339.0986.

(E)-3-(4-nitrophenyl)-3-ox0-2-(2-(p-tolyl)hydrazono)propanal (70g)

709
CH;

With stirring at RT for 2 h and flash chromatography (25-33% EtOAc/hexane)
afforded brick-red solid. (0.652 g, 83%), m.p. 143-145°C; R¢ (50% EtOAc/hexane)
0.80; IR (ATR) v: 3103 (NH), 3073, 2930, 1732, 1648 (C=0), 1632 (C=0), 1590 (C-
N), 1548, 1512 (C=C), 1315, 1300, 957, 806, 706 cm™'; "H-NMR (400 MHz, CDCl3)
6: 10.17 (1H, s, CHO), 8.31-8.29 (2H.d, J 8.3 Hz), 8.04-8.02 (2H.d, J 8.7 Hz), 7.20-
7.16 (4H, m), 2.34 (3H,s); "C-NMR (100 MHz, CDCls) &: 189.7, 188.9, 149.5,
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142.9, 138.4, 137.6, 131.1, 130.7, 130.5, 123.1, 116.9, 21.2; (TOF-MS ESTI) m/z:
310 (100, [M-H]"), 311 (20%); HRMS (TOF-MS ESI'): [M-H]*, found 310.0837.
C16H12N3O4 requires 310.0833.

(E)-3-(4-nitrophenyl)-2-(2-(4-nitrophenyl)hydrazono)-3-oxopropanal (Mixture
of two isomers) (1:0.90) (70h)

O H
7o
O,N N NH
70h
NO,

With stirring at RT for 2 h and flash chromatography (25% EtOAc/hexane) afforded
red-brown solid. (0.444 g, 45%), m.p. 113-115°C; Rf (50% EtOAc/hexane) 0.85; IR
(ATR) v: 3116 (NH), 2923, 2854, 1736, 1649, 1581 (C-N), 1505 (C=C), 1336, 1297
1247, 1106, 846, 698 cm™; "H-NMR (400 MHz, CDCl3) &: 10.24 (1H, s, CHO), 9.8/
(IH, s, CHO), 8.37-8.35 (2H.,d, J 8.7 Hz), 8.30-8.27 (2H.,d, J 9.0 Hz), 8.23-8.21
(2H,d, J 8.6 Hz), 8.18-8.16 (2H,d, J 8.9 Hz), 8.13-8.11 (2H, d, J 8.9 Hz), 8.08-8.05
(2H,d, J 8.7 Hz), 7.50-7.47 (2H, d, J 9.0 Hz), 7.39-7.37 (2H,d, J 9.1 Hz); “*C-NMR
(100 MHz, CDCls) 6: 189.9, 189.4, 131.1, 129.5, 126.0, 125.6, 124.9, 124.2, 123 .4,
120.6, 115.6; (TOF-MS ESI') m/z: 341 (100, [M-H]"), 342 (20%); HRMS (TOF-MS
ESI): [M-H]", found 341.0575. C;sHoN4Og requires 341.0527.

(E)-2-(2-(4-chlorophenyl)hydrazono)-3-(4-nitrophenyl)-3-oxopropanal (Mixture
of two isomers) (1:0.50) (70i)

O,N NH
70i

Cl

With stirring at RT for 1 h 45 min and flash chromatography (25% EtOAc/hexane)
afforded orange-red solid. (0.810 g, 81%), m.p. 116-118°C; Rt (50% EtOAc/hexane)
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0.75; IR (ATR) v: 3111 (NH), 2931, 2859, 1726, 1649, 1603 (C-N), 1511(C=C),
1311, 1088, 827, 708 cm™; 'H-NMR (400 MHz, CDCl3) &: 10.20 (1H, s, CHO),
8.34-8.31 (2H,d, J 9.1 Hz), 8.29-8.27 (2H,d, J 8.9 Hz), 8.21-8.19 (2H,d, J 9.0 Hz),
8.04-8.02 (2H, d, J 8.9 Hz), 7.55-7.53 (2H,d, J 8.9 Hz), 7.44-7.42 (2H,d, J 8.8 Hz),
7.38-7.32 (2H, d, J 8.9 Hz), 7.23-7.20 (2H,d, J 8.8 Hz); >C-NMR (100 MHz, CDCl;)
8: 189.6, 189.3, 149.7, 142.5, 139.3, 135.2, 131.0, 130.2, 123.3, 120.8, 117.9; (TOF-
MS EST) m/z: 330 (100, [M-H]"), 331 (20%), 332 (30%); HRMS (TOF-MS ESI):
[M-H]", found 330.0286. C;sHoCIN3O4 requires 330.0287.

3.1.3 Preparation of Disperse Dye Solutions

3.1.3.1 Preparation of standard dye solutions with disperse dyes

Prior to the preparation of standard dye solutions, purified solid dyestuffs (70a-
i) were first milled 2-3 times in porcelain mortar to obtain more disperse and fine
powder form. And then, 0.3 g of each solid dyestuff (70a-i) and also the equal
amount (0.3 g) of commercial dispersing agent (Setalan SW powder™) were
weighed precisely. Each solid dye (70a-i) in fine powder form were then mixed with
commercial dispersing agent in 1:1 ratio (w/w) and homogenous solid mixtures were

prepared.

After milling and mixing of solid dyestuffs (70a-i) with dispersing agent, 1%
(w/v) disperse dye solutions were prepared in water using 50-mL volumetric flasks.
Each mixture of solid dyestuff with commercial dispersing agent was first mixed
with small amount of water (5 mL) and shaken well to get a dispersion of solid
dyestuff mixture. Then, each mixture was diluted with water to a final volume of 30
mL in volumetric flasks. Finally, the dispersion characteristics of the each dye

solution were observed and noted.

3.1.3.2 Preparation of nanodisperse dye solutions with disperse dyes
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Prior to preparation of nanodisperse dye solutions, a suitable nanoemulsion

was first prepared and then mixed with % 1 dye solution in DMF (4:1 v/v).

3.1.3.2.1 Preparation of Nanoemulsion by Ultrasonication

In general, nanoemulsions can be prepared by using three kinds of methods.
They are the ultrasonication, spontaneous emulsification and phase inversion
composition techniques. Regarding the simplicity and applicability of ultrasonication
in previous studies (Kale et al., 2017), this method was chosen and applied for the

preparation of nanoemulsion with disperse dyestuffs.

General Method

15mL of paraffin oil, 5 mL of Tween 80 and 80 mL of distilled water were
mixed and stirred under magnetic stirring at 4000 rpm for 30 minutes and then
subjected to ultrasonication for 20 min. using an IKA T25 Ultra-Turrax

Homogenizator of power 250 W and diameter probe 20 mm.

3.1.3.2.2 Preparation of nanodisperse dye solutions

Solid dyestuff (0.5g) were weighed to get 1% shade in dye solution and then
dissolved in 10 mL of DMF. Resulting solution was added dropwise into 40 mL of
nanoemulsion and homogenized by stirring at 4000-5000 rpm for 30 min and then
subjected to ultrasonication for 20 min. using an IKA T25 Ultra-Turrax
Homogenizator of power 250 W and diameter probe 20 mm. Totally, 50 mL of

nanodisperse dye solution has been prepared for dyeing.

3.1.4 Dyeing Studies Using High Temperature Jet Dyeing
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3.1.4.1 Preparation of 100% polyester fabric and HT dyeing

The 1/10 flotte ratio was applied and therefore, 100% polyester fabrics were
cut into 5 g/m” pieces in the laboratory weighed on the balance precisely to provide

1% ratio in dye solution.

High tempetature (HT) jet dyeing was selected as suitable dyeing method using

disperse dyestuffs on polyester fabrics.

3.14.1.1 General dyeing recipe

A suitable dyeing recipe was established for dyeing of polyester fabrics with

disperse dye solutions under HT dyeing conditions.

s 1/10 Flotte ratio (50 mL of solution for 5 g/m2 fabric sample)

@ % 2 Disperse dye / 0.1 g of fabric sample

& 0.5 g/L Setalup ace conz (commercial anti-crease lubricant and dispersant)
s 0.5 g/L Setalan ps 75 (commercial levelling agent)

s pH-4.5 Setacid pbs (pH buffering agent)

3.14.1.2 HT Dyeing Process

High-temperature dyeing method was applied in a laboratory-scale HT jet
dyeing machine (Termal TM) for dyeing the polyester samples with disperse dye

solutions by following the steps given below;

% Step 1. Prepare the chemical dye-bath using above prescribed recipe in the
dyeing container, soak the 5 g /m? cut fabric in a sample dyeing tube and put

sample dyeing tube in the dyeing container and close the lid.

% Step 2. Run the dyeing machine at 60°C for 10 minutes.

% Step 3. Increase the temperature up to 130°C by 1°C per minute and run the

dyeing machine at 130°C for another 45 minutes.
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%  Step 4. Decrease the temperature to 80°C by 1°C per minute and run the

dyeing machine at 80°C for 30 minutes more.

% Step 5. Taken the dyeing tube out of the jet dyeing machine and leave for
cooling.

s Step 6. Then, open the lid of dyeing container and take the sample dyeing
tube out of the machine.

% Step 7. Then, take dyed polyester fabric sample out of sample dyeing tube
and wash and dry the dyed polyester fabric in a laboratory type mini dryer

prior to the color control.

Figure 3.1. Mini high-temperature jet dyeing machine (TERMAL TM) used in
dyeing process

3.1.5 Color Control Measurements and Fastness Properties

Each dyed polyester sample is placed and fixed with a special holder against
the measuring aperture of the datacolor instrument. The sample is highlighted from
the light source inside the instrument. Instrument measures the wavelengths of
reflected and absorbed parts of the incident light. Measured data are stored in the
computer database and they are evaluated by the software to sort out and calculate
the colour parameter values necessary for defining the colour, whiteness or colour

matching of the dyed samples.
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Figure 3.2. Datacolor SF 600 colour spectrophotometer for color control

3.1.6 Fastness Properties of Disperse Dyes on Polyester Fabrics

Washing, water, acidic-basic perspiration and rubbing fastness tests were
performed in Linter Textile Company Laboratories. However, sublimation and light

fastness tests were performed in SETAS Chemistry Company Laboratories.

Washing fastness (commercial and domestic washing staining), water
fastness staining, perspiration acid and alkaline and rubbing fastness test results were
evaluated according to BS EN ISO CO6, BS EN ISO 105 EO1, BS EN ISO E04
(pH:5.5), BS EN ISO E04 (pH:8-9) and BS EN ISO 105X12 standards, respectively.
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4. RESULTS AND DISCUSSIONS

4.1 SYNTHESIS AND CHARACTERIZATION OF PRECURSOR
COMPOUNDS

Enaminones are versatile and suitable starting materials for the preparation of
different pyridine or pyrimidine-based heterocycles and drug molecules used in the
area of medicinal and pharmaceutical chemistry. (Zhu et al., 2016; Mohebbi et al.,
2011; Kantevari et al., 2007). Also, their use for the preparation of some azo dye
compounds were reported to test their dyeing properties in a few recent studies. (Al-
Etaibi et al., 2016; Al-Etaibi & El-Apasery, 2016). In the present study, p-substituted
arylpropenones (69a-c) and aryl diazonium tetrafluoroborates (83a-e) were prepared

as the precursors of new azo disperse dyestuff molecules (70).

Firstly, three p-substituted arylpropenone precursors (69a-c¢) were prepared in
good yields (63-82%) by the condensation reaction of p-substituted acetophenones
(80a-c) with DMF-DMA (81) by heating at 80°C (Scheme 4.1 and Table 4.1) (Zhu et
al., 2016).

0] ~o 0
1.5-16 h
F gy =
) | 80°C |
R R!
80 81 69
(DMF-DMA) a b ¢

R'. CF; OEt NO,

Scheme 4. 1. Preparation of dimethylamino-p-arylpropenones (69a-c)

Table 4.1. Reaction conditions and yields of p-substituted arylpropenones (69)

Entry 69 R’ Time (h) Yield (%)
1 a CF; 4 67
2 b EtO 16 63
3 c NO, 1.5 82

The structures of p-substituted arylpropenones (69a-c) were determined by
means of IR, NMR and HRMS data or by comparing data with the reported ones in
recent literature (Mohebbi et al., 2011; Kantevari et al., 2007). In the IR spectra of
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arylpropenones (69), C=0, C-N and C=C stretching vibrations were observed at
around 1641-1647, 1585-1604 and 1550-1554 cm™, respectively. Also, the proton
NMR spectra of arylpropenones (69) showed the olefinic CH proton signals at
around 7.75-7.78 and 5.61-5.80 ppm as two distinct doublets. These data were
supported by the olefinic CH carbon signals (155 and 92 ppm) in BC-NMR spectra
of arylpropenones (69) (Table 4.2).

Table 4.2. Indicative IR and NMR data for arylpropenone precursors 69a-c

Comp. IR (Vp,/cm’) "H-NMR (3,ppm) “C-NMR (3,ppm)
69 C=0 C-N C=C C=CH HC=C
a 1643 1589 1550 7.75,5.80
b 1647 1585 1550 7.76,5.68
c 1641 1604 1554 7.78,5.61 155.0,91.7

4 No available data

Secondly, the aryldiazonium tetrafluoroborate precursors (83a-e) were
prepared efficiently by the reaction of aniline derivatives (82) with tetrafluoroboric
acid in the presence of sodium nitrite at 0°C and isolated as solid products in
moderate to good yields (48-82%) (Scheme 4.2 and Table 4.3) (Colleville et al.,
2014). Aryldiazonium tetrafluoroborates (83a-e) were isolated directly by

precipitation from water and completely dried under vacuum.

83 R?
48% HBF, . _ . -NO
\ - a: 7]
R2/L;\}NH2 _ i L_ N=N BF, b: -CHs
NaNO,,H,O c: -di-MeO
82 OOC, 1-1.5h 83 d: -Cl
e: -OCHchzo-

Scheme 4.2. Preparation of aryldiazonium tetrafluoroborates (83a-e)

Table 4.3. Reaction conditions and yields for aryldiazonium tetrafluoroborates

(83)
Entry 83 R’ Time (h) Yield (%)
1 a NO, 1.5 82
2 b CH; 1.5 57
3 c di-MeO 1.0 56
4 d Cl 1.5 48
5 e OCH,CH,0 1.5 72

Aryldiazonium tetrafluoroborate salts (83a-e) were primarily characterized by
N=N (2306-2252 cm™), C-N (1622-1581 cm™) and B-F (1030-1072, 516-524 cm™)
stretching vibrations in their IR spectra (Table 4.4). In 'H-NMR spectra of diazonium

45



salts, aromatic protons resonated at around 8.77-7.34 ppm as doublets or multiplets.
However, the signals of C-N carbons in >C-NMR spectra of the salts were more
evident (121.9-103.2 ppm) to support the expected structure (Table 4.4). Besides,
"B-NMR (-2.3 ppm) and ""F-NMR (-148.1-148.2 ppm) data showing the B-F
couplings were the extra proof for the expected tetrafluoroborate structures (Table
4.4) (Reay et al., 2017; Nyugen et al.,, 2009). Lastly, the accurate mass data of
diazonium tetrafluoroborates (83) were obtained in good agreement with their

expected accurate mass values (see experimental part).

Table 4.4. Indicative IR and NMR data for aryldiazonium tetrafluoroborates

83a-e
Comp IR (v, Jem™) 'H-.NMR "“C-NMR "B-NMR "“F-NMR

) e (3,ppm) (3,ppm) (3,ppm) (3,ppm)
83 N=N C-N B-F Arom.CH C-N B-F B-F
a 2306 1612 1049,524 8.77-8.63 121.9 23 -148.1
b 2291 1581 1072,505 8.58-7.75 112.0 2.3 -148.1
c 2252 1581 1057,516 8.55-7.57 103.2 8 -148.2
d 2274 1622 1031,520 8.73-8.07 114.8 23 -148.1
e 2252 1595 1070,520 8.36-7.34 110.3 8 -148.2

4 No available data

o

4.2  SYNTHESIS AND CHARACTERIZATION OF DISPERSE DYES

Diverse number of research studies have been performed using several
disperse dyestuffs for dyeing the synthetic fibers such polyester or nylon...etc. in last
two decades. In particular, two examples of arlypropenone-based azo dye molecules
have been recently prepared and tested for their dyeing, fastness or biological
properties and the results were promising on the dyeing and biological properties of
these derivatives of arylpropenone-based azo dyes (Al-Etaibi et al., 2016; Al-Etaibi
& Al-Apasery, 2016; Al-Etaibi et al., 2015). Therefore, we prompted for the
preparation of new arylpropenone-based azo disperse dye derivatives (70) after
preparation and characterization of the enaminone (69) and diazonium
tetrafluoroborate (83) precursors. The synthesis of new arylpropenone-based azo
disperse dye derivatives (70) were planned to perform via diazo coupling reactions of

new [-(dimethylamino)arylpropenones (69) with diazonium tetrafluoroborate salts
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83 in the presence of sodium acetate or sodium hydroxide at RT or reflux in suitable

solvents.

Table 4.5. Optimization of reaction conditions for the synthesis of compound

70g
O O
O
AN chQﬁEN g, reaction conditions Nl H
- ON NH
O,N
69c 83b
709
CH,
Entry Reaction conditions Time Yield (%)*
I EtOH, 69¢ (leq), 83b (1.5eq), NaOH (2.0 eq), 25°C 3h 33
2 MeOH, 69c¢ (1eq), 83b (2.0eq), NaOH (3.0 eq), 25°C 2h 38
3 DCM, 69c¢ (1eq), 83b (1.5eq), NaOH (3.0 eq), 25°C 3h 52
4 EtOH, 69c¢ (1eq), 83b (1.5eq), NaOAc (2.0 eq), 25°C 4h 44
5 CH;CN, 69c (1eq), 83b (2.0eq), NaOAc (2.0 eq), 25°C 3h 48
6 CH;CN, 69c (1eq), 83b (1.5eq), NaOAc (3.0 eq), 80°C 2h 62
7 DCM, 69¢ (leq), 83b (1.5eq), NaOAc (3.0 eq), 25°C 2h 83
8  DCM, 69¢ (Ieq), 83b (2.0eq), NaOAc (3.0 eq), 40°C 1.5h 63

*Yields after purification by precipitation.

Firstly, a few trials have been performed to find out the best reaction
conditions for the preparation of new azo disperse dyes (70). Therefore, condensation
reaction of (E)-3-(dimethylamino)-1-(4-nitrophenyl)prop-2-en-1-one (69¢) with 4-
methylbenzenediazonium tetrafluoroborate (83b) was used as a model under
different conditions (Table 4.5). In all trial experiments, at least 1.5 equivalents of
compound 83b were used with respect to the enaminone 69¢ and the completion of
each reaction was decided by the consumption of enaminone 69¢ on TLC analysis.
All the trial reactions by the use of NaOH (2-3 equiv.) in different solvents (MeOH,
EtOH, DCM) afforded the expected disperse dye 70g in low to moderate yields
(Table 4.5, entries 1-3). The reaction trials with a milder base, NaOAc in EtOH and
CH3;CN at RT or under reflux caused some increases in the product yields (Table 4.5,
entries 4-6). However, the best yield (83%) for the model reaction was obtained in
DCM by the use of NaOAc (3 equiv.) in two hour (Table 4.5, entry 7). When the
same reaction was carried out in DCM under reflux, the yield of expected product

70g has decreased (Table 4.5, entry 8).

After optimizing the reaction conditions, all the f-(dimethylamino)

arylpropenones (69a-c) were reacted with different diazonium tetrafluoroborate salts
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83a-e in the presence of sodium acetate under specified reaction conditions to afford
new derivatives of arylpropenone-based azo disperse dyes (70). Thus, nine
derivatives of arylpropenone disperse azo dyestuffs (70a-i) were isolated in good
yields with one or two exceptions under optimized reaction conditions (Table 4.6)
after purification by flash column chromatography using 25-33% EtOAc/hexane

mixtures as eluent.

Diazo coupling reactions of 3-(dimethylamino)-1-(4-(trifluoromethyl)
phenyl)propenone 69a with p-nitrophenyl diazonium tetrafluoroborate 83a, p-tolyl
diazonium tetrafluoroborate 83b, 3,4-dimethoxyphenyl diazonium tetrafluoroborate
83c afforded the products 70a-c in moderate to good yields (60-74%) in 2-3 h (Table
4.6, entries 1-3). Among this series of products (70a-c), the best yield (74%) was
obtained in diazo coupling reaction with p-nitrodiazonium tetrafluoroborate 83a for
about 3 h (Table 4.6, entry 1). Besides, diazo coupling reactions of 3-
(dimethylamino)-1-(4-ethoxyphenyl)propenone 69b with diazonium
tetrafluoroborates (83a-b,83e) afforded the expected azo dyes (70d-f) in moderate to
good yields. The best yield (90%) in diazo coupling of compound 69b were obtained
with benzo[d][1,3]dioxole-5-diazonium tetrafluoroborate 83e in short reaction time
(1.5 h) (Table 4.6, entry 6). However, the diazo coupling reactions of enaminone
precursor 69b with diazonium tetrafluoroborates 83a (p-nitrophenyl), 83b (p-tolyl)
furnished the azo dye products (70d-e) in lower yields (55-65%) within 1.5-2h
(Table 4.6, entries 4-5). Furthermore, the diazo coupling reactions of 3-
(dimethylamino)-1-(4-nitrophenyl)propenone 69¢ with diazonium tetrafluoroborates
83b (p-tolyl), 83d (p-chlorophenyl) gave the azo dye products (70g, 70i) in very
good yields (81-83%) within 2 hour (Table 4.6, entries 7 and 9). In term of reaction
yields, only the exception in this series was the reaction of enaminone precursor 69¢
with p-nitrophenyl diazonium tetrafluoroborate 83a, the azo dye product 70h was
isolated in quite low yield (45%) (Table 4.6, entry 8). According to these findings,
the reaction of arylpropenone bearing ED group (4-EtO) with a diazonium salt
bearing EW group (benzo[1,3]dioxol) was the most efficient one (90%) in the
formation of azo disperse dyes under optimized reaction conditions. On the contrary,
the least efficient coupling reaction with 45% yield was observed between
arylpropenone and diazonium salt both bearing strong EW group (4-NO,). It is also
clear that arylpropenones bearing strong EW group (NO,) gave excellent yields (81-
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83%) with diazonium salts having weak ED groups such as CHj, Cl. However,
reaction of arylpropenone bearing strong EW group (CF3) with diazonium salt
having strong ED group (OMe) afforded the products in slightly lower yields (60-
65%). In diazo coupling reactions affording the products 70h and 70i, formation of
some isomers along with the products were determined through their NMR spectra

(see experimental section 3.1.2.1).

Table 4.6. Arylpropenone azo disperse dyes 70a-i and reaction yields

(0] (o]
- H
2(/:\>>N NgF, NeOAc(30ea) M
R DCM, 0-25°C R’ NH
2-4 h =
70
10eq (1.5 eq-) \\|
R2
Entry Product R! R’ Time Yield (%)*
1 70a 4-CF, 4-NO, 3h 15min 74
2 70b 4-CF, 4-CH, 1h 45min 60
3 70¢ 4-CF; 3,4-diMeO 2h 50min 65
4 70d 4-EtO 4-CH, 1h 30min 55
5 70e 4-EtO 4-NO, 2h 65
6 70f 4-EtO 3,4-OCH,CH,O  1h 30min 90
7 70g 4-NO, 4-CH, 2h 83
8 70h 4-NO, 4-NO, 2h 45°
9 70i 4-NO, 4-Cl 1h 45min 81°

* Total yields after CC using EA:H mixtures. ” isomeric mixture (1:0.9). ¢ isomeric

mixture (1:0.5)

The structures of azo dye products (70a-i) were fully characterized by means
of IR, lH—NMR, BC-.NMR and HRMS analyses. As an example characterization
data, the structure of product 70c was primarily determined by the disappearance of
N=N (2252 cm'l), B-F stretchings (1057,516 cm'l) in IR spectra of precursor 83c and
by slight shift of ketone C=0 stretching (1643 cm™) in the IR spectra of precursor
69a. Also the formation of N-H (3093 cm™), C=0 peaks (1651,1627 cm™") in the IR

spectrum of the product 70c¢ confirmed the expected structure (Fig. 4.1).
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Figure 4.1. IR spectra of the precursors 69a, 83c and product 70c¢

Moreover, aromatic protons of p-CFs-phenyl ring (7.97,7.70 ppm) and of
3,4-dimethoxyphenyl ring (6.87-6.80 ppm) in proton NMR of compound 70¢ showed
the presence of aromatic rings on the expected structure. The aldehyde proton signal
at 10.16 ppm confirmed the expected structure of 70¢ more clearly. The singlet peaks
of methoxy protons (3.86-3.77 ppm) were the additional data supporting the expected
structure of 70c (Figure 4.2). In BC-NMR of product 70c, the aldehyde (CHO),
quarternary N=C and =C-NH carbon signals at 190.5, 131.3 and 134.6 ppm provided
extra supporting data for the expected structure (Figure 4.3). Besides, ''F-'°C
coupling constants (p-CFs;-Ph) in BC-NMR of the product 70c were found as
follows; 'J(C-F) = 272.2 Hz (125.1-122.4 ppm), J(C-Forno) = 32.8 Hz (133.6-132.6
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ppm), 3J(C—Fmeta) = 3.6 Hz (124.6-123.8 ppm). It is obvious that they are in
accordance with early reported values in the literature (Reichenbacher and Popp,
2012; Schaefer et al., 1983; Ingeborg and Schuster, 1969) (Fig. 4.3). Finally, the
expected structure of 70c¢c was confirmed by HRMS data (379.0920, [M-H]")
accurately by applying TOF-MS (ESI') technique (figures 4.4).
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Figure 4.2. "H-NMR spectrum of the product 70¢

51



PE2L ¢ SE R mmmmmam g s - e
single pulge geaoupled gated NOE 5% ¢ IHZHMSI§ 33 g Ree A5 =
%) W NN Y N \%
, 0 0
7zl o Ml
s qs H
T 3 8 % 32 e )
Cs 8 8 8 B FCa0™7 e NH
T T 711 Ay
1 c 5l§ _L!."
(€2 10 o S ock,
e imetai= 3.6 Hz " i OCH,
"ep= 2722 Hz l Lol ‘\ .‘I\ 1
: | AR )
(Ce) \|| = 4 emnare= 0.0 Hz Pl At B e
— 5 - T 1T 171
g (l‘_\\ /> (o) 134.0 133.0
L 1 Gwm) .
B (d) s T RaT T
z - 124.67
Jorjanne= 32.8 Hz 1 e = B(d) | Acd)
(C10) A(d) y 124.67 | 123.83
123.83
iz C2 | —C7
cr
Cis C10 LA C1 I Ce
I
Co /
] || | |
ciz €M i P oo scmenin |
CB T T T
C1s 125 124 123
i f1 (ppm)
Ci6 | C12 1
|
i [
LA H L A 1 .
" 71T 71T 717171 T 1 T T 1T 7T 7T1T 1T T 1T T T + 7T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)
. 13
Figure 4.3. "C-NMR spectrum of the product 70c
w103 [-ESl Scan [0.209-0.477 min, 17 scans) Frag=100.00 PE21-1.d
379.08207 o O
£ /ﬂ
- -
DA
5. PR
F.C7 ™ MH

[ TOCH,
2 OCH,
380.09623
1
0 5 . : |- ; . . : : (- | — . |
785 T 3745 320 3805 31 EI TR 282 3825

Countz vz, Mazz-to-Charge [m/z)

Figure 4.4. HRMS spectrum of the product 70c
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Table 4.7. Indicative IR and NMR data for the azo dye products (70a-i)

Comp. IR (Vya/cm’™) "H-NMR (8,ppm) BC-NMR (3,ppm)
70 NH C=0 C=0 " CHO  Arom.CH CHO C-NH N=C
(ald.) ketone

8.28-8.02

a 3109 1697 1651 1022 DU 190.1 145.9 130.6

b 3117 1643 ] 10.17 8"072'17972’ 190.3 1386 1306
7.97,7.70;

¢ 3093 1651 1627 1016 o0 os 190.5 134.6 131.3
7.99-7.22

d § 1638 § 1010 70 o 189.6 139.0 132.9
8.25-7.97

e 3115 1627 § 1002 o 190.6 146.5 134.1
7.95-6.93

f 3062 1627 . 1007 0o 189.6 136.4 132.7
8.31-8.02

g 3103 1648 1632 1007 0 189.7 138.4 131.1
8.37-8.27

h 3116 1649 . 1024 a0 189.9 131.1 129.5
. 8.34-8.02

i 3111 1649 . 1020 000 189.6 142.5 135.2

Applying the same characterization techniques, all other azo disperse dyes 70a-
b, 70d-i were characterized by regarding their indicative IR, 'H-NMR, "*C-NMR and
accurate HRMS data as presented in the examples (Table 4.7). HRMS data of all
other disperse azo dyes (70a-b, 70d-i) were in accordance with their calculated mass

values (Table 4.8).

Table 4.8. HRMS (TOF-MS) data for the products 70a-i

Comp. HRMS
70 Found (m/7) Calculated (m/z) Ionization method
a 364.0544 364.0550 EST
b 333.0821 333.0856 EST
c 379.0920 379.0920 ESI”
d 309.1245 309.1244 EST
e 340.0927 340.0938 EST
f 339.0967 339.0986 EST
g 310.0837 310.0833 EST
h 341.0575 341.0527 EST
i 330.0286 330.0287 EST’

ESI: Accurate mass found as [M-H]*

In general, arylpropenone-based azo disperse dyes (70a-i) were prepared very
efficiently in gram scale in order to be tested for their dyeing properties on synthetic
fiber (Table 4.6). Similarly, the preparation of two arylpropenone-based azo dyes in

excellent yields have been reported in a few recent studies (Al-Etaibi et al., 2016; Al-
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Etaibi et al., 2015). To the best of our knowledge, no other study on the preparation

of arylpropenone-based azo dyes is present until today.

A suitable mechanism was proposed as follow; firstly, the formation of
coupling product (A) by the nucleophilic attack of N,N-dimethylarylpropenone 69 to
diazonium salt 83, then the elimination of dimethylamine after the attack of water to
iminium carbon on structure A giving protonated aldehyde (C), lastly this is followed
by deprotonation of structure C by acetate ion and imine-enamine tautomerization of

structure D to afford the disperse dye molecule 70 (Scheme 4.3).
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Scheme 4.3. Mechanism for the formation of arylpropenone azo dyes (70)
4.3 PHYSICAL AND DYEING PROPERTIES OF DISPERSE DYES

4.3.1 Preparation of Disperse Dye Solutions and Their Physical

Properties

30 mL of each standard disperse or nanodisperse dye solution was prepared
from dyestuffs (70a-i) as %1 in solution using volumetric flasks. Then, the

dispersion characteristics of each dye solution were observed and given in table.

Table 4.9. Dispersion characteristics of dye solutions 70a-i
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Dye Dye Solution Dispersion Appearance

70a Disperse PE18 well dispersed homogeneous

70a  Disperse PE18Nano well dispersed homogeneous but blurred

70b  Disperse PE20 well dispersed homogeneous but ppt at the bottom
70c  Disperse PE21 well dispersed homogeneous

70d Disperse PE22 poor dispersed homogeneous but ppt at the bottom
70e Disperse PE23 well dispersed homogeneous

70f  Disperse PE24 poor dispersed homogeneous

70g Disperse PE25 well dispersed homogeneous

70h  Disperse PE26 poor dispersed homogeneous

70i  Disperse PE27 poor dispersed homogeneous

70i  Disperse PE27Nano well dispersed homogeneous

Figure 4.5. General appearance of disperse dye solutions (standard and nano

dyes) and sample dyeing tubes
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Figure 4.6. Standard disperse dyes solutions with compounds 70a-i
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Figure 4.7. Nano disperse dye solutions with compounds 70a and 70i

4.3.2 Coloring Properties of Disperse Dyes on Polyester Fabrics

Polyester fabric samples in 5g/m” were colored using 11 dye solutions by
applying high-temperature (HT) dyeing process at 130°C for 45 minutes and a range

of colors from beige to orange were observed as in figure 4.8 and table 4.10.

Table 4.10. Colors observed on polyester fabrics with dyestuffs (PE18-27)

Disperse Dye Substituents Color on polyester fabric
PE18 (70a) R": 4-CF; R%: 4-NO, Light yellow
PE18 Nano (70a) R": 4-CF; R* 4 -NO, Dark yellow
PE20 (70b) R': 4-CF; R% 4-CH; Beige

PE21 (70c) R": 4-CF; R% 3,4-diOCH; Orange-yellow
PE22 (70d) R': 4-EtO R* 4-CH; Pale yellow
PE23 (70e) R": 4-EtO R* 4-NO, Dark yellow
PE24 (70f) R': 4-EtO R* 3,4-OCH,CH,0 Bright orange-yellow
PE25 (70g) R': 4-NO, R% 4-CH, Orange

PE26 (70h) R': 4-NO, R% 4-NO, Pale orange-yellow
PE27 (70i) R 4-NO, R% 4-Cl Pale orange
PE27 Nano (70i) R': 4-NO, R 4-Cl Dark orange

When the polyester samples were dyed with 70a-c derivatives, mostly yellow
and beige color shades were observed on the polyester fabrics. Besides, a darker
yellow color were obtained by applying the nanoemulsion form of 70a on polyester

fabric sample. In this series, much deeper color shades were observed by the change
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of substituents (R*) from nitro to methoxy on diazophenyl group, but when the
substituent (R?) was methyl group on diazophenyl group, lighter colour shade (beige)

were obtained on fabric samples.

Figure 4.8. Colors produced on polyester fabrics using dyestuffs (70a-i)

With the 70d-f derivatives bearing ethoxy group (R'), pale yellow to orange
yellow color shades were obtained on polyester fabric samples. Not surprisingly, pale
yellow color shade were observed when the substituent (R* on diazophenyl ring was
methyl group. By the substitutions with nitro or 3,4-dioxophenyl groups (R*) on
diazophenyl ring, the color shades became darker (dark-orange yellow) on polyester
fabrics. In the last series of dyes (70g-i) bearing nitro group (R'), orange-yellow to

orange color shades were obtained on polyester fabrics. Much deeper orange color
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were observed with methyl substituent (R*) on diazophenyl ring while nitro and
chloro substituents (R?) have produced much lighter color shades (pale orange-
yellow to pale orange). However, when polyester samples were colored with
nanoemulsion of 70i, much deeper colors were observed in comparison to the
polyester fabric colored with standard dye solution of 70i. The results with
nanoemulsions of 70a and 70i supported that the dyeing in nanoemulsion form was
much more effective than the dyeing with standard dye solutions on polyester

fabrics.

Datacolor color spectroscopy was used for the measurements of colors
obtained on polyester fabrics. This spectroscopic technique which is based on
reflection or scattering of light by a material aims the measuring of colour parameters
of textile, plastic, metal or paper substrates. It also allows the measurement of
remission spectrum of incident light within the visible part of the spectrum (360-700
nm) and the measurement of whiteness, optical brightness and fluorescent colours.
Obtained CIE LAB color coordinate data and K/S (color strength) graphs are
presented below (Fig.4.9 and Table 4.11-12, also see appendices for all graphs). The
K/S values are basicly determined by applying the Kubelka-Munk equation:

K/S = [(1-R)*/2R]- [(1-Ry)*/2R,]

where R is the reflectance of colored samples and K and S are the absorption and scattering
coefficients, respectively. Ro = decimal fraction of the reflectance of the undyed fabric.

CIE Lab Difference AE = (AL* + Aa® + Ab)'?

AE: Total color difference between the sample and the standard: L represents the white-black axis, a
represents the red-green axis and finally b represents the yellow-blue axis.
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Figure 4.9. Example K/S and %R graphs
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Table 4.11. Optical measurements of dyed polyester fabrics with 70a-i

derivatives.
Color coordinates
Sample LBt . e o o x vz x y
sources
D65/10 80.86 -0.13 4938 4938 90.15 55.14 5822 21.83 04079 0.4306
PE1S A/10 8338 7.66 49.19 4979 81.15 7370 62.88 8.02 0.5097 0.4349
F11/10 8276 048 5593 5593 8951 6432 61.72 1226 0.4651 0.4463
TL83/10 83.63 290 5924 5931 8720 7322 6338 7.21 0.5058 0.4437
D65/10 8251 3.53 4256 4271 8526 5952 6124 27.66 04010 0.4126
PE18 A/10 85.19 10.84 4355 4488 7602 7941 6638 9.87 05102 0.4264
Nano F11/10 8430 5.01 48.07 4833 8405 6950 64.64 1596 0.4630 0.4306
TL83/10 8532 7.09 5153 5202 8216 78.12 66.63 945 05066 0.4321
D65/10 84.09 3.01 5447 5455 86.84 62.18 6424 2209 04187 04325
PE20 A/10 87.14 1072 5522 5625 79.02 8390 7029 811 05170 0.4331
FI11/10 8637 347 6135 6145 8676 73.08 6872 1252 04735 0.4453
TL83/10 87.46 591 6426 6453 8474 8245 7094 7.52 05124 0.4409
D65/10 7176 1207 7383 74.81 80.72 45.12 4331 624 04766 0.4575
PE21 A/10 76.14 1642 7848 80.18 78.18 6290 50.12 229 0.5455 0.4347
F11/10 7586 5.70 81.52 81.72 86.00 53.84 49.66 3.72 05021 0.4632
TL83/10 7721 745 8279 83.13 84.86 6124 51.88 239 05302 04491
D65/10 8512 -570 47.10 4744 9690 6038 6625 27.64 03914 0.4294
PEL A/10 87.00 3.04 4564 4574 86.19 7941 70.00 10.11 0.4978 0.4388
F11/10 86.63 -420 5293 53.09 9454 6990 6925 1564 04515 04474
TL83/10 8723 -1.52 5598 5540 9157 77.93 7048 932 04941 0.4468
D65/10  79.42 1.83 58.68 5871 8821 5348 55.66 1591 04277 04451
PE23 A/10 8243 1056 5832 5927 7973 73.09 61.09 6.08 0.5211 0.4355
FI11/10 8156 276 66.17 6623 87.61 6302 5949 871 0.4802 04534
TL83/10 8262 540 6928 6949 8555 7131 6146 517 05169 0.4455
D65/10 7751 11.69 7045 7141 80.58 54.11 5238 10.03 04644 0.4495
PE2M A/10 8185 17.67 7424 7631 7661 7546 60.03 371 05421 04312
F11/10 8094 9.17 77.79 7833 8328 6470 5837 5.85 05019 0.4528
TL83/10 8246 11.11 79.80 80.57 82.07 7382 61.15 3.68 0.5324 04410
D65/10 71.14 23.19 6425 6831 70.15 48.10 4239 853 0.4858 0.4281
PE2S A/10 7653 28.08 69.86 7530 68.10 69.19 50.76 3.17 0.5620 0.4123
F11/10 7421 22.60 7140 7489 7244 5786 47.02 488 05271 04284
TL83/10 7635 2371 7512 7877 7248 67.06 5046 3.01 05564 04187
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Table 4.11 (continued). Optical measurements of dyed polyester fabrics with
70a-i derivatives.

Color coordinates

Sample WEMt . e oo x Y z x y
sources
D65/10 8690 -1.14 4240 4241 9155 6567 69.80 3302 03898 04143
PE26 A/I0 8908 7.4 41.86 4247 8032 8659 7434 1190 0.5010 0.4301
FI1/10 8838 124 4821 4822 8853 7631 7287 1876 04544 0.4339
TL83/10 8920 3.67 5180 5193 8595 8538 74.60 1101 0.4993 0.4363
D65/10 7960 1131 4195 4345 7492 5771 56.13 2498 04157 04043
PE27 A0 8321 1657 4578 4869 7010 7790 62.54 8.65 05225 0.4195
FI1/10 8211 1050 4747 4861 7753 67.64 6051 1478 04733 0.4233
TL83/10 8342 1205 5022 5165 7650 7643 6296  9.00 05151 0.4243
D65/10 6920 2353 5755 6217 6777 4525 3962 957 04792 0.4195
PE27 A/I0 7446 2792 6397 6979 6642 6486 4742 343  0.5605 0.4099
Nano  FI1/10 7242 2193 6448 68.11 7121 5441 4429 558 05217 04247

TL83/10 74.47 2292 68.19 7194 7142 62.89 4743 342 0.5529 0.4170
CIELAB color coordinates (L,a*,b*): L: lightness; a: red-green coordinate, with +a" indicating red and -a indicating green;
b yellow-blue coordinate, with +b" indicating yellow and —b" indicating blue ; X,Y,Z: Tristumulus values computed from
the light-object-observer data.; h: hue angle, expressed in degree ; C': chroma coordinate, the distance from lightness axis.

Table 4.12. K/S and %R values obtained for dyed polyester samples.
PE18 PE18 PE20 PE21 PE22 PE23 PE24 PE25 PE26 PE27 PE27

nano nano
K/S 4.5 3.5 3.25 9.8 2.7 7.0 6.0 8.3 2.7 1.8 7.0
%R 10 12 12 5 15 7 7 5 15 20 5

Color strength or surface color yield (K/S) is an important paramater to give
the information on absorption of dye in what amounts by the surface of the material.
K/S values with standard dye solutions were mainly obtained high in HT dyeing
treatment at 130°C (Table 4.12). In general, most of the dyes exhibited good
affinities to polyester samples with higher K/S values (3.25-9.8). A few dyestuffs
(70d, 70h-i) exhibited moderate affinities to the surface of polyester samples with
lower K/S values (1.8-2.7). Observed %R values are in accordance with obtained
K/S values for dyeing with standard dye solutions (Table 4.12). However, K/S value
with nanodisperse dye solutions were mainly much higher in HT dyeing process at
same temperature. For instance, nanodisperse dye solution of 70i exhibited stronger
dyeing performance on polyester samples with much higher K/S value (7.0) than the
one dyed with standard dye solution of 70i (K/S:1.8). Regarding the AE and %R
values on the graphs, it is clear that the dyeing with nanodisperse dye solution of 70i
is at least 2 times more effective than the dyeing with its standard dye solution

(Figure 4.10).
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Spectral Curves
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Figure 4.10. Comparison the coloring properties of PE27 and PE27nano dyes
on polyester samples

However, nanodisperse dye solution of 70a exhibited slightly weaker dyeing
performance on polyester samples with a bit lower K/S value (3.5) than the one dyed
with standard dye solution of 70a (K/S:4.5). Besides, the AE and %R values
supported that the dyeing with nanodisperse dye solution of 70a is about 7.9 percent
less effective than the dyeing with its standard dye solution (Figure 4.11). This result
was the surprising one and it was possibly originated from poor dispersion of
dyestuff by inefficient ultrasonication during the preparation of its nanodisperse dye

solution.
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Figure 4.11. Comparison the coloring properties of PE18 and PE18 nano dyes
on polyester samples

62



4.3.3 Fastness Properties of Disperse Dyes on Fabrics

Washing, water, acidic-basic perspiration fastness test results were mostly
obtained good. Besides, the rubbing fastness results of all samples were obtained
excellent (Table 4.13). These fastness results of tested dyes (70a-i) on polyester
samples are as expected and similar to test results of dyeing applications with
different disperse dyes on polyester fabrics in different literature studies (Liu et al.,
2012; Metwally et al., 2012; Maamoun, 2014; Al-Etaibi et al., 2016; Zadafiya &
Malik, 2013).

Table 4.13. Washing, water, acidic-basic perspiration, rubbing fastness results
of dyed polyester samples

Dye code Washing Water Perspiration Perspiration Rubbing

fastness fastness Fastness (acidic) Fastness (basic) fastness
PE 18 4-5 4-5 4-5 4-5 5
PE 18 NANO 4-5 4-5 4-5 4-5 5
PE 20 4-5 4-5 4-5 4-5 5
PE 21 4-5 4-5 4-5 4-5 5
PE 22 4-5 4-5 4-5 4-5 5
PE 23 4-5 4-5 4-5 4-5 5
PE 24 4-5 4-5 4-5 4-5 5
PE 25 4-5 4-5 4-5 4-5 5
PE 26 4-5 4-5 4-5 4-5 5
PE27 4-5 4-5 4-5 4-5 5
PE 27 NANO 4-5 4-5 4-5 4-5 5

5: Excellent; 4-5: Good; 3-4: satisfactory; 1-2: Bad.

Besides, light and sublimation/staining fastness results were obtained
according to ISO 105 BO2 light fastness and ISO 105 POl color fastness
(sublimation) standards, respectively. Light fastness results of all standard dye
solutions (70a-i) were obtained low (1-2) on polyester samples, however, light
fastness results of two nanodye emulsions with 70a and 70i (PE18nano, PE27nano)
were found more satisfactory (3) when compared with standard dye solution results.
This finding indicates that nanoemulsion form of dyestuffs (70a,70i) were much
more stable on the surface of polyester fabric samples due to smaller particle size of
dyes. Moreover, all type of dye solutions exhibited satisfactory sublimation
fastnesses (3-4) on polyester samples. Even the sublimation fastness results may
seem disadvantageous, these results imply that those dyestuffs (70a-i) would be more
convenient to use in digital printing technology. Besides, staining fastness test results

were found in satisfactory levels (1-4) for all type of dye solutions (standard or
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nano). Therefore, it is thought that the transfer of dyes from the surface will be easier

by the effect of heat.

Table 4.14. Light, sublimation/staining fastness results of dyed polyester

samples
Dye code Light Fastness Sublimation/ Staining Fastness
PE 18 2 3-4/3
PE18 NANO 3 3/3
PE 20 1 3/2
PE 21 1-2 4/1
PE 22 1 3/2-3
PE 23 2 4/3
PE 24 1-2 4/2
PE 25 1-2 3-4/1-2
PE 26 2 3-4/4
PE27 1 3-4/3-4
PE 27 NANO 2-3 3-4/2

5: Excellent; 4-5: Good; 3-4: satisfactory; 1-2: Bad
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5. CONCLUSIONS

The general outcomes obtained in the current dissertation study are

summarized and given in order below.

v' In the first part, three p-substituted arylpropenones (69a-c) and five aryl
diazonium tetrafluoroborates (83a-e) were prepared as the precursors by

following the literature methods and characterized by IR and NMR analyses.

v In the second part of the study, after optimization of the reaction conditions,
the synthesis of new arylpropenone-based azo disperse dyes (70a-i) were
performed via diazo coupling reactions of S-(dimethylamino)arylpropenones
(69) and diazonium tetrafluoroborates 83 in the presence of sodium acetate
very efficiently. The structures of new azo disperse dyes (70a-i) were
elucidated by means of IR, NMR (lH,13C) and HRMS measurements. An
easy, gram-scale and efficient access to new arylpropenone-based azo

disperse dyes (70) were provided under very mild conditions.

v" In the third part of the study, nine new arylaminopropenone azo dyes (7a-i)
were studied for their dyeing and fastness properties using standard and
nanoemulsion forms of the dyes on polyester fabric samples. To the best of
our knowledge, only two examples of arylaminopropenone azo dyestuffs are

present in recent literature.

v" In general, homogenous and well-dispersed aqueous dye solutions were
obtained either in standard or nanoemulsion forms. Besides, a range of colors
from beige to orange were observed after application of standard and

nanoemulsion solutions of dyes on polyester fabrics.

v' The properties of color shades on polyester fabrics were analysed by
remission spectroscopy and K/S and %R values were determined to
understand the stability of dyestuffs on polyester fibres. Other color index

parameters were also determined to support these values.
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v Dyeing with nanoemulsion forms of dyestuffs produced much deeper color
shades and were much more effective than dyeing with standard dye solutions
of same disperse dyestuff. These observations were supported by determining

% AE, %R and CIE difference values from graphs.

v' Lastly, washing, water, acidic-basic perspiration and rubbing fastnesses of
polyester fabric samples dyed with disperse dyestuffs (70a-i) were mostly
obtained good and excellent. Light and sublimation/staining fastnesses of
same polyester fabric samples dyed with disperse dyestuffs (70a-i) were
obtained in satisfactory levels. Light fastnesses of polyester samples dyed
with nanoemulsions were slightly higher than the standard dye solutions. In
particular, regarding the sublimation fastness results, those dyestuffs (70a-i)
would be more suitable to use in digital printing technology on different

synthetic materials.

v As future perspectives, the nanoemulsions of prepared disperse dyes (70a-i)
will be prepared using different methods and their dyeing effieciency and
properties will be studied in near advance. Besides, some commercial dyes
will also be converted into nanoemulsions and their dyeing abilities on
different fiber types will be investigated by applying different dyeing

methods.
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7. APPENDICES

7.1 SPECTRA FOR STARTING MATERIALS
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Figure 7.16. *C-NMR spectrum of compound 83¢
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Figure 7.17. IR spectrum of compound 83d
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Figure 7.18. "H-NMR spectrum of compound 83d
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Figure 7.19. >C-NMR spectrum of compound 83d

83




30
%T ]
25
20
-] 2l
5] e
i ) ;:%
4 al\ %
- [ Nl I
10 SRR
1 = =
] = I
i = @
5] 2 ]
] o = .'_'ILl 'y
= 2o ::L | |
T W0y 4 e T
‘ 2e o e
0] = - ES
R
-t
4000 3500 3000 2500 2000 1750 1500 1250 1000 750 s00
pez2d 1/em
Figure 7.20. IR spectrum of compound 83e
+ -
[ I
|
0 83e
M0
1
[
‘ |
| |
s 0 (%1 g T8 ] (%1 &0 s an 45 40 15 an FE ] 20 AT

Figure 7.21. "H-NMR spectrum of compound 83e
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Figure 7.23. IR spectrum of compound 70a
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Figure 7.25. >’C-NMR spectrum of compound 7
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Figure 7.26. HRMS spectrum of compound 70a
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Figure 7.27. IR spectrum of compound 70b
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Figure 7.28. 'H-NMR spectrum of compound 70b
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Figure 7.29. >C-NMR spectrum of compound 70b
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Figure 7.30. HRMS spectrum of compound 70b
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Figure 7.31. IR spectrum of compound 70¢
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Figure 7.33. >’C-NMR spectrum of compound 70c¢
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Figure 7.35. IR spectrum of compound 70d

91




PE22 = ~
single_pulse S g8 2 13 E
Y R0
;
i
{ |
| |
|
= | ) |
) ,"J J
73 7.1 6.9
mg - i (ppm)
i 94
F(d) F ) £ I_Fm
Aos Ae3 412 145
=5 - o] (@] =5 e
(d |
Bto— % NNH
70d /ﬂ
S
w { CH, h
. MLJ‘.L \u_ L JL\.J A “‘I u__.Jbg_‘
1] T i 14 ) il 15
10 105 108 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)
0 1
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Figure 7.37. >C-NMR spectrum of compound 70d
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Figure 7.39. IR spectrum of compound 70e
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Figure 7.41. >C-NMR spectrum of compound 70e
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Figure 7.43. IR spectrum of compound 70f
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Figure 7.44. H-NMR spectrum of compound 70f
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Figure 7.45. *C-NMR spectrum of compound 70f
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Figure 7.46. HRMS spectrum of compound 70f
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Figure 7.47. IR spectrum of compound 70g
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Figure 7.49. *C-NMR spectrum of compound 70g
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Figure 7.50. HRMS spectrum of compound 70g

100+
9:"
' s
& 311487 omed | 1728 Some
3 fdemed
?'D.
= BiH
&
l O;N
“‘I:I-
1
33 1316, 7B e
4000 00 3000 200 2000 1500 100 Y
cme-1
L Descrption
2> —re2% Sample 428 By Adeinistrator Dabe Friday, June...

Figure 7.51. IR spectrum of compound 70h
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Figure 7.53. *C-NMR spectrum of compound 70h
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Figure 7.54. HRMS spectrum of compound 70h
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Figure 7.55. IR spectrum of compound 70i
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Figure 7.56. H-NMR spectrum of compound 70i
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Figure 7.57. *C-NMR spectrum of compound 70i
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Figure 7.58. HRMS spectrum of compound 70i
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Figure 7.59. Color coordinates for polyester fabrics with PE18 dye
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Figure 7.60. Color coordinates for polyester fabrics with PE18nano dye
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Figure 7.61. Color coordinates for polyester fabrics with PE20 dye
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TL8¥10 o 745 8279 B3.13 B486 61.24 5188 239 05302 0449

Figure 7.62. Color coordinates for polyester fabrics with PE21 dye

Color Coordinates dataMASTER 23
17.12.2018 10:47

PE-22
I T A cr b X i i X y
DEST0 8512 K70 47.10 47 44 9690 B03E 6625 2764 0.3914 D.4294
AT0 8700 304 45E4 4574 BB.19 941 7000 101 0.4978 0.4388

F1i/10 B6B3 -4 5293 5308 9454 6990 6925 1564 04515 0.4474
TL3YT0 B3 -152 5538 5540 N5 7793 7048 932 04941 04468

Figure 7.63. Color coordinates for polyester fabrics with PE22 dye

Color Coordinates dataMASTER V2.3
17122018 10:48
PE-23
b g* b* c* i) X ¥ P X ¥
DES/ 10 742 183 5868 5871 8821 5348 5566 1591 0.4277 0.4451
AT 8243 1056 5832 5927 7973 7309 6109 608 05211 0.4355
F11/10 8156 276 66.17 B66.23 8761 6302 5949 81N 0.4802 0.4534

TLEYT0 8262 540 6928 6949 8555 7131 G146 517 05169 04455

b

Figure 7.64. Color coordinates for polyester fabrics with PE23 dye

Color Coordinates dalaMASTER 2.3
17.12.2018 10:49

L Fal b c* b X i —
7751 1169 7045 .41 8058 5411 5238 1003 04644 0.4495
8185 1767 T4 763 7661 746 6003 371 05421 04312
804 947 W79 7833 8328 6470 5837 6585 05019 0.4528
8246 1.1 7980 8057 8207 7382 6115 368 05324 0.4410

:3°1

Figure 7.65. Color coordinates for polyester fabrics with PE24 dye
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Color Coordinates dataMASTER V2.3
— 17.12.2018 10:50
i G G b* c* h X Y
D65/10 LA B9 45 @I 15 Wil 0% i e 0127
AlTo 7653 2808 G986 7530 68.10 6919 5076 317 05620 0413
F1u10 7421 9260 7140 7489 7244 5786 4702 488 05271 0.4284
TL83/10 7635 2371 7512 7877 7248 6705 5046 301 05564 04187
Figure 7.66. Color coordinates for polyester fabrics with PE25 dye
Color Coordinates dataMASTER 2.3
17.12.2018 10:50
PE-26
L* g b* c* b X ¥ g A
DG5/10 8690 -1.14 4240 4241 9155 G567 6980 3302 0.3898 04143
ASTD Baoe 714 4186 4247 8032 8659 7434 1180 05010 0.4301
F11/10 8838 1.24 4821 4822 8853 7631 7287 1876 04544 04339
TL8¥ 10 8920 367 5180 5193 8595 8538 7460 1101 04993 0.4363

Figure 7.67. Color coordinates for polyester fabrics with PE26 dye

PE-27

5
DBS/10 7969
A/10 83.20
FTi/To B21
TL8310 83.42

—_
131

16.57
10.50
1205

Color Coordinates dataMASTER
17.12.2018 10:51
b* c* h X b d £ X S
4195 4345 7492 5771 5613 2498  0.4157 0.4043
4578 4869 70.10 7790 G254 BB5 05225 0.4195
47.47 4861 7753 6764 G051 1478 04733 04233
5022 5165 7650 7643 6295 900 05151 0.4243

Figure 7.68. Color coordinates for polyester fabrics with PE27 dye

IPE-27 NANO

S il
DBs/10 69.20
A0 74 46
F11/10 72.42
TL8YTO 74.47

.3

e
2353
752
2193
292

Color Coordinates dataMASTER V2.3

17.12.2018 10:55
o c* b X Y s N e
6755 G217 6177 4525 PE2 957 04792 04195
6397 6979 6642 6406 4742 343 05605 0.4099
6448 BA11 7120 5441 4429 558 05217 0.4247
6819 7194 7142 6289 4743 342 05529 04170

Figure 7.69. Color coordinates for polyester fabrics with PE27nano dye
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Figure 7.70. K/S and %R graphs for polyester samples with PE18nano dye

Figure 7.71. K/S and %R graphs for polyester samples with PE20 dye
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Figure 7.72. K/S and %R graphs for polyester samples with PE21 dye

Figure 7.73. K/S and %R graphs for polyester samples with PE22 dye
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Figure 7.74. K/S and %R graphs for polyester samples with PE23 dye

Figure 7.75. K/S and %R graphs for polyester samples with PE24 dye
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Figure 7.76. K/S and %R graphs for polyester samples with PE25 dye

Figure 7.77. K/S and %R graphs for polyester samples with PE26 dye
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Spectral Curves

dataMASTER V2.3
17.12.2018 10:51

Spectral Curves Spectral Curves
RI%] KiS

80 + SR CET

e 15+ \
60 / \

10T
40 T / 3
20+ ot 05 T \\
ettt —t——t+——t+——t+———— n
400 450 500 550 600 650 700 400 450 500 550 600 650 700
Lahels
— - h-IPE2T

Figure 7.78. K/S and %R graphs for polyester samples with PE27 dye

Spectral Curves

dataMASTER 2.3
17.12.2018 10:55

Spectral Curves

Spectral Curves
Fi%] KIS
it Sk 3 / —
80 + 2T [
/ gt
40 T / 3+ ~
L
2T y
L . a7 ;
t + t + t t i nm 1 1 t — } i nm
400 450 500 550 600 650 700 400 450 500 550 600 650 700
Lahels
— - b-1PE-27 MANO

Figure 7.79. K/S and %R graphs for polyester samples with PE27nano dye
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7.4 FASTNESS TEST RESULTS

9.8.2018 LABORATUVAR RAPORU setas
LABORATORY REPORT
COLORCENTE
Rapor No Sa Tarih
P OMO016230 . 1/1 9.8.2018
Report No Page Date
Haslik Calismas:
Fastness Report

i Orwem |\ rer TEXSTIL
Client
Kumag
Fabric
[Test ~ 150105802-ISIKHASUGI ]
ffest 5016802 -LGHT FASINGS |
Nitelik Adi DEGERLENDIRME
Renk Solmasi P
Discoloration
Renk Kodu i

PE 18 |
Colour Code . ' 1

GRADE 4 24 SAAT
[Test 150 105 PO1 - KURU ISIYA KARSI RENK HASLIGI T
| Test IS0 105 PO1 - COLOR FASTNESS AGAINST DRY HEAT )
|Niteilk Adi DEGERLENDIRME
Renk Degigimi s
Change Of Color
Kirl
irl elat!’ne 3

Staining

180 C 30 SN PE 18

i orerler olmakla birkikte, iletme kojullarna otk eden ok sayida paramatre olmas nedeniyle 6n deneme

alup hukuki agiaycii yol

HOTE

s given abow = 13 various para meters in big scale productions, we highly recomemend sur customars 1o run trials befcre using our products and resigas

This fepont i 1o be taken a3 a guideline only. Setas Kimys cart be held lable in case of any fatures

Setag Kimya Sanal A5}

Soigesi Karaagag Mah

AVAKDZA Tentée ERP

Figure 7.80. Light and sublimation fastnesses of PE fabric with PE18 dye
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PHYSIC LABORATORY TEST FORM

COMPANY: A.1.B.U CHEMISTRY DEPARTMANT
COLOUR: PE 18

FABRIC TYPE: %100 PES

DYEING METHOD: DRAWING PAINT

DATE: 20,07,2018

SURTUNME HASLIGI RUBBING BS EN 1SO 105X12:2012

KURU - DRY YAS - WET
L - 4 -
COLOUR FASTNESS:
SHADE STANING
CHANGE [ ACETATE [ COTTON | NYLON |POLYESTER| ACRYLIC | WOOL

WASHIING BS EN ISO C06:1997 A2S DEG C(MODIFIED)
['ACETATE | COTTON | NYLON |POLYESTER| ACkYLIC | WOOL

WATER BS EN ISO 105

ArFTTTF | R, i e o S, Gl ol i i L;' =5 ; J : ' )ol.

PERSPIRATION ACIDE BS cN15G £54 1990 (PH!5,5) § > v )
l:ACETATE| cotton [ nvion Tpolvesterl acayiic [ wooL

ALY (51 A B! 170 T 17 T
P 5 '00L
e e e
NG FE. Assessment is done according T0 grey scale.
COLOUR SAMPLE:
TESTED BY I TESTED BY TEST LAB. INSTRUCTER
HACER ACAR OMER KARADUMAN YASEMIN AYYILDIZ

Figure 7.81. Washing, water, acidic-basic perspiration, rubbing fastnesses of
PE fabric with PE18 dye
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0.8.2018 LABORATUVAR RAPORU s t
LABORATORY REPORT e as
COLORCENTER
Rapor No Sa Tarih
38 DMO016229 yta 1/1 9.8.2018
Report No Page Date
Hashk Calismasi
Fastness Report
Magteri Orvars LINTER TEKSTIL
Client
Kumas
Fabric
Test 150 105 802 - ISIK HASLIGI i ]
TES{ " —— /iO 1_05 BO?LL_lq#_'!T FAS"'_/\':ESS - ' e |
|nitelk Ad DESERLENDIRME |
Renk Solmasi .
Discolcration j*
Renk Kodu S \
Colour Code !
GRADE 4 24 SAAT
[Test IS0 105 PO - KURU ISIYA KARSI RENK HASLIG ]
Test IS0 105 P01 - COLOR FASTNESS AGAINST DRY HEAT |
Nitelik Adi DEGERLENDIRME
Renk Degisimi 3
Change Of Color
Kirletme 5
Staining
180 C 30SN. PE 20
NOT : Yukanda sunulan agklama ve sonuglar, guncel laboratuvar ve isletme deneyamierimae dayanarak verimis guveniir oneriler olmakla birkkte, isletme kogullarna etki eden gak sayda parametre olmasi nedenivie an deneme
mektedir. Ragorda sunulan bigi, arnek ve oneriler uygulayclara yol gosterme amacivia clug ug ohip hukuki bagiayichg yoktur
NOTE its given above are based on o | scale, laboratery s parameters in big sesle productions, we highly recommend our customers to run trials befare using o products and reapes.
This report i 1358 guideling only. Setas Kimya can't be held basie in cuse of any faiures
Setag Kiemya Sanayl A5
anavi Bolgesi Karaagag Mah.
AVAKOZA Tentle ERP

Figure 7.82. Light and sublimation fastnesses of PE fabric with PE20 dye
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PHYSIC LABORATORY TEST FORM

COMPANY: A..B.U CHEMISTRY DEPARTMANT
COLOUR: PE 20
FABRIC TYPE: %100 PES
DYEING METHOD: DRAWING PAINT
DATE: 20,07,2018
SURTUNME HASLIGI RUBBING BS EN 1SO 105X12:2012
KURU - DRY YAS - WET
COLOUR FASTNESS:
SHADE STANING
CHANGE | ACETATE | COTTON | NYLON |POLYESTER| ACRYLIC [ wooL

WASHIING BS EN ISO €06:1997 A2S DEG C(MODIFIED)
ACETATE | COTTON NYLON POLYESTERl ACRYLIC I WOOL
T

S
'WATER BS EN I1SO 105 E R

l, i : 0L |
T

>
4

|PERSPIRATION ACIDE R
' Ai«-:f-«l’il_ OITON [NYLON 1 POLYESTER| ACRYLIM | “WOOL
- = i . - " % G oy L 1

nEPERtDATIONL ALCA .}
b

. WooL
® -
g#(‘;’
| done according to grey scale.
TeSYED BY TESTED BY TEST LAB, INSTRUCTER
HACER ACAR OMER KARADUMAN YASEMIN AYYILDIZ

Figure 7.83. Washing, water, acidic-basic perspiration, rubbing fastnesses of
PE fabric with PE20 dye
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9.8.2018 LABORATUVAR RAPORU s et a s
LABORATORY REPORT
COLORCENTER
Raj
pox o DM016228 S 171 ol 9.8.2018
Report No Page Date
Hashik Calismasi
Fastness Report
Mii: i 2
: or) Onwars LINTER TEKSTIL
Client
Kumag
Fabric
\Test ISO 105 BO2 - ISIK HASLIGI
l Test SO 105 BO2 - LIGHT FASTNESS |
‘ Nitelik Adi DEGERLENDIRME I
Renk Sol
én Sol més: 12

Discoloration
Renk Kodu PE 21
Colour Code

GRADE 4 24 SAAT
Test IS0 105 P01 - KURU ISIYA KARSI RENK HASLIGI ]
Test IS0 105 PO1 - COLOR FASTNESS AGAINST DRY HEAT |
[lelk Ad DEGERLENDIRME l
Renk Degisimi =
Change Of Color
Kirletme N
Staining

180 C  30SN. PE 21

MO 1 vukands sunulan sgkiama ve samughar, ginceliboratuvar ve i dayanarat oimatia brbie eden gok sayda parametre oimas nedenyle o deneme
yapimesim geretinmektedic Raporda sunulan bilg, Grieh ve Gneriler vol uturul olup hukuki begleycihi

NOTE : The test results g

ave are based on our small scale, v tishs Due to

This report is to be takn a5 & guidelin only Seths Kimya can't be held liable in case of any fadures

AVAKOZA Textie £RP

Uting our products and

Setaj Kimya Sanay( AS.

Organize Sanay Bolges: Karasgag Mah.
9. Sok. Mo 359520 Kapakh, Tekirdad Turkiye
7450282 758 18 23 phu F 490282 758 1832

setas@satas. oM.ty - waww.SsSTaskimya com

Figure 7.84. Light and sublimation fastnesses of PE fabric with PE21 dye
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PHYSIC LABORATORY TEST FORM

COMPANY: A.l.B.U CHEMISTRY DEPARTMANT
COLOUR: PE 21

FABRIC TYPE: %100 PES

DYEING METHOD: DRAWING PAINT

DATE: 20,07,2018

SURTUNME HASLIGI RUBBING BS EN ISO 105X12:2012
i MR DY YAS - WET

R . i

COLOUR FASTNESS:
SHADE STANING
CHANGE | ACETATE | COTTON | NYLON [POLYESTER| ACRYLIC| woOL

WASHIING BS EN 1SO C06:1997 A2S DEG C(MODIFIED)
LSEETETE | ~oEl | TT CimeTRSy .. WooL

P M.‘; S

WATER BSEN ISO 10 . - -
| ACETATE | COTTON | NYLON |POLYESTERl4cs s~ T v'ooL

e :

PERSPIRATION ACIDE :33% s e
ACETATE | COTTON | NYLON [POLYESTER| ACRYLIC | WOOL

w2

s

PERSPIRATION ALCALI (BASIC) BS EN ISO E04 1996 (PH:8.0)

P vooL
1S € v MR s e i S s B .
- EDBY |  TesteDBY TEST LAB. INSTRUCTER
HACER ACAR OMER KARADUMAN YASEMIN AYYILDIZ

Figure 7.85. Washing, water, acidic-basic perspiration, rubbing fastnesses of
PE fabric with PE21 dye
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LABORATUVAR RAPORU

LABORATORY REPORT Setas

COLORC

9.8.2018

Rapor No Sayfa Tarih
DM016227 = 9 i 9.8.2018
Report No Page Date

Hashk Calismasi
Fastness Report

Misteri Unvani
Client
Kumag
Fabric

LINTER TEKSTIL

Test 1SO 105 BO2 - ISIK HASLIGI o o |
| Test IS0 105 BO2 - LIGHT FASTNESS |

Nitelik Adi DEGERLENDIRME

Renk Solmasi
Discoloration
Renk Kodu

PE 22
Colour Code

GRADE 4 24 SAAT

[Test 1SO 105 PO1 - KURU ISIYA KARS| RENK HASLIGI
LTEsjr gs IS0 105 PO1 - COLOR FASTNESSAGA:[{VSTDRYHEAT

|Nibellk Adi DEGERLENDIRME

Renk Degisimi
Change Of Color
Kirletme

M 2/3
Staining

180 C 30 SN. PE 22

OT : Yukarda sun

n agilama ve sanuglar, guncel lsborativar ve rjletme deney mierimize dayanarak venims

olmakla birkicte, igietme stk mden ok sayida parametre olmasi nedensyle on deneme

apiimasen gerektirmektedir, Raparda sunulan bilgs, srmek ve Snerller uygulaviclara yol gasterme amacryla hujturulmug olup hukuki balayicd s yortur

ote

ults gien sbove mal seal, Iaboratory trisls Duc ts various parameters in big scale productions, we highiy recommend our customers to run trials befare using our products snd recioes

his report s to be taken 4% 8 g Rimyn can't be held liable in case of any failures.

‘Setay Kimya Sanay]
Organize Sanayi 851gesi Karsafag
9. Sok. No 3 59520 Kapaki, Tekirdaj, T4

T.+30 282 758 18 23 pbi F +30

VAKGZA Teatile ERP

Figure 7.86. Light and sublimation fastnesses of PE fabric with PE22 dye
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PHYSIC LABORATORY TEST FORM

COMPANY: A.1.B.U CHEMISTRY DEPARTMANT
COLOUR: PE 22
FABRIC TYPE: %100 PES
DYEING METHOD: ~ DRAWING PAINT
DATE: 20,07,2018
SURTUNME HASLIGI RUBBING BS EN 1SO 105X12:2012
KURU - DRY YAS - WET
L L -

COLOUR FASINE:

SHADE STANING

CHANGE [ ACETATE | COTTON | NYLON [POLYESTER| ACRYLIC | WoOOL

WASHIING BS EN ISO C06:1997 A2S DEG C(MODIFIED)
ACETATE | COTTON | NYLON |POLYESTER| ACRYLIC | wooOL
x I

-

-

i
- -

WATER BS EN 1SO 105 E01; * '
Ad = - 5

PERSPIRATION ACIDEBS

_— — = = - - —_—

] : : - 00L
~

PERSPIRATION ALCALI (L.,g., ; X )

i : i00L

R omm—r——— -
s done according to grey scale.
TESTED BY I TESTED BY TEST LAB. INSTRUCTER
HACER ACAR OMER KARADUMAN YASEMIN AYYILDIZ

Figure 7.87. Washing, water, acidic-basic perspiration, rubbing fastnesses of
PE fabric with PE22 dye
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LABORATUVAR RAPORU
9.8.2018
LABORATORY REPORT Setas
COLORCENTER
b omote226 Ve 1§ - 9.8.2018
Report No Page Date

Haslik Calismasi
Fastness Report

—_— . ‘
MisteriUnvant i reg eksi

Client

Kumas

Fabric

Test IS0 105 BOZ - ISIK HASLIGI )

Test 1SO 105 BO2 - LIGHT FASTNESS o -

Nitelik Adi DEGERLENDIRME

Renk Solmasi 5

Discoloration .

Renk Kodu i
PE 23 .

Colour Code . i

GRADE 4 24 SAAT P— =

| Test 1SO 105 PO1 - KURU ISIYA KARSI RENK HASLIGI )

i Test 1SO 105 PO1 - COLOR FASTNESS AGAINST DRY HEAT

Nitelik Ads DEGERLENDIRME

Renk Degisimi i

Change Of Color

Kirletme 3

Staining

180C 30SN PE 23

[MT : Yukanda sunuian agkiama ve sanugiar, guncel laborahuar ve letme deneyimierimize dayanarsk verilmi guvenibr sneriler oimakla oirlikte, ijletme kogullanna etks eden ok ayida parametre olmas nedenryle on deneme
[vasiimasint gerektirmektedir. Repords sunulan bilgi, drnex ve Gnerier Lygulayiciara yol gosterme amacyls chusturuimus olup hukuk: bagiaiciid yoktur
[MOTE : The test results iven above are based on our small scale, laborstary trisls. Dug to various parameters in big scale productions, we highly recommend our customers to run trials before using our products and recipes
This report is 1o be taken a3 & guideline onfy. Setss Kimya can't be held iable in case of any failures
Setag Kirmys Saneyl A1
Organize Sanav Boigesi Karaagac Mal
3. 50k No3 59520 Kapaki, Texirdag, Tork

1823 pbx F 450 s

AVAKOZA Textie ERP

Figure 7.88. Light and sublimation fastnesses of PE fabric with PE23 dye
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PHYSIC LABORATORY TEST FORM

COMPANY: A.1.B.U CHEMISTRY DEPARTMANT
COLOUR: PE 23

FABRIC TYPE: %100 PES

DYEING METHOD: DRAWING PAINT

DATE: 20,07,2018

SURTUNME HASLIGI RUBBING BS EN 1SO 105X12:2012

KURU - DRY YA$ - WET
COLOUR FASTNESS:
SHADE STANING
CHANGE | ACETATE | COTTON [ NYLON [POLYESTER| ACRYLIC | WoOOL

WASHIING BS EN ISO €06:1997 A2S DEG C(MODIFIED)
ACETATE | COTTON NYLON | POLYESTER| ACRYLIC | WOOL

WATER BS EN ISO 105 EC

E= I "Ta

PERSPIRATION ACIDE

"ACETATE | "COTTON | NYLON |POLYESTER ACRYLIC | wooL

Is - Jone according to grey scale.

LocuUK SAMPLE:
TESTED BY | TESTED BY TEST LAB. INSTRUCTER
HACER ACAR GMER KARADUMAN YASEMIN AYYILDIZ

Figure 7.89. Washing, water, acidic-basic perspiration, rubbing fastnesses of
PE fabric with PE23 dye
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9.8.2018 LABORATUVAR RAPORU s t
LABORATORY REPORT e as
COLORCENTES
Rapor No Sa Tarih
P DM016225 ¥ 1B o | 9.8.2018
Report No Page Date
Hashik Calismasi
Fastness Report
Miisteri Unvam i
: LINTER TEKSTIL
Client
Kumas
Fabric
[Test 15O 105 BOZ - ISIK HASLIGI o ) ]
\Test  [S0105 802 - LIGHT FASTNESS |
Nitelik Adi DEGERLENDIRME |
Renk Solmasi 2
Discoloration
Renk Kodu BE A% 5
Colour Code : !h
GRADE 4 24 SAAT &
[Test ' 150 105 PO1 - KURU ISIYA KARSI RENK HASLIG 5
\jgsrf IS0 105 P01 - COLOR FASTNESS AGAINST DRY HEAT
} Nitelik Ad DEGERLENDIRME
Renk Degigimi i
Change Of Color
Kirletme 5
Staining
180C 30SN. PE 24
JoT - vukanda sunulan agikisma ve sonuglar, gUncel laboratuvar v isletme deneyimigrmize deyanarsk verilmi guvenilir oneriler olmakla biriikie, r5letme kogulanna stk eden ok sayida parametre olmasi nedeniyle on deneme
primasin gerehtrmektedir. Raporda sunulan bilg, Srnek ve oneriler {! | gost amaayla o clup hukuki bagfayieiid yoktur
JOTE : The test results gven above are based on cur small scale, |aboratory ials. Due 1o varous parameters in big scabe BrGTUCIONS, e highly rECOMMENd OUF CUSISMErs To fun trials befare using our Products Bnd recipes
Setas Kirmys Sanayi 4
9. 5ok No 5 59820 Kapakl, Tekirdag, Tur
AKOZA Textile ERP ; : :

Figure 7.90. Light and sublimation fastnesses of PE fabric with PE24 dye
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PHYSIC LABORATORY TEST FORM

COMPANY: A.l.B.U CHEMISTRY DEPARTMANT
COLOUR: PE 24

FABRIC TYPE: %100 PES

DYEING METHOD: DRAWING PAINT

DATE: 20,07,2018

SURTUNME HASLIGI RUBBING BS EN 1SO 105X12:2012

KURU - DRY YAS - WET
COLOUR FASTNESS: ———
SHADE STANING
CHANGE [ ACETATE| COTTON | NYLON [ POLYESTER| ACRYLIC | woOOL

WASHIING BS EN 1SO C06:1997 A25 DEG C(MODIFIED)
ACETATE | COTTON NYLON | POLYESTER| ACRYLIC | WOOL

WATERBSENISO105E( {
E\cr-—av 1 . TR, g g e S AR — B i e (e g ___‘_.)WOOL

PERSPIRATION ACIDE BS wvetit o S _:
\A’CETATE COTTON | NYLON |POLYESTER| ACRYLIC | WOOL
) rv’j ; BT T i

~ CALI(BAT ™)

130 504 1996 (PH:8.0)

I AC B St L
. s ssneatisdone accordFiff‘o‘ g S L
COLOUR SAMPLE:
TESTED BY | TESTED BY TEST LAB. INSTRUCTER
HACER ACAR OMER KARADUMAN YASEMIN AYYILDIZ

Figure 7.91. Washing, water, acidic-basic perspiration, rubbing fastnesses of
PE fabric with PE24 dye
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LABORATUVAR RAPORU

GRADE 4 24 SAAT

9.8.2018 s t
LABORATORY REPORT e as
€O ORCENTES
Ra Sayfa
R DMO016224 0 | ool 9.8.2018
Report No Page Date
Haslik Calismasi
Fastness Report
qu" s LINTER TEKSTIL
Client
Kumag
Fabric
Test ISO 105 BO2 - ISIK HASLIGI ]
Test ISO 105 BO2 - LIGHT FASTNESS |
Nitelik Adi DEGERLENDIRME |
R
e.nk Solm?sa 12
Discoloration
Renk Kodu PEDS
Colour Code

180 C

30SN. PE 25

[NOT  Tukarida sunuian agiklama ve sonuglar, gincel laboratuvar ve sletme deneyimierimize dayamatak verimsg gineniie anerier olmakla birikte, ig

vapimasin gerektirmektedir. Raporda sunulan bilgi, ornek ve Sneriler vol gosterme

[NOTE  The test results given above are based on cur small scale, v

Test IS0 105 PO1 - KURU ISIYA KARSI RENK HASLIGI

Test ISO 105 P01 - COLOR FASTNESS AGAINST DRY HEAT ‘
Nitelik Ads DEGERLENDIRME |
Renk Degigimi

enk Degigimi s
Change Of Color
Kirletme

e 1/2

Staining

hukuki bajlayichi yoktur

savda b on deneme

tobe:

AvarOzA Teatile ERP

y. Setas Kmya can't case of any fakures

triaks bafare using our products and recipes

‘Setag Kimys Sanayl A5

Grganite Sanayi Boiges Karaadag Mah,

5. Sk a3 59520 Kapski, Tekirasg, Torkiye|
T+507282 TSE 18 23 pbx F +90262 756 18 2]

setang

tas.com 17 . wwww sacaskimya.com|

Figure 7.92. Light and sublimation fastnesses of PE fabric with PE25 dye
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PHYSIC LABORATORY TEST FORM

COMPANY: A.l.B.U CHEMISTRY DEPARTMANT
COLOUR: PE 25

FABRIC TYPE: %100 PES

|DYEING METHOD: DRAWING PAINT

DATE: 20,07,2018

SURTUNME HASLIGI RUBBING BS EN 1SO 105X12:2012
4 YAS - WET

COLOUR FASTNESS: )

SHADE STANING
CHANGE | ACETATE | COTTON | NYLON [POLYESTER| ACRYLIC | woOOL

WASHIING BS EN 1SO C06:1997 A2S DEG C{MODIFIED)
ACETATE | COTTON NYLON | POLYESTER| ACRYLIC | WOOL

WATER BS EN IS0 105 EQ -~

PERSPIRATION ALCALI (B#

A(;E;-..:.._ ‘ %
ot ‘ ‘_

&
i

doné according v grey scarer

Y | TESTED BY TEST LAB. INSTRUCTER
HACER ACAR OMER KARADUMAN YASEMIN AYYILDIZ

Figure 7.93. Washing, water, acidic-basic perspiration, rubbing fastnesses of
PE fabric with PE25 dye
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LABORATUVAR RAPORU

R LABORATORY REPORT Setas
O OR

Rapor N Sa i
e DM016223 e 1/1 - 9.8.2018
Report No Page Date

Haslk Caligmasi
Fastness Report

Miisteri Unvani . .
LINTER TEKSTIL
Client

Kumas

Fabric

Test 150 105 BO2 - ISIK HASLIGI i S ) o]
| Test 1SO 105 BO2 - LIGHT FASTNESS ‘

‘ Nitelik Adi DEGERLENDIRME

Renk Solmasi
Discoloration
Renk Kodu ¥
PE 26 11
Colour Code |

ﬁ‘.;a_—l s e

GRADE 4 24 SAAT

[Test

150 105 PO1 - KURU ISIVA KARSI RENK HASLIGI - \

| Test IS0 105 P01 - COLOR F_ASTNES.S'AGAINSTD#_?Y HEAT = ‘
|Nitelile DEGERLENDIRME
Renk Degisim
gisimi 34
Change Of Color
Kirletme 4
Staining

180 C 30 SN. PE 26

10T : Vukanda sunulan agklama ve sonuglar, gincel laboratuvar ve igletme deney mierimize dayanarsk verilmig guveniie snerlier olmakia birfikte, ijletme kopullanna eths eden gok sayida parametre olmas nedenwie dn deneme

japiimasin gerektrmektechr, Raparda sunvlan bilgs, Srnek ve Sneriler uygulsciisea yol gos

smacita oluy

wkubi baglayciil yoktur

NOTE - The test resulls given above are based on our small scale, laboratory trials. Oue 1o various parameters in big scale productions, we highly reco cuistimiars t ain tAals b rndhacts it acionk

his report is ka be taken as a guideline only. Setas Kimya can't be held lisble in case of any faiures
‘Setay Kimya Sanayi A{
Qrganize Sanayi Balgesi Karaagag M

3. Sok. Mo 3 $9520 Kapaki, Tekirdal, Turki

T 490 287 758 18 23 pbx F +90 283 754 18
vakoza Texite £RP i)

Figure 7.94. Light and sublimation fastnesses of PE fabric with PE26 dye
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PHYSIC LABORATORY TEST FORM

COMPANY: A.l.B.U CHEMISTRY DEPARTMANT
COLOUR: PE 26

FABRIC TYPE: %100 PES

DYEiING METHOD: DRAWING PAINT

DATE: 20,07,2018

SURTUNME HASLIGI RUBBING BS EN 1SO 105X12:2012

KURU - DRY YAS - WET
L o b : —
COLOUR FA$
SHADE STANING
CHANGE [ ACETATE | COTTON | NYLON |POLYESTER| ACRYLIC | WOOL
3

WASHIING BSEN I .

WOOL

WATERBSENISO1 * 1 207

~ =T acrviic [_wool

WOOL
7 ; wooL
! 7 e
t1s done according to grey scale.
TESTED BY TESTED BY TEST LAB. INSTRUCTER
HACER ACAR OMER KARADUMAN YASEMIN AYYILDIZ

Figure 7.95. Washing, water, acidic-basic perspiration, rubbing fastnesses of
PE fabric with PE26 dye

126



LABORATUVAR RAPORU

S LABORATORY REPORT setas
o OR

Rapor No Sayfa Tarih

DMO16222 1 1 8.
Report No Page / Date AN
Haslik Calismasi
Fastness Report
Miisteri Unvani :
X LINTER TEKSTIL
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Renk Solmasi =
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Colour Code ‘i { £
1
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Change Of Color
Kirletme 3/4
Staining

180 C 30 SN. PE 27

NOT : Yukands sunulan agikiama ve scnuglar, guncel laboratuvar ve iglelme deneyimierimize dayanarak veriimis guvendir snenler simakia Birkkte, gletme kogullanna etki eden gok sayds parsmetre oimasi nedenyle on denerme

Vapdmasmi ge dir. Rapardia sunul

sterme amaoyia shusturuimus olup hukula bagiayichg yoktur

1OTE : Tha tes s puen above

= based on ou

to warous parameters in big scale productions, we highly recommend aur customers to

o wrias before using our produets and recipes

This report is o be taken as  guideline anly. Setas Kimya can't be held liable in case of aay failures

AVAKOZA Textile ERP

Figure 7.96. Light and sublimation fastnesses of PE fabric with PE27 dye
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PHYSIC LABORATORY TEST FORM

COMPANY: A.l.B.U CHEMISTRY DEPARTMANT
COLOUR: PE 27

FABRIC TYPE: %100 PES

DYEING METHOD: DRAWING PAINT

DATE: 20,07,2018

SURTUNME HASLIGI RUBBING BS EN SO 105X12:2012

KURU - DRY YAS - WET
COLOUR FASTNESS:
SHADE STANING
CHANGE [ ACETATE [ COTTON | NYLON [POLYESTER| ACRYLIC | WOOL

WASHIING BS EN ISO CO6:1997 A2S DEG C(MODIFIED)
F\CfTﬂTE | cOTTON | NYLON [POLYESTER| Acavi!c | woOL

WATER BSEN ISO 105 | .

CACFTATET wwrrwre | rrwor—-orTESTER] ACRYtL 1~ WOOL

B
1
I
155
|

PERSPIRATION ACIDE _._ i - |
ACETATE | COTTON | NYLON [POLYESTER| ACRYLIC | WOOL
I__-' ! —_ e e

RON ALCALIR: Tl Suie ™ 207 4770 " €08
! % ooL
\ S s e =
ssment 1s done according to grey scale.
COLOUR SAMPLE:
TESTED BY I TESTED BY TEST LAB. INSTRUCTER
HACER ACAR OMER KARADUMAN YASEMIN AYYILDIZ

Figure 7.97. Washing, water, acidic-basic perspiration, rubbing fastnesses of
PE fabric with PE27 dye
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9.8.2018 LABORATUVAR RAPORU s t
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GRADE 4 24 SAAT
|Test S0 105 POL - KURU ISIYA KARSI RENK HASLIG! o ]
| Test 1SO 105 PO1 - COLOR FASTNESS AGAINST DRY HEAT \
INitelik Ad: DEGERLENDIRME ;
Renk Degisimi S
Change Of Color
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e 3/4
Staining
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o i G S O i S TR i A ¥ S A A i T A
r. Raporda sunulan bil eriler uyguianailara yol gosterme amacivla olusturuimus olup hukuk baglevicibip yoktur
laboratory trisk. Dus to vanous parameters n big scale productions, we highly recommend our custormers to run triaks before using our products snd recipes.
This report i3 to be taken a3 & guideline only. Setas Kimya can't be held fiable in case of any failures.
Setay Kimya Sanayl 4
Organze Ssnays Soiget Karaiac M
9 Sok. No 3 59520 Kapakh, Tekirdai, Tork
450282 758 1823 phc 430 282758 1
AVAKOZA Taxtite ERP setas@®setys comy - www selaskimeg,

Figure 7.98. Light and sublimation fastnesses of PE fabric with PE18nano dye
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COMPANY:
COLOUR:

FABRIC TYPE:
DYEING METHOD:
DATE:

PHYSIC LABORATORY TEST FORM

A.L.LB.U CHEMISTRY DEPARTMANT
PE 18 NANO

%100 PES

DRAWING PAINT

20,07,2018

SURTUNME HASLIGI RUBBING BS EN 1SO 105X12:2012

KURU - DRY VAS - WET
COLOUR FASTNESS:
SHADE STANING
CHANGE [ ACETATE [ COTTON | NYLON [POLYESTER| ACRYLIC | WOOL

WASHIING BS EN ISO €06:1997 A2S DEG C(MODIFIED)
ACETATE | COTTON | NYLON [POLYESTER| ACRYLIZ © ')0L
1 i

WATER BS £N 150 105 E(

i rvere—nNYLON TPOIVESTER | ACRYLIC |

AR

PERSPIRAT!C'N ACIDE B¢

E;ETATE‘J "COTTON | NYLON [POLVESTER] ACRYLIC | WOOL

s

T R B Vol (ARl P,

{ oL

Ll (B 2
E : |
ord

=15 done according to grey scale.
aoLUtiR SAMIPLE:

TESTED BY |
HACER ACAR

TEST LAB. INSTRUCTER
YASEMIN AYYILDIZ

TESTED BY
OMER KARADUMAN

Figure 7.99. Washing, water, acidic-basic perspiration, rubbing fastnesses of
PE fabric with PE18nano dye
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LABORATUVAR RAPORU

Setas
LABORATORY REPORT
COLOR( £y
Rapor No Sayfa Tarih
DM016221 S 8.2
Report No Page / Date AL
Hashk Calismasi
Fastness Report
Miisteri d ,
Pm - LINTER TEKSTIL
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Kumag
Fabric
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Colour Code
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Change Of Color 34
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Staining
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Rk e n v et R e e ; - " T P

Raporda sunulan bilg, érnek amacyia oh yoktur
NGTE < The test resuits gven sbove are based on our small scale, laboratory trials. DU te various parsmaters in big scale productions, we highly recommend our customers to run trials before using our prodicts and recipes

This report s to be taken as a guidebne only. Setas Kimya can't be held iable in case of any faitures.

Setas Kimya Sang

Orgarize Sanayi Bolges Karssfa

9 30k No.3 59520 Kapakh, Tekirdal.
490 282 756 1823 pbx F 490 282 75

AVAKOZA Textite ERP Setas@setas comtr - www,setaskm

Figure 7.100. Light and sublimation fastnesses of PE fabric with PE27nano

dye

131



PHYSIC LABORATORY TEST FORM

COMPANY: A.1.B.U CHEMISTRY DEPARTMANT
COLOUR: PE 27 NANO
FABRIC TYPE: %100 PES
DYEING METHOD:  DRAWING PAINT
DATE: 20,07,2018
SURTUNME HASLIGI RUBBING BS EN ISO 105X12:2012
KURU-DRY YAS - WET

COLOUR FASTNESS: - - e

SHADE STANING

CHANGE | ACETATE | COTTON [ NYLON |POLYESTER] ACRYLIC | WOOL

WASHIING BS EN 1SO CO6:1997 A2S DEG C(MODIFIED)
ACETATE | COTTON | NYLON |POLYESTER| ACRYLIC | wooL
T > y I

WATERBSENISO105| . .~ - _ _ =
ATT TET COTTON [ NYLON ' foibestuRr ACRYLS 1 wool

PERSPIRATION ACIDE BS EN 154 £us ryso trivoe, r~

ACETATE | COTTON NYLON | POLYESTER .A.CR'YL-E-C WOOL
ALCA! irsmnm B8 =0 007 i
i i wooL
ent 1s done according t6 grey scale.
COLOUR SAMPLE:
TESTED BY I TESTED BY TEST LAB. INSTRUCTER
HACER ACAR OMER KARADUMAN YASEMIN AYYILDIZ

Figure 7.101. Washing, water, acidic-basic perspiration, rubbing fastnesses of
PE fabric with PE27nano dye
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