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Abstract: New anti UV- reactive dyes (I-4) were synthesized from its structure was
confirmed by IHNMR and IR spectroscopy and their dyeing behavior and ultraviolet (UV)
protection on cotton and wool fabrics were investigated. From the study, we can see that
the exhaustion value reached over 85%, the T (UVA) and T (UVB) were 3.3% and 3.4%,
respectively. The fabric dyed with anti UV- reactive dyes had very good ultraviolet radiation
protection. The effects of varying dyeing conditions were investigated. Fabrics dyed with
anti-UV dyes were tested for color strength (K/S), rate of fading (AE) values. The dyed
Jabrics also showed very good light fastness and good to excellent washing, rubbing, and
perspiration fastness. In this paper our work aiming to reduce the undesirable
photodegradation effects of UVR on dyed fabrics by applying these new anti UV- reactive
dyes.

Keywords: synthesis; characterization; reactive dyes; dyeing; color strength (K/S), UV
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1. INTRODUCTION:

One of the most important problems nowadays is that more ultraviolet rays reach earth due to
the low thickness of the ozone layers. Long-term exposure to this radiation can lead to a
series of dermatological diseases such as acceleration, aging skin, acne ,and skin cancer. The
ultraviolet radiation (UVR) is composed of three types: UV-A (315-400 nm), UV-B (290—
315 nm), and UV-C (100-290 nm)[1]. Ultraviolet (UV) protection of fabrics can be greatly
improved by coloring because most dyes have an absorption strip extending from the visible
spectrum (400-700 nm) to the invisible UV spectrum (280-400 nm). The UV protection
provided by the dyes is determined by the absorption site and its intensity in the ultraviolet
spectrum, which is mainly governed by the chemical composition of the dyes rather than the
class of dyes [2—8]. Several factors may affect the absorption of ultraviolet radiation (UVR)
for the fabrics, such as the chemical composition of the fabric in addition to the depth of color
may be of the utmost importance and also protection against ultraviolet radiation increases
with increasing concentrations of dye in general [9—12]. Dark-colored fabrics enjoy UV
protection better than light colors, provided that the fabric has the same chemical composition
[13-19]. However, light-colored clothing may occupy several factors that may affect the first
place as summer clothing because it is less absorbent to sunlight compared with dark-colored
fabrics [20-22]. The need to increase the efficiency of light-colored fabrics towards UV
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protection has become another challenge. One of the most important solutions to improve the

protection of ultraviolet UV fabrics by producing a more compact fabric structure.

Various treatments have been used to improve the color strength and stability properties of
the dyed fabrics such as ultraviolet, ultrasound, and gamma rays [23-24]. However, the effect
of radiation therapy has been used in a limited way to evaluate the stability properties of dyed
fabrics with natural and synthetic dyes.

In many recent studies, the emphasis has been on the formation of dyes containing ultraviolet
absorption groups and their application to fiber dyeing to improve the UV protection
properties of fabrics [25, 26]. For example, dispersed dyes [27-29] and reactive dyes. Rarely
did they care about the acid dye, which is important with silk as ultraviolet protection.
Exposure to high doses of ultraviolet radiation, which causes damage to the human skin, may
lead to burns, skin damage, and skin cancer [30-33] .

The dyes were widely studied in terms of their UV protection, which included direct dyes,
reactive dyes, acid dyes and, azo dyes. With all these studies, the results have not been shown
to confirm that any class of dyes can provide better UV protection and this variation in dyes
is not only chemical composition but also application conditions which in turn can alter the
fiber properties. Among all these types of dyes are the reactive dyes which can be used
widely because of their strong stability for washing.

It is worth mentioning that the number of reactive groups and their effectiveness affect
dyeing properties such as substantively, exhaustion, fixation, and washing-off after dyeing
[34], where these dyes are colored compounds containing functional groups that interact with
the nucleophilic groups such as OH, SH, and NH2 found in tissue fibers [35].

2. Experimental
2.1. Materials and instrumentation

2.1.1. Fabric

Cotton fabric: Mill-scoured and bleached cotton fabric, 130 g/m2, was obtained from Misr
El-Mabhalla Co., Egypt. The fabric was treated with a solution containing 3 g/l non-ionic
detergent (Hostapal CV, Clariant, Egypt) and 5 g/l sodium carbonate at a liquor ratio 50:1
under boiling for 1h, after which time it was thoroughly rinsed and dried at room
temperature.

Wool fabric: Wool fabric of 310 g/m2, supplied by Golden Tex Co., Tenth of Ramadan-
Egypt, was initially treated in an aqueous solution with a liquor ratio 50:1 containing 0.5 g/1
sodium carbonate and 2 g/l nonionic detergent at 60°C for 30 min, after which time it was
thoroughly rinsed and dried at room temperature.

2.1.2. Chemicals

Aminobenzene-2-sulphonic acid, 3-aminophenol, and 3-nitro aniline were provided by Isma
Dyestuff and Chemical Co., Egypt.Cyanuric chloride was supplied by Merck. All other

chemicals and auxiliaries used in the study were of laboratory reagent grade and applied
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without further purification. All other chemicals used in study were of laboratory reagent

grade and applied without further purification.

FT/IR spectra were recorded using JASCO FT/IR- 4700 spectrometers with high
resolution 0.4 cm-1 using the ATR accessory. The IHNMR spectra were recorded at room
temperature on a Bruker Advance II 400 spectrometer at 400.13 MHz the samples were

dissolved in hexadeuterio

2.2. Synthesis of dyes (1-4)
The procedures used for the synthesis of new reactive dyes (1 —4), shown in Schemes (1-

4), are represented by the initial preparation of dye intermediates (I-V) given below.

2.2.1. Sodium (E)-2-((4- amino -2-hydroxy (nitro) phenyl)diazenyl) benzene sulfonate Ia and
Ib respectively

A neutral solution of 2-aminobenzene sulfonic acid (orthanilic acid; 90%; 0.05mol)was
diazotized using sodium nitrite in a concentrated hydrochloric acid at 0°C; the pH was
maintained at 5—6 by simultaneous addition of 2 M sodium carbonate solution while cooling
at 0-5 °C. The resulting solution of diazonium salt was then added with continuous stirring to
3-aminophenol (0.05mol) and 3-nitro aniline to produce[Sodium (E)-2-((4- amino -2-hydroxy
phenyl)diazenyl) benzene sulfonate(Ia)],[Sodium (E)-2-((4- amino -2-nitro phenyl) diazenyl)
benzene sulfonate (Ib)] respectively in scheme 1. The precipitated product, formed upon the
addition of 10% w/v sodium chloride, was filtered off, washed with 10% brine solution, and

dried in an oven at 50 °C.

SOsNa ? SOsNa
a
N pH =5 N
+ N s
e (Stirring 0-5 °C)
NH.

NH> (Ia) or (Ib)

Scheme 1 Where R = OH Ia
R = NO2 Ib

2.2.2. Synthesis of Ila and IIb
Cyanuric chloride (3.7 g, 0.05mol) was stirred in acetone (50 ml) at a temperature below 5°C
for a period of an hour. A neutral solution of metaphenylene diamine sulphonic acid (0.05

2072



European Journal of Molecular & Clinical Medicine

ISSN 2515-8260 Volume 08, Issue 02, 2021
mol) was then added in small lots in about an hour. Neutral pH was maintained below 5°C

through this reaction. The reaction was then stirred at 0-5°C for further four hours when a
clear solution was obtained. The pH was maintained at 5—6 by simultaneous addition of 2 M
sodium carbonate solution.The solution was stirred for a further 2h at 0-5 °C. To this solution,
hydrochloric acid (36 %; 5Sml; 0.05mole) was added and then cooled to 0-5 °C. A solution of
sodium nitrate (0.05mole) dissolved in water (10 ml) was added over 20 min .The reaction
mixture was stirred for 1 h at 0-5 °C to give [Sodium 2-(chloro diazinyl)-4E(4,6dichloro
1,3,5triazine 2-ylamino)benzene sulphonate](J).The diazo solution (J) was coupled with Ia
(0.05 mole) and Ib (0.05 mole) at pH 5—6 and stirred at 0-5 °C for 4h to yield (Ila) and (IIb)

respectively , in scheme 2 .

sssss

sssss

2.2.3. Synthesis of (11la,I1Ib)

A neutral solution of paraphenylene diamine sulphonic acid (0.05 mol) was diazotized
using sodium nitrite in a concentrated hydrochloric acid at 0°C; the pH was maintained at 5-6
by simultaneous addition of 2 M sodium carbonate solution while cooling at 0-5 °C. The
solution of diazonium salt of paraphenylene diamine sulphonic acid (0.05 mol) was dissolved
in acetone (30 ml) drop wisely added to the solution (Ila, IIb) over 20 min.The reaction
mixture was stirred for 1 h at 0-5 °C and maintained pH 5-6 to give (Illa, IIIb) respectively in

scheme 3.
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Scheme 3

2.2.4. Synthesis of dyes1-4

A neutral solution of (Illa, IIIb0.05mole) was diazotized using sodium nitrite in a
concentrated hydrochloric acid at 0°C; the pH was maintained at 5-6 by simultaneous
addition of 2 M sodium carbonate solution while cooling at 0-5 °C to give (IVa, IVb)
respectively, drop wisely added a neutral solution of 2,4dihydroxybenzophenone (0.05mole)
and resorcinol (0.05mole)on (Iva) to give dye 1 and dye 2 respectively and drop wisely added
a neutral solution of 2,4dihydroxybenzophenone (0.05mole) and resorcinol (0.05mole)on

(IVb) to give dye 3 and dye 4 respectively.

N
cN="
HCI (stirring) SOsNa
(ITa or IIb) + NaNO2 ———— >
(0-5°C)
N
N/
N)\N
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2.3. Dyeing procedure

2.3.1. Dyeing of cotton

The synthesized (1-4), reactive dyes, were applied with 60 g/l sodium sulphate followed by
add 20 g/l sodium carbonate. The dyeing was conducted with sodium sulphate at 40°C for 30
min and then allowing fixation in sodium carbonate for a further 60 min at 60°C. After
thorough rinsing, the dyed samples were extracted with 50% aqueous DMF at the boil for 15

min.

2.3.2. Dyeing of wool
All the reactive dyes (1-4), were applied at various pH 3-7 using 5% o.w.f. ammonium
sulphate. Each dyeing was performed at 50°C, allowing the temperature of the dye bath to
raise to the boil over 30 min. The dyeing was continued at the boil for a further 60 min. At
the end of the dyeing process, the samples were thoroughly rinsed and air-dried.
2.4. Dyeing measurements

Measurements and testing dye exhaustion uptake of dye by the cotton and the wool
yarn was measured by sampling the dye bath before and after dyeing. The dye concentration
(1) of the dye bath was measured on a Shimadzu UV-2401PC UV-visible spectrophotometer
at the Amax value using a calibration curve previously obtained using known dye
concentrations (g1). The percentage of dye bath exhaustion (%E) was calculated using Eqn
1[36]:

%E=[1-C2/C1] x100

Where C1 and C2 are the dye concentrations in the dye bath before and after dyeing,

respectively.

The relative color strength (K/S) and CIELAB coordinates (L*a*b*c* h*de*) of the
dyed fabrics were also measured using a Hunter lab's Ultra Scan PRO spectrophotometer
(USA) under illuminant D65, 10standard observer [37]. The K/S value of dyed fabrics was
measured by the light reflectance technique using Kubelka-Munk Eqn (2) (Judd et al., 1975).

The reflectance (R) of the dyed fabrics was measured according to the following equation.

K/S = (1-R)*/ 2R
where,
R = Decimal fraction of the reflection of the dyed fabric

K = Absorption coefficient, and S = scattering coefficient
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2.5. Fastness testing

Dyed cotton and wool samples with 2% shade (o.w.f) after washing-off using 2 g1
nonionic detergents at 80°C for 15 min was tested by standard ISO methods [38]. Wash
fastness [ISO 105-C02 (1989)], and fastness to perspiration [ISO 105-E04 (1989)] were
evaluated using the visual ISO greyscale for both color change. Light fastness (Xenon arc)
was evaluated using ISO 105-B02.
2.6. Ultraviolet Protection
The ultraviolet protection factor (UPF) was determined according to AS/NZS 4399:1996
standard procedure. The ultraviolet transmission through the fabric was determined by a Cary
Varian 300 UV-Vis spectrophotometer under AATCC 183:2010 UVA Transmittance
[39.,40] .

3. Results and discussions

3.1. Synthesis
The dyes 1, 2, 3 and 4were prepared by coupling reaction of 2,4dihydroxybenzophenone and
resorcinol with diazotized IVa, IVb respectively in basic solution. The chemical structures of
these dyes were confirmed by IHNMR and IR spectroscopy.
The chemical structures of dye 1 were confirmed by
IR ((KBr) vmax/cm-1):3426-3600(30H), 3500(NH),3300-3310(NH,) , 1600-1610 (2C=0)
and 1550-1590 (4N=N).

'"HNMR: d H (ppm) in [2H6] DMSO: 4, 42 (s, 2H, NH,), 7,26-7.45(m, 9H, 3CsHs), 7.60-
7.82(m, 8H, 2C¢Hy4), 7.70-7.92(s,2H, Cc¢H»),8.2(s, 1H, NH) and9,78-10.23(s, 3H, 30H).

The chemical structures of dye 2 was confirmed by IR ((KBr) vmax/cm-1): 3100-3480 (30H),
3300(NH) 3200(NH;), and 1520-1580 (4N=N).

'HNMR: d H (ppm) in [2H6] DMSO: 5, 4 (s, 2H, NH,), 7, 11-7.54 (m, 9H, 3C¢H3), 7,60-
7,82(m, 4H, CcHa), 8.01-8.20(m, 2H, C¢H»),8,5(s, 1H, NH) and9,98-10.50(s, 2H, 30H).

The chemical structures of dye 3 was confirmed by IR ((KBr) vmax/cm-1): 3600-3620(20H),
3300(NH),3350(NH,), 1650 (C=0), 1490-1570 (4N=N).

'HNMR: d H (ppm) in [2H6] DMSO: 5,1 (s, 2H, NH,), 7, 24-7.51(m, 9H, 3C¢H3),7.56-7.71
(m, 8H, 2C¢Hs), 7.8-8.2 (m, 2H, CsH1)9,2(s, 1H, NH)9,06-10,5(s, 2H, 20H).
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The chemical structure of dye 4 was confirmed by IR ((KBr) vmax/cm-1): 3400-3550(20H),
3400 (NH), 3430(NH,), 1488-1600(4N=N),

'HNMR: d H (ppm) in [2H6] DMSO: 5, 6 (s, 2H, NH,), 7,32-7,59 (m, 9H, 3C¢H3),7,6 -7,9(m,
4H, C¢Ha), 8.02-8,7(m, 2H, CsH,),8,9(s, 1H, NH),9.80 -10,6(s, 2H, 20H).

3.2. Dyeing application on cotton(c) and wool (w) fabrics.
3.2.1. Effect of concentration of Na,So4 on K/S, value of cotton fabric dyed with dye [1-4].
Cotton fabrics were dyed with reactive dyes (1-4), (2% o.w.f). The dyeing was
conducted with different concentrations of sodium sulphate 20%, 40%, 60% at 60°C for 30
min and then allowing fixation in sodium carbonate for a further 60 min at 80°C and 60°C
respectively. The effect of different concentrations of salt [Na,So4] on both values of K/S, L,
a, b, and AE of cotton fabric dyed with reactive dyes (1-4), are shown also in tables (1-4).
From tables (1-4) it can be seen that the K/S values of cotton fabric dyed with reactive dyes
(1-4) the maximum K/S value was obtained at (60%) of salt [Na,So4] concentration. Also,
from a table (1-4) it is observed that by increasing the concentration of salt [Na;So4] from
(20,40,60%) the K/S values have been increased, this is due to as the concentration of salt
[NaySos] increase the dye uptake also increase, Also the color difference (AE) values of
cotton fabric dyed with reactive dyes (1-4), are given all in tables (1-4). From this tables, in
the table (1&2) it can be seen that by increasing the concentration of salt Na,So4 there is no
significant color difference (AE) between the samples, in the table (2&3)up to (40%) as

increasing in Na,Sosconcentration the increasing in color difference (AE) takes place.

Table (1): Effect of different concentration of Na,So, on both of K/S, L, a, b, and AE value of cotton fabric
dyed with dyel.

Conc. of Na,So0,% K/S L a b AE
20% 3.61 52.43 22.39 22.22 42.40
40% 3.80 50.76 22.25 21.11 42.93
60% 3.93 52.28 22.25 22.70 42.69

Table (2): Effect of different concentration of Na,So, on both of K/S, L, a, b, and AE value of cotton fabric

dyed with dye2.

Conc. of Na,So,% K/S L a b AE
20% 2.71 73.94 7.29 12.88 16.21
40% 2.72 73.69 7.63 14.73 17.93
60% 4.02 66.18 13.59 23.62 30.33
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Table (3): Effect of different concentration of Na,So, on both of K/S, L, a, b, and AE value of cotton fabric

dyed with dye3.

Conc. of Na,So,% K/S L a b AE
20% 2.45 73.02 7.55 11.97 16.07
40% 2.55 72.01 8.39 12.29 17.21
60% 2.81 69.32 10.49 15.64 21.98

Table (4): Effect of different concentration of Na,So, on both of K/S, L, a, b, and AE value of cotton fabric

dyed with dye4.
Conc. of
K/S L a b AE
Na2504%
20% 2.34 74.85 5.10 9.86 12.49
40% 2.53 74.89 5.07 10.79 13.19
60% 2.80 73.84 5.27 11.99 14.71

3.2.2. Effect of concentration of Na,Cos on K/S, value of cotton fabric dyed with dye [1-4].

The dyeing of Cotton fabrics with reactive dyes (1-4),(2% o.w.f), was conducted with
sodium sulphate 20% at 60°C for 30 min and then allowing fixation in sodium
carbonate[5,10,15,20%] for a further 60 min at 80°C and 60°C respectively. The color
strength (K/S) were measured and cited in Tables (5-8).

The effect of different concentrations of Na,Cos on both values of K/S, L, a, b, and AE of
cotton fabric dyed with reactive dyes (1-4) are listed in Tables (5- 8). From Tables (5- 8) it
can be seen that as the concentration of Na2Co3 increases from 5% t020%, the colour
strength [K/S] also increases. Above 10% dye Na,Cos concentration the colour strength
values nearly levels off or a very slight improvement takes place.

Also, from tables (5-8), it can be seen that the color difference (AE) values of cotton
fabric dyed with reactive dyes (1-4) increasing as the concentration of Na;Cos increases from
(5%) to (20%).

Table (5): Effect of different concentration of Na,Co; on both of K/S, L, a, b, and AE value of cotton fabric
dyed with dyel.

Conc. of Na,Coz% K/S L a b AE
5% 1.50 65.58 10.36 21.73 28.21
10% 2.42 70.95 7.25 17.98 28.84
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15% 2.44 70.10 7.55 18.22 29.52
20% 2.97 69.85 7.99 18.76 34.59

Table (6): Effect of different concentration of Na,Cos; on both of K/S, L, a, b, and AE value of cotton fabric
dyed with dye2.

Conc. of Na,Coz% K/S L a b AE
5% 2.77 65.46 11.70 21.46 34.79
10% 2.78 6391 12.94 22.02 36.39
15% 3.12 62.41 13.58 22.85 38.03
20% 3.54 60.27 14.55 23.46 39.99

Table (7): Effect of different concentration of Na,Cos on both of K/S, L, a, b, and AE value of cotton fabric
dyed with dye3.

Conc. of Na,Coz% K/S L a b AE
5% 2.49 73.09 7.74 14.68 24.52
10% 2.86 68.53 11.27 19.80 31.84
15% 3.34 67.24 12.80 21.67 34.45
20% 3.61 63.10 16.22 25.43 40.62

Table (8): Effect of different concentration of Na,Cos on both of K/S, L, a, b, and AE value of cotton fabric
dyed with dye4.

Conc. of
K/S L a b AE
N32C03%
5% 4.75 49.82 24.82 24.34 50.98
10% 5.36 48.02 24.71 24.00 51.91
15% 6.94 44.63 25.67 24.26 54.89
20% 9.74 3941 25.74 23.01 57.90

3.2.3. Effect of dye concentration on K/S, value of cotton fabric dyed with dye [1-4].

The dyeing of Cotton fabrics with different concentration of reactive dyes (1-4)),(0.5-
2%o0.w.f), were conducted with sodium sulphate 20% at 60°C for 30 min and then allowing
fixation in sodium carbonate[10%] for a further 60 min at 80°C and 60°C respectively. The
color strength (K/S) were measured and cited in Tables (9-12).

Tables (9-12) show that as the dye concentration increase from 0.5% t02%, the color strength
also increases. Above 1% dye concentration the color strength values nearly level off or a

very slight improvement takes place.

2080



European Journal of Molecular & Clinical Medicine

ISSN 2515-8260 Volume 08, Issue 02, 2021
Also, the color difference (AE) values of cotton fabric dyed with different concentrations

of reactive dyes (1-4), are given all in tables (9-12). From these tables, it can be seen that
by increasing concentration of dye concentration the increase in color difference (AE) takes
place.

In tables (9-12) it can be seen that up to (1.5%) of dye concentration there is no

significant color difference (AE) between the samples.

Table (9): Effect of different dye concentration on both of K/S, L, a, b, and AE value of cotton fabric dyed with

dyel.
Conc. of dye % K/S L a b AE
0.5% 15.82 37.19 19.48 29.29 2.86
1% 19.61 30.59 17.99 22.70 9.61
1.5% 19.83 30.18 17.62 22.21 10.30
2% 20.03 27.79 16.70 19.24 14.20

Table (10): Effect of different dye concentration on both of K/S, L, a, b,

with dye2.
Conc. of dye % K/S L a b AE
0.5% 20.49 25.82 16.32 16.35 17.68
1% 23.83 22.74 13.44 11.80 23.65
1.5% 25.32 21.37 11.87 9.73 26.46
2% 26.50 21.25 11.83 9.76 26.52
Table (11): Effect of different dye concentration on both of K/S, L, a, b, and AE value of cotton fabric dyed
with dye3.
Conc. of dye% K/S L a b AE
0.5% 9.67 48.56 24.89 34.64 13.56
1% 12.03 44.86 26.06 35.42 11.69
1.5% 13.35 43.18 27.45 35.37 11.55
2% 13.99 41.99 27.93 34.18 10.77

Table (12): Effect of different dye concentration on both of K/S, L, a, b, and AE value of cotton fabric dyed

and AE value of cotton fabric dyed

with dye4.
Conc. of dye% K/S L a b AE
0.5% 19.61 28.89 22.93 18.79 13.99
1% 22.51 24.98 19.50 15.03 18.94
1.5% 22.80 23.75 18.31 12.89 21.42
2% 22.81 23.06 16.81 11.77 22.80
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3.2.4. Effect of dye concentration on K/S value of wool fabric dyed with dyes [1-4].

Wool fabrics were dyed with reactive dyes (1-4). The dyeing method carried out at various
dye concentration (0.5-2% o.w.f), using 5% o.w.f. ammonium sulphate at pH3 and L.R 1:50
at 100 OC for 60 min. The color strength (K/S) were measured and cited in Tables (13-16).
Tables (13-16) show that as the dye concentration increases from 0.5% to3%, the color
strength also increases. From tables (13-14) it is obvious that the color strength values of
wool fabric dyed with reactive dye 1, 2 above 2.5% dye concentration nearly levels off or a
very slight improvement takes place. In the case of wool fabric dyed with reactive dyes 3 and
4 higher improvements in color strength values take place when the concentration of dye
more than 2%, as shown in tables (15-16).

Also, the color difference (AE) values of cotton fabric dyed with reactive dyes (1-4), are
given in all tables (5-8). From these tables, it can be seen that up to (2.5%) of concentration
of dye in the table (13&14), as increasing in dye concentration there is no significant color
difference (AE) between the samples, in the table (15&16) as increasing in concentration of

dye, the color difference (AE) between the samples also increases.

Table (13): Effect of different dye concentration on both of K/S, L, a, b, and AE value of wool fabric dyed with
dyel.

Conc. of dye% K/S L a b AE

0.5% 2.48 67.33 10.24 34.25 31.20
1% 3.37 62.69 13.13 34.64 34.79
1.5% 4.82 58.16 15.83 36.06 39.36
2% 6.03 56.51 16.81 38.41 42.37
2.5% 7.87 53.07 18.50 38.82 45.36
3% 8.56 51.33 18.58 38.01 45.92

Table (14): Effect of different dye concentration on both of K/S, L, a, b, and AE value of wool fabric dyed with

dye2.

Conc. of dye% K/S L a b AE

0.5% 1.37 71.62 6.58 26.69 21.85
1% 4.01 56.73 14.69 31.46 35.40
1.5% 4.06 58.33 15.38 32.12 36.34
2% 4.57 58.67 16.57 32.38 38.18
2.5% 5.76 54.05 16.89 33.47 40.76
3% 5.78 55.26 17.47 35.18 40.81
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Table (15): Effect of different dye concentration on both of K/S, L, a, b, and AE value of wool fabric dyed with
dye3.

Conc. of dye% K/S L a b AE

0.5% 2.40 74.93 3.89 22.20 15.86

1% 4.38 68.73 9.78 30.89 27.71

1.5% 6.10 65.60 11.99 34.33 32.71

2% 6.65 65.15 13.49 34.89 33.97

2.5% 8.64 62.27 15.46 39.37 39.62

3% 11.10 59.95 17.45 41.04 42.84

Table (16): Effect of different dye concentration on both of K/S, L, a, b, and AE value of wool fabric dyed with

dyed4.

Conc. of dye% K/S L a b AE

0.5% 4.45 59.82 18.04 34.59 38.44
1% 6.21 55.87 20.47 36.07 42.81
1.5% 10.71 51.46 22.30 40.07 48.86
2% 12.64 49.46 24.11 40.56 51.23
2.5% 14.59 48.56 24.99 41.87 53.04
3% 18.82 44.01 26.09 39.53 55.02

3.2.5. Effect of PH on K/S value of wool fabric dyed with dyes [1-4].

Wool fabrics were dyed with reactive dyes (1-4). The dyeing method carried out at
various dye concentration (2.5% o.w.f), using 5% o.w.f. ammonium sulphate at PH (4-9) and
L.R 1:50 at 100 °C for 60 min. The color strength (K/S) were measured and cited in Table
(17).

From table (17) wool samples dyed with A and B intermediate and reactive dyes 1-4 give
the highest color strength(K/S) values at pH 4 for dyes 1,2and 4 while the highest color
strength(K/S) values for dye 3 were obtained at pH 5.

Also, the color difference (AE) values of wool fabric dyed with reactive dyes (1-4), are given
in table (17). From this table, it can be seen that as increasing in PH the color difference (AE)

decreased.

Table (17): Effect of PH on both of K/S, L, a, b, and AE value of wool fabric dyed with dyes

(1-4).

Dye PH4 PH5 PH6 PH7 PHS PHY9
K/S 491 434 3.56 3.05 2.42 2.32
L 59.11 | 60.89 62.01 61.7 65.7 65.01

DI a 14.69 | 13.44 11.82 12.46 9.27 10.02
b 3759 | 37.55 34.59 30.5 3052 | 288
AE 3935 | 37.9 34.42 31.91 2845 | 29.79

D2 K/S 53 4.66 4.61 3.3 2.55 247
L 56.13 | 56.84 56.31 60.66 62.3 63.61

2083



European Journal of Molecular & Clinical Medicine

ISSN 2515-8260

a 15.89 15.18 17.41 14.41 13.5 13.07
b 34.71 33.24 30.56 31.59 27.89 29.33
AE 39.51 37.8 37.48 34.08 30.22 30.24
K/S 5.36 7.15 5.15 4.47 4.15 3.88
L 62.62 58.85 64.26 65.2 65.4 67.29
D3 a 15.81 19.24 13.83 12.97 12.94 10.96
b 40.6 43.89 37.51 36.69 36.85 36.02
AE 46.17 40.5 36.43 35.05 35.01 32.81
K/S 18.14 15.36 13.11 11.02 9.38 8.44
L 45.11 46.84 48.04 51.83 53.06 54.89
D4 a 25.28 24.6 23.2 21.29 19.95 19.49
b 40.07 39.71 39.62 41.42 40.76 40.65
AE 54.12 52.47 50.98 48.97 47.2 45.89

Volume 08, Issue 02, 2021

From table (18) it can be observed that with increasing time of irradiation of dyed

wool and cotton samples, The UPF value decreases for all dye intermediates A and B.

For dyed samples with dyes (1 - 4), it can be observed that the UPF of samples dyed with

dye2 is less than that with dyel, dye3, and dye4. following the order dyel > dye3>

dye4>dye2. This can be attributed to the presence of carbonyl group in 2,4-dihydroxy

benzophenone in Dyel and Dye3.

The UPF value for wool and cotton fabric dyed with anti-UV dyes (1-4) is higher than

that for samples dyed with dye intermediates A and B. This can be explained by the presence

of an anti-ultraviolet functional finishing group in the structure of the dyes.

Table (18): The effect of Time of Irradiation on UPF value of wool and cotton fabric dyed with anti-UV dyes
(1-4) and there intermediate A and B at optimum condition

Time of
Irradiation UPF
In hrs
Intermediate A | Intermediate B Dye 1 Dye 2 Dye 3 Dye 4
Wool | Cotton | Wool | Cotton | Wool | Cotton | Wool | Cotton | Wool | Cotton | Wool | Cotton
Oh 220.4 37.6 227.9 26.4 1330.5 73.98 827.7 45.09 1284.2 59.23 1247 47
35h 198.05 30.1 187.2 21.8 1262.4 67.1 496 34.21 539.9 50.8 911.4 332
70h 183.35 29.0 169.58 21.05 1247 56.1 433.2 32.8 517.5 45.9 744.4 26.9
105h 178.19 24.1 161.0 209 714.9 51.6 401.4 322 464.3 45.0 727.4 259
140h
153.91 233 148.45 20.0 616.7 46.8 391.91 30.6 251.9 42.1 469.5 234
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175h

140.59 223

139.79 16.7

498.4

45.7 296.9

29.1

204.2 39.0

434.1 21.4

3.3 Fastness properties

The fastness properties for washing, rubbing, perspiration, and light of the dyed cotton and

wool fabrics which dyed with dyes (1-4) and their intermediate are A and B showed in the

table (19). It can be seen that the fastness properties of cotton and wool fabric dyes with anti-

UV reactive dyes better than dyed with their intermediate. The results of fastness properties

showed that dry crocking of dyed cotton and wool dyed with intermediate A and B and anti-

UV reactive dyes (1-4) give better results than wet. On the other hand fastness to washing

and perspiration ranged from good to very good results.

ranges from good to very good.

Finally, light fastness property

Table (19): Fastness Properties of cotton and wool samples dyed with dye intermediates (A, B) and anti-UV
reactive dyes (1-4) at optimum condition

Crocking Washing Acidic Alkaline Light
Dyes fastness fastness perspiration perspiration fastness
Dry Wet St.* St.** Alt. St.* St.** Alt. St.* St.** Alt.
COTTON FABRIC
2-3 2 2-3 2-3 2-3 2-3 2-3 2-3 2-3 2-3 2-3 4
B 2-3 2 2-3 2-3 2-3 2-3 2-3 23 | 23 2-3 2-3 4
Dye1 4-5 4 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 5
Dye2 4-5 4 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 5
Dye3 4-5 4 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 5
Dye4 4-5 4 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 5
WOOL FABRIC
A 3-4 3 3-4 3-4 3-4 3-4 3-4 34 | 34 3-4 3-4 5
B 3-4 3 3-4 3-4 3-4 3-4 3-4 3-4 3-4 3-4 3-4 5
Dye1 4-5 4 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 6-7
Dye2 | 4-5 4 4-5 45 45 | 4-5 4-5 45 | 4-5 4-5 4-5 6-7
Dye3 | 4-5 4 4-5 4-5 45 | 45 4-5 45 | 4-5 4-5 4-5 6-7
Dyed | 4-5 4 4-5 4-5 45 | 45 4-5 45 | 4-5 4-5 4-5 6-7

4. CONCLUSIONS

This study has successfully synthesized four new reactive dyes, where their dyeing behavior
and ultraviolet (UV) protection on cotton and wool fabrics were investigated, the results
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revealed that the UPF value for wool and cotton fabric dyed with anti-UV synthesized dyes
(1-4) is higher than that for samples dyed with dye intermediates A and B, and the dyeing
application on cotton and wool fabrics was showing a high affinity to the fabric with
excellent fastness properties.
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