Dyeing of Nylon 66 Fabrics Using Disper se Dyes by

Microwave Irradiation Technology.

ABSTRACT

Dyeing of nylon66 (polyamide) fabrics with dispe3ess; blue 56 and red
60 was carried out using microwave irradiation teghe. Different
parameters mainly, dyeing time, dye concentratmswer of microwave,
and Liquor ratios were studied. The results obthiag a result of the two
dyeing technique were comparéde results revealed that, the microwave
technique save about 40 min. in the dyeing timgddition the microwave
technique used no carrier and dispersing agenticegdtime, energy and
cost effective as well. The overall fastness progeito rubbing, washing,
light and perspiration for the dyed samples werasuesd and their values
ranged from very good to excellefiihe Microwave Irradiation Technique
saved time, energy and money.
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1. Introduction

Microwave irradiation is one of powerful techniques of non-contact heating, because
the dielectric substances with large dielectric loss constant vigorously fever by vibration
and rotation of permanent dipoles in microwave field. Microwave has been used for
reacting, heating and drying cellulose materials [1]. The main difference between
conventional heating and microwave heating is the way in which heat is generated. In
conventional processing, energy is transferred to material through convection,
conduction and radiation of heat from the surface of the material. In contrast,
microwave energy is derived directly from materials through molecular interactions with

the electromagnetic waves. The uniqueness of the microwave is to process materials



with selective energy, higher rate, uniform heating and energy conservation [2-7]. The
utilization of green chemistry techniques is dramatically reducing chemical waste and
reaction times as has recently been proven in several organic syntheses and chemical
transformations [8]. Methods to lower the curing temperature have received the most
attention because the high temperature cure process not only wastes energy but also
creates the risk of destroying substrates that cannot endure high temperature
processes. Radiation curing technologies (UV and microwave) are used in much
industrial applications as well as in the textile area [9,10] because of low energy
consumption, short start-up period, fast and reliable curing, low environmental
pollution, fixation at room temperature, space saving, etc. Microwave irradiation is
a well-known method for heating and drying materials and is utilized in many private
households and industrial applications. It offers a number of advantages over
conventional heating, such as non-contact heating (circumventing the decomposition of
molecules close to the walls of the reaction vessel), instantaneous and rapid heating
(resulting in a uniform heating of the reaction liquor), and highly specific heating (with
the material selectivity emerging from the wavelength of microwave irradiation that
intrinsically excites dipolar oscillation and induces ionic conduction) [11].The main
objective of the present work was to dye the polyamide fabrics with disperse dyes using
microwave irradiation to save time, energy and money.

2. Materialsand M ethods
2.1. Materials

2.1.1. Nylon66 fabric

Nylon 66 fabric of about 150 g/ng supplied by El-Nasr Company for
spinning, weaving and knitting) was treated witBadution containing 2
g/L detergent , 2 g/L sodium carbonate at 80C fohdurs, then
thoroughly washed and air dried at room temperature



2.1.2. Dyestuffs

Disperse red (C.I. Red 60) and Disperse blue dy2t Blue 56),
supplied by Clarinet Co.
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2.1.3. Chemicals

Carrier, dispersing agent, acetic acid, were allladsoratory grade
chemicals.

2.2. Methods

2.2.1. Dyeing Procedure

Samples of polyamide fabrics were dyed using dspelye 0.5- 3%
owf,1g/L carrier,1g/L dispersing agent, with L: RZD. The temperature
was slowly raised to 100C and dyeing continuechirfor 45 min.pther
samples of polyamide fabrics were dyed using dspeatye 0.5- 3%
o.w.f., O g/Lcarrier, O g/L dispersing agent, with L: R1:5 to20, using
microwave (Milestone Start synthesis Microwave 8gsis Lab station,
USA) irradiation with power 200-600 Watt, for 1-5m hot rinsing and
air-dried. Finally the samples were dried and assdor color strength
and over all fastness properties.

2.3. Measurementsand Analysis

2.3.1. Color measurements



Color strength expressed as K/S was measured aggotd a
previously reported method [12].

2.3.2. Fastness Properties

Fastness properties to washing, rubbing and petspir were
measured according to a standard method [13].

3. Results and Discussion

3.1. Dyeing of nylon fabric using conventional heating technique.

Polyamide obtained from poly condensation of hexhelene diamine
with adipic acid, so the nylon contains amide gsyuparboxylic end
groups, amino end groups, amide end groups, aegrpatt of the polar
groups are amide groupBhere are few strongly hydrophilic groups, fiber
swelling is little and dye penetration is difficult

The effect of dye concentration on the color gitkerof dyed polyamide
fabrics at Liquor ratio 1:20, dyeing temperaturel®€°C, dyeing time 45
minute, carrier 1 g/L, dispersing agent 1g/L at gtb+ using disperse dye
blue 56. It was noticed that an increase in theayeentration increases
the color strengthincrease in the dye concentration from 0.5, In@ 2%
Increases the color strength to 3.5, 7.9, 12.371dn@ K/S respectively as
shown in Fig 1.

Table 1, shows the effect of dye concentration fen dolor strength
and the overall fastness properties of dyeing pmddyre fabric using
disperse dye blue 56 using conventional heatingpnigae Generally
speaking, the fastness properties to rubbing, reitle or dry, washing,



light fastness and color fastness properties th la@idic and alkaline
perspiration for the dyed samples ranged from gexd to excellent.

3.2. Dyeing polyamide fabric Using microwave irradiation technique.

3.2.1. Effect of dyeing time on the color strength

The effects of dyeing time on the color strengttingf dyed polyamide
fabrics upon using disperse blue %68ing microwave irradiation as
presented in Fig.2. There is an increase in the tuym to 3 min with a
corresponding increase in the color strength (K/&ich remains constant
up to 5 minutes for 0.5 percent shading while ghsliincrease was
observed for 3.0 percent shading. This suggestttieatime of dyeing
should not be more than 5 min.

Comparing between the conventional and microwawhnigue as
shown in Table 1 & 2, the color strength and thesrall fastness
properties of dyeing polyamide fabric using dispefdue 56 using
conventional technique at Liquor ratio 1:20, Tenapere 100C, dyeing
time 45 minute, Carrier 1 g/L, dispersing agent/ll ,goH = 4.5 and dye
concentration 0.5 & 3%) and the color strength #Hred overall fastness
properties of dyeing polyamide fabric using dispedye blue56 using
microwave irradiation technique i.e.( Microwave o200, Liquor ratio
1:20, Temperature 100, dyeing time 5 minute , Carrier 0 g/L, dispersing
agent 0 g/L, pH=4.5, and dye concentration 0.5 & 3% 3.5&14.6 and
5.6 &15.5 K/S respectively , the increase in thicetrength upon using
microwave irradiation may be due to tfaet that microwaves chemically
modify textile surfaces and provide significant advantages over



conventional systems with regard to reducing theetand energy that is
associated with conventional system [14].

Table 2 shows, the overall fastness propertieslibing, washing, light
and perspiration for the dyed samples and theuweslanging from very
good to excellent. From the data we found that gismicrowave
irradiation technique saves about 40 min., zeragieraand dispersing
agent used. This resulted in a reduction in timd anergy used for
complete dyeing process.

3.2.2. Effect of liquor ratio on the color strength

The effect of liquor ratio on the color strengthtbé dyed polyamide
fabrics upon using dispersed dye blue 56 usingawiave irradiatiorwas
shown in Fig 3. It was observed that there isramease in the liquor
ratio from 1:5 to 1:20, which led to a slightly dease in the color
strength (K/S). For example increasing the liquatiorfrom 1:5, 1:10, and
1:20 led to increase of color strengthld.2, 15.9, and 15.K/S up on
using 3% dye concentration. This suggests thagusirkR 1:5, will save
water.

The overall fastness properties to rubbing, washiight and
perspiration for the dyed samples and their vataaged from very good
to excellent as presented in Table 3.

3.2.3. Effect of power of microwave used on the color strength

The effect of power of microwave used on the calimength of the
dyed polyamide fabrics upon using disperse dye btias shown in Fig



4. An increase in the power from 200 to 600 wail, o slightly increase
in the color strength. Fig 4 shows that increadimg power from 200,
400, and 600, the color strength (K/S) increase%6i@, 16.2, and 16.4
respectively. This suggests that the power usedcase of dyeing
polyamide fabric should not exceed 200 watt. Theral fastness
properties to rubbing, washing, light and perspmratfor the dyed
samples and their values also ranged from very goodxcellent as
shown in Table 4

3.3. Dyeing of polyamide fabric by conventional heating technique
and optimum condition of microwave irradiation technique using
Dispersered 60

3.3.1. Dyeing of polyamide fabric using conventional heating technique.

The effect of dye concentration on the color sttengf dyed
polyamide fabrics at Liquor ratio 1:20, Temperatafedyeing 100C,
dyeing time 45 minute, carrier 1 g/L, dispersingaigl g/L at pH=4.5,
using disperse dye red 60. The results presentédbie 5 show that the
Increase in the dye concentration led to an ineré@ashe color strength.
An increase in the dye concentration from 0.5, Ané 3% increasdabe
color strength to 4.5, 8.5, 11.47 and 15.6 K/Se&etypely.

The effect of dye concentration on the color stterand the overall
fastness properties of dyeing polyamide fabric gigirsperse dye red60
using conventional heating techniquEhe result presented in table 5
shows that the fastness properties to rubbingeeitlet or dry, washing,
light fastness and color fastness properties td la@idic and alkaline
perspiration for the dyed samples ranged from ged to excellent.



3.3.2. Dyeing of polyamide fabric using microwave irradiation
technique.

The effects of dye concentration on the color sjtlernof the dyed
polyamide fabrics upon using disperse dye red &Duwsing Microwave
Irradiation as shown in Table 6. An increase indlge concentration led
to an increase in the color strength (K/S). Thiswhown by increasing
the dye concentratiomom 0.5, 1, 2 and 3%, the Color strength increased
to 4.9, 8.9, 11.9 and 16 K/S respectively. Theltesurable 6 shows that
the overall fastness properties to rubbing, wasHiggt and perspiration
for the dyed samples and their values ranged frem good to excellent.

Comparing the conventional technique with microwa@ehnique as
shown in Table 5&6, the color strength and the aNdéastness properties
of dyeing polyamide fabric using disperse dye r@duing conventional
technique at Liquor ratio 1:20, Temperature “@O0dyeing time 45
minute, Carrier 1 g/L, dispersing agefit g/L , pH=4.5 and dye
concentration 0.5 & 3% and the color strength drel dverall fastness
properties of dyeing polyamide fabric using dispedye red 60 using
microwave irradiation technique at Microwave po®&60 w, Liquor ratio
1:5, Temperature 16Q, dyeing time 5 minute, Carrier 0 g/L, dispersing
agent O g/L, pH=4.5, and dye concentration 0.5 & &% 3.5&14.6 and
4.9 &16 K/S respectively. The overall fastness préips to rubbing,
washing, light and perspiration for the dyed sampheir values ranged
from very good to excellent for both techniques ith the use of
microwave irradiation techniqueabout 40 min., zero carrier and
dispersing agent used were saved. This suggestsiegaand energy used
for complete dyeing process was saved.



4. Conclusion

The time of dyeing polyamide fabric using disperdgds not more than 5
min. using Microwave Irradiation Technique. The gowsed in case of
dyeing polyamide fabric using dispersed dyes noeed 200 watt. And
the liquor ratio used must be 1.5 which save waidére microwave
technique save about 40 min. in the dyeing time theddyeing process
without the use ofcarrier and dispersing agents. Save time, enangy a
money, this is true irrespective of the dye used.
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