Dyeing of Nylon66 Fabrics Using Disper se Dyes by

Microwave Irradiation Technology.

ABSTRACT

Dyeing of nylon66 (polyamide) fabrics with dispedges, blue 56 and red 60 was
done using microwaves irradiation technique. Ddfdrparameters such as dyeing time,
dye concentration, power of microwave used and digatio were studied. Compared the
results obtained upon using conventional technig@ microwave technique was done.
From the results obtained, the microwave techngpwe about 40 min. in the dyeing time,
also zero carrier and dispersing agent used, teasithat save in time, energy and money.
The overall fastness properties to rubbing, washiigint and perspiration for the dyed
samples their values ranging from very good to kewe
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1. Introduction

Microwave irradiation is one of powerful techniquefsnon-contactheating, because the dielectric
substances with large dielectric loss constantreigsly fever by vibration and rotation of permandimioles
in microwave field. Microwave has been used forctea, heating and drying cellulose materials [Ihe
main difference between conventionalheating andaniave heating is the way in which heat is genérdte
conventional processing, energy is transferred &aeral through convection, conduction and radratid
heat from the surface of the material. In contrastrowave energy is derived directly to materiaigugh
molecular interactions with the electromagnetic @avThe uniqueness of the microwave is to process
materials with selective energy, higher rate, uniftheating and energy conservation [2-7]. Theaailon of
green chemistry techniques is dramatically reducimgmical waste and reaction times as has recbaén
proven in several organic syntheses and chemiealsfiormations [8]. Methods to lower the curing
temperature have received the most attention becthes high temperature cure process not only wastes
energy but also creates the risk of destroying tsates that cannot endure high temperature progesse
Radiation curing technologies (UV and microwave ased in much industrial applications as wellrathe
textile area [9,10] because of low energy consumnptshort start-up period, fast and reliable cyrilogv
environmental pollution, fixation at room temperatuspace saving, etc. Microwave irradiation ised-w
known method for heating and drying materials amaitilized in many private households and indulstria
applications. It offers a number of advantages owenventional heatinguch as noncontact heating

(circumventing the decomposition of molecules clus¢he walls of the reaction vessel), instantaseand



rapid heating (resulting in a uniform heating oé tieaction liquor), and highly specific heating tftwthe
material selectivity emerging from thveavelength of microwave irradiation that intringigaexcites dipolal
oscillation and induces ionic conduction) [[The main objective of the present work wasdye the
polyamide fabrics with disperse dyes using microsvakadiation to save time, eigy and mone

2. Materialsand M ethods
2.1. Materials

2.1.1. Nylon66 fabric

Nylon 66 fabric of about 150g/m2 ( supplied EI-NasrCompany for spinning
weaving and knitting) was treated with a soluti@mtaining 2 g/l detergent , 2g/L sodit
carbonate at 8C for 1 hours, then thoroughly washed and air daiggom temperatul

2.1.2. Dyestuffs

Disperse red (C.l. Red 60) and Disperse blue dgek Blue56), supplied b
Clarinet Co.
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2.1.3. Chemicals

Carrier, dispersing agent, acetic acid, were of laboratagdg chemicals wel
used.

2.2. Methods

2.2.1. Dyeing Procedure

Samples of polyamide fabrics were dyed using dspeatye 0.- 3% owf,1g/l
carrier,1g/l dispersing agent, with L: R 1: 20. Tthenperature ws slowly raised to 1(°C
and dyeing continued farther for 45 min., anotlangles of polyamide fabrics were dy
using disperse dye 0.5- 3% o.w@g/l carrier, Og/l dispersing agent, with L: R1c61: 20,



using microwave (Milestone Start synthesis MicrowaS8ynthesis Lab station, USA)
irradiation with power 200-600 Watt, for 1-5 mirhpt rinsing andair-dried. Finally the
samples were dried and assessed for color strangtiover all fastness properties.

2.3. Measurementsand Analysis

2.3.1. Color measurements

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

2.3.2. Fastness Properties

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

3. Resultsand 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 groups, carboxyld groups, amino end groups, amide
end groups, a greater part of the polar groupsaangle groups , there are few strongly
hydrophilic groups , fiber swelling is little ang@ penetration in difficult.

Fig. 1 show the effect of dye concentration on ttwor strength of dyed
polyamide fabrics at Liquor ratio 1:20, Temperatofedyeing 106C, dyeing time 45
minute, carrier 1 g/l, dispersing agent 1g/l at B using disperse dye blue56. It is
noticed that the increase in the dye concentratios is lead to increase in the color
strength, for example the increase the dye coramtr from 0.5, 1, 2 and 3% the K/S
increase from 3.5, 7.9, 12.37 and 14.6 respectively

Tablel, show the effect of dye concentration ondbler strength and the overall
fastness properties of dyeing polyester fabricaisiisperse dye blue56 using conventional
heating techniquesenerally speaking, the fastness properties toingbleither wet or dry,



washing, light fastnessand color fastness propettidoth acidic and alkaline perspiration
for the dyed samples their values ranging from \ggryd to excellent.

3.2. Dyeing polyamide fabric Using microwave irradiation technique.

3.2.1. Effect of dyeing time on the color strength

Fig. 2 shows the effects of dyeing time on the cetoength of the dyed polyamide
fabrics upon using disperse blue56 using microwiaaliation. From Fig.2 we noticed
that increase the time up to 3 min. this is leathtwease the K/S, after that increase the
time of dyeing up to 5 min. this is lead to eitlveinstant or slightly increase in the K/S,
especially at lower concentration used, so we regended that the time of dyeing not
more than 5 min.

Comparing between the conventional and microwaeknigue as shown in Table
1 & 2, for example, the color strength and the allefastness properties of dyeing
polyamide fabric using disperse blue56 using cotigeal technique i.e. ( Liquor ratio
1:20, Temperature 100, dyeing time 45 minute, Carrier 1 g/l, dispersagent 1g/l ,
PH=4.5 and dye concentration 0.5 & 3%) and thercsleength and the overall fastness
properties of dyeing polyamide fabric using disperdye blue56 using microwave
irradiation technique i.e.( Microwave power 200quor ratio 1:20, Temperature a0
dyeing time 5 minute , Carrier 0 g/l, dispersingmigOg/l, PH=4.5, and dye concentration
0.5 & 3%) are 3.5&14.6 and 5.6&15.5 respectivelhre increase in the K/S upon using
microwave irradiation may be due to the use of aw@ves made chemically modifying
textile surfaces could provide significant advaetagver conventional systems with regard
to reducing the time and energy needs associathdcamventionalsystem [14].

Table 2 shows, the overall fastness propertiesutibing, washing, light and
perspiration for the dyed samples and their vahaeging from very good to excellent.
From the data we found that uponusing microwavadiation technique save about 40
min., zero carrier and dispersing agent used aizdighalso means that save in time and
energy used for complete dyeing process.

3.2.2. Effect of liquor ratio on the color strength



Fig. 3 shows the effect of liquor ratio on the e¢atrength of the dyed polyamide
fabrics upon using dispersed dye blue56 using miave irradiation. From Figure3 we
noticed that increase the liquor ratio from 1:3.120, this is lead to slightly decrease in the
K/S. For example increase the liquor ratio from, 1:13.0, and 1:20 the K/S is 16.2, 15.9,
and 15.5 up on using 3% dye concentration. So s@menended to using L: R 1:5, to save
water.

Table 3 shows that the overall fastness propettiesibbing, washing, light and
perspiration for the dyed samples and their vatarging from very good to excellent

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

Fig. 4 shows the effect of power of microwave usedthe color strength of the
dyed polyamide fabrics upon using disperse dye 3@ud-rom Fig.4 we noticed that
increases the power from 200 to 600 watt, thig#llto slightly increase in the K/S. For
example increasing the power from 200, 400, and &@Ocolor strength (K/S) increasing
from 16.2, 16.2, and 16.4 respectively. So we ranended that the power used in case of
dyeing polyamide fabric not exceed 200 watt. Tabstdw that the overall fastness
properties to rubbing, washing, light and persprafor the dyed samples and their values
ranging from very good to excellent

3.3. Dyeing of polyamide fabric using convention and optimum condition of
microwave irradiation using Disper se red60

3.3.1. Dyeing of polyamide fabric using conventional heating technique.

Fig. 5 shows the effect of dye concentration on ¢tdor strength of dyed
polyamide fabrics at Liquor ratio 1:20, Temperatafedyeing 106C, dyeing time 45
minute, carrier 1 g/l, dispersing agent 1g/l at BHs using disperse dye red60. It is
noticed that the increase in the dye concentratios is lead to increase in the color
strength, for example the increase the dye coramtr from 0.5, 1, 2 and 3% the K/S
increase from 4.5, 8.5, 11.47 and 15.6 respectively

Table5 shows the effect of dye concentration oncthler strength and the overall
fastness properties of dyeing polyamide fabric gisiisperse dye red60 using conventional



heating techniquesenerally speaking, the fastness properties toingbleither wet or dry,
washing, light fastness and color fastness prasetti both acidic and alkaline perspiration
for the dyed samples their values ranging from \ggryd to excellent.

3.3.2. Dyeing of polyamide fabric using microwave irradiation technique.

Table6shows the effects of dye concentration oncthler strength of the dyed
polyamide fabrics upon using disperse dye red60uwsitg microwave irradiation. From
Table6, we noticed that increases the dye cons.ithlead to increases in the K/S, for
example increase the dye conc. , from 0.5, 1, 2386dhe K/S increase from 4.9, 8.9, 11.9
and 16 respectively. From Table6 we show that therall fastness properties to rubbing,
washing, light and perspiration for the dyed sas@ead their values ranging from very
good to excellent.

Comparing between the conventional and microwaeknigue as shown in Table

5&6, for example, the color strength and the ovefabtness properties of dyeing
polyamide fabric using disperse dye red60 using/entional technique i.e. ( Liquor ratio
1:20, Temperature 100, dyeing time 45 minute, Carrier 1 g/l, dispersagent 1g/l ,
PH=4.5 and dye concentration 0.5 & 3%) and thercsleength and the overall fastness
properties of dyeing polyamide fabric using disperdye red60 using microwave
irradiation technique i.e. (Microwave power 200guor ratio 1:5, Temperature 140N
dyeing time 5 minute, Carrier 0 g/l, dispersing rageg/l, PH=4.5, and dye concentration
0.5 & 3%) are 3.5&14.6 and 4.9 &16 respectively.eTowverall fastness properties to
rubbing, washing, light and perspiration for theedysamples their values ranging from
very good to excellent. From the data we found th@dn using microwave irradiation
technique save about 40 min., zero carrier ancedsspy agent used, this is also means that
save in time and energy used for complete dyeinggss.

4. Conclusion

The time of dyeing polyamide fabric using dispersiggs not more than 5 min.
using microwave irradiation technique. The powerdum case of dyeing polyamide fabric
using dispersed dyes not exceed 200 watt. The licaimr used in case of dyeing polyamide
fabric using dispersed dyes and microwave technmeéhod must be 1:5 which give
higher values in K/S and save water.The microwaehrique save about 40 min. in the



dyeing time and the dyeing process without camies dispersing agent used, this means
that save in time, energy and money. This is tmgspective the dye used
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Fig. 1 The effect of dye concentration on the color strength of dyed
polyamide* fabric with disperse dye blue 56 using conventional method

* Liquor ratio 1:20, Temereture 100C, dyeing time 60 minuteGariier 1 g/l
dispersing agent 1g/l PH=4.5.
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Fig. 2 Effect of dyeing time on the color strength of dyed polyamide* fabrics
using disper se blues6 using microwave irradiation technique.



* Microwave power 200, Iquor ratio 1:20, Temperature 1) Cariier 0 g/l
dispersing agent Og/l, PH=4.5
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Fig. 3 Effect of liquor ratio on the color strength of dyeing* polyamide
fabric using disperses dye blue56 using microwave irradiation technique.
* Microwave powe00, dyeing time 5minute, Carrier O g/lsdersing agent 0
g/l PH=4.5
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Fig. 4 Effect of microwave power on the color strength of dyed polyamide*
fabrics using disperse dye blues6 using microwave irradiation technique.

* Liguor ratio 1:5, Temerature 100C, dyeing time 5minute, CaeniO g/l
dispersing agent 0 g/l PH=4.5
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Fig.5 The effect of dye concentration on the color stgength, Nof dyed
polyamide* fabric with disperse red60 using conventional m d&\
inutéXarier 1 gll,

* Liguor ratio 1:20, Temgreture 100C, dyeing time
dispersing agent 1g/| PH=4.5 \
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