Dyeing of Nylon 66 Fabrics Using Disper se Dyes by

Microwave Irradiation Technology.

ABSTRACT

Dyeing of nylon 66 (polyamide) fabrics with disperse dyes, blue 56
and red 60 was done using microwaves irradiationrigue. Different
parameters such as dyeing time, dye concenta@wer of
microwave used and Liquor ratio were studiétie results ‘obtained

were compared to that obtained wheanventi am&was

used From the results obtained, the micr ' savd

about 40 min. in the dyeing time, zero'c ersing agent

used. The overall fastness properti hmg, light and
perspiration for the dyed samples’ v angedhfvery good to
excellent. The Microwave | [ Technique saved time,rgype

I
and money.
Keywords: Dyeing, N() rics, Disperse dyes, Microwave

irradiation.

1. Introductio

Microwave irradia [ e of powerful techniquesion-contact heatindecause
the di ric. substances with large dielectricsla®nstant vigorously fever by
vibration and rotation of permanent dipoles in mieave field. Microwave has been
us@egwr reacting, heating and drying celluloseemals [1]. The main difference
betweenconventional heatin@and microwave heating is the way in which heat is
generated. In conventional processing, energy assterred to material through
convection, conduction and radiation of heat frdre surface of the material. In
contrast, microwave energy is derived diredtiym materials through molecular
interactions with the electromagnetic waves. Thigjueness of the microwave is to
process materials with selective energy, highee, raniform heating and energy

conservation [2-7]. The utilization of green chetmyistechniques is dramatically



reducing chemical waste and reaction times as @éasntly been proven in several
organic syntheses and chemical transformations N#jthods to lower the curing
temperature have received the most attention becthes high temperature cure
process not only wastes energy but also createssthef destroying substrates that
cannot endure high temperature processes. Radiationg technologies (UV and
microwave) are used in much industrial applicatiasswell as in the textile area
[9,10] because of low energy consumption, short-sfaperiod, fast and reliable

@
curing, low environmental pollution, fixation ataim temperature,.i{ikisaving, etc.

Microwave irradiation is a well-known method fordtieg and

utilized in many private households and industiaplications.:It

advantages over conventional heatsgch asion-contacheati ircumventing the
decomposition of molecules close to the walls ‘@ thac essel), instantaneous
and rapid heating (resulting in a uniform eaction liquor), and highly
specific heating (with the material tivity emi vfrom the wavelength of

microwave irradiation that intrinsi dlar oscillation and induces ionic

y
the presenrk was to dye the polyamide

conduction) [11].The main objective

fabrics with disperse dye<u i
money.

2. Materialsw%%

2.1. Materi

icrowave irradiatto save time, energy and

211 abric

Ny 6 fabric of about 150/n7 ( supplied by El-Nasr Company
for spinning, weaving and knitting) was treated hwia solution
containing 2 d/ detergent 2 g/L sodium carbonate at 80 for 1
hours, then thoroughly washed and air dried at rtemperature.

2.1.2. Dyestuffs



Disperse red (C.I. Red 60) and Disperse blue dgek Blue 56),
supplied by Clarinet C

. CiH OoOH O NHo>
NS
/
0
Disperse red 60 Disperse blue 56
\
2.1.3. Chemicals A

\
« \N\.\
Carrier,dispersing agent, acetic acid, w all of labo r&grad‘

chemicals. \\
1\

2.2. Methods

2.2.1. Dyeing Procedure %"

Samples of polyamide fabr ere dyecng disperse dye C- 3%
owf,19/L carrier,]g/Ls ing vagent, with L: R 1: 20. T
wl [

temperature was ised to °C and dyeing continuefurther

for 45 min., ojpe les® of polyamide fabrics were dyed u
disperse d

L: R1:5.t

f., O g/L carrier,0 g/L dispersing agent, wit
¥using microwave (Milestone Start synth

Micr esis Lab station, USA) irradiatioithmpowel 200-
6®W r 1-5min., hot rinsingand air-driedFinally the sample
were dried and assessed for color strength and allefastnes:
properties.

2.3. Measurements and 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. Resultsand Discussion
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exheiene

Polyamide obtained from poly condensatio
diamine with adipic acid, so the nylon INS d@danigroups,
carboxylic end groups, amino end s, amideggadps, a greater
part of the polar groups are % u ‘ére are few strongly
Ili

/

@

4

3.1. Dyeing of nylon fabric using conventional heati

77

hydrophilic groups, fiber e ittle and @lypenetrationis
difficult.

The effect of dye concentration on the color strengthdyed
polyamide fabri %o ratio 1:2@8yeing temperaturef 100°C,
dyeing tim inute, carriérg/L, dispersing agentg/L at pH=4.5,
using di e 56 It was noticed thatan increase in the dye
con& icreasethe color strength Increase in the dye
c@ﬁ n from 0.5, 1, 2 and 3f&areases the color strendth3.5,

7.9, and 14.1&/S respectively as shown in Fig 1

Table 1, showsthe effect of dye concentration on the color giten
and the overall fastness properties of dyeing @dérefabric using
disperse dyénlue 56using conventional heating technig@enerally
speaking, the fastness properties to rubbing, revtle¢ or dry, washing,



light fastness andolor fastness properties to both acidic and adlkal
perspiration for the dyed samplesiged fronvery good to excellent.

3.2. Dyeing polyamide fabric Using microwave irradiation
technique.

3.2.1. Effect of dyeing time on the color strength
N

: : \
The effects of dyeing time on the color stre&M tdyed
polyamide fabrics upon using disperséie 5 sMwave
&
irradiationas presented in Fig.Zhere is an m& ' > i

3 minwith a corresponding increase m}e gﬂS) which
remains constant up to 5 minutes fo Ig while a slight
increase was observed for 3.0 perc g. Slggest that the

time of dyeingshouldnotbem

Comparing between n jonal and microwachnigue as
shown in Table 1 & e r strength and therall fastness
properties of d pol ide fabric using dispensie 56 using
conventional tec Liquor ratio 1:20, Temperature 1M

dyeing time 4 , Carriérg/L, dispersing agent g/L , pH = 4.5
and d C tion 0.5 & 3%) and the color gfiteiand the overall
fa\tn roperties of dyeing polyamide fabric gisthsperse dye
queBQ using microwave irradiation technique iMi¢rowave power
200, Liquor ratio 1:20, Temperature 200 dyeing time 5 minute ,
CarrierO g/L, dispersing ageni g/L, pH=4.5, and dye concentration
0.5 & 3%) are 3.5&14.6 and 5.6 &155S respectively , the increase
in the color strengthupon using microwave irradiation may be due to

the fact that microwaves chemically moditextile surfacesand
provide significant advantages over conventiongteys with regard



to reducing the time and energyat isassociated witltonventional
system[14].

Table 2 shows, the overall fastness propertiesitdding, washing,
light and perspiration for the dyed samples andr tha&lues ranging
from very good to excellent. From the data we fouhdt using
microwave irradiation technigueavesabout 40 min., zero carrier and
dispersing agent usedhis resulted in a reductidn time Eqd energy
used for complete dyeing process. o 0\

NN\S
—
3.2.2. Effect of liguor ratio on the color stren th\\

The effect of liquor ratio on the col W tiyed polyamide
fabrics upon using dispersed dlylene% icrowave irradiation
was shown irFig 3. It was o that*there Is mcreasen the

liquor ratio from 1:5 to
color strength (K/S)F
1:10, and 1:20=d to inc e

ieh 0 a slightlydecrease in the
asingthe liquor ratio from 1:5,
color strength 16.2, 15.9, and 15.5

K/S up on usi e concentratiomis suggests that using L: R
1:5, will saé

Th& stness properties to rubbing, washinghtl and
pers

% for the dyed samples and their valaesedfrom very

good cellerdis 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 coloersgth of the
dyed polyamide fabrics upon using disperse ldye: 56as shown in
Fig 4. An increase irthe power from 200 to 600 wattd to slightly
increase in theolor strengthFig 4 showsthat increasing the power



from 200, 400, and 600, the color strength (Ki®)reasedo 16.2,
16.2, and 16.4 respectivelyhis suggests thdahe power used in case
of dyeing polyamide fabrichould not exceed 200 watf.he overall
fastness properties to rubbing, washing, light paspiration for the
dyed samples and their valugsorangedfrom very good to excellent
as shown in Table 4

3.3. Dyeing of polyamide fabric by conventional heatmg\
technique and optimum condition of mlcrowavelrga
technique using Disperse red 60

3.3.1. Dyeing of polyamide fabric using conv ti \
technique.

The effect of dye concentration Ior strengthdyed
polyamide fabrics at Liquor ra peratafelyeing 106C,

dyeing time 45 minute, carri , di sing agent g/L atpH=4.5,
using disperse dye=d % presented in Table 5 shibnat

ratied to an increase in the color
strength.An i the dye concentration from 0.5, 1, 2 and 3%
increases the% gth tod4.5, 8.5, 11.47 and 15.6 K/S

respective
e concentration on the color streraytd the overall

fas perties of dyeing polyamide fabric gistisperse dye

the increase in the d

red60 ng conventional heating techniquiee result presented in
table 5 shows that the fastnqueperties to rubbing, either wet or dry,
washing, light fastness and color fastness pragseta both acidic and
alkaline perspiration for the dyed samplesgedfrom very good to

excellent.

3.3.2. Dyeing of polyamide fabric using microwave irradiation
technique.



The effects of dye concentration on the color strengjtithe dyed
polyamide fabrics upon using disperse dyed 60 and using
Microwave Irradiation as shown in Table 6. An irage in the dye
concentration led to an increase in the color gtiertK/S). This was
shown by increasing the dye concentrafiom 0.5, 1, 2 and 3%he
Color strength increased #9, 8.9, 11.9 and 16 K/S respectivelye
result in Table shows that the overall fastness proper{ies toinglhb
washing, light and perspiration for the dyed sampﬂaﬂwr values

rangedfrom very good to excellent. ‘\\‘\

.

\
Comparing theconventional techniqu;wm owave technique

as shown in Table 5&6, the color therall fastness

properties of dyeing polyamide fabri ellgered 60using

conventional techniqueat Liqu tio , Temperaturé 00°C,
dyeing time 45 minute, C ,.dispersing agernit g/L , pH=4.5
and dye concentration 9 the color stteagd the overall
fastness properties of n yamide fabric giglisperse dyeed

60 using micro Q radiation technique at Microwagaver 200 w,

perature0(’C, dyeing time 5 minute, Carrier 0
/L, pH=4.5, and dye concentration 0.5 & 3%
4.9 &16&/S respectively. The overall fastness

Liquor ratio 1:

g/L, dispersing
are 3.
pr%)e ies.to rubbing, washing, light and persmratfor the dyed
samples their valuesangedfrom very good to excellentor both

techniguesut with the use omicrowave irradiation techniquabout

40 min., zero carrier and dispersing agent usede saved This

suggests that time and energy used for completmgly®wocess were
saved

4. Conclusion



The time of dyeing polyamide fabric using dispersig®s not more
than 5 minwith Microwave Irradiation Techniqudhe power used in
case of dyeing polyamide fabric using dispersedsdya exceed 200
watt.The liquor ratio used in case of dyeing polidenfabric using
dispersed dyes and microwave technique method bwmudt:5 which
give higher values in K/S and save water. The mwene technique
save about 40 min. in the dyeing time and the dyeiocessvithout
the use ofcarrier and dispersinggentssave time, energy. and money.

This is true irrespectivef the dye used “\
e \a\

\
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