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a b s t r a c t

Polyamide-6/cotton fabric blend was modified by chemical treatments using citric acid (30 g/L) as
acrosslinker, an acrylate binder (10 g/L), Na-hypophosphite (6 g/L) as a catalyst in the presence of basic
dye or pigment colorant (15 g/L) employing a pad-dry-cure technique (wet-pickup 80%, 80 ◦C/5 min and
180 ◦C/2 min respectively). Combined modifying and dyeing of the treated fabric samples resulted in a sig-
vailable online 21 September 2010

eywords:
olyamide/cotton blend
odification

nificant improvement in the extent of coloration along with a remarkable improvement in the imparted
functional properties namely UV-B protection and antibacterial function. The change in K/S value as
well as in the fastness properties ratings of the obtained dyeings along with variation in their functional
properties depend on the ester-crosslinker/catalyst concentration, type and concentration of the coloring
agent as well as thermo-fixation temperature. Mode of interaction was reported, and surface modification

M an

asic dyeing
igment dyeing
unctional finishing

was also confirmed by SE

. Introduction

Textile materials provide an excellent media for growing micro-
rganisms, because of their large surface, ability to retain moisture
long with other basic requirements such as nutrients, oxygen and
ppropriate temperature (Hou, Zhou, & Wang, 2009; Kim & Sun,
001; Purwar & Joshi, 2004). On the other hand, over exposure to
he harmful UV-B radiation, in the wave length region 280–315 nm,
an result in the greatest skin damage (Ibrahim, Refai, Youssef, &
hmed, 2005; Veatch & Gatewood, 2002). Accordingly, enhanc-

ng functional properties of textile materials such as antimicrobial,
nti-UV, anti-radiation and antitoxic chemicals has attracted much
ttention in recent years to cope with the growing awareness of
ealth and hygiene concerns (Bajaj, 2002; Hebeish & Ibrahim, 2007;
olme, 2007; Ibrahim et al., 2005; Ibrahim, Refaie, & Ahmed, 2010;
eatch & Gatewood, 2002).

Currently, blends of man-made with natural fibers, e.g.
olyamide-6/cotton, have been produced by using warp and weft
f separate fibers during weaving to get union fabrics with com-
ined desirable performance properties contributed by both blend

omponents. Solid shades are difficult to achieve on union fabrics
Choudhury, 2006).

In this study, a new approach has been made to study the feasi-
ility of carrying out basic or pigment dyeing and ester-crosslinking

∗ Corresponding author.
E-mail addresses: nabibrahim49@yahoo.co.uk, nabibrahim@hotmail.com

N.A. Ibrahim).

144-8617/$ – see front matter © 2010 Elsevier Ltd. All rights reserved.
oi:10.1016/j.carbpol.2010.08.053
alysis.
© 2010 Elsevier Ltd. All rights reserved.

of polyamide-6/cotton blend in one step and to evaluate the impact
of the combined treatments on the functional and dyeing properties
of the treated fabric samples.

2. Experimental

2.1. Materials

Mill-scoured and bleached plain woven polyamide-6
(weft)/cotton (warp) blended fabric (50/50, 75 g/m2) was used.

Cationic dyes used: Astrazon® Red GLTN 200% micro (C.I.Basic
Red 18:1) and Astrozon® Blue F2RL 200% (C.I.Basic Blue 147) were
kindly supplied by DyStar.

Pigment-prepartions used: Imperson® Orange K-G and
Imperon® Blue K-RR were kindly supplied by DyStar. Pintofix®

83 (anionic self crosslinking acrylate based copolymer dispersion,
Clariant) was used as a binding agent. All other used chemicals
namely citric acid, Na-hypophosphite, Na-carbonate, and acetic
acid were of laboratory reagent grade.

Hosptapal® CV-ET (nonionic wetting agent based on alkyl aryl
polyglycol ether, Clariant) was of commercial grade.

2.2. Methods
2.2.1. Ester-crosslinking/dyeing in one step
The blended fabric samples were padded twice to a wet-pick

up of 80% with an aqueous formulations containing citric acid
(0–40 g/L), as a crosslinker, Na-hypophosphite (0–8 g/L), as a

dx.doi.org/10.1016/j.carbpol.2010.08.053
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:nabibrahim49@yahoo.co.uk
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atalyst, Imperon® N82 binder (10 g/L), non-ionic wetting agent
2 g/L), along with the basic dye or the pigment colorant (5–20 g/L),
ollowed by drying at 80 ◦C/5 min, curing at 180 ◦C/2 min in a
irculating air oven. The cured fabric samples were then washed
t 50 ◦C for 15 min in presence of 2 g/L wetting agent and 2 g/L
a-carbonate, to remove excess and unfixed reactants, then
nally thoroughly rinsed; dried at 80 ◦C/3 min, and conditioned for
valuation. Typical formulations used in this study are given in the
ext.

.2.2. Measurements
The color strength, K/S, of the obtained dyeings was measured

t the wave length of maximum absorbance with an automatic
lter spectrophotometer and calculated with the Kubelka–Munk
quation (Garland, 1993):

K

S
= (1 − R)2

2R

here K is the absorption coefficient, S is the scattering coefficient,
is the reflectance of the dyed samples.

Ultraviolet-protection factor (UPF) values were calculated
ccording to the Australian/New Zealand Standards (AS/NZS 4366-
996). According to this standard, fabric can be rated as providing
ood protection, very good protection and excellent protection if
heir UPF values range from 15 to 24, 25–39 and above 40, respec-
ively.

Antibacterial activity against G+ve bacteria (St. aureus), and
−ve bacteria (E. coli) was tested using agar diffusion test according

o AATCC test method 147-1988.
Fastness properties to washing, rubbing and perspiration were

ssessed according to AATCC tests methods: (61-1972), (8-1972)
nd (15-1973) respectively.

The obtained results of the above-mentioned testing methods
re the average of triplicate test.

. Results and discussion

To study the technical feasibility of combined dyeing and
unctional finishing of polyamide-6/cotton fabric blend as well
s to attain proper dyeing and functional properties, citric acid
CA)/NaH2PO2 concentration, fixation temperature as well as type
nd concentration of the used basic dye and pigment colorant have
een investigated. Results obtained along with their appropriate
iscussion follow.

.1. CA/NaH2PO2 concentration

For a given set of dyeing and crosslinking conditions and within
he range examined, Fig. 1a and b demonstrates that: (i) increas-
ng the CA/NaH2PO2 concentration from zero up to 30/6 g/L is
ccompanied by a remarkable increase in the K/S values of the
btained basic dyeings along with a significant improve in the
PF values of the dyed/finished fabric samples, regardless of the
sed basic dye (Ibrahim, Abo-Shosha, Elnagdy, & Gaffar, 2002;
artel, Weltrowski, Ruffin, & Morecellet, 2002), (ii) the enhance-
ent in the K/S values (Fig. 1a) could be discussed in terms of

igher extent of dye adsorption, diffusion and penetration as well
s fixation onto and/or within the fabric structure via the remain-
ng free carboxylic acid groups that are available to react with the
asic dye molecules (Ibrahim et al., 2002; Ibrahim, Eid, Hashem,

efai, & El-Hossamy, 2010), (iii) remarkable improvement in the
V-protection properties can be discussed in terms of the higher
bility of the used basic dyes to absorb the harmful UV-� radi-
tion, as well as the lower amount of transmitted UV radiation
hrough the darker dyeing (Holme, 2003), (iv) further increase
lymers 83 (2011) 1068–1074 1069

in CA/NaH2PO2 concentration, i.e. beyond (30/6 g/L), has practi-
cally a slight or no further improvement, (v) the enhancement
in both K/S (Fig. 1a) and UPF (Fig. 1b) values in the absence
of CA/NaH2PO2 reflects the positive impact of the used acrylate
binder due to its ability to form crosslinked polymer network
under curing conditions in which the positively charged dye
molecules becomes embedded/trapped and/or fixed onto the neg-
atively charged active sites (El-Ghoul et al., 2007), i.e. COOH
groups of the treated substrate thereby enhancing both the K/S
value as well as the UV-absorption capacity of the dyed fabric
samples, and (vi) the variation in the aforementioned properties
upon using different basic dyes reflects the differences between
them in molecular size, chemical structure, hue, basicity, extent
of fixation as well as in maintaining their ability to absorb UV-B
radiation.

On the other hand Fig. 2a and b shows that incorporation of both
the CA and NaH2PO2 in the dyeing/finishing formulation allowed
better pigment-coloration along with higher UV-protection than
the used binder alone. These results can be explained by the sur-
face modification of the treated substrate via formation of poly
CA-binder that physically and/or chemically adhered to the surface
of the blended fabric upon treatment which improved the extent of
pigment particles entrapment and fixation (El-Ghoul et al., 2007;
Holme, 2003; Ibrahim, El-Gamal, Hassan, & Abo-El-Maged, 2007),
i.e. higher K/S values (Fig. 2a) which in turn upgrades the abil-
ity to absorb the harmful UV-B radiation, i.e. higher UPF values
(Fig. 2b). However, no significant difference was observed by fur-
ther increase in CA/NaH2PO2 concentration, i.e. beyond 30/6 g/L. In
the case of control, i.e. in the absence of the CA/NaH2PO2, the pres-
ence of the acrylate binder caused an improvement in both the K/S
and UPF values as discussed before. Besides, Fig. 2a and b displays
that the extent of improvement in the K/S as well as in the UPF
values is governed by the nature of the pigment, i.e. particle size,
degree of dispersion, chemical structure, extent of agglomeration,
hue and extent of becoming embedded trapped and/or fixed onto
the modified fabric surface (Ibrahim et al., 2007).

3.2. Tentative mechanism

The significant increase in K/S values as well as the remark-
able improvement in the imparted UV-protection properties of the
simultaneously dyed/finished fabric samples, suggest that, pres-
ence of the used substrate (S-XH) along with citric acid (CA), as a
crosslinking agent, NaH2PO2 (SHP), as a catalyst, Imperon® binder
(IB), and the basic dye or pigment colorant at proper curing con-
ditions would be expected to promote the following reactions
and/or interactions (Scheme 1) (El-Ghoul et al., 2007; Ibrahim et al.,
2002, 2007; Abo-Shosha, Ibrahim, Elnagdy, & Gaffour, 2002):where
∼XH = –OH groups (of cotton cellulose), ∼CONH and/or terminal-
NH2 and –COOH groups at the end of each chain (Bozic, Kokol, &
Guebtiz, 2009) (of polyamide-6 component).

3.3. Fixation temperature

The variation in the K/S value as well as the subsequent improve-
ment in the UPF values as a function of thermofixation temperature
are shown in Figs. 4(a, b) and 5(a, b). For a given dyeing/finishing
formulations, Figs. 4 and 5 display that: (i) raising the thermofixa-
tion temperature from 120 ◦C up to 180 ◦C results in a remarkable
improvement in the extent of basic dyeing (Fig. 4a) as well as in the
extent of pigment fixation, expressed as K/S values (Fig. 5a), (ii) The

degree of fixation of the used basic dyes is governed by the extent
of dye cations adsorption at the fabric surface, subsequent diffusion
into the fabric structure as well as the extent of interaction with
the accessible anionic dye sites, –COOH groups, onto and/or within
the fabric structure (El-Ghoul, 2007; Ibrahim et al., 2002), (iii) the
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i- Formation of cyclic anhydride intermediate  

OH COOH
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COOH

+       SHP
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       (1)OH CO
O
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COOH
CA

ii- Esterification of the substrate active groups  

OH CO
O

CO

COOH

+     S-XH OH COOH

COO.XS

COOH

       (2)

  (I) 

iii- Ester-crosslinking of the esterified substrate

H+

OH CO

COO.XS

CO
O

OH COOH

COO.XS

(I) +   SHP 
-H2O

(II)

+  S - XH

(III)                                      (3)

ester crosslinked substrate

COOXS

iv- Fixation of the binder film onto the substrate.

(II)  + Acrylate binder + SHP   IV  

                                          Modified substrate covered with poly CA-binder film (4)  

and/or  

S-XH  + Acrylate binder                       (V) 

                                    Blended substrate coated with polyacrylate                (5)  

v- Poly-esterification of the acrylate binder 

nCA +  Acrylate binder +  SHP  VI                                                   (6) 

                                               Crosslinked polymer deposits (poly CA-binder).  

physically and/or chemically adhered to the fabric surface (Fig.3,as seen by SEM). 

vi- Fixation of basic dyes.  

Modified substrates (I-VI) bearing ~ COO− groups +   D-N+  Basic dyeings       (7) 

                          basic dye   
vii- Pigment fixation.  

VI + Pigment       Pigment dyeings        (8) 

and/or 

ngs  

H+

ntativ

e
d
p
w
f

IV and V + Pigment    pigment dyeiH+

Scheme 1. Te

xtent of improvement in the K/S value of the obtained pigment

yeings is governed by formation and fixation of a crosslinked
olymer network, i.e. poly (CA-binder) under curing conditions in
hich pigment particles become embedded and trapped onto the

abric surface (Ibrahim et al., 2007), and (iv) the enhancement in
      (9) 

e mechanism.

the UV-protection functionality of the obtained basic and pigment

dyeings reflects the positive impacts of the developed method
on modifying the fabric structure through ester-crosslinking and
surface coating, i.e. reduction in the amount of transmitted UV-B
radiation, as well as on enhancing the extent of basic dyes and
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Fig. 3. SEM micrographs of (a) untreated blend and (b) fi

igment colarants fixation, i.e. higher ability to absorb the harmful

V-B radiation (Figs. 4b and 5b) (Ibrahim, Mahrous, El-Gamal,
onda, & Husseiny, 2010a; Veatch & Gatewood, 2002).

It is understandable that, the improvement in the above-
entioned properties, by raising the thermofixation temperature,

s a direct consequence of (El-Ghoul, 2007; Ibrahim et al., 2002;
blend with CA + acrylate binder using NaH2Po2 catalyst.

Martel et al., 2002): (i) increasing the catalyst function as well as

the rate of anhydride formation, (ii) enhancing the extent of fabric
modification via esterification, (iii) creation of new active sites onto
and/or within the modified substrate, i.e. –COOH active sites, (iv)
helping the extent of basic dye fixation, (v) improving the efficiency
of binder-film formation as well as pigment particles fixation, and
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s a consequence, (vi) upgrading the UV-protection capacity of the
reated fabric samples.

.4. Dye concentration

As shown in Figs. 6 and 7, the higher the concentration the
arker the color yield of the obtained basic (Fig. 6a) and pigment

Fig. 7a) dyeings, and the better the UV-B protection functional-
ty of these dyeings (Figs. 6b and 7b). This improvement in K/S
alue, regardless of the used basic dye or pigment colorant, can
e explained with availability and accessibility of basic dye cations

n the vicinity of the anionic active sites of the treated substrate,
d fabric samples (citric acid (30 g/L); NaH2PO2 (6 g/L); Imperon® N82 (10 g/L); dye
/2 min).

–COOH groups, as well as the availability and accessibility of the
pigment molecules in the vicinity of the crosslinked binder net-
work under curing conditions, i.e. higher K/S and better UPF values
compared to undyed/finished fabric samples.

3.5. Functional and dyeing properties
UV-protection and antibacterial function as well as the dyeing
properties of the simultaneously dyed/finished fabric samples are
given in Table 1. For a given treatment conditions, the obtained
data demonstrate that: (i) incorporation of the used basic dyes
or the pigment colorants in the finishing formulation is accompa-
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Table 1
Functional and dying properties of the obtained functional dyeings.

Dye (15 g/L) K/S UPF ZI (mm) WF RF PF

G+ve G−ve St. Alt. Dry Wet Acidic Alkaline

St. Alt. St. Alt.

Astrazone® Blue F2RL 17.90 164 10.2 9.4 3 3 3–4 3 3 3 2–3 3
Astrazone® Red GTLN 15.07 132 8.9 7.8 3 3 4 3–4 3 3 2–3 3
Imperon® Blue K-RR 3.95 110 10 9.6 5 5 5 4–5 5 5 5 5
Imperon® Orange KG 4.83 128 9.4 8.6 5 5 5 4–5 5 5 5 5
Nonea – 36 3.6 2.9 – – – – – – – –
Untreated – 22 0 0 – – – – – – – –
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itric acid (30 g/L); NaH2PO2 (6 g/L); Imperon® N82 (10 g/L); acetic acid (2 mL/L); dy
trength; UPF: UV-protection sector; ZI: zone of inhibition; G+ve: St. aurous; G−ve: E

a None: in absence of dye.

ied by a significant improvement in the color yield, K/S, of the
btained dyeings along with a subsequent enhancement in their
unctional properties namely UV-B protection, expressed as UPF
alue, as well as antibacterial properties against G+ve and G−ve
acteria, expressed as zone of inhibition, regardless of the used dye
r pigment colorant, (ii) the K/S values as well as the fastness ratings
re determined by the dye or pigment nature, molecular size, state
f aggregation, functionality, mode of interaction and fixation as
ell as type of the formed bonds, (iii) fastness to washing, rubbing

nd perspiration of the obtained pigment dyeings are in the range
–5 to 5, and better than the obtained basic dyeings (2–3 to 4),
iv) the extent of improvement in the UPF values of the obtained
yeings is determined by the extent of modification of the fabric
tructure as well as fixation of the incorporated dye or pigment
long with their ability to reduce the UV-B transmission and/or
bsorption, (v) the enhancement in the antibacterial properties of
he obtained dyeings most probably due to the inhibition effect of
he free –COOH groups onto the finish/fabric matrix (Ibrahim, Eid,
t al., 2010) as well as inactivation effect of the used basic dyes and
igment colorants, and (vi) inactivation efficiency of G+ve bacte-
ia (St. aureus) was higher than that of G−ve bacteria (E. coli) most
robably due to the high sensitivity of the outer membrane of G+ve
ne (Maillard, 2002).

. Conclusion

A new approach for enhancing the dyeing and functional proper-

ies of polyamide-6/cotton fabric blend has been investigated. The

ost appropriate conditions for combined dyeing and functional
nishing were citric acid (30 g/L), NaH2PO2 (6 g/L), acrylate binder
10 g/L), acetic acid (2 mL/L), dye or pigment (15 g/L), wet-pickup
80%), drying at 80 ◦C/5 min and curing at 180 ◦C/2 min. Inclusion
g/L); wet-pickup (80%); drying at (80 ◦C/5 min); curing at (180 ◦C/2 min). K/S: color
WF: Wash fastness; St. staining on cotton, Alt.: Alteration; PF: Perspiration fastness.

of the nominated basic dyes or pigment colorants in the finishing
formulation results in a remarkable improvement in the imparted
UV-protection and anti-bacterial properties of the obtained dye-
ings. The extent of improvement in the dyeing properties, i.e., K/S
and fastness ratings, as well as the gained functional properties
are governed by the dyeing/finishing formulation constituents and
their concentrations as well as thermofixation temperature. Sur-
face modification of the treated blend was confirmed by SEM.

References

Abo-Shosha, M. H., Ibrahim, N. A., Elnagdy, E. I., & Gaffour, M. A. (2002). Preparation
and utilization of carboxyl containing cation exchange cellulose. Polymer-Plastics
Technology and Engineering, 41, 963–979.

Bajaj, P. (2002). Finishing of textile materials. Journal of Applied Polymer Science, 83,
631–659.

Bozic, M., Kokol, V., & Guebtiz, G. M. (2009). Indigo dyeing of polyamide using
enzymes for dye reduction. Textile Research Journal, 79, 895–907.

Choudhury, A. K. R. (2006). Textile preparation and dyeing. Enfield, NH, USA: Science
Publishers., pp. 28 781, 789.

El-Ghoul, Y., Martel, B., Morcellet, M., Campagne, C., El-Achari, A., & Roudesli,
S. (2007). Mechanical and physico-chemical characteristics of cyclodextrin
finished polyamide fibers. Journal of Inclusion Phenomena and Macrocyclic Chem-
istry, 57, 47–52.

Garland, C. E. (1993). In C. Gultekin (Ed.), Color technology in textile chemistry (p. 107).
Triangle Park, NC: AATCC.

Hebeish, A., & Ibrahim, N. A. (2007). The impact of frontier sciences on textile indus-
try. Colourage Annual, 54(4), 41–55.

Holme, I. (2003). UV absorbers for protection and performance. International Dyer,
(4), 9, 10, 13.

Holme, I. (2007). Innovative technologies for high performance textiles. Coloration
Technology, 123, 59–73.
Hou, A., Zhou, M., & Wang, X. (2009). Preparation and characterization of durable
antibacterial cellulose biomaterials modified with triazine derivatives. Carbohy-
drate Polymers, 75, 328–332.

Ibrahim, N. A., Abo-Shosha, M. H., Elnagdy, E. I., & Gaffar, M. (2002). Eco-friendly
durable press finishing of cellulose-containing fabrics. Journal of Applied Polymer
Science, 84, 2243–2253.



1 ate Po

I

I

I

I

I

074 N.A. Ibrahim et al. / Carbohydr

brahim, N. A., Refai, R., Youssef, M. A., & Ahmed, A. F. (2005). Proper finishing treat-
ments for sun-protective cotton-containing fabrics. Journal of Applied Polymer
Science, 97, 1024–1032.

brahim, N. A., El-Gamal, A. R., Hassan, T. M., & Abo-El-Maged, R. A. A. (2007). Pigment
dyeing/resin finishing of cellulose-containing fabrics in one step. Colourage, 54,
53–64.

brahim, N. A., Refaie, R., & Ahmed, A. F. (2010). Novel approach for attaining cotton
fabric with multi-functional properties. Journal of Industrial Textiles, 40, 65–83.
brahim, N. A., Mahrous, F., El-Gamal, A. R., Gonda, M., & Husseiny, S. M. (2010).
Multifunctional anionic cotton dyeing. Journal of Applied Polymer Science, 115,
3249–3255.

brahim, N. A., Eid, B. M., Hashem, M. M., Refai, R., & El-Hossamy, M. (2010). Smart
options for functional finishing of linen-containing fabrics. Journal of Industrial
Textiles, 39, 233–265.
lymers 83 (2011) 1068–1074

Kim, Y. H., & Sun, G. (2001). Durable antimicrobial finishing of nylon fabrics
with acid dyes and a quaternary ammonium salt. Textile Research Journal, 71,
318–323.

Maillard, J. Y. (2002). Bacterial target sites for biocide action. Journal of Applied
Microbiology Symposium Supplement, 92, 16S–27S.

Martel, P., Weltrowski, M., Ruffin, D., & Morecellet, M. (2002). Polycarboxylic acids
as crosslinking agents for grafting cyclodextrins onto cotton and wool fab-
rics, study of the process parameters. Journal of Applied Polymer Science, 83,

1449–1456.

Purwar, R., & Joshi, M. (2004). Recent developments in antimicrobial finishing of
textiles. AATCC Review, 4(1), 22–26.

Veatch, K. D., & Gatewood, B. M. (2002). Influence of light exposure on the UV-
protection of direct, reactive, acid, and disperse dyes on cotton and nylon fabrics.
AATCC Review, 2(2), 47–51.


	A smart approach for enhancing dyeing and functional finishing properties of cotton cellulose/polyamide-6 fabric blend
	Introduction
	Experimental
	Materials
	Methods
	Ester-crosslinking/dyeing in one step
	Measurements


	Results and discussion
	CA/NaH2PO2 concentration
	Tentative mechanism
	Fixation temperature
	Dye concentration
	Functional and dyeing properties

	Conclusion
	References


