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Abstract

Fabrics (made of Giza 83 variety) of different structures respond-
ed differently to dyeing treatments with variant dyestuffs (natural (hen-
na), reactive and vat), this differential response did not follow a definite
trend. Generally it is concluded that, the natural dye was found to impart
the high fastness (C.S.), alkali perspiration (C.C. and C.S.) and dry rub-
bing. Further, reactive dye proved to bring about the high reponse'to
color strength, light fastness, wash fastness (C.S.) and dry rubbing. Like-
wise vat dye appeared to have the most positive influence on fastness
to acidic perspiration as well as to alkali perspiration and wash fastness.

INTRODUCTION

Fabrics are manufactured assemblages of yarns which in turn of fibers fabrics
have which is closely related to thickness and mechanical strength to give the assem-

bly inherent cohesion that affects fabric response to the chemical treatments.

The nature of yarn or fiber arrangement determines the type of fabric structure,
fabric structure would determine appearance which would appear flat, as a series of

crosswise ribs, as a series of diagonal lines or ridges, or smooth and lustrous.

Plain-woven fabrics are fabrics in which the odd warp yarns operate over and un-
der one filling yarn throughtout the fabrics with the even yarns reversing this order to
under one over one, throughtout. Twill fabrics are fabrics in which .the weave repeats
on three or more warp and filling yarn, and diagonal lines are produced on the face of

the fabrics. Knit fabrics are composed of intermeshing loops of yarn.

Characterized by the fact that each weft yarn lies more or less at right angles to

the direction in which the fabrics is produced as jersey i.e. (single knits).
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Reactive, vat and natural dyestuff are the most commonly used dyes, which
have commercially significant important in application to various fabric structures. How-
ever it is rather interesting to mention that, the technical definition of a dye is a com-
pound that can be fixed on a substance in a more or less permanent state, Joseph,
(1988). Reactive dyes are anionic azo dyes which posses one or more chemically active
groups capable of forming covalent bonds whith the fiber being dyed , Peters & Free-
man (1996). Vat dyes are groups of totally water-insoluble dyes and in this respect
they are essentially pigments for application to cellulosic fibers, vat dyes are converted
to a water-soluble “leuco” form by an alkaline-reduction process, Christie et al. (2000).
Natural dye is regarded as a friendly to environment compound. As a matter of fact,
world environmental regulations are becoming more strict and forcing shift of technolo-
gy toward less pollution or practically non-polluting areas of technological development.
Although most attention has been paid to modify synthetic dyeing process, the need
to realize the importance and explore the technolog of natural dyes is more urgent, Ish-
arat (1993). Angelini et al. (1996) mentioned that, Rubia and Tinctorum plants pro-
duce onthroquinone pigments in their roots. One of them is alizarin (1, 2 dihydroxy on-
throquinone) which had beed used to dye textiles since 2000 B.C. Industrial assays
demonstrated good performance when using a weight of dry powder equivalent to 30%
of the weight of material to be dyed for dyeing cotton, wool and silk yarns. Abd El Fat-
tah (1997) found that, natural dyes were successfully applied for dyeing cotton fab-
rics. All natural dyes required the use of a mordand regardless of the presence of hy-
droxyl groups in the molecular structure of the material. Amal (2001) reported that,
dyeing the scoured and bleached cotton fibers and fabrics with henna and senna were

good, expect for perspiration fastness.

MATERIALS AND METHODS

This study was carried out to investigate the response of different fabric struc-
tures to dyeing with, the natural dye Henna which extracted from Lowsonia alba ac-

cording to Amal (2001), reactive dye (reactive blue 19).
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The cotton fabrics used were obtained from Misr Spinning and Weaving Compa-
ny, El Mehalla El Kubra in 2001 season.

The specifications of cotton fabrics :

All fabrics were woven using yarns spin from the fibers of the long staple Egyp-
tian cotton variety Giza 83. The fabrics considered in the present study are plain, twill

and knit fabrics. Their structures are 1/1, 3/1 and single jersey, respectively.
The following pretreatment were applied to cotton fabrics used in the study :

Scouring : Samples were open boiled for 1 1/2 hours in a bath containing NaOH
(4% wiw), mercerol (0.5%) was added as a wetting agent.

Bleaching : Hydrogen peroxide (10 % v/v) was used according to Hebeish et al.
(1971).

Methods of dyeing :

The natural dye was applied by immersing the treated cotton fabrics in a dye
bath containing the selected dye extract (50%-70%) at a ratio of 1:50 ml dyeing solu-

tion for each gram of the sample, a mordant was added according to Amal (2001).



1252 RESPONSE OF COTTON TO DYES

Reactive dyeing was carreied out according to Chen Kegiang et al. (1994).
Vat dyeing was conducted according to Christie et al. (2000).
Measurements :

Color strength for the dyed fabrics was measured at The Misr Spinning and
Weaving Company, El Mahalla El Kubra, it is expressed as K/S value for the dyed sam-

ples by applying the Kubelka-Munk equation as follows :

K/S = (I-R)?/2R - (I-R0)?/2 Ro
where :
R = Decimal fraction of the reflectance of dyed samples.
Ro = Decimal fraction of the reflectance of undyed samples._
K = Absorption coefficient.

S = Scattering coefficient.

Color fastness to light and dry rubbing was determined according to A.S.T.M.
D 2053-86 (1998), and D 2054-86 (1998).

Color fastness to wash and perspiration was determined according to A.A.T.C.C.
(1998) 15-1960 and 36-1961.

The higher values of color change ranging from (1/5 to 5/5 and 1/8 to 8/8) in-

dicates higher fastness and vice versa.

RESULTS AND DISCUSSION

l. Color strength (K/S) :

From Table 1 and Fig. 1 it is quite obvious that, each of the fabric structures
considered in this study, i.e. plain, twill and knit, color strength (K/8S) values were the
highest when the reactive dyestuff was applied, and followed, in a descending order by
vat and natural dyes. On the other hand no general trend could be noticed regarding
the differential response of the three fabric structures to any given dyestuff. For in-
stance it was apparent that plain fabric structure revealed the slightly higher color
strengh relative to the two fabric structures, when it was dyed with either vat or reac-

tive dye. Likewise knit fabric response to natural dye was slightly better than the plain
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and twill fabric. Also the three fabric stuructures included in the present study were
found to have values of color strength generally close to each other, when they were

dyed with vat dyestuff.

Table 1. Color strength (K/S) for three types of cotton fabrics dyed with natural, vat
and reactive dyes.

Dyestuffs

Fabric structures Natural Vat Reactive
Plain 0.47 3.22 8.46
Twill 0.38 3.12 7.238
Knit 0.56 3.06 765
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Fig. 1. Color strength (K/S) for three types of cotton fabrics dyed with natural, vat and
reactive dyes.

Il. Color fastness :
1. Light fastness :

Table 2 and Fig. 2 showed that, good light fastness (4-5/8) in natural dye for
the three type of fabrics structure, while the knit fabric showed very good light fast-
ness (6/8), where the plain and twill fabrics showed good to very good light fastness
(5/8) in vat dye, but in the reactive dye the plain fabric showed good to very good
light fastness (5/8), where the twill and knit fabrics showed very good light fastness
(6/8).
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Table 2. Light fastness for three types of cotton fabrics dyed with natural, vat and re-

active dyes.
Dyestuffs
Fabric structures Natural Vat Reactive
Plain 4/8-5/8 5/8 5/8
Twill 4/8-5/8 5/8 6/8
Knit 4/8-5/8 6/8 6/8

OPlain
W Twill
CIKnit

Natural dye Vat dye Reactive dye

Fig. 2. Light fastness for three types of cotton fabrics dyed with natural, vat and reac-

tive dyes.
2. Wash fastness (color change and staining) :

It is generally clear from the data of Table 3 and Fig. 3 and 4 that, fastness to
wash for the plain, twill and knit fabrics differed in conformity with the type of dyestuff
applied. It is mentioned that the fastness in such a case was indicated by both color
change and color staining. However with regard to color change plain fabric proved to
have the highest fastness to wash when natural or vat dye was applied, compared with
twill and knit fabrics which showed comparable res‘ponse to the two dyes. On the other
hand, when reactive dye was utilized, twill fabric revealed much lower wash fastness
than both plain and knit fabrics which were similar in this regard. As concerns color
staining, plain fabric again attained the best fastness to wash when any of the three
dyes used in the present study was applied to that fabric twill and knit fabrics were ob-
viously lower than plain fabric in this connection, except in case of applying reactive

dy_e where knit fabic realized the same high level of wash fastness attained by plain
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fabric. Nevertheless, it is rather interesting to mention in this concern that Joseph

(1988) reported that vat dye exhibited excellent color fastness particularly to wash.

Table 3. Wash fastness (color change and staining) for three types of cotton fabrics
dyed with natural, vat and reactive dyes.

Dyestuffs
Fabric structures Natural Vat : Reactive
CcC. CsS. cC. C.S. C.C. CcS.
Plain ‘4/5 4/5 515 4/5 3/5 4/5
Twill 3/5 3/5 4/5 3/5 1/56 3/5
Knit 3/5 3/5 4/5 3/5 3/5 4/5

C.C. = Color change C.S. = Color staining

CiPlain
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OKnit

Fig. 3. wash fastness (color change) for three types of cotton fabrics dyed with natu- -

ral, vat and reactive dyes.
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Fig. 4. wash fastness (staining) for three types of cotton fabrics dyed with natural, vat
and reactive dyes.
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3. Acidic perspiration fastness (color change and staining) :

Fastness to acidic perspiration for the three types of fabric were ranged from
(1/5 to 5/5) for color change, was found to be the least when applying natural dye
there were no difference between the three used fabrics, also in the vat dye for all the
three types of fabric, Reactive dye appeared to have intermediate effect on fastness
to acidic perspiration. All fabric structures had similar response to natural dye in this re-
spect, whereas twill and knit fabrics, were found to have markedly higher fastness to
acidic perspiration when applying vat dye. As concerning reactive dye, twill fabric was
found to have better response than did either plain or knit fabric. When color staining
was considered as an indication for fastness to acidic perspiration Table 4 and Fig. 6
vat dye ranked first in this regard, and followed in a descending order by natural dye

and reactive dye.

Table 4. Acidic perspiration fastness (color change and staining) for three types of cot-

ton fabrics dyed with natural, vat and reactive dyes.

Dyestuffs
Fabric structures Natural Vat Reactive
C.C. C.S. C.C. C.S. cC. CsS.
Plain 1/5 3/5 4/5 5/5 3/5 1/5
Twill 1/5 2/5 5/5 5/5 4/5 1/5
Knit 1/5 3/5 5/5 5/5 3/5 1745
C.C. = Color change C.S. = Color staining

OiPtain
WY will
CKnit

Natural dye Vat dye Reactive dye

Fig. 5. Acidic perspiration fastness (color change) for three types of cotton fabrics

_ dyed with natural, vat and reactive dyes.
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Fig. 6. Acidic perspiration fastness (staining) for three types of cotton fabrics dyed

with natural, vat and reactive dyes.

4. Alkali perspiration fastness (color change and staining) :

Table 5 and Fig. 7 and 8 showed that, fastness to alkali perspiration, as revealed
by the color change for the three fabric structures included in this study, was the best
when utilizing in the vat dye used and followed in order by natural and reactive dyes.
On the other hand, plain and twill fabrics proved to have better fastness to alkali per-
spiration than knit fabric in case of applying natural or vat dye. As for the reactive dye
twill fabric had better fastness (4/5) than both plain and knit fabrics which revealed

comparable fastness in this respect (3/5).

Regarding color staining (Table 5 and Fig. 8), vat dye showed the highest fast-
ness to alkali perspiration (5/5) and followed by natural and reactive dyes respectively.
All fabric structures used in the present study responded similarly to both natural and
vat dyes, i.e. to alkali perspiration. By contrast, a sign of differential response was ob-

served when reactive dye used.

Table 5. Alkali perspiration fastness (color change and staining) for three types of cot-
ton fabrics dyed with natural, vat and reactive dyes.

Dyestuffs
Fabric structures Natural Vat Reactive
C.C. cS. cC. C.S. C.C. CS.
Plain 4/5 4/5 515 5/5 3/5 1/5
Twill 4/5 4/5 516 5/5 4/5 2/5
Knit 3/5 4/5 4/5 §/5 3/5 3/5

C.C. = Color change C.S. = Color staining
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Fig. 7. Alkali perspiration fastness (color change) for three types of cotton fabrics dyed

with natural, vat and reactive dyes.
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Fig. 8. Alkali perspiration fastness (staining) for three types of cotton fabrics dyed with

natural, vat and reactive dyes.

5. Dry rubbing fastness :

From the data presented in Table 6 and Figure 9 it is clear that, fabrics included
in this study seemed to have the best fastness to dry rubbing in case of dyeing them
with natural dye. Reactive dye ranked second while vat dye ranked third in this study.
With respect to natural dyestuff, plain fabric demonstrated better fastness to dry rub-
bing than both twill and knit fabrics which revealed similar degree of fastness. As for
vat dye, both twill and knit fabrics had similar fastness which obviously excelled that of
plain fabric. Likewise, knit fabric attained the highest fastness to dry rubbing when ap-
plying reactive dye as compared with plain and twill fabrics which showed comparable

extent of fastness.
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Table 6. Dry rubbing fastness for three types of cotton fabrics dyed with natural, vat

and reactive dyes.

Dyestuffs
Fabric structures Natural Vat Reactive
Plain 5/5 175 3/5
Twill 4/5 215 3/5
Knit 4/5 2/5 4/5

CIPlain
WY will
OKnit

Natural dye Vat dye Reactive dye

Fig. 9. Dry rubbing fastness for three types of cotton fabrics dyed with natural, vat and

reactive dyes.

The findings of this study regarding the response of various fabric structures to

dyeing treatments with different dyestuffs, could be summarized in the following table.

Table 7. The ranking of different dyestuffs, in accordance with their effect on dyeing

characteristics of various fabric structures.

Dyestuffs
Natural dye Vat dye Reactive dye

Color_strength B P
Light fastness

Wash fastness
(C.C.)
Wash fastness
(C.S)
Acidic perspiration
(C.C)
Acidic perspiration
(C.S)
Akali perspiration
(C.C)
Akali perspiration
(C.S.)
Dry rubbing o

* * aoxow

~ Y

The increments of (*) signs connote (implies) enhancements of ranking.
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The differential response of the different fabric structures to dyeing with the
dyestuffs utilized in this study is most likely dependent on the absorption and adsorp-
tion characteristics of the fabrics and their structure. In this respect Joseph (1988)
point out that, the amount of dye absorbed depends on two factors, i.e. the size of the
dye molecule and the size of the pore opening in the fiber. Aiso Peters & Freeman

(1996) and Christie et al. (2000) came to similar conclusions.
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