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ABSTRACT 
 

Creation tertiary amino group via grafting of cellulose in order to improve its dye ability toward direct and 
reactive dye .Also, cotton fabrics have mobility to dye with acid dye. The results showed that the fixation and 
K/S values of the reactive and direct dyes on the cationic cotton were improved compared with those on the 
untreated one in the presence of salt. Although the ability of acid dyes on cotton are very week, in cotton which 
pretreated by Dimethylamino Ethylmethacrylate we can obtain good fastness properties. Tests on fastness 
properties of the dyed cotton and fabric quality of the pretreated cotton were carried out and the results showed 
that,  rubbing, washing and perspiration of all the aforementioned dyes are excellent to good fastness of the salt-
free dyeing were both satisfactory Also the colourimetric CIE L*a*b* C*h° data of the dyed cotton fabrics 
 
Key words:  Grafting; Pretreated cotton; Dyeing, Dimethylamino Ethylmethacrylate; Acid dye; Direct dye;  
                    Reactive dye  
 
Introduction 
 

Chemical functionalization of cellulose include reactions of hydroxyl groups such as esterification, 
etherification, intermolecular crosslinking reactions, and macrocellulosic free radical reactions, particularly in 
the formation of graft cellulose copolymers to increase the usefulness of cellulose by altering its properties. 
These cellulose derivatives are grouped according to the processes and substituents, for instance, esters- 
cellulose acetate through esterification and ethersmethyl cellulose/cyanoethyl cellulose/carboxymethyl cellulose 
(CMC) via etherification. Chemical functionalization continue to play a dominant role in improving the overall 
utilization of cellulosic polymers.  

Cationization of cotton fabrics is an effective way to reduce the pollution (Lewis and McIlroy, 1997), 
(Hauser and Tabba, 2001) and (Wang and Lewis, 2002). Dyeing of cationic fabrics with reactive dyes does not 
need addition of electrolyte due to the electrostatic attraction between the fabrics and dyes. Moreover, because 
fabric-dye affinity is greatly improved, more dyes are fixed on the fabrics and dye fixation is promoted (Xie et 
al., 2008). A variety of cationic compounds have been used as cationization agent of cotton fabrics. Among 
them, cationic polymers are paid much attention in recent years due to their good characteristics, such as high 
stability, low dosage and high utilization efficiency (Blackburn and Burkinshaw, 2002) and (Zhang et al., 2008). 
Different cationic polymers including primary, secondary, tertiary amine and quarternary ammonium cationic 
polymers have been reported as cationization agents of cotton for salt-free dyeing of reactive dyes (Blackburn 
and Burkinshaw , 2003). Based on our research, it is found that the polymers reported still show some 
disadvantages in application. For example, polymers with primary and secondary amines as cationic groups will 
react with reactive dyes, which may change the hue of the dyes (Ma, 2006). When polymeric quaternary 
ammonium salts are used, due to the strong electrostatic attraction between fabrics and hydrolyzed dyes, it is 
difficult to wash off the color staining from the cationic fabrics and thus wet fastness properties of the dyed 
cotton are not satisfactory (Zhang , 2005), which was shown by solvent extraction (Chattopadhyay, 2001). 
Usage of tertiary amine cationic polymers can avoid the problems in applications of above mentioned polymers. 
It was once reported that a tertiary amine cationic polymer was employed for chemical modification of cotton 
and the dyeing with reactive dyes was carried out under neutral conditions. The dyes exhibited improved color 
yield on cationic cotton, but the fastness properties of the dyes were not good. This may be related to the 
penetration and distribution of the dyes (Wu and Chen , 1993). 

The present work is under taken with a view of studying the influence of creation Dimethylamino 
Ethylmethacrylate group via grafting of cellulose in order to improve its dye ability toward direct and reactive 
dye, since it is well known that direct dye has poor fastness toward washing and light. On the other hand cotton 
fabrics have mobility to dye with acid dye, so in this treatment both properties were realized. 
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Experimental: 
 
2.1 Materials: 

 
Bleached, scoured, fluorescent brightener-free woven cotton (150 g·m−2, Testfibres, Inc., Shanghai) was 

used. Dimethylamino -ethylmethacrylate was purchased from Zibo Kunyuan Chemical Co., Ltd of Shandong in 
China. Other reagents (analytical reagent) were offered by Liaoning Xin Xing Reagent Co., Ltd in China. The 
reactive dye, C.I. Reactive Red 24 (RR 24), direct dye (Sirius Yellow R, C.I. Direct yellow 50) and synthesized 
acid dyes 3-6, which have been reported in a previous work  (fatma and Raafat in press ) 
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2.3. Preparation of pre-treatment fabric: 
 
The grafting process were carried out as mention elsewhere (El-Alfy et al., 2007) using acetone sodium 

bisulphate and amonuium persulphate system as initiator ( 40:20 ml/ mol). A known weight of Dimethylamino -
ethylmethacrylate (D.M.A.E.M) monomer (1:1gm based on Weight of fabric) was stirred with known volume of 
distilled water (1:20 gm based on weight of fabric with few drops of non ionic emulsifier in a stopped flask. The 
flask with its content introduced in a shaking water bath at 80 ˚C , then a known weight of the fabric is added to 
the previously prepared mix during stirring. After that the initiator is added drop wise. The reaction is ended 
after 60 min., and then the fabric washed with tap water and dried at ambient condition. The obtained fabric 
have 0.67 nitrogen content. 

 
Dyeing procedures: 
 
2.3.1. Reactive dyeing (RR 24): 

 
In the dyeing process, the amount of RR 24 applied was 2% of owf in an Ahiba dyeing machine in the 

conventional dyeing, all conditions used were recommended by the dye manufacturer with the liquor ratio 

40︰1 and anhydrous sodium sulphate (60 g/l), which was added twice within 30 min in exhaust dyeing. Then 

the temperature was increased to the fixation temperature with the heating-rate of 2 °C·min−1, followed by 
addition of 10 g/l of sodium carbonate for dye fixation. The fixation temperature was that recommended for 
conventional dyeing 80 °C (Karapinar and Phillips, 2007). In the salt-free dyeing, a piece of the cotton 

pretreated with D.M.A.E.M was dyed at 40°C over 30 min. with the liquor ratio of 40︰1. Then, the cotton was 

dried in air. 
 
 2.3.2. Direct dyeing (Direct yellow 50): 

 
In the dyeing process, the amount of Direct yellow 50 applied was 2% of owf in an Ahiba dyeing machine 

In the conventional dyeing, all conditions used were recommended by the dye manufacturer with the liquor ratio 

40︰1 and anhydrous sodium sulphate (20 g/l), which was added twice within 30 min in exhaust dyeing. Then 

the temperature was increased to the fixation temperature with the heating-rate of 2 °C·min−1,. The fixation 
temperature was that recommended for conventional dyeing 90 °C. In the salt-free dyeing, a piece of the cotton 

pretreated with D.M.A.E.M was dyed at 40°C over 30 min. with the liquor ratio of 40︰1. Then, the cotton was 

dried in air. 
 

2.3.3. Acid dyeing (we synthesized): 
 
The cotton fabric which treated by D.M.A.E.M was dyed at 30°C, shade 2%, 40°C and 60°C over 30 min. 

with the liquor ratio of 40︰1. Then, the cotton was dried in air. 

 
2.4. Measurements and Testing: 
 
2.4.1. Dye Exhaustion: 

 
Uptake of the reactive, direct and acid dye by the cotton pretreated with D.M.A.E.M was measured by 

sampling the dyebath before and after dyeing on a Shimadzu UV-2401PC UV/V is spectrophotometer at the λmax 
value using a calibration curve previously obtained using known dye concentrations (g/l). The percentage of 
dyebath exhaustion (%E) was calculated using Eq. 1. 

 














1

21% C
CE   100              (1) 

 
Where C1 and C2 are the dye concentrations in the dyebath before and after dyeing, respectively. 

 
2.4.2 Colour measurements: 

 
The colour parameters of the un-dyed and dyed the cotton pretreated with D.M.A.E.M were determined 

using an Ultra Scan PRO spectrophotometer (Hunter Lab) with a D65 illuminant and 10° standard observer (Hu, 
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etal, 1987),( Savarino, etal, 1989). The corresponding K/S values were calculated from the reflectance data at 
λmax of the dyeing 
 
2.4.3. Fastness Testing: 

 
Dyed the cotton pretreated with D.M.A.E.M samples, after washing-off using 2 g/L nonionic detergent at 

80°C for 15 min, were tested by standard ISO methods. Wash fastness (ISO 105-C02 (1989), crock fastness 
(ISO 105-X12 (1987), and fastness to perspiration (ISO 105-E04 (1989) were evaluated using the visual ISO 
Gray Scale for both color change (AATCC Evaluation Procedure (EP) 1-similar to ISO 105-A02) and color 
staining (AATCC EP 2—same as ISO 105-A03). Light fastness (carbon arc) was evaluated using ISO 105-B02. 
 
Results and Discussion  

 
The cotton fabric was pretreated with D.M.A.E.M by dip-pad-bake procedure and the pretreated cotton 

adsorbed reactive dyes, direct dye and acid dye by electrostatic interaction in dye-bath (Zhang, et al., 2005). 
Pretreatment conditions, such as molecular mass (Mw) and cationic degree of D.M.A.E.M, concentration of 
D.M.A.E.M and baking temperature, influence directly the adsorption capacity of D.M.A.E.M on the cotton and 
the density of positive charges on the cationic cotton, and further influence the dyeability of the pretreated 
fabrics. In this study, dyeability of the pretreated cotton was used to evaluate the pretreatment conditions and 
determine the suitable conditions. Moreover, as dyeing temperature was essential to exhaustion of reactive and 
dirct dyes on cationic cotton, it was also studied. Also dyed with acid dye 
 
3.1. Colorimetric and Fastness properties:  

 

The colorimetric CIE L*a*b*C*h
o
 data of the dyed cotton fabric pretreated using acid dye, the reactive and 

direct are shown in table 1,2 and 3 respectively which, we can see the K/S values were calculated from the 
reflectance data at λmax of the dyeing are increase in case of cotton fabric was pretreated with D.M.A.E.M than 
the usual cotton fabric.   

The colour parameters were evaluated by means of the Cielab system and the modified CIE L* C * h
o
 

(D65/10
o
) system. The following colour parameters for the dyed samples were obtained by the digital Cielab 

system: L* – lightness, a* – redness if positive coordinate, or greenness if negative coordinate, b* – yellowness 
if positive coordinate, or blueness if negative coordinate, C* – chromaticity, h – hue of the colour, X – 
coordinate x, Y – coordinate y, Z – coordinate z (McDonald, 1997). As shown in table 4, the fastness to 
washing, rubbing and perspiration of the cotton fabric was pretreated with D.M.A.E.M dyed with all dyes were 
excellent to very good irrespective compared to the cotton fabric without pretreatment. 
 
Table 1: Colorimetric data of the dyed cotton fabric was pretreated with D.M.A.E.M using acid dyes 3, 4, 5 and 6 (2% owf) at 30 °C, 40 °C,  
              60 °C  

Dye Temp. ∆ E K/S L* a* b* C* h° 

3 
30°C 39.71 6.19 37.06 -2.23 -14.10 14.27 261.02 
40°C 37.43 7.61 34.60 -2.86 -13.98 14.27 258.42 
60°C 45.07 4.93 41.59 -3.16 -17.07 17.36 259.51 

4 
30°C 25.94 22.24 19.16 11.40 -13.25 17.48 310.69 
40°C 29.51 21.52 20.99 13.29 -15.92 20.74 309.86 
60°C 35.65 14.36 26.67 13.75 -19.25 23.66 305.55 

5 
30°C 39.21 7.25 36.34 -1.21 -16.96 17 265.91 
40°C 29.58 15.21 25.44 -1 -15.10 15.10 266.19 
60°C 32.36 10.09 31.61 -1.79 -17.99 18.08 264.32 

6 
30°C 35.70 11.45 29.13 13.81 -15.34 20.64 312 
40°C 35.73 13.54 27.58 14.32 -17.64 22.72 309.07 
60°C 37.16 10.63 30.45 13.64 -16.35 21.21 309.85 

 
Table 2: Colorimetric data of the dyed cotton fabric was pretreated with D.M.A.E.M using reactive dye (RR24) (2% owf) at, 40 °C  

Fabric Temp. ∆ E K/S L* a* b* C* h° 
Cotton 40°C 72.31 6.61 50.38 51.84 1.80 51.87 358.01 
Pretreated 
cotton 

40°C 72.84 23.24 38.92 57.70 21.56 61.57 20.44 

 
Table 3: Colorimetric data of the dyed cotton fabric was pretreated with D.M.A.E.M using direct dye (Direct yellow 50) (2% owf) at, 40 °C  

Fabric Temp. ∆ E K/S L* a* b* C* h° 
Cotton 40°C 103.94 18.59 67.42 18.72 76.86 79.11 103.94 
Pretreated 
cotton 

40°C 99.90 22.36 62. 45 25.87 73.56 77.97 99.90 
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Table 4: Fastness properties of dyed cotton fabric was pretreated with D.M.A.E.M using acid dyes 3, 4, 5 and 6, reactive dye(RR24) and  
               direct dye (Direct yellow 50)  (2% owf) at 40°C. 

Dye 
Fastness to 

rubbing 
washfastness 

Fastness to Perspiration 
Light Alkaline Acidic 

Dry Wet Alt SC SW Alt SC SW Alt SC SW 
3 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 5 
4 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 5 
5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 5 
6 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 5 

untreatedRR
24 

4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 5 

RR24 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 6 
untreatedDir

ect yellow 50 
4 4 4 4 4 4 4 4 4 4 4 4-5 

Direct 
yellow 50 

3-4 3-4 3-4 3-4 3-4 3-4 3-4 3-4 3-4 3-4 3-4 4 

Alt. colour change of dyed sample; SC, staining on cotton; SW staining on wool. 

 
Conclusions: 

 
By studying the application of Dimethylamino Ethylmethacrylate in pretreatment of cotton fabrics with 

salt-free dyeing of reactive and direct dyes at 40°C., it was shown that the exhaust dyeing of the pretreated 
cotton was carried out at 40 °C. Under the above conditions, dye fixation of the reactive and direct dye in the 
salt-free dyeing was higher than that in the conventional dyeing and good washing, rubbing and prespiration  
fastness of the dyes on the cationic cotton were obtained. Besides, fabric quality of the pretreated fabric was 
evaluated to show the applicability of the cationic cotton. Also K/S is very higher in case of pretreated fabric 
than untreated in addition, the temperature decrease to 40 °C than the tempetature was recommended. 

Also, from the results we can see cotton fabrics which pretreated by Dimethylamino Ethylmethacrylate can 
dye with acid dyes which we synthesized although the ability of acid dyes on cotton are very week. We can 
obtain higher exhaustion and fixation on fabric; also we can obtain on good washing, rubbing and prespiration 
fastness of the dyes. Besides, fabric quality of the pretreated fabrics was evaluated to show the applicability of 
the cationic cotton.  
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