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Abstract

Finishing of cotton fabrics with polycarboxylic acids results in yellowness and loss in mechanical properties. To minimize these disadvantages, four sets of cotton fabrics were quaternized, using 3-chloro-2-hydroxypropyl trimethyl ammonium chloride, at four levels of nitrogen contents (ranging from 0.0373 to 0.2767%), then esterified with different concentrations of citric acid. The so obtained fabrics have both ester and ionic crosslinks which appreciably enhances resiliency, dry or wet; however their tensile strength and elongation at break were little enhanced. Factors affecting the crosslinking of quaternized samples, at a %N 0.0812 and 5% citric acid, indicated that sodium hypophosphite / citric acid molar ratio of 1 and curing temperature of 180oC for 90 sec were the optimum conditions to achieve the best performance properties. Applying these conditions for ester crosslinking using 1,2,3,4-butanetetracarboxylic acid results in higher extents of resiliency, whiteness index, carboxyl content and dyeability with Methylene Blue but lower  tensile strength and elongation at break compared to citric acid crosslinking. Succinic acid can esterify the quaternized cotton via an ester link on one side, leaving the other side as a free carboxyl group able to form only ionic crosslinking.

Key wards: Cotton Fabric, Ester crosslinking, Finishing, Ionic crosslinking, Polycarboxlic acids.

1- Introduction

N-methylol reagents, such as DMDHEU, have long been used as crosslinking agents to impart easy care properties to cotton fabrics. Since the identification of formaldehyde as a possible human carcinogen, extensive efforts have been made to replace the traditional formaldehyde-based reagents (1,2).  

Polycarboxylic acids are believed to crosslink cotton by reaction with cellulose hydroxyl groups through an anhydride intermediate mechanism (2-4). This is supported by the fact that, of the polycarboxylic acids, only those with three or more carboxyl groups are effective as crosslinking agents such as citric acid and 1,2,3,4-butanetetracarboxylic acid (2-4). The major disadvantages of using polycarboxylic acids as crosslinking agents for cotton fabrics are the dramatic loss in tensile strength(5) and the yellowing of the cured cotton fabrics(6). Many attempts were done to overcome these disadvantages (7-9). However, Leslie Holliday pointed out the ionic crosslinking between carboxylic elastomers and di- or poly-amines, such as hexamethylene diamine, or their salts (10). Hashem et al(11,12) also pointed out the ionic crosslinking of caboxymethylated cationised cotton fabrics.


Keeping the above in mind, the present work is a new approach to enhance the extent of crosslinking of polycarboxylic finished cotton fabrics via ionic crosslinking through quaternization with 3-chloro-2-hydroxypropyl trimethyl ammonium chloride solution. 

2- Experimental

2.1 Materials

Mill-scoured-bleached cotton fabric of 147 g/m2 was used. The fabric was boiled in an aqueous solution containing 2 g/l non ionic detergent for 30 min, thoroughly rinsed and dried at ambient conditions. Aqueous solution (65% w/w) of  3-chloro-2-hydroxypropyl trimethyl ammonium chloride solution (Quat), supplied by Fluca, was used as the quaternizing agent. Citric acid (CA), 1,2,3,4-butanetetracarboxylic acid (BTCA), succinic acid (SA), sodium hypophosphite monohydrate (SHP), sodium hydroxide, and Methylene Blue (MB) were of reagent grade.

2.2 Fabric Treatments


The fabric was treated in two stages, in the first step, the cotton fabric was quaternized by the pad-batch method where the fabric was padded in solution with specific concentration of NaOH and Quat, followed by squeezing at 90% wet pick up, then stored in air tight plastic bags for 24 hours at room temperature. The fabric was then washed with distilled water to remove spent reactants and excess alkali, then neutralized with acetic acid. Four sets of Quaternization, at different concentrations of NaOH and Quat, were performed. Typical formulations used in the treatments along with %N are given in Table 1. The second stage consisted of padding quaternized and unquaternized cotton fabrics in polycarboxylic/SHP finishing bath with specific concentration to a wet pick up of 90%, dried at 85oC/3min, and cured at different temperatures and intervals of time in a circulating air oven. The cured cotton fabrics were then rinsed with distilled water at 50oC for 30 min, dried and air conditioned prior to evaluation.

Table 1: % N of quaternized cotton fabrics treated with different concentrations of NaOH and Quat.

Level
[NaOH ] g/l
[Quat] g/l
% N

1

2

3

4
0.66

8.25

41.25

66.0
1.38

17.2

86.2

135.0
0.0373

0.0812

0.1731

0.2767

The fabrics were padded to a wet pick-up of 90%; stored in air tight plastic bags for 24h at room temperature.

2.3 Post Dyeing


Portions of the treated and untreated fabrics were dyed, in Launder Ometer Jars, with occasional stirring according to the conventional exhaustion method. The samples were dyed by 1% (owf) Methylene Blue (MB), for 60 min at 90oC and at pH 4.5 and a liquor-to-fabric ratio (LR) 40:1. After dyeing, the dyed samples were removed by a glass road and the liquor was diluted to the appropriate strength and spectrophotometry measured.

2.3.1 Extent of Exhaustion 

The percentage of dye bath exhaustion (%E) was measured using a Shimadzu UV-2401 PC UV-Vis spectrophotometer at absorbence maximum (λmax) and calculated using the following equation:       

%E = 1- C/C0 Χ 100

where, C0 and C are the concentration of the dye solution before and after the dyeing respectively. 

2.4.Fabric Evaluation:

Nitrogen content was determined according to Kjeldahl method. Carboxyl content was determined according to the Cirino method(13). Dry and wet wrinkle recovery angles (WRA) were determined by the ASTM method D-1296-67 using the iron recovery apparatus, type FF-07 (Metrimpex). The tensile strength (TS) and elongation at break (EB) were determined, in the warp direction, according to ASTM procedure D-2256-66T. CIE Whiteness Index (WI) was measured according to AATCC test method 110-1989 using a Milton Roy Color Mate spectrophotometer.

3. Results and Discussion


With a view towards enhancing the extent of ester crosslinking of cotton fabrics using lower concentration of citric acid as a crosslinker , cotton fabrics with different quateruization levels have been crosslinked with different concentrations of citric acid. Factors affecting crosslinking were studied. Results obtained along with appropriate discussion follow.  

3.1 Effect of Citric Acid Concentration and Quaternization Level on the Performance Properties

3.1.1 Dry and wet Resiliency


Table 2 shows the change in resiliency, expressed as dry and wet WRA, with the variation of both citric acid concentration and quaternization level of treated cotton fabric samples. For a given set of conditions, it is clear that esterification of quaternized cotton samples enhances both the dry and wet WRA, compared with the esterified unquaternized cotton samples. This can be explained in the light of additional crosslinking due to ionic bonds between the single ended carboxyl groups and the quaternary ammonium groups found in esterified-quaternized cotton structure. The following tentative mechanism can explain the reactions involved in the process, and how crosslinking can be achieved by both esterification and ionic crosslinking: 

a) Quaternization of cotton cellulose (14).
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                                                         (Quaternized Cotton Cellulose)

b) Formation of ionic bonds in the finishing bath
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C) Esterification of the quaternized cotton with citric acid and formation of ionic crosslinking
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               (Ionic Crosslinked Cellulose Structure)

d) Ester crosslinking and ionic crosslinking of cotton cellulose
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(Ester and Ionic Crosslinked Cellulose Structure)

Structures I and/or II may explain the additional extents of crosslinking when quaternized cotton samples are esterified with citric acid. The second step in the above mechanism may explain the improvement in wet WRA of cotton samples, where ionic bonds are formed in the wet state of the citric acid finishing bath. However, it is noticeable that the extent of WRA, wet or dry, is enhanced by the increasing in both the quaternization level and citric acid concentration and may reach a high extent at the equivalency of the both oppositely groups. 

3.1.2 Tensile Strength (TS) and Elongation at Break (EB) 


Table 3 shows the tensile strength (TS) and elongation at break (EB) of the treated fabrics. It is clear that pre-quaternization of the ester crosslinked cotton samples leads to a slight improvement in the TS as well as EB, and also the extent of such improvements increases as the quaternization level increases. Such improvement may reflect the quaternization effect on the post-esterified quaternized cotton cellulose according to Rowland and Brannan (15) and/or the ionic crosslinking nature as it may bring the cellulose chains closer to each other, thereby increase the TS.

3.1.3Whiteness Index (WI)


Table 4 shows the variation in WI of the aforementioned post-esterified quaternized cotton samples compared with those unquaternized esterified samples. It is obvious that esterification of cotton fabrics is accompanied by reduction in WI which is a direct consequence of the partial dehydration of citric acid and formation of unsaturated acids (6). In addition, the post-esterified quaternized cotton samples have lower WI than the esterified unquaternized samples. This may reflect the unfavourable effect of quaternization process on the WI of cotton cellulosics.  It is also clear that the WI decreases as the quaternization level increases, levels 1,2, and 3, and then practically unchanged at level 4 reflecting the quaternization effect with the increasing in the %N.

3.2 Effect of SHP/CA Molar Ratio 


Table 5 summarizes the performance properties of level 2-quaternized cotton fabrics (%N 0.0812) and crosslinked with 5% citric acid at different SHP/CA molar ratios. It is clear that, introducing SHP in the finishing bath results in an improvement in the performance properties of the treated fabrics. This can be associated with the role of SHP in catalyzing ester-crosslinking reactions, which consume the carboxyl groups fixed onto the resin, and buffering the crosslinking system (16,17), thereby increasing both resiliency and whiteness indices. This situation remains true up to a SHP/CA molar ratio of 1, beyond which the extent of crosslinking decreases. This can be associated with the increase in alkalinity of the system, giving rise to breaking of some ester links (18), thereby decreasing the ester crosslinking.

3.3 Effect of  Fixation Temperature


  Table 6 shows the effect of curing temperature on the performance properties of ester crosslinked pre-quaternized cotton fabrics of %N 0.0812. It is clear that raising the thermofixation temperature from 150 up to 190oC for 90 sec bring about a significant improvement in the dry or wet resiliency and a noticeable reduction in TS and EB, which is a direct consequence of the enhancement in the extent of cellulose esterification.

3.4 Effect of Fixation Time

Table 7 shows the effect of curing time on the performance properties of the post–esterified (5% citric acid) level-2 quaternized cotton samples (%N 0.0812). It is clear that increasing the curing time under the conditions employed results in a noticeable increase in resiliency, dry or wet, accompanied by a decrease in the WI and the TS as well as EB which can be attributed to the accompanying increase in the extent of ester crosslinking with the formation of unsaturated acids.

3.5 Effect of Different Types of Polycarboxylic Acids


Table 8 shows the effect of using BTCA, CA, or SA on the extent of ester crosslinking as well as on the performance properties of the treated unquaternized and quaternized cotton fabrics. It is clear that, for given finishing conditions, the improve in resiliency, whiteness indices, carboxyl content and percent exhaustion of the treated postdyed samples with Methylene Blue followes the descending order: BTCA > CA. The opposite holds true for tensile strength and elongation at break reflecting the differences between these crosslinkers, BTCA and CA, in: a) polycarboxylic acid reactivity, b) activation energy, c) functionality, d) structure as well as thermal stability, e) level and extent of esterification, and f) location, number and length of crosslinks. On the other hand, SA is dicarboxylic acid and thereby unable to ester crosslink cellulosic fabrics (19), quaternized or unquaternized, under the employed conditions, but it can be attached with cellulose structure via an ester link on one side, leaving the other side as a free carboxyl group able to form ionic crosslinks. This is clearly noticeable, where the WRA of SA treated quaternized fabric is higher than that of SA treated unquaternized fabric. In general, the post-esterification of quaternized cotton fabrics, of %N 0.0812 and under the given coditions of 5% citric acid, results in higher resiliency and TS along with lower WI, carboxyl content and dyeability with MB, as a result of partial consumption of carboxyl groups in the formation of ionic crosslinks. 
Conclusions

Esterification of quaternized cotton fabrics with citric acid results in ester crosslinking as well as an additional ionic crosslinking that appreciably enhances resiliency, dry or wet; with a little improvement in tensile strength and elongation at break along with reducing WI. Factors affecting the crosslinking of quaternized samples of a %N 0.0812 at 5% citric acid indicate that SHP/CA molar ratio 1 and curing temperature of 180oC for 90 sec are the optimum conditions to achieve the best performance properties. Applying these conditions for ester crosslinking using 1,2,3,4 –butanetetracarboxylic acid, instead of citric acid, results in higher extents of resiliency, WI, carboxyl content and dyeability with Methylene Blue as well as lower tensile strength and elongation at break. Succinic acid can esterify the quaternized fabric via an ester link on one side, leaving the other side as a free carboxyl group able to form only ionic crosslinking.
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Table 2: Effect of citric acid concentration on the resiliency of quaternized and unquaternized cotton fabrics.

[Citric Acid]

(%)
Unquater. samples
 Quaternization Level



1
2
3
4


WRA (w+f)o


Dry
Wet
Dry
Wet
Dry
Wet
Dry
Wet
Dry
Wet

-

2

4

5

6

8

10
120

158

179

191

204

221

239
135

155

165

179

188

208

227
130

169

191

210

221

230

240
147

212

222

231

245

250

260
137

174

212

223

230

240

246
151

217

235

257

260

262

269
143

181

215

227

235

246

251
156

228

237

258

263

275

280
149

185

227

239

240

255

265
166

230

240

260

265

288

293

%N of quaternized cotton fabrics, 0.0812, SHP/CA molar ratio, 1.5; drying temp., 85oC/3min; curing temp., 180oC/90sec.

Table 3: Effect of the variation of citric acid concentration on the mechanical properties of quaternized cotton fabrics at different quaternization levels.

[Citric Acid]

(%)
Unquater. samples
Quaternization Level



1
2
3
4


Mechanical Properties


TS

(w)
EB
TS

(w)
EB
TS

(w)
EB
TS

(w)
EB
TS

(w)
EB

-

2

4

5

6

8

10
53.5

45.5

39.6

37.1

34.3

31.1

29.4
21.4

15.9

13.3

12.7

12.1

11.8

10.3
53.5

45.6

39.9

37.8

34.7

31.4

29.5
21.2

17.1

13.5

12.9

12.5

11.8

10.7
53.6

45.9

40.8

38.1

36.2

33.5

30.3
21.8

18.1

15.3

14.1

13.713.312.3
53.8

46.4

41.5

38.6

36.1

33.9

30.5
21.5

17.9

15.2

14.1

13.5

11.9

11.7
54.1

46.7

42.3

39.7

36.5

35.2

31.1
23.2

19.3

16.7

16.5

15.1

13.2

13.7

%N of quaternized cotton fabrics, 0.0812, SHP/CA molar ratio, 1.5; drying temp., 85oC/3min; curing temp., 180oC/90sec.


Table 4: Effect of the variation of citric acid concentration on the Whiteness Indices of quaternized cotton fabrics at different quaternization levels.

[Citric Acid]

(%)
Unquater. samples
 Quaternization Level



1
2
3
4


Whiteness Index 

(WI)

-

2

4

5

6

8

10
97.0

87.2

84.1

83.7

81.8

80.9

77.9
96.7

85.3

84.1

83.1

81.0

78.6

77.0
95.3

82.1

82.6

80.3

79.1

77.7

74.2
94.1

74.8

78.2

77.7

75.8

74.5

72.1
93.3

76.4

78.5

77.9

77.2

75.1

70.2

%N of quaternized cotton fabrics, 0.0812, SHP/CA molar ratio, 1.5; drying temp., 85oC/3min; curing temp., 180oC/90sec.


Table 5: Effect of SHP/CA molar ratio on the performance properties of quaternized cotton fabrics.

SHP:CA
WRA

(w+f)o
TS (W)
EB
WI


Dry
Wet




Untreated

0.0

0.5

1.0

1.5

2.0
120

164

214

229

223

212
135

210

240

275

257

241
53.5

41.6

39.4

36.7

38.1

38.7
21.4

18.6

16.1

13.7

14.1

15.5
97.0

82.7

79.9

79.8

80.3

80.1

%N of quaternized cotton fabrics, 0.0812; [citric acid], 5%; drying, 85oC/3min; curing, 180oC/90sec.

Table 6: Effect of curing temperature on the performance properties of quaternized cotton fabrics.

Temperature

(oC)
WRA

(w+f)o
TS (W)
EB
WI


Dry
Wet




Untreated

150

160

170

180

190
120

155

198

218

229

236
135

216

260

270

275

294
53.5

50.1

46.5

40.3

36.7

32.3
21.4

20.1

18.0

15.3

13.7

12.3
97.0

85.2

83.5

81.2

79.8

74.3

%N of quaternized cotton fabrics, 0.0812; [citric acid], 5%; SHP/CA molar ratio, 1; drying, 85oC/3min, curing time, 90 sec.


Table 7: Effect of curing time on the performance properties of quaternized cotton fabrics.

Time

(sec)
WRA

(w+f)o
TS (W)
EB
WI


Dry
Wet




Untreated

30

60

90

120
120

180

200

229

235
135

221

257

275

290
53.5

48

41.5

36.7

33.5
21.4

16.0

14.2

13.7

13.1
97.0

82.7

80.7

79.8

74.3

%N of quaternized cotton fabrics, 0.0812; [citric acid], 5%; SHP/CA molar ratio, 1; drying, 85oC/3min, curing temp, 180oC.


Table 8: Effect of type of polycarboxylic acid on the performance properties of quaternized cotton fabrics.

Acid

Type
WRA

(w+f)o
TS

(W)
EB
WI
Carboxyl

Content

(meq/100g) 
%E 


Dry
Wet






Untreated 

Quaternized

BTCA

BTCA + Q

CA

CA + Q

SA

SA + Q
120

137

253

265

201

229

121

134
135

151

248

281

197

275

119

188
53.5

53.6

31.5

33.1

34.9

36.7

47.3

48.1
21.4

21.8

14.1

14.9

12.5

13.7

17.9

18.3
97

95.3

82.7

81.4

80.7

79.8

85.3

83.6
2.7

2.4

53.1

51.3

44.2

38.5

50.9

33.6
67.3

16.8

95.4

87.1

89.6

86.5

93.1

79.8

%N of quaternized cotton fabrics, 0.0812; [polycarboxylic acid], 5%; SHP/polycaboxylic acid molar ratio, 1; drying, 85oC/3min, curing temp, 180oC/90 sec; (max of Methylene Blue, 664.5.
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