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Abstract 
 
1,2,3,4 butanetetra carboxylic acid (BTCA) represents an 

environmentaly safe alternative for commercial formaldehyde 

containing resins that impact ease of care properties to cotton textile 

However, several drawbacks are encountered with BTCA finishing 

treatment, like excessive fabric tendering, yellowing as well as lower 

dye affinity. The feasibility of adding different polymers, viz. 

polyvinyl alcohol (PVA) and carboxymethyl cellulose (CMC) alone or 

in admixture with chitosan to the finishing bath containing BTCA 

was investigated. Moreover, cationized forms of these polymers were 

also used as additives in the finishing formulation. Results obtained 

showed that addition of CMC alone or in combination with chitosan 

(0.5%) to BTCA finishing formulation improves crease recovery 

angle, tensile strength, abrasion resistance, as well as dyeing with 

basic dyes. 
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1. Introduction 
World wide, the fashion industry is more and more interested in new and 

versatile fabrics, characterized by specific mechanical and physicochemical 

properties, for the production of commodities with high specific properties such as 

wash and wear, easy care, soft handle, ability to drape, etc… Generally, modifying the 

internal crystalline structure of cotton and / or changing the surface are possible 

approaches to achieve this objective . 

. Cellulose crosslinking is an important chemical process and is the basis for a 

vast array of finished textiles products. Formaldehyde based N-methylol crosslinkers 

bring about fabrics with many desirable mechanical properties (e.g. crease resistance),         

anti-curl, shrinkage resistance, durable press), but also cause strength loss and the 

potential to release formaldehyde, which is a suspected human carcinogen. (1) 

Scince the late 1980s, extensive efforts have been made to develop 

multifunctional carboxylic acids such as 1,2,3,4 butanetetra carboxylic acid (BTCA) 

as a new formaldehyde free DP finishing agents to replace the traditional 

formaldehyde-based DMDHEU (DimethylolDihydroxyEthyleneUrea) and its 

derivatives.(2,3) 

BTCA satisfies many desirable requirements such as durability to laundering 

and durable press performance. However, it results in a dramatic loss of tensile 

strength and abrasion resistance(4);tensile strength loss is attributed to acid catalyzed 

depolymerization and cellulosic crosslinking(4), whereas abrasion resistance loss is 

associated with irreversible acid catalyzed depolymerization and reversible cross 

linking of cellulose molecules.(5) 

Polymers additives have been used extensively in conventional cotton cross -

linking to improve wrinkle recovery(6,7), abrasion resistance(8,9), tear strength(10), hand 

characteristics (11), soil and soil release    properties (12,13) as well as to restrict uneven 

crosslink distribution during drying of cotton textiles i.e. to restrict migration.(14) 

The present work is undertaken with a view to investigate the effect of using 

some polymer additives, viz. polyvinyl alcohol (PVA), or carboxymethyl cellulose 

(CMC), in presence or absence of chitosan, to BTCA crosslinking formulation of 

cotton fabric, on some performance properties of the fabric, such as crease recovery 

angle, tensile strength, abrasion resistance, soil release rating (oily), SRR, whiteness 
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index, and color strength (K/S).The work is further extended to use the cationized 

forms of PVA or CMC as additives 

2. Experimental 
 

2.1    Fabric 
 

Mill scoured and bleached 100% cotton fabric (poplin) was supplied by Misr 

Company for Spinning and Weaving, Mehala El-Kubra, Egypt.  

The fabric has the following specification; plain weave, warp 36 yarn/cm, weft 

30 yarn/cm, fabric weight 150g/m2. The fabric was further purified in the laboratory 

by washing at 100oc for 60 min using a solution containing 2g/l Na2Co3 and 1g/l 

nonionic welting agent. The fabric was then washed several times with boiling water 

and with cold water and finally dried at ambient conditions 

. 

2.2 Chemicals 
 

1,2,3,4 Butanetetra carboxylic acid (BTCA), (Aldrich chemical company), 

sodium hypophosphite (SHP), Sodium hydroxide, and acetic acid were of analytical 

grade chemicals.Chitosan (CS) with a degree of deacetylation of 86% and a molecular 

weight of 600,000 was supplied by Dalton (Fluka), polyvinyl alcohol (PVA) under 

commercial name of Vinarol STH, (medium viscosity-partially hydrolyzed) (Clariant) 

and; carboxymethyl cellulose (CMC), under the commercial name of Tylose C30 of 

(Clariant). Cationized PVA and CMC. Other chemicals were, 3-chloro-2-

hyroxypropyl trimethyl ammonium chloride (65wt%) aqueous solution under the 

commercial name Quat-188 (Dow chemical co., USA), and Maxilon Red 3BL, a basic 

dye of Ciba. 
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2.3 Preparation of cationized PVA and CMC 
 

   Cationized PVA was prepared by dissolving 1 mole (44g) of PVA in hot 

water and after cooling , then 1 mole Quat-188 65% (289.2 ml) was then added. 

NaOH (2 mole) was then added drop wise. The mixture was mechanically stirred at 

room temperature overnight. At the end of the reaction pH was adjust to 7 using acetic 

acid. The same method was used to cationize CMC but in this case and for practical 

reasons only 0.5 mole CMC was dissolved in water and then 1 mole of Quat 188, 65% 

(289.2 ml), NaOH (2 mole),were added in the same manner as that of PVA. 

The reaction product was finally presipitated using isopropyl alcohol and 

washed several times with isopropyl alcohol / H2O (80/20 v/v). The samples were 

finally dried at ambient conditions 

 

2.4 Fabric Treatment 
 

  Fabric samples were soaked in the aqueous finishing formulations containing 

BTCA(6%),SHP(4%) in presence and absence of the said polymeric additives, padded 

twice to about 100% wet pickup, dried at 80oC for 5 min and cured at 180oC for 2 

min. The samples were then washed at 50oC for 15 min in presence of 1g/l nonionic 

wetting agent, and finally dried and conditioned for evaluation. Formulations used in 

the treatment are detailed in both text and tables 

. 

 

2.5 Dyeing method 
 

 The cotton fabrics treated with BTCA, in presence of additives and chitosan as 

mentioned above were dyed with basic dye 1% (owf) according to the conventional 

exhaustion method. The dyeing process was performed at 95oc for 1 hr using material 

to liquor ratio 1:20. After dyeing, the fabric were thoroughly washed with 2g/l of non-
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ionic detergent for 30 min. at 90oc and then washed with cold water. The dyed fabrics 

were dried and finally evaluated. 
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2.6 Fabric Evaluation 
 

Bound nitrogen was measured by the kjeldahl method. Dry and wet wrinkle 

recovery angle of the treated and untreated sample were determined according to 

AATCC test method 66-1990. Tensile strength and elongation at break were 

determined according to ASTM test method D-1682-94, 1994. Testing of abrasion 

resistance was carried according to the edge- Abrasion method (15) ,where the abrasion 

resistance is determined by the% loss in weight . The test was carried out using Emery 

paper No. 1000 with 500 cycles, whiteness Index (WI), expressed as CIE unit was 

measured as per AATCC standard test method 110-1989, the oily stain release rating 

(SRR) was assessed according to AATCC test method 130-1990, color strength 

expressed as k/S of the dyed fabric was measured using spectrophotometer type 

Milton Roy Color Mate. 

 

3. Results and Discussion  
 

Since the aim of this work is to examine the technical feasibility of using some 

polymeric agents alone or in cationized form as well as in admixtures with chitosan as 

additives to BTCA finishing formulation of cotton fabric, the treatment was carried 

out using different types and concentrations of these additives. Given hereafter the 

results obtained and their discussion. 

 

3.1 PVA and CMC additives 
 

Table (I) and Table (II) show the effect of incorporation of different 

concentration of PVA and CMC (0.2 - 1%) in the finishing formulation on some 

performance properties of the fabric. It is clear, that finishing the fabric with BTCA 

alone is reflected on enhancing the extent of crosslinking, expressed as both dry and 

wet CRA, and basic dyeability expressed as K/S value with a negative impact on TS, 

abrasion resistance and W.I, while the SRR remains unchanged. 

It is evident from Table (I) that addition of PVA and increasing it's 

concentration results in decreasing dry CRA and increasing wet CRA; a point which 
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could be is associated with the ability of PVA to help water retention in the fabric 

structure at the time of chemical reaction, thereby reducing fabric wet stiffness and 

enhance fabric wet recovery (16). It is also seen that the TS of finished fabric is higher 

in presence than in absence of PVA. This could be interpreted in terms of both 

diffusion of PVA inside the fabric structure to increase fiber to fiber and yarn to yarn 

adhesion and coating the fabric surface with a thin film, and consequently 

strengthening it. Moreover, some BTCA can be consumed in reaction with PVA, as 

seen in scheme I, resulting in lower cellulose cross linking, and hence higher TS with 

lower dry CRA. The improvement in abrasion resistance as a result of incorporating 

PVA in the finishing formulation could be attributed to both of protecting the fabric 

surface by the deposited PVA film and decreasing the cellulose cross linking on the 

fiber surface (17). 
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Scheme I : Possibilities of reaction of BTCA with cellulose and PVA 
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Table II summarizes the results obtained when CMC is replaced by PVA. The 

results obtained show that, addition of CMC to the finishing formulation improve 

CRA (dry and wet) where dry CRA increases from 244o to 282o and wet crease CRA 

increases from 230o to 271o. In the mean time both the tensile strength and abrasion 

resistance (loss in weight %) were improved from 28 to 33 kg and 0.698 to 0.146, 

respectively. This is a direct consequence of attaching CMC onto cotton structure via 

BTCA bridges; in accordance with Beninate et. al (18), who showed that the presence 

of CMC in cross linking formulation resulted in better mechanical properties of 

finished cotton fabric.  

It is also evident from Table Iand II that finishing treatment in the presence of 

either PVA or CMC has a positive effect on stain release rating (SRR) and as well as 

dyeability, expressed as K/S value, using a basic dye. The higher (SRR) value in 

presence than in absence of such additives can be associated with the acquired 

hydrophilicity upon treating with these additives (19).It is also noticed(Tables Iand II 

)that the finished fabric are basic dyeable; this can be ascribed to the incorporation of 

COOH groups onto cellulose structure as a result of BTCA and / or CMC treatment. 

From Table I and II, whiteness index of crosslinking cotton fabric using BTCA 

decreased from 89.14 to 77.82. Addition of PVA at different concentrations 

marginally improves the whiteness index of the treated fabric.The same holds true for 

samples treated with BTCA and CMC. 

 

3.2 Addition of chitosan 
 

 Recently, much attention has been focused on chitosan as a functional 

polymer, since it has several useful properties such as non-toxicity, biocompatibility, 

biodegradability, antimicrobial activity and chemical reactivity. Regarding to textiles, 

chitosan has been used to improve dyeability, soil release properties and the handle of 

cotton (20). 

 Tables III and IV show the effect of addition of chitosan (0.5%) in the 

finishing bath formulation containing BTCA(6%)and SHP (4%) along with different 

concentrations of PVA or CMC, on the physical and chemical properties of the treated 

cotton fabric.  It is seen that N% decreases as the concentration of PVA or CMC 
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increases. Since the wet pick up is constant (100%), increasing PVA or CMC 

concentration reduces the uptake of chitosan from the solution, which leads to 

decrement in N% on fabric. Table III shows that, by increasing PVA concentration, in 

the range examined, the dry crease recovery increases from 271o to 288o, the wet 

crease recovery increase from 247o to 275o and the tensile strength slightly increases 

and the same holds true for the abrasion resistance, where the loss in weight of the 

fabric decreases from 0.95% to 0.099% . 

.  

The improvement in strength properties (T.S and abrasion resistance) as a result 

of incorporating chitosan in the finishing formulation could be associated with 

covering the fabric surface with adhered chitosan film that enhances its abrasion 

resistance as well as adhering the fibers and yarns with each others and reinforcing 

them, giving rise to higher T.S.  

The improvement of soil release was attributed to the increase in fabric 

hydrophilicity. Replacing CMC by PVA at the same concentration gives 

approximately similar results as shown in Tables III and IV. Mixture from CS/CMC 

provide a unique interaction where-NH2 group in chitosan and – COOH groups in 

CMC can work as cationic and anionic parts respectively to form an ampholytic 

polymer network through the interaction of –N+H3 and – COO-  ions formed in situ. 

This means that an interpolymer complex can be formed between the fibers. Therefore 

addition of chitosan to BTCA formulation enhances the dry and wet crease recovery 

angle, tensile strength, abrasion resistance and also the soil release rating (SRR). The 

affinity to basic dye is also improved as a result of increasing of the carboxyl 

functional group onto cellulose structure. 

 

3.3 Cationized PVA or CMC additives 
 

Tables V and VI summarize the effect of addition of cationized PVA and 

cationized CMC, respectively, in the BTCA finishing formulation on the performance 

properties of the treated cotton fabric properties of the treated cotton fabric. The 

results obtained reveal the following points. 
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i. Increasing the concenteration of cationized PVA or CMC from 0.2%-1% wt/v 

brings about an increase in wet and dry crease recovery angle from 229o to 260o and 

from 257o to 277o respectively for cationized PVA and from 242o to 284o and from 

258o to 290o respectively for cationized CMC.. 

 

However these values are lower than that of control sample (treated only with BTCA 

and SHP). This could be explained in terms of competitive reaction of these two 

polymers with cotton cellulose during crosslinking reaction. On the other hand, at 

high concentration. for cationized PVA and cationized CMC, these two polymers 

impart higher resiliency to the treated fabric leading to increasing in wet or dry crease 

recovery angle. 

ii. Tensile strength of the treated cotton fabric sharply decreased from 44 kg to 24 kg 

after crosslinking with BTCA and in absence of cationized PVA or cationized CMC. 

Addition of cationized PVA and cationized CMC marginally improves the tensile 

strength but it is still lower than that of untreated fabric. 

iii. A comparison of results obtained in Table VI and V shows that at the same 

concentration from cationized PVA and cationized CMC, the tensile strength and 

abrasion resistance is higher with cationized CMC than with cationized PVA. 

iv. Cationization of either PVA or CMC results in impairing SRR of the fabric 

samples as can be seen by comparing Table  I with Table V and Table II with 

TableVI . This is not quite understandable, scince it would be expected that 

cationization should enhance the hydrophilicity of both PVA and CMC in virtue of 

inserting quaternary ammonium group onto their structures. It seems that this same 

increase in hydrophilicity embeds soil release during washing. To explain this, it is 

known that oily stain is forced inside the fabric in the dry state. During washing, it 

seems that the cationized films of either PVA or CMC on the fabric surface swell to 

the degree that it hinders expelling of oily stain out of  the fabric. 

v. K/S of basic dyed samples are set out in Table V and table VI. It is seen that, K/S 

increases from 0.287 to 5.87 after crosslinking with BTCA. Unexpectedly  addition 

of cationic polymers has practically no effect on the K/S values. This suggests that 

the acquired carboxyl groups due to BTCA crosslinking either have a dominant 
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contribution to basic dyeing than those acquired by CMC or are blocked by the 

cationic sites of the added polymers. 

 

  

  

 

4. Conclusion 
Addition of either PVA or CMC (0-1%) in admixture with chitosan (0.5) in the 

easy care finishing formulation containing BTCA (6%) and SHP (4%), improves tensile 

strength, abrasion resistance, soil release rating (SRR), and whiteness index of the 

finished cotton fabric.  As the concentration of these additives increases (0-1%), the so 

mentioned properties of the cotton fabric are enhanced.  Addition of cationized forms of 

either PVA or CMC has a positive effect on crease recovery angle, tensile strength, 

abrasion resistance and whiteness index but has a negative effect on the soil release 

rating. 
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Table I: Performance properties of BTCA-treated cotton fabric in presence of 

different concentrations of PVA. 

 
CRA 

(W+F)o PVA 
Conc.% 

Dry Wet 

T.S 
Kg 

EL 
% 

Abrasion resistance 
(Loss in weight %) SRR K/S W.I 

Blank 147 137 44 14 1.295 1-2 0.284 89.4 

0 262 244 24 15 2.63 2 5.79 77.82  

0.2 278 255 36 16 0.539 3-4 5.79 76.58

0.4 261 258 35 14.5 0.504 3-4 5.79 78.67

0.6 259 263 35 14.5 0.449 3-4 5.37 78.67

0.8 254 268 33 14 0.329 3-4 5.29 80.77

1 246 271 32 14 0.242 3-4 5.21 81.33

 
 
[BTCA] 6%, [SHP], 4%, wet pick up, 100%, drying at 80oC / 5min, curing at 180oC / 
2min. 
 
CRA: Crease recovery angle; T.S: tensile strength (kg);El :elongation at break 
SRR: Soil release rating; K/S: color strength; W.I: whiteness index. 
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Table II: Performance properties of BTCA-treated cotton fabric in presence of 
different concentrations of CMC. 
 

CRA 
(W+F)o CMC 

Conc.% 
Dry Wet 

T.S 
Kg 

EL 
% 

Abrasion resistance 
(Loss in weight %) SRR K/S W.I 

Blank 147 137 44 14 1.295 1-2 0.287 89.4 

0 262 244 24 15 2.63 2 5.75 77.83

0.2 244 239 28 16 0.698 4 5.89 77.82

0.4 270 260 29 16 0.584 4 5.97 77.46

0.6 273 267 29 15 0.406 4 6.18 79.27

0.8 276 269 31 15 0.179 4 6028 79.35

1 282 272 33 15 0.146 4 6.28 78.74

 
[BTCA]  6%; [SHP]  4%; wet pickup 100% drying at 80oC / 5 min; curing at 180oC / 
2min. 
Abreviation as in footnote of table I
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Table III: Performance properties of BTCA – treated cotton fabric in presence of 
different concentrations of PVA and chitosan (0.5%) 
 

CRA 
(W+F)o PVA 

Conc.% N % 
Dry Wet 

T.S
Kg 

EL 
% 

Abrasion 
resistance 
(Loss in 

weight%) 

SRR K/S W.I 

Blank _ 147 137 44 14 1.295 1-2 0.287 89.45

0 _ 262 244 24 15 2.63 2 5.79 77.82

BTCA 
+ CS 0.44 276 269 27 12 0.95 3 5.7 72.55

0.2 0.27 271 260 35 16 0.261 4 5.7 75.29

0.4 0.24 272 267 35 14.5 0.251 4 5.79 75.28

0.6 0.23 283 269 36 14.5 0.231 4 5.62 75.32

0.8 0.20 285 271 31 14 0.207 4 5.62 76.15

1 0.19 288 275 30 14 0.049 4 5.53 76.95

 
[BTCA], 6%; (SHP), 4%, [Chitosan], 0.5%; wet pick up100%, drying at 80oC / 5min; 
curing at 180oC / 2 min 
Abreviation as in footnote of table I
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Table IV: Performance properties of BTCA – treated cotton fabric in presence of 
different concentrations of CMC and chitosan (0.5%) 
 

CRA 
(W+F)o CMC 

Conc.% N % 
Dry Wet 

T.S
Kg 

EL 
% 

Abrasion 
resistance 
(Loss in 

weight%) 

SRR K/S W.I 

Blank _ 147 137 44 14 1.295 1-2 0.287 89.4 

0 _ 262 244 24 15 2.63 2 5.79 77.83

BTCA 
+ CS 0.44 276 269 27 12 0.95 3 5.7 72.55

0.2 0.187 268 265 29 17 0.776 4 6.18 76.43

0.4 0.147 275 281 30 17.5 0.266 4-5 6.28 75.64

0.6 0.134 285 285 32 15 0.086 4-5 6.39 75.29

0.8 0.127 292 289 34 15 0.038 5 6.39 75.49

1 0.126 298 295 36 15 0.03 5 6.28 75.36

 
[BTCA], 6%; (SHP), 4%, [Chitosan], 0.5%; wet pick up100%, drying at 80oC / 5min; 
curing at 180oC / 2 min 
Abreviation as in footnote of table I
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Table V: Performance properties of BTCA – treated cotton fabric in presence of 
different concentrations of cationized PVA 
  

CRA 
(W+F)o Cationized 

PVA 
Conc.% 

N % 
Dry Wet

T.S
Kg 

EL 
% 

Abrasion 
resistance 

(Loss in weight 
%) 

SRR K/S W.I 

Blank _ 147 134 44 14 1.295 1-2 0.287 89.45

0 _ 262 244 24 15 2.63 2 5.79 77.82

0.2 0.185 257 229 26 12 0.648 3 5.7 77.83

0.4 0.195 260 235 27 14 0.544 3 5.62 78.62

0.6 0.209 266 249 27 14 0.458 3 5.45 78.77

0.8 0.272 270 252 31 15 0.401 3 5.37 78.85

1 0.305 277 260 32 14 0.4 3 5.14 78.90

 
[BTCA], 6%; (SHP), 4%, wet pick up100%, drying at 80oC / 5min; curing at 180oC / 
2 min 
Abreviation as in footnote of table I
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Table VI: Performance properties of BTCA-treated cotton fabric in presence of 
different concentrations of cationized CMC 
 

CRA 
(W+F)o Cationized 

CMC 
Conc.% 

N % 
Dry Wet

T.S
Kg 

EL 
% 

Abrasion 
resistance 

(Loss in weight 
%) 

SRR K/S W.I 

Blank _ 147 137 44 14 1.295 1-2 0.287 89.45

0 _ 262 244 24 15 2.63 2 5.79 77.82

0.2 0.089 258 242 26 14 0.963 3 6.18 76.33

0.4 0.091 260 254 26 14 0.975 3 6.18 78.29

0.6 0.261 279 260 28 15 0.657 3 6.18 79.23

0.8 0.271 286 275 30 14 0.394 3 6.08 79.45

1 0.275 290 284 33 15 0.394 4 5.98 80.62

 
[BTCA], 6%; (SHP), 4%, wet pick up100%, drying at 80oC / 5min; curing at 180oC / 
2 min 

Abreviation as in footnote of table I 


