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Abstract  
 

 Novel approaches for development of new textile sizing agents and 
flocculants were undertaken.  One of these approaches is based on acid hydrolysis 
of chitosan and the other involves its carboxymethylation.  Characterization of the 
hydrolyzed chitosans was performed through monitoring nitrogen content and 
apparent viscosity, while carboxymethyl chitosan was analyzed for degree of 
substitution (DS) along with apparent viscosity.  Factors affecting both hydrolysis 
and carboxymethylation were investigated.  The nitrogen content and apparent 
viscosity of chitosan decrease variably by increasing HCl concentration as well as 
time and temperature of hydrolysis.  On the other hand, the DS of carboxymethyl 
chitosan increases by increasing the concentration of both sodium hydroxide and 
monochloroacetic acid and similarly increases by prolonging the duration and 
raising the temperature of carboxymethylation; in contrast with apparent viscosity 
which is inversely related to these parameters.   
 Aqueous solutions of hydrolyzed chitosans or carboxymethyl chitosans 
were applied to light cotton with a view to envision the technical feasibility of 
such water soluble chitosans for textile sizing.  The size add-on on the light fabric 
is directly related to the concentration of the hydrolyzed or carboxymethyl 
chitosan in the sizing solution and so does the apparent viscosity of the latter.  
Hundred percent size removals could be achieved with the hydrolyzed chitosans 
irrespective of the size solution concentration provided that the latter is not less 
than 8%.  Different situation is encountered with carboxymethyl chitosan where 
the percent size removal increases from 81% to 95% by increasing its 
concentration in the sizing solution from 5 % to 15%.  Drying the sized fabric at 
80oC for 5 minutes or 120oC for 3 minutes has practically no effect on percent size 
removal.  The same holds true for heat treatment of the sized fabric at higher 
temperatures (up to 160oC) for longer durations (up to 15 minutes).  This is 
observed with hydrolyzed chitosans and carboxymethyl chitosans.  The sized 
fabrics exhibit an average increment in tensile strength of about 55% and an 
average decrement in elongation at break of about 3%. 
 The work was further extended to assess the aforementioned hydrolyzed 
chitosans and carboxymethyl chitosans as flocculants.  The flocculation was 
followed at different pH's through determination of the transmission %.  
Efficiency of flocculation at pH6 is greater than at pH8.   
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Introduction : 

 
Chitosan is the principal derivative of chitin, produced by alkaline hydrolysis of the latter.  

It occurs also naturally in some fungi [1], but its occurance is much less widespread than 

is that of chitin.  Chitosan is poly [ß –(1-4) 2-amino-2deoxy-D-glucopyranose] and its 

idealized structure is shown under  
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Structure of Chitosan 

 

Hence the main functional groups in chitosan are the amine group at C2, the secondary 

hydroxyl group at C3 and the primary hydroxyl group at C6.  In addition, previous 

reports [2] have disclosed that 1-4 linkages is more susceptible to hydrolysis than 1-6 

linkages. 

Chitin –from which chitosan is derivatized- is so abundant in nature that it occupies the 

second place after cellulose in the natural carbohydrate- based polymer category.  

Nevertheless, neither chitin nor chitosan has found the applications that cope with their 

abundance in nature.  The main reason for this is that chitosan applications in practice are 

confined to areas, which don’t require huge amounts of chitosan such as cosmetics, 

pharmaceuticals, chromatography, and medical materials.  One of the most anticipated 

area for promotion of utilization of chitosan is its application in textile sizing.  The 
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capacity of making a size film on natural as well as on synthetic fibers, the strong 

adhesive strength between fiber and size, biodegradability, biocompatibility, non toxicity, 

antibacterial activity, high moisture absorbency and environment-friendliness are suitable 

properties for chitosan to be used as a sizing agent in weaving process in textile 

production [3]. 

Sizing agents are textile processing aids, which are mixed with water and applied hot, or 

cold.  Their function is: to optimize the weaving process in terms of weaving efficiency 

and low warp yarn breakage values with a very low size add-on.  The size must be 

completely removable from the fabric in the subsequent finishing process to minimize the 

COD load of the liquors and, to be reliably recyclable from the wash liquor and/or 

eliminable from the waste water [4]. 

Textile warps are usually subjected to sizing before weaving.  Once applied to the yarn 

and dried, the size increases the tensile strength and abrasion resistance of the yarn.  The 

sizing formulations may consist of natural and synthetic polymers, gums, starch, metal to 

fiber lubricants, preservation and deformers.  The effectiveness of sizing process depends 

on the adhesion between size and yarn, the position of locating the size material on and in 

the yarn, the rheological properties of the size material, the properties of the warps yarn, 

and many other factors.  Viscosity of most sizing agents is not constant but depends on 

concentration and the rate of shear.  Subsequently, it is important to examine the 

rheological properties, size- add-on and size removal.  Such examination leads to better 

evaluation of sizing performance and reliable design through understanding of molecular 

structure of sizing agent [5-7]. 
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In the present work systematic investigation of the conditions affecting hydrolysis and 

carboxymethylation of chitosan using HCl and monochloroacetic acid respectively, is 

carried out.  This is done with a view to control the chitosan molecular weight and to 

envisage the onset of these chitosan products on cotton fabric performance when such 

products are applied to the fabric as sizing agent.  Evaluation of the action of such 

chitosan products as flocculants is also made.  Flocculation was studied under different 

conditions including flocculant dose, pH of the flocculation medium and the nature of 

chitosan derivative.  The flocculation action was determined by measuring 

transmission%. 

2. Experimental    

2.1 Materials 

High molecular weight chitosan (600,000), was kindly supplied by Fluka- Biochimikal 

Switzerland.  Analysis showed that this chitosan acquires a nitrogen percent 6.9 and the 

apparent viscosity of 400mPa.s (1% in 1% acetic acid) 

2.2 Chemicals used      

Hydrochloric acid, monochloroacetic acid, sodium hydroxide, acetic acid, and isopropyl 

alcohol were of reagent grade. 

2.3 Preparation of hydrolyzed chitosan  

Hydrolysis of chitosan was carried out by steeping the chitosan samples in (0.01N-1N) 

HCl in isopropyl alcohol/water at a ratio 70:30. Hydrolysis was allowed to proceed at 

different temperatures (30-90oC) for varying periods of time (10-120min).  A material to 

liquor ratio (M: LR) 1:20 was employed. At the end of the hydrolysis, the pH of the 
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resultant mixture was adjusted to pH 7 using aqueous Na2CO3. The hydrolyzed chitosan 

samples were filtered off then washed several times with isopropyl alcohol /water 

(70:30v/v) until they were free from sodium chloride and then dried at 50oC. 

 

2.4 Preparation of Carboxymethyl chitosan  

 Certain weight of chitosan was suspended in known volume of isopropyl alcohol, then 

certain volume of sodium hydroxide solution of different concentrations (4N-18N) was 

added in six equal portions over a period of 20 min with continuous stirring.  The alkaline 

slurry was stirred for an additional 45 min.  To this monochloroacetic acid (1N-5 N) was 

added and the content of the flask was subjected to continuous stirring till complete 

homogeneity.  The reaction was heated in thermostatic water bath at (30-90oC) for 

different periods of time (1-4 hrs). The excess alkali was neutralized using glacial acetic 

acid to pH 7.  The reaction product was precipitated in isopropyl alcohol. Finally, the 

reaction mixture was filtered and washed with isopropyl alcohol /water (70:30) several 

times and dried.   The anticipated product is N,O Carboxymethyl chitosan [8 ] 

2.5 Sizing and Desizing Process 
 

Light cotton fabric was padded through two dips and two nips in either hydrolyzed 

chitosan solution or carboxymethyl chitosan solution at different concentrations to a wet 

pickup of ca.100%.  The sizing solution was heated to 85oC before being used for 

padding the cotton fabric.  At this end the samples were dried at 85oC for 5min then 

thermally treated at different temperatures (100-160oC).  The percent size add-on was 

calculated as follows  
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Size % = W1-W2   X   100 
W1 

The desizing was carried out by washing the sized samples with hot water at 90oc for 

5min and dried to constant weight [9] 

The percent size removal was calculated as follows: 

                                       Size removal    W1  -  W2     X  100 
W1  -  W0 

Where: W0, original weight of untreated ample,  

            W1, weight of sized sample,  

            W2, weight of desized sample. 

2.6 Preparation of ferric laurate; 

 Lauric acid (5g) suspended in H2O (500ml) in a 1L beaker and stirred at 60-70oC and 

aqueous solution of sodium hydroxide (10%) was added drop wise to adjust the pH to 

10.5.  Stirring was continued until sodium laurate dissolved completely.  The ferric 

laurate was precipitated by adding aqueous ferric chloride (10%) dropwise to the so 

obtained solution.  The pH was adjusted to 6 and 8 by controlling the addition of ferric 

chloride solution. The suspension was then transferred to 1L measuring flask, 30 ml of 

ferric laurate solution were diluted to 1L[10].   

2.7 Flocculation Process: 

The flocculation solution was added in different doses to a series of 250ml beakers 

containing 100ml of ferric laurate solution and the mixtures were mechanically stirred at 

200 rpm for 30 second.  After 10 min the solution was filtered.  The transmission% of the 

filtrate was estimated using the colorimeter apparatus[10].    

2.8 Testing and Analysis 
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Nitrogen content was estimated by Kjeldahal method [11]. 

Apparent viscosity was determined at a shear rate of 516 S-1 by using a coaxial rotary 

viscometer (HAAK RV 20) at 80oC [12] 

Tensile strength and elongation at break are measured according to a method 

described elsewhere [13] 

Degree of substitution (DS) is a measure of the average number of hydroxyl group on 

each D-glucopyranose unit which are derivatized by substituent groups.  DS is expressed 

as moles of substituent per D-glucose unit.  DS was calculated according to a method 

described elsewhere [14]. 

3. Results and Discussion  

As a continuity to our previous efforts [15,16] special attention has been given to 

chemical modification of chitosan through acid hydrolysis and carboxymethylation.  The 

main purpose was to obtain chitosan with improved properties which enable it to function 

as a good sizing agent.  Thus hydrolyzed chitosan and carboxymethyl chitosan were 

applied to light cotton fabric with a view to examine their sizability and desizability.  

Both modifications, i.e., hydrolysis and carboxymethylation, were carried out under a 

variety of conditions for the sake of optimization of production of hydrolyzed chitosan 

and carboxymethyl chitosan.  Evaluation of these two types of chitosan derivatives as 

flocculants was also made.  The flocculation action was determined by measuring the 

transmission%.  Results obtained are detailed under. 

3.1 Hydrolysis of chitosan    

3.1.1 Hydrochloric Acid Concentration 
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Chitosan samples were subjected to HCl hydrolysis at different concentrations and the 

hydrolyzed products monitored for nitrogen content, as a measure of the extent of 

hydrolysis, and apparent viscosity as indication of the changes in the molecular weight of 

chitosan by acid hydrolysis.  Fig. 1(a) shows the nitrogen percent and apparent viscosity 

as a function of the concentration of HCl.  Similar relationships are shown in figs. 1(b) 

and 1(c) with respect to time and temperature of hydrolysis respectively. 

Results of fig. 1(a) make it evident that the nitrogen content of chitosan decreases by 

increasing the HCl concentration within the range studied (i.e.0.01N-1N HCl).  This is 

rather in confirmation with our previous work [15] which ascribed this to the difference 

in the molecular weight of chitosan unit on which the nitrogen percent is based.  The 

molecular weight of chitosan unit is equal to 161 whereas that of the chitosan 

hydrochloride is 197. Accordingly, the nitrogen % of chitosan will be equal to 

(14/161X100)=8.96% and the nitrogen % of chitosan hydrochloride will be equal to 

(14/197 X100)=7.1%.. 

  

             

                     Chitosan Unit             Chitosan Hydrochloride unit  

                 ( R  represent the chitosan molecule  ) 

 

Such difference would explain the decrease in nitrogen by increasing the HCl 

concentration [15].  The results of fig. 1(a) reveal also that the apparent viscosity of  the 
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hydrolyzed chitosan decreases by increasing the HCl concentration.  Most probably 

certain portion of chitosan is highly susceptible to acid hydrolysis.  This portion 

undergoes severe molecular degradation even at low concentration of HCl thereby giving 

rise to decreased apparent viscosity. 

3.1.2 Duration of Hydrolysis 

Fig. 1(b) shows the nitrogen content and apparent viscosity of chitosan versus duration of 

acid hydrolysis.  It is seen that the nitrogen percent of the hydrolyzed chitosan decreases 

by prolonging the time of hydrolysis from (10min-120min).  The decrease in nitrogen 

percent could be related as already stated to higher molecular weight of chitosan 

hydrochloride on which the nitrogen percent is based.  In combination with this is the 

splitting off of short chain chitosan molecules with subsequent dissolution in the medium 

of hydrolysis.  Such short chains are formed under the progressive action of the acid on 

the chitosan chain molecule and vanish together with their amine groups via dissolution 

in the medium of hydrolysis. 

Fig. (1b) discloses that the apparent viscosity of the chitosan decreases significantly as 

duration of hydrolysis increases up to 1hr then levels off thereafter.  The decrease in the 

apparent viscosity is a manifestation of molecular degradation of chitosan particularly via 

breaking of 1-4 glucosidic bonds by acid attack on the highly accessible domains of 

chitosan.  Meanwhile the levelling off of the apparent viscosity after certain time could 

probably be associated with the crystalline domains which persist after degradation of the 

accessible regions of chitosan. 

3.1.3 Temperature of Hydrolysis  
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Fig.1(c) depicts the effect of temperature of acid hydrolysis on the apparent viscosity and 

nitrogen percent of chitosan.  Obviously, the apparent viscosity decreases by raising the 

temperature of the acid hydrolysis, from 30oC to 90oC.  This could be associated with the 

favourable effect of temperature on swellability of chitosan with subsequent better 

diffusion of HCl in the molecular structure of chitosan.  Higher temperatures provide also 

additional energy source which certainly activate the hydrolyzing action of HCl, resulting 

in shorter chitosan chains.  That is, the temperature acts in favour of breaking down the 

chitosan chains and, therefore, decreasing the apparent viscosity. 

 

Fig. 1(c) shows also that the nitrogen percent decreases as the temperature increases 

within the range studied. The decrement in nitrogen percent could be explained on basis 

similar to that outlined above for other factors affecting hydrolysis. 

3.1.4 Optimum conditions for preparation of hydrolyzed chitosan 

Based on the results of fig. 1(a-c) discussed above, it may be concluded that the most 

appropriate condition for hydrolysis of high molecular weight chitosan are as follows: 

[HCl],0.5N; time of hydrolysis 1hr., and temperature of hydrolysis 90oC.  Indeed these 

were applied to a large sample of the high molecular weight chitosan under investigation 

and the product so obtained was used for sizing of cotton textile under different 

conditions as detailed below.  Specifications of the obtained hydrolyzed chitosan acquires 

a nitrogen percent 6.5 % and apparent viscosity of 110mPas. 

3.1.5 Sizability and Desizability of New Sizes Based on Hydrolyzed Chitosan. 
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 Tab. 1 shows the effect of concentration of hydrolyzed chitosan on its sizability, as 

assessed by apparent viscosity, size add-on percent and strength properties of the sized 

cotton fabric, and on its desizability as measured by size removal percent.  It is seen that 

the size add-on percent is directly related to the apparent viscosity which, in turn, is 

governed by the solid content of the size in solution, the higher the apparent viscosity the 

greater becomes the size add-on percent.  It is also seen that the sized samples exhibit 

higher tensile strength than the unsized sample.  This is observed with samples subjected 

to drying or those subjected to drying followed by thermal treatment.  Extra strength 

conferred on the fabric by the size film accounts for this.  On the other hand, the 

elongation at break tends to be lower after sizing most probably owing to deposition of 

the size material in the interior of the cotton threads and on their surfaces, a state of 

affairs which is always accompained by brittleness and rigidity thereby decreasing the 

elongation at break.  Results of size removal percent (tab. 1), which is a measure of 

effectiveness of desizing process, refer to a 100% size removal.  This is the case with 

sized samples subjected to drying as well as those subjected to drying followed by 

thermal treatment.  Hundred percent size removal calls for complete solubility of the size 

under investigation in hot water (90oC).  That is, the said hydrolyzed chitosan is regarded 

as a good new sizing agent as it displays acceptable sizeability and excellent desizability.   

It should be pointed out that thermal treatment of the sized cotton fabric after drying was 

carried out with a view to clarify the role of thermal treatment in insolubilization of the 

chitosan-based size.  It is as well to note that the size was applied from hundred percent 

aqueous solution (water only was used for dissolution of the size).  In the next section, 
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the size is applied from aqueous solution of acetic acid and sized fabric was subjected to 

drying and drying followed by thermal treatment. 

3.1.6 Application of The Hydrolyzed Chitosan Size to Light Cotton Fabric from               

         Aqueous solution Containing acetic Acid. 

The sizability and desizability of hydrolyzed chitosan was studied when the latter was 

applied in different concentrations in % acetic acid to light cotton fabric.  The so treated 

fabric was dried at 80oC for 5 minutes and tested for sizing properties.  Also samples of 

the dried fabric was thermally treated at 120oC for 3 minutes and monitored for sizing 

properties. 

A comparison between the results of sizing properties of samples that have been sized 

then subjected to drying only and those subjecting to sizing and drying followed by 

thermal treatment are set out in tab. 2.  This is done to shed insight on the effect of both 

the presence of acetic acid in the sizing formulation and thermal treatment of the sized 

fabric on the sizing properties. 

It is clear (tab. 2) that the size add-on percent increases as the apparent viscosity of the 

hydrolyzed chitosan in acetic acid solution increases within the range studied.  This is 

rather in accordance with the results discussed above for sizing formulation without 

acetic acid.  At higher size concentrations, the size solution is rich in solid content and 

lower liquor ratio.  As a result the size add-on increases.  The tensile strength increases 

also after sizing followed by drying only or after sizing and drying followed by thermal 

treatment.  Nevertheless, sized samples subjected only to drying exhibit higher tensile 

strength than those dried followed by thermal treatment, indicating degradation of cotton 
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cellulose under the influence of acetic acid and heat.  Furthermore the elongation at break 

tends to decrease after sizing most probably owing to deposition of the size material on 

the surface as well as in the interior of the cotton fiber giving rise to brittleness and 

rigidity which, in turn, leading to decreased elongation at break.  On the other hand, the 

size removal percent increases from 81% to 95% by increasing the concentration of 

hydrolyzed chitosan in the sizing solution from 5% to 15%.  Drying the sized samples at 

80oC for 5 minutes or the same drying followed by thermal treatment at 120oC for 3 

minutes has practically no effect on the size removal percent. 

It is further noted that samples sized with hydrolyzed chitosan without acetic acid display 

better sizing properties than those sized in presence of acetic acid (compare tab. 2 with 

tab.1) presence of the acetic acid seems to help establish partial fixation of the hydrolyzed 

chitosan on the cotton fabric.  Most probably provision of hydrogen proton by the acid 

catalyzes reaction of chitosan with cotton cellulose.  

 3.1.6.1.Effect of time of thermal treatment on sizing properties:     

Tab. 3 shows the effect of duration of thermal treatment at 120oC on the sizing properties 

when hydrolyzed chitosan was applied from its aqueous solution. Obviously, duration of 

thermal treatment has marginal effect on the size add-on percent.  The latter exhibits the 

highest value after 5 min.  Shorter or longer duration brings about values of size add-on 

percent which are slightly lower.  Differences in the wet pickup percent of the size 

solution by the fabric may account for this.  However, the mode of association of the 

hydrolyzed chitosan size with the cotton fabric and /or its evaporation and its probable 

dependence on the duration of thermal treatment cannot be ruled out.  On the other hand, 
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size removal attains hundred percent, that is, complete removal, when duration of thermal 

treatment was increased up to 8minutes.  Thereafter, the size removal decreases 

substantially and attains value of 95% and 93% size removal for thermal duration of 10 

and 15minutes respectively indicating the positive effect of longer duration in fixation of 

the hydrolyzed chitosan size on the cotton fabric. 

It is also obvious (tab. 3) that the tensile strength displays its highest value at 5 minutes 

thermal treatment; longer durations decrease the tensile strength.  The elongation at break 

decreases after sizing with the certainty that duration of thermal treatment causes 

marginal variation in its magnitudes. 

3.1.6.2.Effect of temperature of  thermal treatment on sizing properties            

Cotton fabric samples were sized using hydrolyzed chitosan, dried then subjected for 

3minutes to thermal treatment at different temperatures ranging from 90oC to 160oC.  At 

this end, the obtained samples were monitored for their sizing properties, viz., size add-

on, size removal, tensile strength and elongation at break.  Results obtained are set out in 

tab. 4.  It is evident that the size add-on is almost constant (ca.11%) during a temperature 

range of 100-140oC.  The size add-on is a bit lower at 160oC most probably due to greater 

evaporation of the sizing solution at this high temperature.   

Tab. 4 shows also that hundred percent size removal is accomplished when the 

temperature of thermal treatment is in the range (100-140oC) higher temperature i.e. 

160oC reduces the size removal to 94%.  Higher temperatures seem to act in favour of 

fixation of the hydrolyzed chitosan on the cotton fabric as stated above.  On the other 

hand, tensile strength decreases as the temperature of thermal treatment increases from 
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100 to 160oC.  This is probably owing to structural changes in the hydrolyzed chitosan 

size through thermal dismantling at higher temperatures.  In combination with this is that 

the crystal structure of chitosan may be damaged thereby reducing the bonding strength 

between fibers and coating [9].  Tab. 4 reveals further that there is a tendency for the 

elongation at break to display higher values at 140oC and 160oC than at 100 and 120oC.  

Most probably, the brittleness and rigidity conferred on cotton fabric by deposition of the 

hydrolyzed chitosan size are less at higher than at lower temperature; a point which is 

substantiated by the crystal damage of the size in question as suggested above. 

3.2 Carboxymethylation of Chitosan       

Chitosan was reacted with monochloroacetic acid (ClCH2COOH) in presence of sodium 

hydroxide (NaOH) at different concentrations.  Variables studied encompass 

concentrations of both ClCH2COOH and NaOH as well as time and temperature of the 

reaction.  High molecular weight chitosan was used.  The extent of the 

carboxymethylation reaction is expressed as degree of substitution (DS).  Carboxymethyl 

chitosans obtained were monitored, beside the DS, for apparent viscosity, sizability and 

desizability. 

Results obtained are given below. 

3.2.1. Concentration of sodium hydroxide 

Fig. 2(a) shows a plot which correlates the concentration of sodium hydroxide with both 

DS and apparent viscosity.  Evidently, the DS increases by increasing the NaOH from 4N 

to16N.  Above 16N NaOH no further increase in DS is observed.  Stated in other words, 

16N NaOH constitutes the optimal concentration effecting reaction of chitosan with 
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ClCH2COOH.  Under such a high NaOH concentration the chitosan undergoes swelling 

and, in so doing, enhances the diffusion of ClCH2COOH in the molecular structure of 

chitosan thereby accelerating the extent of carboxymethylation expressed as DS. 

A close examination of the DS results in fig. 2(a) reveals that the values of the DS are 

less than 1.  Hence there is less than one carboxymethyl substituent per glucosamine unit 

in chitosan. This is observed whatsoever the NaOH concentration used within the range 

studied.  It is logical that during carboxymethylation two reactions take place. The first 

involves reaction of chitosan with ClCH2COOH in presence of NaOH.  This reaction 

yields O-carboxymethyl chitosan or N-carboxymethyl chitosan or  O,N-carboxymethyl 

chitosan [17] as shown by the following mechanism  

  

  

                                                                                                                             + H2O (1)                                 

 

It has been reported [18], however, that substitution occurs more readily on the hydroxyl 

oxygen atom than on the amine nitrogen atom apparently because the amine centers are 

involved in internal hydrogen bonding within the structure of the chitosan polymer and 

are not accessible.  On the other hand, the second reaction involves alkaline hydrolysis of 

ClCH2COOH to yield sodium glycolate (HO-CH2-COONa).  This inevitable reaction 

causes deactivation of ClCH2COOH and directs its consumption towards a side reaction 

rather than the required carboxymethylation reaction.  It is, therefore, advantageous not to 
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use NaOH at concentrations higher than 16N to minimize as much as possible the 

alkaline hydrolysis of ClCH2COOH. 

Fig. 2(a) shows also that the effect of NaOH concentration is to decrease significantly the 

apparent viscosity of carboxymethyl chitosan; the apparent viscosity decreases by 

increasing the NaOH concentration within the range studied.  During 

carboxymethylation, chitosan seems to undergo depolymerization the magnitude of 

which depends on the concentration of NaOH. 

3.2.2 Concentration of Monochloroacetic acid: 

Fig. 2(b) shows ClCH2COOH concentration versus DS and apparent viscosity of 

carboxymethyl chitosan when the latter was synthesized using different  ClCH2COOH 

concentration.  It is seen that DS increases by increasing ClCH2COOH concentration upto 

4N, then levels off thereafter.  The positive impact of ClCH2COOH concentration is a 

manifestation of greater availability of its molecules in the vicinity of chitosan hydroxyl 

and/or amine groups.  These groups are immobile and their reaction with ClCH2COOH 

along with NaOH would essentially rely on availability of ClCH2COOH molecules; a 

point which is justified at concentrations of ClCH2COOH upto 4N.  Levelling off of 

carboxymethylation; on the other hand, suggests that the side reaction - which leads to 

glycolate formation with subsequent negative impact on the carboxymethylation reaction- 

is favoured at higher ClCH2COOH concentrations.      

Fig. 2(b) depicts variation in apparent viscosity of carboxymethyl chitosan with 

ClCH2COOH concentration.  As is evident the apparent viscosity decreases significantly 

by increasing ClCH2COOH concentration most probably due to the depolymerization 



 -18-

occurring during carboxymethylation.  In combination with this is the increased solubility 

of carboxymethyl chitosan synthesized using higher concentration of  ClCH2COOH.  It is 

understandable that higher solubility reduces the resistance to flow and therefore, the 

viscosity.       

3.2.3 Reaction Time  

Fig. 2(c) shows the effect of duration of carboxymethylation on both DS and apparent 

viscosity of carboxymethyl chitosan.  The results signify that the carboxymethylation 

reaction is characterized by a fast initial rate followed by slower rate.  This is evidenced 

by variation of DS with duration of carboxymethylation.   

Enhancement in DS by prolonging the duration of carboxymethylation could be 

associated with better contact between reactants for reaction to occur.  In addition, time 

has also favourable effect on swellability of chitosan as well as on diffusion and 

adsorption of reactants.  The ultimate effect is certainly increased extent and rate of 

reaction. 

On the other hand, apparent viscosity decreases by prolonging the duration of 

carboxymethylation.  This suggests that the time acts in favour of depolymerization 

during carboxymethylation due to the presence of NaOH.  Most probably the attack of 

atmospheric and /or occluded oxygen in the alkaline medium on the ß (1-4) linkage of the 

chitosan molecule accounts for such depolymerization. 

3.2.4 Reaction Temperature 

Fig. 2(d) shows the effect of temperature on DS and apparent viscosity of carboxymethyl 

chitosan.  The results imply that the DS increases by raising the temperature within the 
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range 30-90oC. This could be associated with the favourable effect of temperature on (a) 

swelling of the chitosan, (b) diffusion of ClCH2COOH acid and NaOH in the interior of 

the chitosan and (c) temperature provides an additional energy source for faster mobility 

and collision of reactants and therefore greater carboxymethylation. 

Fig. 2(d) reveals also that the apparent viscosity decreases by raising temperature of 

carboxymethylation reaction. It is believed that higher temperatures favours 

depolymerization of chitosan which occurs during its carboxymethylation as already 

stated above.  Formation of short chain carboxymethyl chitosan with greater solubility 

would also contribute in the decrement of apparent viscosity as solubility stands as an 

inverse function to viscosity.  

3.2.5 Optimum conditions for synthesis of new sizes based on carboxymethyl 

chitosan  

Based on the results of figs. 2(a-d), the optimum conditions for carboxymethylation of 

high molecular weight chitosan may be formulated as follows: 

Monochloroacetic acid, 4N; NaOH, 16N; reaction time, 3hrs; and reaction temperature, 

60oC. This optimum conditions were employed for synthesis of a large amount of 

carboxymethyl chitosan.  Specifications of the carboxymethyl chitosan obtained are: N%, 

4.9%; and apparent viscosity 80mPa.s. 

This carboxymethyl chitosan was applied as a size from hundred percent aqueous 

solution to light cotton fabric and the sizing properties of the fabric were examined as 

detailed  under. 

3.2.6 Application of carboxymethyl chitosan as sizing agent 
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Tab. 5 summarizes the sizing properties of light cotton fabrics that have been sized using 

carboxymethyl chitosan at different concentrations.  The results make it evident that the 

size add-on percent on the fabric and the apparent viscosity of the sizing solution are 

directly related to the concentration of carboxymethyl chitosan.  This is rather in full 

agreement with the aforementioned results for hydrolyzed chitosan when used as sizing 

agent under similar conditions.  Size removal displays values ranging between 87 and 

90% indicating partial fixation of the carboxymethyl chitosan on the cotton fabric.  The 

fixed carboxymethyl chitosan resists washing with water at 90oC for 5min; opposite to 

hydrolyzed chitosan which exhibit hundred percent size removal under similar sizing and 

washing conditions. 

Results of strength properties (tab. 5) illustrate a trend which is comparable with those of 

hydrolyzed chitosan.  Fabric samples sized with carboxymethyl chitosan exhibit much 

higher tensile strength without significantly impairing the elongation at break as 

compared with the unsized fabric.  A size add-on of 10% is quite adequate to achieve the 

desired strength properties. 
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3.3 Flocculations   

Flocculation of ferric laurate was carried out using hydrolyzed chitosan and 

carboxymethyl chitosan.  Different factors affecting flocculation, namely, flocculant dose 

(ppm), pH of the ferric laurate, and type of chitosan derivatives were studied.  

 3.3.1. Carboxymethyl chitosan as flocculant 

Fig. 3 shows the effect of carboxymethyl chitosan dose in and pH of the flocculation 

solution on the transmission % of the filtrate after flocculation.  The results highlight the 

following features.  The transmission % increases by increasing the flocculant dose to 

reach a maximum 95% when carboxymethyl chitosan was used at a dose of 0.8 ppm in 

ferric laurate solution at pH6.  This is against a transmission of 90% when carboxymethyl 

chitosan was used at a dose of 1ppm at pH8.  Further increase in the flocculant dose, 

shows a decrement in transmission%.  This phenomenon has been recorded elsewhere 

[19,20].  The flocculant dose which gives rise to maximum value of transmission % is 

considered as optimal dose value [10]. 

The above observations may be explained as follows: it is known that the ferric laurate 

suspension at pH6 and pH8 is of anionic character [21] and cation demand of ferric 

laurate prepared at pH 6 is higher than of the laurate prepared at pH 8. 

3.3.2 Hydrolyzed Chitosan as Flocculant  

Flocculation of ferric laurate was carried out using hydrolyzed chitosan at pH6 and 

different doses.  It was observed that flocculation of ferric laurate did not work at pH8; 

this is because amino groups of chitosan are cationic in nature and could be neutralized in 

presence of alkaline medium (pH 8) leading to zero flocculation efficiency. 
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Fig. 4 reveals that the transmission % increases by increasing the hydrolyzed chitosan 

flocculant dose up to 0.5ppm then decreases sharply with further increase in the 

flocculant dose. This is probably because as the flocculant dose increases the 

neutralization charge increases to reach zeta potential value at which maximum 

flocculation occurs[10].  That is, maximum flocculation takes place at the optimal dose 

value.  Thereafter higher flocculant dose may induce an electric charge to the suspended 

particles high enough to cause mutual repulsion.  A dose of 0.5ppm hydrolyzed chitosan 

may be considered to constitute the optimal dose value. 

4 Conclusion  

Novel approaches for development of new textile sizing agents and flocculants were 

undertaken.  One of these approaches is based on acid hydrolysis of chitosan and the 

other involves its carboxymethylation.  Based on the results obtained it may be concluded 

that (a)the most appropriate condition for hydrolysis of high molecular weight chitosan 

are as follows: [HCl],0.5N; time of hydrolysis 1hr., and temperature of hydrolysis 90oC.  

The product so obtained was used for sizing of cotton textile under different conditions 

the results concluded that hundred percent size removals could be achieved with the 

hydrolyzed chitosans irrespective or the size solution concentration provided that 

the latter is not less than 8%.  (b) the optimum conditions for carboxymethylation of 

high molecular weight chitosan may be formulated as follows: Monochloroacetic acid, 

4N; NaOH, 16N; reaction time, 3hrs; and reaction temperature, 60oC.  Specifications of 

the carboxymethyl chitosan obtained are: N%, 4.9%; and apparent viscosity 80mPa.s.  

This carboxymethyl chitosan was applied as a size from hundred percent aqueous 
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solution to light cotton fabric.  81% to 95% size removal were achieved by increasing 

carboxymethyl chitosan  concentration in the sizing solution from 5 % to 15%.  

 The work was further extended to assess the aforementioned hydrolyzed chitosans and 

carboxymethyl chitosans as flocculants.  The flocculation was followed at different pH's 

through determination of the transmission %.  Efficiency of flocculation at pH6 is greater 

than at pH8.



 -24-

References 

 

1- J.Ruiz-Herrera,”in Proceedings of 1st International conference on chitin & 

chitosan  “ (1977),R.A.A.Muzzarelli and E.R.Pariser (eds) MIT Sea Grant       

         Program Report MITSG. 11, 78-9 (1978)  

   

2- K.M.Vaeum, M.H.Ottoy, O.Smibsrod. “Acid Hydrolysis of Chitosan” 

Carbohydrate Polymers 46 (2001) 89-98 

 

3- A. Siddique, T. Stegmaier, W. Wunderlich. (FH) T. Hager, H. Planck.” Analyasis 

of thermal Behavior of chitosan to use in textiles sizing”2nd International 

Conference of Textile Research Division NRC, Cairo, Egypt, April 11-13, 2005 . 

 

4- V. Steidel, BASF AG " Polyacrylate sizes –focused recipe formulation in staple 

fiber sector" Melliand international (1999). 

 

5- A.Hebeish; E.Elalfy and A.Bayazeed "Synthesis of vinyl polymer-starch 

composite to serve as size base materials " Starke,40, ,(1988)404  

 

6- F.Sisi, S.A.Abdel Hafiz, M.H.El-Rafei and A.Hebeish" Starch size in loomstate 

cotton fabric accelerates grafting of methacrylic acid induced by KMnO4 /Citric 

acid system" Acta Polymerica 41 (1990) 

 



 -25-

7- A.Hebeish, A.M.El-Nagar, F.El-Sisi, S.A.Abdel Hafiz " Improving the Sizeability 

of starch using gamma Radiation" Polymer Degradation and Stability 36, (1992) 

249, 

 

8- A. Hebeish, A. Waly, A. Higazy and A. El- Shafei "Carboxymethylation of 

chitosan"1 st international Conference of Textile Research Division NRC, Cairo, 

Egypt, March 2-4, 2004 

 

9- A. Hebeish, A. Bayazeed and S. Shaarawy." Synthesis and Application of Novel 

Sizes Bazed on Starch Containing Butylacrylate Moities Part I, Grafting of Starch 

BUA ether with poly (BUA)" Egypt. J. Textile and Polymer Sci and Technol. 

8(2), (2004),1 

10- Mohamed I. Khalil and Amal A. Aly " Preapration and Evaluation of some Starch     

        Derivatives as Flocculants"  Starch/ Starke   53, (2001).323-329  

 

11- A.I.  Vogel. Elementary Practical Organic Chemistry part 3 

          "Quantitative Organic Analysis" 2nd Ed., Langman Group Ltd London  (1975)  652  

 

12-  G.V.V.Vinogradov and A.Ya. Mlkin." Rheology of Polymers " Mir Publishers, 

Moscow Ch2 p 135 (1980). 

     13- ASTM Test Methods,D-1682 in “Book of Standard Philadephia” part  

                24 (1972). 

     



 -26-

14- R.L. Whistler, J.N. Benicller and E.F. Paschall “Starch Chemistry & Technology” 

(Second Edition) p 313 (1984). 

 

15- A. Hebeish, A. Waly, A. Higazy and A. El-Shafie."Hydrolytic and Oxidative 

Degradation of chitosan ".Egyptian J. Chem.   Special Isssue (M.Kamel) 

(2004)101-122,. 

 

16- Amira M. El Shafei Ph.D Thesis entitled “ Chemical Finishing of   

       Cotton Using Chitosan Based Products “ Cairo, Egypt, (2001).   

 

17- Elson et al," N,O-Carboxymethyl chitosonium carboxylates salts"  

       US Patent 5, 412, 084 (1995). 

 

18- E.R. Hayes, "Novel chitosan derivative its preparation and polymer films 

produced thereform" US Patent 0265561 (1988) 

 

19- F. Mabire, R. Audebert, C. Quivoron " Flocculation properties of some water –

soluble cationic copolymers toward silica suspensions: semiquantitative 

interpretation of the role of molecular weight and cationicity through a 

"patchwork"- model" J. Colloidal Interface Sci. 97 (1984) 120-136. 

 

20- D. Liaw, S shiau, K. Lee "   Dilute solution properties of cationic poly(dimethyl 

sulphate quaternized dimethyl aminoethyl methacrylate" J. Appl. Polym. Sci. 45, 

(1992), 61-70 

  



 -27-

21- X.M. Cherian, P. Satymoorthy, and V. N. G. Kumar." Starch derivatives for 

flocculation of ferric soaps.  Starch /Starke, 44. (1992) 301-305. 



 -28-



 -29-



 -30-



 -31-



 -32-

Tab. I Effect of Concentration of hydrolyzed chitosan on sizability     

             and desizability under different thermal treatments. 
 
 

 
 Drying only Drying + thermal treatment 

Concentration 
of hydrolyzed 
chitosan  

Apparent  
viscosity  
mPas 

Size 
Add-on 

% 

Tensile 
strength 

(Kg) 

Elongation 
 at break 

 % 

Size 
Removal 

Size 
Add-on 

% 

Tensile  
strength 

(Kg) 

Elongation  
at  break % 

Size 
Removal 

 

5 

8 

10 

15 

control 

100 
 

115 
 

140 
 

188 
 

 

6 

10 

12 

22 

 

 

20.6 

21.3 

23 

28 

17 

 

4.6 

5.6 

5.6 

5.3 

8 

96 

100 

100 

100 

 

6 

10 

12 

23 

 

 

21.6 

25.3 

25.6 

28 

17 

 

5.6 

5 

5.6 

4.8 

8 

96 

100 

100 

100 

 

Condition used: Drying time, 5min; drying temperature, 80oC; temperature of thermal      

                           treatment,120oC; time of thermal treatment 3 min 
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 Tab. II  Sizing properties of light cotton fabric sized using    

             hydrolyzed chitosan at different concentrations in 1%  

             acetic acid 

  Sized and dried samples Samples Sized and dried followed 
by thermal treatment 

Concentration 
of hydrolyzed 

chitosan 
Apparent 
viscosity 

mPas 

Size 
Add-on 

% 

Tensile 
strength 

(Kg) 

Elongation 
 at  break % 

Size 
Removal 

% 

Size 
Add-on 

% 

Tensile 
strength 
(Kg) 

Elongation  
at break % 

Size 
Removal 

% 

 

5 

8 

10 

15 

control 

100 
 

115 
 

140 
 

188 
 

 

6 

10.5 

12.9 

23 

 

 

21.6 

25.3 

25.7 

25 

16.5 

 

5.6 

5.6 

6.73 

6.5 

8 

81 

87 

93 

95 

 

5.8 

10.5 

12.9 

22.7 

 

 

20.3 

20.1 

23 

24 

16.5 

 

5.5 

5.6 

5.5 

6.5 

8 

75 

83 

93 

95 

 

Condition used drying, 80oC/ 5min; thermal treatment ,120oC/3min 
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Tab. III Effect of time of thermal treatment on sizing properties of  

                cotton fabric when hydrolyzed chitosan was used  

                 as the sizing agent 

 

Time of thermal 

treatment  (min) 

Size 

 Add-on 

% 

Tensile 

strength  

(Kg) 

Elongation 

at break %

Size 

Removal 

% 

3 

5 

8 

10 

15 

 

12 

13.5 

11.5 

11.5 

11 

 

24 

27 

22 

21 

21 

 

5.75 

5.5 

7.5 

7.5 

7.5 

 

100 

100 

100 

95 

93 

 

 
Condition used : [hydrolyzed chitosan}. 10%; drying, 80oC/5min; thermal treatment   

                           temperature,120oC 
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Tab. IV Effect of Temperature of thermal treatment on the sizing  

              properties of cotton fabric when hydrolyzed chitosan was used  

 

Temperature of 

thermal 

treatment  

(min) 

Size Add-

on 

% 

Tensile 

strength 

(Kg) 

Elongatio

n  

at break 

% 

Size 

Removal 

% 

90 

100 

120 

140 

160 

14.2 

12.2 

11 

11 

10.2 

23.75 

27 

24.5 

23 

21 

5.75 

5.5 

5.5 

6.5 

7.5 

96 

100 

100 

100 

94 

 
Condition used [hydrolyzed chitosan}. 10%; drying 80oC/5min; thermal treatment   

                            time ,3min 
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 Tab. V Sizing properties of light cotton fabrics which were sized    

                using carboxymethyl chitosan   

 
 

[carboxymethyl 

chitosan ] 

Apparent 

Viscosity 

mPa.s 

Size  

Add-on 

% 

Tensile 

strength 

(Kg) 

Elongation  

at break % 

Size 

Removal 

% 

5 

10 

15 

Blank 

 

60 

77 

110 

 

6.2 

11 

13.5 

 

 

20.5 

26.5 

26 

17 

 

 

6 

8 

7 

8 

 

88 

90 

87 

 

 

Drying 80oC/5min; thermal treatment temperature,120oC/3min 

 


