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Abstract 
 

Chemical modification of starch and hydrolyzed starches through their 

reaction with reactive cyclodextrin (RCD), namely, monochlorotriazinyl-ß- 

cyclodextrin was investigated under a variety of conditions. Results obtained 

signify that the reaction is favoured in alkaline rather than in acidic media and in 

shorter than larger liquor ratios. Maximization of the reaction could also be 

achieved at 400C for 60 minutes. Of the several alkaline catalysts used NaOH 

proved to be the best when used at a concentration of 10g/l. 

 Reaction of starch and hydrolyzed starches with RCD is determined by 

concentration of the latter. It brings about polymeric products the apparent 

viscosity of which depends on both the extent of reaction, expressed as nitrogen 

percent, and degree of acid hydrolysis prior to the modification. Evidence for 

involvement of starch and RCD  via chemical bonding is evidenced by FTIR 

analysis. Furthermore the newly synthesized starch based polymeric products 

were applied to light cotton fabric and evaluation of the sized materials through 

monitoring size add-on, size removal and strength properties of the fabric was 

made. 
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1 Introduction 

 Cyclodextrins are members of a family of cyclic oligosaccharides that occur 

both naturally and as industrial products. The oligosaccharide ring forms a torus with 

the primary hydroxyl groups of glucose residue lying on the narrow end of the torus, 

since free rotation of the primary hydroxyls reduces the effective diameter of the 

cavity.  Different types of cyclodextrins are available. The α- cyclodextrin molecules 

is formed by six, ß-cyclodextrin by seven and γ- cyclodexrrin by eight glucopyranose 

units. Type of cyclodextrins determine their molecular weight, cavity diameter, cavity 

volume and water solubility [1,2].  Monochlorotriazinyl-β-cyclodextrin was presented 

in 1996 as the first reactive cyclodextrin derivative for permanent surface 

modification manufactured on an industrial scale [3].  It has a monochlorotriazinyl 

group as a reactive anchor well known for many reactive dyes.  Vinyl monomer 

containing β- cyclodextrin was also prepared via reaction of N- methylolacrylamide 

with β-cyclodextrin in acid medium.  Free radical graft polymerization of such a 

monomer to cotton cellulose was performed [4]. 

 The unique properties of cyclodextrins qualified them to applications in 

several important areas, most notably the pharmaceutical, cosmetics and foodstuffs 

industries and to much lesser extent  in textile industry [5-12].  For instance, 

cyclodextrins are capable of forming complexes with textile dyestuffs and this 

complexation is advantageous in producing dyeings with better performance.  β-

cyclodextrin was used, in an innovative approach, for scouring of cotton fabric 

without alkali (8), whereas monochlorotriazinyl-β-cyclodextrin was used along with 

citric acid in free-formaldehyde durable press finishing of cotton [9]. Concurrent 

dyeing and easy care finishing could be achieved by using a formulation consisting of 

reactive dye, reactive cyclodextrin and conventional resin [10]. 

 The present work was undertaken with a view to build up basic information 

required for production of a novel and more effective products by reacting 

monochlorotriazinyl-β-Cyclodextrin with starch before and after acid hydrolysis of 

starch. Detailed investigations into factors affecting these reactions along with 

applications of their products in textile sizing are reported. 
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2. EXPERIMENTAL  

 2.1 Material: 

Starch was kindly supplied by the Egyptian Starch and Glucose Manufacturing 

Company (Cairo, Egypt), the apparent viscosity of 10% aqueous paste at 85°C is 220 

m.Pas (at a rate of shear 516 S-1).  Reactive cyclodextrin (R-CD), 

monochlorotriazinyl-β-cyclodextrin, was kindly supplied by Wacker- Chemie GmbH. 

Munchen Germany; sodium hydroxide, sodium carbonate, sodium bicarbonate, 

ethylamine, diethylamine, methylamine, isopropyl alcohol were of laboratory grade 

chemicals. 

2.2 Preparation of hydrolyzed starch: 

Starch (25g) was treated with 250 ml HCl (0.1 N) in a stoppered flask at 50oC for 15, 

30, 45 and 60 min. After hydrolysis, the pH was adjusted at 7 then the flask contents 

were poured over 2L of ethanol (95%) stirred and filtered, then washed several times 

with ethanol/water 70/30 and finally with acetone. At this end, the hydrolyzed product 

was dried at ambient conditions.  

2.3 Reaction of starch with R CD 

5g of starch was added to 30 ml H2O, followed by addition of R-CD (20g/l -90g/l) 

predissolved in 10 ml H2O, and a drop-wise addition of predissolved NaOH in 10 ml 

H2O (5g/l-80g/l) with continuous stirring, at temperature (40oC-90°C) for duration 

time (20 min-120 min) using a material to liquor ratio (1:2.5-1:15). At the end of the 

reaction the pH was adjusted to 7 and the product separated by filtration. The 

precipitate was washed several times using the ethanol / water (70/30) then acetone 

and finally dried at ambient conditions.  

2.4 Cooking process: 

An aqueous dispersion of starch or the modified starches under investigation was 

prepared at a concentration of 10% solid content. The dispersion was then 

homogenized before heating by making use of a mechanical stirrer for 10 minutes. 

Cooking was effected by heating the sample under continuous stirring in a 

thermostatic water bath where the temperature was raised from 25°C to 95°C in a rate 

of 2.5°C per minute then kept constant at 95°C for 30 minutes cooking to bring about 
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a paste. Temperature of this paste was lowered to 25°C, meanwhile stirring was 

reduced to the minimum degree within 15 minutes [13]. 

2.5 Sizing Operation:  

The aqueous slurries of starch or modified starches in question were prepared at 10% 

concentration. They were cooked under the conditions described above, then applied 

to a light cotton fabric samples. Application was performed according to the pad-dry 

technique. The samples were dried at 100 °C for 30 minutes. The sized cotton samples 

were monitored for size add-on%, size removal %, tensile strength and elongation at 

break. The percent sizing add-on can be calculated as follows  

[dry weight of sized fabric (g)]- dry weight of the raw fabric(g)] 
Size add-on% = 

[dry weight of the raw fabric(g)] 
X 100 

 

2.6 Desizing 

 Desizing was carried out by boiling the sized samples with tap-water for 15 

minutes, using material to liquor ratio 1:20,the sample was then dried at 105°C and 

weighed.  

Size removal (%) = W1-W2  x 100 
                            W1 -W0 
W0= weight of sample before sizing 
W1= weight of sized sample before washing 
W2 = weight of sized sample after washing 

 

2.7. Testing and Analysis  

2.7.1 Nitrogen content: 

Nitrogen content was determined according to the microkjedhal method [14] 

2.7.2. Viscosity: 
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The apparent viscosity of starch, hydrolyzed starch and modified starch was measured 

for a 10 wt % aqueous suspersion at 85°C at a shear rate of 516s-1 on a HAAK-

Viscometer RV-20. The apparent viscosity was calculated using the following 

formula  

  ή  = τ /D where 

  ή = Apparent viscosity (m.Pa.s) 

  D = Rate of Shear (S-1) 

  τ  = Shear stress (m Pa.) 

2.7.3. Tensile strength and elongation at break  

The tensile strength and elongation at break were determined according to ASTM 

procedure D-2296-66T [15].  

3. Results and Discussion  

Monochlorotriazinyl-β-cyclodextrin is a reactive cyclodextrin derivative that can be 

covalently fixed to nucleophilic substrates by a condensation reaction. 

Monochlorotriazinyl-β-cyclodextrin may be  

represented as follows [16]: 
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Since the degree of substitution ranges from 0.3 to 0.5 then it is envisaged that one 

hydroxyl group in at least every two anhydroglucose units of the cyclodextrin is 

substituted by monochlorotriazinyl moiety. For convenience the monochlorotriazingl -

β-cyclodextrin will be refered to as R-CD where R and CD are the reactive 
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monochlorotriazinyl and β-cyclodextrin moieties respectively. Analoguos to many 

reactive dyes, R-CD is fixed to starch in presence of alkali by nucleophilic 

substitution reaction of the starch's hydroxyl groups at the chlorotriazine ring. The 

anticipated chemical reaction is shown in equation 1.  

 

 

  

Previous reports [16] disclosed that the reaction can be run either under alkaline 

conditions (pH 10-11) by adding NaOH to R-CD solution or under acidic conditions 

(pH 5), by addition of HCl. The highest fixation yield is usually reached maximum by 

alkaline procedure.  

With the above in mind, detailed investigations into factors affecting chemical 

modification of starch through its reaction with R-CD are made as a prerequisite for 

optimization of the modification conditions. The modified starches so obtained are 

monitored for nitrogen content, as extent of chemical modification, as well as for 

apparent viscosity. Application of these modified starches to light cotton fabric was 

also done to shed insight on the technical feasibility of such starch products in textile 

sizing. Results arrived at from these studies are given under.  

3.1 Nature and concentration of the catalyst  

Fig. 1a shows the extent of the reaction, expressed as N %, occurring between starch 

and R-CD as a function of the alkaline catalyst concentration. Alkalies used embrace 

NaOH, Na2CO3 and NaHCO3. The results imply (i) that no reaction takes place in 

absence of the catalyst, (ii) that the extent of the reaction increases by increasing the 

catalyst concentration, reaches a maximum then falls down to attain a constant value 
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despite the increase in catalyst concentration, (iii) that the extent of the reaction 

exhibits maximum values at a catalyst concentration of 15 g/l irrespective of the 

nature of the catalyst and (iv) that the highest extents of reaction are obtained with 

NaOH and the lowest with NaHCO3 while Na2CO3 stands in midway position.  

Enhancement of the extent of the reaction by increasing the alkaline catalyst 

concentration is a direct consequence of abundance of hydroxyl ion (HO-) which 

catalyzes the substitution reaction and at the same time it is accompanied by 

abundance of sodium ion (Na+) which neutralize the HCl resulting from the 

substitution reaction. It is understandable that the substitution reaction must be 

catalyzed and to guarantee optimization the HCl formed thereof must be neutralized. 

On the other hand, the decrement in the extent of the reaction by increasing the 

alkaline catalyst concentration beyond certain limit is a manifestation of hydrolysis of 

the functional chlorine atom of R-CD. 

Fig. 1b shows the extent of the reaction of starch with R-CD, expressed as N%, versus 

catalyst concentration when methylamine, ethylamine and diethylamine were 

independently used as alkaline catalyst. Obviously, the extent of the reaction increases 

by increasing the amine catalyst concentration up to 20g/l then almost levels off. 

There is practically no difference in the extents of the reactions catalyzed 

independently by the three amines in question when used at a concentration of 20g/l. 

The situation remains the same at higher concentrations only with methylamine and 

ethylamine. At higher concentrations reaction catalyzed by diethylamine displays 

lower extent of reaction as compared with those of methylamine and ethylamine. At 

any event, however, the amine catalysts are much less effective in catalyzing reaction 

of starch with R-CD than NaOH and Na2CO3; they are comparable with NaHCO3.  

Differences in rates of dissociation of the catalysts used and alkalinity created in the 

reaction medium may account for the differences observed among these catalysts. 

Beside catalyzing the reaction of R-CD with the hydroxyl groups of starch, alkaline 

hydrolysis of the reactive chlorine in the monochlorotriazinyl -β- cyclodextrin 

molecule is inevitable. Such hydrolysis relies also on the nature and concentration of 

the catalyst within the range studied. It is certain, however, that when the amine 

catalyst was used the rate of alkaline hydrolysis of R-CD never exceeds the catalyzing 
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action of the amine to expedite reaction of R-CD with starch. This is evidenced by the 

leveling off of the extent of the reaction catalyzed by higher concentrations of the 

amine as shown in Fig. 1b. On the contrary, the extent of the reaction decreases after a 

certain concentration by increasing the alkaline catalyst (cf fig.1a) indicating a 

pronounced hydrolyzing action of the alkali on R-CD.  

 

3.2 Reaction Medium: 

Reaction of starch with R-CD was carried out using various media under the catalytic 

action of different concentrations of NaOH. This was done with a view to clarify the 

dependence of the extent of the reaction, expressed as nitrogen %, on the reaction 

medium. The results obtained are shown in figure 2a and figure 2b. It is clear that the 

reaction occurs irrespective of the medium employed: dry state, semi-dry state, 

nonaqueous, aqueous/nonaqueous and aqueous media. Nevertheless, the medium 

determines the extent of the reaction. The reaction is greatly favoured in aqueous 

medium and least favoured in nonaqueous medium. For a given NaOH concentration 

the extents of reactions of starch with R-CD in various media bring into focus the 

following order.  

aqueous > aqueous / nonaqueous > semidry > dry > nonaqueous medium. 

     The above order indicates that presence of water during the reaction of starch with 

R-CD is a must. This is rather logical since presence of water enhances sodium 

hydroxide substitution and alkali-starch formation. In combination with this is the 

miscibility of ingredients which occurs most favourably in presence of water. Water is 

also required for dissociation of HCl (by-product of the reaction of starch with R-CD) 

and its further reaction with NaOH. All such parameters would certainly lead to 

higher extent of reaction as evidenced by the higher values of nitrogen contents of the 

modified starches obtained wherever water is present in reseanable amounts. 

In accordance with the foregoing, starch sample modified in presence of isopropanol 

acquires lower nitrogen content than those prepared in its absence most probably 

owing to competition among starch, NaOH and isopropanol to absorb water from the 

reaction medium-which is essential for reaction of starch with R-CD. On the other 
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hand, samples prepared in aqueous / nonaqueous medium exhibit nitrogen percent 

values which stand in-between. Similarly, starch samples modified through its 

reaction with R-CD in almost dry state display lower value of nitrogen percent as 

compared with samples modified in semi-dry state by virtue of the relatively larger 

amounts of water involved in the latter. It is, therefore concluded that presence of 

water even in traces is a must for reaction of starch with R-CD for reasons cited 

above.  

The dependence of the extent of the reaction on NaOH concentration is characterized 

by a trend which signify that the nitrogen content increases with increasing the 

sodium hydroxide concentration upto certain limit then start to decrease with further 

increase in sodium hydroxide concentration. This is observed irrespective of the 

reaction medium used and in conformation with what has been discussed above under 

the subtitle nature and concentration of catalyst. 

3.3 Liquor ratio  

Reaction of starch with R-CD in presence of NaOH was carried out in aqueous 

medium using different material to liquor ratios. The liquor ratio was varied from 2.5 

to 15. The results obtained are summarized in fig. 3. Obviously the highest extents of 

reaction are observed with the lowest liquor ratio and the least with the largest liquor 

ratio within the range studied. This suggests that the availability of R-CD along with 

NaOH in the vicinity of the starch molecules is lower at larger than at smaller liquor 

ratio; a point which implies that the rate of diffusion of both R-CD and NaOH from 

the liquor phase to the starch molecule is dependent on the volume of the liquor ratio. 

Transfer of the R-CD  and NaOH from large liquor to starch proceeds in low rate 

probably due to the smaller surface area of the starch compared to the liquor. It is 

rather logical that greater dilution of the R-CD and NaOH at larger than shorter liquor 

ratios is responsible for lower N%, which are found with larger liquor ratios. That is, 

the reactants are operating in large volume and diluted environment. As a 

consequence, the possibility of molecular collision and intimate association of 

reactants become low and results in decreased reaction  

3.4 R-CD concentration  
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Fig. 4 shows the effect of R-CD concentration on the extent of the reaction, expressed 

as nitrogen percent, between R-CD and starch. The results disclose that the nitrogen 

percent of the obtained modified starch increases from 0.4% to 2.4% when R-CD 

concentration increases from 10g/l to 70 g/l then levels off. Further increase in R-CD 

concentration plays no role in enhancing the nitrogen percent. The significant increase 

in nitrogen percent could be interpreted in terms of greater availability of R-CD in the 

proximity of the hydroxyl groups of starch. By virtue of their immobility reaction of 

the hydroxyl groups of starch would rely on availability of R-CD molecules in their 

vicinity, a point which is justified in this study at R-CD concentration of about 70 g/l. 

3.5. Reaction time  

Fig. 5 shows the effect of reaction time on the extent of the reaction of starch with R-

CD in presence of NaOH as a catalyst. The extent of the reaction is expressed as 

nitrogen percent of the so obtained modified starch. It is evident that the nitrogen 

percent of the modified starch increases from 0.9% to 1.6 % by prolonging the 

reaction time from 20 min. to 60 min. then levels off. This means that further increase 

in the reaction time has practically no effect in favour of the reaction.  

By and large enhancement of the nitrogen percent by increasing the time of reactions 

involved in R-CD /NaOH/ H2O/starch system could be associated with better contact 

and molecular collision among reactants. The results of fig. 5 conclude that 60 min. 

proves to be the best reaction time within the range studied.  

3.6 Reaction temperature:  

Fig. 6 shows the extent of reaction of starch with R-CD in presence of NaOH, 

expressed as nitrogen percent, versus temperature of the reaction. The results signify 

that the nitrogen percent of the modified starch brought about by such reaction attains 

a maximum of 1.8% N at 40°C then starts to decrease from 1.8% -1% N upon raising 

the reaction temperature from 40°C to 90°C. This is probably because at higher 

temperature the amount of R-CD reacted with starch is significantly lower due to 

partial hydrolysis of the chlorotriazine moiety of R-CD under the influence of NaOH 

and higher temperature.  
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On the otherside, the favourable effect of temperature on the extent of the reaction of 

starch with R-CD could be interpreted in terms of greater energy introduced in the 

reaction system. As a result, easier diffusability of reactants into the interior of the 

starch structure occurs. Swellability of starch also increases and in combination with 

easier diffusability would help establish a favourable environment for alkali-catalyzed 

interactions of the starch hydroxyls with R-CD. 

3.7 Rheological properties  

Starch was first subjected to acid hydrolysis for 15, 30, 45 and 60 minutes. The starch 

and the hydrolyzed starches prepared therefrom were reacted with R-CD under 

alkaline conditions (pH 11). The same substrates were also reacted with R-CD in 

acidic medium (pH 5). Fig. 7a shows the apparent viscosity versus the rate of shear 

for starch and hydrolyzed starches. Fig. 7b shows the same relation for starch and 

hydrolyzed starches after being modified through their reaction with R-CD in alkaline 

medium. Fig. 7c shows the apparent viscosity as a function of rate of shear for starch 

and hydrolyzed starches after being reacted with R-CD in acidic medium. 

Measurement of the apparent viscosity was performed using the starch substrate 

solution at a concentration of 10%. After being cooked as described in the 

experimental section, the viscosity of this solution was monitored at 85°C using a 

HAKKE Viscometer RV-20. 

The results of fig. 7a signify that the apparent viscosity decreases by increasing the 

rate of shear irrespective of the starch substrate used. Nevertheless, for a given rate of 

shear, for example 516 sec-1 which is a recommended rate of shear for sizing, the 

apparent viscosity of starch exhibits higher value than those of hydrolyzed starches. 

Meanwhile the apparent viscosity of the hydrolyzed starches displays values which 

are inversely related to the time of hydrolysis, that is the longer the time of hydrolysis 

the lower the value of apparent viscosity. This is rather a manifestation of the 

decrement in the molecular size of starch under the hydrolyzing action of HCl. 

Molecular scission of starch via breaking down glucosidic linkages results in starches 

having lower molecular masses in addition to enhancing the possibility of solubility. 

Both decrement in starch molecular mass and possible enhanced solubility would lead 

to lower resistance to flow and, therefore, lower apparent viscosity. It is 
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understandable that decrement in molecular mass of starch along with increased 

solubility are determined by factors affecting the hydrolysis process and one of these 

factors is the time.  

Fig.7b shows that the apparent viscosity versus the rate of shear of starch and 

hydrolyzed starches after being reacted with R-CD in alkaline medium brings about a 

trend which is similar to that obtained with these substrates before the reaction. At a 

rate of shear of 516 sec-1 the values of apparent viscosity of these substrates follows 

also a descending order with modified starch derived from unhydrolyzed starch 

having the highest value and modified starch-derived from 60 min-hydrolyzed starch- 

the lowest value. In accordance with this are results of figure 7c: The apparent 

viscosity of modified starches derived from starch and hydrolyzed starches through 

reaction with R-CD in acidic medium is governed by the time of hydrolysis and the 

magnitude of the rate of shear. However at a rate of shear 516 sec-1 the values of 

apparent viscosity call for the following order: 

 RCD-Modified starch > RCD-Modified 15 min. hydrolyzed starch> RCD-Modified 

30 min. hydrolyzed starch ≥  RCD-Modified 45 min. hydrolyzed starch > RCD-

Modified 60 min. hydrolyzed starch.  

A comparison between figs. 7a, b and c would indicate that the values of apparent 

viscosity of starch and hydrolyzed starches at a rate of shear of 516 sec-1 decrease 

after these substrates were subjected to R-CD reaction. This is the case regardless of 

the reaction medium used. But, the apparent viscosity of modified starches derived 

from starch and hydrolyzed starches in alkaline medium are higher than their 

corresponding values obtained when these substrates were reacted with R-CD in 

acidic medium. The latter, beside its catalyzing action, seems to act as a starch chain 

destroyer resulting in degradation of starch molecules with, formation of low-

molecular-weight fragments and, therefore, lowering the apparent viscosity of the 

RCD- modified starches. However, the higher magnitude of RCD reaction with starch 

in alkaline medium and the onset of this on apparent viscosity cannot be ruled out.  

Based on the foregoing it may be concluded that at a rate of shear of 516 sec-1 the 

apparent viscosity of modified starches containing triazinyl-β- cyclodextrin moieties 
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is appropriate to textile sizing-as will be shown later-provided that reaction of starch 

or hydrolyzed starches with R-CD is carried out in alkaline medium.  

3.8 Behaviour of hydrolyzed starches towards reaction with RCD 

Starch was subjected to HCl (0.1 N) hydrolysis at 50°C for 15, 30, 45 and 60 minutes. 

The hydrolyzed starches so obtained along with their original starch were reacted with 

R-CD in alkaline and acidic media. The modified starches resulting from this reaction 

were monitored for nitrogen percent as a measure for the extent of the reaction. Figure 

8a shows the nitrogen percent as a function of time of hydrolysis. Obviously the 

nitrogen percent of starch modified in alkaline medium increases from 1.6% to 1.8% 

by prolonging the hydrolysis time from 0-30 min. then decreases thereafter. The same 

holds true for modified starches brought about by reacting with R-CD in acidic 

medium. The nitrogen percent increases from 1.2% to 1.32 % by increasing the 

hydrolysis time from 0-30 min. then decreases with further increase in the hydrolysis 

time. 

Fig. 8a shows also that the nitrogen percent of RCD-modified starches prepared in 

alkaline medium using 30 min. hydrolyzed starch acquire 1.8% N. This is against 1.32 

% N for the corresponding sample prepared in acidic medium; a point which could be 

interpreted in terms of partial hydrolysis of chlorotriazine moiety in acidic medium. 

Hydrolysis of the chlorotriazine moiety leads to deactivation of RCD and create an 

environment which is not in favour of the reaction of RCD with starch. Recent study 

disclosed that the highest fixation of RCD is usually arrived at by the alkaline 

procedure; the acidic procedure is less effective than the alkaline procedure [16].  

Fig. 8b illustrates the apparent viscosity at rate of shear 516 sec-1 of modified starch 

and hydrolyzed starches as a function of duration of acid hydrolysis. Modification of 

these starch-based substrates were performed via reaction with RCD in alkaline (pH 

11) and acidic (pH5) media. As is evident the modified starches containing triazinyl-

β-cyclodextrin moieties exhibit apparent viscosity the values of which are governed 

by the time of hydrolysis prior to the modification. This is observed whether the 

modification was carried out in alkaline or in acidic medium. Nevertheless, mention is 

made for the lower apparent viscosity values for starches modified in acidic medium 

than those of the alkaline medium for reasons cited above. Mention is also made for 
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the comparable values of apparent viscosity obtained with starches modified in 

alkaline medium with those of the original starch and hydrolyzed starches prepared 

thereof.  

3.9 FTIR Analysis 
 
Figs. 9,10 and 11 show the FTIR Spectra of starch, reactive cyclodextrin and starch 

modified with reactive cyclodextrin respectively. In fig. 9, the broad band at 3328 cm-

1 and 3405 cm-1 for starch is due to the stretching mode of O-H groups. The 

adsorption band at 1648 cm-1 is attributed to an intramolecular H-band carboxyl 

group.  The bands at 1155 cm-1, 2931 cm-1 are assigned to C-O stretching and C-H 

stretching, respectively.  Strong band at 1079 cm-1 are attributed to CH2-O-CH2 

stretching vibration.  In Fig. 10 where FTIR spectrum for reactive cyclodextrin is 

shown, the broad band at 3372 is for O-H stretching vibration.  The bands at 2932and 

1406 cm-1 are assigned to C-H stretching and C-N stretching vibration respectively a 

strong band at 708, 762 cm-1is due to C-Cl adsorption.  

A condensation reaction has taken place between native starch and reactive 

cyclodextrin. The reaction most probably involved the chlorine atom of reactive 

cyclodextrin and hydrogen atom of the CH2-OH group of starch. This may be realized 

from Fig. 11.The broad band peak at 3436, 3444 cm-1 for native starch is due to the 

O-H stretching vibration.  The two bands at 2920,1155 cm-1 is due to the C-H and C-

O stretching vibrations respectively.  The presence of an additional bands at 1629cm-1 

and 2154 cm-1 are assignable to C=N stretching vibration which is not present in 

native starch, it is a clear proof of incorporation of a reactive cyclodextrin moiety onto 

the backbone of the starch. That is triazinyl cyclodextrin moiety is covalently bonded 

to starch molecule.  

3.10. Starch containing Triazinyl-β-cyclodextrin moieties as Novel         

        sizes for cotton textiles. 
Starches are used commercially in textile warp sizing particularly in cotton textiles. 

Nevertheless starches fall short with respect to stability because of fluctuation of 

temperature during cooking and sizing operation, very high molecular size which 

limit their penetration in the bulk of the textile threads, rigidity of their films 

particularly in absence of good lubricant, susceptibility to rot and degradation by 
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microorganisms, etc. To overcome these shortcomings, chemical modifications of 

starch through etherification, esterification, grafting, crosslinking, oxidation and 

hydrolysis were actually used or suggested, depending on the end use of the starch 

product. In this section emphasis is placed on improving the sizing properties of 

starch by employing the combined effect of acid hydrolysis of starch and reaction of 

the latter with R-CD. 

To start with, starch was subjected to HCl (0.1 N) hydrolysis at 50°C for different 

lengths of time, viz, 15, 30, 45 and 60 minutes. The starch and the hydrolyzed 

starches prepared therefrom were applied to light cotton fabric. The latter was then 

monitored for tensile strength, elongation at break in addition to size add-on and size 

removal measurements. Size removal was effected at 90°C for 5 minutes. The results 

obtained are set out in tab. 1. 

It is seen (tab. 1) that the size add-on values are comparable when the different 

hydrolyzed starches were used. On the contrary the size removal depends on the time 

of acid hydrolysis, being low at shorter time of hydrolysis. For instance, size removal 

of 33% is observed with 15 min-hydrolyzed starch, this is against 60.7 % for 45 min. 

hydrolyzed starch. Longer than 45 min. hydrolysis has practically no effect size 

removal since 60 min hydrolyzed starch sample displays 60.5% size removal when 

applied to light cotton fabric. Tensile strength, on the other hand, increases by 

increasing the time of hydrolysis up to 45 minute then remains almost constant within 

the range studied. Meanwhile the elongation at break remains practically intact. 

In an attempt to accentuate the sizeability and desizeability of the hydrolyzed starches, 

the latter were reacted with R-CD under both alkaline and acidic conditions. Results 

of size add-on and size removal along with tensile strength and elongation at break of 

the sized light cotton fabric are summarized in tabs. 2 and 3. 

Results of tab. 2 make it evident that the combined effect on starch of HCl hydrolysis 

and reaction with R-CD enhances significantly both the sizeability as evidenced by 

the increase in tensile strength and desizeability as evidenced by size removal. The 

time of acid hydrolysis which, in turn, determines the molecular mass of starch plays 

a key role in the improvement of sizeability and desizeability of the newly synthesized 

starch-based sizes. An increase in tensile strength as high as 74% without any 
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significant effect on the elongation at break could be achieved by acid hydrolysis of 

starch for 30 minutes followed by reacting it with RCD in alkaline medium. The no 

change in the elongation at break is indication of good elasticity of the size film, at the 

same time the outstanding improvement in tensile strength reflects the advantage of 

current size with respect to better film- forming properties, stronger adhesion and 

more uniform coverage as compared with the corresponding modified starch derived 

from unhydrolyzed starch.  

 It is as well to emphasize that the combined effect of acid hydrolysis of starch for 30 

minutes and its reaction with R-CD brings about a sizing agent with above advantages 

only when reaction of starch with RCD is carried out in alkaline medium. This is 

substantiated by the results of tab. 3. These results reveal that the sizeability and 

desizeability of sizes brought about through acid hydrolysis of starch and its reaction 

with RCD in acid medium fall short as compared with their corresponding sizes based 

on hydrolyzed starches reacted with RCD in alkaline medium. Beside catalyzing 

reaction of R-CD with starch, the reaction medium seems to exert physical and / or 

additional chemical changes in the molecular structure of starch. Starch may undergo 

higher swelling, activation and accessibility in alkaline medium than in acid medium. 

It is also anticipated and, indeed, proved by the results of apparent viscosity that 

starch molecules are broken and most probably results in lower molecular weight 

fragment. Such differences in changes in molecular structure of starch during reaction 

with RCD in alkaline and acidic media are reflected on the behaviour of the end 

products as sizing agents. 

4 Conclusion 

Chemical modification of starch and hydrolyzed starches through their reaction with 

reactive cyclodextrin (RCD), namely, monochlorotriazinyl-ß- cyclodextrin was 

investigated under a variety of conditions. Results obtained signify that the reaction is 

favoured in alkaline rather than in acidic media and in shorter than larger liquor ratios. 

Maximization of the reaction could also be achieved at 400C for 60 minutes. Of the 

several alkaline catalysts used NaOH proved to be the best when used at a 

concentration of 10g/l. 
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The newly synthesized starch based polymeric products were applied to light cotton 

fabric and evaluation of the sized materials was made. The resulted obtained 

concluded that the size removal depends on the time of acid hydrolysis, being low at 

shorter time of hydrolysis 
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Fig. 9 Native Starch 
 
 
 

 
Fig 10 Reactive Cyclodextrin RCD 
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Fig 11 Starch Modified with Reactive Cyclodextrin 
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Tab. 1: Effect of duration of acid hydrolysis of starch on the 
sizeability and    
             desizeability of starch, 

Time of 

hydrolysis 

[minutes] 

Size  

Add-

on      

[%] 

Size  

Removal 

[%] 

Tensile 

strength 

[Kg] 

Elongation  

at break 

 [%] 

Unsized 

Fabric 
- - 22.5 8.5 

15 12.00 33 23.9 9.1 

30 10.8 46.4 25.1 8.9 

45 11 60.7 27 9.2 

60 11.2 60.5 26.9 9.1 

Size concentration, 10%; drying time 3 minutes; drying 

temperature, 80oC; curing time, 5minutes; curing temperature, 

120oC. 
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Tab. 2: Combined effect of acid hydrolysis of starch and its 

reaction with R-CD on sizeability and desizeability of starch 

on light cotton fabric when the starch / R-CD  reaction was 

carried out in alkaline medium  .  

   

Time of 

hydrolysis 

[minutes] 

Size  

Add-on    

[%] 

Size  

Removal 

[%] 

Tensile 

strength  

[Kg] 

Elongation 

at break 

 [%] 

Unsized 

fabric 
- - 22.5 8.5 

FSMS 12.00 45.7 26 8.8 

15 11.5 70 37.5 9.1 

30 10 97 39.2 9.5 

45 9.6 86.5 38.09 9.4 

60 10.5 71.5 37.9 9.6 

FSMS, Fabric Sized with Modified Starch  

Size concentration, 10%, drying time 3 minutes; drying 
temperature, 80oC, curing time, 5minutes; curing temperature, 
120oC. 
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Tab. 3: Combined effect of acid hydrolysis and reaction of 

starch with R-CD on sizeability and desizeability of starch 

on light cotton fabric when the starch / RCD reaction was  

carried out in acidic medium.   

  

Time of 

hydrolysis 

[minutes] 

Size 

Add-on    

[%] 

Size 

Removal 

[%] 

Tensile 

strength 

[Kg] 

Elongation

at break 

[%] 

Unsized 

fabric 
- - 22.5 8.5 

FSMS 10.5 35.1 25.2 8.6 

15 10.1 47.2 27.5 9.1 

30 9.1 63.9 28.2 8.9 

45 9.0 61.8 28.0 9.0 

60 9.2 59.1 27.9 8.9 

FSMS, Fabric Sized with Native Starch  

Size concentration, 10%, drying time 3 minutes; drying 

temperature, 80oC, curing time, 5minutes; curing temperature, 

120oC. 

 


