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Abstract Grafting of cyclodextrins and cyclodextrins

derivatives on cellulosic surface, such as paper or filter

paper, provides hosting cavities that can include a large

variety of chemicals for specific cellulose finishing. In

this study grafting of monocholorotriazinyl-b-cyclo-

dextrin (MCT-b-CD) and b-cyclodextrin (b-CD) to

filter paper has been performed. b-cyclodextrin has

been bonded to filter paper using 1,4-butanediol di-

glycidyl ether as the crosslinking agent. The untreated

and treated filter papers were characterized by differ-

ential scanning calorimetry (DSC) and thermogravi-

metric analysis (TGA), demonstrating the covalent

binding of cyclodextrins to filter paper. The quantifi-

cation of b-CD and MCT-b-CD grafted to filter paper

was determined by the dye extinction method with the

inclusion of phenolphthalein. The final b-CD content

amounted to 15.9 lmol per gram of support (1.8% by

weight), and 72.8 lmol per gram of support (11.3% by

weight) for MCT-b-CD.
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Introduction

Cyclodextrins (CDs) are known to form inclusion

compounds with a large variety of different molecules.

These inclusion compounds are successfully exploited

in different fields, such as pharmaceuticals, food man-

ufacturing, and cosmetics [1].

The use of cyclodextrins in the textile applications is

a challenge that has been investigated in the last dec-

ade. The permanent fixation of cyclodextrins and cy-

clodextrins derivatives onto cellulosic fibres makes the

cavities of the former available and consequently all

CD-typical applications are possible [1–3]. A number

of approaches in the surface modification by CDs have

been reported in the literature [4–8].

This work describes the grafting of monochlorotri-

azinyl-b-cyclodextrin (MCT-b-CD) and b-cyclodextrin

(b-CD) to filter paper. The synthesis products were

examined by differential scanning calorimetry (DSC)

and thermogravimetric analysis (TGA). Visible

absorption spectra were used for determining quanti-

tatively the cyclodextrin content in the samples.

Materials and methods

Materials

MCT-b-CD was a gift from Wacker Chemie GmbH.

b-cyclodextrin was supplied by Sigma Chemical Co.

The filter paper to be treated with cyclodextrins was

0.205 mm thick and had an areal density of 80 gm–2.

All other chemicals were of analytical reagent grade.

The water used in the experiments was distilled.
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Methods

Chemical bonding of MCT-b-CD to filter paper

Grafting of MCT-b-CD to filter paper was prepared

according to a procedure reported by Moldenhauer

and Reuscher [6] to treat cotton. Filter paper samples

(4 cm · 4 cm) were dipped for 1 min in an aqueous

alkaline solution (pH 10) of MCT-b-CD (100 gl–1) and

sodium carbonate (10 gl–1) at room temperature,

without agitation. The filter papers were dried in an

oven at higher temperature, for the fixation of MCT-

b-CD. After drying, the paper samples were washed

with distilled water, to remove unreacted cyclodextrin,

and again dried at 80�C for 1.5 h.

Three main parameters for the fixation of MCT-

b-CD to filter paper have been investigated: concen-

tration of the MCT-b-CD solution, temperature and

time for fixation of MCT-b-CD to the filter paper.

Chemical bonding of b-CD to filter paper

Filter paper samples (4 cm · 4 cm) were added to

5 ml of a 0.6 M sodium hydroxide solution, contain-

ing 10 mg of sodium borohydride, and 5 ml of

1,4-butanediol diglycidyl ether. The reaction was

carried out at 25�C for 8 h under magnetic stirring.

The samples were washed with distilled water and

stabilized with 0.1 M sodium hydroxide solution for

5 min. The treated filter paper was then dried at 80�C

for 1.5 h.

The samples treated with 1,4-butanediol diglycidiyl

ether were added to 10 ml of 0.1 M sodium hydroxide

solution, containing 0.5 g of b-CD. The mixture was

stirred at 45�C for 16 h. The samples were then

washed with tris–HCl buffer (pH 8, 50 mM) and

distilled water. The treated filter paper was dried at

80�C for 1.5 h.

Determination of the MCT-b-CD and b-CD content

grafted to the treated filter paper

The concentration of MCT-b-CD and b-CD grafted to

the filter paper was determined by the phenolphthalein

assay method, in which the color fading of an alkaline

phenolphthalein solution is proportional to the quan-

tity of the cyclodextrin derivative present. Samples of

the finished filters papers (1 cm · 2 cm) were dipped in

a phenolphthalein solution (0.06 mM, pH 10) for

5 min. The color intensity was then measured at

550 nm. With the volume of solution (V) and the mass

of treated sample (m), the cyclodextrin concentration

was transformed to weight percent by:

% CD ¼ CVM

m
� 100 ð1Þ

where C is the cyclodextrin concentration and M is the

molar mass of cyclodextrin.

Characterization of the filter paper samples grafted with

cyclodextrins

Thermogravimetric analysis (TGA) was performed

under airflow (50 mlmin–1) using a Shimadzu instru-

ment and the temperature program was set as:

10 �Cmin–1 from ambient to 600�C.

Differential scanning calorimetry (DSC) curves

were obtained using a Shimadzu instrument. The

measurements were performed with an airflow of

50 ml min–1 and the temperature program was:

10�C min–1 from ambient to 500�C.

Results and discussion

Chemical bonding of MCT-b-CD to filter paper

Experiments with variation in the concentration of the

MCT-b-CD solution, temperature and time for fixation

of MCT-b-CD to the filter paper were carried out. A

MCT-b-CD content of 72.8 lmol per gram of support

(11.3 % by weight) in the product was achieved, for the

optimal reaction conditions of 5 min at 150�C, and

concentration of the MCT-b-CD solution at 100 g l–1.

For these reaction conditions, a fixation yield of 17.9%

was achieved (Fig. 1).

Better results could be obtained with higher tem-

peratures and times of fixation, but the treated paper

became strongly colored because of the yellowing
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Fig. 1 Fixation yield of MCT-b-CD to filter paper. Reaction
conditions: 150�C, 5 min
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effect produced by heat. Rehmann et al. [7] studied the

covalent bonding of MCT-b-CD to cellulose powder

and observed a strong yellowing of cellulose powder

when treated with MCT-b-CD at higher temperatures

than 140�C, for more than 5 min.

Chemical bonding of b-CD to filter paper

In the process of chemically bonding b-CD to the filter

paper using 1,4-butanediol diglycidiyl ether as cross-

linking agent, the final b-CD content amounted to

15.9 lmol per gram of support (1.8% by weight).

Characterization of the filter paper samples grafted

with cyclodextrins

Differential scanning calorimetry

DSC curves for the untreated and treated filter paper

with MCT-b-CD are shown in Fig. 2. The thermogram

of the untreated filter paper presents two endothermics

peaks: the first at 66.15�C, which corresponds to the

dehydration process, and the second at 363�C, corre-

sponding to the decomposition of the cellulose. For

MCT-b-CD, there is an endothermic peak at 87.11�C

associated with the loss of humidity, and one exo-

thermic peak observed at 256.39�C, that can be

attributed to the reaction of the chlorine atom from the

triazinyl group with the hydroxyl groups of MCT-

b-CD, causing the breaking of the molecule. In addi-

tion, at 312�C there is a small endothermic peak that

can be associated with the degradation of MCT-b-CD

residues.

The DSC curve for the filter paper treated with

MCT-b-CD (Fig. 2) show an endothermic peak at

72.33�C due to loss of absorbed water, and a small

endothermic peak at 343.68�C that can correspond to

the decomposition of the cellulose. The absence of an

exothermic peak at 256.39�C, demonstrate the chemi-

cal bonding of MCT-b-CD to the filter paper.

Figure 3 shows DSC curves for the filter paper un-

treated and treated with b-CD. The b-CD thermogram

is similar to the filter paper thermogram. The first

endothermic peak at 105.65�C, corresponds to the

dehydration process, and the second endothermic

peak, at 325�C, is associated with the thermal degra-

dation of b-CD.

The thermogram for the filter paper treated with

b-CD (Fig. 3) shows an overlap of decomposition

peaks of filter paper and b-CD, in the temperature

range of 260–400�C, demonstrating the grafting of filter

paper with b-CD.

Thermogravimetric analysis

The thermogravimetric curves for the untreated filter

paper, MCT-b-CD, b-CD, and filter paper treated with

MCT-b-CD and b-CD are shown at Figs. 4 and 5. These

curves present three stages of weight loss: the first

stage, below 100�C, is associated with dehydration of

the samples; the second stage is due the decomposition

of samples, and the last stage (above 350�C) is a rela-

tively slow thermal degradation of the sample residues.

As can be observed in Fig. 4 and 5, the samples lose

a great amount of weight in the stage of decomposition

(245–344�C). The numerical results are presented in

Table 1.
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Fig. 2 DSC curves of (a) untreated filter paper, (b) MCT-b-CD
and (c) filter paper treated with MCT-b-CD
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Fig. 3 DSC curves of (a) untreated filter paper, (b) b-CD and (c)
filter paper treated with b-CD
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The filter paper samples treated with MCT-b-CD

and b-CD lose less weight in the temperature range of

245–344�C (Table 1), when compared to the untreated

paper, demonstrating the presence of MCT-b-CD and

b-CD bonded to the filter paper. This can also be ob-

served in the thermogravimetric curves for the

MCT-b-CD and the treated filter paper (Fig. 4) that

show a slower mass loss during the decomposition

stage, compared to the untreated filter paper curve.

Conclusion

Filter paper was grafted with monochlorotriazinyl-

b-cyclodextrin and b-cyclodextrin, in order to include

flavors in its future applications. The amount of MCT-

b-CD bonded to filter paper was 72.8 lmol per gram of

support (11.3% by weight), for a concentration of the

MCT-b-CD solution of 100 g l–1, temperature and time

of fixation of 150�C and 5 min, respectively. Better

results could be obtained at higher temperatures and

times of fixation, but a strong yellowing of the filter

paper was observed. For b-CD, the amount that was

bonded to the filter paper was 15.9 lmol per gram of

support (1.8% by weight). DSC and TGA analysis

demonstrated the chemical bonding of MCT-b-CD and

b-CD to filter paper.
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Table 1 Weight loss of samples in the temperature range
245–344�C

Sample Weight loss (%)

Untreated filter paper 70.4
MCT-b-CD 38.7
b-CD 65.2
Filter paper treated with MCT-b-CD 54.7
Filter paper treated with b-CD 49.9
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Fig. 4 Thermogravimetric curves of (a) untreated filter paper,
(b) MCT-b-CD and (c) filter paper treated with MCT-b-CD
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Fig. 5 Thermogravimetric curves of (a) untreated filter paper,
(b) b-CD and (c) filter paper treated with b-CD
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