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Inclusion complex of urea phosphate (UP) and 3-cyclodextrin (3CD) was prepared under different reac-
tion times and UP concentrations. The inclusion complex of UP and BCD (BCD-UP-IC) was characterized
by measuring nitrogen percentage, FTIR and thermal gravimetric analysis (TGA). The optimum conditions
used for the preparation of BCD-UP-IC were used to prepare an inclusion complex of UP and monochloro-

triazinyl 3-cyclodextrin onto cotton fabric in presence and absence of epichlorohydrin to enhance the
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thermal stability of cotton fabric. The treated cotton fabric was monitored by measuring nitrogen per-
centage, before and after washing, and TGA. The results obtained indicate that the loss of weight of the
treated fabrics is lower than that of untreated fabric.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Cyclodextrins are bio-synthetic cyclic oligomers formed from
6(a), 7(B) and 8(vy)-glycopyranosyl units, linked by a-1-4 link-
ages (Szejtli, 1982). They are produced in nature by the enzyme
cyclodextrin glycosyltransferase from starch (Schmid, 1991).
Cyclodextrins are water-soluble, since all the free hydroxyl groups
are on the outer surface of the ring; the inner hydrophobic cav-
ity can form inclusion complexes with guest molecules. Usually
these inclusion complexes can be crystallized, purified and are
successfully exploited in different fields such as food manufac-
turing, cosmetics, pharmaceuticals, analytical & organic chemistry
(Chisvert, Pascual-Marti, & Salvador, 2001; Connors, 1997; Huang,
Gerber, Lu, & Tonelli, 2001; Junquera, Romero, & Aicart, 2001; Lee,
Yoon, & Ko, 2000; Lee, Yoon, & Ko, 2001; Loftsson & Brewster, 1996;
Lo Nostro, Lopes, & Cardelli, 2001; Savarino, Viscardi, Quagliotto,
Montoneri, & Barni, 1999; Szejtli & Osa, 1996). Several papers and
patents report relevant applications of cyclodextrins for antibacte-
rial, insect-free aroma finishing and textile dyeing (Lee et al., 2000,
2001; Le Thuaut et al., 2000; Savarino et al., 1999).

Cotton is the most important textile fiber and there is a great
demand all over the world for cotton fabrics that exhibit improved
functional characteristics. Flame retardant cotton fabric can be
prepared by resin finishing with organophosphorus compounds
(LeBlank, 1989; Nakanishi & Aoki, 1991; Nakanishi & Ohkouchi,
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1992), but such treatment causes a drop in tensile strength, dete-
rioration of fabric hand and sometimes skin irritation. Low cost
treatments, such as those using ammonium phosphates with urea,
are excellent flame retardants for some specific applications. How-
ever, they may not be suitable for particular end-uses because of
fiber strength loss, discoloration of the substrate upon heat fixation
and insufficient durability.

The aim of the present study is to investigate the possibility of
formation of an inclusion complex between urea phosphate (UP)
and B-cyclodextrin (BCD). The effect of this inclusion complex on
the thermal behavior of cotton fabric will also be studied.

2. Experimental
2.1. Materials

B-Cyclodextrin (BCD) and monochlorotriazinyl 3-cyclodextrin
(MCT-BCD) were kindly supplied by Wacker Chemie (Germany).
Urea phosphate, epichlorohydrin, Na,CO3 and NaOH are of lab-
oratory grade chemicals. Bleached 100% cotton fabric was kindly
supplied by Misr Company for spinning and weaving, Mehalla El
Kobra, Egypt.

2.2. Preparation of urea phosphate and BCD inclusion complex
(BCD-UP-IC)

6g of BCD was dissolved in 60ml of distilled H,O; the tem-
perature was raised to 70°C until complete dissolution of BCD.
Solutions of UP (2-6%, w/v) in distilled H,O were added drop wise
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Table 1 Table 2
Effect of UP concentration on the N% of BCD-UP inclusion complex. Effect of inclusion time on the N% of BCD-UP inclusion complex.
UP concn (g) N% Time (h) N%
2 0.57 0.5 0.513
4 0.74 1 0.560
6 0.83 2 0.690
3 0.8299

3gBCD,30H,0,UPin20mlH,0,70°C for 3 h. Cooling overnight, filtration, washing,
and drying at 40 °C under vacuum.

to BCD solution; the temperature was maintained at 70°C with
stirring for a definite time. The solution was kept at room tempera-
ture overnight. The inclusion complex crystals were filtered off and
washed thoroughly with water and dried at 40 °C in vacuum oven.

2.3. Treatment of cotton fabric with MCT-BCD-UP

Cotton fabric was immersed in a solution containing different
concentrations of MCT-BCD (2-20%, w/v), 2% Na,;COs3, padded to
pick up 100%, dried at 100°C for 3 min and cured at 120°C for
10 min. The treated cotton fabric with MCT-3CD was transferred
to a solution containing 10% UP at 70°C for 3 h.

2.4. Treatment of cotton fabric with MCT-BCD-UP in presence of
epichlorohydrin as crosslinking agent

Cotton fabric was treated with a solution containing a definite
concentration of MCT-3CD (15%, w/v), different concentrations of
epichlorohydrin (0-3%) in presence of 1% NaOH, padded to pick up
100%, dried at 100 °C for 3 min and cured at 140 °C for 3 min. The so
treated cotton fabric was then treated with 10% UP at 70°C for 3 h.

2.5. Characterization

e Nitrogen percentage (N%) was measured using micro Kjeldhal
method.

e FTIR spectroscopy was measured using FTIR Raman model Nexus
670 (Nicollet-Madison, WI).

e Thermal gravimetric analysis (TGA) was carried out using Perkin
Elmer 7DX Thermo Gravimetric Analyzer, USA.

e The % fixation of N% related to UP was calculated using Eq. (1):

(N% UP + MCT-BCD), — (N% MCT-BCD),

% Fixed =
ixed = (N%UP + MCT-BCD), — (N% MCT-BCD),

x 100 (1)

where a and b are after and before washing, respectively.

3. Results and discussion
3.1. Preparation of BCD-UP-IC

3.1.1. Effect of concentration of UP

Table 1 shows the effect of concentration of UP on the N% of the
BCD-UP-IC. N% was found to increase from 0.57 to 0.83 by increas-
ing the concentration of UP from 2% to 6% (w/v). These results
indicate that BCD has the ability to form inclusion complex with
UP and also the quantity of UP in the inclusion complex increases
with increasing the concentration of UP in the solution.

3.1.2. Effect of inclusion time

It is clear from Table 2 that up to 1h, the reaction time has
no serious effect on the N% of the 3CD-UP-IC (N%=0.513 at 0.5h
and 0.560 at 1 h). By increasing the reaction time above 1h the N%
increased from 0.560 to 0.690 by increasing the reaction time to 2 h
and to 0.829 by increasing the reaction time 3 h.

3g BCD, 30 H,0, 6 g UP in 20ml H,0, 70°C, cooling overnight, filtration, washing,
and drying at 40 °C under vacuum.

3.1.3. FTIR spectroscopy

Fig. 1 shows FTIR spectra of (a) BCD, (b) UP and (c) BCD-UP-
IC. FTIR spectrum of 3CD-UP-IC shows only shifts of the peak at
1649.8 cm~! of BCD (Fig. 1a) to a longer wave length 1654.1 cm™~!
(Fig. 1c) otherwise FTIR spectra have no important differences.

3.14. TGA

TGA of BCD and CD-UP-IC is presented in Fig. 2. It is clear
from Fig. 2 that the presence of UP in the cavity of BCD has a very
important effect on the thermal behavior of BCD. Fig. 2a shows that
the maximum decomposition temperature of 3CD is 303 °C and the
maximum weight loss is 60%, while the maximum decomposition
temperature of 3CD-UP-IC is 257 °C and the maximum weight loss
is 36% (Fig. 2b). These results emphasize that the presence of UP
in the cavity of BCD leads to the decrease of the maximum weight
loss from 60% to 36%. Also Fig. 2b shows that the 3CD-UP-ICis not a
simple physical mixture of the UP and BCD, because of the absence
of discontinuous weight loss in the sample at around 305 °C.

3.2. Effect of treatment of cotton fabric with MCT-BCD followed
by inclusion with UP on the N% and TGA of the treated fabric

3.2.1. Effect of MCT-BCD concentration on N% and TGA of cotton
fabric

It is obvious from Table 3 that the N% increases with increasing
the concentration of MCT-CD before and after washing in pres-
ence and absence of UP. These results indicate that MCT-3CD was
not completely fixed onto the fabric which is very clear from the
results of N% of the treated fabric with MCT-BCD before and after
washing. This holds true for the fabric treated with MCT-3CD fol-
lowed by UP before and after washing. In all cases the N% before
washing was higher than after washing. The N% fixed on the fabric
related to UP is calculated using Eq. (1). Table 3 shows that the fixed
N% on cotton fabric after washing increases from 22% to 59.5% by
increasing MCT-BCD concentration from 0% to 20%, which may be
attributed to the increasing of quantity of UP in MCT-3CD’s cavity.

3.2.2. Effect of the concentration of epichlorohydrin on the % fixed
NX% of the treated fabric

The treatment was carried out by immersion of the fabricin 15%
MCT-BCD in presence of 1% NaOH and different concentrations of
epichlorohydrin (0-3%), padded to 100% pick up and cured at 140°C
for 3 min followed by inclusion with 10% UP at 70°C for 3 h. The
N% fixed on the fabric increases by increasing the epichlorohydrin
concentration from 0 to 3%. Table 4 shows that the fixed amount
of N% increases from 56.7% to 70% by increasing epichlorohydrin
from 0% to 3%. The results obtained indicate that the presence of
epichlorohydrin leads to the increasing amount of MCT-BCD fixed
on the fabric through crosslinking between cellulose chains and
MCT-CD.

3.2.3. TGA of cotton fabric treated with MCT-BCD followed by
inclusion with UP in presence and absence of epichlorohydrin

Fig. 3 shows TGA of (a) cotton fabric, (b) cotton fabric treated
with MCT-BCD, (c) cotton fabric treated with UP, (d) cotton fabric
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Fig. 1. FTIR spectra of (a) B-cyclodextrin, (b) urea phosphate and (c) urea phosphate-3-cyclodextrin inclusion complex.

treated with MCT-BCD followed by treatment with UP (e) cot-
ton fabric treated with MCT-BCD in presence of epichlorohydrin
followed by treatment with UP. The decomposition temperature
and weight loss% are shown in Table 5. The results reveal that
the decomposition temperature of cotton fabric alone is 310°C,
this is against 270°C, 285°C, 289°C and 290°C for cotton fabric
treated with MCT-BCD, cotton fabric treated with UP, cotton fab-
ric treated with MCT-3CD followed by treatment with UP, and
cotton fabric treated with MCT-CD in presence of epichlorohy-

drin followed by treatment with UP respectively. It is obvious that
the treatment of cotton fabric leads to the decrease of decompo-
sition temperature by 40°C for MCT-BCD and only by 20-25°C
for UP, MCT-BCD followed by treatment with UP and MCT-BCD
presence of epichlorohydrin followed by treatment with UP. Also
the weight loss decreases from 66% for cotton fabric only to 40.2%,
40.3%, 20% and 6.34% at the decomposition temperature for cotton
fabric treated with MCT-3CD, cotton fabric treated with UP, cot-
ton fabric treated with MCT-BCD followed by treatment with UP,
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Fig. 2. TGA of (a) BCD and (b) BCD-UP-IC.
Table 3

Effect of MCT-BCD on the nitrogen content of the treated fabric.

MCT-BCD conc. %

N% (MCT-BCD)P

N% (MCT-BCDY?

N% (MCT-BCD-UP)®

N% (MCT-BCD-UP)?

0 0

5 0.56
10 0.72
15 1.02
20 1.05

0

0.1
0.189
0.25
0.25

1.23
1.6

1.81
1.83
193

0.289
0.51
0.688
0.71
0.772

BCD +2% Na,COs, dried at 100°C for 3 min and cured at 120°C 10 min. Up alone 10% exhaustion 3 h, drying at 50°C.

a After washing.
b Before washing.

Table 4

Effect of of epichlorohydrin on the nitrogen content of the treated fabric.

Epichlorohydrin concn. (%)

N% (MCT-BCD)

N% (MCT-BCD)?*

N% (MCT-BCD-UP)P

N% (MCT-BCD-UP)?

0
1
2
3

1.02
1.02
1.015
1.02

0.25
0.21
0.23
0.27

1.83
1.83
1.81
1.81

0.71
0.73
0.79
0.85

15% MCT-BCD + 1% NaOH, dried at 100°C for 3 min and cured at 140 °C 3 min followed by exhaustion with 10% UP, 3 h.

2 After washing.
b Before washing.
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Table 5

Decomposition temperature and % weight loss of treated cotton fabric.
Sample Decomposition temperature (°C) Weight loss (%)
Cotton 310 66.6
Cotton + MCT-BCD 270 40.2
Cotton+UP 285 40.3
Cotton + MCT-3CD +UP 289 20.6
Cotton + MCT-BCD +UP +epichlorohydrin 290 6.34

Fig. 3. TGA scan of (a) cotton fabric, (b) cotton fabric treated with MCT-BCD, (c) cotton fabric treated with UP, (d) cotton fabric treated with MCT-BCD followed by UP only,
and (e) cotton fabric treated with MCT-BCD followed by UP in presence of epichlorohydrin.

and cotton fabric treated with MCT-CD in presence of epichloro- 4. Conclusion
hydrin followed by treatment with UP respectively (Fig. 3). These
results could be explained by the synergistic effect of nitrogen and From the results obtained we can conclude that UP can form

phosphorus present in the UP structure which give the cotton fabric an inclusion complex with BCD and MCT-BCD. The formation of
the ability to liberate less volatile components than in absence of this complex increases by increasing of the time of reaction and
UP. the concentration of UP which is confirmed by N%, FTIR and TGA.



598 A. Abou-Okeil, A. El-Shafie / Carbohydrate Polymers 84 (2011) 593-598

Cotton fabric treated with MCT-BCD followed by inclusion with UP
exhibits a good thermal stability. Presence of epichlorohydrin leads
to good fixation of MCT-BCD and enhances the thermal behavior of
cotton fabric which is confirmed by N% and TGA.

References

Chisvert, A., Pascual-Marti, M. C,, & Salvador, A. (2001). Determination of the
UV filters worldwide authorised in sunscreens by high-performance liquid
chromatography: Use of cyclodextrins as mobile phase modifier. Journal of Chro-
matography A, 921, 207-215.

Connors, K. A. (1997). The stability of cyclodextrin complexes in solution. Chemical
Reviews, 97, 1325-1358.

Huang, L., Gerber, M., Lu, ], & Tonelli, A. E. (2001). Formation of a flame
retardant-cyclodextrin inclusion compound and its application as a flame retar-
dant for poly(ethylene terephthalate). Polymer Degradation and Stability, 71,
279-284.

Junquera, E., Romero, ]. C., & Aicart, E. (2001). Behavior of tricyclic antidepressants in
aqueous solution: Self-aggregation and association with 3-cyclodextrin. Lang-
muir, 17, 1826-1832.

Le Thuaut, P., Martel, B., Crini, G., Maschke, U., Coqueret, X., & Morcellet, M. (2000).
Grafting of cyclodextrins onto polypropylene nonwoven fabrics for the man-
ufacture of reactive filters. I. Synthesis parameters. Journal of Applied Polymer
Science, 77,2118-2125.

Le Blanc, R. B. (1989). Degradation of Pyrovatex®-treated fabrics during storage.
Textile Research Journal, 59, 307-308.

Lee, M. H,, Yoon, K. ]J., & Ko, S.-W. (2000). Grafting onto cotton fiber with acry-
lamidomethylated (3-cyclodextrin and its application. Journal of Applied Polymer
Science, 78, 1986-1991.

Lee, M. H,, Yoon, K. J., & Ko, S.-W. ]. (2001). Synthesis of a vinyl monomer containing
B-cyclodextrin and grafting onto cotton fiber. Journal of Applied Polymer Science,
80, 438-446.

Lo Nostro, P., Lopes, J. R, & Cardelli, C. (2001). Formation of cyclodextrin-
based polypseudorotaxanes: Solvent effect and kinetic study. Langmuir, 17,
4610-4615.

Loftsson, T., & Brewster, M. E. (1996). Pharmaceutical applications of cyclodextrins.
1. Drug solubilization and stabilization. Journal of Pharmaceutical Sciences, 85,
1017-1026.

Nakanishi, S., & Aoki, C.(1991). Studies on improvement of performance in washable
flame retardant finish. Journal of Home Economics, 42, 67-74.

Nakanishi, S., & Ohkouchi, F. (1992). Establishment of finishing conditions for
durable flame retardant finish with THPS (Part 1). In the case of ammonia cure.
Journal of Home Economics, 43, 121-127.

Savarino, P., Viscardi, G., Quagliotto, P., Montoneri, E., & Barni, E. (1999). Reac-
tivity and effects of cyclodextrins in textile dyeing. Dyes & Pigments, 42,
143-147.

Schmid, G. (1991). In D. Duchéne (Ed.), Preparation and application of cyclodex-
trin in new trends in cyclodextrins and derivatives. Paris: Editions de
Santé.

Szejtli, J. (1982). Cyclodextrins and their inclusion complexes. Budapest: Akademiai
Kiado.

Szejtli, J., & Osa, T. (1996). Cyclodextrins (comprehensive supramolecular chemistry)
Elsevier.



	Urea phosphate/β-cyclodextrin inclusion complex to enhance thermal behavior of cotton fabric
	Introduction
	Experimental
	Materials
	Preparation of urea phosphate and βCD inclusion complex (βCD–UP-IC)
	Treatment of cotton fabric with MCT-βCD–UP
	Treatment of cotton fabric with MCT-βCD–UP in presence of epichlorohydrin as crosslinking agent
	Characterization

	Results and discussion
	Preparation of βCD–UP-IC
	Effect of concentration of UP
	Effect of inclusion time
	FTIR spectroscopy
	TGA

	Effect of treatment of cotton fabric with MCT-βCD followed by inclusion with UP on the N% and TGA of the treated fabric
	Effect of MCT-βCD concentration on N% and TGA of cotton fabric
	Effect of the concentration of epichlorohydrin on the % fixed N% of the treated fabric
	TGA of cotton fabric treated with MCT-βCD followed by inclusion with UP in presence and absence of epichlorohydrin


	Conclusion
	References


