Umrezavanje celuloze limunskom Kkiselinom uz prisutnost FAU zeolita
Citric acid crosslinking of cellulose in the presence of zeolite FAU
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~ INTRODUCTION

Polycarboxylic acids, especially 1,2,3,4-butanetetracarboxylic acid (BTCA) or citric acid (CA)
in combination with phosphorus-containing catalysts, such as sodium hypophosphite (SHP),

have proven to be the most effective substitutes for the formaldehyde-releasing crosslinking o W
agents(Fig.1.) such as the N-methylol compound (DMDHEU) dimethylol-dihydroxy ethylene e .
urea[1,2]. \ A xc..i"'ﬂ/\ cr—c/\o—cu, g

In our previous research CA has been used with sodium hypophosphite (SHP) catalyst,
while this paper studies the possibility to replace it with an environmentally and economically

Citric acid

acceptable zeolite catalysts (FAU and MFI, Fig 2.). ;

Zeolites, a family of aluminosilicates containing pores and cavities in the range of 4-18 A, are »4%7\ A)

well-known sorbents, catalysts and molecular sieves. Structure of zeolites consists of LA B}
three-dimensional network (AlO4) * and (SiO4) * polyhedra ( Fig. 3.), connected oxygen atoms. Figure1. Cross-linking via ester linkage of CA[3] Figure 2. Zeolite structure: a) MFI, b) Faujasite

The structures are generally very open and contain channels and cavities containing cations,
water molecules and other molecules. Cations and water molecules have a high degree of
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mobility. With respect to this property zeolites are characterized by high ion exchange AT TN T TN e T Ny e S
capacities. Alumina / silica compounds are used in various chemical and physical processes Y Y AT A c/ DY AN 1
such as heterogeneous catalytic reactions (zeolites catalyze esterification reactions too), ¢ 00 00 0 c o0 o0 O ©
rations, ion exchan n rption pr 14 '
gas separslions, fon exehangeanc adsarplion pregesses. (] Figure3.Structure of zeolites consists of three-dimensional network (AIO,) * and (SiO,) * polyhedra [4]

Samples of desized, scoured, bleached and mercerized cotton fabrics (100%; 170 g/m,)
were padded to 100% wet pickup with three different baths:

a) suspensions containing FAU zeolite powder (1.3 wt %) in aqueous solution of citric
acid (CA) crosslinking agent (10 wt %)

b) suspensions containing MFI| zeolite powder (1.3 wt %) in aqueous solution of citric
acid (CA) crosslinking agent (10 wt %)

c) containing SHP (6.5 wt %) in aqueous solution of citric acid (CA) crosslinking agent
(10 wt %)

Scanning electron microscopy is used to characterize the surface morphology and
crystal size of the zeolite particles bonded to cellulose fibers. For the scanning . . FT-IR Spectrum 100,
electron microscope (SEM) study, the sample were mounted on stubs and coated ;Erfﬁafﬂwgélsﬁ,:o" HiIEHEREDE, Perkin I'E)Imer

with gold in a sputter coater. TGA, Perkin Elmer
The treated samples were analyzed by ATR-IR spectroscopy using a FTIR spectrometer (PerkinElmer, software Spectrum 100). 4 scans at a resolution of 4 cm-1 were recorded for each sample between

4000 cm-1 and 450 cm-1. To measure the intensity of the ester carbonyl band, samples were treated with a 0.1M NaOH solution at room temperature for 2 min to convert the free carboxylic acid on the fabric

to a carboxylate anion so that the ester carbonyl band could be separated from that of the overlapping carboxylic acid carbonyl. The ester carbonyl band intensity in the IR spectra of the treated cotton

fabric was normalized against the 1314 cm-1 band associated with the COH bending mode of cellulose.

Thermal analyses of cotton materials were performed in a flowing synthetic air atmosphere (30 % oxygen; flow rate of 90 ml/min) using a Perkin Elmer analyzer controlled by a PC system. TG measurements
of the samples were obtained from ambient temperature to. 800 °C at a heating rate of 10°C/min. Prior to the thermal analysis runs the treated cotton fabrics were cut into small pieces having an average
weight of ~1 mg, while the analyzed samples were approx. 5 mg

The fabric CIE whiteness (WCIE) and Yellowness (Y1) index was measured according to AATCC Method 110 ("Whiteness of Textiles') using a Spectrophotometer Spectraflash SF 300,Datacolor, Switzerland.

Spectraflash SF 300,
Datacolor, Switzerland.
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cotton sample treated with zeolite Cu-FAU and CA
- CONCLUSIONS

-~ Zeolites (commercial MFl and FAU as well as Cu-FAU synthesised in our laboratory) chosen for this study confirm their catalytic role in the esterification of cellulose with citric acid.
~ = All zeolites remained on the cotton fibers and they were easily observed with SEM.
=~ The stability of the zeolites were confirmed by SEM images of the residues remained after TG analyses of the cotton samples treated with zeolite and CA.

~= The degree of esterification in the case of zeolite treated cotton fabrics corresponds to the one obtained using the commercial SHP catalysts, so it is worthwhile to optimize the preparation procedure
because zeolites are ecologicallz and economically more suitable.
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