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Abstract: The modification of carboxymethyl cellulose with octafluoropentyl fragment is shown to result
in the formation of a polymer with improved hydrophobic properties while keeping high water solvency.
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Introduction

One application of polyfluorinated alcohols (wastes from tetrafluoroethylene/methanol telomerization
[1]) is polyfluoroalkylation of polysaccharides, particularly, that of carboxymethyl cellulose, widely used
in various industrial sectors.

Modification of carboxymethyl cellulose with octafluoropentyl fragments [2-8] allows considerable
alteration of the polymer physicochemical properties and providing unique characteristics useful, e.g., in
drill fluids employed under strict conditions.

The study objective was to investigate the impact of octafluoropentyl fragment on the surface
structure of carboxymethyl cellulose.

Experimental

The introduction of octafluoropentyl groups into macromolecules of carboxymethyl cellulose was
conducted through directed modification of hydroxyls by octafluoropentylchlorosulfite. This modification
of the polymer surface occurred in chloroform environment, and dimethylformamide was used for
catalyst.
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Morphology

Polymer surface structure was investigated with the help of a scanning electronic microscope Versa
3D DualBeam.

Contact angles

Contact angles were measured with the help of OCA 15 (DataPhysics Instruments GmbH,
Germany)

IR spectral analysis

Powder samples of carboxymethyl cellulose and polyfluoroalkylated carboxymethyl cellulose (F
content was 6.67%) were studied with the help of IR Fourier spectrometer «Nicolet-6700» (Thermo
Electron, USA).

Results and discussion

Figs. 1 (a), (b), (c) represent micrographs of initial carboxymethyl cellulose at various magnifications.
In Fig.1 one can see that polymer consists of similarly structured filaments.

Figs, 2 (a), (b), (c) represent polyfluoroalkylated carboxymethyl cellulose at various magnifications
(1000-25000 times). The polymer structure after the treatment becomes uniformly spherical.
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Figure 1. Micrographs of carboxymethyl cellulose at various magnifications: 1000 (a); 5000 (b); 25000
(c)
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Figure 2. Micrographs of polyfluoroalkylated carboxymethyl cellulose at various magnifications: 1000
(a); 10000 (b); 25000 (c).

From the comparison of surface micrographs of initial carboxymethyl cellulose and
polyfluoroalkylated carboxymethyl cellulose one may see considerable alteration of the solid surface
characteristics. The surface structure of carboxymethyl cellulose with octafluoropentyl fragment is more
uniform and smooth, and the presence of octafluoropentyl fragment contributes to the surface
hydrophobic properties.

The contact angle of a film produced of 2% aqueous solution of initial carboxymethyl cellulose is 6.07°
(figure 3 (a)). After treatment of carboxymethyl cellulose with octafluoropentyl fragment, the contact
angle of the film produced of 2% aqueous solution of polyfluoroalkylated carboxymethyl cellulose is
11.02° (figure 3 (b)). Those measurement results evidence growth of the material hydrophobic
properties, while keeping good water solubility.

Figure 3. Edge water contact angles of a film made of carboxymethyl cellulose (a) and
polyfluoroalkylated carboxymethyl cellulose (b).

IR Fourier spectra of initial and polyfluoroalkylated carboxymethyl cellulose are present in Figures 4
(a) and (b). One of the main distinctions due to the modification is the absence of absorption peaks at
1284 cm-1 and 1310 cm-1 , thanks to the alteration of the surface structure, and apparition of a number
of new peaks at 681 cm-1, 698 cm-1, 759 cm-1, 833 cm-1, 1139 cm-1 and 1720 cm-1, assigned to
octafluoropentyl groups (Table 1).
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Figure 4. IR Fourier spectra of carboxymethyl cellulose (a) and polyfluoroalkylated carboxymethyl
cellulose (b).

Table 1. IR absorption spectra (peaks) of carboxymethyl cellulose and polyfluoroalkylated
carboxymethyl cellulose.

Group Absorption bands in IR spectra, cm-1

carboxymethyl cellulose polyfluoroalkylated
carboxymethyl cellulose

HO, COOH 1284, 1310,1381, 1421,
3500-3600

1390, 1412,  
3400-3600

-COONa 1594 1601

Cyclo- CH2-O-CH2- 1064 1064

-(CF2)4- - 681, 698, 759, 833, 1139,
1720

Conclusion

By the means of scanning electronic microscopy, measurements of edge contact angle, and Fourier
IR spectrometry the surface structure of carboxymethyl cellulose is investigated after the introduction of
octafluoropentyl fragments. It is found that a layer thus formed on the film surface contains
octafluoropentyl groups, providing hydrophobic properties to the polymer.
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