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Abstract - Composites based on bacterial cellulose membranes and boehmite were obtained. SEM results 
indicate that the bacterial cellulose (BC) membranes are totally covered by boehmite and obtained XRD patterns 
suggest structural changes due to this boehmite addition. Thermal stability is accessed through TG curves and is 
dependent on boehmite content. Transparency is high comparing to pure BC as can be seen through UV-vis 
absorption spectroscopy. 
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Introduction  

A composite material may be obtained through combination of polymers, fibers and 

mineral fillers, and usually presents excellent mechanical, thermal and chemical properties. 

Several polymers have been used in composites preparation, e.g. cellulose, poly(methyl 

methacrylate) (PMMA), poly(ethylene terephthalate) (PET), poly(oxyethylene) (POE). [1-3] 

Among polymers, such interesting one is cellulose biopolymer once it comprises 

carbohydrate and polymer chemistry in a macromolecule composed of repeating glucose units 

and this surprisingly results in diverse architectures, reactivity and functions [4]. Cellulose 

may be produced by Gluconacetobacter xylinus bacteria in Hestrin-Schramm culture media as 

a higly hydrated membrane (99% water, 1% polysaccharide) that, in comparison to vegetal 

cellulose, shows higher crystallinity, mechanical resistance and purity (as this BC is free of 

lignin and hemicellulose) [5-6]. These properties, combined to biocompatibility and shaping 

hability (once BC is synthesized in culture media, it may be molded according to a desired 

shape, e.g. membranes), ensure a wide range of medical (wound dressings, scaffolds, 

cosmetics), industrial (food, textiles) and optoelectronics applications [4, 7-8].  

Aluminoxane boehmite naturally occurs in European bauxites and may be easily 

obtained through hydrothermal treatment of Al(OH)3 or still by sol-gel methodology [9]. It is 

usually employed in the industry of adsorbents and catalysts and has been used in organic-

inorganic hybrids development aiming modified alumina-based ceramics.[10] 

This work relates the obtention of a composite using BC and boehmite aiming the 

observation of possible modifications in morphological, structural and thermal properties of 
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BC under boehmite addition. These obtained samples were characterized morphologically 

using SEM, structurally through XRD, thermically using TGA and spectroscopically through 

UV-Vis. 

Experimental  

Samples preparation 

BC-boehmite composites have been prepared by soaking never dried bacterial 

cellulose membranes into the sol of boehmite nanoparticles in different concentrations. These 

obtained composites, named BC-1, BC-2, BC-3, BC-4, BC-5 and BC-6 (BC-1 containing less 

Boehmite than BC-2 and successively), were dried in room temperature and characterized 

using techniques described below. Boehmite content (%w/w) in BC-1 to BC-5 samples is 1%, 

5%, 15%, 30% and 50%, respectively. BC-6 presents fivefold boehmite content (related to 

cellulose). 

Characterization 

Scanning electron microscopic (SEM) images were taken by a Field emission 

scanning electron microscope (FESEM, JEOL JSM – 7500F). X-Ray diffraction (XRD) 

measurements were performed on a Siemens Kristalloflex X-ray diffractometer in steps of 

0.01° using Cu K radiation as X-ray source. Thermal gravimetric (TG) curves were obtained 

for dried samples in a SDT Q600 equipment from TA Instruments. Samples were heated in 

open alumina pans from 20 to 600°C under oxygen atmosphere at flow rate of 100 mL min-1 

and heating rate of 10°C min-1. UV-Vis spectra were obtained in a Varian Cary 500 UV-Vis 

spectrometer. 

 

Results and Discussion  

Morphological changes are seen in bacterial cellulose due to boehmite addition 

through SEM measurements (Fig. 1). Bacterial cellulose is characterized by a fibrilar 

organization where each fibril is comprised of a thousand of single linear glucan chains [3] 

forming a net-like structure with large holes. Through SEM measurements it is noticed a large 

deposition of boehmite over the BC surface covering its fibrils. Its cross section image shows 
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a close interaction with bulk microfibrils denoting that Boehmite can also penetrate through 

the surface pores of BC. 

 
Figure 1: FEG-SEM front image of bacterial cellulose (upper left, 20000 x) and BC-6 (upper right, 

20000 x) and cross section images of bacterial cellulose (lower left, 5000 x) and BC-6 (lower right, 

20000). 

 

Cellulose is considered as a semicrystalline material containing crystalline and 

amorphous phases. The XRD patterns of dried bacterial cellulose and prepared BC-boehmite 

composites are shown in Fig. 2. Bacterial cellulose diffractogram reveals two principal 

diffraction peaks at 2 at 14.4o and 22.5o, assigned to the cellulose I and Iβ phases 

corresponding to 1001, 1101β and 0101β at 14.4o and 1101 and 2001β at 22.5o directions [1]. 

One can observe modifications in XRD patterns under increasing loads of boehmite. Peak 

centered in 15° is turned in two, and those localized in 22.5° is diminished. These changes 

may be due to boehmite covering the microfibrils of cellulose. 
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When observing XRD patterns of BC-6 sample, it is possible to realize a modification 

of the peak centered in 14.4° due to boehmite addition, suggesting hydrogen bond formation 

between cellulose and boehmite molecules. The introduction of boehmite leads to 100 and 

110 planes orientation changes as already reported by Takai et al. [11] and Cai et al. [12] 
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Figure 2: XRD patterns of boehmite (a), bacterial cellulose (b); BC-4 (c); BC-6 (d). 

 

It is known that cellulose degradation comprises dehydration of cellulose to 

“dehydrocellulose”, depolymerization (formation of volatiles) and decomposition of 

dehydrocellulose into gases (primarily water, carbon dioxide, and carbon monoxide) and char 

residue via an exothermic reaction. [13] Fig. 3 shows TG curves for BC and BC-6 

composites. Two significant mass losses are seen from room temperature to about 350°C and 

another near 465°C for BC, while for BC-6 it is seen successive degradation steps due to 

boehmite interaction with BC. As general observations, the first weight loss step associated to 

the water release is observed for all samples, and an increase of residual mass according to 

higher loads of boehmite was also realized. The onset temperature, Tonset, read from TG 

curves was used for characterizing thermal stability as a higher Tonset indicates higher thermal 

stability. As shown in Fig. 3, the Tonset of BC-6 is lower than that of BC and this, together with 

the successive degradation steps, indicates a premature beginning in degradation of the 

samples containing boehmite.  This might be interpreted as a result of damaged hydrogen 

bonds from BC structure [14] resulting in lower Tonset for BC-boehmite samples.   
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Figure 3: TG/DTG curves of bacterial cellulose (left) and BC-6 (right). 

 

Fig. 4 shows the optical transmission spectra for BC and BC-boehmite. Mean values 

observed for BC and prepared composites in 550 nm are 14%, 29% and 51% for BC, BC-4 

and BC-6, respectively. This transparency in visible range of electromagnetic spectrum is 

considered an important feature in FOLEDs fabrication [15] and is seen to increase under 

higher loading of boehmite.  
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Figure 4: UV-Vis spectra of bacterial cellulose (a), BC-4 (b) and BC-6 (c). 
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Conclusion  

Composites were prepared utilizing BC membranes and boehmite. The obtained 

materials are greatly covered by boehmite as seen through SEM measurements. XRD and 

TG/DTG also corroborates to the formation of the hybrids once there are changes in XRD 

patterns and mass loss steps of BC under boehmite addition. These covering and impregnation 

of boehmite through BC pores improve transparency of pure BC, suggesting applications in 

optics and electronics fields.  
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