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Abstract: Optically transparent membranes from bacterial cellulose (BC)/polycaprolactone (PCL) have been prepared by impregnation of 
PCL acetone solution into dried BC membranes. UV-Vis measurements showed an increase on transparency in BC/PCL membrane when 
compared with pristine BC. The good transparency of the BC/PCL can be related to the presence of BC nanofibers associated with deposit 
of PCL nano-sized spherulites which are smaller than the wavelength of visible light and practically free of light scattering. XRD results 
show that cellulose type I structure is preserved inside the BC/PCL membrane, while the mechanical properties suggested indicated 
that PCL acts as a plasticizer for the BC membrane. The novel BC/PCL membrane could be used for preparation of fully biocompatible 
flexible display and biodegradable food packaging.
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Introduction

In the last years bacterial cellulose (BC)-based materials have 
been largely investigated aiming the utilization in opto-electronic 
devices[1-3]. The main applications of these novel materials include 
BC membranes as substrates for flexible organic lighting emission 
(FOLED)[4], optically transparent BC-composites[5] and matrix for 
electronic papers[6].

Bacterial cellulose membranes are produced by 
Gluconacetobacter xylinus strain in carbohydrate rich culture 
medium. The obtained BC hydrogels presents 3-D cellulose 
network nanofiber, high crystallinity (60-90%), high mechanical 
strength and full biocompatibility[7]. Cellulose nanofibers 
are considered highly effective reinforcements to produce 
high-performance optically composites that have mechanical 
properties similar to those of metals[1]. In fact, BC nanofibers are 
practically free of light scattering, showing also small thermal 
expansion coefficient, which is an important property for fillers in 
optoelectronic devices[1-2].

Recent efforts have been devoted in the preparation of optically 
transparent BC composites associated with other biodegradable 
polymers. Transparent biocompatible nanocomposite was prepared 
by adding bacterial cellulose membrane into poly (L-lactic acid) 
(PLLA) matrix[8].

New transparent nanocomposites based on different chitosan 
matrices and bacterial cellulose were prepared by a fully green 
procedure by casting a water based suspension of chitosan and 
bacterial cellulose nanofibrils. The BC-chitosan composites were 
highly transparent, flexible and displayed better mechanical 
properties than the corresponding unfilled chitosan films[9].

A biocompatible polymeric composite PHB/BC was 
prepared by incorporating bacterial cellulose (BC) into poly 
(3-hydroxybutyrate) (PHB) matrix. The transparency of the 

PHB/BC nanocomposite was higher than pure BC membrane. BC 
also improved the thermal stability of PHB in the nanocomposite 
film[10].

Bacterial cellulose–poly (vinyl alcohol) nanocomposites were 
prepared by an in-situ process. The addition of a small amount of 
PVA turned the BC membranes in an optical transparent material 
with excellent mechanical properties[11].

Polycaprolactone (PCL) is a hydrophobic, semi-crystalline 
polymer; its crystallinity tends to decrease with the increase of 
the molecular weight. The good solubility of PCL in organic 
solvents, its low melting point (59-64 °C) and the exceptional 
blend‑compatibility has stimulated an extensive research of the 
potential application of this material in the biomedical field[12].

The goal of this work was the preparation and characterization 
of a new optically transparent membrane based on dried bacterial 
cellulose and polycaprolactone (PCL).

Experimental Section

Bacterial cellulose was prepared according to a method 
described recently[13]. Polycaprolactone diol (MM = 2000, Aldrich) 
was used as received. The dried BC membranes (6 × 6  cm2,

 

12 µm thick) were previously swollen for 48 hours in acetone. 
Acetone‑swollen BC membrane was soaked in 25  mL of 3% 
(w/v) PCL acetone solution during 72 hours. After this, BC/PCL 
membranes were washed several times with acetone to remove the 
excess of PCL. They were dried at 40 °C for 12 hours in Teflon 
plates. The PCL content in the nanocomposite was 12.0% (w/w), 
determined by gravimetric measurements. Scanning electron 
microscopy (SEM) images were obtained in a Field Emission 
Scanning Electron Microscope JEOL JSM  –  7500F. Samples 
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Mechanical Analyzer (DMA) Q 800 (TA Instruments) equipped 
with a film tension clamp at a temperature of 27 °C. The specimens 
were cut in dimensions of 5.50  mm × 6.20  mm  ×  0.02  mm 
(length × width × thickness). The device was previously calibrated 
and a total of 4 measurements for each sample were made in order 
to ensure the reproducibility of the results.

Results and Discussion

The Figure 1 shows the optical transmission spectra for pristine 
BC membrane and BC/PCL biocomposite. Pure PCL material does 
not form stable films.

Pristine BC membrane, Figure 1a (inset), is a semi-transparent 
material presenting an average transmittance at 550 nm of around 
45%[4]. The light transmittance of BC/PCL membrane is 84% at 
550  nm (Figure  1b). The high transmittance is due primarily to 
the lateral size of the reinforcing elements; the light scattering is 
avoided by BC nanofibers which are smaller than the wavelength 
of light[1]. This increase on the transparency in the visible range of 
the electromagnetic spectrum is an important characteristic for the 
fabrication of flexible OLEDs[1-4].

SEM image of the BC membrane surface, Figure  2a, reveals 
a 3-D fibrilar organization consisting of an ultrafine cellulose 
nanofibers network named “nanocelluloses”. The micrograph of 
the surface of BC/PCL membrane, Figure 2b, show BC nanofibrills 
covered by PCL, resulting in a smooth surface morphology, 
suggesting a good interaction between the two phases.

were coated with tick carbon layer. XRD patterns were obtained 
in a Siemens Kristalloflex diffractometer using nickel filtered Cu 
Kα radiation, step pass of 0.02° and a step time of 3 seconds, from 
4 to 50° (2θ angle). Thermal degradation analysis was performed 
using a Q600 SDT (TA Instruments). The samples were heated 
from 25-600 °C of temperature with open platinum pans under 
dynamic nitrogen atmosphere and at heating rate of 20 °C min–1. 
The mechanical measurements were performed with a Dynamic 

Figure 2. SEM images of: a) BC membrane surface, b) BC/PCL membrane, c) Cross-section image of BC membrane and d) Cross-section image of BC/PCL 
membrane.

Figure 1. Optical transmission spectra for the: a) BC membrane, b) BC/PCL 
membrane. Inset images of the pure BC membrane (below) and transparent 
BC/PCL membrane (up).
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The cross-section image of pristine BC is shown in Figure 2c. 
A plate-like material is clearly observed with numerous sheets 
forming a network of nanofibrills. SEM images for BC/PCL, 
Figure 2d suggest that PCL molecules completely filled the porous 
between BC nanofibrills. The image reveals that PCL is deposited 
as nano‑sized spherulites. The improved transparency of the 
membranes can be associated with two aspects, the first one is due 
to the presence of BC nanofibers, as discussed above and the other 
aspect refers to the presence of PCL like nano-sized spherulite, 
which are smaller than the wavelength of visible range[10].

Analysing the XRD patterns, it was possible to observe a broad 
diffraction peaks at 15° and 22.5° for the pure BC membrane, 
Figure  3a, which are typical of cellulose type I. These peaks are 
assigned to the characteristic interplane distances of cellulose 1α 
and 1β phases[14]. The diffraction pattern obtained for the PCL is 
characteristic of the semi-crystalline polymer with two diffraction 
peaks, around 21.5 and 23.5 degrees. Moreover, the peaks were 
sharp and indicated that the samples were highly crystalline 
materials[15]. Cellulose type I patterns were observed for BC/PCL 
membrane, Figure  3c, confirming that BC structure is preserved 
during preparation. Meanwhile, a difference can be observed in 
the relative intensity of the BC peaks, suggesting a change in the 
orientation of the cellulose fibres in the presence of PCL[11].

The TGA curve obtained for pure BC membrane (Figure  4a) 
shows two events of weight loss. The first gradual one involving 
5% of mass loss occurred from room temperature up to 150 °C and 
can be associated with water loss of the BC surface; the second one, 
observed with maxima temperature at 374 °C, is attributed to BC 
pyrolysis[10]. TG curve for PCL (Figure 4b) shows only one weight 
loss event starting at around 260 °C up to 490 °C, with maxima 
temperature near to 400 °C. This event occurs due to the thermal 
decomposition of PCL[15].

The TGA curve for BC/PCL membrane (Figure  4c) presents 
a thermal behavior close to pure BC membrane. A small and 

continuous mass loss event (around 3%) is observed from room 
temperature up to 150 °C. Comparing with pure BC membrane a 
slight decrease (around 10 degrees) on thermal degradation of the 
BC/PCL membrane was observed. Probably, the presence of PCL 
nanosized particles may be promoting a breakdown in the hydrogen 
bonds between cellulose chains.

The PCL spherulite-nanosized in the BC/PCL membrane induced 
a decrease on the tensile strength (112  ±  7.0 MPa) and Young’s 
Modulus (3.6 ± 0.8 GPa) as compared a pure BC membrane, tensile 
strength (124 ± 8.1 MPa) and Young’s Modulus (16.4 ± 2.3 GPa). 
In the same way, it was observed an increase on the elongation at 
break for BC/PCL (5.4 ± 0.5 GPa) as compared with the pure BC 
membrane (1.1  ±  0.3 GPa). The PCL spherulite‑nanosized could 
increase the mobility of the cellulose chains, acting as a plasticizer 
for BC membrane. The increase in this property is an important 
feature for preparation of fully biocompatible flexible display and 
biodegradable food packaging.

Conclusions

Novel optically transparent membrane based on bacterial 
cellulose (BC) and polycaprolactone (PCL) has been prepared by 
impregnation of PCL acetone solution into dried BC membrane. 
UV-Vis measurements showed an increase on transparency in 
BC/PCL membrane when compared to pristine BC membrane. The 
good transparency quality of the biocomposites can be associated 
with the presence of BC nanofibers, and principally due to the 
deposited of PCL nano-sized spherulites which are smaller than 
wavelength of visible range.
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