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Fabrication of Microbial Cellulose Nanofiber Network Sheets
Hydrophobically Enhanced by Introduction of a Heat-printed Surface

Yoko Tomita, Tsubasa Tsuji, and Tetsuo Kondo

Bio-Architecture Center & Graduate School of Bioresource and Bioenvironmental Sciences,
Kyushu University, 6-10-1, Hakozaki, Higashi-ku, Fukuoka 812-8581, Japan

Abstract : Acetobacter xylinum, a Gram-negative bacterium, secretes a cellulose nanofiber into the culture medium, and
thereafter the individual secreted nanofibers are assembled to form a 3D network structure as termed “pellicle.” The
pellicle has unique properties including high water retention ability, biocompatibility, high strength and so on. Therefore,
a hydrophobic cellulose nanofiber network sheet was attempted to be fabricated by heat-pressing of metal molds having
a micro pattern in order to open further pathways of the pellicle towards potentially versatile materials. From the contact
angle measurements, a heating condition at 130°C for 24 hours was the optimal condition for the treatment. ESCA
analyses indicated that the increase in hydrophobicity was due to introduction of the ether bonds on the surface.
Furthermore, a structural hydrophobic effect such as “Lotus effect” on this sheet was examined by introduction of micro
-lattice patterns onto the surface. Finally, the synergistic effect of the heating and micro-patterning was examined. The
surface of the sheet was more hydrophobic when the two effects were combined together. This successful method could

be generally extended for bio-based materials to provide nano/micro structures with a surface hydrophobic property.
(Received 13 November, 2008 ; Accepted 8 December, 2008)
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Fig. 1 Patterns of the mold : a) flat surface, and b) two

kinds of lattice patterned molds.
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Fig. 2 Prepared MC pellicle and the MC sheet prepared
from a). a) MC pellicle, b) MC sheet, and
c) AFM image of the surface of a MC sheet.
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Fig. 3 Thickness of MC sheets depending on the press
conditions.

RMS 58.3nm
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Fig. 4 Surface morphology of MC sheets under various
pressurized condition corresponding to those of
Fig.3. (a:5MPa 1h, b:5MPa 24h, c: 10MPa
1h, d : 10MPa 24h, ¢ : 15MPa 1h, and f: 15MPa
24h)
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Fig. 5 Dependence of contact angles of MC sheets on
the heating time for the preparation.
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Fig. 6 Successive changes of contact angles of MC
sheets prepared under various heating

temperatures for 24 hours.
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Fig. 7 Surface morphology of MC sheets at various
heating temperatures for 24 hours. (a: control,
b:105C, ¢:130C, d:150C, e:170C, f:
190C)
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Table 1 Comparison of Oxygen/Carbon (O/C) ratio
based on ESCA analysis depending on the
heating conditions in the preparation of MC

sheets.

0/C
Control 1.471
105 °C 1.707
130 °C 1.785
150 °C 1.734
170 °C 1.784
190 °C 1.856

Elastic modulus (GPa)
o

5MPa 5MPa  10MPa 10MPa 15MPa  15MPa PP PET
1h 24h 1h 24h 1h 24h

Pressurized condition
Fig. 8 Comparison of the elastic modulus of MC sheets
and synthetic polymer films before and after
heating at 130C. (left bar : before heating, right

bar : after heating for 24hrs)
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Fig. 9 Comparison of the fracture elongation of MC
sheets and synthetic polymer films before and
after heating at 130C. (left bat : before heating,

right bar : after heating for 24hrs)
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Fig. 10 Dependence of contact angles of micro-
patterned MC sheets on the printing time of the
3D lattice patterns without heating. B : 500pum
squares lattice, ® : 300um squares lattice
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Fig. 11 Dependence of contact angles of MC sheets on
the heat printing time of the 3D patterns at

130C. a: flat pattern, M: 500um squares
lattice pattern, ®: 300um squares lattice
pattern.
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