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Preparation and properties of unsaturated polyester

resin composites reinforced by bacterial cellulose
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(School of Materials Science and Engineering, Tianjin University, Tianjin 300072, China)

Abstract: By using natural fiber—bacterial cellulose (BC) as the reinforcement and unsaturated polyester resin
(UPR) as the matrix, natural fiber BC/UPR composites were prepared by the RTM process. The mechanical
properties, moisture absorption and degradation of the composites were studied. The results show that chemical
bonds are formed at the interface of the BC/UPR composites through surface treatment of BC, which enhances the
mechanical properties of the composites. With the increasing fiber volume fraction, the BC/UPR composites get an
increase in tensile strength as well as a decrease in elongation at break. The best tensile strength of 152. 9 MPa can
be obtained for the composites with a fiber volume fraction of 20%. The processes of moisture absorption of the BC/
UPR composites, which lower the mechanical properties, can be described by Fick’s Law. UV radiation tests were
carried out on the BC/UPR composites. XPS results prove that an oxidative degradation takes place and the contents
of oxygenic functional groups increase when the materials are exposed to ultraviolet radiation, which induces
photodegradation in the BC/UPR composites.
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Fig. 1 Flow chart for preparing composites
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Table 1 Contents of functional groups on BC surface before and after modification

Contents of functional groups/at%

Bacterial cellulose Si—O—Si c—C C—OH —C=0 —COOH C—0O-—Si
(104.0 eV) (284.6 eV) (286.6 eV) (288.4 eV) (290.7 eV) (102.1 eV)

Before modification 33.68 48. 27 13.54 4.52 — —

After modification 25.99 54.23 15. 4. 49 31.55 68. 45
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Table 2 Effects of surface treatment on the mechanical

properties of composites (V;=10%) MPa

Tensile Elastic Flexural Shear
Sample

strength modulus strength strength
Untreated  60.0+£3.9 627412 84.0+£3.0 68.243.3
Treated 130.6+4.6 868424 116.5+3.3 87.0+3.3
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Fig. 3 Effects of BC volume fraction on mechanical
properties of composites
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Table 3 Equilibrium moisture contents and absorption

rate of composite with different BC volume fractions

Absorption rate
K/X1075 s~ /2

Moisture content

M../%

BC volume

fraction/ %

0 0.8765040.00224  0.049840. 00106
10 1. 391580, 00431 0. 08970, 00262
20 1. 453850, 00126 0. 08740, 00229
30 1.49466-£0.00194  0.0905+0. 00248
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Table 4 Changes in contents of chemical bonding

on the surface of composites

Contents of functional groups/at%
Irradiation

. . c—C Cc—0O —COO
time/min

(284.7 eV) (286.8 eV) (289 eV)
0 79. 83 12.72 7.45
40 76.94 16.53 6.53
80 65. 15 20.18 14. 66
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Fig. 6 XPS results of composites after ultraviolet irradiation
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