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Abstract

Using the lignocellulosic biomass materials to produce wood (wood fibers/natural fibers) plastic composites (WPCs) is one
of the most environmentally friendly and economical ways to solve the residuals of biorefineries. In this study, tropical maize
bagasse (TMB), sweet sorghum bagasse (SSB) and sugarcane bagasse (SCB), the solid residuals from bio-ethanol plants,
were used as the reinforcement phase in the production of WPCs. The mechanical, thermal and accelerated weathering
behaviors of WPCs were evaluated. The experimental results indicated that the TMB reinforced composites showed better
mechanical properties, with tensile strength and flexural strength of 26.8 +-3.4 and 46.1 & 3.1 MPa, respectively. Moreover, the
retention ratios of the rupture modulus and the elasticity modulus of the SSB reinforced composites were the highest among
the three groups after multigelation and 2000 h of xenon lamp weathering, which were reached 84.9 +6.7 and 76.0 +4.4%,
and 76.1+4.7 and 69.4 +2.9%, respectively. The production of WPCs reinforced by solid residuals showed potential in

connecting with the biorefinery plants.

Keywords Lignocellulosic biomass fiber - Wood plastic composite - Mechanical property - Weathering effect

Statement of Novelty

The current work provides a novel process for woody plastic
composite production using the solid residual after bioetha-
nol production. The effect of different types of fibers include
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tropical maize bagasse, sweet sorghum bagasse and sugar-
cane bagasse that obtained after squeezing and utilizing the
fermentable juices on physical mechanisms of WPCs were
compared. The weathering effect of the three kinds of fibers
reinforced WPCs were also compared for the first time.

Introduction

Wood (wood fibers/natural fibers) plastic composites
(WPCs), with advantages of low density, good mechani-
cal and thermal insulation properties and availability, are
considered as a type of sustainable low-cost material. With
the development of economy, the demand for timber has
been increasing, which makes the cutting of forest resources
without planning, lead to the emergence of deforestation [1,
2]. Therefore, people seek for proper materials to replace
woody products. In recent years, because of the shortage and
the degradation of forest, there is an attempt using the fast
growing lignocellulosic materials as alternative reinforce-
ment candidates in WPCs manufacturing [3, 4]. In compari-
son with the woody biomass materials, WPCs reinforced by
the agriculture residuals are considered as one of the most
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attractive ways because of the low cost and ready availabil-
ity [2]. More importantly, most of the agro-plants belong
to gramineaes, so the accumulation of biomass was always
faster than numerous softwoods and hardwoods.

However, the direct application of agro-residuals as the
reinforcing phase of WPC was limited by the costly raw
materials supply chains [5]. In addition, it meets the eco-
nomic competitions to the biorefinery processes for chemical
and fuels production [6]. To address this problem, a poten-
tial method is extending the value chain of the conventional
biorefinery process. That is, using the lignocellulosic bio-
mass residuals of the bioprocesses, the by-products, as the
reinforcement for the composites productions [7]. In litera-
tures, the distillers dried grains with soluble (DDGS) after
ethanol fermentation, the microalgae biomass, and the potato
peel residue after fermentation have been used for the pro-
duction of the composites [7—10]. In our previous study, the
fermentation residual after sequential cellulosic ethanol and
acetone—butanol-ethanol fermentations that contain lignin,
protein and unhydrolyzed carbohydrates were also used as
the reinforcing phase for WPCs [11].

Moreover, for the chemical production using lignocel-
lulosic agro-residuals as raw materials, it was difficult to
be industrialization because of the resistant of the lignocel-
lulosic structure, environmental unfriendly pretreatment,
cost-effective cellulase supplement, and the low tolerance
to the inhibitors and products of strains [12—15]. By contrast,
luckily, the sugar containing juice in fresh stalks, such as
sugarcane, tropical maize and sweet sorghum, were proved
as the low-cost and more feasible substrate for fermentative
biochemical productions with high productivity and yields
[11, 16, 17]. In that route, the cellulosic bagasse remaining
was always burned to provide heat and electricity after uti-
lizing the sugar containing juice for fermentative biofuels
production. However, this route is not profitable [18, 19].

As a feasible route for maximizing the economic value of
the lignocellulosic materials after utilizing the fermentable
juices, previous studies were explored in detail for the pro-
duction of WPCs using the solid residual after bioprocessing
[11, 20]. However, to our knowledge, there are no researches
focusing on comparison of the mechanical properties and
weathering effects using different types of the lignocellu-
losic bagasse that remained after fermentation. Neverthe-
less, as it demonstrated previously, the differences of the
fibers type, the chemical composition of the bagasse, the
crystallinity of the cellulose hugely affect the mechanical
and physical properties of WPC [2, 21, 22].

Here in, a comparison of the reinforced performances of
sugarcane, tropical maize and sweet sorghum bagasses on
WPCs production was evaluated in detail. The mechanical
and physical properties of the WPCs reinforced by different
types of fibers were evaluated, followed by the weathering
tests. The results indicated that the bagasses of sugar crops,
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the intractable solid residuals, in biorefinery processes could
be used for the valuable biocomposites production rather
than the low-valuable burning for heat, which showed prom-
ising in future industrial applications. In addition, this pro-
cess successful extends the life cycle of biomass resources
and improves the profitability of biorefinery.

Materials and Methods
Sugar Crops Bagasse and the Polyethylene

The fresh tropical maize stalk (Zhongnongdatian 419)
was kindly provided by China Agricultural University and
was harvested on an experimental field in Sep. 2016, City
Zhuozhou, Hebei province of China. The sweet sorghum
stalk (Chuntian 2) was kindly provided by Prof. Guiying Li
from Chinese Academy of Agricultural Sciences and was
harvested on an experimental field in Oct. 2016, Shunyi dis-
trict, Beijing, China. The sugarcane (Guiguozhe 1) was pur-
chased from local market in Beijing. The fermentable juices
in the stalks were squeezed by a 3-rollermill (SY-20, Guang-
zhou Fukang Co. Ltd, China) within 24 h [17]. Juices were
used for biofuels fermentation [11, 15], while the bagasse
remained were collected and washed by deionized water, fol-
lowed by dried out at 105 °C. The dried bagasses were then
well milled into 40—-60 meshes, and were stored in — 20 °C
to protect them from invade and infect of microorganisms.
The high density polyethylene (HDPE) was provided by Bei-
jing Jinma Plastic Co. Ltd., China.

Fibers Structure and Properties

The structure and properties of the tropical maize bagasse
(TMB), sweet sorghum bagasse (SSB) and sugarcane
bagasse (SCB) were analyzed by determine the chemical
compositions, the morphology of fibers, the particle size
distribution of fibers, the functional groups of fibers and the
crystallinity of the cellulose.

For the determination of the fibers chemical composi-
tions, the standard of NREL was applied [23]. Briefly, the
bagasse was mixed well with 72% v/v H,SO, and rotated
at room temperature for an hour, followed by dilution the
H,SO, solution to 4% v/v and kept at 121 °C for an hour.
The glucose derived from glucan and xylose derived from
xylan were detected. Lignin can be analyzed by weighting
the solid remain and the UV absorbancy of the liquid frac-
tion obtained.

The SEM (SU1510, HITACHLI, Japan) and particle size
analyzer (Mastersizer 2000, Malvern, UK) was employed
to test the morphology and particle size distribution. Fou-
rier transform infrared spectroscopy (FT-IR) was used to
analyze the functional groups of fibers. A spectrometer
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(Nicolet 6700, Thermo Fisher, USA) was used. For the
determination of the crystalline cellulose in fibers, X-ray
diffraction (XRD) diagram was used. An X-ray diffrac-
tometer (D 8, Bruker, USA) in a scan rate of 0.02° g1
(3—60°) was used. The amount of crystalline cellulose was
calculated by the Eq. (1) [24].

_ f 002 — / am
Crl(%) = ————x100% (D)
Tooz
where I,,is the intensity for the crystalline portion of bio-

mass at 20=22.5° and I, is the peak for amorphous cel-
lulose at 26 =18°.

WPC Preparation

The WPC was prepared by a co-rotating twin-screw extruder
(Coperion ZSK, Werner & Pfleiderer, Germany). The com-
positions of WPCs were as follows: 50% of the sugar crops
bagasses, 40% of HDPE, 3% of MA-HDPE, 4% of stearic
acid and 3% of polyethylene wax. The well mixed powder
was extruded. The zones were heated to 140-175 °C. An
injection moulding machine (HTF 120 x 2, Haitian, China)
at 140-165 °C was used for the standard specimen injection.
The pressure was kept at 60 MPa. The specimen prepared
with the dimension of 10 mm width X 80 mm length X4 mm
thickness were used for flexural test and the specimens with
50 mm gage length and 4 mm thickness were prepared for
tensile and elongation test. All the specimens were prepared
in the same processing condition.

Mechanical Properties

The flexural strength and tensile break strength, the flex-
ural modulus and the tensile modulus, as well as the elon-
gation at break were tested according to the GB/T 24508-
2009 by a material testing machine (Instron 1185, USA)
[25]. The speed of the flexural and the tensile tests were
kept at 10 and 20 mm min~!, respectively. All of the tests
were performed in duplicate.

Physical Properties

The densities of the WPCs were determined by the volume
versus weighting according to our previous study [21].
For the evaluation of the water absorption performances,
the specimens were submerged in distilled water at room
temperature (20+5 °C). The free water on the surface of
specimens was removed, and the mass change towards the
raw material mass was defined as the water absorption rate.

Thermal Properties

Differential scanning calorimeter (DSC) and thermogravi-
metric analysis (TGA) (TGA/DSC/SF1100, Mettler, Swit-
zerland) were used to analyze the thermal properties of the
WPCs. The changes of the specimen crystallinity were cal-
culated by the following equation:

X (%) = 100 x AH,,

VT AHO xw @)
where AH,? is the enthalpy of 100% HDPE melting, AH,,
is the enthalpy change of crystalline plastics, and w refers to
the weight of polyethylene.

Weathering Test

The freeze—thaw weathering and the xenn lamp weathering
of the WPCs were performed, which were based on GB/T
16422.2-1999 and GB/T 24508-2009, respectively [25, 26].
For the freeze—thaw weathering, after submerged in water
for 24 h at room temperature, the specimens were frozen at
— 30 °C for another 24 h. Three cycles were practiced. As
for xenon lamp weathering, the specimens were aged in an
environment with 290-800 nm of radiance (550 W m™?).
The moisture and temperature of the environment were kept
at 50+ 5% and 65 +5 °C, respectively. The modulus of rup-
ture (MOR) and modulus of elasticity (MOE) retention rates
of the specimens were determined.

Statistical Data Analysis

Statistical data analysis was carried out using SPSS 20.0
statistical software. Means and standard deviations of data
were calculated. One-way analysis of variance (ANOVA)
was performed for the analysis of the results in Table 1, and
the significance level of 5% was assumed for each analysis.

Results and Discussions
Composition and Characterization of the Fibers

The composition of the three kinds of fibers was shown in
Table 1. The SCB had the highest cellulose content in dif-
ferent kinds of fibers (43.33 +£0.28%). At the same time,
the SCB also had the highest hemicellulose content, which
might decrease the mechanical strength of the SCB rein-
forced specimen due to its high hydrophilicity and the
loose structure. Furthermore, 20.51+1.6, 21.32+2.2 and
11.90+£0.23% of lignin were tested in the TMB, SSB and
SCB, respectively. Compared with TMB and SSB, the lignin
content in SCB was much lower than that in TMB and SSB.
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Table 1 Chemical compositions
of the three kinds of fibers

Fiber Cellulose (Mean+SD) Hemicellulose Lignin (Mean+SD) Soluble

Ash (Mean + SD)

(Mean +SD) constituent
(Mean +SD)
TMB 25.6+2.6° 34.6+3.1° 20.5+2.1° 17.5+2.12 1.9+0.3°
SSB  30.0+2.6° 17.3+2.1° 21.4+1.8° 29.6+1.2° 1.7+£0.3%
SCB  14.8+1.8 155+1.7° 163+1.7° 48.6+3.2¢ 4.8+0.4°

SD standard deviation

abeyalues with the same superscript letters were not significantly different

P>0.05

It has been reported that lignin in the reinforcement phase
could increase the mechanical and thermal properties of the
polymer matrices [27]. As can be seen in Table 1, the solu-
ble component contents in TMB and SSB were higher than
that in SCB. Therefore, the SCB reinforced specimen might
provide better mechanical thermal properties.

The fiber size has significant effect on the dispersion of
fibers in polymer matrix, and the properties of WPC were
further affected [28]. The results of fibers’ particle size
distributions were shown in Fig. 1c and the average parti-
cle size of each fiber was listed in Table 2. The SEM was
employed to observe the morphology of fibers. As can be
seen from Table 2, the SCB had the longest diameter among
three fibers (402.125 um), the diameter of TMB was the
shortest (140.378 pm), and SSB fiber was longer than TMB
(256.32 um). It has been reported that the mechanical prop-
erties of the composites increased first and then decreased
with the increase of the particle size [29—31]. The morphol-
ogy of fibers was shown in Fig. S1. The SSB fiber had bold
outline and the largest aspect ratio compared with other fib-
ers. Fibers with high aspect ratio in composites enhanced
tensile strength and tensile modulus of the composites [32].

FTIR was used to examine the functional groups present
in the fibers. Figure la shows the FTIR spectra of TMB,
SSB and SCB. All the fibers have strong hydrogen bonded
O-H stretching absorption at around 3400 cm™'. The peak
located at 1240 and 1738 cm™! which belong to the C—O and
C=0 stretching vibration were characteristics for hemicel-
luloses, respectively [33]. The peaks at 1514 and 1605 cm™!
belonged to the C=C aromatic ring skeleton stretching vibra-
tion, indicating that the presence of lignin in the fibers struc-
ture. The peak located at 1053 cm™! belonged to the C-O—-C
stretching vibration of cellulose. As it indicated in Fig. 1a,
there is no significant discrepancy in the functional groups
of the three fibers.

The changes in cellulose structure after physicochemical
and biological pretreatments could be interpreted accord-
ing to the crystallinity index (Crl) [21, 34]. XRD is a well-
established method for measuring the crystallinity of the
entire fiber including the hemicellulose, lignin and amor-
phous cellulose [35]. Cellulose is composed of crystalline
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and amorphous region inside the lignocellulosic fibers [36].
Besides, hemicellulose and lignin provides amorphous struc-
tures [34].

The XRD patterns of TMB, SCB and SSB are shown in
Fig. 1b. The crystallinity index (CrI) of lignocellulosic fib-
ers was calculated according to the XRD patterns (Table 3).
Although the cellulose content of SCB was the highest
among the fibers, the CrlI of SCB was the lowest. This might
be attributed to the highest hemicellulose and lignin content
in SCB (see Table 1). Besides, the amorphous region in cel-
lulose of SCB was relatively high. It has been proved that
the crystallinity is a crucial factor to WPC since it affects
the thermal stability and the mechanical properties of the
fibers [37].

Mechanical Properties

Figure 2 demonstrates the properties of the specimens
reinforced by different types of fibers. As can be seen, the
mechanical properties of the specimen reinforced by SCB
were poorer compared to the specimens prepared reinforced
by TMB and SSB. This phenomenon could be attributed to
the lower content of lignin and higher content of hemicellu-
lose in SCB. Hemicellulose is the most unstable, amorphous
and hydrophilic component in fibers, which has negative
effects on the mechanical strength of fibers and the compos-
ites. In addition, lignin has positive effect on the interfacial
adhesion between fibers and polymer matrix and thermal
stabilities of composites [33]. The lower content of the cel-
lulose is in fiber, the looser structure of fiber and the low-
intensity specimens obtained [21]. However, in comparison
with the specimen that reinforced by TMB, the flexural
strength of specimen reinforced by SSB was little lower
(46.10 £ 3.1 MPa for TMB group and 42.46 +2.6 MPa for
SSB group), though the cellulose content in SSB is higher
than that in TMB (34.65 +4.2% for TMB and 38.47 +3.2%
for SSB). It was attributed to the little higher lignin in SSB
(21.32 +2.2%). The component with large modulus of elas-
ticity was beneficial to the flexural strength while lignin is a
particle with high modulus [38].
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Fig. 1 Characterization of the three kinds of fibers. a FT-IR; b XRD;
¢ Particle size distribution

In contrast, the highest tensile and flexural modu-
lus was obtained in the group that reinforced by
SSB (3227.98 +236.7 MPa of tensile modulus and
4151.66 +219.3 MPa of flexural modulus). This is due to
the highest cellulose content and lignin content in SSB
(38.47 £3.2% of cellulose and 21.32+2.2% of lignin). It

Table 2 Particle size

L. Particle
distribution

Average
particle size

(um)

TMB 140.378
SSB 256.562
SCB 402.125

Table 3 Crystallinity characteristics of different fibers

Fibers TMB SSB SCB

Toon 10,496 42,716.7
L 5718 24,000
Crl 45.5% 43.8%

22,216.7
14,400
35.2%

evidenced that cellulose has a positive effect on the tensile
modulus and flexural modulus [39], while lignin is a particle
with high modulus [38].

Figure 2c shows the elongation at break of the specimens
reinforced by the fibers. As can be seen, the elongation at
break of the specimens reinforced by TMB was the highest
and was much higher than that of the other specimens. This
can be explained by the high content of lignin and solu-
ble fraction in TMB (see Table 1). Previous works demon-
strated that the higher content of lignin in lignocellulosic
fibers results in the increased adhesion effects towards pol-
ymers [40]. Additionally, some lipophilic soluble fraction
also affected the dispersion of the particles in the process of
WPC preparation [41]. Hence, the soluble fraction is likely
to contribute to the high elongation at break.

Physical Properties

The moisture absorbability of WPCs was mainly caused by
the hydrophilic character of the reinforcement phase [42].
The water adsorption rate of the three specimens all met
the national standard (below 3%) (Fig. 3a) [21]. There are
abundant free hydroxyl groups in fibers. The free hydroxyl
groups could interact with water molecules by hydrogen
bonding. The key factor of water absorption of composites
is the availability of free hydroxyl groups on the surface of
fibers. As it demonstrated in literature, hemicellulose is the
most hydrophilic component of wood fiber [43]. As it shown
in Fig. 3a, the water absorption of SCB reinforced specimen
was higher than other two specimens. This is attributed to
the highest content of hemicellulose in TMB, as it showed
in Table 1.

The WPC density is mainly associated with the density of
fibers. In the case of commercialization, light weight mate-
rial is more attractive because of the advantages of easy han-
dling and low transportation costs [44]. Figure 3b shows the
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Fig.2 Mechanical properties of the different kinds of fibers rein-
forced composites. a flexural strength and tensile strength; b flexural
modulus and tensile modulus; ¢ elongations

densities of the specimens reinforced by different types of
fibers. As can be seen, there were no obvious differences of
WPCs density among the three kinds of specimens. All the
specimens met the national standard for the density of WPCs
(0.85¢ cm™). Therefore, the chemical composition between
the fibers had no significant effect on density of WPC.
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Thermal Properties

Thermal properties of WPCs were evaluated to interpret
the thermal stability and decomposition mechanism of
the composites. Figure 4 shows the TGA and DTG curves
of the specimens. There were generally three steps in the
decomposition procedure of the composites. Generally, the
weight loss at temperature below 100 °C was attributed to
the evaporation or dehydration of loosely bound water and
low molecular weight compound [45]. For the chemical
components of the fibers, according to Tomczak et al. [46]
research, cellulose was degraded between 240 and 350 °C,
hemicellulose was degraded between 200 and 260 °C, and
lignin was degraded between 280 and 500 °C.

Figure 4b shows the mass loss rate of the composites. In
comparison with the specimens based on TMB and SSB,
the maximum mass loss rate in first peak of the mass loss
curve of the SCB specimen was slightly shifted to higher
temperature. It might be associated with the relatively high
levels of cellulose in SCB. Moreover, it very interesting that
the residual of the three specimens at 600 °C were much
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Fig.4 TGA thermograms of the different kinds of fibers reinforced
composites. a TG curves; b DTG curves

higher than the corresponding ash content in the crude fibers
(see Fig. 1a). It is because ashes in the fibers were tested in
oxygen atmosphere. On this condition, most of the oxides
were oxidatively decomposed. Instead, the TGA is heated in
nitrogen atmosphere and the ash includes carbide that could
not be oxide after treatment.

Table 4 summarizes the TGA results of the specimens
reinforced by different types of fibers. As it indicated, SCB
reinforced specimen has 10% weight loss temperature and
50% weight loss temperature. It was due to the highest cel-
lulose content in SCB compared with other fibers. This indi-
cated that the high content of cellulose in fibers leaded to the
improvement of the thermal stability of WPCs, which was
also indicated in previous study [47].

The melting and crystallization behaviors of the WPCs
reinforced by TMB, SSB and SCB and pure HDPE were fur-
ther evaluated. The DSC curve the composites were shown
in Fig. 5. And the results of DSC were also summarized
in Table 5. According to the results, the X, and T, of the

Table 4 TGA results of the specimens reinforced by different types
of fibers

Samples L-10% (°C)* L-50% (°C)*  Weight Residual
loss (Wt%) at 600 °C
(Wt%)
TMB 279 465 84.9 15.1
SSB 259 469 86.7 13.3
SCB 288 470 89.9 10.1

“L-10%, L-50% represents the 10% weight loss temperature and the
50% weight loss temperature, respectively

specimens were increased after adding the reinforced phases.
The increase of X, indicated that the reinforced phases acted
as the nucleating agent in the crystallization. Furthermore,
the increase of 7, demonstrated that the addition of fibers
accelerated the crystallization process [48]. In comparison
with the pure matrix, the melting temperature (7,,) of the
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Fig.5 The melting point temperatures and the crystallization tem-
peratures of the different kinds of fibers reinforced composites. a The
melting point temperatures; b the crystallization temperatures
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Table 5 The results of differential scanning calorimetry (DSC) analy-
sis

Fibers TMB SSB SCB HDPE
T, (°C) 129.2 129.03 130.44 130.59
T.(°C) 117.93 117.93 117.17 116.24
AH. J g™ 73.66 63.07 73.51 146.84
AH,(J g™ 75.76 67.26 79.34 148.95
X. (%) 65.6 58.2 68.7 50.8

WPCs was decreased. It suggested that the perfection of
matrix crystallites was decreased due to the heterogeneous
nucleation that promoted by the presence of the fibers [49].
Table 5 also showed that the enthalpy of HDPE was espe-
cially high (146.84 J g=!). In the TMB, SSB and SCB rein-
forced specimens, the melting enthalpies (AH,,) were sig-
nificantly decreased to 67.26-79.34 J g~!. It is because the
fibers act as a diluent fraction in the HDPE matrix [50, 51].

Weathering Test

Flexural strength (MOR) and flexural stiffness (MOE)
showed a crucial role in the performance of WPCs in the
cases of realistic using [52]. The MOR and MOE retention
ratio of the specimens that exposed to three freeze—thaw
cycles were shown in Fig. 6. It showed the MOR and MOE
in all specimens were significantly reduced. It is attributed
to the degradation of interfacial adhesion due to the moisture
absorption [53]. In addition, the MOR and MOE retention
ratio in the SCB reinforced specimen was lower than that
in TMB and SSB reinforced specimens. This phenomenon
could be assign to the high hemicellulose content and low
lignin content in SSB. During the process of the freeze—thaw
exposure, the specimens cycled through water absorption
and freezing, which would severely damage the structure of

100
T [ MOR retention ratio
I MOE retention ratio
80 N ,
€ el -
L
s
=
=]
£ 404
k]
[
4
20
0

T™MB ' SSB scB

Fig.6 MOR and MOE retention ratios after multigelation
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composites. However, lignin has weak hydrophilicity and
provides mechanical strength for the cell walls [21]. There-
fore, the reinforcement phase with higher lignin content
was not easy to degrade, leading to the enhancement of the
specimens’ stability.

SEM was carried out to qualitatively determine the effects
of freeze—thaw cycles on the surface properties of speci-
mens. Figs. S2, S3 showed the surface of specimens before
and after freeze—thaw cycles, respectively. It indicated that
the repeated freeze—thaw had a great impact on the perfor-
mance of the composites. For the untreated samples, the
SEM image (Fig. S2) showed the defects of the specimens’
surface were mainly composed by small holes [54]. After
weathering, big cracks were arisen on the surface of the
freeze—thawed specimens, which indicated a loss of bond-
ing between the fibers and the matrix was obtained after
weathering.

The MOR and MOE retention ratio of the specimens
after the xenon lamp weathering are shown in Fig. 7. After
2000 h of weathering, MOR and MOE in all groups were
decreased significantly. It was ascribed to a chain scission
mechanism by photo degradation of the HDPE [55]. More
significantly, the MOR and MOE retention ratio in the SCB
reinforced specimens were much lower compared with the
results in the TMB and SSB based groups. It was attrib-
uted to the low lignin content in SCB. The lignin contained
numerous chromophores that showed possibility to absorb
UV radiation effectively [56]. However, though the lignin
content in SSB and TMB were at the same level, the MOR
and MOE retention ratio in TMB based specimen was still
lower than that of the SSB based specimen. This might be
assign to the higher content of hemicellulose in TMB. The
xenon lamp weathering lead to the oxidization and the deg-
radation of hemicelluloses after artificial photo-weathering
which caused the low MOR and MOE retention ratios in the
TMB group [57, 58].

[ MOR retention ratio
Il \VOE retention ratio

80

40 |

Retention ratio (%)

20

TMB SSB sCB

Fig.7 MOR and MOE retention ratios after xenon lamp weathering
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Conclusions

In this paper, three types of biomass residues were studied
and evaluated for the preparation of WPCs. Results indicated
that the TMB reinforced composites showed better mechani-
cal properties than other biomass residues reinforced WPCs.
Besides, the SSB reinforced composites had better perfor-
mance in the aspect of long-term stability due to the high
content of lignin in SSB. These results demonstrated that
the WPCs production could be connected with the bio-fuels
plant using the sugar contain juices as substrate.
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