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Enhancing Composite Performance:
Hydrothermally Treated Wood Reinforcement in
Recycled Polypropylene

Andressa dos Santos , Raphael Leonardo Bulla °, Lais Weber Aguiar °, Murilo Pereira Moises ©,
Eduardo Radovanovic ¥ & Silvia Luciana Favaro ®

Abstract-The low thermal stability of cellulose presents unique
technological challenges to the formulation of wood and
plastic composites that are compatible and processable. For
this, hydrothermal modification is a well-established
technology for improving dimensional stability and durability of
wood's components, in addition to providing better interaction
with the polymer. This study produced polymer composites in
which hydrothermally treated wood waste fibers (WT) reinforce
a recycled polypropylene (RPP) matrix. Wood waste fibers
were selected by grain size and distribution, treated
hydrothermally, and characterized by SEM, ATR-FTIR, and
water sorption. Composites were produced varying the
reaction time of treatment hydrothermal (from 30 to 180
minutes), granulometric size (from 425 to 1400 pm) and
percentage of WT (from 10 to 20%), following a 23 full-factorial
experimental design, by extrusion with internal recirculation
and the mechanical test specimens were modulated by
injection. Tensile, flexion, IZOD impact and water sorption
tests were statistically analyzed. Reaction time was the most
statistically significant factor. Composites of wood waste fibers
treated for 30 min and containing 20% of WT presented better
mechanical properties than expected. However, the
preservation of the lamellar fibers during the reaction time
allowed for better adherence to the polymer, and the insertion
of a greater quantity of fibers in the material provided greater
rigidity in the composite. In general, the results obtained gives
properties of stability and resistance to damage of composites
containing hydrothermally treated wood fibers.

Keywords: fibers, mechanical properties, polymer, plastic
composite, statistics.

[. INTRODUCTION

— nvironmental preservation is a crucial area in
=== gcademia and industry, as both sectors can
— Denefit from processes that recycle and reuse
waste. "2 Proper management of waste disposal and
reuse protects the environment and allows sustainable
product development . In accordance with Abiplast,
the global average consumption of plastics has reached
35 Kg/inhabitant in the last two years *. The increase in
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plastic consumption creates a significant challenge for
proper waste disposal.

Most plastics are non-biodegradable polymers.
Because of their low cost and versatility, plastics are
consumed increasingly in urban areas. Plastic materials
used in food packaging have specific thermophysical
characteristics and are classified as thermoplastics or
thermosetting polymers €1,

Thermoplastic materials are usually to form
composites; each polymer has unique advantages and
disadvantages. Polypropylene (PP) is a versatile semi-
crystalline thermoplastic for general use. lts principal
characteristics are high resistance to flexural ruptures,
high resistance to chemicals and solvents, good
electrical properties, good thermal stability, a low
specific weight (0,905 g/cm3), and low cost ®7.
Thermoplastic polymers are fused via heating and
solidified by cooling in a reversibly process. They are
soft and pliable due to weak van der Waals forces,
allowing reversibility .

Polymeric materials are prized as matrices that
conform at low temperatures and pressure; however,
they possess lower mechanical resistance than metallic
and ceramic materials [9]. In the face of the global
environmental scenario, the appeal for alternative
reinforcement fibers has been growing. Natural fibers
have revealed several economic and sustainable
development advantages, mainly due to their
characteristics, which include excellent mechanical
properties, low cost, low density, low abrasiveness, ease
of processing, abundance and biodegradability!.
Fibers obtained from Agave sisalana (Sisal)!"",
Sansevieria cylindrica (Saint George's Spear)™, Agave
tequilana (Blue Agave)™, rice husk " sugarcane
bagasse " and wood fiber!'® have shown promising
results as reinforcement in composites, motivating the
search for new species that show high potential as
reinforcement.

Wooden residues, especially powder and bran,
are primarily transported to rural areas, where they are
used as ground cover or animal bedding. However, the
storage and transportation of these materials is
dangerous, as they are highly flammable and explosive
7 Wood comprises cellulose, hemicellulose, lignin,
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and extractives in various proportions. The cellulose and
hemicellulose components contain hydroxyl groups,
making wood a hygroscopic material, which can expand
the cellular wall and cause dimensional swelling 8.
Efforts have been made to improve the dimensional
stability of wood and, consequently, that of the final
products. However, is that the compounding of polymer
matrix with the wood fiber often leads to weak
mechanical properties of the composites, which are
tensile, impact strengths and elongation at break. The
poor mechanical properties of composites can be
attributed to the low compatibility between the polar
hydrophilic wood fiber and the non-polar hydrophobic
polypropylene, with weak interfacial adhesion and the
low dispersion of wood fiber in the polypropylene matrix
due to strong interactions between of the fiber, resulting
from hydrogen bonding ¢,

In industry, thermal treatment is used most
often to modify the characteristics of wood in order to
improve dimensional stability 1'®!. This technique involves
exposing wood to different factors, such as temperature,
time, pressure, and work conditions, enhance the quality
of wood for specific applications. Thermal treatment
changes wood's physical, chemical, and mechanical
properties due to the degradation of its principal
chemical components &,

CARVALHO (2015) studied the hydrothermal
treatment of wood panels and observed the degradation
of some chemical constituents, specifically mannans,
xylans, and arabinanas, which caused acidification and
loss of mass; this resulted in a consequent decrease in
swelling, but did not negatively influence the quality of
the panel [18]. Hydrothermal treatment stands out
among the various treatments for fiber surfaces since it
does not modify the chemical composition of the fibers.
Hydrothermal treatment employs different reactions
(extraction, hydrolysis, carbonization, liquefaction) at
various temperatures, between 100-374°C B,
Hydrothermal treatments do not require acid;
consequently, reactors are not required to be highly
resistant to corrosion, reducing the cost of this
process?.

Herein, we describe the incorporation of
hydrothermally treated wood fiber into wood and plastic
composites. The treated wood fibers replace polymer
matrices in recycled polypropylene to improve the
composites' mechanical properties for their use in
residential and commercial construction.

II. EXPERIMENTAL

a) Materials

Solid wood waste shavings (WW) extracted
from Pinus and Eucalyptus woods, provided by
Madereira Altbnia located in Maringa, Parana, Brazil,
were collected, dried in an oven at 60°C for 24 hours,
and triturated in a TROPP electric crusher (model TRF
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750) with motor speed of 60Hz/3600rpm, equipped with
20 hammers and 2 knives. For the matrix phase,
recycled polypropylene (RPP) was supplied by Plaspet
Reciclagem Maringa LTDA ME from Maringd, Parana,
Brazil.

b) Characterization of Recycled Polypropylene

Recycled polypropylene sample, compression
molding to 350mm diameter and 190mm thickness, was
characterized by X-ray diffraction (XRD) using a
Shimadzu XRD-7000 X-ray diffractometer equipped with
a Cu Ka radiation source (A = 1.5406 ,&) over the 26
range 5-60° at a scan rate of 1°/min. Differential
Scanning Calorimetry (DSC) was recorded on a DSC
Q20 thermal analyzer from TA Instruments under a
nitrogen flow atmosphere at 50 mL/min, with a heating
rate of 10°C/min, over the range 40-220°C, used
approximately 10 mg of the rPP slivers.

c) Hydrothermal Treatment and Characterization of
Wood Waste

Wood waste was hydrothermally treated (WT) at
180°C in a Teflon-coated stainless steel autoclave (100
mL) using 3g of WW and 80 mL of deionized water. After
the reaction time (30, 60, 120, 180, and 240 minutes)
elapsed, the sample was dried at 100°C for 24h.

Wood waste was analyzed before and after
hydrothermal treatment by Scanning Electron
Microscopy (SEM) using an FEI QUANTA 250 with
5000x magnification. Attenuated Total Reflectance -
Fourier Transform Infrared Spectroscopy (ATR-FTIR)
was performed on a Bruker Vertex 70v FTIR
spectrometer fitted with a Platinum ATR single reflection
diamond ATR module. Spectra were collected from
4000 to 600 cm-1, with 4 cm-1 resolution and 32 scans.
Free hydroxyl groups (Free-OH) and lignin degradation
were determined for the peak ratios /3340/1029 and
11734/1029, respectively [23]. Water Sorption (WS) was
performed at 75.3 = 0.2% relative humidity with sodium
chloride, following the ASTM-E-104 standard, for 78h at
25°C. Tangential swelling (SW) measurements were
obtained with an electronic digital caliper to within 300
mm; the tangential thickness of the WS test specimens
was measured before and after treatment. The statistical
influences of Free-OH, lignin degradation, WA, and TS in
wood wastes before and after hydrothermal treatment
were analyzed using one-way analysis of variance
(ANOVA), followed by Tukey's test at a significance level
5%.

d) Composite RPP/WT Experiments

Treated wood waste was mixed with a recycled
polypropylene matrix according to the compositions in
23 full-factorial experimental designs with a central point
(Table 1); reaction time, granulometric size distribution,
and WT percentage were varied. All tests were
performed in duplicate, and the response variance of
each assay was used to estimate the overall variance of
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individual responses. The statistical data used in
response to the mechanical properties were obtained

from 1ZOD traction and impact tests using the Design-
Expert® software.

Table 1: Factors and levels used in 23 full-factorial experimental designs with a central point

Factor Name Units Type Level (-1) Level (0) Level (+1)

A Reaction time minutes Numeric 30 105 180

B Granulometric um Numeric 425-610 710-850 850-1400
C WT percentage % Numeric 10 15 20

e) Preparation of Composites

The samples were processed in a Thermo
Scientific HAAKE MiniLab Il Rheomex CTM 5 twin-screw
extruder at 190°C at 60 rpm for 5 min with internal
recirculation.  Mechanical test specimens were
processed in an injection machine (Thermo Scientific
HAAKE Minidet II) with a cannon temperature of 210°C,
mold temperature of 40°C, injection pressure of 450 bar,
injection time of 15s, repression pressure of 300 bar,
repression time of 30s.

)  Characterization of Composites

Tensile strength tests were conducted following
ASTM D638 using an EMIC DL10000 machine at
20mm/min  crosshead speed, using specimens
(dogbone shape) with dimensions 16.15 mm x 3.25 mm
x 3.25 mm. Flexural strength was measured according
to ASTM D790 - 00 on a universal Lloyd machine
(Instruments LR 10K plus model) using a crosshead
speed of 20 mm/min. Specimens were prepared with
dimensions of 84.00 mm x 12.66 mm x 3.25 mm. |zod
impact strength  measurements were conducted
according to ASTM D256 - 02A using CEAST equipment
(Resil Impactor Junior) with rectangular samples
measuring 84.00 mm x 12.65 mm x 3.25 mm that were
fractured by a test pendulum with a load (impact action)
of 2.75 J. Water absorption was measured following
ASTM D570; before testing, the specimens (20.00 mm
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diameter and 5.00 mm thickness) were dried at 60°C for
24h, then immersed in distilled water for three weeks at
23 = 2°C. All properties were tested using five samples
for each group.

[1I. RESULTS AND DISCUSSION

a) Characterization of Recycled Polypropylene

The X-ray diffraction patterns obtained for RPP
are shown in Figure 1a. Peaks observed at 20 = 14.1,
16.8, 18.5, and 21.4° correspond to the (110), (040),
(130), and (131) planes of isotactic polypropylene,
respectively % A peak confirms the presence of
syndiotactic polypropylene at 25.4°®1,  High-density
polyethylene (HDPE) exhibits lower intensity peaks at
23.7, 29.4, and 36.1°, which correspond to the (200),
(210), and (020) reflection planes in the typical
orthorhombic unit cell structure "%, Compatibility of the
recycled polymers increases the amorphous halo,
indicating good dispersion of the components
throughout the amorphous phase and decreasing the
crystallinity  ®. Polypropylene and high-density
polyethylene are considered semi-crystalline
thermoplastics, as they have crystalline (ordered) and
amorphous (disordered) domains. The recycled
polymers tend to become fragile materials, reducing
their deformation at rupture and impact resistance #?.

(b)

Heat flow (mW)

T T T T T T T
60 80 100 120 140 160 180 200 220

Temperature (°C)

Figure 1: (a) X-ray diffractogram (b) DSC curve of the RPP
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The DSC curve of RPP, shown in Figure 1b,
exhibits two melting temperature (Tm) peaks at
approximately 127°C and 164°C, corresponding to high-
density polyethylene and polypropylene, respectively;
and one exothermic transition at approximately 202°C,
related to recycling additve compounds [4283031
Generally, post-consumer polypropylene contains
contaminants; in this case, the sample contains
polyethylene ©. Contamination is a byproduct of
density-based separation used at recycling facilities
since polypropylene and polyethylene have very similar
densities ®4. The two endothermic transitions on the
thermograph indicate that PP and HDPE co-exist and
imply decreased compatibility between the polymers B,
The exothermic event suggests the presence of a
recycling additive, a compatibilizer agent, which serves
as a polymer surfactant with low surface tension that
promotes interfacial adhesion between different phases
in a polyblend B2 Polymers when melted, peak
endothermic, in the manufacture of composites directly
affect crystallinity, as a consequence of their
mechanical, thermal and optical properties®. This first-
order thermal event is necessary for the fusion and
incorporation of reinforcement, such as fibers. The
exothermic peak is the thermal event in which
recrystallization or curing of the polymer occurs,

promoting the formation of a crystalline nucleus in the
sample®,

b) Characterization of Wood Waste

Scanning electron micrographs of the untreated
and hydrothermally treated wood waste fibers are
presented in Figure 2. The control fiber demonstrates a
well-defined wood structure, with continuous fibers
exhibiting a large, ordered surface along its length.
During hydrothermal treatment, the surface area
increases due to gaps formed in the lignocellulose
structure on the surface of the fibers. This results in a
vitreous and brittle appearance with depolymerization
and solubilization from lignin and hemicellulose ©'32%4,
Throughout the reaction, sample deformation becomes
visible with the formation of small holes in the surface
2 The ray cells along the tangential direction of the
wood retain their shape, but small cracks appear in the
middle of the lamella B, Large cavities or cracks are
observed along the fibers transverse section 4. The
formation of intercellular spaces can be attributed to the
disruption of ray cells with thin cell walls by gases
released as extractives degrade during the drying
phase; this process is hampered by the lignins present
in Eucalyptus wood #4,
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Figure 2: SEM images of wood waste non-treated, (a) control, and treated, (b) WT30, (c) WT60, (d)
WT120, (e) WT180, and (f) WT240

Infrared spectra of the untreated and
hydrothermally treated wood fibers display characteristic
absorption signals for lignin and cellulose structures, as
shown in Figure 3. The major absorption bands are
associated with the vibrational stretch of the OH bond at
3336 cm™ B4¥1 | ignin is confirmed by the absorption

signal at 1734 cm™, corresponding to C=0 ketone
vibrational stretches %l The reference absorption
band at 1031 cm™ corresponds to C-O cellulose
binding, a highly stable structure to thermal and
chemical treatments 2,

Cantrol
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Figure 3: ATR-FTIR spectra of wood waste non-treated (Control) and treated (WT) at different times

ATR-FTIR analysis was used to study the
relationship between stable absorption bands and
bands modified by hydrothermal treatment. The
assignments of the absorption bands observed in the
infrared spectra of the main functional groups are
presented in detail in Table 2. After hydrothermal
treatment, the 13338/1031 ratio tends to decreases,
confirming the loss of free hydroxyl groups (-OH free) on
the WT surface. In general, wood fibers subjected to
longer reaction times (over 120 min) exhibited a
reduction in hydrophilic character. The decrease in
[1734/1031 also corresponds to a decrease in the lignin
ketone groups. This decrease may result from the
decomposition of lignin at prolonged reaction times
(over 180 min) since lignin is known to have more

excellent thermal stability for hydrothermal processes
than cellulose ¥, The results demonstrate increased
hydrophobic character and lignin degradation with
increasing reaction time. These fiber modifications
facilitate a more comprehensive study of the affinity
between wood fibers and recycled polymer.
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Table 2: Chemical and physical properties of wood waste

Sample Peak ratio Peak ratio Water  sorption*  Tangential  sweeling*
(I3336/1021) (l1734/1031) (%) (%)

Control 0.956 0.242 10.617 + 0.0982 74.6 + 4.62

WT30 0.976 0.240 10.188 + 0.067" 56.6 £ 2.5P

WT60 0.925 0.225 9.685 + 0.128¢ 42.2 +£3.8°

WT120 0.877 0.236 8.993 + 0.138¢ 37.4+£1.8°

WT180 0.891 0.158 7.407 £ 0.072¢ 18.8 + 3.9¢

WT240 0.906 0.121 6.700 + 0.034f 7.0+2.2¢

*Similar letters on the column are not significantly different (o> 0.05)

Water absorption and tangential swelling of
wood fibers (shown in Table 2) reached equilibrium after
22h. Decreased water absorption percentage was
observed with increasing treatment time; this
corroborates spectral data indicating a decrease in the
number of free hydroxyl groups on the surface of the
wood fibers. The same trend was also observed with
tangential swelling: decreased water absorption resulted
in reduced sample swelling. This results from increased
hydrophobicity of the wood fibers due to partial
degradation of the cellulose and lignin molecules after
hydrothermal treatment 1",

c) Statistical Analysis of Composite RPP/WT

Responses for the strain (Y1), yield strength
(Y2), Young's Modulus (Y3), impact strength (Y4),
flexural strength (Y5), and water absorption (Y6) are
shown in Table 3. A 23 full-factorial design with four
central points and one replicate, generating 20 total
runs, was executed, and the factors for these responses
were analyzed using statistical analysis Design Expert®
software.

Table 3: Factors levels and responses for complete factorial design with four central points

Factor Response
A B C  Strain Yield Young’s Impact Flexural Water
Run (MPa) Strength Modulus Strength Strength Absorption
(Mpa) (Mpa) (J/m) (MPa) (%)

1 (+1) (1) (+1) 24315 23.625 936.154 45.736 38.216 0.920
2 (-1) (1) (+1) 24.627 24.059 932.944 32.306 37.882 0.957
3 (-1) (+1) (1) 22.727 21.275 652.237 35.746 33.072 0.465
4 (+#1) (1) (1) 23.552 22.468 681.088 34.056 33.887 0.487
5 (-1) (1) (1) 24.339 22.830 711.690 46.101 35.680 0.475
6 (-1) (+1) (+1) 23.537 23.817 919.156 31.859 36.506 0.834
7 0 (0 (0) 24.022 22.635 795.726 44,128 36.539 0.475
8 (+1) (+1) (+1) 22.344 22111 727.958 30.028 34.596 0.758
9 (-1) (1) (+1) 24.645 24.266 917.110 35.330 36.991 1.216
10 (1) (+1) (+1) 23.645 23.004 922.100 30.404 36.796 0.731
11 (+1) (+1) (1) 22.313 20.771 605.654 30.918 32.837 0.440
12 0 (© (0) 23.796 23.238 700.702 40.374 38.991 0.783
13 (+1) (1) (1) 23.641 22.559 690.824 34.861 33.567 0.451
14 (+1) (1) (+1) 24.751 23.658 938.145 42.309 39.190 1.020
15 0 (O (0) 24.056 22.720 697.690 40.794 37.533 0.690
16 (1) (+1) (1) 22.740 21.294 652.076 33.120 35.649 0.389
17 (+1) (+1) (+1) 22.288 21.426 703.482 30.131 36.685 0.661
18 © (© (0) 23401 22.297 717.314 43.544 36.708 0.831
19 (1) (1) (1) 23,530 22.816 717.884 45.998 36.228 0.554
20 (+1) (+1) (1) 22.100 20.538 609.110 30.477 33.159 0.408
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Table 4 shows the six estimated responses for
the properties studied. The p-value of the model was
below 0.05, indicating a probability of less than 5% of
the null hypothesis. ANOVA verifies this low p-value for

(Appendix A), for which the models obtained have a p-
value less than 0.05. R-squared values close to 1.0
indicate that the model accurately predicts a fitting curve

and adjusted R?.

all responses, shown in Supplementary Materials
Table 4: Estimated parameters

Factor Y1 Y2 Y3 Y4 Y5 Y6
Intercept 23.44 22.53 769.85 35.59 35.68 0.67
A -0.282 -0.392 -33.302 -0.77 -0.42 -0.030
B -0.732 -0.752 -45.882 -4.002 -0.772 -0.0872
C 0.332 0.712 104.782 -0.82 1.422 0.212
AB -0.172 -0.182 -29.122 -0.42 -0.18 0.011
AC -0.064 -0.15 -14.902 3.062 0.48 -0.018
BC -0.084 0.097 -10.58 -0.16 -0.19 -0.054
ABC -0.12 -0.100 -25.142 -2.392 -0.39 0.000125
R-Squared 0.9445 0.9510 0.9739 0.9521 0.8329 0.8763
Adj R-Squared 0.9091 0.9198 0.9573 0.9216 0.7265 0.7976
Pred R-Squared 0.8299 0.8508 0.9504 0.8825 0.5387 0.6631
p-Value <0.0001 <0.0001 <0.0001 <0.0001 0.0015 0.0003

astatistically significant value (model p> 0.05). Y1: Strain, Y2: Yield Strength, Y3: Young’s Modulus, Y4: Impact Strength, Y5: Flexural

Strength, Y6: Water Sorption.

i. Strain
From the strain data (Y1 response), all main
factors (A, B, C, and the AB interaction) were statistically
significant, as predicted by the estimation. Figure 4a
shows the contour plot for strain, where the optimal
conditions for the composite concerning condition Y1
can be determined. The interaction between the amount
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of wood fiber and reaction time (20% treated wood fiber

for 30 min) produced the best results for strain since
fibers treated for shorter times to preserve their
structure, as seen in the SEM results. The fibers
possess sufficient roughness for better interaction
without gaps between the interface reinforcement and
polymer #8391,
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Figure 4: Surface contour response plot for (a) Strain, (b) Yield Strength, (c) Young's Modulus, (d) Impact Strength,
(e) Flexural Strength and (f) Water Sorption

ii. Yield Strength

Considering the values obtained for the yield
strength, the statistically significant interactions were the
main factors A, B, C, and AB interaction, based on
estimated data. The contour plot in Figure 4b
demonstrates the best conditions for the composite for
condition Y2. The interaction between wood fiber
percentage and reaction time exhibited the best results,
with 20% of wood waste treated for 30 min. Preserving
the fiber lamellae in WT/30 produced good adhesion to

RPP, increasing the yield strength of plastic deformation
[39,40]
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iii. Young’s Modulus

The estimated parameters for Young’s Modulus
test indicate that all factors and interactions were
statistically significant except for BC. Y3 values increase
with WT percentage since adding fibers with greater
stiffness causes increased stiffness in the composite, as
shown in Figure 4c ", Young's Modulus values for the
composite depend on the fibers' properties; a material's
rigidity is determined when subjected to an external
tensile stress % Reaction time (B) also produced a
significant effect, as low values of Y3 were observed for
composites containing fibers treated for 180 min; that is,
more significant elastic deformation occurred for these
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fibers 2. Increased crystallinity is expected in fibers with
higher reaction times; thus, hydrothermally treated fibers
tend to form less amorphous structures, reducing the
elastic characteristics of the material ", Hydrothermal
treatment can also cause the appearance of carbon
microspheres incompatible with the polymer, thus
reducing its Young's Modulus values “2.

iv. Impact Strength
Impact strength measurements highlight that
the main factor B and the AC and ABC interactions were
statistically significant, according to estimated data. The
surface contour plot of impact strength is shown in
Figure 4d; this value can be used to determine the best
conditions for the formulation of the composite. The
interaction between WT percentage and granulometric
size indicated that the best formulations for impact
resistance include 10% treated wood fiber with a 425
um particle size and 20% treated wood fiber with a
particle size of 1400 pm. The first formulation is
favorable because wood fibers with low granulometry
behave as hardening centers, blocking the propagation
of cracks under impact . In contrast, in the second
formulation, the larger fibers bridge the cracks and
increase crack propagation resistance by improving

impact resistance 2.

v. Flexural Strength

Estimated values from the flexural strength test
indicate that only factors B and C were statistically
significant. Figure 4e shows the surface contour plot,
where the optimal conditions for the composite
concerning Y5 can be observed. Interaction between
wood fiber quantity and reaction time provided the best
results for tensile strength, with 20% wood fiber treated
for 30 min. In this work, we have shown that fibers
treated for shorter times preserve their structures, as
observed with SEM, presenting sufficient roughness for
improved interaction without gaps between the interface
reinforcement and polymer #83,

vi. Water Sorption

Factors B and C were statistically significant
from the water sorption estimated data. Figure 4f shows
the surface contour plot where the optimal conditions for
the composite to condition Y6 can be observed. The
interaction between WT percentage and reaction time
indicated higher water adsorption for the composite with
20% wood fiber treated for 30 min; composites with a
more significant amount of fibers tend to absorb a
greater amount of water ", In addition, fibers treated for
less time preserve their structure, as observed in SEM,;
thus, these fibers can absorb more water than those
treated for longer times .

IV. CONCLUSION

Hydrothermal treatment of wood waste fibers
results in intercellular spaces and degradation along the

fibers that increase with reaction time to produce rough
and highly porous WTs. Hydrophobicity of surface fibers
and lignin degradation increase with reaction times
exceeding 180 min. The mechanical properties of the
RPP/WT composites indicate that reaction time (main
factor B) was the most statistically significant. Fibers
treated hydrothermally for 30 min obtained good
adhesion with RPP since fiber lamellae were preserved
and the polymer retained compatible porosity. WT
percentage (main factor C) was statistically significant in
all factors tested; the material's rigidity increased with
the amount of fiber in the material.

One of the biggest advantages of the
composites is the flexibility in preparation in relation to
the composition rPP/WT, offering the possibility of
producing materials with different final mechanical
properties. The proposed recycling method has great
chances of success, due to the low cost of the
equipment used and the innovative and ecological
factor, as well as the association of cooperatives to
supply the recyclable material.

From these results, the polymer composite of
recycled polypropylene and hydrothermally treated
wood waste fibers possesses favorable mechanical
properties, making it a promising construction material
that benefits the economy and the environment. The
composites can be used to produce a variety of
materials, including domestic use such as buckets and
bowls, as well as products for civil construction, for
manufacturing pipes and floorings. So those materials
to be developed, more research must be carried out to
evaluate the degradation of materials over long periods
of environmental exposure.
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