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Development of scrimber composites and other engineered wood
products from low-value wood and wood waste provides an effective
opportunity to preserve natural resources, minimize waste, and innovate
the production of higher-performance, environment-friendly construction
materials. In this study, peeler cores, which are the center of poplar logs
remaining after the peeling process in the veneer production, were utilized
to develop scrimber composites. This study investigated the effects of
different resins, including phenol-formaldehyde (PF) and urea
formaldehyde (UF), as well as hydrothermal treatments at various
temperatures (60 °C and 130 °C), on the physical and mechanical
properties of the scrimber composites. Chemical changes in wood
components and morphological changes in wood cell walls resulting from
hydrothermal treatment were analyzed using Fourier transform infrared
spectroscopy and scanning electron microscopy. To clarify how resin type
and hydrothermal treatment affect structural performance, several
physical and mechanical properties of scrimber composites, including
thickness swelling, water absorption, internal bond strength, bending
modulus of elasticity, and modulus of rupture, were measured. The test
results revealed that hydrothermally treated wood scrims at 130 °C, when
bonded with PF resin, produced scrimber composites with superior
structural performance.
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INTRODUCTION

Scrimber boards are a type of new engineered wood product that is gaining
popularity in the construction, building, and furniture industries (Li et al. 2022). Scrimber
is a reclaimed wood product made from integrated parallel strips with a relatively higher
proportion of raw material utilization, i.e., high wood fiber utilization (Moya et al. 2013).
Wood scrimber takes advantage of the directional arrangement of wood fibers and, at the
same time, maintains the original pattern and other good qualities of wood (Zhang et al.
2018). This approach can be used to convert high-yielding and fast-growing wood with
relatively lower mechanical properties into high-quality wood-based products with high
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structural performance (He et al. 2022).

Wood has several advantages that make it suitable for construction, including its
high strength-to-weight ratio, renewability, and its low embodied energy. The
environmental impact of wood construction compared to other materials has been widely
investigated, with numerous individual buildings serving as case studies (Ruschi et al.
2020). However, with the global decline in both the quantity and quality of forest resources,
it has become increasingly essential to explore opportunities for new engineered wood
products to replace the forms of wood that have been traditionally used (Sharma et al.
2015).

For thousands of years, wood has been used as a building material and energy
source, as well as in the production of furniture, textile fabrics, organic chemicals, and
paper products. Several favorable factors, such as simplicity in construction, thermal
insulation, and environmental compatibility, have made wood one of the most popular
building materials. However, due to stricter environmental regulations and the decline in
natural forests, fast-growing wood is expected to be used in building structures. The
extensive use of wood across various industries generates a significant amount of wood
waste (He et al. 2016). For instance, 20% to 30% of the logs used in wood veneer
production become waste or residues (Syafii and Novari 2021). Through processing these
wood wastes, value-added composites with improved physical and mechanical properties
can be developed.

One of the main problems with wood and wood-based products is their
hygroscopicity when exposed to moisture. Hygroscopicity negatively affects the
performance of wood products from load-bearing capacity and dimensional stability to
durability and appearance. Therefore, controlling the level of moisture absorption using
various methods is one of the topics of ongoing interest. Physical and chemical
modifications, such as heat treatment, are one of the well-known methods to improve the
water resistance of wood and wood-based products (Dwianto et al. 2022). Treating wood
with heat and water, known as hygro-thermal treatment, is an effective method to increase
the water repellency of wood (Navi and Sandberg 2011). There are several types of heat
treatment, which vary depending on factors such as the temperature applied, treatment
duration, treatment atmosphere (inert gas, air, vacuum), system type (closed or open), wood
species (softwoods and hardwoods), and whether the system is wet or dry (Hill et al. 2021).
The presence of water vapor or water in the heat treatment process significantly affects the
heat transfer and chemical reactions carried out in the wood (Cermak et al. 2021).

This study aimed to upcycle wood waste and low-value wood from veneer
production facilities into scrimber composites. Utilizing long wood fibers enhances the
structural performance of the final product, making it suitable for the building industry.
The study evaluates the effects of UF and PF resins, along with hydrothermal treatment,
on the dimensional stability and the physical and mechanical properties of scrimber
composites.

EXPERIMENTAL

Materials

As shown in Fig. 1, the raw materials included peeler cores of poplar logs from a
veneer and plywood production line at ChoobSang Co., Ltd., in Razavi Khorasan province,
Iran. The average density of this low-value poplar wood was 450 kg/m3. The phenol

Arefkhani et al. (2024). “Wood scrimber composites,” BioResources 19(4), 8052-8067. 8053



PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

formaldehyde (PF) resin, with a solid content of 75.79%, and the urea-formaldehyde (UF)
resin, with a solid content of 62.66%, were obtained from Samed Manufacturing and
Industrial Company, Iran.

Fig. 1. Pith (log-core) poplar wood used in this study

Preparation of Poplar Scrimber

To produce scrimber composite, wood wastes needed to be processed into strips,
which are bundles of fibers. Therefore, wood materials were plasticized and thermally
treated using two different hydrothermal treatments. The first batch of poplar wood was
soaked in the water at 60 °C for 6 h, while the second batch was subjected to water vapor
pressure in a cylinder at 130 °C and 0.28 MPa pressure for 30 min. During the scrimming
process, hydrothermally treated wood materials were pressed and cut into scrims, as shown
in Fig. 2.

Fig. 2. Scrim strands produced from hydrothermally treated wood

Manufacturing Process of Scrimber Composite

Regardless of the resin type, whether UF or PF, a resin content of 12% based on
the dry weight of the wood scrims was used for the fabrication of scrimber composites.
According to the specifications, UF resin was mixed with ammonium chloride (NH4Cl) as
a hardener to a target content of 2% of the dry weight of UF resin. The wood scrims mixed
with resin inside a rotary drum were used to create a 0.4 m x 0.4 m mat of five
perpendicular layers. Wood scrims in each layer were hand-formed parallel to each other,
uniaxially. The mat, placed between two thick aluminum caul sheets, was hot-pressed to
the target thickness of 12 mm and target density of 750 kg/m?, as shown in Fig. 3.
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The resinated scrimbers were hot-pressed for 6 min to consolidate under heat and
pressure. The average pressure applied on the mat to reach the target thickness was about
3.5 MPa. The press temperature was set at 120 °C for UF resin and 150 °C for PF resin.
Boards made with UF resin were removed after 6 min, while those made with PF resin
were left in the hot press for 12 h until the temperature was reduced to room temperature.
All boards were conditioned in a chamber at a relative humidity of 65% and a temperature
of 23 °C for two weeks before testing. Considering both UF and PF resins and two types
of hydrothermal treatments, four groups were developed, with three replicates
manufactured per group.

Fig. 3. A general view of manufactured scrimber composites before and after trimming

Measurement of Physical and Mechanical Properties of the Scrimber
Boards

Dimensional stability and water resistance of the specimens were evaluated by
measuring thickness swelling (TS) and water absorption (WA) after 24 h and 48 h
immersion in water. The mechanical properties of scrimber composites, including bending
strength (MOR), bending modulus of elasticity (MOE), and internal bond (IB) of the
samples, were evaluated following the ASTM D1037-12 (2020) standard. To determine
MOR and MOE, specimens were submitted to a three-point bending test with a span length
of 240 mm and a deflection rate of 1 mm/min.

Scanning Electron Microscopy

The morphology of cell walls for the hydrothermal-treated specimens was
investigated using the Zeiss Model LEO-1450VP scanning electron microscopy (SEM)
(Carl Zeiss AG, Oberkochen, Germany) instrument. The acceleration voltage was 15 kV.
To improve the conductivity of the samples and the quality of the SEM images, the samples
were coated with a very thin layer (18 nm £ 0.2 nm) of aluminum on a specimen stub.
Additionally, the sides were painted silver, and the surface was coated with a thin layer of
gold using a covering SEM device (Denton Vacuum, LLC, Moorestown, NJ, USA).

Measurement of FTIR Spectra
A Thermo Nicolet Avatar 370 Fourier transform infrared (FTIR) spectrometer
(Thermo Fisher Scientific, Waltham, MA, USA) was used to identify compounds
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qualitatively and quantitatively and ascertain functional groups and bonds in the heat and
moisture-treated specimens compared to control specimens.

Statistical Analysis

Univariate analysis of variance was conducted using the IBM SPSS Statistics,
version 25.0 software package (SPSS Inc., IBM Corp., Armonk, NY, USA) with a
significance level of p < 0.05 to evaluate the effect of resins and treatment temperatures on
the mechanical properties of scrimber boards made from wood waste. Significant
differences among the average values of the treated and untreated specimens were
determined using Duncan’s multiple range test (DMRT).

RESULTS AND DISCUSSION

FTIR Spectroscopy

FTIR spectroscopy was used to investigate the chemical changes of cell wall
components during heat and moisture treatments. The FTIR spectrum of hydrothermally
treated poplar wood at 60 and 130 °C were compared to that of untreated poplar wood as
a control, as shown in Fig. 4.
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Fig. 4. FTIR spectroscopy of untreated and hydrothermal treated samples at 60 and 130 °C

In untreated specimens, a broad peak developed in the 3300 to 3500 cm™' regions
related to the stretching vibration of hydroxyl (O-H) groups (He et al. 2022). The
symmetric and asymmetric vibration peaks assigned to the C-H bond in methyl (-CHs) and
methylene groups (-CH:-) were observed at 2920 and 2850 cm™. Many well-defined peaks
were observed in the fingerprint region of 1800 to 600 cm™ (Mastouri et al. 2021). The
assigned peaks in the range 1740 to 1730 cm™ were attributed to the unconjugated -C=0
group stretching vibrations of acetyl and carboxyl groups in hemicellulose (xylans) and
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probably lignin. The stretching vibration peaks at 1590 and 1510 cm™ indicate the -C=C
bond of the aromatic skeletal in lignin. The peak at 1457 cm™ was assigned to "C-H
deformation (methyl and methylene) in lignin and xylan. Furthermore, the vibration peaks
at around 1425, 1056, and 897 cm™ were attributed to C-O bonds in carbohydrates, mainly
cellulose, and 1030 cm™ for the stretching vibration of C-O in hemicellulose (Yue et al.
2023). The vibration peaks at 1244 cm™ were related to the syringyl ring and C-O
stretching in lignin and xylan, and the peak at 1159 cm™ corresponds to C—-O—C vibration
in cellulose and hemicellulose (Akhtari et al. 2013).

Significant changes can be seen in the spectrum of hydrothermally treated scrims
at 60 and 130 °C compared to untreated scrims. A comparison of the spectra of these scrims
in Fig. 4 shows some distinct differences. The broad strong O—H stretching band at 3500
to 3300 cm™* was reduced in intensity due to the destruction of hemicelluloses. In addition,
there was a reduction in the intensity of peaks at 2920 cm™, within the range of 1740 to
1730 cm?, 1590 cm, 1510 cm'?, 1425 to 1000 cm, and 1030 cm™ (Akhtari et al. 2013).
The tendency of the peaks for scrims treated at 60 and 130 °C was similar, but the intensity
of the peaks decreased more significantly for those treated at 130 °C. A notable reduction
in peak height within the range of 1700 to 1500 cm™ was observed in heat-treated scrims,
indicating the degradation of hemicellulose compounds (Haseli et al. 2024). This suggests
that hemicellulose compounds are more sensitive to heat treatment compared to cellulose
and lignin compounds (Liu et al. 2004). In other words, lignin is more resistant to
degradation than polysaccharides (Yang et al. 2007). Esteves et al. (2011) and Brito et al.
(2008) conducted studies supporting this claim and found that the relative increase in lignin
content in thermally treated wood specimens was partly due to the loss of polysaccharides.

Thermal treatment results in several changes, such as the decomposition of
hemicelluloses (Tuong and Li 2011), branching of lignin (Windeisen et al. 2007),
crystallization of cellulose (Bhuiyan et al. 2000), as well as the evaporation of water and
volatile organic components with low molecular weight (Melkior et al. 2012). As a result,
water resistance and dimensional stability of such treated wood should be improved. In the
heat treatment of bamboo scrimber at temperatures ranging from 50 to 230 °C, moisture
absorption decreased slightly for temperatures under 170 °C but increased thereafter
(Shangguan et al. 2016).

Scanning Electron Microscopy

Figure 5 illustrates the SEM photographs of the untreated (control) wood compared
to hydrothermally treated wood at 60 and 130 °C. It was observed that the middle lamella
layers were fractured, and wood cell walls were broken on the cross-section after thermal
treatment. Such damage was significant for scrims treated at the higher temperature of 130
°C. It should be highlighted that it was easier to make scrims and an even mat with
thermally treated wood at 130 °C compared to that at 60 °C.

Based on previous studies, the changes in the cell wall that occur during
hydrothermal treatment can lead to thermal expansion stresses in wood. Typically, changes
in the free water content of wood will not affect the structure of the cell wall when the
water content exceeds the fiber saturation point (Saito et al. 2016).

However, the hydrothermal process in an autoclave takes place in a restricted and
confined area, where steam pressure and humidity jointly affect the wood cell walls. As
the temperature increases, some amorphous polymers such as lignin and hemicellulose are
likely to break down. It is widely recognized that these polymers are relatively concentrated
in the compound middle lamella (Rosu et al. 2010). Shi et al. (2018) found that the matrix
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materials of lignin and hemicellulose served as a connection point between two wood cells.
As a result, the stress concentration led to the breakdown of the cell walls, causing
permanent fractures. However, no fractures or damage were observed in the inter-vessel
pits or fiber cell wall pits, which are the primary water transport pathways.

Fig. 5. Scanning electron micrograph of the wood cross-section of control (a), hydrothermal
treatment on 60 °C (b), and 130 °C (c) (5000X), Red arrows show cracks on the compound
middle lamella.

Physical Properties of Scrimber Composites

A large variation was observed in the density of fabricated poplar wood scrimbers,
as shown in Fig. 6. This can be related to the long length of the scrimber, the different
thicknesses along its length, and the impossibility of uniform dispersion in perpendicular
layers. This leads to the creation of empty spaces between the scrimbers and causes density
variation in scrimber panels. Kitchens et al. (2016) stated that in the construction of
composite scrimber lumber from crushed southern yellow pine wood, X-ray examination
of the timber revealed points with lower density. The density standard deviation in scrimber
boards made of hydrothermally treated scrims at 130 °C was less than that of scrimber
boards made from scrims treated at 60 °C. As SEM images revealed, this can be attributed
to the damage in the middle lamella, resulting in higher quality and consistent scrims made
from poplar wood treated at higher temperatures. Such scrims made it possible to make a
more even scrim mat.

According to statistical analysis, the individual and interaction effect between the
type of resin and heat treatment temperature had a significant effect within the 95%
confidence level range on water absorption (WA) of scrimber composites. Results
indicated that the lowest WA after 24 h (41.98%) and 48 h (57.24%) were obtained in the
wood specimens made from scrims hydrothermal treated at 130 °C and bonded with PF
resin. In contrast, specimens fabricated from treated scrims at 60 °C and UF resin showed
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the highest WA after 24 h (52.64%) and 48 h (69.93%), as shown in Fig. 7. In Duncan's
multiple range test, the 24-h water absorption of scrimber composites made from PF resin
treated at 60 and 130 °C were found to belong to the same statistical group.

1000
900

800 160 150 110 100
700
600
500
400
300
200
100

0

UF PF UF PF

Hydro-Thermo Treatment (6 h and 60 °C) Hydro-Thermo Treatment (0.5 h and 130 °C)

Dry Density (Kg/mS3)

Scrimber Board

Fig. 6. Mean values + standard deviation of the dry density of the scrimber board
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Fig. 7. Mean values + standard deviation of the water absorption after 24 h and 48 h of scrimber
board. Different letters in each column indicate a statistical difference (p < 0.05) among the
treatment groups.
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Wood is primarily composed of cellulose, hemicellulose, and lignin. Applying
thermal and chemical modification treatments results in the development of hydrophobic
hemicellulose and lignin, which act as protective layers for cellulose. Thermal modification
processes break down wood into chemically bonded components in a polymeric structure
(Homan et al. 2000).

These results indicated an inverse correlation between the average WA values of
scrimber boards after 24 and 48 h with the density of the boards. This occurred due to the
increased density resulting from higher compressibility and reduced porosity of the
scrimbers, leading to a decrease in WA%. Moreover, in crushed wood, the increased
specific surface area of the scrims and enhanced resin penetration into the wood pores
contributed to reduced water penetration and absorption in these boards. Boards made with
PF resin have less WA than boards made with UF resin (Yu et al. 2017).

Manafi-Dastjerdi et al. (2023) found that oriented strand boards made with PF resin
have less water absorption and shrinkage than boards made with UF resin.

Additionally, Shangguan et al. (2016) found that when the samples were subjected
to heat treatment at temperatures ranging from 50 to 230 °C for 2 h, a minor reduction in
moisture absorption was observed for specimens treated at temperatures up to 150 °C,
followed by an increase as the treatment temperature increased. This phenomenon was
likely due to changes in crystallinity and chemical structure.

The effect of resins, time, and treatment temperatures on thickness swelling of
scrimber composites after 24 and 48 h immersions in water is illustrated in Fig. 8. It was
shown that the individual and interaction effects between the type of resin and treatment
temperatures on thickness swelling (TS) after 24 h and 48 h were statistically significant at
the 95% confidence level. The results demonstrated that the scrimber composite
manufactured with PF resin at 130 °C exhibited the lowest TS values, measuring 7.22%
and 8.40% after 24 and 48 h, respectively.
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Fig. 8. Mean values + standard deviation of the thickness swelling after 24 h and 48 h of scrimber
board. Different letters in each column indicate a statistical difference (p < 0.05) among the
treatment groups.
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In contrast, the scrimber composite produced with UF resin at 60 °C showed the
highest TS values, measuring 26.9% and 32.7% after 24 and 48 h, respectively, as
illustrated in Fig. 8. Boards manufactured from wood treated at 130 °C exhibited increased
resin absorption due to the increased specific surface area of the scrimbers, resulting in
reduced water penetration into the wood pores and consequently minimizing thickness
swelling. Istek et al. (2018) studied the effect of chip size on the particleboard properties
and found a similar result: the specific surface area of the particles influenced the TS
values. Additionally, the boards made with PF resin had less TS than the boards made with
UF. Phenol-formaldehyde resins tend to be more chemically stable and less susceptible to
hydrolysis than UF resins (Chrobak et al. 2022). Heat treatment at 130 °C compared to 60
°C had a greater effect on dimensional stability, especially when PF resin was used as a
binder. Heat treatment of the bamboo fiber significantly improved the dimensional stability
of the bamboo scrimber composites, making them highly suitable for outdoor flooring,
construction, and building applications (Li et al. 2022). Hydrothermal treatment improves
the dimensional stability of wood by reducing its equilibrium moisture content, which
decreases the wood’s tendency to swell and shrink with changes in humidity (Esteves and
Pereira 2009).

Mechanical Properties of Scrimber Composites

The effect of resin types and heat treatment temperatures on the modulus of rupture
(MOR) and the modulus of elasticity (MOE) of scrimber composites is presented in Figs.
9 and 10. Statistically, it was shown that the individual and interaction effect between the
type of resin and temperatures of heat treatment and MOR samples had a significant effect
within the range of 95% confidence level.
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Fig. 9. Mean values + standard deviation of the MOR of the scrimber board. Different letters in
each column indicate a statistical difference (p < 0.05) among the treatment groups.

The results indicated that the scrimber composite made with UF resin and scrims
hydrothermally treated at 60 °C exhibited the lowest bending strength (MOR) of 55.9 MPa,
whereas the highest MOR of 68.6 MPa was observed in the scrimber composite made with
PF resin and scrims hydrothermally treated at 130 °C, as shown in Fig. 9. Higher treatment
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temperature resulted in better separation of wood fibers during the scrimming process,
facilitating improved resin penetration among the fibers and resulting in stronger fiber-to-
fiber bonding and higher MOR. According to Duncan’s grouping, the scrimber composites
made from UF resin were grouped together, while those made with PF resin were classified
into another distinct group. The results showed that the boards made with PF resin had
higher bending strength (MOR). The main reason for this improvement is attributed to the
higher formaldehyde content and the creation of a transverse bonding in the board (Kurt
and Cavus 2011).

Shangguan et al. (2016) found that after hydrothermal treatment at temperatures up
to 150 °C, there was a minor decrease in bending strength. However, as the treatment
temperature increased to 200 °C, a significant reduction in bending strength occurred. This
process is due to damage to the cell wall. Additionally, by reducing the amount of
hemicellulose during the heat and moisture treatment process, the transverse bonding of
the fibers was decreased, leading to a subsequent decrease in bending strength.
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Fig. 10. Mean values + standard deviation of the MOE of scrimber board; Letters in each column
indicate a statistical difference (p < 0.05) among the treatment groups.

Mean values of the MOE of scrimber boards made from pith (log-core) poplar wood
with different resins and treatment temperatures are shown in Fig. 10. Statistically, it was
shown that the resin types had a significant effect at a 95% confidence level, while the
treatment temperatures had no significant effect on MOE values of scrimber boards. The
boards made with UF resin and hydrothermally treated at 60 °C exhibited the lowest MOE
value of 7300 MPa, whereas those manufactured with PF resin and treated at 130 °C had
the highest MOE value of 8690 MPa. According to Duncan’s grouping, the scrimber
composites made from UF resin were grouped together, and boards made with PF resin
were classified into another group. The results showed that the boards made with PF resin
had higher bending strength. The MOE of the boards manufactured from scrimbers heat-
treated at 130 °C showed a slight increase compared to those hydrothermally treated at 60
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°C. Homan et al. (2000) found that increasing the heat treatment temperature of spruce
wood in the range of 130 to 170 °C leads to an increase in the MOE values. Savov et al.
(2021) used a mixture of UF and PF resins in different proportions to fabricate high-density
fiberboard (HDF). They found that the MOE showed an increasing trend with higher
concentrations of PF resin in the mixture. The highest MOE was observed when only PF
resin was used, while the lowest value was recorded with UF resin.
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Fig. 11. Mean values + standard deviation of the IB of the scrimber board; Different letters in
each column indicate a statistical difference (p < 0.05) among the treatment groups.

According to statistical analysis, resin types and treatment temperatures had a
significant effect on the Internal Bonding (IB), as shown in Fig. 11. Replacing UF resin
with PF resin in hydrothermally treated scrimber at 130 °C led to higher IB values, ranging
from 0.73 to 0.75 MPa. Results indicated that the scrimber boards manufactured from
scrims treated at 130 °C had a higher internal bond than those treated at 60 °C. Based on
SEM images given in Fig. 5, the middle lamella was observed to be broken because of
hydrothermal treatment, particularly at 130 °C. This facilitated resin penetration into these
areas, enhancing bonding compared to the natural bond of wood cell walls (Shangguan et
al. 2016). Shi et al. (2018), Savov et al. (2021), and Mihailova et al. (2012) showcased
superior performances of wood-based panels produced with PF resins in comparison to
those made with UF resin. The scrimber composite can offer excellent mechanical
properties that are equal to or better than those of other typical engineered wood or bamboo
products used in construction and building applications (Sun et al. 2021).

CONCLUSIONS

1. Scrimber boards manufactured from scrims hydrothermally treated at 130 °C,
regardless of the resin types, exhibited lower density standard deviation compared to

Arefkhani et al. (2024). “Wood scrimber composites,” BioResources 19(4), 8052-8067. 8063



PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

those made from hydrothermally treated scrims at 60 °C. This difference is attributed
to the enhanced compression of wood during the scrimming process, influenced by
factors such as length and thickness variations along the scrimber, which prevent
uniform dispersion in perpendicular layers.

2. The scrimming process on wood hydrothermally treated at 130 °C resulted in better
crushing, reduced thickness variations along the scrims’ length, and improved uniform
dispersion in perpendicular layers of panels.

3. The scanning electron microscopy (SEM) images reveal damage in the middle lamella,
indicating higher quality and consistent scrims made from poplar wood treated at
higher temperatures. These scrims facilitate the creation of a more uniform scrim mat.
Additionally, crushing at a higher temperature enhances glue penetration into the
bundle of fibers.

4. The highest values of 68.6 MPa for MOR and 8690 MPa for MOE were observed in
the scrimber composite made from hydrothermally treated scrims at 130 °C and PF
resin. Conversely, the highest TS and WA values after 24 h and 48 h were found in the
scrimber composite made from hydrothermally treated scrims at 60 °C and UF resin.
Scrimber boards produced hydrothermally treated scrims at 130 °C exhibited superior
internal adhesion compared to those hydrothermally treated scrims at 60°C.
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