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Abstract: Seed meal of three trees common to the Midwest region of the USA (Honey locust, Gleditsia
triacanthos L., family Fabaceae), Osage orange (Maclura pomifera (Raf.) Schneid., family Moraceae)
and Black locust (Robinia pseudoacacia L., family Fabaceae) were tested for their adhesive abilities.
Seed meals were employed at dosage levels of 10, 15, 25, 50, 75, and 100% reinforced with Paulownia
elongata L. wood (PW) or Osage orange wood (OOW) chips to fabricate composite wood panels
(CWPs). A comparison of the flexural properties of various tree seed meal CWPs reinforced with
PW showed that their flexural properties met or exceeded European Union standards. However,
their dimensional stability properties were inferior to nominal standards. Therefore, tree seed meal
CWPs could probably have applications in interior environments where such CWPs accept negligible
dimensional stability standards.

Keywords: dimensional stability; fast-growing trees; modulus of rupture; modulus of
elasticity; Paulownia

1. Introduction

There are numerous pioneering tree species common to the Midwest region of the USA; that
includes Osage orange (Maclura pomifera (Raf.) Schneid., family Moraceae), Honey locust (Gleditsia
triacanthos L., family Fabaceae) and Black locust (Robinia pseudoacacia L., family Fabaceae). These trees
are all native to USA, deciduous, fast-growing, coppicing, and readily flower to produce abundant
fruits and seeds a few years after planting [1-25]. Although these trees are widespread, there is
currently no industrial use for these trees.

Osage orange is native to Texas and Oklahoma but has spread throughout most of the temperate
regions of the US [7]. Because of its hardiness and rapid growth, it has been labeled invasive [23]. Trees
produce a large syncarp fruit (10-15 cm in diameter) which may contain up to 200 seeds depending on
the environmental conditions and age of the tree. Seeds are edible by animals [2,7,18]. Black locust
and Honey locust tree phenotypes closely resemble each other. However, their fruiting bodies are
distinctly different [12,21,22]. Honey locust trees have been widely planted throughout the eastern
United States as ornamentals and used as windbreaks and shelterbelts [5,9,11,17]. They are noted to be
thorny and aggressive colonizers and thrive on a variety of soils and climates and in many states are
considered to be invasive [3-5]. They are members of the legume family and are considered to be a
nitrogen fixing species [19,22,24]. Honey locust produces numerous legume fruit pods annually within
a few years after planting [3,9]. Honey locust seeds are edible and are considered to be a potential
animal feedstock [11]. Black locust trees are native to the eastern United States and have since spread
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throughout the USA [6,8,12]. Black locust is considered a nitrogen fixing species, it grows rapidly and
is considered to be an invasive species [14-16,21]. Its flowers are abundant in spring and taste sweet
like sweet spring peas. Its fruits are abundant and legume-like in appearance and consist of a long pod
(5 to 10 cm in length) containing 4-8 seeds [8,22]. Fruit pods remain on the tree until spring. Seeds of
Black locust have been suggested to be poisonous [1,13,15,25].

All three of these trees could be industrial crops provided adequate non-food utilizations are
demonstrated. These three trees have certain advantages over food and other industrial crops because
being trees they do not require intensive applications of fertilizers and pesticides, they do not need be
re-seeded since they readily coppice, and they do not require intensive irrigation and application of
traditional farming methods such as tilling [26,27]. Osage seed oils may have biofuel and lubrication
uses [28,29]. In addition, their seed meals could have non-dietetic utilizations. Previous investigators
have suggested that tree seed meal has adhesive properties [7]. Recently, we demonstrated that Osage
orange seed meal (OOSM) could be employed as an adhesive to bind with red cedar wood to fabricate
composite wood panels (CWPs) [30] and bind with hemp mats to fabricate natural fiber composites [31].
It is the authors view that tree seed meals can provide adhesive resins which can bind to wood particles
to fabricate CWPs.

Engineered wood products (EWPs) includes CWPs such as medium density fiberboards (MDFs),
high density fiberboards (HDFs), particleboards (PBs), and oriented strand boards (OSBs). Commercial
CWPs utilize renewable building materials (e.g., wood scraps and sawdust) [32,33]. The production
of EWPs is growing at a compound annual growth rate (CAGR) of 26% [34]. This trend is expected
to continue through to 2020 [34]. Commercial EWPs employ petroleum-based adhesives, e.g.,
phenol formaldehyde (PF), urea formaldehyde (UF) and melamine urea formaldehyde (MUF), which
emits formaldehyde. Formaldehyde causes serious health problems for fabricators, installers and
ultimately for end-users. There is much interest in the development of bio-based adhesives to replace
petroleum-based adhesive products [35-48]. It has been estimated that the bio-adhesive market size
will expand to $6 billion by 2019 with a CAGR of 13% from 2014 to 2019 [34]. There is a great need
to develop new bio-adhesives to meet future commercial demands [34,43]. Seed meals of soybeans,
Jatropha, distiller dried grains with solubles (corn meal), and cottonseed have been employed as
bio-adhesives [49-56]. In this study, we explore the possibility of using seed meals derived from trees
commonly grown in the Midwest as bio-adhesive resin. We seek to expand on our initial studies
where we found that Osage orange seed meals could be employed as an adhesive by comparing the
adhesive abilities of seed meals derived from three different tree species [30,31]. No formal studies
have been expended to examine the adhesive properties of Black locust or Honey locust seed meals
to date. Further, we will compare the adhesive properties of Osage orange, Black locust and Honey
locust seed meals employing two different wood reinforcements (i.e., Paulownia elongata L. wood (PW),
family Paulowniaceae and Osage orange wood (OOW) to fabricate CWPs. The physical and chemical
properties of these two woods are given in Table 1. These species were selected because they are
fast-growing, under-utilized species that have been suggested as potential biomass trees [57-65].
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Table 1. Physical and chemical properties of tree species wood employed as composite wood panel
(CWP) reinforcements.

Properties Osage Orange Wood (OOW) Paulownia elongata L. Wood (PW)
Physical:
Tree Height (m) 15-18 [57] 10-20 [59,61]
Density (Kg:m~3) 620-855 [57,58] 179-280 [59,61-63]
Modulus of rupture (MOR) (MPa) 128.6 [57] 29.4-37.8 [59-61]
Modulus of elasticity (MOE) (MPa) 11,640 [57] 838-5480 [59-63]
Crushing Strength (MPa) 64.7 [57] 20.7 [61]
Specific gravity 0.76 [57] 0.21-0.3 [61,62]
Janka Hardness (N) 11,640 [57] 1310-1330 [59,61]
Heartwood Color Yellow/bright yellow [57,58] Pale/whitish [61,63]
Chemical:
Cellulose (%) 31-36 [58] 4349 [62-64]
Hemicellulose (%) 16-18 [58] 22-25[62,63]
Lignin (%) 32.5-37.5 [58] 21-23 [62-64]
Extractives (%) 7-9 [58] 4-12 [64,65]

2. Materials and Methods

2.1. Materials and Processing Employed

Seeds of Osage orange (Maclura pomifera (Raf.) Schneid., family Moraceae) (OO), Black locust
(Robinia pseudoacacia L., family Fabaceae) (BL) and Honey locust (Gleditsia triacanthos L., family Fabaceae)
(HL) were collected from trees grown in Peoria, McLean and Tazewell Counties, Illinois in the years
2012-2016. The physical properties of the seeds are provided in Table 2. Seeds were initially milled
with a Thomas-Wiley mill grinder (Model 4, Thomas Scientific, Swedesboro, NJ) using a 1 mm screen
mesh. Seeds were defatted using a Soxhlet extractor with hexane. Following oil extraction, seed meals
were finely ground with a laboratory bench top mill (Model 801 CVM, U.S. Stoneware, East Palestine,
OH) using milling jars containing grinding pellets. Seed flours were sieved through a #40 and #80
screen to produce >177 um particles to provide the final matrix ingredients (Figure 1).

Table 2. Tree seed physical dimensions and composition.

Tree Type Wt. Length Diam Meal Coat
(g) (mm) (mm) (%) (%)
Honey Locust 0.24 + 0.004 10.4 +0.38 6.4 +0.10 29 71
Black Locust 0.03 +0.001 39+0.24 2.6 +0.05 67 33
Osage Orange 0.04 + 0.003 8.3 +0.44 4.5+0.09 73 27

Paulownia elongata L. wood (PW), Paulowniaceae family, tree trunks were obtained from 3-year-old
trees grown in Fort Valley, GA. Osage orange wood (OOW) branches were obtained from 15-year-old
trees grown in McLean County, IL. Tree trunks and branches were ground into chips using an electric
wood chipper (Model CSV-2515, Patriot Products Inc., Pewaukee, WI, USA). Wood chips were milled
through 4-, 2- and then 1-mm screens with a Wiley grinder (Model 4, Thomas Scientific, Swedesboro,
NJ, USA) and fractions were collected and sized using a Ro—Tame shaker (Model RX-29, Tyler, Mentor,
OH, USA) fitted with screens of #10, #12 and #30 US Standard sizes (Newark Wire Cloth Company,
Clifton, NJ, USA). Two wood particle fractions were used in this study: Particles collected between the
#12 and #30 screen which were >600-1700 um in size and particles collected that passed through #30
screen which were <600 pm in size. All materials (wood and flours) were oven-dried at 60 °C prior to
testing and had a moisture content of ~5-8%.
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Figure 1. Seeds and ground seed meals. From left to right; original seeds, milled seeds prior to hexane
extraction, final seed meal flour. Top row: Honey locust seed meal (HLSM), middle row: Black locust
seed meal (BLSM); bottom row: Osage orange seed meal (OOSM).

2.2. Preparation of Composite Panels

Composite panels consisted of an adhesive matrix (Osage orange seed meal (OOSM), Black locust
seed meal (BLSM) and Honey locust seed meal (HLSM) of 10, 15, 25, 50, 75, and 100% mixed with
equal proportions of >600-1700 um and <600 um PW or OOW of 90, 85, 75, 50, 25, and 0% (Table 3).
Panels consisted of matrix and wood fillers were placed to a self-locking plastic bag and mixed together
via circular agitation for 15 min in a compact dryer (Model MCSDRY1S, Magic Chef, Chicago, IL,
USA). Mixed materials were transferred to an aluminum mold (15.2cm W X 30.5cm L x5 cm D O.D.;
12.7cm W x 28 cm L X 5 cm D; LD.). The mold was transferred to a manual hydrolytic press (Model
4126, Carver Press Inc., Wabash, IN, USA) and pre-heated to 185 °C. Pressing consisted of application
of 5.6 MPa pressure for 12 min. Following hot pressing, the mold was maintained under pressure and
water cooled to room temperature before removal.
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Table 3. Weight percentage of matrix mixed with wood filler/reinforcement to create CWPs.

Percent Filler/Reinforcement *
Matrix PW ooOw
1000SM,1500SM,25005M,50005M,7500SM,10000SM X X
10HLSM,15HLSM,25HLSM,50HLSM,75HLSM,100HLSM X X
10BLSM,15BLSM,25BLSM,50BLSM,75BLSM,100BLSM X X

* Remaining percentage of composite was composed of PW or OOW filler/reinforcement as shown. Reinforcement
wood contained equal proportions of >600-1700 um and <600 um particles.

2.3. Analysis of Matrix Ingredients

Oil content of tree seed meals was determined by Soxhlet extraction of seed meals with a
hexane solvent. Protein content of seed meals protein content was determined via combustion
using a protein/nitrogen determinator (LECO FP-528 Model 601-500, Leco, St. Joseph, MI, USA).
Moisture content of the untreated and solvent treated meals was obtained with a halogen moisture
balance/analyzer (Model HG63, Mettler-Toledo International Inc., Columbus, OH). Amino acid analysis
and chemical properties of tree seed meals were conducted by ANALAB, a division of Agri-King, Inc.,
Fulton, IL, USA.

2.4. Composite Panel Evaluation

Lignocellulosic panels were cut into specimen boards on a table saw and tested according to EN
310: 1993 procedures [66]. Boards had dimensions of 50 mm W X 127 mm L X x3.5-5.5 mm thickness.
Modulus of rupture (MOR) and modulus of elasticity (MOE) tests were conducted on samples with
an Instron testing machine (Model 1122, Instron Corp., Norwood, MA, USA). A cross-head speed of
5 mm/min was employed. For each composite formulation, five specimen boards were tested, and
their average and standard errors reported. The experimental data obtained were analyzed statistically
by analysis of variance for statistical significance and multiple comparisons of means using Duncan’s
multiple test (p < 0.05). Water absorption (WA) and thickness swelling (TS) were measured according
to EN 317:1993 procedures [67]. Test samples were cut into 50 mm? dimensions and immersed in
distilled water for 24 hrs. Thickness and weight of samples were measured before and immediately
after soaking.

3. Results and Discussion

3.1. Seed Meal Chemical Composition

Defatting of the seed meal by hexane extraction was conducted to remove oils which have
been shown previously to impair interfacial bounding between the bio-based matrix and wood
particles [56,68]. As shown in Table 2 and Figure 1, seed characteristics varied greatly among the three
species tested. A considerable portion of the seed was the seed coat (Table 2).

Table 4 shows the crude analysis of the flours employed in this study. Crude protein was the
major constituent of tree seed mean. OOSM was found to have the highest protein content (42.2%) of
the seed meals while HLSM had the lowest (23.5%). The amino acids were the polymers of the proteins
in tree seed meals (Table 5). Few significant differences were found in the seed meal amino acids for
the three tree species tested. Of particular interest for this study was the association of protein content
in the flours and their adhesive abilities. The importance of the protein content in soy seed meal as
being the important adhesive component has been recognized in several studies [36,37,41,51,55,69,70].
It has been suggested that when proteins are denatured, they become amenable to binding with
wood particles [37,41,52,55]. The moisture content of the adhesive affects the processing and speed of
production [71]. Moisture content of tree meals were less than that of the wood fillers/reinforcements
(i.e., 8.5% PW and 8.9% OOW). Oven drying the meals and wood prior to use moisture content to
5-8% mitigated moisture content as a factor in our testing. As shown in Table 1, cellulose, lignin and
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hemicellulose content was different between the two wood reinforcement materials employed. PW
had higher cellulose and hemicellulose content than OOW but much lower lignin levels than OOW.

Table 4. Composition of defatted tree seed and soybean meals in percentages .

Composition HLSM BLSM OOSM
Oil * 0.9 4 25
Crude Protein 23.5 37.3 441
Moisture 7.8 8.6 5.8
Crude Fiber 10.3 8.9 49
Cellulose 10.6 8.9 3.3
Starch 0.4 0.4 0.8
Lignin 1.8 15 2.6
Total Sugars 3.2 5.6 2.3
Ash 3.7 5.3 3.1

2 Analysis by ANALAB, Fulton, IL. * Oils content of seed meals provide prior to defatting.

Table 5. Amino acids presented as percent of dry matter for the species employed 2.

Amino Acids Functional Group Characteristics HLSM BLSM OOSM
Nonpolar:
Alanine hydrophobic 4.2 4.3 4.1
Isoleucine hydrophobic 3.7 4.0 42
Leucine hydrophobic 6.5 6.6 6.9
Methionine hydrophobic 1.1 12 1.1
Phenylalanine hydrophobic 3.5 3.4 49
Tryptophan Hydrophobic 0.8 0.8 1.2
Tyrosine hydrophobic 2.9 3.2 3.0
Valine hydrophobic 4.8 52 5.4
Total: 27.6 28.8 30.9
Polar:
Arginine positive charged/basic 123 11.8 16.2
Histidine positive charged/basic 24 2.5 2.2
Lysine positive charged/basic 5.7 57 2.6
Aspartic acid negative charged/acidic 11.8 9.8 10.7
Glutamic acid negative charged/acidic 24.2 241 21.6
Serine polar uncharged 5.1 51 5.6
Threonine polar uncharged 3.0 3.1 3.1
Total: 61.4 59.0 59.0
Other:
Cystine thiol 14 1.5 1.4
Glycine Hydrogen 6.6 7.6 5.6
Total: 8.0 9.1 7.0
All Totals: 97 96.9 96.9

2 Provided by ANALAB, Fulton, IL.

3.2. Lignocellulosic Panel Properties

Examples of CWPs employing OOSM, BLSM and HLSM matrices with PW are shown in Figure 2.
Increasing the concentration of matrix resulted in a decided darkening of the panel (Figure 2).
Extremely dark panels occurred when 50 and 75% matrices were employed suggesting that severe
protein denaturation occurred. Similarly, CWP employing tree seed meals with OOW exhibited the
same responses (Figure 3). The physical, flexural and dimensional stability properties of the CWPs are
presented in Figures 4-6. Each tree seed meal expresses its adhesive properties somewhat differently
(Figures 4-6). CWPs composed of 100% tree meal were noted to be brittle and prone to self-shattering
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compared to CWPs containing less seed meal (Figures 1 and 2). CWPs comprising of 100% OOSM
had similar MOR and MOE values as 100% BLSM-CWPs. Attempts to mold 100% HLSM-CWPs were
unsuccessful due to excessive molten liquification and loss of material during the pressing procedure.

Increasing the concentration of adhesive seed meals in the CWPs while decreasing the proportion
to the wood filler/reinforcement resulted in CWPs with higher densities and flexural properties
(Figures 4-6). Conversely, the thickness of the CWPs declined as adhesive seed meal concentrations
increased. This suggests that greater binding between the adhesive and the wood occurs. Highest
flexural properties (MOR and MOE) generally occurred at the 50% and 75% concentrations of adhesives.
CWPs of 10, 15 or 25% seed meals mixed with PW generally had higher flexural properties than CWPs
of 10, 15 or 25% seed meals mixed with OOW (Figures 4-6). However, CWPs of 50 and 75% seed
meals reinforced with PW or OWW often showed similar flexural properties. Clearly, the type of
wood reinforcement employed had a significant impact on the resultant mechanical properties of the
composite panels especially when high concentrations of wood were utilized (Figures 4-6). Other
investigators employing synthetic resins (e.g., UF) have reported that wood species have a profound
impact on CWP performance [72-76]. OOW is notable for its extractives which appear to interfere
with the binding between the matrix and the wood reinforcement resulting in an inferior CWP [10,58].

Figure 2. Seed meal: PW CWPs. From left to right; % seed meal; % PW: 10:90, 15:85, 25:75, 50:50, 75:25,
and 100:0. Top row, HLSM, middle row, BLSM; bottom row, OOSM. Bar = 25 mm.

Figure 3. Seed meal: OOW CWPs. From left to right; % seed meal; % OOW: 10:90, 15:85, 25:75, 50:50,
75:25, and 100:0. Top row, HLSM; middle row, BLSM; bottom row, OOSM. Bar = 25 mm.
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of various CWPs. Curve plots: (a) Thickness, (b) density, (c) MOR, (d) MOE, (e) water absorption,
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Density (Kg'm'3)

Fibers 2019, 7, 91
5
4
B
E 3
w
w
[
c
S 24
2
-
1) —@— BLSM-PW
—y— BLSM-OOW
(a)
0 r r r r
0 25 50 75 100
Resin (%)
50
40 -
E 30 -
£
&
S 204
—@— BLSM-PW
—¥— BLSM-OOW
10
0 . . . .
0 25 50 75 100
Resin (%)
200
175 -
—~@— BLSM-PW
— 150 | —%— BLSM-00W
=
S 125
=
o
S 100
7]
2
< 75
i
(]
2
g 50 -
25
(e)
0 . . . .
0 25 50 75 100
Resin (%)

MOE (MPa)

Thickness Swelling (%)

1400 -

1200 -

1000 -

=]
=]
o

600

400 -

200 -

7000

6000 -

5000 -

200

175 |

150 -

125 |

100

75 1

50 1

25 A

90f 16

—@— BLSM-PW
—¥— BLSM-OOW

(b)

T T T

25 50 75

Resin (%)

—@— BLSM-PW
—¥— BLSM-OOW

(d)
25 50 75
Resin (%)
—@— BLSM-PW
—y— BLSM-OOW
()

T T T

25 50 75

Resin (%)

Figure 5. The influence of BLSM on the dimensional, flexural and dimensional stability properties
of various CWPs. Curve plots: (a) Thickness, (b) density, (c) MOR, (d) MOE, (e) water absorption,

(f) thickness swelling.



Fibers 2019, 7, 91

Thickness (mm)

MOR (MPa)

i

Water Absorption (%)

(

40

30

20 A

10

200

175 1

150 4

125

100

75

50

25

/

—@— HLSM-PW
—¥— HLSM-OOW

(a)

25 50 7
Resin (%)

o

100

—@— HLSM-PW
—y— HLSM-OOW

(c)

Resin (%)

—@— HLSM-PW
—¥— HLSM-OOW

(e)

25 50 75
Resin (%)

100

)

©

Density (Kg'm

MOE (MPa)

Thickness Swelling (%)

10 of 16

1400 -

1200 -

1000 -

800 -

600 -

400 -

200 -

(b)

—@— HLSM-PW
—¥— HLSM-OOW

T T T

25 50 75 100

Resin (%)

7000

6000 -

5000 -

4000 -

3000 -

2000

1000 -

(d)

—@— HLSM-PW
—¥— HLSM-OOW

200

Resin (%)

175

150

125 4

75

50

25

()

—@— HLSM-PW
—¥— HLSM-OOW

T T T

25 50 75 100

Resin (%)

Figure 6. The influence of HLSM on the dimensional, flexural and dimensional stability properties
of various CWPs. Curve plots: (a) Thickness, (b) density, (c) MOR, (d) MOE, (e) water absorption,
(f) thickness swelling.

Table 6 compares the nominal properties for CWPs acceptable to the European Committee for

Standardization with the properties of tree seed meal CWPs generated in this study. Several studies
have employed PW to fabricate particleboard panels [60,65,77,78]. These prior investigations showed
that PW PBs satisfied the minimum industry flexural requirements for commercial particleboard. PBs
utilizing OOW as a filler/reinforcement binding with UF exhibited inferior flexural properties when
compared to PBs fabricated with Eastern Red Cedar wood binding with UF [77]. In addition, PBs
reinforced with OOW failed to satisfy the nominal flexural properties required by commercial PB
standards [77,78]. In our study, several CWPs utilizing tree seed meals reinforced with PW exhibited
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flexural properties that were comparable to minimum strength requirements of European standards for
general purpose uses [79-81]. However, most the tree seed meal-OOW CWP formulations (e.g., 10, 15
or 25% concentrations) had decidedly inferior flexural properties when compared to tree seed meal-PW
composites. This suggests that PW may be superior to other wood sources for the fabrication of EWPs,
further research to compare PW to other wood types to prepare CWPs are ongoing. The PW composite
panels, especially the 50 and 75% concentrations, fabricated in this study satisfied the MOR and MOE
requirements for general uses and interior fitments including furniture manufacture prescribed in
European standards [79-81].

Table 6. European Committee for Standardization nominal properties for various CWPs employed
in interior dry and humid conditions compared to tree seed meal CWPs. Note: Particleboards (PB),
medium density fiberboards (MDF) and hardboard (HB) density values are reported in the literature
and none are authorized by standards.

Description Density * MOR ** MOE ** Thickness Swelling (TS) **
(Panel Type, Thickness) (Kgm~3) (MPa) (MPa) (mm)
PB, 3-6 mm 160-800 13-20 1800-2550 14-23
MDE, >2.5-6 mm 450-800 23-34 2700-3000 18-35
HB, >3.5-5.5 mm 600-1450 30-44 2500-4500 10-35
OOSM-PW, 3.5-4.5 mm 1002-1294 23-44 2950-6080 37-91
BLSM-PW, 34 mm 1034-1429 1542 1063-6357 69-100
HLSM-PW, 3.1-3.8 mm 1057-1321 24-35 1057-1421 50-83
OOSM-OOW, 3.4-4.5 mm 920-1206 6-32 970-4230 30-54
BLSM-OOW, 2.8-4.5 mm 905-1436 5-31 917-5936 48-61
HLSM-OOW, 3.0-4.8 mm 930-1385 7-30 1353-6005 45-53

* Density values provided from the following references: ** Values for PB, MDF and HB obtained from EN 312
(2003), EN 622-5 (2006) and EN 622-2 (1993) [80-82], respectively.

Dimensional stability (i.e., water absorption and thickness swelling) values after 24 h soaking
improved for all composite formulations regardless of the tree species meal employed when the dosage
increased (Figures 4-6). High compaction of the ingredients occurred in CWPs with higher matrix
dosages as evidenced by a reduction in thickness coupled with higher densities and resulted in CWPs
that absorbed less water and had less TS% (Figures 4-6). However, in TS% of CWPs using tree seed
meals, they were distinctly inferior to CWPs fabricated with synthetic adhesives and did not meet
industry standards. This suggests that CWPs composed of tree seed meals have dimensional stability
properties that need to improve in order for them to become commercially acceptable. However,
bio-based CWPs could be employed in interior situations where water contact can be avoided through
a surface cladding application. Interestingly, CWPs utilizing OOW had better dimensional stability
properties than CWPs utilizing PW (Figures 4-6). This was especially notable with the CWPs employing
lower dosages of seed meals (i.e., 10-25%). We can speculate that this was due to the higher density
and unique extractives of OOW wood compared to PW which provides more of a barrier to water
absorption [57,58,61,63].

As previously mentioned, there is much interest in the development of bio-based adhesives to
replace petroleum-based adhesives that emit formaldehyde [36,55]. Soybean or soy flour is recognized
as being a likely economic competitor to petroleum-based adhesives [36,55]. Prior studies have shown
that CWPs composed of soya flour reinforced with ERC compared similarly to CWPs composed of
OOSM reinforced with ERC in terms of their flexural properties [30]. Similarly, CWPs of OOSM and
ERC wood compared favorably in terms of flexural properties to established industrial standards [30].
As show in Table 6, CWPs of tree seed meals reinforced with either OOW or PW compared favorably
with established flexural properties. Increasing the seed flour concentrations in CWPs from 10 to 75%
dramatic increases in the MOR and MOE values for all CWPs regardless of the tree seed meal (OOM,
BLM and HLM) employed. These results suggest that tree seed meals may have an economic use as an
adhesive matrix in the fabrication of CWPs.
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4. Conclusions

Dry tree seed flours derived from Honey locust, Osage orange or Black locust trees were found to
have adhesive properties that bind with wood of Paulownia or Osage orange to produce CWPs. Wood
particles were mixed dry with tree seed meals and hot pressed into composite panels to produce CWPs.
CWPs contained 10 to 75% OOW, HLM or BLM with 90 to 25% PW or OOW. Generally, composite
panels of seed meal reinforced with PW exhibited greater flexural properties compared to composite
panels containing tree seed meals and OOW. The highest flexural properties were consistently obtained
from CWPs containing 25-75% tree seed flour. Flexural properties of CWPs containing tree-seed meal
and PW and OOW were comparable to acceptable industrial standards. However, the dimensional
stability of CWPs employing seed meals were found to inferior to industrial standards. At lower seed
meal dosages (10-25%) dimensional stability properties of CWPs were better when utilizing OOW than
PW. These results demonstrate that tree seed flours have adhesive properties that may be employed in
the fabrication of CWPs that are free of formaldehyde emissions.
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