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Abstract

Wood has been the most essential components of engineering materials in the building and construction sector. Except
for industrial roofing, virtually all roofing in building is done with wood. The flakes or chips generated from resizing of
wood logs results in waste known as sawdust waste. The generated sawdust is not used for any economic value; thus, the
dumps are either burnt or decomposed in the surrounding and flakes generated from wood plaining are used as adsorbent
in poultry house. Nevertheless, bulk of it end up as waste littered on the environment being a menace to the ecosystem. In
this work, sawdust from softwood, hardwood and rice husk were processed and characterized to study their functional
groups and fingerprints using Fourier transform infrared (FT-IR) spectroscopy, with the aim of identifying its
compatibility for use in composite material production with an appropriate binder for comfort of occupants in indoor
build environment. The instrument operates on wide range of wave numbers which identify the existing functional group
(4000 cm-1 - 1500 cm-1) and fingerprint (1500 cm™ — 400 cm™) in the assign band at a particular intensity within the
wavenumber radiation frequency. The results from this study revealed that, softwood sawdust showed 11 peaks
containing mainly aromatic compound dominated by alcohols and phenols, hardwood sawdust showed 21 peaks
containing carboxylic acids, aldehydes, alkanes, alkenes and nitrile in addition to the alcohols and phenols in softwood
sawdust and rice husks showed 23 peaks in the spectra in addition to the aromatic compounds it contain glutamines,
nitriles and carboxylic compounds found in starch and pharmaceutical use. Both materials have the industrial potentials
in particleboard production and can provide friendly indoor quality in building environment.
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developed countries, but very little in developing
countries like Nigeria [22]. Furthermore, Nigerian
population which is over 203 Million [28] can generate
substantial amount of biomass which could be
converted to usefulness in particleboard production, and
also help to reduce the impact on forests and the
environment due to improper disposal.

INTRODUCTION

Over the years, wood has been the major
component in building construction sector as the
required engineering material especially when it comes
to the roofing, furniture making for both domestic and
office accommodation. The world projection on the use
of wood pellets and wood chips by the European

Commission, as import from the third world countries is It has been reported that between 8 and 50% of

estimated to about 80 million tons by 2020 [23]. With
this projection, if particulates generated from various
sawmills across the country are accounted for, it could
place wood commercial outfit in Nigeria in lucrative
market of waste wood management and subsequently
add value to the economy. Sawmills account for over
93% of the entire wood processing industries in
Nigeria, leading to generation of huge amount of wood
waste [23]. Nevertheless, reuse of waste wood for
making charcoal briquettes, in steam generating plants,
to generate electricity, has shown prospects in

the entire wood-based material being utilized yearly for
various applications become wastes, typically
consisting of solid timber, timber shavings, sawdust,
veneer panels and combinations of two or more of them
[2]. The development has also led to deforestation,
desertification, climate change and global warming
[16].

During the resizing or cutting processes,
substantial amount of particles are generated and later
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discarded as wastes from the off-cuts as it is commonly
used in construction of wooden structures and building,
thereby causing menace in the environment [12]. The
flakes, chips or species from plaining are mostly used as
adsorbent in poultry houses, fuels for local cooking,
ashed as fertilizer, adsorption of spent engine oil and
are highly combustible such that it becomes difficult to
quench in its finest particle sizes.

In modern day’s office accommodation, there
is quest for befitting furniture which can be produced
from lignocellulose agro-biomass waste. Sawdust and
rice husks wastes are such typical example of the lignin
material which could serve as feedstock for production
of particleboard and fiberboard for office partitioning,
house hold, desks and so on with a compatible adhesive
as binder [2]. Furthermore, the utilization of this waste
can lead to industrialization and be source of wealth
creation from waste to wealth through recycling
process.

Rice husk as the main by-product of the rice
milling during dehulling process, is the hard-protective
shell of the grain. It is a waste that represents 22% of
rice production and can be potential raw material for
particleboard production [9]. Nigerian agriculture, that
was once the prime mover of the economy, due to
discovery of crude oil in the early 70s” in commercial
quantity has suffered a great setback in the area of rice
farming, resulting into decline into agricultural
production, subsequently relying on importation of food
stuff such as; rice to meet the demand for the rapid
population growth. The annual food import bill is
projected to about $10 billion (3.7 trillion) while rice
production was about 4.8 million tons in 2016 [21].
Also, the consumption of rice is not comparable to any
other food given 10% annual increments which implies
that about 6.72 million tons of rice consumption is
projected by 2020, which is less than 8 million tons
expected demand for the country [21].

In recent times, research is intensified on
recycling of waste materials for socio-economic
reasons. Produced particleboard composite matrix from
saw dust and recycled polyethylene terephthalate at
different weight ratio by flat-pressed method and
suggested the feasibility of using the composite for
indoor building based on the favorable physical
properties carried out [5] while fabricated particleboard
from rice husks mixed with resins and other binders and
recommended for usage as paneling and ceiling [4].
Furthermore, transformed rice husk into high-added
value product potential into particleboard using
different adhesives and recommended the material as
potential alternatives for general applications in dry
conditions [11]. Sugarcane bagasse and castor oil
polyurethane adhesive-based particulate composite and
the findings showed that waterproofed particleboard can
be used in moist environment [15]. The influence of
board density and particle sizes on the homogenous

particleboard properties from kelempayan was reported
by [20]. However, 80% of adhesives used as binder in
the production of particleboard are derived from urea
formaldehyde and is reported carcinogenic. Properties
of sawdust can vary depending on the nature or type of
wood, some wood are soft and others are hard, in the
light of this therefore, samples of sawdust from
hardwood and softwood would be assessed to establish
the existence of unknown compound using FT-IR
spectroscopy for compatibility with non-emitting
adhesive.

Fourier transforms infrared (FT-IR) spectra is
an instrument used for ideal process of identification
and analyzing chemical components in unknown
materials, qualitatively or consistency of samples and
amount of components in a mixture [3]. Functional
groups are identified within the ranges of 4000-1300
cm™ bands and fingerprints are in the ranges of 1300—
400 cm™ bands when radiated [7, 8, 24].

Several authors have used FT-IR techniques to
study characteristic properties and functional groups of
different compounds, which include; the study on the
sorptive removal of ciprofloxacin hydrochloride from
simulated waste water using sawdust [6]. Measurement
of some particleboard properties bonded with modified
carboxymethyl starch of oil palm trunk in determination
of new functional groups [26]. Functionalizable
polyester ~with free hydroxyl groups tunable
physiochemical and biological properties was reported
by [29]. Authors [30] studied the environmental
Friendly of urea oxidized starch adhesive with zero
formaldehyde emission.

Physical properties of sawdust and rice husk
were characterized for suitability as feedstock in
particleboard production [16]. The development
suggested further study on the functional group of the
feedstock for compatibility with appropriate non-
emitting adhesive. Research also revealed that little or
no attention has been given to the indoor quality of the
chemicals used as binders and functional group
characterization of the feedstock (sawdust and rice
husk) compatibility and determination of possible
emission from the usage. This research work is to
investigate the functional group of sawdust and rice
husk as suitable raw material for production of
particleboard and other composite material.

MATERIALS AND METHODS
MATERIALS

The raw materials were sawdust from
hardwood and softwood which was collected from
Bauchi timber market gathered from sawmill, and rice
husk from the rice millers in Bauchi, North Eastern
Nigeria. The sawdust and rice husk samples were
sieved using different sizes (1.0 — 3.5 mm) aperture.
The grain sizes that passed through below 3.5 mm was
sun dried for 3 days at environmental conditions [16].
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Which was followed by packaging of the samples
separately and labeled as; softwood sawdust, hardwood
sawdust and rice husk.

METHODS

Fourier transform infrared spectroscopy
analysis of the sawdust and rice husks was carried out
to study the functional groups using FT-IR-8400S,
SHIMADZU model by attenuated total reflection
(ATR) according to [18]. 95 mg of the sample was
prepared and mixed with 5 mg of ground potassium
bromide (KBr), and was pressed into the FT-IR
machine, followed by a beam of light reflection on the
sample transmission spectra within the wavenumber
ranging 4000400 cm™ for the system to identify and to
pick all functional groups in the specimen within the
region [14]. The process was scanned 10 times at 2 cm™
resolution for data precision and accuracy.

RESULTS AND DISCUSSION
Fourier Transform Infrared (FT-IR) Spectra of
Sawdust and Rice Husks

FT-IR spectra of softwood sawdust and rice
husks were carried out in this study. The test results for
the lignin materials showing the absorbance spectra at
different peaks are presented in Figures 1 and 2 and
corresponding Tables 1 and 2. The study used standard
library for the interpretation of the spectral results
presented in the Tables according to [10]. Figure-1
shows detailed absorbance spectra at different
waveband for softwood sawdust. The absorbance peaks
were located in the wide range of spectral scale between
4000 — 400 cm™ wave number [17]. Within the range,
11 peaks appeared in the spectra across the wave
number with different functional groups.
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Fig-1: Fourier Transform Infrared (FT-IR) Spectra of Softwood Sawdust

Two peaks appeared in the ranges of 4000 —
3500 cm™ with absorbance at (3973.49 and 3880.91)
cm corresponding to O-H band stretching vibrations
with free hydroxyl usually assigning to alcohols and
phenols [17]. Two peaks appeared in the ranges of 3500
— 3000 with absorbance at (3441.12 and 3356.25) cm™
corresponding to O-H stretching and H-bonded usually
assigned to alcohols and phenols groups [19]. One peak
appeared in the ranges of 2500 — 2000 with absorbance
at 2114.05cm™ usually assigned to alkynes functional
group [27]. One peak appeared in the ranges of 1750 —
1500 cm™ with absorbance at 1643.41 cm™ which has
N-H bend, assigned to primary amines functional group
[13]. In the ranges of 1500 — 1250 cm™, two peaks
appeared with absorbance at (1442.8 and 1334.78) cm™,
with C-C stretching (in-ring) at 1442.8cm™ is aromatics
and C-N stretching at 1334.78 cm™ is aromatics amines

[10]. In the ranges of 1250 — 1000 cm™ two peaks
appeared with absorbance at (1242.2 and 1026.16) cm™
which has C-N stretching is usually assigned to
aliphatic amines groups [1].

The result of softwood FT-IR shows mainly
alcohols and phenols due to the presence of water
molecule in the sawdust. The alkynes functional group
shows the presence of unsaturated hydrocarbon, which
can covalently have joined with the amines group. The
aromatic compound is the major functional group
showing presence of alcohols and phenols compounds
[32]. Detailed results interpretation is presented on
Tablel. It can be deduced from the results that the
softwood sawdust does not contain emitting compounds
which could be detrimental to living organism.
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Table-1: Vibrational Frequencies and Assignments for Softwood Sawdust

Frequencies (cm™) | Intensity (%) | Assignments Functional group/fingerprint
3973.49 96.835 0 — H stretch alcohols, phenols

3880.91 96.099 0 — H stretch alcohols, phenols

3441.12 57.807 0 — H stretch, H — bonded | alcohols, phenols

3356.25 55.711 N- H stretch primary, secondary amines, amides
2114.05 93.679 —C = C — stretch alkynes

1643.41 71.728 —C = C — stretch alkenes

1442.80 87.184 C — C stretch, (in-ring) aromatics

1334.78 86.563 C — N stretch aromatics amines

1242.20 85.387 C — N stretch aliphatic amines

1026.16 74.61 C — N stretch aliphatic amines

Figure-2 shows detailed FT-IR results of the
hardwood sawdust spectral investigation. After 10
scanning in the range of 4000 — 400 cm™ frequency

band, 21 peaks results were generated as presented in
Fig-2 [14].
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Fig-2: Fourier Transform Infrared (FT-IR) Spectra of Hardwood Sawdust

In the ranges of 4000 — 3500 cm™ frequency
six peaks appears with the absorbance at (3965.76,
3880.62, 3757.46, 3718.88, 3603.15 and 3518.26) with
O-H stretching free hydroxyls usually assigned to
alcohols and phenols groups [17]. In the ranges 3500 —
3000 cm® frequency four peaks appeared with
absorbance at (3433.41, 3387.11, 3263.66 and 3194.23)
cm™ with O-H stretching and H-bonded peak appeared
at 3433.41 cm™ shows presence of alcohols and phenols
groups [14]. N-H stretching peak appeared at 3387.11
cm™ presents primary amines, secondary amines and
amides groups [25] and absorbance at (3263.66 and
3194.23) cm™ with O-H stretching is assigned to
carboxylic acid groups [27]. In the ranges of 3000 -
2500 cm® frequency; four peaks appeared with
absorbance at (2924.18, 2793.02, 2708.15 and 2615.56)
cm™ with C-H stretching peak appeared at 2924.18 cm™
is usually assigned to alkanes saturated hydrocarbon,
while absorbance at (2793.03 and 2708.15) cm™ with
H-C=0: C-H stretching is usually assigned to
aldehydes, possible combination with urea could result
into formation of urea formaldehyde which is an
emitting compound [17]. O-H stretching peak for

absorbance at 2615.56 cm™ is carboxylic acid group
which is used as supplement [27]. In the ranges 2500 —
2000 cm™ , two peaks appeared with absorbance at
(2222.07 and 2114.05) cm™,—C=N stretching peak
absorbance at 2222.07 cm™ is usually assigned to
nitriles group and —-C = C stretching peak with
absorbance at 2114.05 cm™ is assigned to alkynes group
[13]. In the ranges 1750 — 1500 cm™ a peak appeared at
absorbance of 1643.41 cm™ having —C=C— stretching
is assigned to alkenes group unsaturated hydrocarbon
[3]. From the ranges of 1500 — 750 region is the
fingerprints. In the ranges 1500 — 1250 cm™ with C-C
stretching (in-ring) appeared at absorbance of 1435.09
cm™ is aromatic group. In the ranges 1250 — 1000 cm™,
two peaks appeared with absorbance at (1242.20 and
1026.16) cm™ and C-N stretching is aliphatic amines
group. =C-H bend stretching in ranges 1000 — 750 cm™
peak appeared at absorbance of 895 cm™ is assigned to
alkenes group [30]. Detailed analysis is presented on
Table-2 for hardwood sawdust vibrational frequencies
and the corresponding assigned wave bonds.
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Table-2: Vibrational Frequencies and Assignments for Hardwood Sawdust

Frequency band (cm™) | %T Bond Functional group

3965.78 94.513 | O — H stretch alcohols, phenols

3888.62 93.896 | O — H stretch alcohols, phenols

3757.46 93.852 | O — H stretch alcohols, phenols

3718.88 93.786 | O — H stretch alcohols, phenols

3603.15 92.300 | O — H stretch alcohols, phenols

3518.28 90.754 | O — H stretch alcohols, phenols

3433.41 88.066 | O — H,stretch, H — bonded | alcohols, phenols

3387.11 88.833 | N-H stretch primary, secondary amines, amides

3263.66 90.807 | N-H stretch primary, secondary amines, amides

3194.23 91.23 | O-H stretch carboxylic acids

2924.18 94.652 | C-H stretch alkanes

2793.03 97.009 | H-C=0:C—H stretch aldehydes

2708.15 97.443 | H-C=0:C—H stretch aldehydes

2615.56 97.711 | O—H stretch carboxylic acids

2222.07 98.013 | C = N stretch nitriles

2114.05 97.750 | —C = C — stretch alkynes

1643.41 94.244 | —C = C — stretch alkenes

1435.09 95.333 | C — Cstretch(in-ring) aromatics

1242.20 94.663 | C — N stretch aliphatic amines

1026.16 87.600 | C — N stretch aliphatic amines

895 93.647 | = C — H bend alkenes

From Table-2, the hardwood sawdust shows
21 peaks in the region indicating the existence of Figure-3 shows the detailed absorbance spectra
varieties of phytochemicals in the wood residue; this of rice husks at different waveband, located in the wide
could be due to the nature of the wood species such range of spectral scale between 4000 — 400 cm™
mahogany. In this sample, varieties of functional groups wavenumber [14]. There are 23 peaks appeared in the
were found containing saturated and unsaturated spectra across the entire wavenumber with different
hydrocarbons, carboxylic acids and aldehyde groups, intensities, existing bonds, corresponding functional
usually present as starting material for pharmaceuticals groups and fingerprint regions.

industry being derivatives of hydrocarbon [33].
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Fig-3: Fourier Transform Infrared (FT-IR) Spectra of Rice Husks
The result shows that four peaks appeared in with corresponding absorbance at 3402.54 with N-H
the ranges of 4000 — 3500 cm™ with absorbance at stretching assigned to primary, secondary amines and
(3873.19, 3718.88, 3641.73 and 3525.99) which amides, 3279.10 with —C(triple bond) C-H: C-H
corresponds to O-H stretching vibrations with free stretching assigned to alkynes, 3124.79 with O-H
hydroxyl group at 3641.73 cm™ and O-H stretching stretching assigned to carboxylic acids and 3016.77
with H — bonded at 3525.99 cm™ usually assigned to with C-H stretching assigned to aromatic compound
alcohols and phenols [17]. While absorbance at 3873.19 [27]. In the region of 3000 — 2500 cm™, three peaks
and 3718.88 cm™ peaks were not defined and assign. In were located with absorbance at 2893.32 cm™ with C-H
the ranges of 3500 — 3000 cm™, four peaks appeared stretching assigned to alkenes saturated hydrocarbon,
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2729.10 cm™ with H-C=0: C-H stretching usually
assigned to aldehydes functional groups and 2584.70
cm™® with C(triple bond)N stretching assigned to nitriles
functional groups. In the region of 2500 — 2000 cm™,
three peaks appeared at absorbance of 2283.79 cm™
with no functional group assigned to the band, 2160.90
cm™ with —-C=C- stretching usually assigned to alkynes
unsaturated hydrocarbon and 2036.90 cm™ with no
band assigned as functional group [14]. In the region of
2000 - 1750 cm™, a peak appeared at 1874.87 cm™ also
not assigned to any functional group. While in the
region of 17500 — 1500 cm™ two peaks appeared at
absorbance of 1728.28 cm™ with C=0 stretching
usually assigned to aldehydes, esters, saturated aliphatic
hydrocarbon and 1527.67cm™ with N-O asymmetric
stretching usually assigned to nitro compounds [13].
The fingerprint region is in the ranges of 1500 — 400
cm™ [14]. In the region of 1500 — 1250 cm™ waveband,

a peak was located at 1419.66 cm™ with C—C stretching
(in-ring) assigned to aromatics fingerprint without
bending [25]. Two peaks appeared in the fingerprint
region of 1250 — 1000 cm™at absorbance of 1172.76
cm™ with C-H wag stretching vibrations is usually
assigned to alkyl halides due to the presence of
halogenated compound in the material and 1064.74 cm™
with C—N stretching is assigned to aliphatic amines due
to the presence of amines [27]. While in the fingerprint
region of 1000 — 750 cm™ two peaks were located at
absorbance of 946.44 cm™with =C—H bending usually
assigned to alkenes unsaturated hydrocarbons which
could be due to fermentation of the rice husks during
processing and at 825.56 cm™ absorbance with =C—H
bending reveals the presence of halogens assigned to
alkyl halides [31]. And in the region of 750 — 400 cm™
was a peak at 717.54 cm™ with C—H "oop" assigned to
aromatics.

Table-3: Vibrational Frequencies and Assignments for Rice Husks

Frequencies (cm™) | Intensity (%) | Assignments Functional group/fingerprint
3873.19 93.9396 No bond assigned

3718.88 94.6913 No bond assigned

3641.73 95.4462 O—H stretch (s), free hydroxyl | Alcohols, phenols

3525.99 95.4462 O—H stretch (s), H-bonded Alcohols, phenols

3402.54 95.9437 N-—H stretch primary, secondary amines, amides
3279.10 96.1602 —C(=)C-H: C—H stretch alkynes (terminal )

3124.79 96.3327 O-H stretch carboxylic acids

3016.77 96.4325 C—H stretch aromatics

2893.32 97.1259 C—H stretch Alkanes

2723.58 97.1610 H-C=0: C—H stretch aldehydes

2584.70 97.7194 C(=)N stretch nitriles

2283.79 98.0705 No bond assigned

2160.90 98.2925 —C(=)C-stretch alkynes

2036.90 98.3777 No bond assigned

1847.87 98.4437 No bond assigned

1728.28 97.4845 C=0 stretch aldehydes, saturated aliphatic
1527.67 97.4784 N-O asymmetric stretch Nitro compounds

1419.66 98.4465 C—C stretch (in—ring) Aromatics

1172.78 98.7517 C-H wag (-CH2X) alkyl halides

1064.74 98.8168 C—N stretch aliphatic amines

964.44 99.0164 =C—H bend alkenes

825.56 99.5338 =C—H bend alkyl halides

717.54 99.4096 C—H "oop" aromatics

Table-3, shows that rice husks contain alkyl
halides a derivative of halogen family [31]; the nitro
and nitriles are due to the presence of nitrogenous
compounds found in food stuffs along with the
carboxylic compounds which could also be as presence
of glutamines in starchy materials such as rice. This will
serve as promising raw material due to the presence of
glutamine proteins in rice husk to readily bond with
adhesive [2].

From FT-IR spectra in Tables 1, 2 and 3, the
softwood sawdust, hardwood sawdust and rice husks
are having the following functional group in common:
alcohols and phenols which can undergo a wide range

of reaction leading to complete ionization; primary
amines, secondary amines and amides indicating the
nitrogen containing compounds with great role in
biochemistry and pharmaceuticals produced from
plants; alkenes and alkynes the unsaturated hydrocarbon
ready to polymerize to saturation; aromatics and
aliphatic amines when combine with halogen will form
alkyl halides. However; some differences observed in
the FT-IR spectra are the functional groups found in
hardwood sawdust and rice husks but not in softwood
sawdust are the carboxylic acid which can provides
protein and lipids chemistry; alkanes the saturated
hydrocarbon, aldehyde and nitriles the nitrogenous
compounds that can covalently interact with adhesive.
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While the following were found exclusively in rice
husks; saturated aliphatic and alkyl halides which can
offer range of reactions for organic synthesis [34].

Based on the analysis, rice husks contain all
the functional groups in softwood and hardwood
sawdust. The softwood sawdust which is preferred
mostly in construction due to its termites and water
resistant is in abundance, compared to hardwood which
is rarely used in the construction. Thus; consideration
for the use of softwood sawdust as raw material for
particleboard is recommended in this work. Rice husk is
also available due to the increase in rice production
backed by the Federal Government policy on
agriculture to boast food production. Both materials
have potentials for sustainable industrial application in
particleboard production in eco-friendly environment.

CONCLUSION

In this study sawdust from softwood and
hardwood, and rice husks were processed and
characterized. The FT-IR showed 11 peaks for
softwood sawdust implying low phytochemicals, 22
peaks in hardwood sawdust implying high existence of
phytochemicals and 23 peaks in rice husks. The study
shows that softwood sawdust materials will provide
covalent interaction with non-emitting binder due to
absence of aldehyde as shown in the FT-IR study. The
hardwood sawdust shows the presence of aldehydes
which could lead to increase in content of urea
formaldehyde containing adhesive, nitriles, carboxylic
and saturated and unsaturated hydrocarbon functional
group. While rice husk in addition to aromatic group,
contains alkyl halides and glutamines proteins in starch
can provide covalent interaction with adhesive in
production of eco-friendly composite materials for
sustainable environment. The results of all the FT-IR
study has shown the compatibility of the characterized
sawdust and rice husk from agro bio based as promising
feedstock in particleboard production.
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