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Fine particles of the groundnut hull and cow horn samples were prepared and subjected to hydration experiments with Portland
cement with the moisture content maintained around 12%. All the compatibility factor values were very well above 60% making
the different combinations appropriate for particleboard production. Metal analyses suggested high concentrations of Ca in both
samples with values of 62.68±0.47wt% and 42.44±1.86wt% for the cow horn and groundnut hull samples, respectively. Potassium
was also present in high concentrations but was lower than that of calcium. e cow horn was found to be a good substitute for
the synthetic CaCl2 additives. Combinations of FeCl3 with the cow horn gave better compatibility (𝐶𝐶𝐴𝐴) between the groundnut
hull particles and the Portland cement due to chelation, with the hot-water-treated samples being the best. Bond formation was
established through the hydroxyl (–OH), carbonyl (C=O), esters or ethers (C–O), and amide (N–H) functional groups on the
groundnut hall samples. Storage over a period of time also gave a better compatibility of the groundnut hull sample with cement
even in the absence of hot-water pretreatments and chemical additives.

1. Introduction

Over the years, the use of wood-based products has been
on the increase coupled with the need for low-cost building
materials, household facilities, and production of cooking
fuel that meet all health requirements. ese have been
attributed to the ever growing world population which has
led to rapid deforestation [1]. e need for cheap, nonwood-
dependent alternatives was an immediate remedy for this
problem and a potential to assist in satisfying the need
for wood was found in agricultural residue �bres such as
those of the groundnut hulls [2, 3]. e bene�ts of utilizing
agricultural residues for wood composite panels include
developing a value-added product from a �bre source that is
currently not well utilized as well as decreasing the demand
for wood �bre.

Agricultural residues, considered to be wastes because
they are not properly managed (utilized and disposed)
thus causing more harm and having adverse effects on the
environment [4], ful�ll the purpose of the production of

high-performance cement-bonded particleboards utilized as
cheap building materials. ese residues, in combination
with cement, an inorganic binder, have been used in the
production of valuable panels used in the construction
of schools and residential homes in many countries [5].
However, lignocellulosic agricultural residues oen contain
chemical substances such as sugars and wood extractives
which are polyphenolic in nature and inhibit cement hydra-
tion (hardening and setting), thereby inhibiting or entirely
obstructing the cement crystalline formation for strength
development [6].

Chemical substances also known as enhancers or addi-
tives are usually added to ameliorate the effects of the
polyphenolic inhibitory chemical substances present in the
agricultural residue but can have an adverse effect if in excess
thus leading to the leaching of such substances [7].

ese additives, when in excess, have been found to
get leached from the particleboards when exposed to water
for a relatively long time thus releasing their components,
mostly metals, into the environment or directly onto the
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any species around it, accumulation of which could lead
to poisoning or the toxicity by such metals. is has been
attributed to their purer states and higher solubility in water
which is responsible for their higher ionization in water
resulting in their ease of release [8]. On the contrary, a
more natural and stable renewable resource containing a
high calcium content such as the cow horn which when
leached will have little or no negative implications on the
environment, will give a competitive performance, and is
readily available was considered. In an effort to further reduce
their cost and make them accessible, components such as
the chemical additives can be replaced by these cheaper and
available natural substitutes that will perform at par with
their synthetic counterparts. is is part of the efforts being
put into preserving the healthy characteristics of the cement-
bonded particleboards.

In this work the effect of calcium chloride, (CaCl2)
known to be the commonly used accelerator or enhancer in
hydration experiment used for the purpose of ameliorating
the effect of these polyphenolic phytochemical substances,
was comparedwith that of the high calcium content cow horn
used as a natural replacement for its synthetic counterpart.
e chelate forming ability transition metal was exploited in
the study by using a combination of the cow horn with iron
(III) chloride at various ratios with the aim of reducing the
quantity of synthetic chemical substances. In addition, the
effect of storage over period of time was also investigated.

It is also worthy of note that there are other various
techniques that can be employed other than the compatibility
test to ascertain the possibilities of lignocellulosic species
being appropriate as a raw material for particleboard pro-
duction. Some of the other processes being utilized include
the determination of the pH of the lignocellulosic species
to be used with cement. Species whose pHs fall between
3.9 and 4.9 will be suitable, but those whose pHs are less
than 3.9 are the most suitable. Any species whose pH value
is above this limit will not be appropriate for use [9].
Likewise the percentage content of the soluble extractives
in the lignocellulosic species must not be greater than 7%
if it is to be appropriate for particle board production [10].
e particle size of the lignocellulosic material is also a
measure of compatible mixing where it was observed that
the inhibition of the cement setting increases with increasing
�neness of the particles [11]. One of the most recent is the
Differential Scanning Calorimetry (DSC) based on the heat
released during the hydration reactions. It is very sensitive to
temperature changes during hydration, and it has the ability
to provide the instantaneous �ux of free heat and the total
energy of the hydration reaction [12, 13].

2. Experimental

e fresh bones (cow horns) used in this study were obtained
from an abattoir located in Dada Estate Area, Osogbo, Osun
State, Nigeria, while the groundnut hulls (Arachis hypogaea
L.) were collected fromBodijaMarket located in Ibadan, Oyo
State, Nigeria. e Portland cement was obtained from the
Ewekoro Portland cement factory in Ogun State, Nigeria. It
was ensured that the packaging was not been tampered with.

e hoofs (external cover) of the horns were removed
before soaking the bony part in water for about 24 hours and
washed free of blood. Solidi�ed blood le in the porous part
of the horns was removed with metallic sponge and metal
rods. ey were cut into smaller chips and rewashed in hot
water before sun-drying them for about two weeks.

On collecting the fresh groundnuts, the seeds and other
unwanted materials in the samples were separated from the
hulls, before being sun-dried. e dried groundnut hulls and
the cow horns were hammer-milled and sieved into particles
of various sizes namely the 0.60mm, 0.85mm, 2.00mm, and
the �ne particle sizes. e groundnut hull particles were
then stored in a cool and dry place. A previously prepared
groundnut hull particle samples that had been stored for three
years were also sun-dried and observed to ensure that the
moisture content was within the required range.

2.1. Proximate Analysis. e proximate analysis was carried
out on the sample particles using the recommendedmethod-
ologies of the Association of Official Analytical Chemists
[14]. e parameters determined include moisture content,
crude �bre, crude protein, ash content, and ether extract.

2.2. Metal Analysis. e hammer-milled groundnut hull and
cow horn particles were analysed for their metal contents
using Energy Dispersive X-ray Fluorescence (EDXRF) spec-
trometer, at the Centre for Energy Research and Develop-
ment, Obafemi Awolowo University, Ile-Ife, Nigeria.

2.3. Hot-Water Treatment of the Sample. Some of the ground-
nut hull sample was pretreated through heating using a ther-
mostated water bath at 80○C in hot deionised water for about
one hour aer which the sample was sieved and resoaked in
warm deionised water and later in cold water for about 10
minutes before being air-dried until it attained a moisture
content of about 12%. e solution extract was collected,
suction-dried, and used for phytochemical screening.

is was done to substantially reduce the concentrations
of the water-soluble extractives and other phytochemical
substances in the sample.

2.4. Phytochemical Screening. Hot-water extract of the
groundnut hull sample was subjected to phytochemical
screening to ascertain the chemical substances (considered
to be inhibitory in nature) present in them [15]. Alkaloids
anthraquinone, reducing sugar, glycosides, saponins,
tannins, and �avonoids were all tested for in the sample.

2.5. Compatibility Test. iswas carried out in formof hydra-
tion test to determine the level of the compatibility of cement
with the lignocellulosic materials. It was also carried out with
the aid of calcium chloride and iron (III) chloride which were
synthetic chemical accelerators while the cow horn particles
served as the natural accelerator at different ratios. is was
done based on a method developed by the Wood Composite
Branch of Forestry Research Institute, Malaysia (FRIM). e
compatibility measurements were carried out using the Area-
Ratio method [9] in the hydration test kit.
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2.6. Hydration Experiment for Neat Cement. e hydration
tests were performed in a hydration set which comprised
of the �ewar �ask embedded in an insulated system. About
90 cm3 of deionised water was added to 200 g of neat cement
in a plastic bag. e resulting mixture was properly agitated
until an homogenous paste was formed before a data logger
was attached which recorded the temperature changes at
an interval of 15 minutes aer being properly sealed and
properly insulated in the �ewar �asks within the hydration
test kits.e average room temperature was also noted before
and aer each experiment.is experimentwas carried out in
triplicate, aer which a plot of temperature (○C) against time
(hour) was made. e volume of deionised water used for
subsequent experiments involving lignocellulosic material
was obtained using the expression

volume of water = 90 + 15(0.3 − MC
100
) , (1)

MC: Moisture content which was maintained at approxi-
mately 12%.

2.7. Hydration Experiment for Cement-Sample Mixture.
Hydration temperature experiment was also carried out on
the cement-sample mixture to determine the compatibility
of the lignocellulosic sample with cement binder. A sample-
cement ratio of 15 : 200 was employed. It involved the mixing
of about 15 g of sample and 200 g of cement in a plastic
bag. ey were properly mixed in the dry state before a
calculated amount of deionised water obtained using the
expression in (1) was added. e mixture was then properly
mixed with the water until homogeneity was achieved. It was
noted that there was a slight rise in temperature.emixture
was quickly placed inside the �ewar �ask, and the data
logger was inserted to measure the temperature changes at a
predetermined interval for 24 hours aer it had been properly
insulated in the hydration test kit. ree replications of this
experiment were carried out. For each of the experiment, a
plot of hydration temperatures (○C) against time (hour) was
made, and it was compared with the one obtained for neat
cement using Area-Ratio method.

e compatibility factor 𝐶𝐶𝐴𝐴 was obtained from the
hydration experiment using the expression below

𝐶𝐶𝐴𝐴 = (
𝐴𝐴wc

𝐴𝐴nc
) × 100, (2)

where𝐴𝐴wc: area under the hydration heating curve of sample-
cement-water mixture;𝐴𝐴nc: area under the hydration heating
rate curve of neat cement-water mixture. 𝐶𝐶𝐴𝐴 is expressed in
percentage (%) [16].

2.8. Addition of Chemical Additives. To ensure propermixing
with the sample-cementmixture, the chemical additives were
�rst dissolved in a little amount of deionised water, enough to
dissolve the chemical additive completely, beforemaking it up
to the calculated volume obtained (using (1)), which was the
amount of water required for the hydration experiment. is
solution was then added to the sample-cement mixture that
had been properly mixed.

e chemical additives used for this experiment were iron
(III) chloride (FeCl3 ⋅ 6H2O), calcium chloride (CaCl2), and
the cow horn which is a rich natural source of calcium.

Amodi�cation was employed in the case of the cow horn
due to its insolubility in water. It was added to the sample-
cement mixture before the addition of the required amount
of water. e amount of additives used in the compatibility
experiments was based on the weight of cement used.

2.9. Sample Preparation for Infrared Analysis. e cured
composites obtained from the compatibility hydration test
experiments were dried, crushed into powdery form, and
kept in different labeled sample bottles. ey were subjected
to infrared spectrophotometric analysis, using FT-IR system,
spectrum BXmodel, at the Central Science Research Labora-
tory, the University of Ibadan, Nigeria.

3. Results and Discussion

e results of this study are discussed under the following
subtopics.

3.1. Availability of Sample. e groundnut hulls which are
considered to be waste, was found to be about 28.5% of the
whole fruit. is low value was attributed to the size of the
seed which makes up the majority of the fruit. e edibility
and its high economic value of the seed resulted in the
constant cultivation which makes the hulls readily available.
e physical properties of the samples used showed that the
groundnut hull is a solid and brownish in colour while the
bonewas obtained as white solid.e starting groundnut hull
sample was light brown but turned dark brown when treated
with hot water. is was attributed to the slight oxidation
process; it went through due to the increase in temperature.
Fine particle sizes of the two samples (groundnut hull and
bone) are used throughout the study.

3.2. Proximate Analysis. e analysis showed that the cow
horn sample gave values of 5.96 ± 0.48, 53.96 ± 1.04, 39.87 ±
0.98, and 0.48 ± 0.29%, respectively, for the moisture, ash,
crude protein, and ether extract contentswhile the groundnut
hull sample gave 10.24± 0.88, 6.95± 1.01, 0.90± 0.29, 27.12±
1.10, 10.07±0.87, and 44.72±0.99% formoisture, ash, free fat,
crude �bre, crude protein, and nitrogen-free extract contents,
respectively. Aer periodical determinations of moisture
content on the lignocellulosic sample, using the conventional
method [14], it was observed that the percentage moisture in
the sample was approximately 6%.is made the sample very
suitable for this study because it was not up to the marginal
12% standard used in such studies and productions prior
to use. It would also be able to withstand the addition or
absorption of more moisture in as much as it is not more
than the stipulated [6, 17, 18]. Ash content also known as the
mineral content had the highest value while the ether extract
that determined the fat, oil, and lipid contents of the sample
had the lowest value. Crude protein content of approximately
40 ± 0.98% was obtained which indicated the presence of
nitrogenous compounds (amino acids) and �bres in the form
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of collagen and keratin [19]. is is expected to further
enhance bond formations which translate to a corresponding
increase in strength of the composites made from the sample.
is can be attributed to the presence of lone pairs of electrons
on the nitrogen atoms in the amino groups of the amino acids
which in turn form bonds with the electrophiles present in
the form of metals in their various stable oxidation states.
In the groundnut hull sample, carbohydrate had the highest
value, followed by crude protein.ese two values account for
the lignin and cellulose content of the sample which makes
the sample a substitute for wood. e moisture content of
10.24 ± 0.88% is ideal for hydration experiment.

3.3. Phytochemical Screening. Various phytochemical sub-
stances were detected in the hot-water extract of the ground-
nut hull samples. Flavonoids, glycosides, alkaloids, sterol, and
sugarwere present in high quantities con�rming the polyphe-
nolic and nitrogenous nature of these inhibitory substances
[9] while anthraquinone and saponins were absent. is
indicated that quite a substantial amount of these substances
were removed through hot-water-extraction process [20].

3.4. Metal Analysis. e metal analysis for the two samples
showed very high concentrations of calcium for both sam-
ples. e highest value of 62.68 ± 0.47wt% was obtained
for the cow horn as while the groundnut hull had 42.44 ±
1.86wt%. Potassium also had high values in two samples
but was lower to those of calcium. e high concentration
value of calcium in the cow horn can be attributable to
the nature of the sample and its location in the body of
animal. Since all themain compounds present in the Portland
cement used for this study contained calcium [21], addition
of the bone sample as chemical additive will further increase
the concentration of the metal, hence more cations became
available for coordination and bond formation. All the other
metals present in both samples were transition elements,
although they were all in a relatively low concentration.eir
roles became prominent due to the presence of incompletely
�lled d-orbitals responsible for chelate formation� they also
enhanced coordination in the sample-cement composite.
Metals play a major role in bond formation in the boards,
which usually results in higher and better mechanical prop-
erties [22]. Groundnut hull analysis showed that potassium
has the highest concentration in the groundnut hull followed
by calcium, and chromium has the lowest concentration.e
concentrations of K, Ca, and Fe agreed with those reported
by Ogunkunle [23]. Ca, K, Mn, Fe, Cu, and Zn are present in
both samples, adding cow horn to groundnut hull as additive
will further increase the concentration of these metals in the
composite, hence leading to more bond formation.

3.5. Effect of Storage. Compatibility factor (𝐶𝐶𝐴𝐴) values of
60.55 ± 1.21% and 96.63 ± 1.20% for the untreated and hot-
water-treated groundnut hull samples, respectively, without
additives were obtained when the stored groundnut hull
sample was freshly prepared about three years earlier [23].
ese values were low compared to the 95.83 ± 1.34% and
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F 1: Effect of storage on compatibility factors of untreated and
hot-water-treated samples with cement.

98.29 ± 0.97% obtained for the untreated and hot-water-
treated of the stored sample, respectively, (Figure 1). is
was attributed to the disintegration of the sugars present
in the sample as an inhibitory agent, thus enhancing the
compatibility of the cement binder with the groundnut
hull sample [24], thus indicating that proper storage can
increase the compatibility of lignocellulosic samples with
cement leading to the production of stronger and better
particleboards.

3.6. Compatibility Test. e compatibility factors (𝐶𝐶𝐴𝐴)
obtained from the hydration temperature experiments using
the untreated and hot-water treated sampleswithout andwith
2% of CaCl2 as additive. Figure 2 showed that there was a
better compatibility between the cement and the groundnut
hull samples in the presence of 2% CaCl2 based on the
weight of cement. An average 𝐶𝐶𝐴𝐴 value of 102.33 ± 1.26%
was obtained with CaCl2 and 95.83 ± 1.21% without CaCl2.
Masking of active sites of the inhibitory substances by calcium
was responsible because during the hydration, calcium ions
attacked their active functional groups (mainly the hydroxyl
and carbonyl) of some of these phytochemical substances
hence reducing their inhibitory effect on cement setting
and hardening [25]. A corresponding increase in the peak
temperature at a reduced time was also observed.

A better𝐶𝐶𝐴𝐴 valuewas obtainedwith the hot-water treated
samples, for those with CaCl2 and without [26]. is was
attributed to the removal of some inhibitory phytochemical
substances through the hot-water extraction and a further
masking of the active sites which rendered them inert thus
reducing their interference in the setting of cement with the
groundnut hull samples [20].

On replacing the CaCl2 additive with cow horn, a change
in the trend in the 𝐶𝐶𝐴𝐴 values was observed. Slightly lower
values of 𝐶𝐶𝐴𝐴 were obtained with the value of 91.35 ± 1.31%
arising from the 3% cow horn additive. e 𝐶𝐶𝐴𝐴 values
obtained were well above the proposed value of 60% by [9]
as being very appropriate for particleboard production. More
quantity of the cheap and readily available cow horn will
be required. Better 𝐶𝐶𝐴𝐴 values were obtained with hot-water
treated samples also presented in Figure 3. e cow horn
being a natural source of calcium then solves the problem
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of the gradual leaching of the chemical substances used as
accelerators in the setting of cement with lignocellulosic
materials.

ese values indicated that the cow horn sample can be
used as a good and cheap replacement for chemical additives
that acts as enhancers in the setting of cement with the
lignocellulosic sample. e values and the peak temperature
obtained were lower than those obtained when pure CaCl2
was used. is was attributed to the impure nature of the
calcium present in the horn which will de�nitely a�ect its
potency (Figure 3). It is also obvious that the hot-water
treated sample performed better with or without the pure
CaCl2. Better alignments of the plots resulting in higher
𝐶𝐶𝐴𝐴 values were observed with the hot-water treated sample
which further suggested that some polyphenolic inhibitory
substances that usually disturb the setting of the cement
which must have been highly reduced by the treatment [26].
Higher 𝐶𝐶𝐴𝐴 value translates to better compatibility between
the lignocellulosic species and cement which also translates
to better stability and strength in the board produced using
such residues.

e groundnut hull-cow horn ratio of 15 : 7.5 gave better
compatibility values (𝐶𝐶𝐴𝐴) of 101.16±2.14% and 96.22±0.73%
for untreated and hot-water treated samples, respectively,
(Figure 4). e hot-water treated sample-cow horn mixtures
were observed to attain their peak temperature earlier when
compared with the untreated ones. is may also be due
to the reduction in the polyphenolic phytochemical setting
inhibitory substances aer hot-water treatment [27].

e result showed that cow horn (without additives) is
ideal for the production of the cement-bonded particle board.
e bone-cement mixture attained the peak temperature of
55○C with 𝐶𝐶𝐴𝐴 value of 99.38 ± 1.01% aer just 7.5 hours,
and on the other hand, when groundnut hull was mixed with
the cow horn, the peak temperatures were not attained until
about 12–14 hours later.is outstanding performance of the

cow horn may be due to its high percentage of the crude
protein content. Protein is a polyamide containing amino and
carboxylic functional group through which they can form
bonds with the ions in the cement. e higher the number
of bonds formed, the more the strength of the composite.
e presence of keratin and collagen also contribute to the
strength of the bone-cement composite [19].

Figure 5 described the compatibility test result obtained
when various ratios of FeCl3 and cow horn were used as
chemical additives; all the cow horn-FeCl3 ratios considered
(Figure 5) gave 𝐶𝐶𝐴𝐴 values greater than 60%, hence they are
suitable for particle board production [9].

e cow horn-FeCl3 ratio of 1 : 2 gave better hydration
value of 95.77 ± 1.33% and 99.07 ± 0.87% for untreated
and hot-water treated samples of the same particle sizes,
respectively. is could be attributed to the presence of Fe3+
ion (d5) which has the ability to form chelates, thus forming
several bonds due to the un�lled or available d-orbitals that
are usually involved in bond formation [7]. ese bonds are
formed with the active sites of the inhibitory phytochemical
substances thus making them inert [20]. is gave room for
the cement to bind with the groundnut hull particles with a
lower setting time [28]. In both cases, addition of not more
than 3% of the additives gave the best results [29].

e presence of other metals in the samples, though
in limited amounts, also enhanced the bonding processes
between the binder and the groundnut hulls [7], thus result-
ing in a higher 𝐶𝐶𝐴𝐴. e peak temperature increased while it
took lesser time to reach these temperatures when compared
to the situation when FeCl3 was absent. is suggested the
possibility of better coordination in the presence of Fe3+ ions.

3.7. Infrared Spectroscopy. In this study, infrared analysis was
used to establish bond formation between the sample particle
cement and chemical additives and to also ascertain that the
cured composites from the hydration tests were not the same
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as the starting materials. e infrared bands on the cow horn
and the groundnut hull samples were compared with the
bands of their respective composites with and without the
synthetic chemical additives. e absorption band showed
a lower band shi that was observed at 1656 cm−1 for the
cow horn and 1650 cm−1, 1635 cm−1, and 1653 cm−1 respec-
tively for the cow horn-cement mixture, hot-water treated
groundnut-cow horn (15 : 10) and untreated groundnut-cow
horn (15 : 7.5) respectively, which indicated bond formation
through the carbonyl group. Similar trend was observed in a

band tentatively assigned to the C–O ether functional group
where the absorption frequency moved from 1239 cm−1
for the cow horn to 1113 cm−1, 1125.92 cm−1, 1135 cm−1,
and 1012 cm−1, respectively, for the cow horn-cement mix-
ture, hot-water treated groundnut-cow horn (15 : 10), treated
groundnut-cow horn (15 : 7.5), and untreated groundnut-
cowhorn (7.5 : 7.5), respectively.e absence of some of these
bands in hot-water sample was attributed to the loss of these
tentatively assigned functional groups in the pretreating hot-
water extraction.
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More bond formations were assumed at the C=O and
C–O functional groups due to lower shi observed when 1%
of the cow horn sample (based on the weight of cement)
was added to the groundnut-cement mixture. ere was
a shi to lower band from 1648 cm−1 for the groundnut
hull to 1546 cm−1 for the (hot-water-treated groundnut-
cement mixture + 1% cow horn sample), which showed
coordination through the C=O functional group. Bonds were
also formed through the C–O of esters or ethers due to the
lower shi experienced for the bands of the (untreated) and
(hot-water-treated groundnut-cement + 2% cow horn) and
(untreated) and (hot-water-treated groundnut-cement + 3%
cow horn) which gave 1070 cm−1, 1104 cm−1, 1113 cm−1, and
1104 cm−1, respectively, and compared with the 1271 cm−1
frequency of the groundnut hull. e absence of absorption
bands around 1230 cm−1 showed the consumption of pheno-
lic hydroxyl in the C–O bond formation [30].

On the addition of iron (III) chloride (FeCl3), lower
shis were observed when 3413 cm−1 for groundnut hull
was compared with the (untreated groundnut hull sample +
1% cow horn + 1% Fe3+), (hot-water treated sample + 1%
cow horn + 1% Fe3+), (untreated sample + 1% cow horn
+ 2% Fe3+), (hot-water treated sample + 2% cow horn +
1% Fe3+) which give 3356 cm−1, 3331 cm−1, 3362 cm−1, and
3246 cm−1, respectively.is indicated bond formation either
through the OH or the N–H groups. A lower shi was also
observed for C–O groups of esters or ethers from 1271 cm−1
for groundnut hull to 1122 cm−1, 1125 cm−1, and 1052 cm−1
for the (untreated sample + 1% cow horn + 1% Fe3+), (hot-
water-treated sample + 1% cow horn + 1% Fe3+) and (treated
sample + 2% cow horn + 1% Fe3+), respectively.

Higher absorption bands were observed with composites
containing more than 2% of the additives leading to the
weakening of the bands as suggested by Semple et al. [31].

With FeCl3 and CaCl2, on their spectra data, some
differences were observed in their shi. More bond is to be

formed with Fe3+ because of the available d-orbital leading to
a better tendency to formmore bonds thanCa2+, even though
calcium can expand its octet in to the d-orbital but this is still
limited. is great difference in the shi should explain the
difference in the bonding with Fe3+ and Ca2+.

Generally, it was observed that the bonding in the
composites was formed through the hydroxyl (OH), carbonyl
(C=O), esters or ethers (C–O), and amide (N–H).

4. Conclusion

From the results obtained, it can be concluded that both the
groundnut hull and the cow horn samples are appropriate for
the production of the particleboards since all the 𝐶𝐶𝐴𝐴 values
obtained from hydration experiments were greater than 60%.
However, the cow horn was found to be a good substitute
for the synthetic chemical additives which are becoming
more expensive coupled with their doubtful state of purity.
Also, being a renewable natural resource, it can be used in a
major or mass production of particleboards with limited or
no health hazard usually associated with synthetic chemical
additives and binders.

Setting of cement with the groundnut hull sample was
enhanced by the hot-water-extraction pretreatments while
the formation of bonds was found to be through hydroxyl
(−OH), carbonyl (C=O), esters or ethers (C–O), and amide
(N–H) functional groups. Better results were obtained when
the groundnut hulls samples and the cow horn particles were
mixed at different ratios due to their complementing nature
while transition metal additives such as FeCl3 are better
stabilizers andmultiple bond formers through chelation than
the common representative metals such as calcium.

Storage over a period of time also gave a better compati-
bility of the groundnut hull sample with cement even in the
absence of hot-water pretreatments and chemical additives
making it an important factor in the reduction of cost and
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the production of an almost chemical-free cement-bonded
particleboards.
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