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Abstract: The aim of this work is to the produce particlatzb(PB) from groundnut shell and rice husk usigignoization
approach. This research is tailored towards thetdaeeconomical and eco-friendly materials bywaoting a waste into
wealth. Box Behnken Design was used to optimizeeffeet of three variables: Groundnut husk (0-10&ige husk (0O-
100g) and resin (1.5-2.5g) respectively. The optipnacess levels predicted by the software forRBewere validated.
The PB produced was analysed using Scanning Efebticroscope. The best levels from the interactiafrtbe variables
were: groundnut husk:50g; rice husk:100g and r@$0:with MOR of 3.50 N/mfand MOE of 932.4 N/mfAwhile the
predicted optimal levels of 65.99g; 86.34g and & validated .The result of the Validation gs@R of 3.49 N/mm
and MOE of 932.10 N/mfn It can be concluded that particle board produatettie optimized conditions satisfied the
American National Standard ANSI/A208.1-999 speatiian for general purpose particle boards.

1 Introduction panels was 56.2 Miin 1998 as reported by Food and

The demand for wood in the forest industry hadgricultural Organization (FAO)of the nation’s [4The
escalated, but the production of industrial woamirfrthe demand for particleboards in the sectors of housing
natural forest continues to deteriorate, and irginga Construction and furniture manufacturing has carethto
concerns for waste minimization have however led t&icrease [5-6]. Particleboard is a composite paneduct
account of the use of agricultural waste in th&ade up of wood particles such as sawdust, woquschi
manufacturing of some construction products. Dutheéo Sawmill shavings or other agricultural waste reate
increase in wood Consumption' the reserves of m’d}gs Synthetic resin or other suitable additive undeat hend
species of plants have been declining, resulting guest Pressure [7]It is widely used as flooring material, wall
for fresh lignocellulose products that can fulfihet bracing, ceiling boarding, furnishings, partitiogin
requirement effectively. Any lignocellulose matérzan ~ cladding and so on. Composite materials are maturést
be used as a raw material for the manufacture B¥ Mixing two or more materials to enhance theinals
particleboards. Besides wood, agricultural residsiesh ~ Characteristics. There is a chance that two or more
as: cereal straw, sugar cane bagasse’ cornstalksoam |igﬂOC9”U|OSQ materials would be COUpled for more
cobs, cotton stalks, rice husks, sunflower stafics faulls Vvaluable products without affecting the particleatus
among others can be used_[ﬂ particle board is an propertles. In latest Years, the manufacturlngmhpOSIte .
engineering wood product produced under presstng usmaterials from agricultural wastes as an altereativ
wood chips, sawmill shavings or even sawdust (fibeed ~Particleboard to timber-based products has becomaja@r
products) with an adhesive binder [2]. However, istudy area [8]. Several of these lignocellulose poments
deve|oping nations such as Nigeria’ the pane“/mtor have been used to effectively Create inorganic-bdnd
has withessed constant deve|opment in past fevﬁmﬂj— boards, particle boards and fibre boards to sortenex
has recently estimated demand for wood and wood The composite material's particles are held togédthe
produced panels / boards to be 4.704 and 0.68®mitf  Synthetic resins and other additives may be added t
respectively. This has put a lot of pressure oadbassets €nhance the properties of the final composite nzdter
leading to deforestation and its associated negatiweveral resin kinds are widely used with the chsiaped
environmental effects as well as higher timbergwifg]. It €asiest to use being urea formaldehyde and phenol
was reported that the worldwide demand of partwdety formaldehyde resin [9]. One of the major causes of
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environmental pollution is the rapid depletion asaa particleboard produced from these agrarian residifbge
material of forest resources. To reduce forestwmpsion, studies on the mechanical conduct of agriculturabtes

it is vital to explore alternative sources of rawtarials. It based particleboards have been recorded in thatlite,

is therefore crucial to explore the suitability fpanel restricted research has been reported on the ingfact
(wood) manufacturing of agricultural residues. Tise of control variables such as the amount of agro-residu
agricultural waste as a particulate board is eemdilier composite and urea formaldehyde resin on the méian
and can aid to promote the concept of waste toppray properties of the particle boards. Hence, this aese

in the construction sector. This will also helpptotect the investigated the use of groundnut shell and ricgktas a
environment and promote environmentally friendljcomposite for the production of particle board gsin
techniques [10]. As sources of environmentallyritily, optimization approach.

non-toxic and cheap particle boards, agriculturakte

residues have continued to gain attention. Sevesearch 2 Materials and M ethods

reports of the use of agricultural residues fotipeboard 21  Materials

development exist, such include [11] who exploreé t  The materials used for this research were groundnut
manufacturing of coffee husk and hull fibre pagibbards gpg (GS) and Rice Husk (RH) which were colledteth
using portion-produced thermosetting resins. Howeve gngmark University commercial farm and lastly the

[12] evaluated the impact of adhesive type andif@rdn  pinger (Urea Formaldehyde Resin) was also sourced
the quality of the produced particle board. Theyoréed locally.

that the finest particleboard was generated ahé ¢ 6%
using urea formaldehyde. Furthermore [13] studieel t 5
characteristics of wheat straw and its particletboar
manufacturing potential while [8] examined the éast g
affecting the manufacturing of maize cobs partidards.
Limited studies however exist on the use of mudtipl

Experimental Design
The experimental settings were designed using
sponse Surface Methodology (RSM). It was conducte
using Box-Behnken design in the software Designexp

. . i e ; (6.0.8). This was used to determine the effect haf t
agricultural residues as constituent material mdpction ;0o ‘hone of the three variables. which are: BB.and
of composite particleboards. Some of the studieg th ; P

X A . resin loading on the mechanical properties of taeigle
considered optimization approach for mechanicalfes . o produced. The range and levels of the imtzme
of particle boards using Response Surface Methggolo '

D . ) ) ariables are as shown in Table 1. The matrixHerthree
are [14-15] considering board density, resin logdamd van wn ! X

: ; : . variables were varied at 3 levels (-1, 0 and +Xtesvn in
agro-residue quantity as variables. The outcomairdd Ii-able 2 ( B
J .

showed that the mechanical features (MOE and MO
were .affeCted by th_e V.O.Iume of resin and agro-resissed Table 1 Coded and actual levels of the factorgHoeze factor
but did have any significant effect on the MOE @R Box-Behnken design for particle board production

of the boards produced. In the same vein, [16]istuthe Independent _

impact of process parameters on the tensile cleaistits | \/ariables Independent Variables

of groundnut shell-vinyl ester composites using P——

experiment design analysis. Three process parasneéze Independent Symbok: | -1 0 +1
considered namely: particle size, filler processiagd Variable: X1 0 50 100
alkaline particle therapy. Tensile characteristivere Inde enaent

predicted using surface response methodology aed f 'pble* X2 0 50 100
findings showed that the tensile strength and fens ariable:

modulus increase with increase in filler loadingtab0- {;‘:ﬁ;&gf’em X3 1.5 2.0 2.5

wt% and beyond 5% NaOH treatment of particles.feo t
best of the authors’ knowledge, limited studies ehav
attempted to optimize the characteristics of the
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Table 2 Design Matrix for the Production of PartidBoard from Groundnut Shell and Rice Husk

Coded Groundnut Rice Resin
variables husk husk
Actual Variable
Stc Rur X1 X2 X3 X1 X2 X3
16 1 1 -1 0 10C 0 2.C
7 2 0 1 -1 50 10C 1.t
9 3 0 0 0 50 50 2.C
12 4 0 1 1 50 10C 2.E
4 5 0 -1 -1 50 0 1.t
11 6 1 0 1 10C 50 2.E
8 7 -1 0 -1 0 50 1.t
14 8 -1 0 1 0 50 2.E
5 9 -1 -1 0 0 0 2.C
17 10 1 0 1 10C 50 1.t
10 11 0 0 0 50 50 2.C
1 12 0 0 0 50 50 2.C
15 13 0 -1 1 50 0 2.E
13 14 0 0 0 50 50 2.C
6 15 1 1 0 10C 10C 2.C
3 16 -1 1 0 0 10C 2.C
2 17 0 0 0 50 50 2.C

The Box-Behnken design has been established to pelyethene material. Standard tamping rod was tsed
suitable for the quadratic response surfaces andéisign compact the PB before the cover was placed andnular

generated a second-degree polynomial model [16]. a cold press at 3.8 MPa for 24 hours and latephestsed
As shown as: for 6 hours. The particle board produced after miiogl is
Yi=bo+ Y bX +Y bXX+Y biX2+e .ooooveiinnnn. (1) as shown in Plate 1. Samples of 10 x 60 x 150 medex:

for physical and mechanical tests were cut fronPBeind
WhereY; is the dependent variable or predicted responsgreplications were performed for proper analysis.
Xi andX; are the independent variablbgis the offset term,
bi andb; are the single and interaction effect coefficient2.4 Mechanical Test
andeis the error term. Modulus of Elasticity (MOE) and Modulus of Rupture
(MOR) were conducted in accordance with [18-19] for
The Design Expert software was used for regressidresting Materials methods for evaluating propertés
and graphical analysis of the experimental datae Thvood base fibre and particle panel material usiniy&rsal
optimum values of the variables tested were obtalne Testing Machine. Both properties were calculatethfthe
numerical optimization based on the criterion ofollowing equations:
desirability [17]. The responses analysed were MD#&

MOR respectivelyDesign matrix for the production of PB MOR =3P 1)
from GS and RH is shown in Table 2. 2bh?

3
2.3 Production of Particle Boards MOE = % P ¢2) |

The groundnut shell was washed to remove debris and
other foreign materials present in it. It was ferthir dried where: P = maximum load or maximum force, L =rgpa
at 23°C for 2 days after washing to reduce moisture gunteb = width, h = thickness and Y = deflection.
and further milled for size reduction. The GS artlRere
sieved and separated into two different sizes (MBband 2.5 Characterization of Particle Board and
1.7 mm) using standard sieve sizes. Required catigpos thermal conductivity
and weight as determined by the experimental des&n  The scanning electron microscope (SEM) was used to
measured and poured into a mixing bowl. Based en t3pserve the morphology of the particle board. SEdw
optimization protocol, the needed resin dosageam@ied ;seq to examine the microstructural morphology ooy
and the mix was manually mixed homogenously foraboy; the surface of the boards and chemical compasif
3 minutes until the required uniformity was attaine the boards following wetting and drying. Furtherejor
Thereafter, the mixture was transferred to 80 x 220 gjeciron Dispersive Spectroscopy (EDS) was used to
300 mm wooden mould with the interior covered withyetermine the elemental composition of the particlard
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produced. A Hot Disk Thermal Constants Analyzericivh
uses the transient plane source method, was emiptoye 3  Results and Discussion
measure the thermal conductivity of the various piam Box-Behnken design for Response (MOR and MOE) is as
All tests were conducted under ambient environnientahown in Table 3.
conditions (20-22 °C).
Table 3 Box-Behnken design for Response (MOR arte) Mf@duction of particle boards

Run Coded Factors Actual Values MOR(N/fim MOE(N/mn)
Respons Respons
X1 X2 X3 X1 X2 X3 Actual | Predictel | Actual | Predictel

1 1 -1 0 10C 0 2.C 2.2¢ 2.2F 576.5 | 599.(
2 0 1 -1 50 10C 1.t 3.5C 3.6¢ 932.2 | 946.(
3 0 0 0 50 50 2.C 2.4F 3.1¢ 732.¢ | 822.
4 0 1 1 50 10C 2.t 2.4 2.1 360.6 | 429.t
5 0 -1 -1 50 0 1.t 0.4: 0.47 492.8 | 423.¢
6 1 0 1 10C 50 2.t 1.7¢ 1.9¢ 680.2 | 671.C
7 -1 0 -1 0 50 1.t 2.9¢ 2.7 764. | 773.¢
8 -1 0 1 0 50 2.t 2.3¢€ 2.3¢ 678.C | 631.¢
9 -1 -1 0 0 0 2.C 2.1 2.31 494.2 | 554.(
10 1 0 -1 10C 50 1.t 3.3¢ 3.8¢ 760.1 | 806.:
11 0 0 0 50 50 2.C 3.3¢ 3.1¢ 845.C | 822.:
12 0 0 0 50 50 2.C 3.3¢ 3.1¢ 844.0 | 822.
13 0 -1 1 50 0 2.t 0.47 0.2i 677.1 | 663.
14 0 0 0 50 50 2.C 3.3¢ 3.1¢ 845.C | 822.:
15 1 1 0 10C 10C 2.C 5.1(C 4.92 794.C | 734.:
16 -1 1 0 0 10C 2.C 4.6¢€ 4.6¢ 729.¢ | 707.]
17 0 0 0 50 50 2.C 3.3¢ 3.1¢ 845.C | 822.:

The equations (3) and (4) were obtained from the Table 4 showed the ANOVA for MOR while Table 5
response via the regression analysis in terms dédo showed ANOVA for MOE respectively. Furthermore,
terms. The response generated in terms of coded arable 4 and 5; revealed that the models for MORMGEE
predicted values for both MOR and MOE is as showwere statistically significant with p values of 002 and

below: 0.0057 respectively as shown in Tables (4) and (5).
MOR =3.01+ 0.50¢; + 1.01X; + 1.85X3 +0.036X:X; - However, the models showed that the terms: reptiegen
0.18:Xs — 0.24Xs + 0.33%? - 0.16%2 - the amount of GS and RH and the resin loading were
1.24X2............ 3) significant showing that all variables influencéé tMOR

MOE = 891.5-3.93X; + 123.29 + 9.06X5 —2.19:X; + and MOE of the boards produced.
1.19K:Xs — 132.33Xs — 16.84:> — 68.3%° —

67.2K2............ 4)
Table 4 ANOVA results for model representing MOR
Sources Sum of DF Mean F value P value
square Square
Model 23.6¢ 9 2.65 19.67 0.000¢
X1 1.07 1 1.07 8.0(C 0.025¢
X2 4.31 1 4.31 32.2¢ 0.000¢
X3 3.07 1 3.07 22.9¢ 0.002(
X1X2 0.021 1 0.021 0.1¢€ 0.703¢
X1X3 0.2¢ 1 0.2¢ 1.91] 0.209¢
XoX3 0.4¢ 1 0.4¢ 3.67 0.097(
X1z 1.8¢ 1 1.8¢€ 13.9¢ 0.007:
X2z 0.42 1 0.42 3.17 0.118¢
X3z 6.5(C 1 6.5( 48.61 0.000:
Residue 0.9¢ 7 0.1
Lack of Fit | 0.2¢ 3 0.081 0.47 0.720(
Pure Erro | 0.6¢€ 4 0.17
Cor Tota 24.5¢ 16
~ 62 ~

Copyright © Acta Tecnologia, www.actatecnologia.eu



Acta Tecnologia - International Scientific Journal about Technologies
Volume: 6 2020 Issue: 3 Pages: 59-67 ISSN 2453-675X

OPTIMIZATION AND MATERIAL CHARACTERIZATION OF GROUNDNUT SHELL AND RICE HUSK FOR
PRODUCTION OF PARTICLEBOARD
Olawale Olamide; Akinyemi Banjo; Attabo Favourite Omojo

Table 5 ANOVA results for model representing MOE

Source Sum of Squar: | DF Mean Squai F Value P valug
Model 3.39i 9 37745.9. 8.1: 0.005:
X1 65.3¢ 1 65.3¢ 0.01¢ 0.908¢
X2 64224.01 1 64224.01 13.8¢ 0.007¢
X3 73.2¢ 1 73.2¢ 0.01¢ 0.903¢
XaX3 80.1( 1 80.1( 0.01% 0.899:
X1X3 11.5¢ 1 11.5¢ 2.18¢ 0.961¢
X2X3 1.4: 1 1.43( 30.7i 0.000¢
X1z 4970.2¢ 1 4970.2¢ 1.0% 0.335¢
X2z 81829.2 1 81829.2 17.62 0.004:
X3z 19032.41 1 19032.41 4.1¢ 0.082¢
Residug 32517.5! 7 4645.3I

Lack of Fit 22405.6! 3 7468.5 2.9t 0.161:
Pure Erro 10111.8 4 2527.9

Cor Tota 3.7z 16

F Value of 19.67 for MOR and 8.13 for MOE showed
that models generated were significant.  Statistica
information for ANOVA showed that the models
describing MOR and MOE has high coefficient of
determination (B as shown in Table 6. This showed that
the models were able to adequately represent the o
relationship between the chosen factors (amour®$f 5 i
amount of RH and resin loading) and the respond&@R
AND MOE). R values of 0.96 and 0.91 means that the
models were able to explain 96% and 91% of thexbdity
observed in the values of MOR and MOE respectivighg

values obtained showed a high reliability as recemaded o

by Montgomery [17]. The adequate precision for both  Resi ozing

models indicated that the models can be used tigatayv T imenonm

design space [20]. Figure 1 Effect of amount of Rice husk and amofigtaundnut

shell on MOR
Table 6 Statistical information for ANOVA
Paramete MOR value MOE value This showed that there was appropriate adhesion
R-Square 0.9¢ 0.91 between the amounts of groundnut shell. Previopsrte
Mear 2.7i 708.9: have shown that to produce particle boards withh hig
Standard 0.37 68.16 MOR, more of the resin has to be used. Accordingport
Deviatior by [21]; the mechanical and physical propertiepaticle
CV% 13.1¢ 9.61 boards could be enhanced by increasing the amdunt o
Adeg. Precisio 16.57 9.9¢ resin used. The resin loading has been reported to
determine the amount of voids present in the boards
3.1 Resultsof 3D Surface Plots produced [8]. However, when low amounts of resi@ ar

Figure 1 showed the effect of resin loading and thésed, the resin is mixed up with the agro resicartigles
amount of groundnut shell on the MOR of the pagticlleaving some voids present. However, when the resin
boards. The trend observed showed that MOR inadead@ading is increased, some of it is mixed up wité agro

with increase in the amount of the resin and thewmmof residue particles to form the finish while the rémdar fills
groundnut shell simultaneously. up the voids that would otherwise be present ifittished

product. Intermediate amounts of both groundnut she

rice husk was needed to produce particle boardshigth
MOR values meaning that more resin could be used to
produce the boards therefore resulting in the imgment

of the mechanical properties. The effect of reseuing

and amount of rice husk on the MOR is shown in ¢l
Furthermore, Figure 3 showed that high MOE valuessw
obtained when low levels of rice husk were usee fEsin
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loading did not significantly influence the MOR tfe consequently increases the MOE of the boards. [23]
boards. reported that the increase in content of resirogisg helps
in enhancing the bonding strength.

200

C: Resin loading 100.00

B: Amount rice husk
150~ 30.00

Figure 2 Effect of resin loading and amount of grdout shell C:Resin oading e
on MOR 1.50 " 20.00

B: Amount rice husk

Figure 4 Effect of amount of rice husk and amodgroundnut
shell on MOE

azes |

S
8724417

100.00 ey e [

"’
‘ 6500 TS e
i A Amount of groundnut shel G
\mount of groundnut shel 5y
g 175

B: Amount rice: husk
3000 3000

Figure 3 Effect of resin loading and amount of rizesk on e e e
MOR Eaeti’
Figure 5 Effect of resin loading and amount of grdout shell
The MOE of the boards was observed to increase with on MOE
increase in the amount of rice husk as showrigpre 4.
The MOE of the boards was observed to increase with
increase in resin loading as shown in Figure 5.d3mand
quality resulting from adequate contact betweenréism
and the agro residue particles has been citedessan for
high MOE values ([8]. This is because high resadiags
increase the bond contact between the particleshwihi
turn results in improved surface contact [22]. 8iMOR
and MOE are both mechanical properties, the trend
observed for both would be expected to be simiBoth
measures of mechanical strength of particle bohad®
been reported to be influenced by particle geomeiry
amount of resin. The requirement for agro residased — A Aot of graumin el
particle boards is high MOR and MOE. Figures 5 and _ . -
Figure 6 showed that high MOE values were obtained Figure 6 Effect of resin loading and amount of rizesk on
when low levels of agro residue were used. Sinfired MOE

ratio of agro residue to resin was utilized in pradg the _— . .
boards, a low level of agro residue translates tugh 3.2 Validation of Optimal Predicted Levels

loading of resin. Therefore, reducing the amounagso The optimal variables predicted by the softwarecihi

residue means increasing the amount of resin uséthw Vas validated as given in Table 7. The result skiothat
the maximum MOR and MOE values of 3.50 N/fand

Aot o gmoundeul del

MOE
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932.40N/mm respectively obtained were close to theneasured values of these experiments shows tiuityaif
predicted values of 3.49 N/mimand 932.10 N/mé the statistical model. Good correlation between
respectively which confirmed result by [22]; of 048 1.40 experimental and the predicted results confirmextjadcy
N/mn? for binder-less particleboard made from oil palnof the model predicted.

trunk. The excellent correlation between the prediand

Table 7 Optimal variables validated

SIN Amount of| Amount of | Resin MOR MOE Desirability
groundnut rice husk loading
shel
1 65.9¢ 86.3¢ 1.6¢ 3.4¢ 932.1( 1.00(
3.3 Scanning Electron Microscopy (SEM) and The Energy Dispersive X-ray Spectroscopy (EDS) was
EDS Analysis carried out to study the percentage of element® Th

The particle board from both the best process lenel Variation —of percentage of elements suggests
validated were subjected to SEM and the resultsrgbd  iNhomogeneity in molecular composition such as miga
showed that the surface of the boards showed fibro@r inorganic composition. The table below (Tablsl#®ws
network structures which were covered and bondettidy the variations of the percentage of elements.
resin. The boards with the higher resin loading losgtr
voids because the resin is cured more effectivetlye void
spaces in Figure 7. The lower density board infe@has
higher voids and spaces which results in high nagst
absorptivity. The density of the board is foundrtorease
with increasing resin loading.

019 WD Mag My HFW Presswe
TRAMIOONM 900K oy 285m T0Pa 10D

Figure 8 Validated particleboard

&

Mag Hy HFW Pressure
.OMM 9,000x 20Ky 28.2um T0Pa

Figure 7 Particleboard from best process level

10um

Table 8 Energy Dispersive X-ray Spectroscopy result

Sample | C 0 K Si Ce Mg Na Al
G3 3.2 51.3( 8.51 34.6¢ 1.2: 3.5( 0.1C
G6 52.3¢ 3.0z 24.0¢ 8.92 1.0z 8.6( 1.4¢
3.4 Thermal Properties Analysis
The result of the thermal conductivity is as shdwn Table 9 Thermal Conductivity results _
Table 9. The heat flow transfers through solid taree | Parameter Thermal ~ Conductivity
and void, while the thermal conductivity of air hiit the (W/mK)

voids is much lower than that of solid substanicerefor a | G3(Particleboard from best0.172
lower thermal conductivity of the whole materiahuB, the | Process levi
lower density boards conduct less heat than thaehig | G6 (Validated 0.17¢
density boards. From Table 9, the higher the dgp$ithe

board, the higher the thermal conductivity of toatas but 4  Conclusion

due to a close difference between their densitiesyalues Design of experiment for response surface

of the thermal conductivity were slightly different methodology has been demonstrated to be useful in
Furthermore, densities of 367, 375 k@/ten the values optimizing the board production process. Mechanical

of the thermal conductivity are 0.172, 0.178 W/mKproperties of the boards such as MOR and MOE were
respectively. influenced by the amount of agro residue and rased.
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Quadratic statistical models developed to repreSEDR

and MOE showed a good fit with the experimentahdat
with R? values of 0.96 and 0.91 respectively. The predicte

optimum conditions of; 65.99 g of groundnut sh&é,34
g of rice husk and 1.69 g of resin loading wasdaiéd to
give a MOR and MOE of 3.50 N/nfnand 932.40 N/m#n
The particle board produced at the optimized cauit

satisfied the American National Standard ANSI/AA08.

of particleboards using sunflower stalks (Heliasthu
annuus ) and poplar wood (Populus alba L.),
Journal of Composite Material§/ol. 39, No. 5, pp.
467-473, 2005.

[11] BEKALO, S.A., REINHARDT, H.W.: Fibers of

coffee husk and hulls for the production of
particleboardMaterials and Structured/ol. 43, pp.
1049-1060, 2010.

1999 specification for general purpose particlertiea [12] MENDES, R.F., MENDES, L.M., JUNIOR, J.B.G.,

This study showed that particle boards were prodiércen
groundnut shell and rice husk using urea formaldelas
binder. It can be concluded that optimizing thecdgural
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