Makara Journal of Technology

Volume 17 | Issue 3 Article 8

12-3-2013

The Effect of Pressing Temperature and Time on the Quality of
Particle Board Made from Jatropha Fruit Hulls Treated in Acidic
Condition

Apri Heri Iswanto
Major of Forestry, Faculty of Agriculture, North Sumatera University, Medan 20155, Indonesia,
apriheri@yahoo.com

Fauzi Febrianto
Department of Forest Products, Faculty of Forestry, Bogor Agricultural University, Dramaga, Bogor 16680,
Indonesia

Yusuf Sudo Hadi
Department of Forest Products, Faculty of Forestry, Bogor Agricultural University, Dramaga, Bogor 16680,
Indonesia

Surdiding Ruhendi
Department of Forest Products, Faculty of Forestry, Bogor Agricultural University, Dramaga, Bogor 16680,

L’(’)ql%nweﬂ\?s and additional works at: https://scholarhub.ui.ac.id/mijt

chfahl%mv@{émical Engineering Commons, Civil Engineering Commons, Computer Engineering
epartment of Fore cts, Faculty of Forest or Agricultural University, Dramaga, Bogor 16680,

?77%5;[%%?88' ?ectrlcaftaﬁﬁ)gflectronlcs ommons, MetBachJrgygommons, Cgcean ngineering cormmons, and

the Structural Engineering Commons

Recommended Citation

Iswanto, Apri Heri; Febrianto, Fauzi; Hadi, Yusuf Sudo; Ruhendi, Surdiding; and Hermawan, Dede (2013)
"The Effect of Pressing Temperature and Time on the Quality of Particle Board Made from Jatropha Fruit
Hulls Treated in Acidic Condition," Makara Journal of Technology. Vol. 17: Iss. 3, Article 8.

DOI: 10.7454/mst.v17i3.2930

Available at: https://scholarhub.ui.ac.id/mjt/vol17/iss3/8

This Article is brought to you for free and open access by the Universitas Indonesia at Ul Scholars Hub. It has been
accepted for inclusion in Makara Journal of Technology by an authorized editor of Ul Scholars Hub.


https://scholarhub.ui.ac.id/mjt
https://scholarhub.ui.ac.id/mjt/vol17
https://scholarhub.ui.ac.id/mjt/vol17/iss3
https://scholarhub.ui.ac.id/mjt/vol17/iss3/8
https://scholarhub.ui.ac.id/mjt?utm_source=scholarhub.ui.ac.id%2Fmjt%2Fvol17%2Fiss3%2F8&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/240?utm_source=scholarhub.ui.ac.id%2Fmjt%2Fvol17%2Fiss3%2F8&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/252?utm_source=scholarhub.ui.ac.id%2Fmjt%2Fvol17%2Fiss3%2F8&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/258?utm_source=scholarhub.ui.ac.id%2Fmjt%2Fvol17%2Fiss3%2F8&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/258?utm_source=scholarhub.ui.ac.id%2Fmjt%2Fvol17%2Fiss3%2F8&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/270?utm_source=scholarhub.ui.ac.id%2Fmjt%2Fvol17%2Fiss3%2F8&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/288?utm_source=scholarhub.ui.ac.id%2Fmjt%2Fvol17%2Fiss3%2F8&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/302?utm_source=scholarhub.ui.ac.id%2Fmjt%2Fvol17%2Fiss3%2F8&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/256?utm_source=scholarhub.ui.ac.id%2Fmjt%2Fvol17%2Fiss3%2F8&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarhub.ui.ac.id/mjt/vol17/iss3/8?utm_source=scholarhub.ui.ac.id%2Fmjt%2Fvol17%2Fiss3%2F8&utm_medium=PDF&utm_campaign=PDFCoverPages

Makara Seri Teknologi, 2013, 17(3): 145-151
doi: 10.7454/mst.v17i3.2930

The Effect of Pressing Temperature and Time on the Quality of Particle Board
Made from Jatropha Fruit Hulls Treated in Acidic Condition

Apri Heri Iswantd’, Fauzi Febrianfo Yusuf Sudo Hadj Surdiding Ruhendj and Dede
Hermawan

1. Major of Forestry, Faculty of Agriculture, North ®atera University, Medan 20155, Indonesia
2. Department of Forest Products, Faculty of Fore&ogor Agricultural University, Dramaga, Bogor 16868&donesia

"e-mail: apriheri@yahoo.com

Abstract

The high of pH of jatropha fruit hulls causes tlegative properties of particleboard made from mhégerial. Adjusting
the particle acidity and pressing conditions (terapge and time) is among the technical modificgai@available to
improve this particleboard’s properties. Partmbédity has been adjusted in a previous reseajegir and immersing
the particles in acetic acid was found to be thst bheatment in this preliminary research. In ortteimprove the
particleboard’s properties, an experiment was cotetluto determine the best pressing temperaturetiaved The
objective of the research was to evaluate the énfle of pressing temperature and time on the pdiyaied mechanical
properties of the board. Jatropha fruit hulls wietmersed in 1% acetic acid solution for 24 hours.r&sin was used as
the adhesive in the amount of 10%. The pressingéeatures and times used in this research weré@,1020°C, and
130°C for 8 and 10 minutes, respectively. The partioclrds were tested to determine their physical aadhamical
properties according to JIS A 5908-2003. The resuiwed that pressing at 130 for 10 minutes resulted in the best
physical and mechanical properties. Increasingptiessing temperature at a constant time or ingrgasie pressing
time at a constant temperature caused the pauigidiio exhibit decreased water absorption. Thekiigiss swelling
and modulus of elasticity (MOE) of the particlebibdid not fulfil JIS A 5908-2003.

Abstrak

Pengaruh Suhu dan Waktu Pengempaan terhadap Kualitas Papan Partikel yang Terbuat dari Kulit Buah Jarak
yang Diberi Perlakuan Asam. Tingginya pH kulit buah jarak berpengaruh negatihadap sifat papan partikel yang
dihasilkan. Penyesuaian keasaman partikel danisiopéngempaan (suhu dan waktu kempa) merupakamktek
modifikasi untuk memperbaiki sifat papan partikeenyesuaian keasaman partikel telah dilakukan padalitian
sebelumnya dimana perlakuan perendaman partikelndédrutan asam asetat merupakan perlakuan yahgiker
Dalam rangka memperbaiki sifat yang masih rendalu pidakukan percobaan untuk menentukan suhu dediuwyang
terbaik. Tujuan penelitian ini untuk mengevaluasngaruh suhu dan waktu pengempaan terhadap sfatdan
mekanis papan. Kulit buah jarak direndam dalamtdariasam asetat 1% selama 24 jam. Kadar perekagadé
digunakan sebesar 10%. Suhu dan waktu pengempagrdigpergunakan dalam penelitian ini masing-masit@ah
110°C, 120°C, and 130°C selama 8 dan 10 menit. Penguijian sifat fisis mi@kanis papan partikel mengacu pada
standar JIS A 5908-2003. Hasil penelitian menurgmkkahwa suhu 130 selama 10 menit menghasilkan sifat fisis
dan mekanis yang terbaik. Peningkatan suhu penganmpeda waktu yang sama atau peningkatan waktiepgraan
pada suhu yang sama menyebabkan terjadinya pemudaya serap air. Pengembangan tebal dan modaisissiths
(MOE) papan partikel belum memenuhi standar A 52083.

Keywords: jatropha fruit hulls, particleboard, pressing temperature and time

1. Introduction research has shown the pH of jatropha fruit hal®e
around 8.1 [1]. The high pH of jatropha fruit hulls
Jatropha fruit hulls are a low-acidity waste crdatéa causes curing problems when urea formaldehyde resin
biodiesel production. Preliminary research hasasho is used. In the previous research, the utilizatain
the pH of jatropha fruit hulls to be around 10. é&th jatropha fruit hulls as material in particleboard
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manufacturing while using urea formaldehyde resin
yielded poor board properties in terms of thickness
swelling, water absorbtion, modulus of elasticity
(MOE), modulus of rupture (MOR), and internal bond
(IB). Low acidity caused problems in resin bonding
strength [2]. The acidity also influenced the resiming
rate of formaldehyde resin, especially urea
formaldehyde (UF) resin [3]. Furthermore, Kareahl.

[4] stated that material acidity is one of the fastto be
considered in particleboard manufacturing usingdsF
acid-curing resin and PF asalkaline-curing resin.

The optimum polymerization rate for creating good
bonding strength can be achieved by (1) adjustireg t
time and temperature of pressing and (2) adjudtieg
material buffer of the alkaline or acid [5]. In the
previous research, the improvement of the physioal
mechanical properties of particleboard has been
achieved via particle pretreatment to reduce ofphs
and buffering capacity so as to make it compatitité
urea formaldehyde resin. The result showed thatngmo
particle pretreatments (i.e., immersion in coldewahot
water, or acetic acid solution), particle immersinri%
acetic acid solution was the best treatment to awpr
the physical and mechanical properties of partuded,
although some properties did not meet the standard
when this was done.

According to Paridalet al. [5], the polymerization rate

of resin depends on material acidity, which will
influence the temperature and time chosen for
particleboard manufacturing. Furthermore Wang [6]
reported that adjusting the temperature and time of
pressing could be conducted through two mechanisms:
increasing pressing time at a constant temperatnde
increasing temperature at a constant pressing Xing,.

et al. [7] stated that pH differences in the materials
caused curing time differences in the hot pressing
process. A mix of acid wood fiber and urea
formaldehyde resin will require a relatively shouting

time, while long pressing time will cause over-ogyi
and result in a low bonding strength. In order to
determine the best pressing temperature and time, a
research project on the effect of temperature &md t

on the particleboard manufacturing process was
conducted. The objective of this research was to
evaluate the influence of pressing temperaturetiane

on the physical and mechanical properties of trardho

2. Methods

Materials. The jatropha fruit hulls, a biodiesel waste,
were collected from the biodiesel industry. Thetiace

acid solution (CHCOOH-98%) and commercial urea
formaldehyde resin (UA-140 for particleboard
manufacturing) were supplied by PT, Palmolite
Adhesive Indonesia Probolinggo, East Java.

Particle treatment. 98% acetic acid solution was
dissolved in aquadest to obtain 1% acetic acidtieolu
The jatropha fruit hulls were immersed in 1% acetic
acid solution for 24 hours. Following this, therggtha
fruit hulls were dried until they reached 3-4% ntoie
content. After this treatment, the pH value of the
jatropha fruit hulls was 5.9.

Particleboard manufacturing. The particleboard
manufacturing conditions are shown in Table 1.

Manufacturing process. Single-layer particleboard
with a size of 300 x 300 x 10 nimand a target density
of 0.7 g/cmi was produced. Urea formaldehyde was
used as the binder for particleboard manufactuniith
10% resin content and 63% solid content. A rotayd
blender was used for mixing the particles and aghes
After the mat was hot-pressed (Table 1), the beas
conditioned for one week at an adjusted room
temperature in the range of 25~30 °C and 60~65%
humidity. Three boards were prepared for each
treatment.

Table 1. Particleboard M anufacturing Conditions

No Information Condition

1  Size of board 300 x 300 x 10 mm

2 Density target 0.7 g/cin

3 Adhesive Urea formaldehyde (UA-140)
Resin content: 10%
Resin solid content: 63%

4 Jatropha fruit hulls Moisture content: 3-4%
Treatment: immersion in acetic acid solution foriurs

5 Hot pressing Temperature: 110, 120, 130 °C
Time: 8, 10 min
Pressure: 2.44 N/nfm

6 Pressing schedule One-step pressing schedule
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Determination of physical and mechanical properties.
Prior to physical and mechanical tests, specimesre w
conditioned for 7 days in a room with an adjusted
temperature of 25~30 °C. The board parameters
measured were air—dry density, moisture content)(MC
water absorption (WA), thickness swelling (TS),
modulus of rupture (MOR), modulus of elasticity
(MOE) in bending, and internal bond (IB). The
dimensions of the specimens used for evaluatingithe
dry density and MC of boards were 100 x 100%nifime
specimens were weighed immediately after beingddrie
in an oven at 103+2 °C until they reached a corstan
weight. For the WA and TS tests, the dimensionthef
specimens were 50 x 50 rinThe specimens were also
weighed immediately. The average thickness was
determined by taking several measurements at specif
locations. After 24 hours of submersion in watée t
specimens were dripped and wiped to eliminate any
surface water, and then, the weight and thicknésiseo
specimens were measured. Their mechanical propertie
(MOE, MOR, and IB) were tested by using a universal
testing machine (UTM) equipped with a load cellhnat
capacity of 10,000 N. The dimensions of the spensne
used in the bending tests were 200 x 50°nwihile the
dimensions of those used for the IB test were HDx
mn?. The evaluations of the MOE, MOR, and IB
parameters were performed at 28 °C and 60% R.H. The
crosshead speed was adjusted to 10.00 mm/min.

Data analysis. Two factorsof a completely randomized
design in three replicates were used in this erpamt.
Data analysis was conducted using SPSS software.
Significant differenceo<_0.05 ora<_0.01) between the
mean values of temperature, time, and the intenacf

both were determined using Duncan’s multiple range
tests (DMRTS).

3. Results and Discussions

Physical properties. The physical properties of the

particleboard that were evaluated included density,
moisture content (MC), water absorption (WA), and
thickness swelling (TS).

Density and moisture content. The density value of
the particleboard varied between 0.59 and 0.69 {/cm
(Figure 1). The density obtained in this experimeas
lower than the target density of 0.70 g’cbecause of
the springback of the board after pressing andlsgel
during board conditioning. Several factors influere
board density, including wood density, pressing
pressure, particle quantity in mat, resin contemtc
other additives [8]. Statistical analysis showedt tthe
analysis of variance for pressing temperature, tiamel
the interaction of both were not significantly eifént
and thus did not affect the density value (TabelThe
density value in this research project fulfilledSJA

5908 [9]. This standard required a density value
between 0.4 and 0.9 g/ém

The MC value of the particleboard varied betweet 8.
and 11.49% (Figure 2). The existence of MC in
particleboard was influenced by board density and
particle porosity. Lower density caused water vajoor
be more accessible to the board. Jatropha fruits hul
have high porosity, which allow them to easily abso
water when immersed in water and to easily release
water when dried. The trend in Figure 2 shows that
increasing the pressing temperature and time caased
decrease in the MC of the particleboard. A similase
was also reported by Winandy and Krzysik [11].
Statistical analysis showed that the analysis ofnae

for pressing time was significantly different arftlis
affected MC, while the temperature and the intévact

of temperature and time were not significantly efiént
and thus did not affect the MC value (Tabel 2). M@
value in this research project fulfilled JIS A 59[8.
This standard required an MC value between 5 and
13%.

Water absorption and thickness swelling. The WA
value of the particleboard varied between 76.31 and
120.45% (Figure 3). Increased pressing temperatuae
constant time and increased pressing time at atawns
temperature caused decreased the WA of the particle
board. The WA that resulted from this experimens wa
still high. Furthermore, Winandy and Krzysik [1&ported

110 120 130
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Figure 1. Density of Particleboard
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Table 2. Variance Analysis of the Physical Properties of Particleboard
Source Density MC WA TS

F Sig F Sig F Sig F Sig
Temperature 1.53 Ns 1.51 ns 18.01 *x 12.35 *x
Time 0.78 Ns 6.80 * 10.05 * 37.92 o
Temperature x Time 1.79 Ns 2.89 ns 1.07 Ns 0.95 Ns
that increasing pressing temperature and time dogs 140 -
inhibit the ability of MDF to absorb water. The énior ~ 120 -
use of urea formaldehyde resin [12] has a role in % |, |
increasing WA. Statistical analysis showed that the £ %0
analysis of variance for pressing temperature &neé t 2 o | _
had a high significant difference and thus affedfed, * S minute
while the interaction of temperature and time was n : S 0munute
significantly different and thus did not affect tN@A = 207
value (Tabel 2). Duncan’s multiple range test asialy 04 ‘ '

110 120 130

showed that the WA at 120 and 13D temperatures
had a significant difference from that at a 11D
temperature, while that at a 120 temperature was not
significantly different from that at 13C.

The TS value of the particleboard varied betwee84£3
and 41.28% (Figure 4). Jatropha fruit hulls withigh

pH (pH:10) will cause curing problems in urea
formaldehyde resin and result in low bonding stteng
and other negative board properties. Previous relsea
showed that immersing particles in weak acid on the
treated board resulted in a TS that was 3 timesidow
than that of the untreated board [18]. In this aeck,
increasing the pressing temperature at a constaet t
and increasing the pressing time at a constant
temperature both caused a decrease in particled&rd
A temperature of 130C for 10 minutes were the best
conditions in which to produce a board with a lo®.T
The WA value in this research project was very high
but the TS had a lower value than WA. Another
research project conducted by Winandy and Krzysik
[11] reported that the TS of medium-density fibextib
(MDF) could be retained even if moisture was absdrb
into board. It is possible that the absorbed water
occupies in void space that is not directly asgedia
with the fibers.

The TS of the board had a negative correlation with
internal bond (IB). The coefficient correlation wal
between TS and IB was 0.6 (Figure 5). This mehat t
TS and IB have a strong, moderate correlation. The
higher value of IB resulted in the lower TS. The TS
value at 120°C was slightly lower than that at 13C
because the IB value for 13CQ was slightly lower than
that at 120°C. The statistical analysis and Duncan’s
multiple range test analysis for thickness swellivere
similar to those for WA. The TS value in this reséa
did not fulfill JIS A 5908 [9]. This standard reges a
thickness swelling value less than 12%.

Temperature (°C)

Figure 3. Water Absorption of the Particleboard
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Mechanical properties. The evaluation of the
mechanical properties of the particleboard included
modulus of elasticity (MOE), modulus of rupture
(MOR), and internal bond (IB).
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Modulus of elasticity and modulus of rupture. The
MOE value of the particleboard varied between 482.8
and 1006.52 N/mf (Figure 6). Increased pressing
temperature at a constant time and increased pgessi
time at a constant temperature increased the MQEeof
particleboard. According to Malandt al. [13], a higher

require less adhesive per unit of surface areaddfition
to the slenderness ratio, a good board orientatitiie
achieved if the aspect ratio is greater than 3 .[14]
Statistical analysis showed that various pressimgs
were significantly different and thus affected MOR,
while various temperatures and interactions of

pressing temperature increased the adhesive bondingtemperature and time were not significantly diffdére

rate, which will enhance strength. A lower tempeamat
during the hot pressing process resulted in the low
strength because the resin did not cure. Also, wieen
high temperature was used, the resin would be over-
cured. Both of these conditions will reduce thading
strength in adhesive bond. Furthermore, Maloney [14
stated that the MOE value was influenced by thee typ
and content of the resin, adhesive bonding streragit
fiber length. Research conducted by Agustina [15]
reported that variations in urea formaldehyde adbes
content (10, 12, 14%) do not significantly affebet
improvement of the MOE value of particleboard made
from untreated jatropha fruit hulls. The low MOBHu&
was presumably due to jatropha fruit hulls being
classified as short to medium fibers and havinggh h
pH. Statistical analysis showed that the analyses
variance for pressing temperature, time, and the
interaction of temperature and time had significant
differences and thus affected MOE (Table 2). Dufgcan
multiple range test analysis showed that the MOE2ét
and 130 C was significantly difference from that at 110
°C, while the MOE at 120C was not significantly
different from that at 130C. A pressing temperature of
120°C for 10 minutes or of 13€C for 10 minutes had
significant differences as compared to other treats)
while between that of 120C for 10 minutes and 13

for 10 minutes, there was no significant differentie
MOE value in this research did not fulfill JIS A G®
[9]. This standard requires an MOE value greatanth
2000 N/mn.

The MOR value of particleboard varied between 5.31
and 10.65 N/mm (Figure 7). The trend of the MOR
curve was similar with that of the MOE curve: irgsed
pressing temperature at a constant time and iredeas
time at a constant temperature increased of MOE of
particleboard. Research conducted by Maloney [14]
discovered that one of the factors that influendé&R

is particle geometry. Particle geometry has reteiips
with particle size, slenderness ratio, and aspatio r
(Table 4). A higher slenderness ratio will improve
particle orientation, which will increase the sgégnand

and thus did not affect the MOR value (Table 3).
Pressing at 130C for 10 minutes resulted in a MOR
value that fulfilled JIS A 5908 [9]. This standard
requires a MOR value greater than 8 Nfmm

Internal bond (IB). The IB value of the particleboard
varied between 0.15 and 0.25 N/MmniFigure 8).
Increased pressing temperature at a constant tirde a
increased pressing time at a constant temperaicneaised

the IB of the particleboard. According to Nemli [16
increased pressing temperature, time, pressure, and
adhesive ratio caused a significant improvemehberd
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Figure 6. Modulus of Elasticity of the Particleboard
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Table 3. Variance Analysis of the M echanical Properties of the Particleboard

Source MOE - MOR - B -
F Sig F Sig F Sig
Temperature 6.14 * 0.49 Ns 11.11 *x
Time 27.93 *x 7.01 * 203.54 i
Temperature X Time 7.45 *x 1.88 Ns 55.56 *x

Note: ns (not significat), * (significant on a=5%), ** * (significant on a=1%)
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Table 4. Size and Slenderness Ratio of Jatropha Fruit Hulls™

Parameter Average Min Max
Length (mm) 27.46 +1.41 24 30
Width (mm) 151+0.14 1.15 1.84
Thickness (mm) 0.34+0.13 0.1 0.70
Slenderness Ratio (SR) 92.35 + 33.58 41.43 260
Aspect Ratio (AR) 4.96 £ 1.97 16.57 2.20

n: 100 Jatropha fruit hulls
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=
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Figure 8. Internal Bond of the Particleboard

strength and IB. This may have been due to their
relationships with resin curing, the reduced welitgb

of the particle surface, the limitation of diffusicand/or

the spreading of the adhesive within the particled
over the particle surface [16]. Furthermore, Heiaam

et al. [17] reported the difference in internal bond for
particleboards using 10% UF at five pressing
temperatures. There are two approaches to expiginin
this phenomenon. Firstly, temperature will influertbe
adhesion ability of UF resin to wood materials.s8neg
temperature will influence water flow in wood, whic
causes the diffusion of adhesive molecules into the
voids of the wood. The low temperature causes low
adhesive diffusion into the wood, so it will decseahe
mechanical bonding strength (mechanical interlogkin
Secondly, the chemical exchange of the substrate
surface is an effect of temperature, e.g., theingeif
lignin or the degradation of hydrogen bonds, which
have an important role in bond strength. At low
temperatures, the mobility of the reactive OH- graui

the polymeric molecules will be reduced. Moreover,
less stable methyl ether bridges do not conven int
stable methylene bridges, which results in low bond
strength.

Statistical analysis showed that the analysis ofnae
for pressing temperature, time, and the interactibn
both of these have significant differences and #ftect

IB (Table 3). Duncan’s multiple range test analysis
showed that the IBs at 120 and 13D had significant

differences from that at 11, while the IB at 120C
was not significantly different from that at 13Q. The

IB values at 120C for 10 minutes and 13TC for 10
minutes had significant differences with those tifeo
treatments, while there was no significant différen
between the IB at 120C for 10 minutes and that at 130
°C for 10 minutes. Overall, the IB values in this
research fulfilled JIS A 5908 [9]. This standarduizes
an IB value greater than 0.15 N/rim

4. Conclusions

In particleboard manufacturing, pressing tempeeatur
and time were important factor that influenced bloar
quality. Accidity’s effect on the particles was oofethe
reasons to explore pressing temperature and time in
order to determine the best pressing conditionghiln
research, pressing at 13Q for 10 minutes resulted in
the best physical and mechanical properties for the
board. For the best treatment, hot pressing at’C3for

10 minutes resulted in density, MC, MOR, and IB
values that fulfiled JIS A 5908 (2003), but some
properties, such as TS and MOE, did not fulfillsthi
standard. Suggestions for future research includaqm
jatropha fruit hulls and other lignocellulosic n@és in
several ratios.
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