CHAPTER 111

MATERIALS AND METHODS

3.1 Materials

3.1.1 Source of oil palm trunk .\3

Thirty oil palm trunks (OPT) were provided by MPOB (May¥sian Palm Oil

Board). The oil palm trees of high yielding renera variety (a lv@)

I 1' L
dura and pisifera) were collected during the replanting o 1S '11'Su1wei Kahang

tween those of

Estate in Johor. Prior to felling, only those oil palm t

free from visible defects were selected. All sample

Figure 3.1: Length of felled oil palm trunk prior to cross cutting into billets
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The billets were labelled with codes indicating the palm number and its
position within the tree height. The billets were loaded onto a lorry and transported
to MPOB/UKM Research Station, which is located in Pekan Bangi Lama. Selangor
for the preparation of oil palm lumber samples. The breakdown of OPT &;Yi:lo

Jumber scantlings was done using a 9-foot band headrig with a log ca%e Figure

3.2). After securing on the log carriage with dog spikes, the OPT bilR was fed into

Y

the saw by a powered winch. The saw made a single cut on eac

wihe,
)'l'm(a)mk into sawn lumber using a 9-foot
&
bzmdl Ty witlpba mué\

Figure 3.2: Primary bi{g

Th mluml collected from out-feed rollers and the remainder of the log
had t4en bk past the saw and repositioned it to another cut. With a log ¢ carriage,

the OPT billet was turned between cuts to maximize the quality and the value of log
cut. The vertical knees of the log carriage, against which the log was dogged. can
move independently to allow for log taper. This allows the sawing of OPT billet to
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its full-length slab. cut parallel to the pith. Feed speed was 1.2 m s', and the return

speed was twice as fast.

3.2 Physical Properties of Oil Palm Trunk

3.2.1 Preparation of test samples *j

Five OPT were selected to determine the moisture content arygfousic density

-

in pith to periphery zone with tree heights, is illustrated in Figu%

|

| A selection of 30 oil palm trees

Ny

A/

Group A V
5 oil palm trees 3 palm trees T
for physical properties V qechanical .

study

Oil palm

_:.z;;:f,ﬁ (,) n>\YT

Figure 3.3:

C
AP S

The OPTE%UP A wis dl\"i@'inl(ﬁ two subgroups, namely (a) Subgroup
A-1, dclcrm'Nn of moisture content, and (c) Subgroup A-2. determination of

fter sawing, the test samples were then labelled by using a permanent
marker pen with codes according to palm number, height level, position and the
location of test sample taken across the diameter. Test samples were marked using

the following codes: Inner zone (pith), test sample taken in pith to 50 mm towards

ol



periphery: Middle zone (intermediate), test sample taken at 50 mm to 100 mm from
the pith towards periphery: Outer zone (periphery), test sample at 100 mm to 150
mm from the pith towards east. Procedures for sampling to determine the physical
and mechanical properties were done in accordance with Internatior '\X.dards
Organisation, 1SO 3129-1975 (1975). A
X~
N

3.2.2 Determination of moisture contents T

cimaiuch as air,
feqnes o = = . ™
water, ground parenchymatous ussues and wllulé malcrfls. s’ a (1';&'11 the
weight of a piece of sawn lumber cut from the unkKNe not £q t. TIRsawn OPL
N
tends to lose or gain moisture depending on w Iro cond¥ns to which it
is exposed. Moreover, the volume of a picug J OPL 1s

[
77

The OPT is a porous material containing nu

1 co@ml. In general, the

\
OPL will shrink and swell as it los z:m;,gaih}vl ré wn et al.. 1996). It is
% ] “
therefore essential to know ]]O\\N \\Nah@ a piece of sawn lumber
N
before attempting to deterniingg Iz otherproper

Moisture conch%) Wi

(1975) procedures. \Saw ng. W 3t S¢ ‘735 (in subgroup A-1) having a square

cross-section ol‘%ﬁ and the)le $ » the vascular bundles. of 25 = 5 mm
IN\a ‘v!

astic bag. 1iz$‘,lfs carried out in order to ensure its moisture

\

remain unchanged during storage. Test samples were weighed

accordance with ISO 3130-1975

were stored

content

' {0 the nearest 0.01 g to obtain the green weight.  After weighing, the
samples were dried in an electric oven (Memmert, UFE 600) at 103 + 2 °C unul

constant in order to obtain the dry weight to the nearest 0.01 g. The samples were
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further reweighed at equal hourly intervals and the weights recorded until no weight
loss was detectible.

At the end of the final period, test samples were cooled in a dessicator over
silica gel. After cooling, the sample was weighed rapidly enough in order to avhm
increase in moisture content by more than 1%. The difference in thg dlues

)ss O

between the initial and constant w eights is assumed to be due to [ water by

evaporation during drying. The moisture content, MCoa of eaw sample, as a

percentage by mass were calculated as follows (ISO 3130-1 S)Q

(Wg ~Wod) | Ng
MG (%) i = ol 2 -ﬁ’ 3
MCo Wod (Eq%l on3.1)
\ Yy
: i ereé}t:m W, is the

18 mass, 1 grams,

where MCoq is the moisture content on at
mass. in grams, of the test sample lx\
of the test sample after drying.

0 / &

3.2.3 Determination of basic dcxm I

g=;

'Mbha been defined. In physics,

The density of OPT ur >d dnce

s

b 17
£

jamy

the density of a materi &NA 1€ § per unit volume (kg m>). The

situation is quite col 1 ‘d gaudy cllangds’/1n moisture will affect both the mass

and volume ( O S 97} ] ’11\%1%1(. emphasizes that both parameters

measured, A\kn dry mass <\ 1lk swollen volume, have constant and

reprodugd "1 ues. Hence basic density would be the most useful descriptor of OPT
The BD was obtained using green volume and oven dry mass of each test
sample in accordance with ISO 3131-1975 procedures. Test samples (in subgroup A-

2) were prepared in the form of a square cross-section of side 20 mm and length
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along the vascular bundles of 25 + 5 mm. In order to ensure the moisture content
remains unchanged, the test samples were stored in a plastic bag after sawing.

The weight of test samples was measured with a digital balance to the nearest
0.01g while its volume to the nearest 0.0 ml was determined by ewr
immersion method before drying. The samples were coated with molth and

immersed in water. The weight and the latest water level of vol aC cvlinder

were recorded. After soaking, the specimens were oven dried inweclric oven at
[e

cooled in a dessicator over silica gel. After cooling in a desSNgtor pver 3 el the
. . . o}*
test sample was weighed rapidly enough in order t hid an iferd@€e TnWdisture

content by more than 1%.

The basic density. BD of each test \%ﬂs a mab‘ﬁer unit volume

was calculated from the relationship as fi

(Equation 3.2)

where BD is the bas ) the oven dried mass of test

~%&s«hccimen inm?,

< &
L
3.3 MechanicallPpopertige Of amumber
X

3.3.1 Prcpa{kof oil palm lum@samples

.%ol' 25 OPT were selected to obtain lumber scantlings for this study

samples in kg.

ig Figure 3.4. Oil palm billets of 80-cm long were cut at the 2-m, 4-m and

ight levels. This technique should sample the OPT, taken as a whole. From

6-m he

group B, the oil palm billets were divided into two subgroups as follows: (a)
< . D C

Subgroup B-1, determination of the bending strength of matched OPL samples
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dried at 10 + 2% moisture content, and (c¢) Subgroup B-2. determination of the
bending strength of matched dry OPL samples subjected to a gum rosin and
densification treatments.

The billets of each subgroup B-1 and B-2 were then sawed @ce
lumber scantlings with nominal dimension of 100 mm wide in radi4] by 00 mm
thick in tangential and 800 mm long in longitudinal directions. sawing, the

lumber scantlings were then labelled by using a permanent martwpen with codes

\J

Group A
S oil palm trees

for physical properties

study

Figure 3.4: Prclt'N

53/ Trcatmc&%oil palm lumlayv
\
_&n lumber

- Nibgroup B-1. the OPL samples were left to dry in an electric oven at 60

2 °C and weighed daily until the MC reached 10 + 2%. After drying. the OPL
samples were trimmed and dressed to size in the form of a square cross-section of
side 20 = 1 mm and length along the vascular bundles of 300 = 1 mm using a
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circular bench saw. The OPL samples were stored in a plastic bag in order to avoid
moisture changes during storage. The OPL dimensions and its MC were recorded

prior to bending strength tests.

3.3.2.2 Densified gum rosin-treated lumber 1%

From subgroup B-2, the OPL samples were left to dry in agegig&etric oven at
60 = 2 °C and weighed daily unul the moisture content 1'cachew 2% 1n order to

obtain its matched dried samples. Dry OPL samples wer

rosin using a vacuum infusion method, followed by a d®gificptio gess. After

curing, the OPL samples were trimmed and dress

mm using a circular bench saw. The OP\
order to avoid moisture changes during%‘agc.m
]

were recorded prior to bending slrcnc\ Sts. : ? u

3.3.3 Impregnation of oil palmJimker vy zf@)l rosin

3.3.3.1 Gum rosin \& Q O
¢ .
Gum rosin, W) 1s R‘mbﬁ? crystal was purchased from Acros
% 3
(M) S ad. i

Organics Em ngfval organic compound, the gum rosin was

\Y 1
N : !
dissolved wigd 1yl ethyl kcumc\&MEK) (Phillips er al., 1995; Erwinsyah, 2008).

3 l%whc general information pertaining to the gum rosin used.
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Table 3.1: Properties of gum rosin used

' 4 . Viscosity
Name Concentration (%) Temperature ("C)
(cP)
“Rosin gum 60 180 ~ 210 28

3.3.3.2 Vacuum infusion process A
In this study, the basic principles of the VI process uswz‘ similar to the

an vorkers (2007). In

en med that uses
L ]
Figur

process developed and the method outlined by Kamarudi

general the impregnation of gum rosin was based on e

2

pressure gradient to drive gum rosin into the OPL ma

2 &
O

—

Vacuum Pum,
b (@ I

G bortabs)
il

0N
|

OO

Resin Trap

| v iy, S > Sooar Stress: SN 02 Torove: [N
s 1 o S e
o iques Y4 Y-m»vulum:_'c :
=

hemdyor

ng{hc\?ﬁ‘cuum infusion system
9

;&wgcs for impregnation of oil palm lumber

Fieure 3.5: Hm\%‘v of

widQ W rosin ud

Qsmwgn.nc the OPL, dry lumber sample was laid in a flexible and airtight
bae w certain positions being opened for gum rosin supply and outlets (Figure
3 6). Prior to infusion, the entire seals and pleats within the system was checked for

leaks in order to avoid the formation of voids. This is because the process is sensitive
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to leakage in the flexible membrane, of which the smallest amount of air being
introduced would probably result in gum rosin pooling. under-saturation, or a

complete stoppage of gum rosin flow.

Figure 3.6: A prototype vacuum inl'usimhm. QDecial¥ Qpcd for gum rosin

impregnation of oil palm ?3@1‘0
:ﬂc@f‘oduclion of gum rosin. This

The vacuum was d ;‘sl [?' r 1;;

operation was employe N'dcr ‘o Oy ract U%.air from the cavity. Thereafter, a
NG
pressure dii'i'crmccC\ii;'lmlig?l)\lccq%ﬂ\c inlet of the flexible membrane,

connected to a :‘u&&ml}i er #n ‘1‘@%51}1]&&0 pressure, and the outlet of the

flexible me, e was conncclc‘é‘)'m a pump under vacuum. Once a complete

&)

vacuun '\m‘\'cd. the resin was literally sucked through the OPL by a reduction
in wacuuIworessure at the outlets, and while keeping the pressure atmospheric (101.3
kPa) at the resin inlets. To circumvent the formation of resin pooling. the flow of
gum rosin within the lumber matrix was guided by the oscillating vacuum sequence,
is shown in Figure 3.7.
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SOLDAS® Resion Infusion Processes 09122015 10:28:13

1.0

0.00

Fioure 3.7: Developments of pressure gradient inside &

system

Durine the infusion, the impreg

U

to a non-uniform pressure distribut

vacuum at the flow front. It was ol the 3 mpaglwn and the permeability of
the wet area tended to vary wyth Qo @1% ow front progression. From
observation, the OPL Sa@f ns l@nm (thick) by 100 mm (wide) by
100 mm (long) was %_\'Cl

C

d®wy ghe (gmn rosin within 2 hours of continuous
operations. At i€ g% of | Tols 1‘0®llmg time, the pressure in the bag was

evened out ining the \'ucuu@cl at the outlets when the gum rosin supply

inlet was

i

oum rosin-treated sample was then compressed to about 75% of its

initial thickness using a cold press (Figure 3.8). This technique will remove exces

o

oum rosin from the sample and to make it more compacted. To complete cross-
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linking of the gum rosin (Kamarudin ez al., 2007), the densified gum rosin-treated

OPL sample was cured under pressure in an electric oven at 60 = 5°C for five days.

length along the vasculag bund#t

direction with a razorghdMNgn ke, e sa e was mounted on the stub using

. | &
i S dcdlc ahoXollalve ,6 i oatino with a 38 — .
double-sided coppygifap@OIGVE hupertoating with a 38 nm layer of gold in a
¢ N
w ord® e ilgarectrical conductivity for scanning electron

&
MIiCroscop, &\ o~

¢ SEM. the stub (with the specimen) was tilted and rotated in all

vacuum evapo,

observation.

)

directi in order to increase the area scanned by the beam, and therefore, creates

perspective in the image. The penetration of gum rosin in the lumber matrix was
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determined from the respective photomicrographs. A Hitachi S2700 SEM operated

at 15kV was used for the study.

3.3.3.4 Evaluation of dimensional stability %\
Dimensional stabilization was quantified by comparing volumetric

swelling coefficients of both the densified gum rosin-treated zldwzrcmcd (control)

samples of OPL. Measurements of antiswelling efficiency, (AVNU'C carried out by

subjected to an exhaustive water-soaked treatment ( 11 meS). Ten

]
samples were used for dimensional stability test. Thoggamplgs wepe '11.@1- 103 +

h \'(l;‘:%m-infuscd with

aS 1 released and the

—,

directions measured. After weighing, the gped

distilled water until it was fully submerg? Ul
specimen was taken out and soaked u?; waler

soaked dimensions were weighed ™d 1

' \}E
IﬂL‘ilSUI'CIHCHI.\‘. % : %

QO

<
% o
3.3.3.5 :\ll(iS\\'(‘"ll@l(‘l Ve "l (_)
O

igey” ( ) value of 0 percent indicates that the

An antipwang 9‘1 ie

treatment inyagtd no dimcnsiom@(hllil_v. while a value of 100 percent means that

\

shrinkagg ¢ swelling were completely eliminated. The ASE imparted by the

lx‘ca@us computed by using the equation (Mohd Saiful ez al., 2012):

ha Yo
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= S
ASE (%) = ‘ X 100 (Equation 3.3)

Sc

where S. is the volumetric swelling coefficient of the match-sample devoid of gum

rosin. Sy is the volumetric swelling coefficient of densified gum rosin-treated sample

Ag

The volumetric swelling coefficient (Svc) was calculated DY wgsing the

following equation: V

Vw— Ve . T o N
Sve (%) o I X 100 (Equation 3.4)
Vd '
where V. is the volume of OPL sample after soakindgg m \W& denotes the
volume of respective oven-dry of OPL sample in m® Wgr to sofking ’ ‘;’
L 4
Y‘ \ \T

3.3.3.6 Reduction in water absorption

The reduction in water absor ’m;!/liw? ‘m.&
equation (Mohd Saiful ez al., 2012): 0>’ (}&
q Q.
A‘o
, S
Wi (%) = [(Mc — M) /s $ 00 S (Equation 3.5)
s $ & 267
where M. is water mon 1 l\alchgé(GPL e S
while M 1s water K S e ¢ siﬁc&um rosin-treated OPL sample.
i c_)()

' :@"()y using the equation as follows:

és‘%' (Equation 3.6)

\\'lu@s the weight of the OPL sample in g after soaking, while Wy is the
|-ty

weight of OPL sample in g, prior to soaking.

o}

The water absoy]

Wa (0 0) (W, — Wiq) /

g



3.4 Bending strength test
Strength and stiffness in bending are generally expressed as modulus of

rupture (MOR) and modulus of elasticity (MOE), respectively. These properties

'J 1

were determined by three-point bending in accordance with ISO 3133-1975
procedures. T esting was per formed in the ambient condition at 20 £+ 3 :i \lan\
humidity of 65 = 3% using a Zwick Testing Machine, model WM "356. The
orientation of vascular bundles in test samples was pcrpcndicuh ¢ direction of
loading. The loading head was moved at a speed of 5 mnify zon he center of a
test span of 280 mm.

The MOR and MOE were calculated using ¢ uallo S (']]A\‘{-Z 1ISO

v

3133-1975):

X
p—t
~

o)
—
c
~
o
—
i~
&
—
=]

9
<
~

MOR (N mm-™) =

3.8)

—_
0
o
o
—
~
2
=
=
-

MOE (N mm™) =

where b is the breadth of

mm. L is the supporting S
when the beam is brok & :
N. and A is the dgﬂu&
3.4 Statistic: l:i 'N

+ the standard error of the test results obtained. Calculations were

mi.

iven in tabular form. The values stated

. data summari

(‘.
w
-
<
&
o
as .

performed with a computer spreadsheet software (Microsoft Office Excel 2010 and

SPSS 16.0 for Windows"). Statistical comparisons between the groups were



conducted using an analysis of variance (ANOVA) and comparison among means

using the Scheffe’s method.

3.4.1 Analysis of variance Y.
Analysis of variance (ANOVA) was used to test for differe 1%\'11011:1

sample means and differences among linear combination of mgans.

%

simple

application of the ANOVA was 1o test whether two or more w means could

an. h e purpose of

aro (ms Any

single variate can be decomposed as follows (Sokal @li‘. li)j ’ ‘S
'
\,‘T

Yj =ptaits CV w\ <'tﬁquation 3.9)
wherei=1.....a, j=1, ....1n, & lL])lL\LI an ipdeper
variable with mean g; = 0. and var = E er
: px@uz l

°Nt, 1@11&11\' distributed
composed of the grand mean. (Lo 1joll. a é spd deviation o; of the

1}0,1%3 given reading is
8.
q

mean of group i from the ox‘n\ an 1 Mg grand@y deviation ¢ of the jth
individual of group 7 from its tign® whilh is Q).

N s

s 'y
3.4.2 Comparison amo manns 4,%

N
This post- hm 1u 18st 1’{1 6(&(0 determine a pair of means that are

&

not from the xan ngq hrafdifTerghy from each other and whether the means
Y

can be dm o groups that ¢ é;'lgmilumll\ different from each other. The

Scheftfe’s d for comparison among mean are as follows (Sokal and Rohlf,

199:
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Y>—-Y) | + [(r— 1)*F(a: 1 —l.\')*(253/n)] (Equation 3.10)

. y 2 - .
where Y, and Y» are the sample means; s~ is the error mean square with v

degrees of freedom: F (a: 7 -1.v) is the upper (100a) % point of F-distribution
with (¢-1) and v degrees of freedom.
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