CHAPTER 11

LITERATURE REVIEW

2.1 The Wood-based Industry in Malaysia Y'

In general, the wood-based industry is comprised of four mzlj!»%\wseclors.
namely (a) sawn timber, (b) veneer and panel products SQ.M plywood.
particleboard. chipboard and fibreboard. (c) wooden mouldinN d (d) builder’s

"nz bOfrd. parquet and

ere 80% to

joinery and carpentry (BJC) such as doors, windows, f{l

furniture (MIDA. 2012). Malaysians predominantly own

90% of the companies comprising of small nfediung-si stAQAshments

(Department of Statistics Malaysia, 2013). q

In 2014. these commodities \\'eu\\%ylo N
million. United States of America at %2. 2&? K&dia at RM 1.771.05
3

million, Taiwan at RM 988.21 m e} i'“KQSr at RM 954.34 million,
\ AN

Republic of Singapore at RM‘M()YMHHL’L Aws ‘ali@RM‘)OS.B million. People’s

Republic of China at RM 788.0 nllw{ ded Kipedom at RM 758.46 million and

other countries account '&un m@M :0 07 million. Thus this industry had

successfully wmll ¢ pol on o [¢ u n \dmn% 1eeded in order to bring about

\'a]uéé at RM 4.154.56

blic

the social and 11 1 dg\{ gt glne wunu\ (MTIB, 2015).
n§

L]}\L
tends \\\ a similar pattern, starting with log production first and gradually
getting Jlved in sawmilling and plywood manufacturing and finally in downstream

processing such as the production of joinery, furniture and others (MIDA, 2012).

t countries, lhgh‘adopnmm of wood-based industries in Malaysia

Compared to Sabah and Sarawak, the wood-based industries in Peninsular Malaysia



have started to develop much earlier and hence its resources have already been
considerably exploited (Forestry Department Peninsular Malaysia, 2013). Thus most
of the downstream processing mills mainly utilised rubberwood. which are sourced

from sustainable plantations as raw materials for furniture and panel produc?ﬂ’l(‘.
2000). ('}
2.1.1 Forest resources \}

Malaysia has a total land area of 330.290 km?, of wiich\{8.1 million ha (about

60.8%) are under forest cover. It is separated by the SoutMghinaS RIgtwo regions,
L 2

Peninsular Malaysia and East Malaysia (Sabah -wak ghd (fa‘&(-‘) erritory

Labuan). If areas under rubber, oil palm, w ¢ ut Zhylaken into

consideration. more than 739% of the coun@ resk 0 bg‘uﬁdcr some sort of

tree crops. The forested areas in Peninsglar Mala ST)' afd Sarawak in 2012 are
&
M Foe)

given in Table 2.1 (Department of S%s N aysr' 201

KNS
ol IS
N
Table 2.1: Hectarage of forest lggd agg: e disurar Malaysia, Sabah and Sarawak
S
in 2012 &0
Sy

Area of Permanent
Forest Estates (ha)

4,893,613

3,609,249

Q Sarawak 7.886.500 4.546.096
o N e il S B e SRR

Total 18,091,013 13,048,958

(Source: Department of Statistics Malaysia, 2013)



Of the 18.1 million hectares of forest, dipterocarp forest. amounting to 16.5
million ha, is the most important forest type in Malaysia. The peat swamp and
mangrove forests cover an area of 1.07 and 0.54 million ha, respectively. In
accordance with the concept of rational land use (Birka er al., 2011), pc?ﬁem

N

forest estates (PFE) have been established in the three regions. The stg™®) PFE i

w

-

given in Table 2.2 (Forestry Department Peninsular Malaysia, 201
Table 2.2: Hectarage of permanent forest estates for Penin I‘Caliysia. Sabah and

Sarawak in 2012

Region Protective

(million ha)
Peninsular 1.90
Malaysia

Sabah 1.40

Sarawak 0.50 )

Total N(M & 1274
& ) é

3%
(Source: Forestry Department Bular Malay id, 20
N
2 &

The Forestry Deparfwgnt Ppniisyitar \ 'sia, Forestry Department Sabah

N
}IL‘ e&dminuing facing great challenges 1n

mg}of PFE in line with the current rapid

J

and Forestry Dcpzu‘%\ Sgragva
SIS g }1 SV AY

4
dcvclopmcmm ountry (MPIC{%&).‘)). However, the close cooperation between
the FederaNgM State Governments has enabled these Forestry Departments

COIMgRItM in conserving the country’s forest resources for the benefit of the

present and future communitie’s livelihood (Birka ef al., 2011).

increasing and



2.1.2 Timber supply outlooks in Peninsular Malaysia

On a regional basis, Peninsular Malaysia has a land area of 13.18 million ha,
of which 5.78 million ha or 43.0% are under tree crops in 2012. Of the 5.78 million
ha. 4.89 million ha or 84% have been gazetted as Permanent Reser\'edvﬂs
(PRFs) under the National Forestry Act, 1984 (Forestry Departmg 1%1 nsular

Malaysia, 2013). These PRFs are managed under the S a Forest

sector had provided direct employment of 71 763 persons

follows: forest harvesting of 5,997 persons, sawm

plywood mills of 4.271 persons, moulding plants ¢

of 34.635 persons and public service of \

Malaysia. 2013). The shortfall Oﬁéysalcd by logs from the rubber

pdi\‘l
plantations and later frdhTNgg fo L\@lali(@?\\'hich are expected to produce logs
\ ’ (J

from year 2010 oggvargs (! Pl (ﬁ‘)(ﬁﬂe\’crlhclcss total log production from

N
'%plam{l € and ,@sl plantations will stay around 6 million m”
>
until logs w

he plantations *c(é%m on stream in a significant way (Forestry
DepagaONJ eninsular Malaysia, 2013).

natural forest.

e production of solid-wood and reconstituted panel products are the most
important of all wood conversion processes (MTIB, 2015). Apart from uncertainties

regarding future consumption estimates for developing countries. it is evident that
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even in countries with a high standard of living and slowly increasing populations,
wood consumption is still expanding. Important influences for the future are
expected to include (UNEP, 2011):
a) General growth rate in gross national product (GNP) in the indus and
N
developing countries, which is known to have a strong inﬂ:!* n wood
consumption.
b) Wood production costs, resulting from timber prices. I costs, energy

ilz in\'cslmcm.

ped topegglice sroducts

costs. costs for environmental protection and initial

¢) Changes in consumer demand and choice of timb?

]
o Sl | &
of different grades for various end uses. A
4
% §

For the manufacture of solid—\\@bu n wsi1E><Q1‘oduc15_ the raw

and forest plantations (Forestry Dg

timber logs. large quantities (E‘ UW
agricultural sectors. Thcsc@ afd b
trunk fibres. kenaf to (@1 bi l ‘
frond (OPF) and egagly Puit unch

\"
potentials for L::wncmﬁ ' 4 2(@

Thedgovemment encourage®industry players to undertake more research and
develdaN (R&D) to ensure the reliability of these alternative materials to wood
(MPICN#09). According to Agensi Inovasi Malaysia (AIM. 2011). this sub-sector

had contributed the highest investments in the wood-based industry. Being a current

publication about the industry, this report provides strong evidence on the adequacy of
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resource supply. not only for the solid-wood and biocomposites manufacturing
portfolio but also for accommodating other downstream economic activities such as

the electricity generation (AIM, 2011).

2.2 Oil Palm Industry in Malaysia %

y furt¥er, the palm

As the Malaysian economy continues to expand and develQ

of palm oil and

" the industrial.

commercial and service sectors. In fact, oil palm tree 15 ajprsQuypfodity crop in
@

'n‘i_@\vi:c over

dependence on rubber (Yusof, 2000; EPU, 2()09.YE{

suitability of its climate (Kushairi and I@
(MPOB, 2013b). ¢ NS
[} ,

[}
e P Malaysia ,‘abwn@am&@ e T 01
s Y~ , S
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Figure 2.1: Trends of increased oil Palm tree planted hectarage for Peninsular

N

Malaysia, Sabah and Sarawak from 1975-2013 (MPOB, 2014)



The total hectarage of oil palm tree planted area in 2013 was at 5,229,739 ha, a
marginal increase of 3.0% or 152,810 ha from the 5.076.292 ha recorded in 2012. The
largest area of expansion occurred mainly in Sabah and Sarawak with a combined
growth of 4.7% or 117.180 ha compared to the growth of 1.4% or 35,630 ha yrered

in Peninsular Malaysia. Sabah remained the largest oil palm pla x%uw with
Wi

1.475.108 ha or 28.2% of the total planted area. followed by Sarawg h 1.160.898

ha (22.2%). Johor stood at 730,694 ha (14.1%) and Pahang inw

710.195 ha (13.65%) (MPOB, 2014). z '

¥
2.2.1 Oil palm replanting regime ’ .3‘:)
‘ X

The height increment of oil palm tr Ty M de:ic@fng on both

nch'CQOl’mal plantation
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y! (Kushairi er al.. 2011). 1‘10?!0@‘0’0111' £ 25 to 30 years rotation
(Khalid et al., 2000), the o'l\pal 11"3% >duled for replanting with young

palms. The zcro-bumi@roa‘
¢

practiced are the gQlcargelliffe Lo
N
ohd’ Slfm $(1/., 1993: Chia et al.. 2002). Upon

planting met} w
oV

N e decaying tisst release nutrients to the growing young palms

decompos

(Khalg ON-. 2000). This is a good agricultural practice to save on fertiliser in the
next years, which in turn, would reduce the carbon footprint of the crop

(Henson. 1994, 2008: Zulkifli er al., 2010).



In the conventional chipped-and-windrow technique, the oil palm trees are
pushed down using a backhoe during the replanting operations. After chipping, OPT
chips were windrowed in rows (usually two palm rows to one windrow) and left to

decompose in the field (Ooi and Heriansyah, 2005). The new young pahmven

being planted between the windrows (Khalid er al.. 2009; Ike er al., s n the
other hand. the under-planting method involves the planting Ohe@uns oil palm

cedling under the old unproductive oil palm trees, which ‘adually being

poisoned using glyphosate (Chung er al., 1994). Z '

However. the windrowed oil palm biomass and t 1S nW\'ould take
L

N
S ’(Gﬁ?d et al.,

more than two years in order to complete the de ) 111011 IC

P@mg could cause crop

young palms in Malaysia (Norman ¢f a 01) *qlc
: : ﬂ ‘7 . ;
losses of 40% (Liau and Ahmad, 1 nd 9 20 ( u'hg@r 1999) in the first year

S

of harvesting in Malaysia. ‘é
(
Apart from Orycteg I/If)l cl() i 11{) ) blomass could also become the

source of (runuduma 1\ e P (Id;.&/s;()l 1). The stem density of the oil
palm infected by G 1:()(2> ‘mapo 17 e (ts)u e tends 1o reduce by 50% compared to
\
healthy stem \W f 9 yver, the presence of large amount of big
NV
chunks of omass equiv aleMNlo 85 t ha' dry matter impeded field access and
hinde lanting operations and subsequent field uptake work. Consequently. the
o1l pe ndustry is actively looking for commercial outlets in order to eliminate
possible pollution or disposal problems caused by these residues. This will indirectly

help to increase the value of oil palm for the farmers (UNEP, 2012).
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In 2012. Peninsular Malaysia recorded 65.078 ha or 73.2% of the total
replanted area. On the other hand. Sabah and Sarawak were at 23,813 ha of replanted

area. Sabah registered the largest replanted area with 21, 217 ha or 23.9%. followed

O

by Johor at 19.377 ha (21.8%), Pahang was 15,318 ha (17.2%) and Perak \\'i 28
ha (10.3%) (MPOB, 2013a). Jusoh (2013) mentioned that the value palm

hectarage that are due to replanting approximately 1.8% of the total oil pm planted
6

area or an average of 90,000 ha y!. Based on the planting densw palms per

n palms generating

W Thus. the
| ]

- | . Ny
quantities at hand could make a substantial contri n%o thefpr 0‘1(_){'1)1 sawn

4
lumber (Kamarulzaman et al., 2003; Koh et al.. m m;'{a m 31@3:&5. 2010).

ha. this would involve the felling of approximately 12.3

more than 21.6 million m?® of oil palm logs (Kamaru

plywood (Paridah and Anis, 2008; Koh % (95

amat

920

(Khoo and Lee, 1985; Mohd Nor, 9’%3 1987b; Hozokawa

et al., 1990; MPOB, 1997, Kama% g»?smuled boards (Chew,

AN
1987: Khozairah et al., 1991; Kov Ral@m al..1991: Abraham er al.,
|

1998: Mohamad et al., 7001 ) a ]posite products (Mohd Nor et

al.. 1995; Laemsak dn ma SD\HI nu,d to extract out more timbers
from the nation’s fc (@soulu f o
Q’ ? NS

2.3 sChars AICS of Oil PalmS(am
%pdlm tree consists of four parts, namely the roots, the stump, the stem

and 1 own. The roots are the underground part of the tree that supply it with
qourishment. The stump is the lower end of the tree that is left above ground after

the main part has been cut off. The stem is the main ascending axis of the tree above

1S



the stump. The crown consists of {ronds growing out of the main stem, together with
fruit bunch (Hodel, 2009). For solid-wood products. the most important portion of a
palm tree. in terms of usable woody material, is the stem (Rich, 1987).

The tree has unbranched axes, each of which supports a Icrmina%of
appendages (leaves), each leaf supported by a basal sheath. The m stem

represents the reinforced concrete of the structural engineer (Figurc I8y, since it

w

tissues can be thought of as a series of axially oriented vasculagbun®es (steel rods)

embedded in a parenchymatous ground tissue (concrete mi (Wnson. 1990).

pseudo bark

n/

= A
I (Zntral cylinder and vascular bundles

L NG )
¢ Nnk showing
&) s
ap &gx ahd Tre Ny
4 4

%3

\

le encineer’s reinforced concrete, the vascular bundles of the palm

rudk arcypot necessarily uniformly distributed, but usually concentrated toward the
stem periphery for maximum efficiency (Tomlinson. 2000). The stem of many palms

has an additional feature, unfamiliar to human engineers, in that it can increase n

16



stiffness with age (Rich, 1987). This is a very efficient way of growing because it
means that the palm is not excessively overbuilt. It is as if an engineer could design a
structure that becomes increasingly stronger directly as increasing strength is
required. 1f the life span of the structure is shortened accidentally by somwgn's

%\m‘c IS

minimized. In term of the palm tree, this “saved’ investment can be divert®d to more

other than mechanical failure, the initial investment in the abortec

appropriate ecological events, such as growing In hcighl.w' reproduction

T

(Dransfield ez al.. 2008).

W PR g SR Kl
* parenchymatous % 3

T tissues
PRI

i 4 %
2 , ) A
¢ W ‘Z"l\ e L f/:\."
L aToss-section of oil palm trunk showing a

Figure 2.3: SEN

/ &Hﬂic qra
4

\Qur bundle surrouneg.by parenchymatous tissues (Loh er al., 2010)

; central ground tissue of palm stems is parenchymatous, but includes
specialized cells such as tannin cells and raphide-sacs. Unspecialized cells may be
homogeneous, but become lignified with age and contribute to the solid texture of

the stem. Otherwise, the ground tissue is heterogeneous and even lacunose. with

1§



wide intercellular air spaces so that the tissue becomes quite Spongy (Figure 2.3)
(Loh er al. 2010). The ground tissue cells may secondarily develop radiating
orientation around vascular bundles. Together with widely spaced vascular bundles.

this results in the very pulpy central tissue, which contrasts with their p jeral

sclerotic layers (Dransfield ef al., 2008). c\:
A distinctive structural feature is the presence of narrow &15 strands
uniformly distributed throughout the central ground tissue. A feggure nique to palm

s in&xshed from those of

other woody monocotyledons, is the present of stegmaf§ _121071 fibghus sheaths

| ]
i 14\1@ walls,

stems. and one which, therefore, allows their axes to be d

which enclose a single hat-shaped or sphericalv\ :

aggregates embedding in the contiguous 1@
u ‘8?
1y 1§ q@alivc variation within and

N .
yﬂ& ogical attributes. Much inter-

. some is related to habit (notably

2.3.1 Stem variation

A characteristic of palm

|
1

in the scandent paln%; mq 18 1 i

L
within single SA@}')CH S g he&hl of the sample above the ground. and on

the change ‘A] occur in a stadDas it ages (Waterhouse and Quinn, 1978). As

. $mra-specific variation both between and

such, s are of three levels as follows: (a) with size and habit or

modigical (Tomlinson, 2006); (b) with height or topographical (Dransfield er

al.. 2008; Hodel, 2009); and (c¢) with age or chronological (Tomlinson and Quinn,

18



At replanting age of a 25-year rotation, the bole length of high yielding
Tenera palm is 9 to 13 m long with the mean volume of 1.76 m* (Kamarudin er al..
1997). The OPT density vary with heights, but typically is in the range of 200 to 600
kg m™ and the average density of 370 kg m (Lim and Gan, 2005). It ere
realistic. however, to consider the stem (trunk) of palm tree to be a ;@}ne of
scometrical solids. For example, when the stem is cut into logs or%ls. as cut

>
&

sections are known to wood-using industries, the merchantabl 01';:11 of stem 1s

" mif 1ts buttress until a

assumed to resemble frustum of neiloid (convex) in the re

point of inflection, which is located approximately 1.

(Figure 2.4). From there on. the tree form reser S

=
O

Figur N he form curve of oil palm trunk at different tree heights (Kamarudin e

al., 1997)
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The anatomy of OPT is typical of that of the monocotyledons (McConchie.
1975: Parthasarathy and Klotz, 1976: Sudo, 1980). Hence the structure of OPT can
be likened to a bunch of parallel straws (representing the vascular bundles). which

are bonded together using a weak glue (representing the lignin) embedde

spongy tissues (representing the parenchyma cells). In transverse secliocm

into the leaves. In the periphery of the cylinder, numerous \'z%ulz bundles with

fibrous phloem sheaths are covered by the sclerotic groun 'Wv\\'hich constitute

!iriudlu
ar as dark dots in

Figure 2.5: A crosQYgufn offfel
’

Cy WK< amaru m!rlulv‘)(ﬁ)

\& )

W ecentral zone, the vascular bundles are fewer and are embedded 1n

parenchymatous ground tissues (Figure 2.5). Of the total bole volume. the amount of
parenchyma tissues, vascular bundles and bark (cortex) are approximately 32%. 54%

and 14%, respectively (Kamarudin et al., 1997). For OPT. all vascular bundles

20



maintain their individuality and process vertically indefinitely up the stem. The
vascular bundles are made of fibrous sheath, phloem cell, xylem and parenchyma
(Killmann and Lim, 1985).

In the monocot stem, most of the space within the epidermis is iilleh
parenchyma cells (Dransfield er al., 2008). The vascular bundles zn%\‘(lcrcd
throughout this area. Within a vascular bundle, note the larger xylen ells, the

smaller phloem cells to the outside of the xylem and the large i

or air space to the inside. Because there are generally two 14ager

=
o

‘Clﬂbl" Wﬁ‘.\ i‘(lCCSU
L]

¥

Figure 2.6: f\&’holomic1'0gruph\¢gi\\'ing a cross-section of vascular bundle from

N

The transport of water through the plant is accomplished by a system of cells

L Im trunk (Kamarudin er al., 2011)

arranged in long series known as sieve tubes and vessels. Other cell types, the fibres,

which contribute strength and rigidity to the palm. accompany the conducting cells.
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The conducting tissues and the accompanying fibres are arranged in vascular
bundles. In general, the vascular bundles of oil palm are distributed at random across
the trunk that has no definable pith (Killlmann and Lim. 1985).

Monocotyledonous plants differ significantly from dicotyledonous UV‘
conifer because their cambia do not produce phloem outw ardly and x 1 1d1 /s
instead. they form collateral vascular bundles in a continuous ¢yl md%lhc inner
side enclosing a pith within the stem (Sudo, 1980). In woo  di zl\l cdons and
conifers. lateral growth originates in the vascular cambium m stem increases

in radius simultaneously with its axial growth (Philipson il 7

Cell differentiation proceeds relatively quick the
degenerating soon after the deposition of the sec
%N‘eas
thickness. In contrast, the monocolvla@m achie \t.b\LT
Nl : : -
thickening (Tomlinson, 1961). For 8 @\\ th. the stem expands
radially with little height 010\\ \

‘1$g10\\ th occurs in the axial

‘%Qxd'lem cells
d@lons or wall

o without secondary

(Philipson et al.. 1971). There is no fugh

g

direction with little further m 1alJorowtle Q‘l > ctivity of the apical 1 meristem.

Vascular cambium is n(@ !1 mgfft of %Q \|ls remain alive for a large part of

\
life of the monowlvlg ‘ (T mlir *J'm@umn 2013).

Work b I a du) rork ( 991) showed that the palm age has a

significant n 1h length (\@’F fibres. In general, the length of OPF fibres

from =01l palm is found to be longer than those fibres from young oil palm.

The Nsfee length of OPT fibres, ranges s from 1.23 to 1.37 mm while those fibres
from OPF and EFB ranges from 103 to 1.77 mm and 0.67 to 0.84 mm, respectively

(Akamatsu ef al., 1987a. 1987b: Kamishima et al., 1994; MPOB, 1997).

2)0)



Tissues, which are parenchymatous in nature, comprise the rest of the
monocotyledon stems structure. The so-called ground tissue consists of isodiametric
(Weiner and Liese, 1987) or slightly elongated and stellate parenchyma cells (Bhat.
1991) with intercellular spaces (Bhat er al., 1993). The cell walls of the pard gna
are usually thin, interrupted with circular simple piths. In a ground \1)’1113.
special features cells, so-called ducts, occur. These cell possess thin unligﬁ!ﬁcd walls

and are either arranged solitarial or in small cluster. In lhcwg dinal section

‘cR‘rcd'as intercellular
spaces in the ground parenchyma, which often mo

Py
canals’ (Weiner and Liese, 1990). é l .{'}
4 r

A study on the parenchyma and \'ascularwn'd :

—

state NMR at low field (25 MHz) indic@lh
resemble grass lignin in containing C—!E\'dmx, \1

containing few ferulic esters consis®

aryl ether bond (Gallancher er %‘)4; ul :
J LS

contained in OPT are glucose gid x. 108
This indicates that ,\}'la@c >

cell walls. Such vark

24 vod for Sawn Lumber and Biocomposites
& c that grow quickly in their early years, or harvested at a young age. tend

{o contain a high proportion of juvenile wood (Zobel and Sprague., 1998). In general,

juvenile wood is less Stiff than mature wood, and the greater anisotropy tends to

23



cause distortion on drying. The trees harvested at short rotations are much younger
and tend to be smaller size than those from natural forests. Despite this. there 1s a

oreater need to utilise as much as possible of this resource against a background of

competing. alternative as well as a requirement 1o preserve natural ~old yuagayth”
forests. Likewise, this is a reason why the commercial exploitation 0 Bt T for
solid-wood and composite products are of research interest (UNEP, 0

Wood is a rather difficult substance to describe as 1ts dl z and that of 1ts

\’\ioa is not merely a
ateria. \ﬂombmalmn

components cannot be re cgarded apart from its structur

chemical substance, an anatomical tissue, or a structura

of all three. This results from the intimate associ: " the ghepta @uuuns
s ¢
which form its ultrastructure, and which are ll mbwegd ox'l%\.h gher order

systems within the walls of the ce IIs, whi Mabe po%l{c wood tissue

What follows is a brief account on l anat ‘al n 'cm“copic and chemical

features of wood pertaining to the s )d?hod an ‘omposilcs application
(Gellerstedt, 2008). T ¥ ;\A

//E/

(
(2 s
&

2.4.1 Anatomical asp&\ Q 45
C
P !
From an ana cal ppint ey "‘Vood is a perennial tissue resu ulting from

N
in the §a moé\(md branches of trees and shrub (Pashin and

the secondary o&Q
Zeeuw, 1‘)\ or sawn-lumber wg@ductions, it is the stem, or trunk. which is the
main e { interest. The trunk has three main physiological functions. to support
the of the tree. to transport water and mineral substances between the roots

and leaves. and to store reserve food (Rydholm. 1965).



Historically, the trunk is composed of three parts, the xylem or wood. the
cambium and the bark (Figure 2.7) (Rydholm, 1965). Simple inspection of wood
reveals not only differences between softwoods and hardwoods. but also differences

within any one sample. such as sapwood. heartwood. growth rings. eanw‘d.

latewood and the arrangement of pores. %\
Annual rings of the :

wood (xvlem)

Inner bark
(phloem)

Cambium

\
Outer bark

(cork h:u-kxv N MR-
'S
2 Ly
Figure 2.7: A schema Mlion r yc‘éd
N S

All these Q—ncnu re
Q, ’

tissue, Ussug 1!51 > he,&cl the natural requirements of the tree and

consists o?‘i gthening, conducting and storage cells. Softwood, obtained from

cm@rccs. and hardwood from deciduous trees, differ in their cell composition

and cell function. The run and arrangement of cells can be recognized on the section

¥ constructed

cut in the three planes used in the anatomical characterization of wood. the cross or



(ransverse section, the tangential section and the radial section (Table 2.3 and Figure

2.8) (Fengel and Wegner, 1984).

Table 2.3: Main functions of the various cell types found in softwo nd

hardwoods %\
Storing Xcreting

Mechanical Conducting
Function

Function Function Function
Softwoods Latewood Earlywood Ray Epithelial
cells

tracheids tracheids parch

Ray tracheids

Hardwoods Libriform fibres Vessels

Fibre tracheids

(Source: Fengel and Wegner, 1984)

Transr% "
Resin cang e * Mpewood
Plae

S —— ‘;ﬁ Eartywood

N '—..Q"}"'-ﬂ‘: Softwood

Hardwood
(ning-porous)

* Pores

(vessels)

Figure 2.8: Models of a softwood and a hardwood block, showing the main cutting

planes for anatomical studies. and anatomical structures visible without

optical aids (Fengel and Wegner, 1984)
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Softwoods show relatively simple structure. consisting of 90 to 95%
tracheids. These are long slender cells with flattened or tapered closed edges. The
tracheids are arranged in radial files, with their longitudinal extension in the
direction of the stem maxis. In evolving from earlywood to latewood, C&ch‘ter
become smaller while the cell wall become thicker. At the end of 111@1 period

tracheids with small lumen develop. while at the beginning of slecnl growth

periods tracheids with large lumens are usually found. This a Nlange is visible

Vv
d o Q’X.l form fibres
.3

which often have

':. ranging from a few

elements with open or

@
2]
172

S
o
87
ug
12

centimetres to some metres in lcngM

N
perforated ends. Diﬂ‘usc—portek an§ring-pprouy lml@)ds are distinguished by the
arrangement and diamel*'g\)f thei )
hardwood fibres. whi w 1 th

ahents. The dimensions of the

242 UltraQNgture of the cell wall
he previous section, it is apparent that the structure and dimensions of
the various types of cells found in wood vary considerably with species, growth

condition and cell type (Neagu et al., 2006). The use of electron microscopy has
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been extremely important in creating the current image of the fibre structure and
relating it to the chemical composition of wood (Preston. 1974: Rowell. 2005).

The concentric arrangement of layers found in the cell wall is a result of
difference in the chemical composition and different orientations of lhcvus

)1%\111@5 a

structural elements that form it. Cellulose is the main wall compon

framework of linear and partially crystalline aggregates called micggfibrits (Samir ef

O

al.. 2005). The cellulose is intimately associated with hemi&uy®¥se and lignin,

‘uz'lcci. The texture of

the cellulosic elements become visible once the lignin ar emi CW have been
Ny

. . . ; N
removed. In this way, it has been possible to 101’111@ curr d@l_@ell wall
4

construction (Figure 2.9) from observations with Ye el \mk 1cros%!e (Emerton,

gniﬁeg layer called the

which form an amorphous encrusting layer on the fibrill

1980). Between individual cells there 1s @ h

)
(@
a
—_
—
7]

middle lamella, which serves to glue
Though single fibrils may cross 11@0 P
cellulose. The transition frog I‘del

rather indistinet, so that for the Aiddig Fmetlad) 4d,both adjacent primary cell walls,

naghbe U@Gu‘llerslcdt. 2008).
O

t is{/  is. in principle. free of

lamglla 10@ adjacent cell wall layers 1s

e,

the term compound mj

7
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B el i

Figure 2.9: Structure of the cell wall of a

typical s@‘ 11'21;@}&1’1@ (&1980)
P 4
?- \ \}?

crossing layers. As the primary wall b&;eposilcd during the
development of the cell, this orie S ansion of the cell as 1t

mnner SCCOI‘ldﬂl‘}' wa % b ition is not greall)’ different from that
~ . \ . . . . . . .
of the pnmar\% houfl o ‘aresrarked dissimilarities m structure (Gibson et

o
al., l‘)‘)7),\ ~$’
%mm a point of view for solid-wood and biocomposites application, the
N of the cell wall may be briefly summarised as follows. The bulk of the
microfibrils form a large number of coaxial lamellae in the Sa layer, where they
spiral steeply, almost parallel to the longitudinal axis of the softwood tracheid or

hardwood libriform fibre. Surrounding these, the lamellae of the Sy layer are cross-
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gartered and more nearly transverse in their arrangement. This serves to constrain the

outward swelling of the Sz layers when they imbibe water. External to the S layer is

a very thin P layer, which is not considered to be of any real technological

significance, except for the fact that it contains substantial amounts of ligni rthin
N

the S» layer. bordering on the lumen of the cell is a further series of 1!‘ %c. which

constitute the S3 layer. This latter is believed to be technological gnportant (Cote,

1965). V
2.4.3 Chemical nature \d‘

Concerning the chemical composition 0(@ :

NS
i o)’enerally

f)
o

)
.“Tl@ﬂroponion and chemical

—

1 s@oods and hardwoods. while
N

(‘Jood (Emerton, 1980). Figure 2.10

of the chemical component of wood



‘ Wood
Low molecular weight | |  Macromolecular
| Gl £
‘ Organic | | Inorganic |
) .

Polysaccharide |
- |

TSR e

Extractive | | Ash | | Cellulose

e
Figure 2.10: General scheme of the chemical compc
Wegner, 1984) é

.5 Sawmilling Processes

5.1 Primary breakdown of saw loc \T

A variety of saws is used k sfwlop fato boArds or larger dimension
sawn-lumber. They are circulurv bards:

L

¢ V40 ¢ wopod

coarse sawdust. Chi}@cx:l@\n diglsvently. They chip the edges of logs,
G

¢ l'ﬂ‘cd}cmccs while reducing the waste material 0

(9]
J

)
N

fram&aws and chipper canters. The

in the saw kerf is reduced to

ol S
chips. which g% Id ?l‘c—hé\cd industry (Buehlmann ez al.. 2011).

: i g '
Sa@usc a variety 0(@'3 to progressively cut the logs nto timber of the

desiy ‘%sions. The first saw to cut log as it enters the mill is the headrig. The

% are resaws, which further process material coming from the Headrig, and
edgers. which cut and edge material. The timber is faced on all four sides and only

needs crosscutting to length with circular docking saws, and where necessary. the



cutting out of defects such as knots. The choice of machinery is influenced by the

log resource (quality, size and volume) (Todoroki and Ronnqvist, 1999).

2.5.1.1 Bandsaw

The band-sawing process is employed at all levels of wood maf%n‘c from

primary log breakdown to cabinet shop. In primary manufac o and in re-

manufacturing. band saws are employed primarily because theyNwghte less kerf and

can be more conveniently handle large logs than ot ‘ula" saws. In the

woodworking shop. very narrow band saws are used betgse fhe ™fHline can cut

) ) . 1’( N
curves and irregular shapes that are impossible to ¢ 1plish oy o@Cr ye¥g {Maness
4

and Donald, 1994: Chang et al., 2005). R N

size logs (Figure 2.11) (Williston, 1% This %n' ig‘!\}\is ideal for logs of
>
variable quality as well as those ally st 'L‘gcrs versatility in sawing

nzi@um. The logs are firmly and

—

patterns and a deep cut whil

oC bg& ci{ ed into the saw, which makes a

accurately held on the log carr
d&ppcd off onto the outfeed rollers and

single cut on each pzls‘.&cul §
\ ¢ ! (J
the remainder of Jie gk t 3

1§ 1s

affenab? l\’p st%the saw before being repositioned for
N

another cut. \\:"wwg cafrige dhe can be turned between cuts to maximize the

quality ang&gluc of timber cut. TiWvertical knees of the log carriage. against which

Thus e a full-length slab to be cut parallel to the cambium on any or all for sides,

or the log can be cut parallel to the pith (Williston, 1989).

(5]
o



The teeth of wide band saws are generally swage-set; however, on narrower
saws the teeth are sometimes spring-set. Spring set teeth on band saws are generally
ground square on top but can be ground with alternate top bevels. The implication
that spring-set teeth use less power. together with the idea that they 1'cqui\¥s.care
and skill in fitting. and the fact that early band saw steels were more ecﬁhring—sel

than swaged all combined to keep the spring-set saw popular in parts of the

world. In Malaysia. however, where labour is relatively che )Molh power and
;se t

o achieve high

NY.

wood are expensive, the swage-set tooth is almost univers

production (Walker, 2000).

Mill fioor

Figure 2.11: Schema \(gl m ‘f 12}@' attached with log carriage (Williston.
N

)

QA 9

of sawn lumber

2.5. 8 Stheme of sawing patterns
The choice of selecting the sawing pattern is highly dependent on the log

gs. Initially sawing

form and sizes. There is no single best sawing method for all lo

patterns are developed for the various log diameter classes bearing in mind the

21
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market for specified products and favoured product dimensions (Steele, 1984).
Ferrante and co-workers (2000) considered how the use of a specific material affects
the production process, and they emphasize that it is necessary to select material and
process options in relation to each other. Y'
The quality and value of sawn lumber are largely determip ‘ing the
sawing process, of which the sawing pattern employed provides the¥basis for a

profitable production of sawn lumber. In general the sawingw will affect the

yield from the log. the grade of the sawn lumber and the ggw1

I productivity. When

>rations. the

s

uchmrl\\'ood (Flann,

s are the through-and
rter-sawn (Figure 2.12)
are only appropriate for
gl willg %( er-sawing is mainly employed

am—:@g gives higher volume yields than

,l'c <he taper in the cant can be recovered as
short boards \\'ltc ive-gaWi this T 1

£ X

s lost as edgings (Hallock er al.. 1976).

Denimgd Wengert (2005 @‘fod that live-sawing pattern (Figure 2.12a) will
result ins \\'olumc yield for small logs and produces a relatively high percentage

ot'@'lh vertical annual rings. However, the disadvantage is that middle pieces

may contain a mixture of high-grade material in the outer parts together with the

low-grade heart centre of the log (Anis e al., 2007). The square-sawing pattern



(Figure 2.12b) utilizes the fact that the outer parts of the logs have higher-grade
material than the centre of the log. The centerpiece is cut into boards in the primary
log-breakdown process. The disadvantage is the centerpiece containing high quality
material may not fully utilised in the further breakdown particularly that wgu

high quality hardwood logs (Erickson er al., 1980). ‘\1

(a) Live-sawing (b) Square-sawing (¢) Sa\\‘ing—amNi

(d) 3-ex-log

hles of sawingepattern adopted for the primary breakdown of

Figure 2.12: , l:s a1
?\hbcr log (Erickson ef al., 19806)

The sawing-around pattern (Figure 2.12¢) starts by sawing boards from the

bark towards the pith. The pattern utilizes as much high-grade material as possible

from the outer parts of the logs before the centrepiece is used. The pattern requires



that the logs are turned several times and results in many saw kerfs and this means
volume losses. The remainder centrepiece will normally be of a very low-grade
(Denig and Wengert, 2005).

Figure 2.12d describes another common way of producing plar '1th
vertical annual ring by sawing the log with a pith catcher. The \\'in(% ustry

employed a type of monolit-sawing to produce wooden componems%g vertical

annual rings from timber logs (Figure 2.12¢). Star-sawing (Fig f) is a way of
producing sawn lumber with vertical annual rings where ghe q\m wood is further

undergo secondary processes into knot-free and deft ree woSg pffducts with

e
vertical annual rings (Erickson et al., 1986). Com@ convent a[ s_@hg and
P 4

post sawing processes, this method seemed tcwmc ch\}c-ld in t

he
production of knot-free boards and panels % erg % j \76@ annual rings
are traditionally produced according t hﬁ\ i cyn a;;ed quarter-sawing

(Figure 2.12g). However, this way 1 " is inefficient because

Perhaps

dimcnsionu\&vt}r upon drying\ od distortions is a key quality issue for sawn
lumber. 4 jon is a general term to describe any deviation in a piece of timber
1‘1‘0100 surface. Two major processing factors that influence timber degrades

are sawing pattern and kiln drying (Armstrong and Patterson, 1995). Firstly, with

different sawing pattern used, the shrinkage of timber in the board width and
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thickness directions is different, which results in one direction of the board shrinking
more than another does. Secondly. there may be corewood or transition wood on one
side of the board, which shrinks more than the rest of the board. Uneven drying or
over-drying may also result in more timber distortions (Denig, 1993: Arn uga and

Patterson. 1995). : )

2.6.1 Drying degrades

‘ﬂum}o 1t (F ) excerpt
\w% QRTO\\ the FSP,

mn@ dUL to the wood

Agadient result in strain

b=

shrinkage (Buehlmann er al., 2011). (@ n ﬁ\(ﬁl\
(]

u *—
and strain-induced stresses, w lnd atl '{qpv to induce fracture or

Y. \
distortion (Salin, 1996). TogminMhise difectigd: @lmns in use. sawn lumber

needs to be dry enough SV Wironment (Steele er al., 1990:

a n agd ady ' sses and strains are controlled at
minimum lev cl: #hi

Shr' m in lumber dimenston varies both between trees and within a tree,

egrades (Rice and Shepard. 1993).

C

.._a

and _ such variation may be affected by the size and shape. density. the
microfl angle and the moisture content gradient when the sawn lumber is dried
(Buchlmann et al.. 2003). All seasoning degrade is virtually due to shrinkage or to

differential shrinkage within the timber. Moisture gradients (Salin. 1996) within the

Lo
3



timber that result in differential shrinkage cause the most difficulties. Spiral grain,
cross-grain and reaction wood contribute to warping, particularly juvenile wood.
Drying under restrain could mitigates the problem. Alternatively, lumber degrades
(Salin e al.. 2005) could be minimized by drying slowly but it is unecono&i

The greater longitudinal shrinkage of compression wood cﬁuhd with
normal wood would cause bow and spring on drying. Comprcssion?ﬁ is a type of
-dWfde of exposed

reaction wood develop in trees blown over on the windwya

plantations, in the lower part of trees growing on a slope an v hfa\'y tree crown

&
d. 'LQ-S&ddilion.
4

(Warensjo.

2003). Since compression wood is associ@
and Kubler, 1995). it is reasonable to t%l lhmsu
]

. ~ . . .~ “
compression wood. In fact, it is ddf to SeQhgv i‘&a
N

could be accomplished with 1dfeal Flzin(: n its internal structure. For
example, compression woogwitl ORgigwih @3 can cause logs to become oval

che(‘l} al., 2008).

o
]
5
=
=
(S

7=
a
o
=
=]
5]
2
Y]
@
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GJ ¢ 9
Distortion le' ng fas=pligin ‘K‘om deformation under load) takes a

number of forngg fMlustrate m’FiuR‘E 2.13 (Fridley, 1993). The importance of
S

[72]

which may, Niﬂbrcm for variouY applications. Diamonding (Figure 2.13a) i

square
become Mamond shaped simply because tangential shrinkage is greater than radial

shrinkage. If it requires remedying the material is dressed on four sides (Steele et al.,

1990).



Cupping is a flatwise deviation from a straight line across the width of the
board. The direction of cupping is such that the growth rings straighten out a little. In
kiln drying. those boards at the top of timber stacks tend to cup in this way. the other
are held flat by the weight of the lumber above. Bowing (Figure 2.1“13?11@
longitudinal curvature from the plane of the face in the direclion‘(‘\%lenglh.
Crook or spring (Figure 2.13¢) is the edgewise deviation of a piece?ﬁaber from a

straight line from one end to the other. Crook occurs in pithy timb¥grhere the fibres

];C. :'piral grain and
94 \d,

on the edge adjacent to the pith may have a large microfib

(¢) Cro (d) Twist

N@u orspang

Fridley, 1993)

Twist is a spiral distortion along the length of a piece of timber (Figure

7.13d). which is generally related to a combination of large spiral grain and the



anisotropic shrinkage variation in a piece of timber (Preston, 1950; Stevens and
Johnston, 1962; Kliger ef al.. 1995). It arises because the angle of the grain varies
with the position of the fibres within the tree, and this happen when sawing of timber
log to sawn lumber. It is also associated with cross-grain. Balodis (1972)@]1&1
twist increased with increasing angle of spiral grain. and consequem!fl%creascs
with the distance of the board from the log pith. In general. the od 1ce of twist

was proportional to the ratio of grain angle to the distance fron h. and that the
constant of proportionality is a function of the tangential shiWg Ec c'»mponem of the
wood (Maun, 1998). \d,

| S
In general wood distortion increases with dC8gasing 31‘ 1e ois@b content.
V .
>procepamg and use of

n déig. (b) movement
in service, and (c) the rcsponsi\'cn’:%‘ limb\GENXa K;é‘ualing environment
. “
(Almeida and Hernandez, 2007). \ ﬁ
=
'S

S
2.7 Treatments for lmpw

The applicationgQf T™™in i atment to enhance the dimensional

stability and streng#mp 301‘1' O\ pal@ylumber (Paridah er al.. 2000: Loh et al.,

"
\
. v ¢ Copi B RS ‘
2010: Rudi er 4. 3). or aldy (ﬂlcrw(wd material (Cai et al, 2007) are the use ol
=y

resin udhc‘\m' the application O techniques, which artificially accelerated the

range 1 application of heat to impregnation with monomers or prepolymers for in

sifu polymerisation. or alteration of the chemical composition of wood by chemical

reactions. Typical methods based on the process procedures can be found such as
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impregnation, compression and compreg (the combination of impregnation and
compression) (Ayer et al., 2003).

The polymer types used in wood quality improvement are thermoplastics
such as vinyl monomer and similar oligomers (Meyer, 1982), or Ihcrmosch as
phenol formaldehyde. urea formaldehyde. melamine formaldehyde mf%\\_\' resins
(Paavo and Makku, 1994). The location of the chemical added co

be deposited in

the cell lumen, cell wall or the combination of both in cell®gph and cell wall
<

(Schneider, 1995). i '

The study of adhesion in wood

increasingly important as work continues,tc

resources. Consequently. there has bee

an economic and effective mclho@

assemblies (Schields, 1976). Awmaung § thg .
, ey Ly
1980). an adhesive is a subStan cu&w‘ Plﬂ&lg materials together by surface

attachment. The holdingog?d
consist of valence ll%\r 1

\
1980). %k IAA S

T

]hc\ f adhesives oiiq@ud\'anlugcs In comparison with conventional
wchniq%h as brazing. welding, riveting and bolting. Some of the advantaces
are? ¢ ability to join efficiently thin sheets, or dissimilar materials, (b) the

increase in design flexibility, (¢) an improved stress distribution in the joint. which

41



leads to an increase in fatigue resistance of the bonded component, and (d) a
convenient and cost effective technique (Cadei er al.. 2004).

A number of scientific disciplines that have contributed to adhesive bonding

technology. On consideration of polymers in structural adhesive joint aIDIWI]S.

Cooper and Dunnavant (1970) described the advantages of the ms%‘\plinal.y

approach, of which surface physical chemistry, polymer science gnd m&hanics are

surface characteristics of the adhesive and the adherend prior to bonding, and on the

surface phenomena that occur when the two surfaces bonded together (Mittal and
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Lee. 1997). Collett (1972) commended that modifications of polymer surfaces for
adhesion orientation applications have necessitated a careful analysis of the surface
region morphology (surface physics) and chemical properties of the surface layer
(surface chemistry). The interaction of solid surfaces with gases or liquids¥ads to
physical adsorption or chemisorptions of molecules or atoms on @i surface
(Marian, 19606).

The character of this adsorption depends on the surfacN‘gy of the solids

and the chemical nature of the absorbents. Dispersion figtgg Crin'; about physical

1\?511 the

&S
W@OHd. ionic

resé‘These molecules
i

Wattion forces than the

. u * : : :
subsequent layer of molecules. U& the Iaers IOSXQ, he solid surface are 1n a
N

more orderly arrangement, v ic@dua y di¥app with the increasing distance

of the subsequent layers fr{lh S cei( % and Hutchinson, 1992).

Solid surfaces m

High-energy solid payyTagls, a

gy and high-energy surfaces.

C <

¢

e

diamond. quarig.Nggps j face energies ranging from 0.5 to 5 J
m~, the v

point.
resines,
than 0.1 J m~. All pure liquid (excluding liquid metals) will wet uncontaminated

. . ~ ~ . <)
high-energy solid surfaces due to surface energies greater than 0.1 J m™. Low-energy



solid surfaces are not wetted completely by a wide variety of pure liquids (Hayden ez
al., 1965).

Every liquid having a low specific surface energy always spreads freely on a
clean, high-energy surface at ordinary temperature unless the film adsm‘lmv' the

%\n that of

the liquid. Liquids, which cause the formation of an adsorbed and grient:

solid converts it to a low-energy surface having a surface tension loy

ted layer on

a solid surface resulting in a low-energy surface (even I(W
| 9O). '

1S a4 C nw measure of
"X
Y g N ct ang

ks

spreading liquid) called autophobic (Pimentel and Spratle

le

acn'{m of three surface

sdand vapour phase. yi;

tensions are as follows: (a) at the inlcr& ce ol'th
ind Qb

(b) at the interface of the solid Rl id se. yis; and (c) at the

interface of the solid phase and phis

4

The mechanisms of MHICHON mgyin ]jcQBuchanical interlocking, diffusion

theory. electronic lhco@rp i‘m tl ory_@micul reaction, interdiffusion, Van

&)

der Waal's forces. a \o! dihc zrl!m n. However, none of these theories can

i N . .
fit every siumli41l:n freguén _’x‘cv "ol them appear to play a role in bonding. It
is suooeste acid-base 111101‘1«.1@)15 at the adhesive-adherend interface could play
Verv in role in adhesion. Evidently, the practice of adhesion science reveals

tha#&is %t a simple phenomenon comprehensible with a single model. The physical

reality tends to suggest that several models operate at the same time (Kinloch. 1983).
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Chemical bonds. once regarded as unnecessary to explain joint strength or

adhesive action, are now seen to be quite common and for ionic bonds to be closely
linked with the electrostatic theory. Diffusion as the mechanism of auto-adhesion of
elastomeric polymers and adsorption admitted to explain the wetting of s{ by

liquids. are essential preconditions for adhesive action. Adsorption o:‘ ense o

=

orientated molecules on fixed sites is applied for many cases of pokgagric adhesives

on high-energy solids (Shi and Gardner, 2001). V
bZldil
lic liw‘would be

N\
ywood

Adhesive bonding has many advantages to offer

lg industry. No

other method of attachment is satisfactory for so many

absurd to consider nailing a ceramic wall tile 1 oSition for llS
PV K N e lies‘staple ) AN :
paneling which has its wood plies stapled togetheNlEvenas: per ends on an
adhesive to hold the grit to its papcrb\%wg(l\'

applications of adhesives are taken gitQ accoml 'lv

considered as the most widely use@d w? holgirt \'&us materials together.

The important of the surface polvumd th rfag®rharacteristics for polymer

o

adhesion has been considerably di

NG Toonal ok

2.7.1.1 Properties of% rogn ’ ¢
\

The I’OSilw:\'Olim s @ of resin) is produced by one of three

N
routes: (a) L—’“él 1s obtained bym)ing living pine trees, and then distillation the

exudate (%n) to produce rosin and turpentine, (b) wood rosin is produced by

so]\'c@cling aged pine stumps, and (c) tall oil rosin, which is the useful by-

product of the kraft pulping process. The production of rosin is more than 1 million

ussgdefimafort ears (Lee. 1984).

tonnes per year (Liu and Urban, 2010). Over the years, the rosin is used in a wide
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range of applications such as in the manufacture of adhesives, paper sizing agents
and printing inks (Smith er al., 2010; Yao and Zheng. 2000; Alexander and

Shakesheft. 20006).

Abietic-type \T

0 e o o e

C” "COOH CEHNBEAHK C ale
(

" "COOH
Dehydroabietic Secodehydroabietic Dihydioabie¥g

Pimaric-type

&CQ

1N 2. 15: Chenggfal c@\silions of gum rosin

(,} .}’IC)(J

= S
Gum I'OSI%\ sts Wripafidy ofKbietic- and pimaric-type resin acids with a

N

suitable h_\‘d@ic character anth\@ffinity for lignocellulosics (Satturwar er al..

2005). 1s 1 Figure 2.15. Different chemical mechanisms between copper. rosin

and \Qms(ilucms have also been investigated (Voulgaridis, 1993). For example,

the copper-rosin soaps were extremely efficient towards both fungi (unsterile soil

bed test) and termites (field test) (Fizzi, 1993). In another study. the decay resistance
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of wood seemed to improve due to the decreased in moisture absorbing tendency
when subjected to a rosin sizing agent (Li ez a/., 2011), and are of primary interest in

this work.

2.7.2 Densification of wood materials

density of biomass from an initial density of 40 to 200@ke % to a final compact

density of 600 to 1.200 kg m™ (Holley, 1983; M? ap, SQUEY Procedures
) e X

oenerally involve transverse compression 01‘1imbcr® condjtic \\Al@ S|

&
ger and The 4 WaplTT al 007).

\\'()Qg Ems been done to

oIl walls with suitable

is sufficiently plasticized. (Obernber

Densified wood. a part of improved€y or

two main approaches; (a) either by 1 hc

rer

substance. often a resin, or (b) lo

o

substance through compressior 000). Sometimes the two

=
methods are combined (%sullm? n )}0&1; s that are sometimes -called
compregnated wood (S&l“: 14 /.' 1943). ‘Q’é'
\, ¥
Compreg is% odgct? ?gi\ﬁ) to compressed wood products that are
s @:unfi ¢ :li( \@d or veneer with a thermosetting resin. The

resin uscdﬂ\ bre penetrating p@{ol formaldehyde resin. Resin treated timber is

COMPT g wder platen temperature of 150 °C and platen pressure of 6.5 MPa, with

111@1;11&\1\ occurring before the thermosetting resin cures. Compressed timber

products can be produced with specific gravities of 1.20 to 1.35 (Stamm, 1964).

\O

=)

J

Ironically. structural-size compressed timber is generally difficult to manufacture
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using compreg. This is mainly due to the difficulties in achieving full resin
penetration into the timber and due to the curing of the thermosetting resin adjacent
to the high temperature platen, before full densification has occurred. For this reason.
compreg is mainly used in the manufacture of veneer products (Dogu er u/..?ﬁ.

\1\ Both

dded) with

Two other compressed timber products are Lignosrone and
products are made by compressing untreated solid wood (withou

hot platen at temperature ranging from 160 to 180 °C and prest tween 10 to 18

MPa. Lignostone was produced by first applying pr

m
(f/

InQne iireclion (radial)

Ahe ! '(Wons (radial
'Y

hl: .ni"}:surc 1S
N

y f1c S0 to 1450

25
ssc<ok{§h side restrains

'{M(H to grain when the

and followed the application of pre-compression press

and tangential). In this state, the wood was he; ed b

released. The described process resulted in an 11

kg m™ for wood. For the Staypak products, § 'as

—

because there is the tendency for the w chpl N{TCI

; i N
thickness was 12 mm or more (Galjaga al. } 993 Q‘?
The strength properties w/m/\’

produdts ¢ 1$.mp10\ ed when compared to
U |
standard timber, as reported B% Syamm @044 Bt % ural and veneer staypak timber

pmduu\ can be m‘mu&\ u~1l1g a

intensive than the d \g

from plantz mm lL hge

ou \\ lmh is less material and process

O
}la(niﬂncluring issues with staypak products
A . . S
entrgidn of water-insoluble extractives. which is

present in pg 1l Ileld lwnm@ and impede timber compression.

and Chui (1997) have completed research on timber processing

me Nmilar to Staypak. This study investigated the concurrent effects of
compression and platen temperature on the properties of white spruce timber. The

timber with an initial moisture content of 15% was processed using platen
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temperatures of 20, 100, 150 and 200 °C and densification levels of 12, 16, 24 and
32% to produce test specimens of 210 mm long, 20 mm wide and 12 mm thick. The

compression was applied to reach densification level within one minute and was
maintained for a further four minutes. Y.
Densification was primarily made to increase the abrasion ILSIN and the

mechanical properties. In most methods used for densification of w ooﬁ heat and

steam were involved. There are also often been pressure in oMy direction at a
time. One of the main problems associated with most of t \R s of densified wood

(except to those with high resin content) is the lack ¢ 1ensipn 1111\ When
d 1o high relative | &
soaked in water or exposed to high relative humidi npregs L_l_{&lend to

b

q%’gt a serious
'11'()421£m. Thus, 1t 1s

exhibit irreversible swelling or springback (Sa

problem when densified wood is used in {ig

important to determine the pressing gondifc the recovery from
compression for untreated compresgg
Wood densification by ession has attracted many

] ~ s' = ~nat 1)
researchers as a process u%- ¢ properties of low-
density wood species % l%’ll).

season green 1imbu%\wc1 heatg !al&g and is generally a constant pressure

or ir a‘: . press drying aims to rapidly
. Q%'! TIPS ‘ '

operation (Onis g8 11 11 967). The level of pressure applied to the

timber has \Am research and i&yYstry from low level to ensure contact between

the Um% and the platens, to higher levels causing low levels of timber

1. Press drying procedures are generally designed to minimized thickness

loss of the timber piece
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In research done by Simpson and co-workers (1988). green loblolly pine of
50 mm thick and 100 mm wide was press dried in 90 minutes by using platen
temperature of 175 °C and platen pressure of 175 and 345 kPa. The resulting timber
was reported as being successfully seasoned and free of checking. cell @s?and
excessive thickness loss. There was minimum difference in the tifgpbegdthat was
restrained in the press after cooling or removed from the press a s unstrained

during cooling. Timber samples dried at 175 kPa produced a staWfically significant

\ :ln I'mbcr that varied

%7.0%.

reduction in warping, a downgrade of 4% compared to th:
from 18% to 30%. The specific gravity, strength agd sti
12.9% and 19.0% for timber pressed at 175 kPa.
Thermomechanical densification has fundgmen ferenged in aims and

3. <
objectives compared to compreg, smypal\h'ess dryt cturing methods.

%: prog \5} ; \eéi\m'e and in the case of
o e

uses high temperature

which typically apply to discrete part

compreg, are resource intensive
platens to rapidly season agd ¢ e is applied to densify the
timber under conditions @f mas
the conditioning thermo-plastic nature of the lignin in the

original form after the application of stress

KIS emical treatments

The permeability to water of wood cell wall material is of importance n

studies of the treatment of wood with aqueous solutions, such as water-borne

N
<



preservatives, and in investigation of the movement of water in the living tree.

Bailey and Preston (1970) suggested that aqueous preservative solutions might flow
through cell walls by way of cell wall capillaries. Although axial flow of water in the
stem of the living tress occurs through cell cavities and pits, some laler@nay
occur through cell walls. :%

Solid wood in its many form and adaptations has been Ygosl versatile
material for buildings., construction, or furniture because Npcrior material

properties. e.g. pleasing optical appearance, favourable 1ENgg z\ stgength ratio. low

thermal conductance, biodegradability, and last, but n

cadl. ,ilsvueutral
S
carbon dioxide balance. There are, however, so 00d proper@fs thalare ofien

N

perceived as negative by the end-users, such as d{menst \aNlablll Nvith changing

—t

A promising way 1o impn\r dr
modification. A number of chcw subtan ax
RN

and some have shown w( mw,{ e #gfgensional stability and/or decay
resistance of wood Ml. 9@ i

. i
Hgweye

a
e}
=]
=5
o
[72]
2
@
o
P
7
—
job)
w
=
o
o
\O
\O
S
=

Yalinkilic et al.,
N
insignificant zwnl)':n ige oaets on the mechanical properties of wood
&
(Larsson a Monson. 1994; Rowdl, 1996; Ramsden ez al., 1997).
L‘?\' treatment used to dimensionally stabilize wood include tars. creosote,
resing salt. which coated of filled the cell lumen (Meyer, 1982). Since then,

considerable research on wood treatments has been carried out with numerous

introduction of new treatments on wood stabilization (Barclay, 1981; Grattan, 1980:

N



Kazi er al.. 1997 Sergey er al., 2001). Examples include polyethylene glycol (PEG).
heat-cured phenol formaldehyde resins, reacting with acetic anhydride and cross-
linking with formaldehyde or multifunctional isocyanides.

Thermosetting synthetic resin such as epoxy. polyester and mel@lau
are chemically or radiation curing synthetic polymers. This Ldle<’@;yxllllelic

resins has been commercially applied in the manufacture of I]bu—wt composites

(Startsev er al., 1999; Gindl er al., 2003) and is known 10 rt strength and

;da indicates that

improve other properties of under-graded wood. Resea

wood treated with these compounds have reduced ¢ 1511110
compared to matched untreated controls (Nichola , 1982;
Watanabe er al.. 1998; Bergander and Salmen,2 OW

Kutnar and co-workers (2008) blL\%e cham¢ oy s of viscoelastic
thermal compression (VTC) made of l(%:nsn}/ \ﬁil )Qi I @(Popu/us deltoids x
Populus trichocarpa). The results g he gendi %C?opuucs of VTC wood

were significantly enhanced due t\@#ncreasgd d

Sity. ﬂ%ludv on the performance of
S

a wooden block shear \\’dl utilisfng 1]
place of the tradition K&l >Cla
compressed connegiey’s ;’

with the adjaua%ks al'lgr
(2010) inw%lcd strengthened

woints. The results showed that the shear modulus and strength increased

Ssed@bod as a connecting element in

sel i[., 2008). They reported that the
I

| {d]&HHLHSIOIl partially and filled the gaps

>

s&binq-r 1oisture from air. Kitamori and co-workers
&

b

operties of compressed Swugi as connecting

elemer
almost ortionally to density.
Melamine-formaldehyde (MF) resins have potential to improve properties of

solid wood. Impregnation of solid wood with water-soluble MF resins has led to a

‘N
o



significant improvement of surface hardness and MOE (Miroy ez al., 1995: Deka and
Saikia. 2000). Furthermore, resistance to weathering has increased and colour
changes due to ultra-violet (UV) irradiation diminished with increasing
concentration of MF-resin in wood (Inoue er al., 1993). \q

The use of low molecular-weight phenol formaldehyde l'esixmA\’PF) has
been reported by many researchers as additional treatment to enh? 1e properties,

particularly the strength and dimensional stability of the liuNulosic materials.

Among the products studied were oil palm veneer for |

OWd (}oh et al., 2010).

bamboo plywood (Anwar et al.. 2011). particleboayd (RNgita fand

NaULg1991).
o
), multiflay I'CC{ x’hﬁmd board
s b

(Paridah er al.. 2006) and laminated veneer l%bv (Sul \

wood lumber (Furano et al., 2004; Abdullah,

N
et (1/%‘&'09).

bel&inst fungi attacks

The LMWPF had been used o443 spitwoo
(Evans. 2003). biodegradation (Ry a ){ﬁlpm\'cd dimensional

o : ; S
stability and strength of the \\'0\ TAMUN

et o, ‘)ngzmd reconstituted boards

i ’(@\'i (19906) stated that the bond
1§ @h and 1ts deterioration at elevated

r than urea formaldehyde (UF) and

< e

rgQips. In fact, PF resin is known of its high
N3
nensional stability and low cost (Koch e al..

1987: Pi 994).

s quality of OPT lumber can be improved by filling the cell walls of

parentmyma tissues with PF resin until the cell wall is swollen (Kamarudin er al.,

2007). Dimensional stability is achieved due to bulking of cell wall and cross-liking

between the cell wall polymeric components (Rowell, 2005), leading to a reduction

N
(U]



of equilibrium moisture content (EMC) at a given relative humidity (RH). Hence. a
reduction in the cell wall moisture content will result in an increase in MOE and in
strength (Dinwoodie. 2000).

Abdul Khalil and co-workers (2008) indicated that the mcchanica@ies
of sawn lumber of 100 ¢cm (long) by 20 cm (wide) by 10 cm (thi ‘@»il palm
trunk increased with an increase of resin loading from 5% to 25% Y.no modified

phenol formaldehyde resin, but the strength tended to decre: se an increase of

resin content above 25%
Edi Suhaimi and co-workers (2008) stated that oMpalng lum AOvam in
P
radial by 100 mm in tangential by 100 mm in uudma plco wed with

medium molecular weight phenol formaldehyde ( MV Sin (gt as bulking

agent for an hour and compressed under \%smn OLYYo C@iaclion tended to

increase the density from 0.37 to 0. 98 In addl *1

dimensional stability, durability ar achine bll o"llA lmg treated lumber has
\

increased significantly. l

In a study wnduu by § dtf‘ctgb workers (2008) concluded that

ncﬁ{bl\ ent with low molecular weight

'L— P.n(\c}?u ilar weight. The rate of swelling is

the swelling of OPT g

compared to
N3
higher in the N (*‘&‘011 ed to tangential swelling while the axial

swelling

i~w\l(u“d ne ‘:‘llgnlg\c?kn subjected to organic solvent such as n-

hexandee Y™ehexane, acetonitrile and acetone.
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2.8 Vacuum Infusion Process

Vacuum infusion (VI) technique is renowned and established since long.
However, process development has until recent years mostly been based on trial and
error. Hence, the behaviour of the process is not fully understood and the nvmg

N

is so far not sufficient. It is obvious that an increase in part4¥€yand the
corresponding increase in material value stresses the risk of severewa mic loses in
the case of an unsuccessful charge. Moreover, the process is sSOgVe to leakage in

the flexible membrane and a good surface finish is only a{ghy Ke OT one side of the

part. Complex geometries such as sharp edges and thickn

N
the flow of resin (Bickerton er al., 2000). ' -{')
L 4
¥

The VI is known under different acronymsS{They \\\ acuyfgassisted resin
transfer moulding (VARTM), Vacuum@tsin t n&ding (VBRTM),
Vacuum assisted resin injection proc%\/AR \R ection under flexible

. o : V&
tooling (RIFT) and Sccmann\ D es

p—

“'1@1011 moulding process

e sT’cch olo '15@11 the impregnation of a dry
(

es@ nfyfder vacuum pressure. Some of the
Nt (Q;@ems of the process and its generic
G ’ i
names (Rudd et al. . s (‘;)
N3

The V wrcasi ogpdfilargd the transportation, marine, manufacture of

(SCRIMP™). All involved t

@V
arts, in which thidK, single skin laminates and sandwich structures

V1 process is also being used for the manufacture of carbon fibre-epoxy component

dedicated to aeronautic and aerospace sectors. In VI process, the infusion of resin is

N
N



carried out under imposed pressure or flow rate. Since the cavity thickness is
constant, the permeability of the substrate remains constant during the infusion

(Hoebergen. 2001).

fe

2.9 Material Strength of Oil Palm Trunk for Sawn Lumber :%\
The commercial exploitation of oil palm for a variety of preducts depends on

sle supply, the

a number of factors. These include a long-term security of SLW

requirements, sawn timber to be used should pogs

properties such as stiffness. strength, toughness aNg CTc
Mch

which generally influencing both the pl'x\%
(Kellogg Onda

gg and Wangaard, 1969; Ando ae
&‘hm ]

General information concer g m

be obtained from a bending test. it Ta event in terms of equations
'S

containine measurable parametgs. \ oy strain and linear dimensions.

1s mggwured by moduli of elasticity, such as

Stiffness or the l'csislm@ﬁ . n
C

\ ¢ Ng e .

Young's modulus. %mo 1lus t?lﬂco} lus of rigidity. Strength. computed as
& \ .

ultimate slrcss%s resséd jngh£ applied force) demonstrates the ability of

al })&;&mcs of sawntimber can
Cl

cXpr

o

salx\mimhc'\ pthstand bcnding«@lhc point of rupture. Toughness represents the

to fracture a material while creep is a measurement of time-dependent




On a microstructure scale. it is possible to measure the strength of linear
crystalline fibres using the valence-force type of calculation, which is based on the
knowledge of the bond angles and the respective force constant, bond lengths and
the unit cell dimensions. However, native fibres seldom achieve the tl ical
strength although freshly drawn glass fibre and certain whisker crysli'l \ppcar to
exhibit tensile strengths approaching the theoretical limit (Andrew y !%8).

In general, macroscopic deformation of cellulosic 1‘1brcw mvolve several

a% an'glc deformation,

microscopic deformation than include valence bond len

secondary bond deformation, reorientation of macromo

reorientation of crystalline regions and conﬁgurat@

complicated mechanisms of fibre deformation, \ghe' th

strength tend to be of doubtful signiﬁcawe\@ﬁ'cd

using appropriate test methods (Djordj%‘ci al.,
Compared to theoretical

compliance) which 1S gcncmllyY@

the binding energies within ¢ 1

C
and crystallinity alon&c\irvqon i 111@@1‘@ axis (Fengel and Stoll, 1973)
Therefore. modulus%;\uh
mechanical ]m%:) bedleley
1 L& dulus is widelyw®d to measure the macroscopic stretching which

Invo L% stretching a fibre sample and monitoring the load, or loading it while

mo
extension tests are usually commercial tensile testing machines, for example an
b =4} 4 C

Instron. where the fibre is stretched at a constant rate of elongation. These employ a
(= 4 s <

S



crosshead moved by lead screws driven by a powerful motor, capable of a range of
speed while loads are measured using a hard load cell connected to appropriate
amplifiers (Tucker and Liang;1999).

Some form of extensiometer measures extension or strain gauge zuw to

the specimen or from the crosshead displacement if the specimen umi %\cularl\'

delicate. For uniaxial tensile load, it is generally assumed that g load is shared

uniformly across the fibre and the sample maintains a constant W~eclion over the

measured region, at least (Djordjevic et al.. 2007). i '
There are two moduli, which can be defined froighe sip xial tension
L
_ N4
experiment: the secant modulus and the tangen lus. Hor n’li,mc)?r elastic

D)

material. both moduli depend on the strain an?x’c 7\\1 e at %f h they are
measured. The tangent modulus is the s ‘I%NC L

at the given strain and extension mlcC\'hile lhg:\:tszmw
line from the origin to the su'css-\%m\'@ '

%ﬂus is the slope of the
N

at thegrv rain (Bodig and Jayne,

1982). Y- | §
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