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ABSTRACT

The present study was investigated the potential use of Bhant (Clerodendrum infortunatum)
stalk for the production of particleboards. In this study, woody stalk of Bhant was used as wood
particle (WP) and urea formaldehyde (UF) was used as binder in Particleboard manufacturing.
The aim of this study was to produce single layer particleboard from the Bhant stalk and
evaluation of their physical and mechanical properties. Three types of single layer particleboard
i.e., coarse particle (CP) — fine particle (FP) mixed particleboard were manufactured with 6%
urea formaldehyde (UF) resin. Three types of broads were prepared with three different ratios
A (100:0), B (70:30), C (50:50) of particleboard manufactured from Bhant. Water absorption
and thickness swelling tests were carried out to determine dimensional stability of the boards
while modulus of rupture and modulus of elasticity tests were carried out to assess the
mechanical strength of the boards. Particleboards produced using Bhant stalk ratio of coarse
and fine particle (50:50) gave the best results in terms of the lowest mean values of water
absorption (68.67 %) and thickness swelling (32.38 %), as well as the highest values of
modulus of rupture (27.857 N/mm?) and modulus of elasticity (3520.11 N/mm?2). So, woody

stalk from Bhant contributed as a good source of particleboard manufacturing.
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CHAPTER ONE: INTRODUCTION

1.1 BACKGROUND OF THE STUDY

In the last 40 years successful development of wood based panels with the economic advantage of
low cost wood and other lignocellulosic materials is the proficient alternative of solid wood. The
demand of composite wood products such as particleboard, plywood, hardboard, oriented standard
board, medium density fiberboard and veneer board has hiked significantly throughout the world.
Among them, the demand of particleboard has been increasing significantly because of house
construction, interior decoration, manufacturing of furniture, flooring, home constructions, stair
treads, cabinets, tabletops, sliding doors, lock blocks, displays, table tennis, pool tables, kitchen
work tops, and work surfaces in offices, educational establishments, laboratories and other
industrial products. This huge demand of particleboard accelerates the declining rate of natural
forest resources. Thus, the demand of alternative sources of raw materials is increasing ever more.

Alternate lignocellulosic materials like agricultural residues and non-woedy plant fibers may play

ety Sy

a major role in minimizing the demand of manufacturing the composite panels (Anon, 2006).

Bhant is botanically known as Clerodendrum infortunatum (Fam: Lamiaceae). Clerodendrum has

about five hundred and eighty species reported from various parts of the world; among them C.
infortunatum is a native Indian species. Bhant is commonly known as Hill Glory Bower. Bhant is

a gregarious perennial shrub. It attains a height of about 1-2m at the fully flowered stage. These

bhant stalks are mostly used as fuel (Youngquist, 1999).

Although many studies have been conducted on bhant leaves as medicinal uses, but none of them
explores the utilization of bhant stalk for particleboard production. Therefore, the aim of this study

is to produce single layer particleboard with UF resin from the bhant stalk and evaluation of their

properties.

1.2. OBJECTIVES OF THE STUDY

¥l To assess the physical and mechanical properties of particleboard using Bhant species.




CHAPTER TWO: REVIEW OF LITERATURE

2.1 GENERAL INFORMATION ABOUT PARTICLEBOARD
2.1.1 DEFINITION OF PARTICLEBOARD

A particleboard is a board (or sheet) constituted from fragments of wood and/or other lingo-
cellulosic materials (chips, shavings, flakes, splinters, sawdust, etc.), bonded with organic binders
with the help of one or more agents like heat, pressure, humidity, catalyst, etc. (Srivastava, 1969).
It may be classified as a panel product manufactured under pressure and heat from particles of
wood or other lingo-cellulosic materials bonded entirely with a binder, generally a synthetic resin,

to which other chemicals (e.g., fire retardant, fungicide, water retardant etc.) may be added to
improve certain properties (Salehuddin, 1992).

2.1.2 BRIEF HISTORY AND DEVELOPMENT OF PARTICLEBOARD

Particleboards are not more than a few decades old production. Before particleboard, modern
plywood, as an alternative to natural wood, was invented in the 19th century, but by the end of the
1940s there was not enough lumber around to manufacture plywood affordably. By that time
particleboard was intended to be a replacement. But before that scarcity in raw materials of
plywood, first efforts were made in the early 1920’s for manufacturing of particleboard. But it
was unsuccessful as for the lack of suitable adhesives. Then new techniques introduced in the
1930’s in resin applications with the growing demand paved the way for the industrial production
of particleboard in the early 1910°s (Moslemi, 1985). The first commercial piece was produced
during World War I at a factory in Bremen, Germany. It used wasle material such as planer
shavings, off cuts or sawdust, hammer milled into chips, and bound togcther with a phenolic resin.
Today’s particleboard manufacturer provides hi gh-quality products that consumers require due to

s S {Anon, 2007 and Moslemi, 1085).
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2.1.3 TYPES OF PARTICLEBOARD

There are different types of particleboards depending on —

2.1.3.1 TYPES OF PARTICLES USED

ul

i

Flake board: A particleboard in which the wood is largely in the form of flakes, giving
the surface a characteristic appearance (Srivastava, 1969).

Chip board: A particleboard made from chips. It is made in varying thickness and may be
surfaced with paper, veneers, plastic materials, etc. (Anon, 1970 and Srivastava, 1969).

Shavings board: A particleboard in which wood shavings are the chief constituents.
(Anon, 1970 and Srivastava, 1969).

Wafer board: It is a structural material made from rectangular wood flakes of controlled
length and thickness bonded together with waterproof phenolic resin under extreme heat

and pressure (Anon, 2008® and Salehuddin, 1992).

Oriented strand board: Oriented strand board, or OSB, or Sterling board (UK) or Smart
Ply (UK & Ireland) is an engineered wood product formed by layering strands (flakes) of
wood in specific orientations (Anon, 2008 and Salehuddin, 1992).

2.1.3.2 PARTICLE SIZE DISTRIBUTION IN THE THICKNESS OF BOARD

Wl Single layer or homogeneous board,

wl

Three layer board, where course particles in the core layer are sandwiched between fine
particles in the face layers, and
Multi-layer or graduated board, with a graduation of particle ranging from the finest in the

face layer to the coarsest in the core (Salehuddin, 1992).

2.1.3.3 DENSITY OF THE PARTICLEBOARD

L

Low density particleboard: Density below 590 kg/m> or 37 Ib/f?,
Medium density particleboard: Density ranges from 590 to 800 kg/m? or 37 to 50 Ib/ft’
and

High density particleboard: Density represents above 800 kg/m?® or above 50 Ib/ft®
(Srivastava, 1969).

N



2.1.3.4 EXPOSURE OR SERVICE CONDITION

Wl Particleboards for indoor use: Where exposure to water or high humidity does not occut

and

W Particleboards for exterior use: Where exposure to environmental conditions occur.

Exterior particleboards may be further classified into-

e Structural and

e Non-structural boards (Salehuddin, 1992).

2.1.4 RAW MATERIALS FOR PARTICLEBOARD MANUFACTURING

2.1.4.1 LIGNO-CELLULOSIC MATERIALS
2.1.4.1.1 WOODY MATERIALS

W Planer savings,

w8 Sawmill residues, such as slabs, edging, trimmings, etc.

wl Residues from timber cutting in furniture and cabinet manufacturing plants,
Wl Residues from match factories, '

Wl Veneer and plywood plant residues,

@ Saw dusts, and

Wi Bark (Salehuddin, 1992).

2.1.4.1.2 NON-WOODY MATERIALS
&l Jute sticks,
Wl Bagasse,
Wl Bamboo,
W Flax shaves,

Wl Cotton stalks,

Wl Almost any agricultural residue (such as husks, coconut coir etc.) after suitable treatment

(Youngquist, 1999).

{ 4
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2.1.4.2 CHEMICALS
2.1.4.2.1 BINDER OR ADHESIVE

Adhesives or binders are the materials used in the fabrication of timber structures and components
offers a neat and efficient method of bonding together the separate pieces of wood, or of board
products such as plywood, chipboard, or fibreboard, which comprise the finished product. ASTM
(1997) defines an adhesive as a substance capable of holding materials together by surface
attachment. The bond attained must meet the strength requirements for the structure as a whole
and this bond must remain unaffected by the condition to which it will be exposed throughout its

life (Youngquist, 1999).

2.1.4.2.1.1 TYPES OF ADHESIVE/BINDER

There are mainly two types of adhesive. One originated from natural sources known as natural

adhesive and another is synthetic adhesive.

wi Natural adhesive: Adhesives of natural origin- such as animal, casein, soybean, starch and

blood glues are still being used to bond wood in some plants and shops, but are being

replaced more and more by synthetics (Vick, 1999).
Wi Synthetic adhesive or Synthetic resin adhesive: Synthetic adhesives are man-made

polymers which resemble natural resins in physical characteristics but which can be

tailored to meet specific woodworking requirements. Synthetic adhesives can be

categorized into two groups, namely thermosetting adhesives and thermoplastic adhesives

(Natasa et al. 2011).




2.1.5 VARIABLES AFFECTING THE QUALITY OF PARTICLEBOARD

Wl Particle geometry and slenderness ratio (s): The main aspect of particle geometry is the

slenderness ratio range of 120 to 200 seems best (Salehuddin, 1992).

Wl Raw materials and compression ratio: Particleboard must be compressed during hot
pressing from 5 percent to 50 percent. Lower-density raw materials have greater
compression ratio. So higher modulus of rupture, modulus of elasticity, internal bond and

tensile strength properties are achieved (Salehuddin, 1992).

% Binder mixing proportion and mixing: Generally adhesives mixing proportion for
particleboard is different for different types of adhesives. Based on ratio of wood flour and

binder WPC board property will vary (Anon, 2006).
Wl Pressing time, temperature, pressure etc. are also affecting the quality of particleboard.

2.2 USES OF PARTICLEBOARD

Particleboards are used as:

Shelves

Table tops

Cabinets

Wall cases

Benches

Book cases

Kitchen cabinets
Piano and organ parts
Flush-door cores
Mobile homes

Floor underlayment, etc.

k & £ £ & & & & £ & &




2.3 ADVANTAGES OF PARTICLEBOARD

|

Particleboards overcame some inherent weakness of solid wood and make useful products
out of wastes, small pieces of wood and inferior species thus ensuring complete utilization
of raw materials, make products with unique properties can tailor products for particular
end-use.

The characteristics defects of wood such as knots, spiral grain, etc., may either be
eliminated or scattered throughout the particleboard during manufacturing. Thus ensure
not occurring defects during service condition.

The variation in strength stiffness due to anisotropy in wood is largely overcome as also
the differential changes in dimension due to absorption and desorption of moisture along
or across the grain of wood.

During the manufacture of particleboard, various treatments, such as heating, incorporation
of chemical additives, etc. may be carried out to improve many physical and mechanical
properties including the dimensional stability.

By using different species and adhesives, or particles of different size and geometry,
particleboard may be manufactured suitable for exposure to weather, for interior use, for
interior panelling, for exterior sideboards, for load bearing flooring purposes and so on.

Perhaps the most important advantages of particleboard is that it can be made in large
dimension (Salehuddin, 1992).

2.4 CONSIDERATIONS FOR THE QUALITY OF PARTICLEBOARD

i.
il

iii.

Geometry of the particles i.e. length, width, thickness, diameter, etc.

Species from which the raw materials are collected.

Slenderness ratio (s), i.e. the ratio of length (1) over thickness (t) of particles with square
of rectangular of cross section, s = 111, or the ratio of length over diameter (d) for round
particles, s = 1/d, is a highly important parameter. For the majority of properties, long
thin chips, with slenderness ratio of 120 to 200 seem best. However, surface quality
and internal bond strength are higher with small particles, i.e. with lower slenderness
ratio (Salehuddin, 1992).

{7)



25 GENERAL INFORMATION ABOUT BHANT (Clerodendrum

infortunatum L.)

2.5.1 GENERAL INFORMATION

English Name: Hill glory bower

Botanical name: Clerodendrum infortunatum (L.) (Anon, 2006)
Synonyms

Synonym  Clerodendrum viscosum Vent.,

Synonym Ovieda infortunata ( L.) Baill.

2.5.2 DESCRIPTION

Clerodendrum species are trees, erect or rambling shrubs, rarely herbs. Branches terete,
quadrangular, glabrous or pubescent. Leaves simple, decussate-opposite or whorled in 3’s or 4’s,
petiolate or sessile, exstipulate. Inflorescence axillary cyme, terminal thyrse or rarely corymb.
Flowers bisexual, calyx campanulate rarely tubular 5 lobed, rarely 2-4 lobed. Shrubs; bark grey
and corky; young shoots tawny villous. Leaves 8-17 x 6-12 cm, ovate or orbicular, apex acuminate,
villous beneath and tomentose above; basally 5-7 nerved; petiole to 8 cm long. Corolla white,
tubular; tube 1-1.5 cm long, villous without; lobes 6-10 mm long, oblong, hairy without. Stamens
4; filaments slender, purplish, 2-2.5 cm long; anthers oblong. Ovary globose; style slender;
exserted, 2-2.5 cm long. Drupe 6-8 mm across, globose, bluish-black on ripening; fruiting calyx
enlarged, pink. Seeds 2-4, globose, 2-3 mm across (Youngquist, 1999).

2.5.3 GENERAL HABITAT

Moist evergreen forests, along river banks and near Villages at an altitude of about 1500-5000 fi.

Degraded forest areas and also in the plains (Youngquist, 1999).

2.5.4 DISTRIBUTION

Found along river banks and wet areas from plains to 1500m. Common. India, Sri Lanka,

Myanmar, Indo-China and Malaysia (Youngquist, 1999).




2.5.5 REPRODUCTION
Clerodendrum species flowers are complete, bisexual, i.e., with functional male (androecium) and
female (gynoecium), including stamens, carpels and ovary. Pollination is entomophilous i.e., by

insects. Flowering/Fruiting: Almost throughout the year (Youngquist, 1999).

2.5.6 DISPERSAL
Seeds dispersed by anemochory i.e., wind dispersal, zoochory i.e., dispersal by birds and animals,

anthropochory i.e., dispersal by humans (Youngguist, 1999).

2.5.7 USES

Wl Used in Ayurveda and Siddha medicine for rheumatism, fever, diarrhea and skin
complaints.

wl Has good antibacterial activity.

Wl Fresh leaf juice is said to be vermifuge.

# Medicinal.

—_
w
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CHAPTER THREE: MATERIALS AND METHODS

3.1 MATERIALS AND EQUIPMENT
3.1.1 CHIPPER

A locally made small lab scale chipper was used to chip the raw materials. The rpm of the chippers’

motor was 1420.

3.1.2 HOT PRESS

A digital hydraulic hot press was used to press the mat into particleboard. It has multi-layer plate.

The both platen were movable up and down. Maximum temperature range within 400°C and

pressure up to SMPa commonly occur.

3.1.3 HYDRAULIC UNIVERSAL TESTING MACHINE (UTM)

An analogue hydraulic Universal Testing Machine (UTM), model: WE-100, made by Time group
Inc. was used to determine the mechanical properties of the particleboards. There were two units
of this machine, one was control unit and another was working unit. A meter was attached with
the control unit for measuring the load (kN). And a scale (mm) was attached with the working unit
to measure the deflection. The length of the span, on which the samples were laid, was 248 mm.

Another part of the working unit was used to determine the tensile strength, which works vertically.

3.1.4 OVEN

A lab scale ventilated oven (Name: Gallennkamp, Size 1, made in UK) was used to determine the

moisture content (%) of raw materials as well as the particleboards. A digital indicator outside the

oven indicated the inside temperature.

—

]
10 |




3.1.5 MOISTURE METER

An analogue moisture meter (Model: RC-1E, made by Delmhorst Instrument Co., USA) was used

to measure the moisture content of particles.

3.1.6 ELECTRIC BALANCE

An air tight digital balance (Model: AB 204, made in Switzerland) was used to measure the weight
of the raw materials as well as particleboards and also used to measure the weight of different

ingredients of the adhesive.

3.2 METHODS AND PROCEDURES
3.2.1 COLLECTION OF RAW MATERIALS

The raw material Bhant (Clerodendrum infortunatum) was collected from beside the highway road

at Zero point under Khulna District as raw material for the manufacturing of Particleboard. For the

purpose of preparing samples the defect free bole is selected and then it chipped by chopper

machine. After chipping, the wood chips are run into grinder machine, by which the wood turned

into Wood particle. In this study the size of particle ranges < lmm is used.

3.2.2 SELECTING VARIABLES

There are two types of variables, i.e. dependent and independent. In this study, temperature and

variable. Temperature is fixed at 160°c and pressure is 5 MPa.

pressure are the dependent
le effect on mechanical properties of

According to Nadir et al, (2011), temperature has litt

Particleboard. Different study shows that 5 MPa pressures are better for producing good quality

particleboard. On the other hand, melting temperature of Urca formaldchyde is ranges 130-160°C.

So that fixing temperature at 160°C is very reasonable for this study.

wood particle ratio is the independent variables.
), B(70:30)and C (50:50) was taken for manufacturing Particle Board (PB)

Beside this, Within this fixed variables three

different ratio A (100:0
from Bhant (Clerodendrum infortunatum).

]
___/{ u )




e e i 7 T, T T A Py e P, SR e et

3.2.3 MANUFACTURING PLACE

The Particleboard was manufactured at wood lab that is controlled under by Forestry and wood
technology dlSClpl_lne, Khulna University, Khulna. All tests for its quality were also done there.

3.2.4 MANUFACTURING PROCEDURE
3.2.4.1 PREPARATION OF RAW MATERIAL

The stalk was cut into narrow sticks after which the narrow sticks were cut into small pieces by
circular saw to feed into the chipper. Then the pieces of stalk kept under open sun for 30 days for
drying (Salehuddin, 1992; AWPA, 2001 and Youngquist, 1999).

3.2.4.2 PARTICLE PREPARATION

To produce particles of the stalk chipping was done with chipper machine. The small pieces of
stalk were inserted separately into the chipper machine. The holes in the perforated mesh that was
used in the chipper machine were approximately 8 mm in diameter. From the chipper machine the

particles were collected manually (Salehuddin, 1992; AWPA, 2001).

3.2.4.3 DRYING OF SCREENED PARTICLES

Afier screening the particles of each type were inserted in to the oven for drying. In the oven the

temperature was 103° C and after drying the moisture content was 5.8%. For use with binder, the

particles must be reduced to about 2% to 7% moisture content (Anon, 2006).

3.2.4.4 MIXING OF BINDER

The addition of adhesive that means was Urea formaldehyde (UF) mixed with Wood particle (WF)
by handshaking process then formed into a product (Hwang and Hsiung, 2000). It is a critical step
for both product quality and production efficiency (Youngquist, 1999). In this study A (100:0), B
(70:30) and C (50:50) ratio of Wood particle (WP) and Urea formaldehyde (UF) mixed
Particleboard was manufactured from Bhant (Clerodendrum inforfunatum). In case of Particleboard

the raw materials are first mixed together, and the composite blend is then formed into a product.




The combination of these steps js called in-line

processing, and the result is a single processing
step that CONVerts raw materials to engq Products

(Harper and Wolcott, 2004; Herrera and Valadez,
2004; Lu et al. 2000).

3.2.4.5 MAT FORMING

After mixing with adhesive, the particles of each type of ratio were formed into mat separately on
the separate steel sheet. The mats of each type were formed manually. Mat is formed into 3-4 times

and even 20 times thicker than the target board thickness, depending on the particle geometry and
density of the raw material (Salehuddin, 1992 and Youngquist, 1999).

3.24.6 HOT PRESSING

After mat formation, a steel sheet was placed on to the mat (for each type) and then inserted
manually into the hot press (each type separately) for pressing. After inserting the mat into the hot
press, the pressure was raised manually by digital hydraulic hot press up to 5 MPa. There the total

press time was 8 minutes, temperature was 160°C. After pressing the average thickness of the
boards was 9 mm.

After pre-pressing, the mats are hot-pressed into panels. Hot-press temperatures for thermoplastic
materials (e.g. Urea formaldehyde) usually range from 165°C to 190°C. Pressure depends on a
number of factors, but it is usually in the range of 1.37 to 3.43 MPa and >3.35 MPa for medium-
density and high density boards. Upon entering the hot press, mats usually have a moisture content
of 8% 10 12%, but this is reduced to about 5% to 9% during pressing. This process of particleboard
manufacturing is called flat-press process (AWPA, 2001 and Youngquist, 1999).

32.4.7 CONDITIONING AND FINISHING

After stopping temperature the board was remained fixed for cooling or conditioning. The hot
boards are removed from the press (or sawn across on continuous presses) and further conditioned
o equilibrate board moisture content and to stabilize and fully cure the adhesives (AWPA, 2001).

After the boards of each type were produced separately, these were trimmed at edges with the fixed

o { 13 }




e circular saw. The di i
type cred ¢ dimensions of each type of boards were then 30 cmx20 cm. The board is

- to obtai i :
grimmed 08(; a;n the desired length and width and to square the edges. Trim losses usually amount
% to 8%, de i i
10 0.5% o, depending on the size of the board, the process employed, and the control exercised
(Youngquist, 1999).

3.2.5 SPECIFICATIONS OF MANUFACTURED PARTICLEBOARDS

Table 3. 1 Specifications of manufacturing Particleboard from Bhant (Clerodendrum infortunatum)

—Ia—ir;lensions (mm) 150 x 150
Eickness (mm) 9 (Average)
Layer Single
Board Types 3 [ A (100:0), B (70:30), C (50:50) ]
Replications 3 (for each type)
Total board manufactured 9
Binder Urea formaldehyde
3.2.6 LABORATORY TESTS

The laboratory tests for characterization of physical properties and mechanical properties for each
type of particleboards were carried out respectively in the Wood Technology Laboratory of
Forestry and Wood Technology Discipline of Khulna University and in the Laboratory of Civil
Engineering Department of Khulna University of Engineering and Technology, Khulna. The
properties were tested according to the procedures defined in the American standard for
particleboards (ANSI A208.1-1993) (NPA, 1993) (Anon, 1985).

S ¥
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3.2.6.1 PREPARATION OF SAMPLES FOR TESTING

Three replications of each type of boards were manufactured as stated earlier. For testing physical
properties, three samples were collected from each board of each type. So the total number of
sample was nine (9) for each type of particleboard for testing of physical properties. The Density
and Moisture Content were determined on the same nine (9) samples and the Water Absorption
and Thickness Swelling were determined op the other nine (9) samples. For testing mechanical
properties, three samples were collected from each board of each type. So the total number of

sample was nine (9) for each type of particleboard for testing of mechanical properties. The MOR
and MOE were determined on the separate samples.

The dimension of samples for testing the physical properties was approximately (150 mm x 35

mm) and for testing the mechanical properties was approximately (180 mm x 35 mm).

3.2.7 DETERMINATION OF PHYSICAL PROPERTIES

All the samples are cut into (50 mm x 35 mm) dimension for testing physical properties. The
laboratory test for characterization of physical properties is carried out in the laboratory of Forestry
and Wood Technologv Discipline, Khulna University, Bangladesh At first all the specimens are
weighted and green dimension are taken at room temperature. Then all the samples are kept into
oven for 24 hours. After drving oven dry weight and dry dimension arc also measurcd. Next. the

samples are soaked into water for 24 hour. Finally, the wet dimension are taken and all the physical

3.2.8 DETERMINATION OF MECHANICAL PROPERTIES

All the samples are cut into required dimension for testing mechanical properties. The laboratory
test for characterization of mechanical properties is carried out in the laboratory of Civil

Engineering Department of Khulna University of Engineering and Technology, Khulna,
Bangladesh.




3,29 ANALYSIS OF DATA

e data, produced durin |

All th - g the laboralory tests for characterization of physical and mechanical
i acht :

properues of each type of particleboards, were analyzed by using Microsoft Office Excel 2007 and

gAS (Statistical Analysis System) software, ANOVA (Analysis of Variance) and LSD (Least
signiﬁcant Difference) were done to analyze the data,



CHAPTER FOUR: RESULTS AND DISCUSSIONS

41 RESULTS

The results of different physical and mechanical properties that were found during different
aboratory tests are delineated (with standard error bar) here. The abbreviations used in this chapter
are CP, FP, A (100:0), B (70:30) and C (50:50) which are stands for Coarse particle, Fine particle,
100% Coarse particle with 0% Fine particle, 70% Coarse particle with 30% Fine particle and 50%
Coarse particle with 50% Fine particle respectively.

4.1.1 PHYSICAL PROPERTIES
4.1.1.1 DENSITY

Density is quantity that is used to describe the mass of a material per unit volume (Irle and Barbu,
2010). It has been found that the density of three different ratio A (100:0), B (70:30) and C (50:50)
of Particleboard manufactured from Bhant (Clerodendrum infortunatum) are 0.689 gm/cm?, 0.70
gm/ cm’® and 0.777 gm/cm® respectively (Fig-4.1). The variation in density among the different
types of Particleboards may be due to the variation in ratio of the different types wood particles
itself. From the following (Fig-4.1), we have seen that wood particles ratio has impact on density.
Density is gradually increased with the increases fine particles in particleboard ratio. So we can
say the same amount but different ratio of wood particle may causes of different density in
Particleboard. From the analysis of variance (Table A-1), it has been observed that there was

significant difference (P < 0.05) in density among the different types of Particleboards. According
A208.1-1993 (NPA, 1993), all types of boards

particleboard (.64-.80 gm/cm?).

to American Nationa! Standard (ANSI)

manufactured are [all into the range of medium density
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Figure 4. 1 Density of Particleboard with different ratio of CP and FP

4.1.1.2 MOISTURE CONTENT

Espert et al. (2003) stated that wood consists mostly of vessels in which moisture is absorbed.

Following (Fig. 4.2) demonstrated that with the increasing of fine particles ratio percentage, the
MC content straightly increases.

7 e
o Ok
9
= 5
g
2 4T
38
T
g2
o
bt s
0 - C (50:50
A (100:0) B (70:30) (50:50)
Types of board

Fi 4. 2 Moisture content (%) of Particlcboard with different ratio of CP and FP
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he standard particleboard was not found as per ANSI A208.1- 1993 (NPA, 1993).

4.1.1.3 WATER ABSORPTION

absorption of water of three different ratios A (100:0), B (70:30)and C (50:50)

it was found that the
of particleboard manufactured from Bhant (Clerodendrum infortunatum) are 78%, 74.33% and
68.67% respectively after 24 hours immersion in water. For all formulations, the higher
compaction ratio always absorbed a Jower amount of water than the lower compaction ratio- Water
entry into the higher density boards occurred at a slower rate due to the decreased porosity and the
increased wood material. If density increases porosity will decrease. So here high density board
has absorbed less water than the other two types of board (Fig-4.1)-
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o the analy sis of variance (Table A-5), it has been observed that there was significant

fro
articleboards.

giterence (P < 0.05) in water absorption percentages among the different types of P
rhe water absorption percentage by standard particleboard was not found as per ANSI A208.1-
99 (NPA, 1993).

114 THICKNESS SWELLING

The high moisture absorption of plant fibers leads to swelling and presence of voids at the interface

(porous products), which results in poor mechanical properties and reduces dimensional instability

of composites.
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Figure 4. 4 Thickness swelling (%) (after 24 hr.) of Particleboard with different ratio of CP and FP

The thickness swelling of three different ratios A (100:0), B (70:30) and C (50:50) of Particleboard
manufactured from Bhant (Clerodendrum infortunatum) was found to 41.667%, 37.333% and
3238% respectively after 24 hours immersion in water and shown in Fig. (4.4). The variation in

the thickness swelling among the different types of boards due to the variation in the amount of

wood particles contents in different boards. From the analysis of variance (Table A-7), it has been

served that there was significant differe
the differen types of particleboards. From the LSD (Least Significant Difference) analysis (Table

there was significant difference in thickness swelling percentages

nce (P <0.05) in thickness swelling percentages among

A-8), it has been observed that
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Figure 4. 5 Linear expansion (%) (after 24 hr.) of Particleboard with different ratio of CP and FP

The Linear expansion of three different ratios A (100:0), B (70:30) and C (50:50) of Particleboard

manufactured from Bhant (Clerodendrum infortunatum) was found to 1.39%, 1.20% and 0.99%

respectively after 24 hours immersion in water and shown in Fig. (4.5). The density and water
thsorption capacity have more effect on linear expansion of particleboard. Higher density board
sbsorbs less water than a lower density board, sO the linear expansion percentage of higher density
board is lower than other two particleboards. From the analysis of variance (Table A-9), it has

been observed that there was significant difference (P < 0.05) in linear expansi
to ANSI A208.1-1993 (NPA, 1993), the

ard is 0.35 %, but the specified time was

on percentages

mong the different types of Particleboards. According
Maximum average linear expansion of standard particlebo

10t found,
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Figure 4. 6 Modulus of rupture (MOR) of Particleboard with different ratio of CP and FP

The modulus of rupture (MOR) of three different ratios A (100:0), B (70:30) and C (50:50) of
Particleboard manufactured from Bhant (Clerodendrum infortunatum) was found to 19.363
Nimm?, 22.227 N/mm? and 27.857 N/mm? respectively (Fig. 4.6). The MOR of ratios C (50:50)
was found to higher than other types of Particleboards. The strength properties of the composite
materials depend upon the compactness of the particles, species, adhesive etc. When species and
adhesive are same, the strength properties depend upon mainly the compactness of the particles.
The compactness of the particles is higher than that of particleboard due to extra pressure. It has
' been remarked from the Fig. (4.6) that the MOR of particleboard arrived at the highest value
21857 N/mm? medium ratio of coarse particle and medium ratio of fine particle (Shao-Yuan et al.
2011y, According to American National Standard (ANSI) A208.1-1993 (NPA, 1993), MOR of

Particleboards ranges from 16.5-23.5 N/mm? and two types of particleboards were in this range of

this standard and one types exceeded in this range of the standard.
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Figure 4. 7 Modulus of elasticity (MOE) of Particleboard with different ratio of CP and FP

The modulus of elasticity (MOE) of three different ratios A (100:0), B (70:30) and C (50:50) of
infortunatum) was found to 2472.35

particleboard manufactured from Bhant (Clerodendrum 1
Nimm?, 2935.95 N/mm’ and 3520.11 N/mm?, respectively (Fig. 4.7). Modulus of Elasticity

affected similarly by density. Increasing board density increases modulus of elasticity; increasing

suface density and surface particle alignment also increases modulus of elasticity. From the
analysis of variance (Table A-13), it has been observed that there was significant difference (P <

005) in MOE among the different types of particleboards. According to American National
Stndard (ANST) A208.1-1993 (NPA, 1993), the MOE of standard particleboard is 2,400- 2,750
Nimm? for high density grade, 1,725- 2,750 N/mm? for medium density grade and 550- 1,025
Nimm for low density grade and only A (100:0)
o types exceeded the range of high density grade.

was in the range of high density grade and other
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Physi ,
Board/ ysical Properties Mechanical Properties
i MC WA
d | Densi
Standar v %) | @) |TSCH|LX%)| MOR MOE
Types (gm,/cm3) 2% by
(24 hr) ( )| @4hr) [ (N/mm?) (N/mm?)
J—
A(100:0) | 0.689 | 4583 | 78 | 41667 | 139 19.363 2472.35
o
B(70:30) |  0.70 534 | 7433 37333 | 120 22.227 2935.95
C(50:50) | 0.777 5763 | 68.67 | 3238 | 099 27.857 3520.11
ANSI
A208.1- a ~ - . 0.35* | 3.0-235 550 - 2,750
1993

High density = > 0.80 gm/cm?, *Medium density = 0.64 to 0.80 gm/cm? and Low density = < 0.64
gn/cm?, YImmersion time not specified.




PTER FIVE: C0
NCLUSION AND RECOMMENDATION

most in case of physical and mechanical properties. Particleboards that satisfy the ANSI/A208.1-

1999 standard can be produced from bhant stalks using urea-formaldehyde as a binder. 1f Bhant
(Clerodendrum infortunatum) is used commercially for manufacturing particleboard, it will be an
appropriate alternate source of raw material for particlebourd industries. In this situation, the
govemment and particleboard industry owners may take initiatives for utilizing Bhant
(Clervdendrum infortunatum) as an alternate source of raw material for manufactunng of

particleboard in future.

S2RECOMMENDATIONS

From my study it has been found that the density of three different ratios A (100:0), B (70:30) and

C(50:50) of Particleboard manufactured from Bhant (Clerodendrum infortunatum) has satisfied

) . :anal standards. But further study can also
the physi . o] properties of the internation
Prysical and mechanica PToP maldehyde (PF), Melamine Formaldehyde

M 1 1 Fo
be carmied out with different adheSWCS like Phenol

M P 5 ce E 1 Particle

( F) Oly Vinyl chloride (PV( :) Poly vinyl acetate (P V CA) etc. for manufacturing Partic board

Manufactured from Bhant (Clerodendri infortunatun).




REFERENCES

. Chaowana P. Bamboo: An Alternative Raw Material for Wood and Wood-Based

Composites. Journal of Materials Science Research. 2013:2(2).

Qi J, Xie J, Hse C, Shupe TF. Analysis of Phyilostachys pubescens Bamboo Residues for
Liquefaction: Chemical Components, Infrared Spectroscopy, and hermogravimetry. Bio
Resources. 2013;8(4):5644-5654.

Biswas D, Bose SK, Hossain MM. Physical and mechanical properties of urea
formaldehyde—bonds particleboard made from bamboo waste. International Journal of
Adhesion and Adhesives. 2011;31:84- 87.

Amenaghawon NA, Aisien FA, Ogbeide SE. Bioethanol production from pretreated
cassava bagasse using combined acid and enzymatic hydrolysis. University Benin J Sci
Technol. 2013;1(2):48-53.

Adedeji YMD. Sustainable housing in developing nations: The use of agro-waste
composite panels for walls. Built Human Environ Rev. 2011;4:36-47.
DahmardehGhalehno M, Nazerian M. 2012.Physical and mechanical properties of
particleboard from roselle (Hibiscus sabdariffa) stalks and eucalyptus (Eucalyptus
camaldulensis) wood particles. Wood Material Science and Engineering, 7: 25-29.
DahmardehGhalehno M, Madhoushi M, Tabarsa T, Nazerian M. 2011. The manufacture
of particleboards using mixture of reed (surface layer) and commercial species (middle
layer). Lur. J. Wood Prod., 69: 341-344.

Garay RM, MacDonald F, Acevedo ML, Calderon B, Araya JE. Particleboard made with
crop residues mixed with wood from Pinus radiata. BioResources. 2009;4(4):1396-1408.
Sotannde OA, Oluwadare AO, Ogedoh O, Adeogun PF. Evaluation of cement-bonded

particle board produced from Afzelia africana wood residues. J Eng Sci Technol.

2012;6(7):732-743.

10. Bamisaye JA. Cement bonded particle board production from rice husk in southwestern

Nigeria. J Eng Appl Sci. 2007;2(1):183-185.

1. Biswas D. Bamboo as an alternative to wood for composites manufacture, PhD

dissertation. Institute of Forestry and Environmental Sciences, Chittagong University,

Chittagong Bangladesh; 2008.

. k‘ﬁ______,_._{ 26 ] - NI




12. Adhikary, Kamal B., Shusheng Pang, and Mark p. Staiger, 2008. "Dimensional stability

and mechanical behaviour of Wwood-—plastic composites based on recycled and virgin high-
density polyethylene (HDP E)." Composites: Part B, no. 39: 807-815.

13. Anon. 1970. Composite Wood and Improved Wood. pp. 329-356. Chapter XV. In:
Venkataramany, P. and Venkataramanan, S. V. (eds.), Indian Forest Utilization. Vol. 1.
Forest Research Institute and Colleges, Dehra Dun, India.

14. Anon. 1979. Specification for wood chipboard and methods of test for particleboard. BS:
5669, British Standards Institution, 28 pp-

15. Anon. 1982. Bangladesher Banna Sampod (Forest Resources in Bangladesh). Agriculture
and Forest Division, Forest Department, Bangladesh, 22 PP

16. Anon. 1985. Specification for wood particleboards (medium density) for general purposes
(First revision). IS: 3087-1985, Indian Standard Institution, New Delhi, 19 pp-

17. ASTM. 1997. Standard methods for testing small clear specimens of timber. ASTM D143.
West Conshohocken, PA: American Society for Testing and Matenials.

18. AWPA (Australian Wood Panels Association). 2001. Manufacture. Australian Wood
Panels Association Incorporated, Coolangatta QId, pp. 1-6.

19. Bengtsson, Magnus, and Kristiina Oksman, 2006. "Silane crosslinked wood plastic
composites: Processing and properties." Composites Science and Technology, no. 66:
2177-2186.

20. Das, D. K. 1990. List of Bangladesh Village Tree species Unpublished report, Forest
Research Institute, Chittagong, Bangladesh.

21. Desch, H. E. and Dinwoodie, J. M. 1996. Timber Structure, Properties, Conversion and
Use. 7" edition, Macmillan press limited, London, pp. 102-127.

22. Eero Sojstrom, 1993. Wood chemistry fundamentals and applications, Academic press.

23. Espert A., Camacho W. and Karlsson S., 2003. Thermal and thermome-chanical properties
of bio composites made from modified cellulose and recycled polypropylene. Journal of

Applicd Polymer Scicnce 89 (9), 2350-2353.
24. Fengel D. and Wegener G., 1983. Wood, Chemistry, Ultrastructure, Reactions. Walter de

Gruyter, New York.

1 S
o _f//{ 27}




25. Gassan, J. and Bledzki A K., 2000. Possibilities to improve the properties of natural fiber
reinforced plastics by fiber modification — jute polypropylene composites. Applied

Composite Materials 7 (5-6), 373-385.

26. Harper D. and Wolcott M., 2004. Interaction between coupling agent and lubricants in
wood—polypropylene composites, Applied Science and Manufacturing. 35(3):385-394.

27. Herrera-Franco P.J. and Valadez-Gonza'lez A., 2004. Mechanical properties of continuous
natural fibre-reinforced polymer composites. Applied Science and Manufacturing.
35(3):339-345.

28. Hwang G.S. and Hsiung J.C., 2000. Durability of plastics/wood composite boards
manufactured with waste wood particles, Taiwan Journal of Forest Science 15(2): 201-208.

(In Chinese).
29.Irle M. and Barbu M.C., 2010. Wood-based panel technology. An introduction for

specialists. Brunel University Press.

30. Jiang H., Kamdem D.P., Bezubic B. and Ruede P., 2003. Mechanical Properties of Poly
(Vinyl Chloride)/Wood Flour/Glass Fiber Hybrid Composites. JVAT, 9(3): 138-145.

31. Kavanagh, M. 2009. Cement-Bonded Particleboard for Structural, Fire-Rated Floors,
Roofs & Walls. EzineArticles. Online document, Retrieval with Opera version 9.64,
retrieved on December 15, 2009. Web address: <http://ezinearticles.com.

32. Kikuchi, Ryunosuke, Jan Kukacka, and Raschman Robert. "Grouping of mixed waste
plastics according to chlorine content." Separation and Purification Technology 61, no.1
(2008): 75-81.

33. Lu J.Z., Wu Q. and McNabb Jr. H.S., 2000. Chemical coupling in wood fiber and polymer
composites: A review of coupling agent and treatments. Wood and Fiber Science, 32(1):
88-104.

34. Morton, J., and L. Rossi. "Current and Emerging Applications for Natural and Wood Fiber

Composites.” 7th International Conference on Woodfiber-Plastic Composites. Madison,

WI: Forest Products Society, 2003.
35. Soury, E., Behravesh A.H., Rouhani E. and Zolfaghari A., 2009. "Design, optimization and

manufacturing of wood—plastic composite pallet." Matenals and Design, no. 30: 4183-

4191.

| = ] N

£-25)




APENDIX: ANALYSIS OF VARIENCE

TABLE A-1: ANOVA FOR DENSITY

Source of
Variation ) df Ms F P-value F crit
Between Groups  0.013794 2 0.006897 50.71324  0.000174 5.143253
Within Groups 0.000816 6 0.000136
Total 0.01461 8
TABLE A-2: LSD FOR DENSITY
Board types N Mean Grouping
C (50:50) 3 0.77700 A
B (70:30) 3 0.7000 B
A (100:0) 3 0.68900 B
TABLE A-3: ANOVA FOR MOISTURE CONTENT
Source of
Variation SS df MS E P-value Fcrit
Between Groups  2.144378 2 1.072189 7883.743 5.5E-11 5.143253
Within Groups 0.000816 6 0.000136
Total 2.145194 8
TABLE A-4: LSD FOR MOISTURE CONTENT
Board types N Mean Grouping
C (50:50) 3 5.76300 A
B (70:30) 3 5.3400 B
A (100:0) 3 4.58300 C

TABLE A-5: ANOVA FOR WATER ABSORPTION AFTER 24 HOURS

Source of

Variation ss df ms F P-value F crit
Between Groups 132.5534 2 66.2767  49.69759  0.000184 5.143253
Within Groups 8.0016 6 1.3336

Total 140.555 8
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TABLE A-6: LSD FOR WATER ABSORPTION AFTER 24 HOURS

| Board types N Mean Grouping
| A (100:0) 3 78.00 A
| B (70:30) 3 74.3300 B

C (50:50) 3 68.6700 c

TABLE A-7: ANOVA FOR THICKNESS SWELLING AFTER 24 HOURS

Source of
Variation ss df MS F P-value Fcrit
Between Groups  129.5641 2 64.78207 476338.7  2.5E-16 5.143253
‘\ Within Groups 0.000816 6 0.000136
4 Total 129.565 8

| TABLE A-8: LSD FOR THICKNESS SWELLING AFTER 24 HOURS

Board types N Mean Grouping

A (100:0) 3 41.6670 A

B (70:30) 3 37.3330 B {
C (50:50) 3 32.3800 C

TABLE A-9: ANOVA FOR LINEAR EXPANSION AFTER 24 HOURS

Source of

Variation 5s df MS F P-value F crit
Between Groups  0.2402 2 0.1201 300.25 9.68E-07 5.143253
Within Groups 0.0024 6 0.0004

Total 0.2426 8

TABLE A-10: LSD FOR LINEAR EXPANSION AFTER 24 HOURS

Board types N Mean Grouping
A (100:0) 3 1.3900 A
B (70:30) 3 1.2000 B
C (50:50) 3 0.9900 C
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TABLE A-11: ANOVA FOR MODULUS OF RUPTURE (MOR)

Source of

} .

| Variation Ss df MS P-value Fcrit

w Between Groups 112.0474 2 56.02372 14005929 9.83E-21 5.143253
Within Groups 2.4E-05 6 4E-06
Total 112.0475 8

TABLE A-12: LSD FOR MODULUS OF RUPTURE (MOR)

Board types N Mean

C (50:50) 3 27.8570
B (70:30) 3 22.2270
A (100:0) 3 19.3630

Grouping
A

B
c

TABLE A-13: ANOVA FOR MODULUS OF ELASTICITY (MOE)

P-value F crit

Source of

Variation 55 df MS
Between Groups 1653969 2 826984.4
Wwithin Groups 0.0024 6 0.0004
Total 1653969 8

3.06E-27 5.143253

TABLE A-14: LSD FOR MODULUS OF ELASTICITY (MOE)

Board types N Mean

C (50:50) 3 3520.11
B (70:30) 3 2935.35
A (100:0) 3 2472.35

Grouping
A
B
C
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