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ABSTRACT

Particle boards were produced from okra stalks using urea-formaldehyde as a binder. 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. Particle boards produced using an okra stalk ratio of
coarse and fine particle 75:25 showed highest performance in terms of the lowest values of
water absorption (79.09 %) and thickness swelling (15.19 %), as well as the highest values of
modulus of rupture (26.7 N/mm?) and modulus of elasticity (3448.833 N/mm?). The particle
boards produced met the ANSI/A208.1-1999 standard for general-purpose boards. The results
of analyses of variance carried out revealed that the okra particle ratio had a marked influence
(p<0.05) on the physical properties (water absorption and thickness swelling) and also on the

mechanical properties (modulus of rupture and modulus of elasticity).
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Chapter One: Introduction

1.1 Background of the study

The global consumption of particleboard was 93.9 mil m? in 2009 (FAO 2010). The demand for
particleboard has increased greatly with the growth of the world economy and trade especially in
housing construction and furniture manufacturing. The low cost of raw materials such as wood

particles and urca—formaldehyde (UF) resins makes it relatively cheap to produce wood products

from particleboard.

Worldwide, sustainable agricultural residues are potential sources of raw materials for the
manufacture of bio-based panel products. In wood-deficient countries, the use of agro-based fibers
as alternative rencwable sources for panel products has increased, and this trend is expected to
continue through the 21st century (Bowyer and Stockmann, 2001). The abundance of agricultural
residues has stimulated new interests in using agricultural fibers for global panel industries because

of their environmental and profitable advantages (Rowell ef al, 1997).

Panels made from cereal straw such as wheat, barley and oat fibers are manufactured commercially
in a number of countries, including the United State (Bowyer and Stockmann, 2001). Many studies
have examined a wide range of renewable agricultural residues for agro-based fibers such as sugar

cane bagasse, banana stem, kiwi branch, coffee husk, cotton, kenaf, sunflower stalks and rice husk

(Rowell ef al, 1997; Guler et al, 2006).

Okra (Dheros) a shrub, Abelmoschus esculentus, of the family Malvaceae, bearing beaked,
mucilaginous pods; used in soups, stews, etc. Okra is an annual plant in tropical regions, easy to
harvest and a commercial crop. Okra grows in almost all parts of the country during summer-rainy
season covering an area of about 5,399 ha with a production of about 17,325 m tons. Fruits are
green, 14-18 cm long with five ridges and elongated tips. Yield is about 16 m tons/ha.
(Banglapedia, 2006).

After harvesting Okra fruits, the stalk is of no economic value. However, instead of just being a
huge waste, the stalk can be utilized as an alternative source of raw material of particle board. It is
imperative to study on alternate utilization of Okra to increase its economic value. Therefore,
particle board manufacturing from Okra, as an alternative source of raw material for particle board,
will add new economical dimension of the shrubs Okra. In order to find out the suitability of Okra
as an alternative source raw material for particle board industries and to increase its economic

value, chipping, flaking, drying, screening, blending and manufacturing of particle board from rain

( )
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Chapter One: Introduction

tree will be studied. The chemical composition of okra is approximately similar to the chemical
content of jute/kenaf stick. The Chemical compositions of Okra stick are Holocellulose (72.70%),
Alpha Cellulose (40.80%), Pentosans (22.10%), Lignin (23.50%), Extractives (1.90%) and Ash
(1.00%). The main reason behind the use of okra in composite material industries are highly
available, low bulk density, toughness, abrasive in nature , resistance to withering, and unique

composition ( Chanda and Roy, 2008).

1.2 Objectives of the study '
» To introduce Okra plant as an alternative source of raw material for manufacturing of

particleboard.
» To assess the physical and mechanical properties of particle board made from Okra stalks.




Chapter Two: Literature review

2.1 General Information about particle board

2.1.1 Particleboard

Wood particleboards are relatively dense material (density range of 26 to 50 Ibs. per cu. ft.), usually
in pancl form, made from dry wood particles that have been coated with a binder, formed, and
bonded to shape by pressure and heat.

Denser boards, those in the 51 to 75 pounds per cubic foot density range, are classified as
hardboards, and those boards (density of 15 to 25 Ibs. per cu. ft.) that are not as dense as
particleboard are called insulation board (Salehuddin, 1992).

Particleboards are not more than a few decades old production. First unsuccessful efforts were
made in the early 1920’s for manufacturing as for the lack of suitable adhesives. New techniques
introduced in the 1930’s in resin applications paved the way for the industrial production of
particleboard in the early 1940’s (Moslemi, 1985). Today’s particleboard provides industrial users
the high, consistent quality and range of "design" flexibility needed for fast, efficient lines and

high-quality products that consumers require.

A particleboard is a board (or sheet) constituted from fragments of wood and or other lingo-
cellulosic materials (chips, shavings, splinters, sawdust, etc.), bonded with organic binders with
the help of one or more agents like heat, pressure, humidity, catalyst, etc. (Anon, 1970).

Particleboard is used widely in the manufacture of furniture, cabinets and floor underlayment.
Panels are made in a variety of sizes and density, thus providing great opportunity to design the
ultimate product with the specific particleboard needed. Particleboard is a wood panel product
consisting of wood particles of various sizes that are bonded together with a synthetic resin or
binder under heat and pressure. The recovery and use of residual wood in the manufacture of

particleboard helps make optimal use of our forest resource (Salehuddin, 1992).

2.1.2 Types of particle board
The major types of particles used for particleboard are the following:

Shaving: A small wood particle of indefinite dimensions produced when planing or jointing wood.
It is variable in thickness and often curled (Anon, 1970).

Flake: A small particle of predetermined dimension produced by specialized equipment. It is

o } o




Chapter Two: Literature review

uniform in thickness, with fiber orientation parallel to the faces (Anon, 1970).

Chip: A piece of wood chopped from a block by a knife or hammer, as in hammer mill (Anon,

1970).

Sawdust: Produced by sawing, in a wide range of sizes. It is usually further refined (Anon, 1970)

Sliver: Nearly square cross section, with length at least four times the thickness (Anon, 1970)

Excelsior: Long, curly, slender slivers (Anon, 1970).
The ANSI (American National Standards Institute standard for particleboard (1999) includes three

board-density classifications:

High density: 800 kg/m3 (50 1b/fi3) or greater
Intermediate density: 640 to 800 kg/m3 (40 to 50 Ib/fi3)
Low density: less than 640 kg/m3 (40 Ib/ft3)

2.1.3Parameters affecting board properties
> A number of parameters or factors affect the final board properties, whether the product is

A 74

fiberboard or particleboard.
The most important characteristic of a species for particle-board manufacture is specific

gravity (SG).

According to general rule (1) The lower-density species are preferred (2) The medium-
density woods are used if readily available at a good price (3) The highest-density woods
are avoided.

It might seem that high-density woods should produce the strongest particleboard.

In fact, the lower the wood density, the higher the board strength at any given density. This
is because lighter-weight species have more particles per kg furnish, require higher
pressures for proper densification, and thereby achieve better glue line contact.

It might secem that high-density woods should produce the strongest particleboard. In fact,
the lower the wood density, the higher the board strength at any given density. This also
indicates that the strength of particleboard is largely determined by glue bond quality, not

by wood strength.

2.1.4 Variables affecting the quality of particleboard
» 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).




>
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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).

Pressing time, temperature, pressure etc. are also affecting the quality of particleboard.

2.1.5 Uses of particleboard
Particleboards are used as:

>

¥V V V V V V V V V V¥

Shelves

table tops

cabinets

wall cases

benches

book cases

kitchen cabinets
piano and organ parts
flush-door cores
mobile homes

Floor underlayment, etc.

2.1.6 Advantages of particleboard

>

Particleboards overcome 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 and can tailor products for

particular end-use.
The characteristic 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.

(s} I




Chapter Two: Literature review

» The variation in strength and stiffhess due to anisotropy in wood is largely overcome as
also the differential change 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 paneling, for exterior sideboards, for load bearing flooring purposes and so on.

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

2.2 General information about Okra (4belmoschus esculentus)
Okra (Abelmoschus esculentus), whose local name is Dherosh, is a monocotyledon plant. Okra

Abelmoschus esculentus L. (Moench), is an economically important vegetable crop grown in
tropical and sub-tropical parts of the world. This crop is suitable for cultivation as a garden crop
as well as on large commercial farms.

Okra is known by many local names in different parts of the world. It is called okra in England,
gumbo in the United States of America, guino-gombo in Spanish, guibeiro in Portuguese and
bhindi in India. It is quite popular in Bangladesh because of easy cultivation, dependable yield and
adaptability to varying moisture conditions.

2.2.1 Taxonomy, geographic origin and distribution

2.2.1.1 Taxonomy
Okra was earlier included in genus Hibiscus, section Abelmoschus in the family Malvaceae

(Linnaeus, 1753). The section Abelmoschus was subsequently proposed to be raised to the rank of
distinct genus by (Medikus, 1787).

About 50 species have been described by taxonomists. The taxonomical revision undertaken by
van Borssum Waalkes (1966) and its continuation by Bates (1968) constitutes the most fully
documented studies of the genus Abelmoschus. Taking classification of van Borssum Waalkes as
the starting point, an up-to-date classification was adopted at the International Okra Workshop

held at National Bureau of Plant Genetic Resources (NBPGR) in 1990 (IBPGR 1991) as given in

()




Chapter Two: Literature review

table.
Name Okra
Kingdom Plantae
Division Magnoliophyta
Class Magnoliopsida
Order Malvales
Family Malvaceae
Genus Abelmoschus
Species esculentus

2.2.1.2 Geographical origin and distribution
Abelmoschus esculentus is grown commercially in India, Turkey, Iran, Western Africa,

Yugoslavia, Bangladesh, Afghanistan, Pakistan, Burma, Japan, Malayasia, Brazil, Ghana,
Ethiopian, Cyrpus and the Southern United States.
Abelmoschus esculentus is found all around the world from Mediterranean to equatorial areas as

may be seen from the geographical distribution of cultivated and wild species shown in figure

Area of cultis 308

1 A mascharal 4 A cna) rA esewleamy)
3 A mevhn S A eagulorsi
) A fuslaras 6 A cain C Ceone of diveruty

Fig. 1. Geographical distribution of Abelmoschus species (Purewal and Randhawa, 1947)
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Cultivated and wild species clearly show overlapping in Southeast Asia, which is considered as
the center of diversity. The spread of the other species is the result of their introduction to America
and Africa. There are two hypotheses concerning the geographical origin of 4. esculentus some
authors argue that one putative ancestor (4. tuberculatus) is native to Uttar Pradesh in northern
India, suggesting that the species originated from this geographic area. Others, on the basis of
ancient cultivation in East Africa and the presence of the other putative ancestor (A. ficulneus),
suggest that the area of domestication is north Egypt or Ethiopia, but no definitive proof is
available today. For A. caillei, only found in West Africa, it is difficult to suggest an origin outside.
Its origin by hybridization with 4. manihot is difficult to accept even if its presence, mentioned in
the Flora of West Africa (Hutchinson and Dalziel. 1958) was not recently confirmed in this area

and herbarium samples are lacking.

2.2.2 Botanical features of okra
Okra is an upright annual, herbaceous 3 to 6 feet tall plant with a hibiscus-like flower It is a tropical

direct sown vegetable with a duration of 90-100 days. The botanical features are as indicated
below:

2.2.2.1 Root
Okra plant has a deep taproot.

2.2.2.2 Stem

Its stem is semi woody and sometimes pigmented with a green or reddish tinges color. It is erect,
variable in branching, with many short branches that are attached to thick semi woody stem. The
stem attains heights from 3 feet in dwarf varieties to 7 or 8 feet in others.

2.2.2.3 Leaves

The woody stems bear leaves that are lobed and are generally hairy, some reaching up to 12 inches
in length. Leaves are cordate (heart-shaped), simple, usually palmately 3-7 lobed and veined.

Leaves are subtended by a pair of narrow stipules. The okra leaf is dark green in color and

resembles a maple leaf.

2.2.2.5 Flowers o
The flowers are borne vertically only on the orthotropic axis every two or three days.. The flower

is axillary and solitary, borne on a peduncle 2.0 - 2.5 cm long. The flowers are large around 2

~{ & ) .
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inches in diameter, with five white to yellow petals with a red or purple spot at the base of each
petal and flower will last only for a day. Each blossom develops a small green pod. Flowers are
almost always bisexual and actinomorphic. The perianth consists of 5 valvate, distinct or basally
connate sepals and 5 distinct petals that are usually basally adnate to the androecium.

2.2.2.6 Fruit

The fruit is an elongated, conical capsule, comprising for the most part, and five cavities contain

ovules. The fruit is actually long pod is generally ribbed, developing in the leaf axil and spineless

in cultivated kinds. The fruit is normally yellowish green to green.
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3.1 Collection of raw materials

Okra (local name Dherosh) plants were collected from Chuadanga district, Bangladesh. This raw
materials are available in everywhere of Bangladesh. The height of the raw of that plants was 3-6

feet. The stems of okra were only used for manufacturing particle board.

3.2 Processing of raw materials

After collecting the fresh plants, the materials were kept under water to allow microbial
degradation. Within 15-20 days the leaves degraded appreciably to allow fiber extraction. After
extracting the fiber, the stalks of okra or the main stem was washed several time for complete
removal of leaves and fibers. Fibers were removed as only main stem was used to manufacture
particle board. The materials were kept under the sun at least 7 days for removal of water or
moisture content. After that, the material was chipped individually by using hand tools.
Subsequently, the chips were converted separately into particle with a grinder by using a mesh
opening at 2 mm. The grinded particles of Dherosh stalks was screened through a mesh for
classifying the coarse and fine particles. Particles between 2-0.5 mm were classified as coarse and
the particles size less than 0.5 mm was classified as fine particles. Mixture of coarse and fine

particles was also used.

3.3 Drying of Raw Materials
Afier that, the raw materials were dried in an electrically heated lab scale oven at 103+3°C for 24
hours. For use with binder, the particles must be dried and moisture content reduced about 2% to

7% moisture content (Anon, 2006).

3.4 Selecting variables

In this study temperature is fixed at 160°c and pressure is 5 MPa. According to Nadir et al, (2011),
temperature has little effect on mechanical properties of WPC board. Different study shows that 5
MPa pressures and 160°c temperature are better for producing good quality particle board. So that
fixing temperature at 160°C is very reasonable for this study.

Beside this, coarse and fine particle ratio is the independent variables. A lot of study proved that
coarse and fine particle ratio has a great effect on particle board (Nadir et al, 2011). In such case

with considering fixed variable temperature 160°C, Pressure 5 MPa and pressing time 6 min for

(w0}
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each type of board was provided. Within this fixed variables three different ratio 100% coarse,

coarse: fine (75:25) and course: fine (60:40) was taken for manufacturing particle board.

3.5 Specifications of manufactured Particle Board
Table 1: Specifications of manufacturing particle board from Okra (4belmoschus esculentus)

Dimensions (mm) 150 x 150
Thickness (mm) 6 (Average)
Layer Single
Board Types 3
Replications 3 (for each type)
Total board manufactured 9
Binder Urea formaldehyde
Hot press temperature 160°C

3.6 Mixing of raw materials
After screening and drying raw coarse and fine particle were mixed according to predefined ratio.

This process was accomplished manually by hand shaking.

3.7 Mat Formation
After mixing the raw materials, the mat was formed on steel plate. The average mat thickness of

each type of board was five times higher of the target board thickness.

3.8 Hot pressing
After mat formation, a steel sheet placed onto the mat. At the same time the temperature, pressure

and the pressing time of electric hot press was fixed and then it was switched on to rise temperature.
When the temperature reached 160°C and then mat was given between the plates of hot press and
switched on the pressure. The temperature and pressure buttons was switched off after completing
pressing time (6 min). Then the each type of board was retained under pressure about 15 minutes.
Therefore the total press time was about 25 minutes. The hot boards are removed from the press
(or sawn across on continuous presses) and further conditioned to equilibrate board moisture

content and to stabilize and fully cure the adhesives (AWPA, 2001).
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3.9 Trimming

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

type circular saw. The board is trimmed to obtain the desired length and width and to square the

edges. Trim losses usually amount to 0.5% to 8%, depending on the size of the board, the process

employed, and the control exercised (Youngquist, 1999).

3.2 Laboratory Test

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 A208.1-1 993) (NPA, 1993) as well as the Indian standard for particleboards
(IS: 3087-1985) (Anon, 1985).

3.2.1 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,
Thickness Swelling and Linear Expansion were determined on 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 same samples.

The dimension of samples for testing the physical properties was approximately (50 mm x 35 mm)

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

3.2.2 Evaluation 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 Technology 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 drying oven dry weight and dry dimension are also measured. Next, the

( L
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samples are soaked into water for 24 hour. Finally, the wet dimension are taken and all the physical
properties are calculated by using following formula-

3.2.2.1 Density

Density of each sample was measured in the laboratory of Forestry and wood Technology

Discipline, Khulna University, Khulna, Bangladesh.

Density was calculated by following formula,

— m

TS g Tttt tte s sesanswes wes aee wee ooe Equation 1(Desh and Dinwoodie, 1996)
Where,

D = Density

m = Mass of the sample

v = Volume of the sample

3.2.2.2 Moisture content
The moisture content was measured from the difference in weight afier the sample had been drying

in the oven at 103+3°C until constant weight was reached. Initial and final weight of the sample

was measured by electric balance.

It was calculated by following formula,

Min=Mod

mc (%) = X100 e, Equation 2 (Desh and Dinwoodie, 1996)

od

Where,
M.C. = Moisture content (%)
Mint = Initial mass of the sample (g)

Mod = Oven- dry mass of the sample (g)
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3.2.2.3 Water absorption
The water absorption was measured from difference in weight of sample before and after 2 hours,

24 hours immersion in water and weight measured by electric balance. The water absorption

calculated by following formula,

mp—m,

Ay (%) =

X100 i, Equation 3 (Youngquist et al, 1997)

m,
Where,
Aw = Water absorption (%)
m; = the weight of the sample after immersion in water
m, = the weight of the sample before immersion in water

3.2.2.4 Linear expansion
Linear expansion was measured by digital calipers from difference in length of sample before and

after 2 hours, 24 hours immersion in water.

It was calculated by following formula,
l; -t
Linear expansion (%)= -21—1 X100, i Equation 4 (Youngquist ef al, 1997)
1
Where,

L2 = length of the sample after immersion in water

L1 = length of the sample before immersion in water
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3.2.2.5 Thickness swelling
Thickness swelling was measured by digital calipers from difference in thicknes of sample before

and after 2 hours, 24 hours immersion in water.

It was calculated by following formula,

T ................................................... Equation 5 (Youngquist et al, 1997)

Where

Gt = Swelling (%)

T2 = Thickness of the sample after immersion in water
T1 = thickness of the sample before immersion in water

3.2.3 Mechanical properties
3.2.3.1 Modulus of rupture
Modulus of rupture (MOR) was measured by universal testing machine (UTM), (Model no:UTM-

100, serial no:11/98-2443). It was calculated by following formula-

3PL

MORS oo

....................................... Equation 6 (Desch and Dinwoodie, 1996)

Where.

MOR = Modulus of rupture in N/mm?
P=1load in N

L = Span length in mm

b = width in mm

d = thickness in mm

i,
(=3
w1

-
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3.2.3.2 Modulus of elasticity
Modulus of rupture (MOR) was measured by universal testing machine (UTM), (Model no: UTM-

100, serial no: 11/98-2443). It was calculated by following formula-

MOE = 22

Equation 7 (Desch and Dinwoodie, 1996)

Where,

MOR = Modulus of elasticity in N/mm?

P' = Load in N at the limit of proportionality

L = Span length in mm

b =width in mm

d = thickness in mm

A = deformation of the board in mm at the limit of proportionality

3.4 Statistical analysis
All the data, produced during the laboratory tests for characterization of physical and mechanical

properties of each type of particleboards, were analyzed by Microsoft office excel, 2013 and
Minitab software for ANOVA ( analysis of variance) and LSD (Least significant difference).
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Fig. 2. Density of okra stalks particleboard

[t was found that the average density of okra stalks particleboards from coarse particle was 656
kg/m’, mixture of coarse and fine were 676 kg/m® and 713.67 kg/m’., From statistical analysis it
showed that there was a significant difference (P< 0.05) among the treatments. The particleboard
made from coarse and fine ratio (75:25) showed the highest density and particle board only from
se material showed the lowest density.

\ccording to IS specification 3087 (Anon, 1985) the density of standard particleboard is 500-900
«o/m’ and according to German standard Din 68761 (Verkor, 1975), particleboard standard is 590-
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4.1.2 Water absorption
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Fig. 3. Water absorption by okra stalks particleboard after 24 hours soaking

t was found that after 24 hours the percentages of water absorption of okra stalks particleboards
from coarse particle, mixture of coarse and fine were 107.34%, 96.86% and 79.09% respectively.
From statistical it was also found there was a significant difference (P< 0.05) among the three
treatments. The particleboard made from coarse and fine ratio (75:25) showed the lowest and
particle board only from coarse material showed the highest water absorption value.

ording to IS specification 3087 (Anon, 1985) the absorption of water by standard particleboard
is 50% after 24 hours soaking. The water absorption percentage by standard particleboard was not
found as per ANSI A208.1-1993 (NPA, 1993) as well as Australian and Newzeland Standard
(AS/NZS 1859.1: 2001.Int) (The Laminex Group, 2003), British Standard BS: 5669 (Anon, 1979)
and German Standard DIN 68 761 (Verkor and Leduge, 1975).
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4.1.3 Moisture content after curing
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Fig. 4. M.C. % after curing in okra stalks particleboard

fter curing, it was found that the moisture content of three type’s okra stalks particleboard was 9
%, 11.34 % and 13.35% respectively. From statistical analysis it was also found there was no
significant difference (P>0.05) among the three treatments.

The maximum moisture content in the standard particleboard was not found as per ANSI A208.1—
993 (NPA, 1993) and IS: 3087-1985 (Anon, 1985) as well as British Standard BS: 5669 (Anon,
979) and German Standard DIN 68 761 (Verkor and Leduge, 1975). But according to Australian
and Newzeland Standard (AS/NZS 1859.1: 2001.Int), the moisture content of standard
particleboard is 5-8% (for 18 mm thick board) (The Laminex Group, 2003).
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1.4 Thickness swelling
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Fig. 5. Thickness swelling of okra stalks particleboard

twas also found that after 24 hours the percentage of thickness swelling was 18.17 %, 15.61 %
u 15.19% in three types of okra stalks particleboard. From statistical analysis it was also found
there was a significant difference (P< 0.05) among the three treatments. The particleboard made
from coarse and fine ratio (75:25) showed the lowest and particle board only from coarse material

showed the highest thickness swelling.

he thickness swelling percentage after 24 hours immersion in water by standard particleboard
B+ 1ot found as pe ANSIIA208,1-1993 (NPA, 1993) and IS: 3087-1985/(Aaon, 1989) a3 el
o< British Standard BS: 5669 (Anon, 1979) and German Standard DIN 68 761 (Verkor and Leduge,
1975), But according to Australian and Newzelend Standard (AS/NZS 1859.1: 2007 Int), the

thickness swelling of standard particleboard is 15 % after 24 hours immersion in water for 18 mm

thick board (The Laminex Group, 2003).
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1.5 Linear expansion
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Fig. 6. Linear expansion of okra stalks particleboard after 24 hours soaking

. It was found that after 24 hours the percentages of water absorption of okra stalks particleboards
R orse particle, mixture of coarse and fine were 1.01%, 0.89% and 0.83% respectively. From
statistical analysis it was found that there was a significant difference (P< 0.05) among the three
treatments. The particleboard made from coarse and fine ratio (75:25) showed the lowest and
particle board only from coarse material showed the highest linear expansion.

The higher slenderness ratio and the density of particles may impart the lower linear expansion
than other types of boards. High density board exhibits lower linear expansion. According to ANSI
A208.1-1993 (NPA, 1993), the maximum average linear expansion of standard particleboard is
0.35 %, but the specified time was not found. The linear expansion percentage after 24 hours
\immersion in water by standard particleboard was not found as per IS: 3087-1985 (Anon, 1985),
Australian and Newzeland Standard AS/NZS 1859.1: 2001.Int (The Laminex Group, 2003),
British Standard BS: 5669 (Anon, 1979) and German Standard DIN 68 761 (Verkor and Leduge,
1975).
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4.2 Mcchanical properties
' 4.2.1 Modulus of rupture
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Fig. 7. Modulus of rupture of okra stalks particleboard
It was found that the MOR of okra stalks particleboards were 16.63 N/mm?, 20.06 N/mm? and 26.7
From statistical analysis it was also found that there was a significant difference (P< 0.05)

three treatments. The particleboard made from coarse and fine ratio (75:25) showed the
ed the lowest modulus of rupture

- N/mm?*.
among the
r highest and particle board only from coarse material show
~ (MOR).

&

" According to ANSI A208.1-1993 (NPA, 1993),

§ N/mm? for high density grade, 11.0- 16.5 N/mm
grade. According to IS: 3087-
2 But according to Au

the MOR of standard particleboard is 16.5- 23.5
2 for medium density grade and 3.0- 5.0 N/'mm?
1985 (Anon, 1985), the MOR of standard

for low density
stralian and Newzeland Standard AS/NZS

* perticlcboard is 10.98 N/mm
1859.1: 2001.Int (The Laminex Group, 2003), British Standard BS: 5669 (Anon, 1979) and

German Standard DIN 68 761 (Verkor and Leduge, 1975), the MOR of standard particleboard is
ard), 13.80 N/mm? and 17.65 N/mm?, respectively.

16 N/mm? (for 18 mm thick bo
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Modulus of elasticity
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Fig. 8. Modulus of elasticity of okra stalks particleboard

 was also found that the MOE of okra stalks particlcboards were 2336.67 N/m, 2602.7 N/m’
4 3448 84 N/mm? and local market particleboard was 2870 N/mm?. From statistical analysis it
as found that there was a significant difference (P< 0.05) among the three treatments. The
aticicboard made from coarse and fine ratio (75:25) showed th highest and particle board only
om coarse material showed the lowest modulus of rupture (MOE).

ccording 1o ANST A208,1-1993 (NPA, 1993), the MOE of standard particleboard is 2,400- 2,750
mm? for high density grade, 1,725~ 2,750 N/mm? for medium density grade and 550- 1,025
fmm? for low density grade. But according to Australian and Newzeland Standard (AS/NZS
1859.1: 2001 Int), the MOE of standard paricleboard s 2500 N/ for 18 mm thck board) (The

nex Group, 2003).
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he result of physic sifnt : -
The result of physical and mechanical properties of okra stalk particleboards are compared with
we properiies of marke ‘ . : Y
the properties of market availahle wood chip particle boards (Reza. 2015) to find out the feasibility

stalks ! ' : ; : : .
of ohra sta’ks as alicrnative source of raw material for particleboard manufacture 1n Bangladesh.

Table 2: Properties of particleboard from okra stalks and market board

[ Propertics Particleboard from okra stalks Market Board
Coarse particle Coarse : Fine Coarse : Fine
60: 40 75:25
Density (Kg/m') 656 676 713.67 637
Water absorption (%) 107.34 9686 79.09 57.22
Morsture content (%) 9 1134 1335 8.5
Thickness swelling (%) 18.17 15.61 15.19 14.11
[ Tincar expansion (%) 1.01 0.89 0.83 0.79
MOR (N/mm?) 16.62 20.06 26.7 2311
MOE (N/mm?) 2336.67 2602.7 3448 84 2870.27

Above table shows that physical properties (density, water absorption, moisture content, thickness
swelling, and linear expansion) of particleboard made from okra are comparatively higher than
market availuble mixed wood chip particleboards. But in case of mechanical propertics, particle
board made from mixture of coarse and fine particle (75:25) shows higher MOE and MOR than

market board as density of that board is higher than market board.
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£.1 Conclusion
[t was investigated that the potential use of okra stalks for the production of particle boards using

urca-formaldchyde as a binder. The following conclusions can be drawn:

» Particle boards can be produced from okra stalks using urea formaldehyde as a binder.

» Particle boards produced using coarse and fine particle ratio of 75: 25 are more
dimensionally stable as evident in their smaller values of water absorption and thickness
swelling compared with the other samples.

» Particle boards produced using coarse and fine particle ratio of 75: 25 have higher
mechanical strengths as evident in the higher values of modulus of rupture and modulus of
elasticity compared with the other samples.

» Particle boards that satisfy the ANSI/A208.1-1999 standard can be produced from okra

stalks using urea-formaldehyde as a binder.

‘1

ANOVA results show that the coarse and fine particle ratio significantly influenced the

water absorption, thickness swelling modulus of rupture and modulus of elasticity.

5.2 Recommendations . .
Composite board of okra has satisfied the physical and mechanical properties of the international

standards. But further study may be carried out also with different adhesives like Phenol
Formaldehyde (PF), Melamine F ormaldehyde (MF), Poly vinyl chloride (PVC), Poly-vinyl acetate
(PVCA) etc., with different additives like talc, wax etc. to observe variations of the board

manufactured from okra (Abelmoschus esculentus).
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Appendix

In—hlc 1: ANOVA for density

Dependent variable: Density

[ Source df Sum of Square | Mean square F P
[ Treatment 3 6957.7 2319.24 23.24 0.001
j Error 6 598.7 99.78
Total 9 7556.4
$<0.05
LSD for density
Grouping Information Using the Tukey Method and 95% Confidence
Treatment N Mean Grouping
3 3 71367 A
2 3 67600 B
1 3 65.00 B
Table 2: ANOVA for water absorption
Dependent variable: water absorption
Source df Sum of Square | Mean square F P
Treatment 3 2469.5 823.16 21.17 0.001
Error 6 2333 38.88
Total 9 2702.7
*P <0.05
LSD for water absorption
and 95% Confidence

Grouping Information Using the Tukey Method

Treatment N Mean Grouping

1 3 107.33 A
2 3 96.86 A
3 3 79.08 B




Table 3: ANOVA for Moisture content

Dcncndent variable: Moisture content

i
Source df Sum of Square | Mcan square F P
| ———
Treatment 3 34.89 11.631 4.03 0.069
Error 6 17.33 2.889
Total 5223
#P>0.05
Table 4: ANOVA for Thickness swelling
Dependent variable: Thickness swelling
Source df Sum of Square | Mean square F p
Treatment 3 19.94 6.646 1.08 0.425
Error 6 36.86 6.144
Total 9 56.80
*P> (.05
Table 5: ANOVA for linear expansion
Dependent variable: Linear expansion
Source df Sum of Square | Mean square F P
Treatment 0.065467 0.021822 61.37 0.001
Error 6 0.002133 0.000356
Total 9 0.067600
*P <0.05

LSD for linear expansion

Grouping Information Using th

Treatment N
1 3
2 3
3 3

R ]

Mean Grouping
1.01333

0.8933
0.8300

A
B
C

¢ Tukey Method and 95% Confidence




Table 6: ANOVA for MOR

mvariahlc: MOR

P e —
— Source df ;
Bpuk Sum of Square | Mean square F P
~Treatment
Treatmen 3 160.91 53.636 20.24 0.002

Error 6 15.90 2.650
— Total 9 176.81
«p <0.05
LSD for MOR:
Grouping Information Using the Tukey Method and 95% Confidence
Treatment N Mean  Grouping
3 3 26.700
2 3 20.06
] 16.627
Table 7: ANOVA for MOE
Dependent variable: MOE

Source df Sum of Square | Mean square F P

Treatment 3 2028579 676193 7.31 0.020

Error 6 555337 92556

Total 9 2583915
*P <0.05
LSD for MOR:

Grouping Information Using the Tukey Method and 95% Confidence

Treatment N Mean Grouping
3 3 34488 A

2 3 2603 AB

l 3 2337 B




