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ABSTRACT

The study was conducted to develop jute stick cross-banded board without using any binding

agent therefore; the effect of temperature on physical and mechanical propertics of these boards
was evaluated. Board made at 200°C showed higher physical (WA: 54.77%, TS: 30.54%) and
mechanical properties (MOE: 12765.34 N/'mm?. MOR: 85.46 N/mm?, IB: 0.74 N'mm’) than other
boards and UF bonded cross board showed lower physical (WA: 99.76%, TS: 87 74%) and
mechanical properties (MOE: 68625 N'mm? MOR: 52.61 N'mm’, IB: 0.37 N/mm’) than

binderless boards. Hence, it can be concluded that Jute stick can be a potential raw matenal for
manufacturing cross banded board.
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Chapter one

[ntroduction

1.1 General Introduction

The population of world is increasing rapidly day by day. As a result the natural resources of
world mainly forest resources are decreasing continuously to meet the demand of increasing

population (Adger and Brown, 1994). There is a greater awareness of the need for materials in an

expanding world population and increasing affluence (Pijus ef at, 2011) The cost of raw material

is also increasing day by day. For all this reasons, the technology is advancing in the sense of
being able to produce cheaper materials from residues. In this context, new raw materials that

reduce the production costs and which do not damage the environment have been an important

aspect of technological development.

In recent years, effective utilization of fast-growing non wood lignocellulosic materials and agro-

wastes has been of great interest owing to a drastic fall in forest resources. Lignocellulosic

biomass exploitation mainly wood is focused in pulp and paper fabrication, building and

carpentry, but there is a part of this lignocellulosic biomass from which no profit is taken. Now a
days the feasibility of using lignocellulosic residues as alterative raw material for particleboard,

fiber board or plywood production has been explored by a number of researchers (Youngquist ef
al., 1993). Lignocellulosic residues offer interesting potential applications as raw material in
general, in addition to its possible uses with energetic purposes. They are abundant, renewable
and recyclable. Most of the non-wood lignocellulosic materials have very low densities, which
make them extremely bulky. The collection, transportation and storage of these materials call for
special attention due the bulky nature of these. Among the nonwoodlignocellulosic materials,
bagasse, jute, kenaf, cereal straw has attracted special interest because of its rapid growing speed.
Jute is cultivated almost exclusively in developing countries of East Asia and in some parts of
Latin America. Bangladesh, India and Thailand account for over 90 percent of world production
and among them Bangladesh is in the second position (FAOSTAT-Crops, 2017). Jute stalk

contains two types of fiber: outer “bast” and an inner “core.” Jute bastfibers are using extensively



as automotive nonwoven material (Moreau ef al, 1995

; Parikh er al. 2002a; Parikh et al. 2002b).
The core however, has ng utility

1n the automotive applications and is often discarded and these
ainly used for
arg MDY fuel wood purposes. Thus, Jute core is considered to be onc of the new

sustainable lignocellulosic raw Materials if we use it efficiently. A good number of research

works has been done on the effective utilization of jute making board. In this context the main
target of this thesis is effective utilization of jute core.

Now-a-days researchers are conducting their research on plywood, particle boards, and fiber

boards by using nonwoodlignocellulosic materials. Synthetic thermosetting resins such as

phenol-formaldehyde, urea formaldehyde resins are generally used as adhesives to manufacture

such boards. However, these resins have some negative impacts on health and environment due

to the emission of volatile organic compounds from the resin and these resins are derived from

petrochemicals and also production of these resins is not economically feasible. Researchers are
now interested to make adhesive free boards (Angles et al. 1999, 2001; Suzuki et al. 1998; Van
Dam er al. 2004). In this context, binderless boards have attracted great interest as environment-
friendly products, because they can be manufactured from fragments of lignocellulosic materials
without the addition of any adhesives. The self-bonding strength is improved only by activating
the chemical components of the board constituents during steam/heat treatment, The main reason
of self-bonding mechanism is mainly activation of chemical components of the board
constituents, mainly hydrolysis of hemicellulose, degradation of part of cellulose to produce
simple sugars and other decomposition products and thermal softening of cell wall matrix,
crosslinking between carbohydrate polymers and lignin and an increase in cellulose crystallinity
(Van Dam er al. 2004, Laemask and Okumura 2000; Ellis and Paszner 1994; Widyorini et al
2005; Shen, 1991; Rowell et al.,2002; Inoue et al., 1993; Suzuki ef al., 1998; Tanahashnieet al.,
1989). Jute core is deemed to be a suitable raw matenial for making binderless boards because of
its high hemicellulose content. Making of high performance environmental friendly Cross

banded board from jute stick (core) is the main target of this thesis.

1.2 Objective of the study -
* Todevelop binderless cross banded board from jute stick.

*  To evaluate physical and mechanical properties of binderless cross banded board from jute
stick.




Chapter Two

Literature review:
2.1General Information about jute;

2.1.1 Introduction:

The word ‘jute’ is probably coined from the word jhuta or jota, an Oriya word. Jute is one of the
most affordable natural fibers and it is second only to cotton in amount produced and variety of
uses of vegetable fibers. Jute fibers are composed primarily of the plant materials cellulose and
lignin. It falls into the bast fiber category (fiber collected from bast, the phloem of the plant,
sometimes called the "skin") along with kenaf, industrial hemp, flax (linen), ramie, etc. The
industrial term for jute fiber is raw jute. The fibers are off-white to brown, and 1—4 metres (3—
13 feet) long. Jute is also called the golden fiber for its color and high cash value (Indian jute:
Medicinal use/Herbal Use of Jute, 2015). Jute is a long, soft, shiny vegetable fiber that can be
spun into coarse, strong threads. It is produced primarily from plants in the genus Corchorus,
which was once classified with the family Tiliaceae, and more recently with Malvaceae. The
primary source of the fiber is Corchorusolitorius. but it is considered inferior to
Corchoruscapsularis. "Jute" is the name of the plant or fiber that is used to make burlap, hessian

or gunny cloth. Corchoruscapsularis was used for this research.

i
r,
L
!

Fig: 2.1 Jute Plantation



Jute is a natural fiber with numerous environmental advantages. It is an annually renewable
resource with a high biomass production per unit area, and Jute products being biodegr able
decompose in the soil at the end of product life-cycle. Towards global warming, a concerm of
much importance in the present world, while the synthetic materials are being considered as the

root of many problems, the natural fiber products are proven to be absolutely harmiess.

The worldwide awareness on environment is the reason for the opportunities of jute, due to

environment friendly characteristics. Jute, a natural fiber that can be used in many different
areas, supplementing or replacing synthetics, has been receiving increasing attention from the
industry. The usage of jute are not only traditional uses, but also on the production of other value
added products such as pulp and paper, geo- textiles, composites and home textiles. The roots of
jute plants play a vital role in increasing the fertility of soil. Jute plants have carbon dioxide

assimilation rate and it clean the air by consuming large quantities of carbon dioxide (SG,

2011).

2.1.2 Jute Cultivation:

To grow jute, farmers scatter the seeds on cultivated soil. When the plants are about 15-20 cm
tall, they are thinned out. About four months afier planting, harvesting begins. The plants are
usually harvested after they flower, before the flowers go to seed. The stalks are cut off close to
the ground. The stalks are tied into bundles and soaked in water for about 20 days. This process
softens the tissues and breaks the hard pectin bond between the bast and Jute hurd (inner woody
fiber stick) and the process permits the fibres to be separated. The fibres are then stripped from
the stalks in long strands and washed in clear, running water. Then they are hung up or spread on
thatched roofs to dry. After 2-3 days of drying, the fibres are tied into bundles. The suitable
climate for growing jute is a warm and wet climate, which is offered by the monsoon climate
during the fall season, immediately followed by summer. Temperatures ranging from 70-100 °F

and relative humidity of 70%-90% are favorable for successful cultivation. Jute requires 2-3

inches of rainfall weekly with extra needed during the sowing period.



climate of the Ganges Delta. Along with white jute,
* of Bengal where it is known as paat from the start

2.1.3 Major Types of Jute:

White jute (Corchorus capsularis)

Historical documents (including Ain-e-Akbari by AbulFazal in 1590) state that the poor villagers
of India used to wear clothes made of jute. Simple handlooms and hand spinning wheels were
used by the weavers, who used to spin cotton yarns as well. History also suggests that Indians,
especially Bengalis, used ropes and twines made of white jute from ancient times for household

and other uses. It is highly functional in carrying grains or other agricultural products.

Tossa jute (Corchorus olitorius)

Tossa jute (Corchoru solitorius) is a variety thought to be native to India, and is also the world's
top producer. It is grown for both fiber and culinary purpose. It is used mainly for its fiber in
Bangladesh, in other countries in Southeast Asia, and the South Pacific. Tossa jute fiber is softer,

silkier, and stronger than white jute. This variety astonishingly shows good sustainability in the
te has also been cultivated in the soil

century. Coremantel, Bangladesh




2.1.4 Parts of Jute Stalk:

e

Core (Jute stlék,
used material)

Jute Fiber

Jute stalk




Table 2.1 Chemical constituents in Jute fiber and jute stick

[Constituents Jute fiber (%) Jute stick (%)
"Alpha Cellulose 61 408
Lignin 11.5 235
Hemicellulose 24 329

Ash 1.6 0.8

Others 1 1.0

(Jute Technology Mission: Design & Development of JDPS, Final Report)

Table 2.2 Close view of chemical contents of jute stick,

Constituents Quantity (%)

Major constituents

Alpha- Cellulose 40.8

Pentosan 22.1
Uronic anhydride 15
Acetyl content 4.5
Lignin 2.5
Minor Constituents

Fat and wax 1.9
Nitrogen I
Ash 0.8
Monosaccharide Constituents

Glucose 43.2
[ Xylose 18.7




Constituents Quantity (%) S
Mannos¢ 1.6
Galactose 1
“Arabinose 0.6
"Rhammose 0.4
_—

(Jute Technology Mission: Design & Development of JDPS, Final Report)

Physical Properties of jute fiber:

Table 2.3 Physical properties of jute fiber

Ultimate cell length 2.50 mm
Ultimate cell breadth 18 micro meter
Density 1.46 gm/cc
Moisture Retain at 65% RH 13.8%
Transverse Swelling in water (Diameter wise) 20%
Water holding capacity 500%
Heat of combustion 17.5j/g

193°C

Ignition Temperature

(Jute Technology Mission: Design & Development of JDPS, Final Report)

Jute absorbed the Carbon dioxide from the air, which helps the ozone layer from destruction. It
also emits oxygen to the atmosphere, which is helping the livelihood. Jute as a fiber crop is a fast
growing one that takes only 4 to 5 months to mature. The production of the fastest growing wood
plant needs at least 10 to 14 years from the plantation to harvest, The usages of jute in place of

waod to make boards will reduce the cost of production. So following this feasibility of jute I

tried to make cross banded board to reduce the cost of wood.

2.1.6 Status of jute production in the world:

Jute is a rain-fed crop with little need for fertilizer or pesticides, in contrast to cotton's heavy

requirements. Production is concentrated mostly in Bangladesh, as well as India's states of

8



yssam, Bihar, and West Bengal (OIC, 2013) India is the world's largest producer of jutebut
mported approximately 162,000 tones! of raw fiber and 175,000 tones jute products in 2011,
USG, 2014). India, Pakistan, and China import significant quantitics of jute fiber and products
from Bangladesh, as do the United Kingdom, Japan, United States, France, Spain, Ivory Coast,

Germany and Brazil.

Table 2.4 Top ten jute producers in the world,

Country | - Production (Tones)
India ) 1968000
Bangladesh - ‘1349000
‘People's Republic of China 29628
. N _
 Uzbekistan 20,000
Nepat 14,890 -
Eo?th_si&siﬁ - |3,300_ -
Iiixﬁb'éb;e—m B 12',519 -
‘EEI_"M‘W“ T 2508
" im
Vietwam }970 S
World 3393248

(FAOSTAT- Crops, 2017)




Above table shows that Bangladesh is the second producer of jute in the world. Every year huge
amount of jute produced in Bangladesh and fulfilling country’s nced Bangladesh exported jute
fibers in other countries. Afler use of fibers a lot of jute sticks remain unused as wastage. That’s
why the main target of this thesis was proper utilization of this remaining unused wastage (Jutc
stick).

2.1.7 Major Drawback of Uses of Jute stick:

The major disadvantages of jute sticks are to their coarseness, stiffness, low extensibility, wash
shrinkage, ready susceptibility to microbial attack and poor abrasion resistance. In order to
minimize or even eliminate some of the major disadvantages attempts have been made to reduce

such problem (Sarkar and Adhikari, 2001).

2.2 Information about Binderless board:

2.2.1 Binderless Board

Binderless board is a wood panel made without the use of synthetic adhesive. It is manufactured
by hot pressing of wood particles that involves a self-bonding process (Workshop on Technology
Transfer, 2014). A process, which converted the lignocellulosic materials into panel boards
without using of synthetic resin binders, has been developed and patented by Shen in the mid-

eighties. Studies on manufacturing process of binderless board have been conducted for years. It

is also self- bonding board.

2.2.2 Binderless board manufacturing process:

Non-wood lignocellulosic materials have been considered to produce various composite products
for their physical and chemical characteristics. Non-wood raw matenals which are usually rich in
hemicelluloses, are supposed to be potential materials for binderless boards production.
Binderless composites production using non-wood lignocellulosic materials are summarized, as

reported by several researchers in Table.

10



Table: 2.5 Binderless composites production using non-wood lignocellulosic materials

Lignocellulosic materials | Types Reference

Plantain Fiberboard Alvarez et al. 2011

Kenaf Particle board | Okuda et al. 2006a
Bagasse Fiberboard Shen 1986; Widyorini et al. 20052
Coconut Husk Fiberboard Van Dam ef al. 2004
Bamboo Fiberboard Shao et al. 2009

Rice straw Particleboard | Luo and Yang, 2012

Wheat straw Fiberboard Halvarsson et al. 2009
Miscanthussinensis Fiberboard Salvado et al. (2003)
Banana bunch Fiberboard Quintana ef al. (2009

Sced cake Fiberboard Hidayat et al. (2014)
Cotton stalks Fiberboard Fahmy and Mobarak (2013)
Vitisvinifera Fiberboard Manceraer al. (2011)
Cynaracardunculus Fiberboard Mancera et al. (2008)

There are two distinct processes: wet-forming and dry-forming used for binderless board
production. Wet-forming process is the distribution of cellulosic materials into water that form
hydrogen bonds and create thermosetting adhesive behavior of lignin during heating and drying
process. On the other hand, dry forming process is the basic for industrial manufacturing process
that reducing moisture content of cellulosic materials by drying and it distribute into mat by pre-
pressing and finally undergoes hot-press (Lee and Hunt, 2013).Common processes such as hot
pressing, steam explosion before hot pressing and steam injection pressing and hot water boiling
have been developed to increase the performance of binderless board (Zhang et al., 2015). Pre-

treatment processes such as hot water boiling and grinding processes are simpler processes. In

summary, poor dimensional stability of binderless fiberboards made from non-woody materials

was one of the biggest drawbacks resulting from high hemicelluloses content. The extension of

steam pretreatment seemed to be an option to overcome this drawback, but correspondingly, the

energy consumption has to be considered.

1



1.2.3 Self- bonding mechanism of Binderless composite:

The self-bonding strength is improved only by activating the chemical components of the board
constituents during steam/heat treatment. The main reason of sclf-bonding mechanism is mainly
activation of chemical components of the board constituents, mainly hydrolysis of hemicellulose,
degradation of part of cellulose to produce simple sugars and other decomposition products and
thermal softening of cell wall matrix, crosslinking between carbohydrate polymers and lignin
and an increase in cellulose crystallinity (Van Dam ef al. 2004, Laemask and Okumura 2000,
Ellis and Paszner 1994; Widyorini et al 2005; shen, 1991; Rowell et al.,2002; Inoue ef al., 1993;
Suzuki ef al., 1998; Tanahashnicer al., 1989, 2000). Hydrolysis of hemicelluloses produces
water-soluble components and some extractives and volatile degradation products during the
process where steam-pressure and pressing is important to the degree of degradation (Xu et a/,
2005). During hydrolysis process, acetic acid, formic acid, cinnamic acid and some sugar are

liberated and these are hydrolyses hemicelluloses produce some furfural products.

12



HEMICELLULOSE

_xylose - B(1.4) - Mannose - 3(1,4) - Glucose -
- apha(1.3) - Galactose
Hemilcellulose

Fig: 2.6 Hydrolysis of hemicellulose (Widyorini ef al., 2005)

Some of the pentoses and hexoses also produced that are dchydrated to furfural and hydro-
oxymethyl furfural respectively. Then part of the lignin carbohydrate bond cracked by those
acids. It causes explosion of functional groups that seems a slower hydrolysis and the

recondensation of the activated lignin molecules like phenol at high temperature (Mobarok and

Fahmy, 2013).

HOH,C

0
0 I o1
-q\/ Condensation Reacnon with Lignin

or Sell-Reumficator Reactian

Cellllose Degatson — Hexose 7 pyo gryy methy Hurfural Nanra! Adhesives in
Hermicelluluse : Pentose o *  Self-bonded Board
High Temperature 3 0 Iligh Temperature and
wd Prossure, or Acd %‘ [-}.CHO Pressure
Furfural

Flg: 2.7 Potential self-bonding mechanism in the production of binderless board (Suzuki ez
al, 1998; Mobarak and Fahmy 2013).
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chapter Three

Materials and Method:

3,1 Materials:

The used raw material for this thesis was Jute (Corchoruscapsularis )stick.




quperior quality polythene

sheet to
prevent ;
ing pressing. the consolidated mat from sticki
during p g rom sticking to the platen

Hot Pressing:

Aftter assembling the assembled sti
icks were h ;
ot pressed at different temperatures (160°C ,180°C,

200°C) temperature at air dri iti
ed condition at 2.5 Mpa pressure for 10 mintes. Bords made with

Urea formaldehyde was hot
pressed at 0
at 140°C at 2.5 Mpa pressure for 7 minutes. Density of the

poards was controlled at 0.7 gm/cm®
. Then press was switched off but prssure was not released at

that time.Then the board was allowed
to cool for 10 minutes. Th
broght the board out. en pressure was removed and

, trimmed at edges with the
ds were 30x 20x 0.7 cm.



322 Flow Diagrams of Cross banded Board

e —

——
Raw Materiy] collection (Jute
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Stick)

[ Air Drying (7 days)

!

Cutting of Jute Stick

!

Maintaining of Moisture content (air
dried condition)

]

Assembling of sticks

!

Hot Pressing

l

Trimming
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323 Board Evaluation:

preparation of sample for testing

Two replicati
properties; tWO samples were collected from cach board of each type. The dimension of samples
for testing the physical properties wag approXimatel

Y (5 em x 5 cm) and for testing the
mechanical properties w

as approximately (21¢m x § cm),

Determination of Mechanjca) Properties

All the samples are cut into required dimension for testing mechanical properties. The laboratory

test for characterization of mechanical properties was carried out in Akij Particle Board industry.

Determination of Physical Properties

All the samples are cut into (Scm x 5cm) dimension for testing physical properties. The
aboratory test for characterization of physical properties was carried out in the laboratory of
Forestry and Wood Technology Discipline, Khulna University, Bangladesh. At first all the
specimens were weighted and green dimension are taken at room temperature. Then weight and
dry dimension were measured. Next, the samples were soaked into water for 2 hour. Then wet

dimension was taken and all the physical properties are calculated by using formula. Then the

samples were again soaked into water for 24 hour. Then finally, the wet dimension was taken

and all the physical properties are calculated by using following formula,

Water Absorption
Water absorption was calculated by the following formula-

Av(%) = Tim"—"’-l X 100(ASTM, 1997)
1

Where,

Aw=Water absorption (%)

M=Weight of the sample before immersion in water (gm.)

M= Weight of the sample after (24 hr.) immersion in water (gm.)

17



Thickness Swelling
Thickness swelling was calculated by the following formula-

-t
G, = == X 100(ASTM, 1997)

t
Where,
Gt=Thickness swelling (%)
t;= Thickness of the sample before immersion in water (gm.)

t,= Thickness of the sample after (24 hr.) immersion in water (gm.)

18



Chapter Four

Result and Discussion:
Effect of Temperatures on Board properties

4.1 Mechanical Properties

Modulus of Elasticity (MOE):
Fig: 4.1 showed modulus of elasticity of cross banded board at different temperature. The result

showed that MOE (12765.34 N/mm?) at 200°C is KBTS i her than {e0°C and A0
Limm shOWed that board treated Wlth h_lghef tclnpmmre showed hlgher MOE because at

nding phenomenon (Carmen,




X K
SRR

sticks at outer bindine I; ;
Bon ded the stic uter binding |ine and no inper bonding line was created (Ceman, 2015).

This could be @ probable reason of decreasing MOE of UF board than binderless board.

Mo dulus of Rupture (MOR):

Fig: 4.2 showed modulus of rupture of €ross banded board at different temperature. The result

showed that MOR (85.46 N/mm?) at 2000 showed higher value than 160°C and 180°C and UF

ponded cross board showed lower MOR than other boards. The Graphical presentation showed

that MOR of cross bonded board is Increasing by increased temperature.
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Fig: 4.4 Sample of binerless board after 24 hr WA Fig: 4.5 UF board after 24 hr WA

This result showed that water absorption is decreasing by increasing temperature. It may be due
to degradation of hemicellulose. Because during heating the degradation of hemicelluloses
significantly reduces the amount of free reactive hydroxyl groups, and thus decreases the ability
to bind water (Inari et al., 2007). On the otherﬁf‘ ind (Hﬂl, 2006) notes that during thermal

tmatment the posmblhty of uross—]mk 0! ignin increases, and this can also be a
ophilic character and that increased

es and methoxyl groups in lignin
migration of lignin and possibly a
slaining the water-resistance property
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Chapter Five

Conclusion:

» From the al.:)ove result it can be concluded that a high performance cross banded can be
made fTom ]l.lle stick without using any binding agent, which is environmental friendly.

» There is a significant effect of temperature on cross-banded board. Board made at 200°C
temperature showed higher mechanical and physical properties than other boards.

5 : : ; .
Further study is needed to improve dimensional stability of cross banded jute stick board.
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