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Abstract

The physical and mechanical properties of Nalita (Trema orientalis) are determined as per

specifications of ASTM. Trema orientalis falls under the moderate density group. Trema

orientalis is cateporized as wood having moderate strength group. The green density and

oven dry density are 508.65 kg/m* and 374.48 kg/m?. The percentage of longitudinal,
redial and tangential shrinkage of 7rema orientulis are 0.33, 3.34 and 4.57 respectively.
Specific gravity of the test specimens Trema orientalis wood based on green weight and
oven dry weight are 0.51 and 0.38 respectively. The average moisture content percentage
of Trema orientalis is 48.36%. In respect of mechanical properties the fiber stress at
clastic limit (Bending test) for Trema orientalis is 9478.81 N/mm?. The modulus of
rupture at maximum load is 72.03 N/mm?2. Almost all the strength properties of this

species is observed to be lower than those of teak (7ectona grandis) , the standard wood

species in determining relative suitability for use.
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Chapter One Introduction

CHAPTER ONE

INTRODUCTION

1.1 Description of the species

TI'rema orientalis is native to primarily tropical zones in Africa, Asia and Austraha. This
tree is a fast growing species found in previously disturbed areas and on forest margins. It
1s @ pioneer species that can grow on poor soil and can be used to regenerate forest arcas
by  providing shade and protection to saplings offorest hardwoods
(http://www.worldagroforestry org/). The local name of Trema orientalis in Bangladesh is
Nalita or Jiban. This species is widely distributed through a range of altitudes in higher
rainfall areas. It prefers sites on well-drained and exposed soils. It is a shrub or small to
medium size tree and its height varies depending on the location and chimatic conditions.
It can grow 11m to 18 m high in forest regions (http://www.worldagroforestry.org/). It is
whitish or off-white or whitish brown wood. It is fine-grained, soft, light and low
durability. This species grows best in a sunny position, requires a well drained, sandy soil

(http://ecocrop.fao.org/ecocrop/srv/en‘home).

It is used in manufacturing panel products, poles and drumstick. An appropnate tropical
hardwood for paper and pulp production. Paper made from Trema orientalis has good
tensile strength and folding endurance (http://www.worldagroforestry org/). The tree can
provide plenty of firewood and excellent charcoal which is even suitable for making
gunpowder and fireworks (Manandhar. N. P. 2002)It is widely planted for soil

reclamation in southern Asia (Huxley. A. 1992).

As a structural material, wood has high strength per unit weight and is easily shaped and
fastened. It is convenient energy source and major cheap souuirces of cellulose it may
denvatives for chemical industries. The color patterns texture of wood are often pleasing,
leading to uses for many decorated purposes. Wood is available in a wide range of
textures, colors, densities and chemical composition supporting wide range of important
uses. Physical properties are important in selecting wood for numerous uses, such as

musical instruments, decorative surfaces, insulating media etc.

Mechanical properties of wood are indicate the ability of wood to resist various types of

external forces, static and dynamic, which may act on it. Mechanical properties are very
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wan R owpaitant moease of constrictional and structural purposes timber. The properties
war aaly van wath ypaaies, wath reterence to the nature ot their fiber structure but also

wath e waondure content, temperature and defects of wood. Sometimes the properties

YA wath reterenee o the vanang conditions of growth,

1.2 Ratwnale of stndy

IN W of Tremae oremralis has imited use in our country. The wood of Trema
ooy womnddle class wood The phvsical and mechanical properties of Trema
ooy of wond should know for using it widely. Due to the lack of property
Lrondadee of this woed, the wood of this species are not bemng used properly. 1t is,
heretone, exsennal that both phyvsical and mechamical properties be determined in order to
uriah the hasie mtomation tor their effective utilization. So 1 am interested to study the

pavarcal and mechancal properties of the wood of’ Trema orientalis.
1.3 Odpectives
The spavitic abractives of this study are as the following

1 Toknow the phyvsical properties of the wood of Trema orientalis.

2 Toknow the mechamical propertics of the wood of Trema orientalis.
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CHAPTER TWO
REVIEW OF LITERATURE

Sarwar Jahan er. af., (2009) conducted a study titled, “Effect of different locations on
the morphological, chemical, pulping and papermaking properties of Trema orientalis
(Nalita)”. The findings of the study are the chemical compositions and fiber
morphology of stem and branch samples from Trema ortentalis at three different sites
planted in Bangladesh in which a large difterence between the stem and branch
samples was observed. The stem samples have consistently higher cellulose and lower
lignin content, and longer fibers than the branch samples in all sites. T ereentalis from
the Dhaka and Rajbari region had higher cellulose content and longer fiber length,
resulting in higher pulp yield and better paper making properties. The 7. ( drientalis
pulp from Rajban region also showed the best bleachability.

Rawshan er. al., (2013) conducted a study titled, “Reinforcing potential of jute pulp
with Trema orientalis (nalita) pulp”. The findings of the study are two
morphologically different pulps, a long-fiber jute pulp from a soda-AQ process and a
short-fiber Trema ortentalis pulp trom a kraft process, were evaluated and compared
for their reinforcing potential. T. orientalis pulp needed less beating energy than jute
pulp at the same drainage resistance. Addition of jute fiber pulp to the 7. orientals
pulp increased tear strength. Sheet density of pulp blends was increased with the
increase of beating degree of both pulps and the proportion of T. orientalis pulp.

Tensile index and burst index of blended pulp were increased when the beating degree

and proportion of T. orientalis pulp increased.

Jahan et. al., (2013) conducted a study titled, “Effect of tree age on the cellulose
structure of Nalita wood (Trema orientalis)”. The findings of the study are the change
of crystalline structure of Nalita cellulose with tree age has been studied using X-ray
diffraction and FT-IR spectroscopy. The proportion of crystallinity and crystal size
were increased with tree age. FT-IR spectroscopy showed that the Nalita cellulose
was a monoclinic unit cell structure (Ip). The proportion of crystallinity and crystal
size of the 30-month-old Nalita wood was higher as compared to aspen wood. The

degree of polymerization (DP) of Nalita cellulose of different ages has also been
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studied. The DP of cellulose increased with tree age. The DP of Nalita cellulose was
lower than that of aspen cellulose. The percentage of glucose in Nalita wood

increased with tree age,

Chowdhury er. al., (2006) conducted a study titled, “EfTect of different locations on
the morphological, chemical, pulping and papermaking properties of Trema orientalis
(Nalita)”. The findings of the study are the chemical compositions and fiber
morphology of stem and branch samples from Trema orientalis at three different sites
planted in Bangladesh were determined and their pulping, bleaching and the resulting
pulp properties were investigated. A large difference between the stem and branch
samples was observed. The stem samples have consistently higher a-cellulose and
lower lignin content, and longer fibers than the branch samples in all sites. T.
orientalis from the Dhaka and Rajbari region had higher a-cellulose content and
longer fiber length, resulting in higher pulp yield and better papermaking properties.
The T" orientalis pulp from Rajbari region also showed the best bleachability.

Mun er. al., (2010) conducted a study titled, “Characteristics of Dioxane Lignin
Isolated at Different Ages of Nalita Wood (7rema orientalis)’. The findings of the
study are Nalita (7rema orientalis) is one of the fastest growing trees in the tropical
countries. The structural characteristics of lignin isolated at different ages of Nalita
wood (Trema orientalis) by acidolytic dioxane method were examined by UV, FTIR,
'H-NMR and "*C-NMR spectroscopy, alkaline nitrobenzene oxidation, molecular
weight determination, elemental and methoxyl analysis. The data were compared with
aspen lignin. The structural analysis revealed that Nalita wood lignin is
syringyl-guaiacyl type. The methoxyl content in Nalita wood lignin was lower than
aspen lignin. The Cy formulas for 30-months-old Nalita was CyHs 3103 13(OCH3)y.27,
whereas that of aspen was C9Hs940315(OCHs) 47. The weight average molecular
weight of Nalita wood lignin was decreased from 36,500 to 25,500 with increasing
tree age from 12 to 30 months, whereas weight average molecular weight of aspen

was 20,000. Both alcoholic and phenolic hydroxyl group in Nalita wood lignin is

lower than aspen lignin.
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Jahan er. al., (2009) conducted a study titled, “Prospect of Trema orientalis as a
pulping raw material in Bangladesh”. The findings of the study are the pulp and paper
industry in Bangladesh is looking for new raw materials with high productivity
perhectare.  Currently, bamboo and Gmelinaarborea are the main pulping raw
matcrials for the pulp and paper industry of the country. Trema orientalis is one of the
fastest growing woods in the tropical region. This paper reviews the literature on the
topic, in particular, related to the chemical, morphological and physical propertics of
I. orientalis and its suitability for pulping. In addition, the advantages and
disadvantages of various pulping processes proposed in the literature were critically
analyzed. It was concluded that 7. orientalis is a potential pulp wood for the

Bangladesh pulp and paper industry.

Patrick et. al., (2010) conducted a study titled, “Contribution to Chemical Study of
Stem and Branches of Trema orientalis and Leucaena leucocephala”. The findings
of the study are the use of timber in techniques of soil aggradation helps to preserve
the environment by recycling sub products and residues from forestry. However, the
nature of timber conditions the degradation process. The present study aimed at
charactenizing and comparing the chemical characteristics of wood branches, and
stems of Trema orientalis and Leucaena leucocephala. By modified lignin Klason,
high amounts of lignin were found in the branches than in the trunk of Trema,
contradicting the results observed for Leucaena. Cellulose concentration, obtained
from Kurschner and Hoffner was higher in the branches and lower in the trunk of
Leucaena than in Trema. Moreover, ash contents were higher in the branches than in
the trunk. C:N and lignin: N ratios, with N values significantly higher in the branches,
were higher in wood trunk than in branches. Moreover, all Trema ratios were higher
than those found in Leucaena. However, branches lignin/N ratio, naturally weaker,
would predict a more rapid decomposition of their lignocellulose material once on the

ground. Overall, pyrolysis GC-MS of branches and stems identified compounds

derived mainly from lignin, followed by polysaccharides.
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Determination of Physical properties
3.1.1 Collection of Test Specimens

The materials for the tests were collected from Rupsha, Khulna. Im bolts were collected
from the tree keeping the breast-height (1.3 m above ground level) position of the tree at
the center of the bolts. All the bolts were fairly straight and free from natural defects.
Both ends of the bolts were wrapped with polythene sheets to cheek excessive

evaporation of moisture and consequent checking,
3.1.2 Preparation of the Sample

The specimens for determination of moisture content, specific gravity, density were
prepared in the from of linch x linch x linch and determination of shrinkage and
swelling were prepared in the form of 3 inch x linch x linch according to ASTM

standards. Ten samples were taken from that tree for more accurate result.

The specimens for bending test study was in the form of 12 inch x 1 inch x 1 inch and
that was taken for the testing Modulus of Rupture (MOR) and Modulus of Elasticity
(MOE). For both tests the sample were taken parallel and smooth. After preparation of all

samples were smoothened by using sander.

3.1.3 Determination of Physical Properties

Lengths of tangential, longitudinal and radial surface were measured using slide caliper
having venire constant 0.01cm. Weight of each test specimen (green) was measured in air

using electric balance and the data were recorded.

3.1.4 Moisture Content

The amount of water in wood is normally expressed as percentage of oven dry weight of
the wood. Moisture content was measured in oven dry method. For the measurement of

moisture content of the samples, the samples were weighted by an electric balance in

1
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testing condition and the values were recorded. Then the same samples were weighted i
oven dry condition following the same procedure, The masture content of the samples

were worked out following the formula stated below,
MC(%) = {(Ww - Wo) X 100} / W,
Where,

Wy = Weight of samples in testing condition
W, = Weight of samples in oven dry condition
MC = Moisture Content

3.1.5 Shrinkage

Shrinkage and its accompanying effects of warping, checking and sphtting constitute
woods most troublesome physical propertics. Shrinkage of wood 1s the change n
dimensions i.¢. reduction due to changes i.c. losses of its morsture content. The reduction
in size is expressed as percentage of the original green dimension, depending upon
whether linear shrinkage is being measured. The terms longitudinal, tangential and radhal
shrinkage are used to describe the linear shrinkage in the respective refercnce direction
Shrinkage in three linear direction was evaluated as percentage of dimensional changes
from green condition to oven dry condition on drying for 24hrs to a constant weight at a
temperature 0f 103°C+2°C. The dimensions were measured both in green and oven dry

condition with a slide caliper and weight was taken on an electric balance.

For the calculation of radial, tangential and longitudinal shrinkage of the specimens the

following formula was followed,
S = {(Ga —Oua) * 100} / Ga
Where,

S = Shrinkage percentage
Ga = Green dimension

Ouaa = Oven dry dimension
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11,6 Density

Wannl density and wood specific gravity both indicate the amount of actual wood
aubstance present in a unit volume of wond Wood density 18 not a simple charactenisiic
I is affected by the cell wall thickness, the cell diameter, the early to late wood ratio and
the chermcal contemt of the wood Basic density was determined by water displacement

methaod
Fhe tollowing formula was used to calculate the density of wood,
D=m/(by b;1)
Where,
m= mass of the sample
b= length of the sample
bz= width of the sample
t= thickness of the sample
D= Density.

J.1.7 Swelling

The dimensional changes that accompany with swelling of wood 1s major sources of both
visual and structural problems in furniture. Swelling occurs as the wood changes moisture
content in response to daily as well as scasonal changes in the relative humidity of the

atmosphere, i.¢., when the air is humid, wood adsorbs moisture and swells; when the air is

dry, wood loses moisture.

The formula used to determine swelling is-
S={(t2 - t1)/t1} #100

Where,
S= Swelling (%)
t2= thickness of sample after immersion

ti= thickness of sample before immersion in water
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3.2 Determination of Mechanical propertics
3.2.1 Determination of bending tost

This test (static bending) was camed out v Universal Testig Machie (MDY e Ay
Particle Board Mills Ltd. Mochameal properties were evaluated i accondance with the
specification of ASTM (Anon, 1971). The load was apphiad o the prston of the cage at a
rate of 0.01 mm/s as suggpested by Desch and Dimwoodie (1980) Al the samples were
tested by applying load perpendicular to the gram. The test was cattied on until manimum

load was reachaed and final ailure was obsenved
Modulus of Elasticity (MOL) was calculated from the follow ng aquation,

MOE - P13 4bE

Where,
MOE = is the modulus of elasticity in bending, in N mm’
P* =1s the load. i N at the linut of proportionality

L =1s the span, in mm
A =1s the deflection, in mm at the it of proportionaliy
b = 1s the width, in mm
d = is the depth, in mm
And the Modulus of Rupture (MOR) was measured by using the tollowing tormula,

(Desch and Dinwoodie, 1996).

MOR - 3PL  2b&

Where,

MOR = Modulus of rupture in N'mm?
P= maximum load in N

L = is the span, in mm

b = is the width, in mm

d = 1s the depth, iIn mm
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CHAPTER FOUR

RESULTS AND DISCUSSION
Results

The results of the tests on the physical and mechanical propertics of Trema orientalis are
presented in table 1 and table 2 Individual strength values were computed from data
collected from seven different tests. The strength properties of Chittagong teak was
recommended as the standard for Bangladesh to which all other timber species may be

compared in determining their relative suitability for various purposes.
4.1 Physical Properties
4.1.1 Surface Appearance and Grain Directions

Trema orientalis is an interlocked grained and coarse textured wood. Its sapwood is

whitish or off-white in color on freshly cut surface. Its heartwood is light brown color.
4.1.2 Moisture Content

The average moisture content of the specimens of Trema orientalis at the test was 48.36%
4.1.3 Shrinkage

The percentage of longitudinal, radial and tangential shrinkage of Trema orientalis wood
was 0.33%, 3.34% and 4.57% respectively.

4.1.4 Specific Gravity

Specific gravity of the test specimens of Trema orientalis wood based on oven dry weight
and green weight of sample was 0.38 and 0.51 respectively.

4.1.5 Density

Density of the test specimens of Trema orientalis wood based on weight of oven dry
sample and volume after soaking into water. By calculating density of sample found that
Green Density 508.65 kg/m* And Dry Density 374.48 kg/m®.



4.1.6 Swelling

Chapter Four Results And Discussion

Swelling of the test specimens of Trema orentalis wood based on weight of oven dry

sample and weight atter soaking into water. By calculating swelling of sample found that

rachal and tangential swellings are 2.76 & 4.16 and 3.37 & 4.90 respectively.

Table-1: Determination of physical properties

Ser | Name of | Density | Specific | Moist | Shrinkage (%) Swelling (%)
ial | Species kg/m’ gravity ure
No | Gree | Dry | Volu | Volu | conte | Longi | Radi | Tan | Longit | Radial | Tangen
. 0 (Den| me |meat| nt | tudin | al [ gent [ udinal tial
Dens | sity | at OD | (%) al ial
ity test
1 Trema | 5086 | 374 | 050 | 0.38 | 4836 | 033 | 3.34 | 457 | 031 2.75 4.16
orientalis 5 A48 (24hrs) | (24hrs) | (24hrs)
3 036 | 337 | 49
(48hrs) | (48hrs) | (48hrs)

Shrinkage determination:

The amount of shrinkage is affected by the amount of moisture lost by wood when its

moisture content fluctuates between the oven dry state and fiber saturation point. The

relationship is linear and applied in tangential, radial and longitudinal direction and

therefore to volumetric changes (Tsoumis, 1991). Radial, tangential and longitudinal

shrinkage of Trema orientalis are shown in Table-1 and Fig-1.
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‘Table-2: Determination of mechunicul properties

Serinl Name of Stautic bending test
Species Modulus of Elnsticity (MOF.) Muodulus of rupture
N/mm? (MOR) N/mm’
Trema ” 9478 81 ' 7203
J orientalily

Philippine Trema orientalis showed that the values of MOF from 765 1o 925 (10001b/in %)
(Martin ChudnofT, 1973). Density is considered as the most important factor affecting the

strength of wood. The higher density indicate the higher strength value (Desch and
Dinwoodie, 1996).

In Bangladesh, the strength properties of teak (7ectona grandis) of 40 yrs age is used as a
standard to which all other timber species of the Country may be compared to determine
their relative suitability for various purposes (Yakub et al., 1978) Compared to teak,
(Isabel et al., 2011) density and shrinkage are lower than teak (relative to teak, the basic
density is 607 kg/m® and the radial and tangential shrinkage are 3.5% and 5.2%). In case
of mechanical properties, the properties are lower than teak (relative to teak, modulus of

elasticity is 10684N/mm?” and modulus of rupture is 141 N/mm? (Isabel et af., 2011))

e e am— o —————————————
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CHAPTER FIVE

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

the data i :
From (e presented in this report, the following information can be concluded

. é percentage of longitudinal, radial and tangential shrinkage of 7rema
orientalis are 0.33, 3.34 and 4 57 respectively.
S > = .

o Pe-ClﬁC gravity of the test specimens Trema orientalis wood based on green
weight and oven dry weight are 0.51 and 0.38 respectively.

o The average moisture content percentage of Trema orientalis is 48 36 %

e In respect of mechanical properties Modulus of Elasticity (MOE) for Trema
orientalis is 9478 .81 N/mm?

e The Modulus of Rupture (MOR) at maximum load is 72.03 N/mm’

e Almost all the strength properties of this species is observed to be lower than

those of teak (Tectona grandis), the standard wood species in determining relative

suitability for use.
5.2 Recommendations

The following recommendation are suggested

e An effective research programs is to be conducted to find out the efficient

protection measure against high volumetric shrinkage of wood of this species.

e We should make plantation of this species for timber, fuel wood pulp and paper

production and medicinal values.

e It needs more study to find out more effective and economic utilization of the

wood of Trema orientalis.
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