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ABSTRACT

Thermal conductivity and dielectric constant of two types of wood
Gorjan and Segun have been studied for their dependence on salmity and
moisture content. The dielectric constant was measured at a constant
frequency using a Wein Bnidge Oscillator type B 224, A standard voltage
derived fromn a Wein Bridge Oscillator was applied simuitancously to the
componcnt under test and the internal standards wvia the Decade switches |
The resulting cwrents are  summed in the current transformer and the
difference was fed to the loparithinic detector and hence to the null
indicating mcfer. By adjustment of the voltage applied to the standards, the
balance bebween the standard and unknown channels was made exact, when
the detector output fell to a minimum. At Lhis point the standard and unknown
bear a numencal ratio as indicated by the significant figures read from the
Decade controls, and the Range switch umts. The vartation of dielectric
constant of the Gorjan and Segun wood is explained 1n terms of the
additional contribntions from water molccules and the 1ons from the salt
solutions. The moisture content of the samples in the form of small disc was
varied by immersing the samples in water and the moisture content of the
wood was determined fromn the difference of weight of the treated samples
and the dry samples. The same procedure was applied to induce salimity in
the wood samples where saline solutions of different strengths were used. The
thermal conductivity of Gorjan and Segun wood were determined using a
tcchnique which is a modification of Lees method in order to avoid the
error due to the air gap between the sample and the conducting disc used as
heat source and heat sink. The effective temperature of the wood samples at
which conductivity was measured was altered by changing the temperature of
the heat source {electricaly). Conductivity of both the types of wood increased
with mcreasing salinity. The conductivity was also  obscrved to inerease
with incrcasing temperature. Results are explained it ierms of ithe  additional
contribution fromn the water molecules and ions and also in tens of the
transfer of few electrons from the valence band to the conduction band

which act as the thermal enerpy carrier. ‘
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CHAPTER -1



Chapter - 1

INTRODUCTION

Wood is an extremely heterogencous material and it is not surprising that
its chemical composition, anatomy and physical properties vary within wide
limits. Its macrostructure is evident in its grain, its micto structure is of

biological origin and its atomic coordination are molecular.

Wood is a composite material consisting of three major polymers namely
cellulose, hemicellulose and lignin. Variation in the amounts of ccllulose,
hemiceliulose and lignin i wocd, the changes m them and degradation of
products formed under ditferent conditions are discussed by W.E. Hills ' " . He

also discussed the changes in the nature of hemicelluloscs which appear to play

an important role in conveying stability.

| The properties of wood and cellulose have been investigated in the past by

many authors. Wood as a composite insulating material has many interesting
physical characteristics. The present research work includes the developments of
technique for more accurate ineasurement of thermal conductivity and dielectric
constants of different kind of wood (Segun, Gorjan) in their normal states and

under conditions of humidity and salinity.

[n explaining the mechanism of electrical conduction, the pgeneral
assumption that the electrical changes are carried by ions in wood and cellulose
rather than by electrons was observed by Barkar W.W. et-al’ ¥ Brown JH.%,
Hearle J.W.S ¥ Murphy E.J.C% Skaar C.'® These ions arise from metallic
residues or impurities  In addition cellulose and wood exhibit polarization

phenomena that are (ypical characteristics of ionic conduction in direct electric



field as reported by Brown J H. ¥ and ()'sultivan JB."' ” The mugration of icns
through wood under the ﬁlﬂuenée of an applied field by using radioactive ions
was observed by Lin. R.T""™® by metallic ions that posses characteristic colours
by Murphy E.J.%* O'sullivan J B"" and Skaar C"'* and by the PH valne of
materials that acenmulate at the electrodes observed by Ito §.U' '™, Therefore ions
play an important role in electrical conduction. But there have been no

quantitalive measurcments of the extent to which changed transporl is

electrofytic.

All timbers tend to come to an equilibriwn with the relative humidity of the
surrounding air. The nost important effect of this is that the wood shrinks on
swells. The movement in the direciion along the grain of the wood 1s negligible
as onc would expect from the molecular structure. The cross grain swelling and
shrinkage 1s however, very large. Every one percent change of moisture content
may cause about a half percent shrinkage or swelling over the range of moisture
contents likely to be reached in air. The lateral dimensions of wood can thus

change between five and ten percent i.c. is up to an inch on a ten inch wide

plank

Even indoors |, the refative humidity is changing all the time, espccially
between night and day. Floor board and fumiture tend to follow the huwmidity
change and this is the reason for the ghostly noises one hears the house at
night. If wood is physically restrained from shrinking when it does so it will split,
because it has almost no tensile sirenpgth across the grain. If it is physically

restrained from swelling when it wants to swell very considerable pressures are
built up.

The most unporiant effect of moisture on wood 15 to cause it to swell. A

rather less important effect, from the practical pomt of view, 15 to change the




mechanical properties . Thoroughly wet wood has something like a third of the

strength and stiffncss of completely dry wood.

Wood consists of closed tubes which in the living tree arc partly full of
water or rather sap. In freshly felled wood the moisture content varics but may be
over 100 percent of the weight of the dry wood substance. About 25 percent of
this water is absorbed on the hydroxyl is of the Sibaria wall, the remainder is
liguid water inside 1he cell. Seasoning consists in removing most of the water n a

controlled way: essentially it is a drymg operation and nothing more.

Since the cells are closed spindle-shaped tubes, the liqnid water inside
then is not very easy to get out. It can only be dried out by diffusing it slowly
through the tube walls This would present no great difficulty if one were dealng
with a single eell but real lumber contains many thousands and it is nceessary to
diffuse the water from the mner cells throngh the wall of most of the other cells
which lie between them and the outer world . So, if the moisture gradicnt is too
sharp the outside will be notably drier, in the inteninediate stages of seasoning
than the nside, and so it will shrink more and will thus split .This 1s why one
cannot season too fast without rummg the timber. At about 25 percent moisture
content however these hydroxyls become saturated and the cell walls can absorb
no more water this is known as the fibre saturation point. Up to the fibre
saturation point the lumen or hollow part of the cell is empty of water. Above the
fibre saturation point virtually the whole of the additional moisture exists as loose
liquid water within the lumen. Ali the dimensicnal and mechanical changes in
wood which arc due 10 moisture occur below the [ibre saturation point , that is

between zero percent and 25 percent moisture eontent.



Contractions of wet wood during freezing is observed by Kubler!"'" as
well as Schirp”’-'? and Kubler on several wood species . In thermal cxpansion
tests with wood samples Starrier* paid no attention to possible varieties in
moisture content. Glatzel'""' noticed some drying of his samples but disregarded
the corresponding shrinkage and Villari’' ' used oil - soaked samples apparently
assuming that the oil prevented or at lcast reduced changes in moisture content
Hendershot and Ogarkora (1.20) corrected observed expansions and contractions
for measurcd changes in moisture content, a mcthod that is inaccurate because of

swelling and shrinkage .

The bonds between atoms of a wmolecule arc much stronger than bonds
between molecules. Consequently, intramolecular bond may be assumed to be
more stiff and to permit less thermal vibration than bonds between adjoining
molecules. Wood consists mainly of chainlike cellulose molecules most of which
are arranged parallel to each other approximately in fiber direction In such a
structure exist many' variable' mtermolecular joint per upit of speeimen length in

the transverse direction than longitudinally.

In dry wood, cellulose - cellulose hydrogen bonds represent the vanable
links between adjoining molecules When wood swells entering water splits
cellulose - cellulose hydrogen bonds and forms cellulosc - water cellulose
liydrogen bonds. With the water inolecule intruding, the Inks in the swollen

moist wood become not only longer bul also weaker and less stiff than in dry

wood

Forsaith''-'® speculated that the atomic vibrations in the elongated slender
P

cellulose molecule develop sufficient disturbance to cause the chain to vibrate



in a plane perpendicular to its long axis. This leads to transverse thermal

expansion which is much larger than thermal expansion of most materials.

The coefficient of thermal conductivity should apply only to homogeneous
materials in which the heat transfer is by conduction alone, as in metals. Heat is
(ransferred across an air space, by radiation, conduction on convection . The rate
of heat transfer across an air space is affected materially by the orientation of the
space. The equipinent for the detennination of conduclance values must be so
designed that the air space can be rolated to various positions. Wilkis and
Peterson designed an equipment and it has been in almost constant use sinee that
lime with some refinements added. If the structure of an insulating material is
sufficiently open to permit convection currents, the rate of heat flow is affected
by orientation. Air spaccs of sufficient width for convection to occur transfer heat
at dilTerent rates, depending vpon whether the direclion of heat flow IS
horizontal, vertically, upward or vertically downward. This transference is much

more pronounced in air spaces formed by reflcetion insulation.

Stamm, A.J. ct al™'™ reporled that when wood is heated under
temperature time conditions that cause a loss of water of constitution, together
with other broken down product, the less in weight is accompanied by

dimensional stabilization.

Stam A. J' ¥ shown that the rate of the thermal changes ocenrs in wood
and paper prior to give them dimensional stabilization can be greatly increased
by introducing salts into the wood or paper peior to heating. These catalysts do
not change the nature of the reactions as indieated by the constancy of the
activation cnergy and they do not affect various strength losses that accompany

the attaimnent of any definite level of ditnensional stabilization.
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REVIEW OF THE PAST WORK ON DIELECTRIC
PROPERTIES OF WOOD

Scientific developments are the outcome of long active research. In
many cases, it becomes very difficult to locate the exact data on when and
how the phenonena arc first established. This may also be applied in the
case of dielectric materials like wood and study of their properties. The
dielectric properties are important not only for understanding the structure
of wood and cellulose at the molecular level, but also for practical
application in industrial heating and in measuring density and moisture
content of cellulosic materials. However, according to many people who
worked with the dielectric properties of materials, Faraday was the man
who first pointed out the increase of the capacity of condenser with the
presence ol the dielectric materials by neutralizing charges at the electrode
surfaces which otherwise would contribute to the external field. Drude was
also one of the pioneer in the systematic study of the dielectri¢ properties.
In 1931 Stoops measured the dielectric constant of a few vegetable oils
over the wide range of temperature and calculated their polarization and
electrical moments. He discussed the results from the stand point of
molecular structures. The interpretation of dielectric polarization from the
standpoint of molecular structnre depeuds upon a representative molecule
of a specimen of the dielectric substance under the influence of a
wmacroscopic electric field. The dielectric measurement by Cole and Drude

gave evidence of anomalous dielectric dispersion i.e the decrease in the

dielectric constants at high frequencies.

For wood products the dielectric propertics have already been

studicd on a large scale at lower frequencies (Skaar)? V), Krouer®?.

Hearmon Burcham® ¥, Vodoz®¥), Rafaisk™® vermaas®®), James® ™. Tn



the microwave range however, alot of work have still to be performed.
Interesting studies in this respect were done by James and Hamil and
Tinga™*". In all materials continuons random vibration of molecules are
noticed. The temperature of the material is a measure of the energies of
these vibrations . In thc case of microwave heating the rise in vibration
motion is attributed to the mechanism of iomc (for electrolytic) conduction

and mainly dipole rotation.

N.E . Hill?* showed that the application of Onsagar's theory of
dielectric dispersion contained an incorrect assumption abont the behavior

of the reaction ficld when the applied field 1s varied.

lonic conduction is practically independent of temperatnre or
micro wave frequency but is only effective for wood at high moisture
contents . The electric field applied at microwave freqencie causes a
dissociation of molecules and a migration of ions by delivering kinetic
energy . The ordered Kinetic energy is then converted into disordered
K.E. which may be regarded as heat by collision of the migrating ions

,
with an-ionized molecules . This transfer of energy leads to an increase in

temperature.

In all 1materials continuous random vibration of molecnles are
noticed . The temperature of the material is a measnre of the “energy of
these vibrations . In order to increase the energy or magnitude of
vibrations of the individual molecules . In the case of microwave heating

the rise in vibrational motion is attributed to the mechanisms of 1onic

conduction and mainly dipole rotation.

Dipole rotation, on the other hand is characterized by both

temperature and frequency dependency . However, it also may take place



in wood at low moisturc contents, because of the prescnce of polar
eroups . The vibrations that arc induced in the interior of the dielectric
material arc based an a yolmtion of the  polar molecules under the
influence of the external electric [ield. When an electric ficld is applied
the randomly oriented dipoles align themselves in a direction opposite to

that of the extemal field.

The cellulose 1 wood has amorphons regiows and contains ionic

impurities soluble in water. With ions present the dielectric behavior of

moist wood could be similar to that of weak electrolytes.

Brown and Skaar'*'"’ suggested that when an external alternating
electric ficld is applied and the frequency is not too high, each time the
ficld is reversed the polar molecules reverse their position too a continuous
dipole rotation is the result. The total stored energy consists of the sum of
the potential and Kkinetic encrgies of the rotating molecules . Alithough,
during each cycle a certain fraction of the total energy is dissipated due to
friction, the enerpy levels of the adjoining molccules are raised owing to

collisions and transfer of energy and this results iu a temperature rise.

Professor M. R. Sarker’ ", §.P Bhattachajeec and Mr. Ekin Uddin

studied the dclectric properties of some local varieties of wood at 3 cm.

Wavelenpth in the electronic Research Laboratory Department of Physics,

University of Rajshaihi.

W.E Courtny®'?), presented the theory and experimental result to
show possibility of using a resonmant post technique for characterizing

dielectric and magnetic materials at microwave frequencies.

10



J. Handling and L. Bottle? ' presentcd technic for accurate
determining the dielectric constant of microwave materials. The concept
was to resonate a cut off circular wave guide cavity by inserting the
diclectric disk sample, Unlike most dielectric measurement technique
which rely on perturbation methods that one determincd the dielectric
constant from the absolute measurement of the resonant frequency. Also
the use of a cut off cavity presents falsc dielectric constant reading by

elecninating spurious resonance.

R. Broko®'" studied the dielectric properties of composite media in
1979. The cleetrostatic polarizability of two component composite media
was studied theoritically by him using the integral equation method. My
sore R.Lakshminaraya, I..ID. Paulaing and W.A Cook used the standard
perturbation theory analysis to develop a new microwave technique for

simultancously and independently measuring the size and dielectric

constani of dielectric samples.

James, HMamil @'* and Lin R T observed that, with increasing
moisture content, the amount of water within the wood matrix mcreases,
which itself is characterized by high dielectric values. On the other hand,
the polar components of the cell wall and the cellulose get more freedom
of rotation at higher moisture contents and ia this way also contribute 1o a

more pronounced dielectric behavior.

Norimoto et.al® ' studied the diclectric behavior of Pinus densiflora
Sich. et zuce the anisotropy in longitudinal and transverse direction is

described to a difference in the arrangement of cell wall and lumen.

11
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REVIEW OF THE PAST WORK ON THERMAL
CONDUCTIVITY OF WOOD

Wood is a complex material because of its complex and hygroscopic
structure. Wood consists of small crystal - like regions dispersed in a matrix of
amorphous material which is hygroscopic. So wood contains moisture in
proportion to the humidity of its environment. Condnetivity is a material property
that determines the current density resulting from a given voltage gradient in the

material. [ts reciprocal is resistivity. The conduetivity of wood varies enormously

with its moisture content.

Chemically wood is a partially oxygenated solid composed of celluiose,

the hemiccliulose, lignin and extractives.

Cellulosic materials are most hygroscopic substance and its thermal
conductivity depends upon its moisture content, temperature and applied voltage.
In oven dry wood, resistivity is of the order of 10" to 10'® Ohm-centimeters at
room temperature observed by Clark J.D and J.W Williams®", kollmann, ©%
Stamm®?’ Above [iber saturation, the path for condnction gragually shifts from
cell walls to cell cavities of wood or void spaces of paper and fiber board and the
conductivity takes place along continuos water columns cbserved by Ito S.°
and katz. AR and D. G Miller. ®*} Moisture content has the predominant effect
upon conductivity of wood and Cellulosic materiafs but conductivity is also
affected by temperature, which is observed by, Anderson. RO“% R. W
Davidson and Lin R.T.S7 | At moisture contents above fiber saturation. Lin
RT. ®" gbserved a discontinuity in the curve near 0°C . This may have been
related to the chanpe m moisture content of the cell wall due to freezing

associated with the phenomencn known as "Coldness Shrinkape” observed by

Kubler. H ©® and Lin R.T. &7,

14
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In explaning the mechanism of electrical conduction it has been generally
assumed that the electrical charges are carried by ions in wood and cellulose
rather than by electrons as observed by Barkas. W.W. R.F.S Hearinon and G.H.
Pratt, *¥ Brown J. H. ® ' Hearle IW.8 ®"Vand Lin R.T. © 7.

Barkas W.W. RF.S Hearmon and G.H. Pratt ®* and Brown. JH “!¥
reported that thesc ions arise from metallic residues or impurities, In addition,
cellulose and wood exhibit polarization phenomena that are typical

charactenistics of lonic conduction in direct current elecirc fields.

Hearle 1" recopnized that the conductivity of cellulose may be governed
both by the number of fiee ions and by their mobility. He considered that the
muuber of free ions, on the other hand, is influenced by the presence of water in
moist wood that has a large dielectric constant. Therefore, he postulated that the
conductivity of hygroscopic waterials increases with mereasing moisture content

because of the increase in its dielectric constant.

Murphy ¢ '? applied the theory of electrical conduction for jonic crystals
to cellulose and proposed that its conductivity be represented by the sum of the
mtrinsic qquductinn and extrinsic conduction, The theory was further extended
by Lin ,‘3% . who considered that the formation of charge carries m wood is

statistical and that equilibrium exists with temperature.

Since wood Jacks the frec electrons which so rapidly transfer heat and
electricity 1 metals, it conducts heat by the relatively inefficient transfer of
vibrational energy from one particle to the next. For this reason, and because
wood's hollow cells trap air, wood and wood based panel products are low n
thermal conductivity. In the longitudinal or fiber direction, which is lengthwise in
most pieces wood conducts heat 1.5 to 2.8 time faster than in the transverse

direction, perpendicular to the fibres. This is due to the orientation of fibers and

!

15




of cellulose - chain molecules. The higher ratios apply more to dry wooed and the

lower ratios more to - wet wood in which water equalizes the difference between

longitudinal and transverse conductivity. In dry wood the ratio averages 2.5.

The thermal conductivity of water is more than 20 times mgher than that of
air and also exceeds the conductivity of cell-wall substance. Therefore thermal
conductivity increases with increasing moisture content. Moisture also

contributes to heat conduction by diffusion as vapor from the warm to the cold

side.

Tto S5 and Skaar ®'¥ reporled that when curmrent passes through
conducting media, it is always accompanied by Joule's heating, which will
increasc the temperature of the conducting body. With cellulose and wood,
resistivity is initially reduced. Such initial decrease in resistance is opposed by

the elfects of electrode reaction and polarization, which increases the resistance.

Temperature has the sirongest influence ou thermal conductivity at a given
moisture content, which is lower for deuse wood than for light wood. Dense

wood, after all, has relatively little cell cavity space for water and for diffusing

vapor.

In weod-based pancl products, fibres are usually oriented in the plane of
the panel, so that heat flows across the panel perpendicular to the fibers, as in its
flow across solid wood. In solid wood, however all fibers lie paralled to each
other and are grown together, whereas in the panels a number of fibers lie at

anglcs and touch each other only over a part of their length.

Gilbo C.F ¥, Meélean “ ! and Wangaard (3-1%) reported that the thermal
conductivity of wood has been detennined by clamping an externally insulated

heating platc with a heated edge guard ring to prevent lateral heat losses on one
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surface of a board and measuring the electrical energy input per unmt of time
required to maintain the surface of the board at a fixed temperature above the
opposite face, the temperature of which is thermostatically controlled. After a
linear steady state temperature gradient is set up across the board, the amount of

heat required to maintain the gradient per unit of time becomes constant.

Clarke, L. N and Kingston®'” observed a more recent method for
measuring heat couductivity makes it possible to measure heat conductivity and

specific heat simultaneously as the temperature is raised.

Ward, R.J., and Skaar, c¢.,*"¥ reported that two indentical specimens to be
tested are clamped on opposite faces of a "heat sink' (a copper or aluminum
block having an accurately known total heat capacity of the same order as that of
the wood) with a puard ring around it that is heated electrically at a rate to keep
its temperature equal to that of the heat sink thus avoiding lateral heat losses.
Electric hot plates are clanped on the outer faces of the two test specimens and
adjusted to give equal heating and a rise in temnperature at 2 rate about equal to
the rate of rise in temperature of the heat sink. Part of the heat entering the test
specimens is used in raising their temperature and the remamder is conducted
across the specimens to raise the temperature of the heat sink. Thus,both the
specific heat of the test specimens, C and their thermal conductivity, K an

mvolved through the following relationship,
K=, {L (PCL + P,C|L1) / 2 (Ty - To}}.

Where "1y is the rate of temperature rise of the heat sink in 0° C/sec, L is
the thickness of the identical specimens and L; is the thickness of the heat sink in
cm, P is the specific gravity of the specimen, Py is the specific gravity of the heat
sink metal & C, its specific heat, Ty is the temp of the hot plate & T. is the

temperature of the heat sink in 0°C
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Mclean, 1.0 © ') observed that the thermal conductivity of oven-~dry wood
18 2.25 to 2.75 times greater in the fiber direction than in the ransverse direction.

Variations between the radial and the tangential directions are practcally

negligible.

The direction of heat flow through most heat insulators has little effect on
the thermal counductivity, but there are some important exceptions to this
staternent, Griffiths © 2% measured, the thermal conductivity of some light weight
woods perpendicularly and m parallel] to the grain and found the K values 60 to
80% greater when the heat flow was parallel instead of perpendicular to the
prain. Frinck ©?" made thermal conductivity determinations on various fibrous

materials and showed the effect produced on the K valne by different

arrangeinent of the fibers.

The rate of heat transfer across an air space 15 affected matenally by the
orientation of the space equipment. For the determination of conductance values
must be so designed that the air space can be related to vanous positions. Wilke
and Peterson @22 desipned the equipment and it has been in almost constant nse

since that time, with soine refnements added.

The electrical resistivity of Cellulosic matenial 1s also affected by the
presence of water soluble electrolytes. This is reflected in the fact that heart
wood in general not only shows higher conductivity but also requires less
activation enerpy which observed by Breeze, I.E and J. Vitins. ®?¥. Hearle
FWS, 1 Katz AR and D.G. Miller ® and skaar. ®' are shown that the

conductivity of wood and cellulosc is mereased by the introduction of ionic salts

into the structure.
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The electrical conductivity of wood and cellulose does not follow Ohin's.
law. Apparent resistance of cellulosic materials depend upon the applied voltage,
known as the Evershed Cffect which was obscrved by, Brown J H, &%
Davidson R.W ©?" The direct current resistance decreases rapidly with increase
in applied voltagc from Zero to approximately 150 volts per cm. though
temperature, moisture conlent and type of matenal affect the result slightly.

Above this range, the decrease in the resistance with increasing voltape is so

small that resistance can be considercd as essentially constant.

When conductivity is measured with alternating current of 60 cycics
frequencics, the Evershed Effect is not observed. Therefore, it appears to be a
characteristic of ionic conduction for polar dielectric and may be attributed o the

dependence of the degree of polarization of pelar substances on field strength,
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AIM OF TIIE THESIS WORK

Wood is an important material with complex properties which have
variety of applications as a construction matertal . Some physical
properties of wood such as thermal conductivity and its diclectric constant
have been studied in the past but the existing information is not exhaustive
and demands further study specially for wood of local origin . Its
composite structure and physical propertics vary from one kind of wood to
another depending on the plant source, seasoning, moisture content and

speeially the content of salts as absorbed chemicals.

Moisture and salinity can have far rcaching effects on electrical
propertics of wood and can alter the value of the breakdown voltage.
Wood as a construction naterial therefore, needs to be studied for i1ts
physical changes dne to moister and temperature variation . Wood 1s often
used for building cold storage for its thermal insulating property. The
study of thermal and electrical propcerties is important for their variation

due to salinity and humidity.

The research findings of the present work will therefore, have
usefulness in the application of wood as a construction material and alse
for understanding of the complex mechanism of thermal conduction and

elcetrical response in wood as dielectric matcrial.
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CHAPTER - I



Chapter - 11
KIND OF WQODS

Many varieties of wood are available in Bangladesh. But this research
work is about two dilTerent kinds of wood, whosc local names arc Segun (Teak)

and Gorjan.

Sepun : It is a very strong and durable timber with a beautiful golden
yellow colour. It is easy to season and easy to work. It is considered to be a very
superior timber. It can resisit attackto some extent, It is also not easily attaaed
by termites. It is very commenly used for all sorts of house hold construction
and structural works, for manufacture of high class furniture, ship building ,

railway sleepers, flooring, venecrs and decorative structural works.

Gorjan ¢ Itis very strong and durable timber. It is difficult 1o work with
and docs not  take good polish. It is widely used for house building, railway
sleepers and carriage floors, buildings, general structural works, rough furniture,
etc. [t is liable to excessive shrinkage. [t must be given a preservative treatment

as it is easily attacked by fung.

It is found in the Hills of Chittagong and Sunderbans.

[
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PROPERTIES OF WOOD

Wood is the hard substance under the bark of trees and shrubs. The outer
bark (protecting the tree) is the dead corky part that vanes in thickness with

the kind of tree and its apge. The inner bark carmies the food made m the Ieaves

down to branches, runk and roots.

Hardwoods differ greatly from sofiwoods in some of their uses and
properties. In general hardwood species are not only harder but also heavier
and toupher thau soltwoods , and have a tendency to shrink more. Hardwoods
and softwoods are very similar in stiffness, which means that on a weight for

weight basis the soltwoods are stiffer.

Hardness means that the wood is solid or firm and that the surface does
not dent, scratch, or cut easily . The main disadvantage of hard woods is the

difficulty of cutting them with tools. They are harder to nail and are much

more likely to split.

Teak, which is 2 very fine furniture wood, is extremely hard and abrasive
and requires machining by carbide - tipped tools. Hardness is of great value
when selecting woods for  flooring, fine furniture and tool handles. But the
classification of woods by species into hardwoods and sofiwoods does not

mean actual hardness. Many softwoods cut from evergreen trees are actually

harder (han sone hardwoods cut from broad-leaf trees.

The weipht of wood is an important consideration in many types of
construction. Weight is a good indicator of the relative strength of wood. A
heavy piece of dry wood will be stronger than one of the same size that 1s light

in weight like any other plant material. Wood tends to shrink as it dnes and
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to swell ag it take on moisture. Wood shrinks and swells almost twice as much

in width if it is flat grained as it does if it is quarter sawed on edge grained.

Bending strength is the ability of lumber to be bent without breaking. . A
small increase in the height of the beam aids beuding strength far more than
does a sinilar increase m width . For exainple, an increase of one inch in the
height of a 10 inch beam will increase its begding strength by 21 percent,

whereas  a similar increase in width will add only about 10 percent to the

bending strength.

Stiffness is the quality that resists bending under loads. This is
particularly important in house construction in selecting the correct kind and
size of floor joists and standing . Height and length have great effect on
stiffiess. .Ail wood gain stiffness when properly seasoned. Compression strength
means the ability of a piece of lumber to resist being mashed or squeezed
together by weight applied against its ends. A supporting post 15 an example of
a structural memnber that must have good compression strength. The
compressive strength of timber along the grain depends upon the structure and

the moisture content of the timber.

Wood will last almost indefnitely if it is kept thoroughly dry. It will
decay only when there is too much noisture present, particularly when it is in
confact with the ground. Wood decays through the growth of certain fungi . A
fungus however, requires warmth, oxygen, food and moisture for survival.
Unless wood has excess moisture, fungi die for lack of the water necessary for
growth. The proper klin drymg of lumber kills any fungi that exist in wood.

Wood can also be treated with cerfain preservatives to prevent fungi from

developing .
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Structural members of wood consist of a nonhomogeneons material with
anisotropy properties and a wide degree of variability. Anisotropy means that it
should come as no surprise that dinensional changes that accompany variations
w temperature , moisture and mechanical loading m wood are anisotropy. The
features of wood that bring about its variable nature and its anisotropy

properiics can be explained by envisioning the cross- section of a tree.

The basic structural elemment of wood, the fiber generally aligned
longitudinally to the ree. In a material of this construction, the longitudinal

compressive and tensile strength are cxpected to be high and the lransverse

L.
valves to be lower.

Warping is described as any variation from a true or plane surface, A
warp may be a bow crook, cup or twist. Warping causes much waste of

lumber in construction and manufacturing .

Fasteners, including nails, are the weakest part of any construction. The
resistance that wood offers to the withdrawal of a nail is an important quality.
Wood should never be nailed if the moisture content is to remain high singe
nats lose much of their holding power as wood dries. Of course, if wood splils
as it is nailed, holding power is greatly reduced, even if the split is only a slight
one.

Durability is the property of timber to remain in seund condition for a long
time when exposed to the forees of nature in an exposed or under ground
condition . All timbers must be durable . For this the timber should be free from
natural and artificial defects. The annual rings should be regular and uniform
and lustrous The timber should be well-scasoned . Harduness, density, specific

gravity and strength scemto have direct influence on Lhe durability of tiuber.
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NATURE OF WOOD

Growth and structural characteristics of wood !

Growth characteristic : Trees grow in all shapes and sizes and their

‘T“
timbers look very different. /('hese variations are however, more or less superficial

and the main differcnces between timbers lie 1n their density.

All trees are primarily divided into bwo groups according to their manner
of prowth. These are :
(i)  Exogenous trees or Exopenous.
(i)  Endogenous trees for Endogenous.
Exogenous trees increase in diameter by the annual formation between the

old wood & the bark of a layer of new wood which envelops the entire living

portion of the tree.

Endogenous tresses grow both diametrically & longitudinally. principally

the latier, by the addition of new wood fibre intermingling with the old.

Exogenous Trees : They are mamly two types.

(a)  Conifers (needle leaved trees) &
(b)  Broad leaved frecs.

Conifers form a portion of important tiuber trees, comprising principally
thc pines, fur, kail, ceder, chir & deodar. They are usually light and soft, and
hence, often called "soft woods”. Timbers from conifers is used mainly for sport

goods, furnilure, interior finishing and cabinet works.

Broad leaved frces comprise 1any varietics of teak (segun), sal, gorjan,
shisam, suudari, Jarul, mango, mahogony, and 1nany other species of lesser

commercial importance. They are usually heavy and hard, strong, flexible and
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capable of resisting tepsile, compressive and shear stresses quite well, hence
often called "hardwoods”. Most of the timber used by engineers in engineering

constructions 1s derived from deciduous trees.

Endogenous Trees :
This group is confined largely to tropical & semitropical regions like

Bangladesh, India, Bunna, etc. The main endogenons are palms, coconut, betel-
nut, bamboo & cane. The palms, coconut, betel-nut & date trees are locally used

for making piles, battens, posts etc. and also used as fuel but have practically

no other commercial uses.
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Annval Growth_rings ;

Growth rings in trees are made up of springwood and suminer wood. The
portion formed easily in the growing season 1s called springwood and that
which is formed later is called summer wood. Springwood has larger cell
cavities and thinner walls. In some woods the change from spring wood to
suiumerwood may be gradual white in others it is abrupt. 1t depends on the kind

ol wood and the prowing conditions when the wood is formed.

{ noaws wertinn o oo |ll||_£ skt o
gl growth rngs, Fach hght g s
sprmmond  wark cdark rng summersod

Spring and summer wood :

The growth of all exogenous trees is a process of formation of new wood
fibre between the old wood and the inner bark . Owing to the inability of trees
to sustain their physiological activities of indefinitely and the eHect of the
alternation of seasons 1n all temperate zones, the prowth is intermittent, and the
zones (rings) of growth in peneral correspond to the annual rings. The
succeeding rings of growth nay easily be distingmished from one another in
most specics because of the different structure of the wood, formed rapidly in the

spring and that formed more slowly 1n the summer. No wood is added during the

winter months.



The rate of growth of trees is quite variable, not only in dillerent species,
but even for diffcrent specimens of the same species . This means that the

growth rings are of variable tiickness.

Sapwood & Heartwood :
The living element of the tree are called "sapwood” & the dead element

of the tree are called heartwood.

All young trees show a higher pereentage of sapwood than old trees of the
same species. The proportion of sapwood in general varies from 20 to 60

percent of the total contents of wood.

The distinction in colour between sapwood & heartwood, which 1s the
characteristic of most woods, 18 due to the darkening of the deadwood by the
presence of infiltrated pigments, gums, resins, tannins, latex etc. Sapwood is
rich in plant food material such as supars, starch & albumen, which is in a

pulresélble form & sets up decay in wood by the process of fermentation.

Sapwood contains proportionately higher percentage of meisture than

heartwood and this has an eflect in reducing its strength & durability.

Generally heartwood is darker in colour, has more compact annual rings,

is denser and more close grained in texture than sapwood.

The cells of heartwood have stronger cell walls & contain substances like
tannins, resins, gums & latex which arc poisonons to fungus & other which are
poiscnous to [ungus and other nsects, These materials impart natural immunity
and durability of heartwood. Heartwood is heavier and less permeable to

moisture than sapwood, In general, the heartwood is more highly valued than the



sapwood of the same wvariety . This is because the heartwood offers greater

resistance fo decay than the sapwood.

Living sapwood cells consists of enclosed cell wall and a cavity filled
wilh protoplasm. Protoplasm is a liquid which is the physical basis of Life. It is

the living substance of all plant and animal cells.

Hearlwood cell do not contain protoplasm, therefore they do not
contribute to the growth of the tree. Most of the cells are arranged m a vertical

fashion, which gives wood its straipht grain

Sapwood are to help conduct sap and to store food for trees growth.
Heartwood is inade up of inactive cells that have already performed their
functions for sap conduction and other life processes of the tree. There i1s no

great difference in - weipht and strength between heartwood and sapwood when

both are dry.



Structural Characteristics of wood :

Wood may be considered to be made up of two chief structural elements,

cells and vessels. The elemental cells are technically subdivided as tracheids,
—_.wood fibres, medullary rays and parenchyma. Although there 1s considerabie
difference in form and Rinctions between these various sub-divisions, such
distinctions are beyond the scope of this discussion and all these elements will be
here referred to simply as cells. In cross-section these cells are roughly polygonal

and most commonly appear to be rectangular with rounded comers. The cells are
forned of organic tissues with a cavity and a nucleus mn it. The nucteus forms the

living part of cell and constitutes what is termed as protoplasm.

In most timber, a very large proportion of these cells will be fonned with
the longitudial axes approximately parallet to the trunk of the tree. These are
termed as vertical cells or fibre cells. These vertical cells are crossed in a radial
dircction by a different class of cells called radial cells or medullary rays,
extending from the centre of the hunk to the outside. The medullary rays
rmaintain communication between the interior and the outside in transmission and
storage of food and other materials. There are other types of cells also which act
as storages for gums and resins. In a combination they act as inter-cellular canals

and ducts in which these snbstances are deposited. They run both vertically and

radially.

Cell walls consist essentially of cellulose in the form of fibrils which are
long spiral strands; some lignin 18 also present. The walls are anisotropic bnt are

cemented together by a layer of isotropic substance, essentially lignin, called the

middle larmina.
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From the engineering point of view, however all woods may be considered
as bundles of parallel tubes, rather like bundles of drinking straws. Smce the
tubes are made of substantially the same 1naterials the large range of density is

——— caused by the vagous thickness of Lhe cell walls.

Stmictural members of wood consist of a non homogeneous material with
anisotropic properties and a wide degree of variablity. The features of wood that
bring about its variable nature and its anisetropic properties can be explained by
envisioning the cross section of a tree. Starting at the center, the tree grows
outward, adding a growth-ring each year. The srowthring is usually component
of two types of cells, spring wood formed in period of fast growth and summer

wood formed during the period of slow growth.

The water in the cell wells is known as hygroscopic water /Wood can
absorb and retain within itself a certain amount of this type of moisture and can
actually pick it up from the saturroundiug atuosphere. Therefore, the amount of
water within the cells, even of seasoned wood, depends on the relative hurmdity
of the area to which the piece is exposed. The amount of water also depends
to some extent on whether the wood is sapwood or heartwood. At the same
humidity, sapwood usually has a higher moisture content than does heartwood.
Since free water dries out first, shrinkage does not begin until the fiber
satyration point is reached. This point varies from about 23 to 30 percent
moisture content, When a piece of wood is exposed to air, e;i::aporatiﬂn takes
placc and continues until there is 2 balance between the water in the wood and

lhe moisture iu the air. After the fiber saturation point has beeu reached, the

. cell walls begin to give up their moisture.
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Chemical composition of wood :

Wood is an extremely heteropeneous material and it is not surprising that
its chemical composition anatomy and physical properties vary within wide
Hmits. Within cach tree, the roots, stem and branches may differ in chemical
composition and in the stemwood there are variations with the height above the

ground and with the distance from the pith.

The chemical composition of the wall is not the same for the tracheids
and the ray cells i the softwoods and tlas also applies to the fibers, vessels and
ray cells in the hardwoods. The middle lanella, the primary wall and the

secondary wajl do not have the same composition.

Wood is a composite material consisting of three major polymers namely

celinlose, hemicellnlose and lignin.

An average hardwood consists of 45 percent cellulose , 25 percent

hemicellulose and 23 percent lignin plus some 7 percent of other matertals.

On the other hand, the average softwood contains about 42 percent

cellulose, 25 percent hemicellulose, 3G percent lignin and about 3 percent other

materials
W{:lrcad
Har-:! Iﬁ'{md Snﬁr'nﬂd
E | - | L —1
Cellulose hemicellulose lignin Cellulose hemicellulose lignin
(45%) (25%} (23%) (48%) (25%) (268%0)
Cellulose : -

Cellulose is the most abundant organic chemical on earth It is estimated
that about 50 billion tonnes of cellulose are produced every year in nature.,

Wherever it oceurs, celluiose is present in a fibnilar form.
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Cellulose is a 1,4-linked glucan consisting of B - D glucopyranose
residues in the chair conformation, linked together by glycosidic bonds between
C -1 in one unit & C - 4 in the next to form long, linear chains. Every glucose

residue is tuned over 180° with resepect to ists neighbl;;:urs.
The cellulose present in the secondary wall of wood cells has a degree of

of polymerzation of 10,000, There are indications that this cellulose is

monodispersed, that is it consists of chair molecules of the same size.
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Fip. 1-
All cellulose fibers are partly crystalline to the extent of 50 - 60% in wood.

Cellulose can oceur in two major & two minor crystallographic forms as shown

i the figure. 4

(1) In cellulose !, the modification in which cellulose 15 found
throughout nature, the chains are all oriented in the same direction (Parallel).
Thev are bound together by strong hydrogen bonds in one of the two transverse
dircclions but by only weak forces in the second. In addition, there are

hydrogen bonds between adjacent plucose residues within each chain,
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Crystalline, native celiulose has a ngid structure, which is both a chain lattice &

a layer lattice impermeabic to water.

(2)  Cellulose is formed wheu the lattice of cellulose 1 1s destroyed
either by swelling with strong alkali or by dissclution . It is thermodynamically
more stable of the two medifications. In cellulose the chains are antiparallel &

there are hydrogen bonds between the chains not only within each layer but

also between the layers.

Hemicelluloses ¢

The hemicelluloses are linear polysaccharides of moderate size that are
invariably associated with cellulose & lignin in plant cell walls. Pectin is a
large, acidic & branched polysaccharide with 1.4 - linked @ -D galacturonic
acid residue as a major constituent. In wood, it is present only in the primary

wall.

Some of thc hemicelluloses can be isolated directly from wood by

extraction with aqueous alkali, while others require priar removal of the fignin.

The predominant bemicellulose in hardwoed is an acidic xylan. The xylan
content can reach 33%, but in most species 25 + 5 % . Hardwood xylans
consist of a main chain 1 - 4 linked B - D xylopyr an residues some of which
carry a single terminal Q - methyl - ¢ - D - glucuronic acid unit attached to .
These side chains are distributed at randomn also the xylan backbone . Most
hardwood species have on average one sidg chain per ten xylose residues.
Hardwood xylans have a DP of 200 and are amorphous in their native state,

although they can be induced to crystallize after the acetyl and some of the acid
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side chains have been removed. There strong evidence that the xylan chains
have orientation parallel to the chains of cellulose.

Lignin is a three-dimensional polymer composed of phenylpropane units
that encrusts the intercellular space and the cell wall after the polysacchandes
have been formed. Its function in weod is to cement the cells together ;;nd to
itnpart strength to their wall. Lignin is best isolated by extraction with organic
solvents of finely ground wood, preferably after pretreatrent with
polysacchande- deprading enzymes. Almost all softweods contain a guiacyl

lignin with only one methoxyl group while hardwoods have a guiacy! lignin

with one or two methoxyl groups.
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The molecular weight of lignin indeterminate. Lignosulfonates obtained 1n
sulfile pulping process can have a molecular weight of 10° or higher. While
cellulose imparts tensistrength to  wood, lignin is partly responsible for

compressive srtength, It also offers a certam protection against microbial attack.

Lignin, the "wood glue" that holds the other materials together, can be
converted into vanilliu or mto a chemical material nsed in foundry molds. It can

be made into tanning ageuts for leather, or used for many other purposes.

SEASONING

The amount of moisturc in lumber is an important factor in its usability.

Because of the change is size of wood cells, lumber shrinks as it dries and
swells as moisture is added. If lumber holds too much moisture (over 20%)

over an exteuded period of time , a fungus may develop which will cause the

wood to deteriorate.

Moisture in green wood exists in two conditions , as free water in the
cell cavities, and as water absorbed in the cell walls. When all of the free water
is removed and the wood contains just enough watet t'nla saturate.and the cell
walls, it is said to be at fiber saturation point. The removal of free water has
little effect upon the properties of wood except to reduce its weight . However,
as n.r':.t,,{r in the cell walls evaporates, the walls contract and wood begins to
shrink. Free water removed first. Therefore shrinkage does not really begin until
{he fiber saturation point has been reached. At the fiber saturation point, wood

has approximately 23 to 30 percent inoisture content.

1. Natural or Air seasoning ;: This process of seasoning is also known
as air drying. The natural seasoning is done by a long outdoor exposure of
timber to the action of the air. The timbers are stacked in a dry elevated

platform which is covered by a temporary shed to protect timbers from the
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action of rain. Sometimes, permanent shed is also erected for the same. Timber
is penerally turned freqnently to ensure equal drying all round, because
irrepular drying causes splits and cracks. This is a very slow process and the time
required varies from 2 to 3 years to remove the moisture by evaporation to the

desired extent. This method 15 commonly employed all over Bangladesh.

2. Artificial Seasoning : The drying of timber by exposure for a limited
period to high temperatares in a closed chamber or by applying chemicals,
steam and smoke is termed as artificial seasoning. The following are the various

methods of anificial seasoning .

(a) Kiln Seasoning : Two types of kilns are available for artificial
seasoning : (i) compartment kiln in which the conditions of temperature and
hnmidity are chanped as the drying progress, the timber being stacked in the
compartment ; and (i) progressive kiln i which a low temperature with high
humidity condition is maintained at the entering end of the kiln and a high
temperature with low humidity condition at exit end, timber being moved
periodically through the kiln. Both types of kiln may have either natural or
forced air circulation . The advantages of forced circulation of air are accurate

contro! of humidity and fastcr drying without any danger to the timber.

Tn kiln seasoning , temperatures 70 to 82° C (158 to 180 F% are usually
employed. Soft woods generatly require 4 to 6 days for 1 to 2 inch planks
(hoards). Hard woods (first air seasoned for 3 to 6 mouths to allow the first
shrinkage fake place more gradually and are then exposed to above

temperatures in the kiln) require 6 to 12 days for 1 to 2'4 inch boards. This

method is used in Bangladesh.

(a) Chemical Seasoning : This is also known as salf seasoning . In this

method, timber is first soaked in an aqueous solution of a suitable chemical salt
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{usually, soluticn of urea) before it is passed through the process of kiln
seasoning . The vapor pressurc of the salt solution is less and therefore, the
interior moisture of the timber is drawn out. the drying of mtenor moisture of
the timber is drawn out. The drying of timber from the center o the surface
is at a umform rate. The drying process 15 also accelerated. The most
commonly used chemical is urea. It is a very pgood dehydrating agent and does

not cause any harm to the seasoned tinber. This method is not generally used

N QUr country.

{c) Elcetrical Seasoning : In this process, high frequency altemating
currents are passed through tinber in 2 closed chamber and the resistance

caused by the passage of the cumreuts produces heat which dries the timber.

Electrical seasoning is generally preceded by air drying .
This is a quick process of seasoning but is not used in this country.

(b) Steaming : In this process, steain is passed through the stacked
timber ina closed chamber and thereafter timber is dried gradually in natural

air. The steam is usually passed for 4 to 6 hours.

This is a quick method but it reduces the plasticity and strength of

timber. This inethod is used in certam parts of this couniry.

(¢} Roiling : In this process, the timber is immersed in boiling water for
~ageapetion period of time. Thereafter, the tunber is dried slowly by natural air.
This i3 z’ﬂgo a quick process but it also reduces elasticity and strength of timber.

This mefliod i3 very rarely used in Bangladesh.

|
{!‘J‘Smuke Seasoning : This is a very old practice of drying timber in
smoke haat over a fire of straw, sawdust and wood savings. This method 1s

claimed Jto be efficient to make timber more durable and resistant to decaying
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agents. Heat 1s pradually applied to prevent splitting and warping . This method

is very frequently used in Bangladesh m boat-making industries.

(3) Water Seasoning : In this process, timber and logs are immersed

and allowed to remain in water for a couple of days, wherefore they are dried

by*im natural air. In this process, the sap is dilated and is partly remnoved. This

reduces the possibilities of decay and mcreases the durability of timber. Water

seasoned titnber also dries more quickly. This process of seasoning is good for

timber containing a lot of sap, but it reduces the strengthof timber to some

extent. This method 1s commonly used all over Bangladesh.
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Uses of Timber :

The following are the various uses of timber :

1. Permanent structural works ; Timbers used in permanent structural
works are mainly of two types : (a) Light structural members and (b) Heavy
struchural mmembers.

(a) Light structural members : Beams, post, roof trusses, floor boards,
door and window fa‘;'ne's, and battens, railway sleepers, brnidge floonngs,
electric poles, fencmg poles, poles for transmission lines, gates, ratings, etc.

(b) Heavy structural members :  Piles, bridge piers, jetty - foundation
and superstnicture , wood stoves, stairs, etc, {

2. Furniture works : Chair, tables, almirah, sofa-set, dressing tables, cup
boards, cots, beds, etc.

3. Transportation works : For making country boats, launches,: speed
boats, ship, body frames of railway coaches , ommbuses and air crafts,” body
. fepns of railway coaches , omuibuses and air crafts. For making jethies and
landing platfonins. Also used for making cart-wheels.

4. Temporary works during construction : Scaffolding and general
centering works of all types in R.C.C construction works. For providing shoring
and strutting to suppert the sides of soft soil excavatiou. Timber is used for
making packing boxes and pattern inaking in foundry castings.

5. Commercial uses : Timber is used for manufactunng sport-goods,
toys, and for making veneers which are used in manufacturing plywood, batten
boards, laminated boards etc. and reconstructed wooden boards like insulating
boards, hardboard, fibre boards, particle boards, linoleum, etc.

6. Industrial uses : Wood is used for the manufacture of matches , paper,

newsprint, eard boards, wéll-papars, attificial synthetic fibber, roofing

felt, preservative, etc.
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Chapter - 111
INTRODUCTION

While wood is a very old material that has been used from the time
man has been an this carth, only in recent years has it developed into
material with thousands of uses. fhis is particularly, true of the many man
made wood products now utilized in furuiture and building construction.
Also wood 11‘re:mains the favorite building material for homes, furniture,
boats, musical instruments, sports equipment and thousands of other items.
But to select wood wisely, one must know its thermal and electrical
property. Some woods which are strong and of good enough quality for the
exposed part of furniture lack necessary hardness. Some woods should
have minimum tendency toward wharpage, excessive shrinking and
swelling. The electrical properties of wood is of particular interest because
these properties undergo drastic changes depending on the water content.
Since wood consist of small crystaline regions called wood fibers which

are dispersed in lignin that serves as amorphous materials. Wood 1s very

much hygroscopic.

The electrical properties of two kinds of wood namely, Gorjan and
Segun were measured as affected by moisture and salt content, The
dielectric constant of a material is a measure of the electric energy it will
absorb form an electric field and store internally as polarization. This is of
practical ilportance because, while wood are used as electrical switch
boards, there are often short circuits due to absorption of saline water from

the walls specially, in the rainy season.

The electrical properties of wood are complex because of its

complex hygroscope structure. Wood constst of swall crystal--like regions
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dispersed in a matrix of amorphous material. is hygroscopic. So wood
contains mosture in proportion to the humidity of its environment. The

electrical properties considered here is dielectric constant.

Procedure :-

[n preparing the good quantity of research samples wood was cnt
into thin pieces. The broad farces of the specimen samples were polished
by sand paper. Two types of wood, namely. Garjon and Teak (Segun) were
used for the research work. The diameter and thickness of specimen

samples of the wood samples were nearly the same as shown below :

Sampie Diameter Thickness ¢cm
Gorjan 2.6 cm (approx) 0.9 cm{approx)
Segun 2.7 cm {approx) 0.82 cm {approx}
Process 1

Six samples of Gorjan and six samples of Segun (the diameter and
thickness of the samples were nearly the same) were studied. The weight
of cach of these samples were measured prior to scaking and then soaked
in distilled water for 48 honrs. The scaked samples were again polished
by sand paper Later on, those were dried in an oven at a temperatnre of
122°C. After one hour, one sample of Gorjan and one sample of Segun
were taken out. Then, their weight were measured and the moisture
content and dielectric constant were determined. After two hours, again
the weight of another sample of Gerjan and another sample of Segun were
taken, weighed and their moistnre content and dielectric copstant were
deterinined. Similar measurements were carried out at the end of every

hour upto 6 hours, for the remaining Gorjan and Segun samples.
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Process 11

For the study of the cffeccts of NaCl treatment on the water
absorption and diclectric constants of wood six samples ol Gorjan wood
and six samples of Segun (nearly of samc thickness and diameter) were
taken and weighed. These samples were then soaked in 0.1% NaCl
solution for 48 hours. After soaking, those samples were polished by sand
paper and their actual thickness were measured . Samples were then dried
in an oven at a temp of 122%. After one bour two samples (one of Gorjan
and one of Segun) were weighed and determined the maisutre content (by
difference of weight) and diclectric constant of those samples with the help
of a Wein-bridge aparatus. Similarly, moisture contcnt and dielectric
constant were determined for every hour of drying upto six hours for the
remaining Gorjan and Segun samples.

Process 111

In order to study the effect of higher concentration of Na(l on the
same dimensions the samples were soaked in 0.3%, 0.5%, 0.7%, 0.9%,
1.0% and 1.5% NaCl Solution for 48 hours By similar measurements as
before, the moisture coatent and diclectric propertics of those samples
(being soaked 1 NaCl solution of different concentration) were

delermined.

DESCRIPTION OF THE INSTRUMENT FOR MEASURING
DIELECTRIC CONSTANT :
The usual methods of measuring the dielectric constamt are bascd on

a2 comparisin of the capacity ¢” of a capacitor filled with the substance and
the capacity ¢ of the empty capacitor the ratio ¢'/¢'= €' the dielectric
constant. The determination of the value of the capacitance may in
principle be accomplished by using a Wem-Bridge oscillator of type B 224

at room temperature (Fig.1.1)
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FUNCTIONAL DESCRIPTION

The Instrument comprises a transformer ratio-arm bridge fed form a

1592Hz oscillator, a logarithmic detector and a null indicating meter.

A standard voltage derived from a Wien Bridge oscillator is applied
simultaneously to the component under test and the internal standards via
the Decade switches. The resulting current are summed in the current
transformer and the difference is fed to the logarithmic detector and hence
to the nul iudicating meter. By adjustment of the voltage applied to the
standards, the balance betweeu the standard and unkuown channels is
made exact, and the detector output falls to a minimum. At this point the
standard and unknown bear a numerical ratio as indicated by the

significant figures read from the Decade Controls, aud the Range switch

units.

THE BRIDGE NUCLEUS {(Normal Measurements - Ranges 4-10)
Referring to Fig 1.1, the voltage transformer T1 has windings of
1.10,100 and 1000 turns, the tapping of which are selected to produce an
voltage E,. This voltage, the value of which is determined by the turns
selected, is applied to one side of the unknown, Y, and causes a current Iy
to flow through Y, to one of four windings of 1, 10, 1000 and 1000 turns
on the current transformer T2. The required winding on each transformer is

selected by means of the Range switch SG.

A voltage E, is obtained from one of three windings on the voltage
transformer T1 and applied to the standards Ys; and Y 3, via the C and G
polarity switching. There are in fact eight standards, four for conductance

and four for capacitance; for clarity, only two of these, Y, and Y, are

49



shown. This causes currents Ig; and Is; to flow in the Decade windings on
the current transformer T2. Two of these windings are of 100 tums, but
reversed in sense. By slecting the appropriate winding, positive or negative
capacitance or conductance can be measured independently. The third
winding is of ten turns, and of correct sense for the measurement of
positive values only. When this latter winding is selected, the voltage
applied to the standards is reduced to one tenth of the normal value. This

increases the ration E, to E; by a factor of term C or G, as required.

A winding on the current fransformer T2 has 11 turns, tapped every
turn, this is the decade wiuding to which the currents Isy and Is; are fed. In
the 1ain circuit diagram (Fig. 1.1) the capacitance standards are C3 and
C7 trimmed by C6 for the first decade, C9 trimmed by C8 for the second
decade, C11 trl:mmed by C10 for the third decade, and C4 for the fourth

WAL LY

decade or verire. The conductance standards are R17 trimmed by R18 for

the first decade, R15 for the second decade, R13 for the third decade and

R9 for the fourth decade or vernier.

Initial eapacitance trimming is effected by the potentiometer R6.
This is connected from - 100 turns, to +100 turns, on T! Current is fed
from the wiper of R6, via Cl, to + 10 turns on T2. Conductance 1s trimmed

by the potentiometer R4. This is connected in parallel with R6. Current is

fed from the wiper of R4 via RS + 10 turns on T2,

2.3 EXTERNAL STANDARDS.

Comunection of external standards is facilitated by the use of two
pane] mounted BNC sockets, cngraved EXTERNAL STANDARDS. One

of these, engraved 'E' is wired to the - 100 turn tap ou the standards
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winding of the voltage transformer T2, The use of these sockets is

described in the Operating (nstruclions

2.4 EXTERNAL SOURCE AND DETECTOR
Inserting a jack into the EXTERNAL SOURCE socket JKI connects

the external source to the primary of the voltage transformer T1, at the

same time disconnecting both the output from, and the supply fo, the Wien

Bridge Oscillator.

A specially prepared dielectric testing Jig was used to hold the
samples wood. The resistance of the Jig was in the order of nearly

10'°0). The diameter of the electrode of the Jig was made 1.2cm. The

experimental set up is shown in fig. {1.2}.

The bridge was first balanced to reduce the capacitance and
conductance present in the circuit (without mounting specimen in the
dielectric Jig). It was noted that the indicator was moving with any type of
movement due to the stray capacitance of the environment. It was
overcome by grounding the body of the Jig. The specimen was then
inscrted in between the electrodes (fig 1.2). The capacitance (C) and the

conductance (G) were directly noted as a function of frequency by taking

the indicator at the null point.
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GEARFIBRE ~--—— MICROMETER

©

— MOVABLE JIG ELECTRODE

-——— SPECIMEN
- --— FIXED JIG ELECTRODE

FIGURE 1.2 © DIELECTRIC JIG FOR MEASURING DIELECTRIC
PROPERTIES AT ROOM TEMPERATURE
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MEASUREMENT TECHNIQUE AND THEORY.

Theory @
If a given electrical voltage is impressed across a condenser in which

the electrodes are separated by a vacuum, a certain electrical charge, Q,
accumulates on the condenser. When the condenser is filled with substance
such as wood or cellulose, some alignment of polar molecules in wood or
cellulose takes place and more charges are stored in the condenser. If Qu
is the charge held by a similar condenser that is filled with a dielectric
substance, Q. depends upon the properties of the dielectric substance and

the ratio (®%/qo) is known as the dielectric constant of the material.

The element, constructed simply of two paraliel conducting plates
separated by an insulating material is called a capacitor. Expressed as an

equation, the capacitance is determined by

Where, Q=Charge,

V=Potential Difference.

It a potential difference of y volts is applied across the two plates

separated by a distance of d, the electric field strength between the plate is

deterinined by,

E= volts / meter............... {2)

d

Many values of capacitance can be obtained for the same set of

paralle]l plates by the addition of certain insulating materials between the

plates.
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In fig. (a) : an insulaling material has been placed between a set of parallel

plates having a potential difference of v volts across them.

Since the material is an insulator the electrons within the insulator
are unable 1o leave the parent aiom and travel to the positive plate . The
positive components (protons) and negative components (electrons) of

each alom do shift however (as shown in fig. {a) to form dipoles,

When all the atoms of the insulating material become dipoles and
align themselves as shown is fig. (a), the material is polarized. The layer
of positive charge on one surface and the negative charge on the other are
not neutralized, however, resulting in the establishment of an electric feld
within the insvlator [{ig (b)]. The net clectric field between the plates

[Eresuttant =Earr - Egie1] would therefore, be reduced due to the insertion of

the dielectric,

The purpese of the dielectric, therefore, is to create an electric field

to oppose the electric field set up by free charges on the parallel plates,

[n either case with or without the dielectric if the potential across the
plates 1s kept constant and the distance between the plates is fixed, the net

electric field within the piates inust remain the same, as
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A%
determined by the equation E= E

For different dielectric materials between the samc two parallel
plates different amounts of charge will be deposited on the plates. But
w=Q, so the diclectric is also determining the number to flux lines w,

between the two plates and consequently the flux  density

D= g, (3) where A is a fixed.

The ration of the flux density to the electric ficld intensity in the

dielectric is called the permittivity of the dielectric

e= D/E farads / meter . ......... (4)

For a vacuum, the value of €¢ (denoted by to) 15 8.85x107"% F/m. The
ratio of the permittivity of any diclectric to that of a vacuum 1s called the

relative permittivily or dielcetric constant, €,

Now from egation

D WA [ Putti I | f 5 d (2
= — = — utting thne value or cqn an
== Vid 2 qn (5) and (2} ]
Q /A
E: ———
Vid
Qd
Or E= —
VA
Cd Q
e= — [ C=—]
A V
cA A
or, C= — =€'g) — ..o (6)
d d




Where, A is the area in square meters of the plates,

d " " distance betwcen the plates.
e'" " dielectric conslant

eM
Now, C=d— .......... (7}

Now. the ratio,

C eAld €

—_ = = — E
C(} E{pA.-"I d cn
C
€= i, (8)
Co

Capacitance with wood.

Dielectric constant = - _
Capacitance without wood.

The relationship between €' and the capacitances provides a ncthod for

finding the value of dielectric constant for various dielectrics.
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RESULTS

The dielectric constant of Gorjan and Segun were determined under
six different moisture conditions, covering the range 9% to 16% at room
temnperature (30%). The results of these samples are shown in Table.1. The
moisture content of wood was determined by weighing a sample before
and after oven drying. The same procedure was applied to indnce satinity
in the wood samples, where Na€l solntions of different strengths were
used. The resnlts of these samples as shown in table 4. The value of
dielectric constant of these samples soaked in Nacl solution were found to
be higher than the general value of dielectric constant of wood not soaked
in saline solution.

The results are presented i Table (1) to Table (4). In gcneral, the
dielectric constant was found to increase = with increasing moisture
content. The dielectric constant of wood under salinity also increased with
incrcasimg the saline concentration.

The resuits are graphically represented in fig (1) to fig (4)

Fig (1) and fig (2) shows that dielectric constant incrcases with
increasing moisture content abave salinity.
fig (3) shows that for two different types of wood, ramely, Gorjan and

Segun woods diclectric constant varies with moisture content.

Fig (4) shows that the dielectric constant of two types wood Segun &

Gorjan mcreases with increasing salt concentration.



(Sample Soaked in distilied water for 48 hours.)

Table -1

A, Gorjan wood

Time After After After After After After
| 2 3 il 5 6
hour hours hours hours hours hours
Percentape
of moisture | 101 | 1395 | 1220 | 1101 | 1020 | 9.01
content
Dielectric 2.32 2.14 1.94 1.75 1.55 1.3
constant
Table-2
B. Segun wood
(Sample soaked in distiiled water for 48 hours)
Time After After After After After After
1 2 3 4 5 6
liour hours hours hours kours hours
[Percentage
of moisture | ys 50 | 1410 | 12.90 | 12.00 | 1050 | 9.6
content
Dielectric 2.5 2.3 2 1.85 1.5 1.3
constant
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Table-3

Gorjan Wood

(Soaked 1n saline solution)

M.C .= Moisture content
D.C. = Dielectric constant

Saline | Time | After | After | After | After | After | After

concen . 2 3 4 . 6
hour | hours | hours | hours | hours | honrs

tration

0.1% | M.C 1415 13.10| 1180 11.15| 1610 9.1
D.C. 2.35 272 2 1.81 1.6 1.38
0.3% 1 M.C. 1401t 1290 11.70| 10.85{ 10.01 941
D.C. 242 2.25 2.05 1.86 1.65 1.4
0.5% | M.C 1380 1250} 11.50] 10.70 9.90 9.02
D.C. 2.5 2.3 2.1 1.9 1.7 1.5
0.7% M.C. 1360 1223 i1.40; 10,60 0.85 9.05
D.C. 2.34 2.35 2.15 1.95 1.75 1.55
.9% M.C. 13501 12,10 11.20| 10.50 9.75 2.05
D.C. 2.6 2.42 2.2 P 1.8 1.6
1.0% | M.C 1335 12.1¢) 11.15[ 10.50 9.80 9.10
D.C. 2.65 2.45 2.25 2.05 1.85 1.65
1.5% | M.C. 1290 12.25¢ 1150 10%0| 10.10 9.15
D.C. 2.8 2.71 255 2.4 2.14 1.85
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Table-4

Segun Wood
{Scaked tn saline solution)
Saling | Time | After | After | After | Afier | After | After
1 2 3 4 5 6

coheen hour | hours | hours | hours | hours | hours
tration

0.1% | M.C. 1570 14.01 1320 1225 11.01 9.8

D.C. 2.58 236 22 2 1.77 15

03% | M.C. 1556 14.25| 1325 1220 11.10 9.7

DC. 2.61 2.45 2.25 2.05 1.85 1.52

0.5% | M.C 1525 14.25| 12.80| 11.75]| [0.80 9.6

D.C. 2.66 2.52 2.26 2.04 1.85 1.57

0.7% | M.C 1501 1420 1290 12.00| 10.85 9.8

D.C. 2.7 2.57 2.3 2.15 1.91 1.66

0.9% | M.C. 1475 1380 1280 11.85| 10.70 9.6

D.C. 2.74 2.39 2.4 2.2 1.94 1.71

1.0% M.C. 14.751 13.50¢ 1260 11.50| 10.50 Q.50

D.C. 2.8 2.6 2.43 2.2 2 1.75

1.5% | MC. 1450 13.25} 1260| 11.80| 10.50 9.5

D.C. 3 2.82 2.62 2.4 2.17 1.91
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DISCUSSION

Wood is affected by the moisture vapour which is always present in
the air. Air at any given temperature can hold so much moisture and the
relative humidity on a wet day can be as such as 100 percent. All timbers
tend to come to an equilibrium with the relative humidity of the
surrounding air. Indoor or in dry weather, the relative humidity decreases,
although 1t seldom falls much below 30 percent even in hot dry climate,

The moisture threfore, has important effect on the wood

So, wood sample taken from oven is carefully and quickly put into

glass jar. Extreme care was taken in measuring the dielectric constants.

With increasing moisture content of air the amount of water within
the wood matrix increases, which itself 15 characterized by high dielectric
values. The polar component of the cell wall and the cellulose get more
freedom of rotation at higher moisture contents and contribute to a more
pronounced dielectric constants. However, as the fiber saturation point
approaches, the importance of the polar groups of the wood does not

increasc any more because their freedom of rotation gets to a maximum.

Adsorption of salts from solution by wood is very small | A slight
negative adsorption of chleride 1ons may take from sodium chloride. An
ionic bond is formed when one or more electrons form one atom is

transferred to the other and the resulting positive and negative ions attract

each other. An example is NaCl where the bond exists between Na* and

and Cl ~ tons and not betwecn Na and Cl atoms.

Wwhen wood is treated with NaCl solution salts enter the cell wails to

give a comcentration practically as great as the bulk concentration. When
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the wood 1s dried, water is first lost from the coarse capiilary structure.
The concentration of the solute in the coarse structure thus increases.

Hence, solute diffuses into the cell walls in an effort to eqnalize the

concentration,

In all materials continuous random vibration of molecules are
noticed. The temperatnre of the material is a measure of the energies of
these vibrations. The wibrations that are induced in the interior of the
dielectric material are based on a rotation of the polar molecules under the
influence of the external electric field. When an electrac field 15 applied the
randomly crienfed dipoles align themselves in a direction gppnsite to that
of the external field. In this ordered configuration the energy snpplied by
the field is stored in the molecnles in the form of potential energy. On
removal of the field the potential energy is converted into kinetic energy of
disordered dipoles. The total stored energy consists of the sum of potential

and kinetic energies of the rotating molecules.

The amount of energy that can be stored in the material is related to
its dielectric constant. The greater the polarization of the material, the

areater will be the dielectric construct.

With increasing moisture content, the amount of water within the
wood matrix increases which itself is characterized by high dielectric
valnes. On the Other hand, the polar componenis of the cell wall and the
cellulose get more freedom of rotation at higher moisture contents and in

this way also contribute to a more pronounced dielectric behavior.
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Chapter - 1V
INTRODUCTION

Properties of wood which has drawn attention for investigation, of those,
thermal propeniies of wood is of particular interest because these properties
undergo drastics changes depending on the water content. Wood is very much
hygroscopic. Properties of wood apain varies from one kind of tree to another
that serves as a source of wood The two major kinds of wood that are
extensively used as consiruction material in Bangladesh are Gorjan and Segun.
The present work involves the study of the thermal conductivity of these wood as
affecied by the moisture content and salt content. This study is of practical
mmporiance because while wood caps are used as electrical switch boards, there

are oflten shor circuits due to absorption of saline water from the attached walls

specially 1 the ramy season.

The basic formula for calculating the rate of heat flow by conduetion g
under steady-state conditions was developed by Fourier in 1822 and may be
expressed as follows,

KA (T.z -t1)

(g = =mmmmmmmmmmme ,where,

1

A is (e area of the slab under investigation and ] is its thickness. In other
words, the rate of heat flow by conduction through a flat slab 1s proportional to
the area and the temperature difference between the two surfaces. It is inversely

proportional to the thickness. K is a factor ealled the co-efficzent of thermal

conductivity,
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The thermal conductivity of a wood can be determined by Lees and
Chorltor's method. In measuring the conductivity of such a poor conductor a thin
layer of wood (slab) is used. But difficulty arises in maintaining the slab face at
wniform temperature and in neasuring that temperature. Lees and Chorton
overcome this difficulty by placing a slab of a good conductor of exactly of the
saine diameter as the cxperimental slab on cach side of the layer of poor

conductor.

But the conventional Lees inethod have three limitations:

(1) The thermal resistance of the air gap between the specimen and the
metallic dise : The conductivity of air is much lower, than that of the
speeimen under investigation, as a result the effect of the air gap is gnite

high and cannot be neglected as is usually done.

(i) The conductivity of the material is measured only on a fixed
temperature depending on the steady state atfained by the particular

expenmental set-up.

(i) The effect of moisture is not taken into account which can be
iportant for material like wood which can absorb quite a good amount of

moisture and effect the thermal propertics.

In the present wark, a technigne has been developed to account for this air
pap by nsing specimens of two different thickness so as to cancel out the effect

of air gap from the simultaneous of two cquations.
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DESCRIPTION OF THE APPARATUS

D T-Steel disc
I |

Ty

I m—

1 T,

A oA T Steel disc
heating coil

Swilcli ] Power
Source

Pl ) _
Fig. (1)

The experinental arrangement of the apparatus is shown m fig (1).
The stainless stecl disc A of about 1041 ¢m in diameter is snpported by
means of strings fromn a large ring on a retort stand. A heating coil is placed on it

B is a stainless steel disc having the samc surface area as of A. A

thermometer Ty, is introduced into a holes drilled in the base of B.

C is am experimental specimen {wood) in the form of a thin circnlar slab.
There are two tvpes of wood one is Gorjan and other is Segun. These two types

of wood have two dilTerent thickness.

D is a stainless steel disc haviong the samne surface area of B. thermomneter

T, is mtroduced mto a holes drlled in the base of D. B and D have same

diameter but having different thickness.

The whole system is suspended horizontally from a stand by means of

three threads attached is to three small hooks provided symunetrically along the

circuinference of A.
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PROCEDURE

In preparing the pood quality of samples wood was cut into thin pieces.
The broad faces of the specimen samples were polished by sand paper. Two
these of wood, namely Gorjan and Teak (Segun) were used. Samples considered
were of two different thickness -- one of thickness 3 ¢cm (approx.) and the other 5

cm (approx.}. But the diameter of these samples were same as stated below :

Sample Thickness Thickness Driameter
(rorjan 3 cm (approx.) |5 cm (approx.) | 10.4Kcm
(approx.}
Segun 3 ¢m (approx.) |5 cm (approex.) | 10.4¥cm
(approx.)

PROCESS1:
Dry samples of two types of wood namely Gorjan and Teak (Segun) were

considered. Then the thickness d, {3 cm (approx.}} and d> {5cm (approx.)} of
the two types of samnples were accurately determined with (he help of a screw-
gauge. Weighed the disc D to determine its mass and measured diameter (D' =

2r) of the sample specimen C with a scale. The experimental set np is shown in
fig. (1).

To start with samples of Gorjan or Segun wood state of thickness 3 cm
(approx.) were put m place. When switched on, the heat passed from power
source into A, After a linear steady state temperature gradient is set up across the
slab the amount of heat required to mamtain that gradient per unit of the time
becomes constant. When the temperature 6, 9; became steady, they were noted.

Then stopped the supply of current and removed the discs A and D. With the disc
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C still on top of 1, the disc [ was heated by the heating source under it till its
temperaturc was about 10° C above the stcady temperature 8;. Then, heating
source was removed and allowed C to cool. By keeping C on 1t, 1t was cnsured
that Dloses heat in the samc surrcunding as i the first phase of experiment when

it pamecd hecat. The temperature was noted cvery five munutes until the

temperature went down by about 10° C from ;.

A graph was drawn with the time of cooling as abscissa and the

temperature of [J as ordinate A, tangent was drawn at a point at which the value
: : : . . de
of the ordinate is €, . The slope of this tangent gives the rate of coolmg / 4t at

0.

With these results the value of conductivity at a temperature was

calculated.

By changing the applied voltage at the power source i.e the heat source
another value of conductivity at difference temperaturcs were obtained. Three
different voltages were considered. Thus, for thickness d;, three different values
of conductivity for Gorjan wood and three different values of conductivity for
Segun wood were obtained. Sunilarly, for samples of 5 cm {approx.) thickness
siinilar 1neasurements were carried out. Thus three different conductivity K

values for Gorjan wood and three K valucs for Sepun wood at three different

temperatures were obtained.

PROCESS II :

Three samples of Gorjan wood and lhree samples of Segun (the diameters
and thickncss of the samples of both types of wood were nearly the same as the

process ) were studied. The weight of these samples were separately ineasured.
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These samples were then soaked in 1 % . Na€l Solution for 48 hours. After
soaking, those samples were polished by sanﬂ paper and weighed. The thermal
conductivity of these samples at different temperatures were measured by the
same procedure as followed in Proeess 1. [n order to study the effects of Nacl
solution on wood conduetivity use 3 samples of different thickness and these
were soaked m 1 % Nafi solution. Using these Nafl solution soaked samples
values of three different conductivity for Gorjan wood and three for Segun wood

were measured.

PROCESS 11 :
In order to study the effcet of higher concentration of Nafl, the wood

samples of same dimnensions were soaked m 1.5% and 2% Nadl sclution for 48
hours. By similar measurements, three different K values, each for Gorjan and for

Segun wood were obtained.
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THEQORY' :

In measuring the conductivity of such a bad conductor (wood) a thin layer
{slab) of the wood material is used by placing a slab of good conductor of cxactly
the same diameter as the experimental slab on each side of the layer of poor or
bad conductor. In fig.1, let C be the disc of a poor ¢onductor (wood) and B and
D be the stainless steel discs one on either side of C. A is a stainless steel disc,
which consist of a heating clement from which heat passes through B to C and D.

When heat is passed through A, then B is warmed up by the heat
conducted by A. The specimen C is a thin disc and it is warmed by B. After
sometime D 1s warmed by C.

When the rate of flow of heat through C equals the heat lost from D by |

radiation and convection then a steady state will be reached.

If

2

8, = temperature of B in the steady state {for d, thickness).
6, = temperature of D in the stcady state {for d; thickness).
A = area of cross-seclion of the speciiuen C.
d, = thickness of the specimen.

d = thickness of the air film.
d; = Another thickness of the specimen.

k = thermal conductivity of the air film.

k; = thermal conduclivity of the specimen,

0= TFemperature of B in the steady state (when thickness = dp).

-

8, = Temperaturc of D in the steady state (for d; thickness).

m = Mass of the disg D.
S = sp. keat of the material of D.

A
Area of cross section, A= a(",¥ sq. cm.

P

= —sQ. cm,
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D = Diameter of the specimen dise, C.
Then the quantity of heat conducted per second, throngh the bad
condncting slab C is,

Q= A(Hl _Ez} - Akl(gl '_91)
d 4 a+d
k!’

K

1

F

Where, a = (:—) k,

In the steady state, this heat Q is radiated per second from the upper disc D.

let, T be its rate of cooling at its temperature 9;, then the heat lost {radiated)
t

per second from D is,

db
ms —d- (for d, thickness) ..................... (2}
t
from equation (1) and equation (2), we get,

do kiA (B -67)

m§— = ——————— (3)
dt a+ dl

for another thickness we get,
dor kKA {D, -6y

ME— = ———————————— e (4)
dt ot dz

];Et, X= 91 - E’; and Y= B’l - 'E'rg

Now dividing eqaton {3} by {4}, then we get,

di

dt X a+ d>
— = —x

do” ¥y o+ d
dt

y 7 dGJ/ dﬁj-ﬁ_ a+di+(d-di)
; Z(E E - a + d;

a+d, d; - d,
+

DL"‘(J] fI"'d|
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¥ dg de’ dz - dl
or, — — / — =1+
X dt dt a+ d;

d, -d do’

a8
or, 2L Yy -1
? a+d; x{{dt} (dt)}
E@
1 1Y &
- L — 1} - 5
@+d, dz—dl{xﬂﬂl } (5)
i

Now substituting this value m equation (1) it becomes,

s %“1&% idl [%{{%fdj}—u

or k2 ()15 <11= (8- ) G

o ke 2wy -0). 5 D

or Kl =K1 B =
or k [y{%! ‘f‘;f’} — x] = 1L669(d, - d, ),if

or k,=[16693(d, -d,) %];[(91 _8; 3'{% ddﬂt'}_{gl 8]

[ - y=0',-85,x=8,-8,]

Where, k; is the thermal Conductivity of the specimen, and its unit is

cal em™ Sect Oc¢”’
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RESULTS
The Value of thermal conductivity of Gonjan and Segun wood were

determined under different temperatures. The results are presented in Table 1
and 2 and these value are praphically plotted i fig (1) & {2)

Table - 1 (Gorjan woaod)

Mean Thermal
Sample Temperature Conductivity
Gorjan wood °c cal em ™ sec” % !
825 0.000512
Dry 93 000527
Sample 104.5 0003535
89.5 000610
Soaked 1n 1% 102 00062
Nacl solution 112.5 0.00063
96.5 (.00068
Soaked in 1.5% 103 000693
Nac! solution 115.5 0.000704
103 0.60077
Soaked in 4% 109.5 0.00078
Nacl solution 118 0.00079
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Table - 2 (Segun wood)

Sample Mean Thermal
Segun Temperature Conductivity
% cal cm™"sec™ % !
90.5 0.00056
Dry 101.5 0005714
Sample 113 00058
96.5 (3.000648
Soaked in 1% 107 0.00066
Nacl solution 117.5 000676
101.5 0.000706
Soaked in 1.5% 113 0.000718
Nac! solution 124.3 0.000734
108 (0.000795
Soaked in 3% 117.5 000805
Nacl solution 126 0.00081

These result shows that thermal conductivity increases with increasmg

temperature.
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The wvalue of thernal conductivity for these samples soaked in Nacl solution
were found to be that the thermal conductivity increases with increasing
saline concentration .The results are presented in Table (3} and Table {4) and

graphically plotted in fig (3) and {4)

Table - 3 (Gorian Wood)

Saline Thermal conductivity at different temperatures

Concentration

lo.-1

cal cm™ sec ! %

1% 00060 | 000606 | 00061 | 000615 | 00062 | .00063
1.5% 00069 | 000703 | 000705 | 00068 | .000693 | .000704
2% 0.00075 | .00076 | 00077 | .000775 | .00078 | .00079
Table - 4 (Segun Weod)
Salme Thermat conductivity at different temperatures
Concentration cal cin? sec ! °¢™!
1% 000628 | .000645 | 000652 | 000648 | .00066 | 000676
1.5% 000707 | 000716 | 00072 | 000706 | .000718 | 000734
2% 00077 | .000786 | 000795 | 000797 | 00085 | .00081

Thermatl conductivity increases with increasing saline conceniration .
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DISCUSSION

Wood is a composite material. It is composed of cells. When wood
contains just cnough water to saturate the cell walls it is said to be at fiber
saturation point. The water in the cell walls 1s known as hygroscopic water.
Wood can absorb and retam within itself a certain amount of this type of
moisture and can actually pick it up from the surrounding atmosphere. Therefore,
the amount of water within the cells, even of seasoned wood, depends on the
relative humidity of the area to which the piece is exposed. The amount of water
also depends to some extent on whether the wood 15 sapwood or heartwood.
When a piece of wood is exposed to air, evaporation takes place and continues
until there is a balance between the water in the wood and the ioisture n the air.
Cell walls consist essentially of cellulose in the formn of fibrils which are long
spiral strands. Some lignin is also present. Obviously, the cellulose itself is a

good imsulator and the conductivity of wood depends on the moisture content.

The thermal conductivity of water is 0 00136 cal ¢’ % sec” which is
more than ten Lines the K value of most of the insulating matenals for
temperature below 100°C. If moisture is present in insulation one would expect
the thermal conductivity, K value to be greater than that of the dry material.
Moisture may be added by absorption of water vapour in the msulating material.
Then thc amount of water present depends upon the relative huinidity and the
temnperature of the ambient air. The effect of molsture content on the K value is
very difficult to determine accurately, because in making a thermal conductivity
test a temperature difference between the two sides of the sample 1s maintained
and moisture always tends to nigratc from the warmer to the colder side. This

difficulty leads to uncertain resnlts but sufficient experimental work has been
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done to show that an increase in moisture content always means an increase in
the K value of insulators. But here, the thermal conductivity of wood was

investigated under salinity.

When wood is ireated with concentrated salt solutions then the salts enter
the cell walls to give a concentration practically as great as the bulk
concentration. Some ions are formed in the covalently bound matrix of the wood
when one or inore electrons from one atom may transfer to the other and the
resulting positive and negative ions attract each other. An example, is Nacl,
where the bond exists between Na' and ¢F ions. Most of the atoms of different
elements do not have their outermost shells completely filled. i.c. they do not
have eight electrons in their outcrmost orbit. The electrons occupying the
outerrnost orbit or shell of an atom are called valence elecirons. They determune
the chemical and electrical properties of the element. Element deficient in
valence electrons are highly active in the sense that they are always ready to
chemnically combine with other eletnents. Those elements which have one or two
valence electrons are good conductors of eleciricity. lonie Bonds occur between
two differcnt atoms and are due to permanent transfer of valence elcetrons from
one atom to another. It is a very strong bond. Such bonds are forned between

sodium and chlorine atoms during the formation of sodium chloride,

The clectrons in the outermost shell of an aton are called valence
elecirons. They have least binding encrgy though their orbital energy is
maximum. [t is these electrons which are most affected when a number of atoms
are brought very close together as during the formation of a solid. The energy
band occupied by the valence electrons is called the valence band. 1t may be

either completely - filled or partially - filled with electrons but can never be

emnpty.
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The clectrons which have lefi the valence band are called conduction
electrons. They practically leave the atom or are only weakly held (o the nucleus.
The band occupied by these electrons 15 called the conduction band. it may either

be empty or partially filled with electrons.

Current flow occurs in a piven material when a vollage of suitable
magnitude 1s applied to it which causes the charge carrier within the material to
move in a desired direction. This may be due to the process t.e. electron motion

and hole transfer. In electror motion, free electrons in the conduction band are

moved under the influence of the electric field set up by the applied voltage.

But insulators are those matenals in which valence electrons are bound
very tiphtly to their parent atmos thns requiring very large electric field to remove

them from the attraction of their nugler,

— Empty conduction

$ "~ band.

Large cnergy gap

\
///////—r Valence band.
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When the electron juinp from the valence band 1o the conduction band

then degrees of freedom is increased and then the conductivity is also increased.

There arc morc frec molecules m the mterstiial space of the solute or of
the wood. These relatively free molecules can participate m the conduction of

heat due to the increased number of degrees of freedom.

The presence of water wnolecules or salt molecule most likely alter the
strength of the ionic bond that exists in materials like wood. This may effectively
change the vibrational modes in the solid. In fact, there is some increase in the

modes of vibration, which contribute to the increase of conductivity with

Increasing moisture content.
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Chapter- V¥V
CONCLUSION

Although wood is a very useful construction material, its physical
properties are not very well studied. One reason for this is a complexity of wood
which has a composite structure and is of ditferent kinds depending on the nature
of the plant source, its age, the processing of the wood, its moisture content etc.
However, it is important to know the thermal and electrical properties of wood
specially for its use as an insulator in electrical boards. In the present work two
locally available woods Gorjan and Segun have been selected for the
measurcinents of their dielectric constant and thermal conductivity as affected by
mnoisture content and salt content. A new technique has been developed to
improve upon the conventional technique of measuring thermal conductivity of
bad conductor by lees method. The thermal conductivity of both types of wood
was found to increase with salt content, the result being higher in the case of
segun wood. The temperature dependence of wood also shows an increase with

increasing temperature.

Dielectric constant of wood measured at 1952 Hz was found to vary from
1.3 to 3. For Gorjan the range betwcen 1.3 to 2.8, for Segun the corresponding
range 15 1.3 to 3 which depends on the salt content. The introduction of salt ions
into the wood wmatrix increase the dielectric conslant by a factor of two. And this
increase is quile expected, duc to the presence of additional ions. The results are
interpreted in the light of existing theories, The explanations of the result in terins
of formal quantitative mnathematical theorics, however, has nof been possible,
because of the complexity of wood and its composite nature of the wood. Furnther
work is therefore needed to obtaine a more comnplete understanding of the

mechanism involved wn thermal and dielectric propertics of wood.
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APPENDIX

DATA FOR THE MEASUREMENT
OF DIELECTRIC CONSTANT OF TWO TYPES OF W00D.




Soaked n Distitled water for 48 hours
Temperature 122 'C

Sample [ Belure Aler Watel Time Oven | Mowstore Diclectric
Soaking | Seaking | absoth far dry conlent C (air) Consiant
Wz W 2N dnmg | weleht Cu c
Wy Em ol ol —
Cy
36467 | 553832 | 3316 l 4 1576 | 1401 {.114 | 0.049 2.32
3 adob 2 4 1261 13.15 {0109 | 0.031 2.13
3 0463 3 4,001 12 20) 07 | 0055 .95
Gorjan | 3 6460 4 4,04 74 i1 ol 0,105 | 04060 173
3 4436 3 4.0174 1020 0,104 | 0067 1535
3 6430 6 39734 Gl 0,102 | 0078 1.3
32395 | 50389 | 36,16 1 37410 | 13500 | 0010 | (.004 25
32390 2 36840 | 1400 | 0007 | 0.003 23
Seoun | 32388 3 3 6566 1200 | 0006 | 0003 2
3 2383 4 36271 1208 [ 0603 | 0002 1.85
7
3.2382 3 31,5047 1141 0003 | 0002 13
32379 6 ERELY 9 6() 0.004 | D003 1.3
Soaked in 0.1% NaCl Solution for 48 hours
Sample | Before | Afler | Water | Time Chen | Moisture Dielectne
Soaking | Soaking | absorh | for dry cantent C {aicy | Constant
Wigm | wzgm drying | weght Cy C
’ ol nf —
W I
Ciy
3.6568 | 54609 | 4950 1 41742 | 1415 | 0127 [ 00534 235
1.6567 2 413571 1310 | 0121 | 0035 22
3 6365 3 40916 1190 | 0120 ) 0.06 2
Gorjan | 3.6563 4 40639 10115 | 0118 | 0.065 1 81
3 6560 3 40252 | 1010 | 0117 | G073 1.6
3.6561 & 39888 91 0115 | 0.083 [.38
32005 48662 | 52% 1 37041 1570 | 0031 | L0112 258
320102 2 3 06491 14 01 0026 | 0.011 2,36
Segun | 32008 3 36233 | 1320 | 0.022 | 0010 2.2
3.2005 4 35925 | 12.25 | 0018 | 0.00% 2
31908 ] 35520 11401 {.016 | 0,009 1.77
3 1995 £ 35130 o8 0012 | 0008 15 J
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Soaked in ¢.3% NaCl Solution for 48 hours

Sample | Bufore Alter Waler | Time Oven | Mowiure Diclectric
Spuking | Souking | dbsmb fur dry conlenl C {air) Conslant
WM W Bl drying | wenglu Cy ¢
W, A nf nf -
Ci
3.6553 | S.334¥| 50 15% 1 41674 | t4.01 | 0,137 | 0056 | 242
3.6550 2 41264 | 250 | 0,134 | 0060 225
36549 3 40825 1070 | 0131 [ 0064 2.05
Gonan | 3 6546 4 40511 1085 | 0129 | 0069 1.85
3 6542 5 40199 10,01 0126 | 0.076 1.65
3.6540 & 30832 201 0.123 ] 0.087 14
32096 | 48529 | 51.20% [ 37070 1530 055 | 0.021 2.61
3209 2 36063 1425 | 0054 | G022 245
Scpun | 3 2038 3 36339 13.25 | 0047 | 0.02] 2.25
3 2083 4 35097 1220 | 0.041 | 0.020 2.05
32081 5 35674 1110 | 0.037 | 0.020 135
3.2080 6 35191 a7 0.035 | 0023 152
Soaked in 0.5% NaCl Solution for 48 hours
Sample | Heloe After water | <lime | Caendry | Moisiule Dnelegielc
Souking | Soaking | absolb [] wiight caulent L (air} Constant
Wy Wy B drying BT Cy c
of nf -
Cu
3.6486 | 5.4375 | 49.03% 1 4 1521 13 80 015 | 0060 25
3 0482 2 4 1042 [2.50 | 0149 ] 0.065 3
3 6476 3 4 0670 11530 | 0.147 | 0.07 2.1
Gonjan | 3.6462 4 40363 1070 | 0.145 | 0076 1.5
3.6460 5 4,0069 .90 0.144 | 0084 1.7
3.6455 ) 3.9743 .02 0.142 | 0094 135
31,2088 | 4.8164 | 30 10% ] 3.6081 1525 | 0.064 | 0024 2.66
| 31972 2 36528 | 1425 | 0058 | 06.023 252
Scpen | 31968 3 J 609l 12,00 | 0052 | 0023 2.26
319467 4 3.5723 1175 | 4045 | 6022 2.04
3.1960 5 33411 1080 | 0.037 | 0.020 .85
i 31958 f 35025 96 0030 | G019 .57
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Soaked 1 0.7% NaCl Solution for 48 hours

Sample | Before Alter Water | Time | Ovendn | Moisiue Dizleciise
Soaking | Soaking | absorb lor ueighl content C {air) Constam
W gm W1 i drying | wypm Ch c
af ul --
Ciy
3.6489 | 5 3550 § 46 78% 1 4.1451 13.60 | 0,140 | 0.055 2,54
3 6434 2 4 953 1225 | 0127 | 0,054 235
3 6480 3 4 0821 1190 | 0125 | 0.058 2.13
Gorun | 3.6472 4 4 0338 1060 | 4123 | 0063 t.85
3 465 3 40056 98BS 0.123 | 0.070 175
36457 ] 30756 905 0120 | 0078 155
3 2006 | 4.7668 | +8.51% | 36913 15,01 (.073 | 0.027 27
3,2002 2 3 6649 1420 | 0072 | G028 257
Segun | 32088 3 3.6227 1290 | 0,070 | 0.030 2,33
32084 4 3.5934 1206 | 0,069 | 0032 2.15
3 2082 5 3.5562 10 85 0,067 | 0.035 1.91
3 2080 3, 35207 98 0065 | 0,039 1.66
Soaked in 0.9 % NaCl Solution for 45 hours
Sample | [Defor Adler Water [ Time | Ovendry | Moisture Thelechiic
Soaking | Scaking | absord far neight condent C furry | Constant
Wogm | wa.gm dr¥ing Wy gm Ca C
nl nf ---
Cep
3.6579 | 5.2458 | 4541% 1 4 1517 13,50 | 0172 | 6,086 26
3.6572 2 40997 1210 | 0167 | D069 2.42
3.6569 3 40664 1120 | 0,165 | 0.075 2.2
Corjan | 3 6561 &4 4 0399 1050 0,162 | 0081 2
3 6555 5 40119 975 0,153 | 0.085 | .8
3.6553 & 3.986] g,03 0151 ) 0,054 16
32129 | 4 6625 | 45 12% 1 3.6868 1475 | 0.178 | (.065 274
32125 2 3.6558 1380 | 0174 | 0.067 2 59
Sepun | 32118 3 36237 t2.80 | 0.168 | 0.070 2.4
32117 4 35022 [1.85% | G165 ] 0.075 2.2
32110 3 3.5545 0,70 | 0155 | 0079 194
32008 ) 35179 96 g5l | 0088 1.71
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Soaked m

| %4 NaCl Solution {or 48 hours

Sample | Bcelore Afier Waler Time | Owendry | Mowsturc Dhelectnc
Socking | Soaking | absorb lor weipdil coutent . {nir} Consiant
Wigm | wpgm drying | wagm Ce c
n/ ul ---
Ci
36582 | 51256 | 40 11% 1 4 1463 1335 | 0190 | 0.072 2,65
3 6580 2 41006 1210 0186 | 0070 245
3 6577 3 4 6655 11,15 | 0181 | 0.080 2.25
Gorpan | 3.6575 4 40415 |01, 50) 0175 | G085 2.05
36570 5 4 {154 R0 G172 [ 002 1.85
36571 & 30897 10 o168 | G102 1.63%
3.2248 | 4 53975 | 42 57% 1 3 7004 1475 | 0,098 | 0035 28
32240 2 3 O39R 12,90 oy 1 G037 2.0
Segun | 35,2238 3 36259 12 60 0005 | 00349 2.43
3.2230 4 3 5914 11 50 0090 | 0040 22
32219 5] 3.5601 10 50 0,092 | 0046 2
3221 & 3 5269 G 50 0091 | 0052 1.75
Soaked m 1.5 % Nagl Solutron lor 48 hours
Sample | Dicfor After Watee | Tume | Ovendn | Moisture Dicleetrie
Soaking | Spaking | dbsorb for weight comlgt C (4111 Constinl
Wirm | wpgm drying | wapm C, c
nl nf -
Ciy
3.60582 | 50673 | 345N l 4 1301 12,90 e | 007 2.5
3 6580 2 4 1060 2,25 | 00198 | 0073 2.71
3.6578 3 4 784 11 50 G124 | 0076 2.55
Gorgan | 3.6575 4 4.0561 1090 | 0195 | 008 2.4
3 6572 3 4 0205 1010 0193 009 2,14
36570 6 39916 915 0191 | 0.103 185
3.2270 | 4.5210 | 40 10% 1 37013 1470 | 0123 § 0.041 3
3 2265 i 365440 13.25 G127 | G045 282
Seeun | 3 2260 3 36380 12 80 0128 | 0049 2,62
32258 4 3 6064 11.80 (0132 | 0.055 2.4
32257 5 35643 0,50 fhidsy | 0.062 217
32253 3] 35317 0.5 o138 ) Q072 i.91
Gl
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Air_gap thickness

Calculation

For Segun Wood :

dd  KA(B - 8:)
Weknow, m§ —=——————— (1)
dt o+
dg  KA{O, -0y
and , ms —=—+— . (2}

dt (I,"‘dg

Where d; and d; are speeunen thickness
and o = air gap thickness,

Now [rom eq” (1) and (2} we get,

a6
6693(d, —d, ) —
? dt

(6; —%)Hdﬂ & H—m. ~6.)

K =

=
dt  dt

For dry sample,

V=10 volt
d-d =(5-3)cm=2cm

do

—= (00486
dt

d r

—= 00042
dt

I[H] - 02) =45
(07 - 8'2) = 04
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Substituting this value in eq” (3) Then we get,

1.6693 x 2 x 000480

(0.00486
64 x ——— — 43
0 (042

K=

= (.000558 cal em™ Sec™' ¢!

Putting this value in eq" (1) then we get,

KA(B, - ;)
do

ms —

dt

a — Uy

0000558 » 45 « 85,1775
= -3
1225 8x0.116x0 00486

=0.0973 cm

-, air pap thickness = 0.0973 ¢m
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SEGUN WOOD

Table - 1
(dry sample)
“Specimen | Voltage df _ 176693 (0.0973 + d)) db
thickness | (volt — (Br-02) | = J
dl CITl dt (0] - 81} dt
cal em™ Sect “¢!
30 10 0.00486 45 0 00035
3.1 11 0.00482 46 0.00056
3.2 12 0.0049 47 0.000574
Table-2
(dry sample)
Spectmen | Voltage i’ -y 1.6693 {C.0973 + d;) a6’
thickuess | (volt = [0 :
d; cm dt’ {0, -02) dt’
cal em™ Sec™ ¢
5.0 10 0.0042 64 0 00056
5.1 11 0.G043 65 0.000574
52 12 {.0044 318 0.00058
Table-3
{Treatiment with 1% Nacl Solution)
Specinen | Vollage di i 1.6693 {00073 + dy) do
thickness | ({volt — Or-02) |y _ ]
d; cm dt (91 - 85) dt
: cal em” sec! 9!
31 10 (0.00494 42 0.000628
31 11 0.00508 42 (.000645
325 12 0.00502 43 {.000652
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Table-4
(Treatment with 1% Na€l Solution)
Specimen | Voltage ag’ Y T.6693 (00973 + dy) d&
thickness | (volt i U :
d; cm dt’ {0 - 9';) dt’
cal em™” sec” “¢’
5.1 10 0.00456 61 {0.000648
5.1 11 0.00476 62 0.000666
5.2 12 0.00474 03 0000676
Table-3
(Treatment with 1.5% Nagl Sclution)
Specimen | Yoltage de _ T.6603 (00973 +d;) di
thickness | (volt — (61-62) K= :
d1 CITl dt (9] - Bg} dt
cal cm™ sec? “¢’!
3.1 10 0.00517 39 0.000707
3.2 11 {.00508 39 0.000716
31 12 0,0054 40 0.0007205
Table-6
(Treatment with 1.5% Na(l Solutiou)
Specimen | Voltage do’ g 1.6693 (0.0973 + d3) e’
thickness | (volt (0'-62) K= :
dz CIml dt’ (e'] - B"z} dt’
cal cm™ sec”! “¢!
5.1 10 0.00464 57 0.000706
5.1 11 (.0048 58 0.000718
5.2 12 0.0049 39 0.000734
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SEGUN WOOD
Table-7

(Treatment with 2% Na¢l Solution)

Specimen | Voltage do e 1.6693 (00973 + ¢) do
thickness | (volf) — (61-62) K= !
d| Clnl dt {81 - 02) dl
cal em™ seet O
3.1 10 0.00555 38 0.000779
31 11 0.00545 37 0.000786
32 12 0.0055 38 0000797
Table-§

Treatment with 2% Na(l Solution

Specimen | voltage | 4@’ -y 16693 (0.0973+dy) 4o
tl?ickncss (volt — (&71-0) | g = :
d; cin dt’ (01 - 02} dt’
cal em? sec”! O¢!
3.0 10 0.005206 36 0.000795
3.2 11 0.00522 57 {.000805
a.1 12 0.0054 58 0.00081
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Sample Name : Segun Wood

(dry sample)
Thickness =3 cm (approx.)
Tune Temperature Time Temperature Time Temperature
T T T
(1min} (1) (min)

EJ I UC Bg”ﬂ 3] |DC 8 3 UC B |1JG 3] EUC

() 30 29 0 29 30 0 36 29
5 35 29 5 35 30 3 37 29
11} 40 31 10 41 32 10 44 32
15 45 33 15 47 34 15 51 35
20 50 35 20 53 36 21) 58 38
25 55 37 25 59 38 25 635 41
30 00 39 30 65 4() 30 72 44
35 63 41 35 71 42 35 19 47
40 70 43 A1) 77 44 40 g6 50
45 74 45 45 83 46 435 23 53
50 78 47 50 89 48 50 100 56
55 52 44 55 91 50 55 106 59
60 80 ) 0Ol 95 52 60 110 62
65 90 53 63 99 54 65 114 65
70 04 55 70 103 56 70 116 08
75 98 57 75 103 58 75 118 70
80 102 59 80 107 61 () 120 73
85 104 61 85 110 64 85 123 76
9 106 63 90 113 07 90 126 79
95 108 64 95 116 70 95 128 81
100 110 65 100 118 72 | 00 130 83
105 111] 60 |05 120 74 105 131 84
L1 112 67 110 121 75 110 132 85
115 1125 | 67.5 113 122 76 1135 133 86
120 113 68 120 1225 | 765 120 1335 | 865
125 123 77 125 134 87
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Sample Name : Segun Wood
(dry sample)

Thickness = 5 em (approx.)

Tume Temperature Time Temperaturc Time Temperature
T T T
(rmin) {(min) (min)
o% | &% a% | 65% 0% | o5%
( 30 29 0 30 29 0 30 30
5 35 29 5 36 29 5 37 30
10 40 31 10 42 31 10 44 31
15 45 33 15 48 33 15 51 34
20 50 35 20 54 35 20 58 38
25 55 37 25 60 37 25 64 42
30 60 39 30 66 39 30 70 45
35 64 41 35 72 41 35 76 48
40 68 43 40 78 43 40 82 51
45 72 44 45 24 45 45 32 53
50 76 45 50 88 47 50 94 55
55 80 46 35 92 49 55 §2 57
60 g4 47 60 96 51 60 102 59
65 88 48 65 100 53 65 106 61
70 92 49 70 104 55 70 110 63
75 96 50 75 108 57 75 114 65
80 100 51 80 112 59 30 118 67
85 104 52 85 116 61 85 122 69
920 108 53 90 120 62 90 126 71
95 112 54 85 124 63 95 130 73
100 116 55 100 120 64 100 134 75
105 117 55.5 110 128 65 110 138 77
110 118 56 120 130 66 120 142 78
115 119 56.5 130 131 67 125 143 78.5
120 120 57 135 132 68 130 144 79
125 12} 57.5 140 133 68.5 135 145 79.5
130 122 58 145 134 69 140 146 g0
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Sample Name : Segun Wood (Soaked in 1% Nagl Sol” for 48 hours)

Thickness =3 ¢m (approx.)

Time Temperature Time Temperature Time Temperature
T T T
(min} (min} (min)
0,% 8,% 0,% 8% 6% B,
{ 30 29 0 30 29 0 30 30
5 35 29 5 36 29 5 37 30
10 40 31 10 42 31 10 44 33
15 45 33 15 48 33 15 51 36
20 50} 35 20 54 35 20 57 39
25 55 37 25 60 37 25 63 42
30 60 39 30 66 39 30 69 45
35 64 41 33 70 11 35 75 48
40) 68 43 40 74 43 40 8l 51
435 72 45 45 78 45 45 85 54
50 76 48 50 82 47 50 89 57
55 80 51 55 86 49 55 93 60
6 84 54 B{) 00 51 60 97 63
65 88 57 65 94 53 65 101 66
70 92 60 70 98 56 70 105 69
75 06 63 75 102 59 75 1G9 72
80 100 66 80 106 62 8} 113 75
BS 104 08 85 1110 65 85 117 78
%) 108 70 o0 114 68 90 121 81
95 112 71 93 118 71 a5 125 83
100 113 72 100 120 74 100 129 85
1114 |15 73 10 122 77 110 131 87
120) 116 74 120 124 80 115 132 89
125 117 75 125 125 82 |20 133 90
130 1175 | 755 130 1255 83 125 134 91
135 118 76 135 126 84 130 135 92
140 1265 | 845 135 1355 | 92.5
145 127 85 140 136 03
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Sample Name : Segun Wood (Soaked in 1% Naél Solution for 48 hours)

Thickness S ¢m (approx.)

Tine Temperature Time Temperature Time Temperature
T T T
(min) {1n1n) (1nin}
8% | 6% 8,% | 8 9 | &%
0 30 29 0 29 30 0 30 29
5 38 29 5 35 30 5 37 29
10 40 3] 10 44 32 10 44 32
15 45 33 15 47 34 15 51 35
20 50 35 20 53 36 20 58 38
25 55 36 25 59 38 25 65 41
30 60 39 30 65 40 30 71 44
35 64 41 35 71 42 35 76 47
40 68 43 40 75 44 40 81 50
45 72 45 45 79 46 45 86 53
50 76 47 50 83 48 50 91 56
55 g0 49 55 &7 50 55 96 59
60 84 51 60 91 52 60 101 62
65 88 53 05 95 54 65 106 64
70 92 54 70 99 56 70 111 66
75 96 55 75 103 58 75 116 68
80 100 56 80 107 60 80 121 70
835 104 57 85 111 62 85 126 72
50 108 58 00 115 64 90 130 84
95 112 59 05 119 66 95 134 76
100 116 60 100 123 68 104 138 78
105 118 61 110 127 70 110 142 g0
110 120 62 120 131 71.5 120 144 82
120 122 63 130 133 72.5 130 146 83
130 124 64 140 135 75 140 147 &4
135 123 64.5 145 136 74 145 1475 | 84.5
140 126 65 150 137 75 150 148 85
145 1265 | 65.5 155 137.5 | 755 155 1485 | 855
150 |27 66 160 138 76 160 149 86
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Segun Wood (Soaked in 1.5% Na{l Solution for 48 hours)

Thickness 3 cm (approx.)
Time Temperature Time Temperature Time Temperature
T T T
{min) {1min) (min)
8% | 8% 8,°% B, 8% | 8%
0 30 29 0 29 30 0 30 30
5 35 29 5 35 30 5 37 30
10 40 31 10 41 33 10 44 33
15 45 33 15 47 36 15 51 36
20 50 35 20 53 39 20 57 39
25 55 37 25 59 42 25 63 42
30 60 39 30 63 45 30 69 45
35 64 41 35 6% 47 35 75 48
40 68 43 44 73 50 40 79 51
45 72 45 45 77 53 45 83 54
50 76 47 50 81 56 50 87 57
55 80 49 53 85 59 55 al 6{)
60 g4 51 6O 89 62 60 95 63
i 88 53 65 93 65 65 99 67
70 52 55 70 96 68 70 103 71
73 26 57 75 100 71 75 107 75
80 100 &0 80 134 74 80 111 79
85 104 63 83 108 76 &5 115 82
90 108 69 90 112 78 0 119 85
k! P12 72 95 [16 80 95 123 88
100 114 74 100 120 82 100 127 920
110 116 78 110 122 84 110 131 52
120 118 80 120 124 86 120 135 96
130 119 82 130 126 88 130 137 98
140 120 82.5 140 128 90 140 139 100
145 121 83 145 129 90.5 145 141 101
150 122 835 | 50) 130 91 150 142 102
155 123 84 155 130.5 | 91.5 155 | 1425 1 1025
160 131 92 160 143 103
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Scpun Wood (Soaked m 1.5% Naél Solution for 48 hours)
Thickness = 5 cm (approx. )

Temperature Temperature Temperature
Time |0,%¢  [0,% | Time [8,% |8,% Time |0,% 6%
T T T
{min} {min) {min)
0 30 29 0 30 29 Q0 30 30
5 35 29 5 36 29 5 37 30
10 4 31 10 42 30 10 44 33
15 45 33 15 48 33 15 51 36
20 50 35 20 54 36 20 58 39
25 55 37 25 60 39 25 64 42
30 60 39 30 60 42 30 70 45
35 64 41 35 70 44 35 76 48
410 68 43 40 74 46 40 82 51
45 72 45 45 78 48 45 80 54
50 70 47 50 82 50 30 90 57
53 80 49 55 86 52 55 94 60
60 84 31 6() 90 54 60 98 63
65 88 53 05 94 56 65 102 06
70 92 54 70 98 58 70 106 69
73 96 55 75 102 60 75 110 72
80 100 56 80 106 62 80 114 75
BS 104 57 85 110 64 85 118 77
30 108 59 90 118 66 90 122 79
95 112 o{} 95 122 68 05 126 g1
100 116 62 100 126 70 100 130 83
110 120 64 110 130 72 110 134 85
120 124 66 120} 134 75 120 138 B7
130 120 68 130 137 79 130 142 89
140 128 70 140 139 81 140 146 92
150 129 72 150 141 83 150 150 94
155 | 1295 | 725 155 | 141.5 | 835 155 152 94.5
160 130 73 160 142 84 160 154 95
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Sample Name : Segun Wood {Soaked in 2% Na€l Solution for 48 hours)

Thickness = 3 ¢m {approx.)

Temperature Tempcralure Temperature
Time 0, 0, Time 0, f, Time 0, &,
T T T
{intn) {min) (min)
0 30 29 0 29 30 0 30 30
5 35 29 5 3 30 5 37 30
1{) 40 32 10 41 33 10 44 33
15 45 36 15 47 36 15 51 36
|20 60 39 20 53 39 20 58 39
25 55 42 25 549 42 23 64 42
30 60 45 30 65 45 30 70 45
33 65 48 35 69 48 35 76 48
40 6 51 40 72 5l 40 82 51
45 73 54 45 77 54 45 88 54
30 77 57 50 81 37 30 94 57
55 81 60 33 83 60 33 100 60
60 85 63 60 89 03 6D 104 03
b5 39 66 65 93 66 65 108 60
il 93 69 70 97 69 70 112 64
75 97 72 75 101 72 735 116 72
&0 10] 74 80 105 75 30 120 77
85 105 76 83 110 78 83 124 81
90 109 78 90 115 g1 50 128 835
93 113 79 95 18 84 95 132 50
100 117 80 100 12] 87 100 134 95
110 119 82 110 125 90 110 136 100
1203 121 84 120 127 93 120 |39 102
125 123 86 130 129 95 130 141 104
135 125 88 135 130 96 135 142 | 104.5
140 | 1255 | 885 140 |32 96.3 140 143 105
145 126 89 145 133 97 145 | 1435 | 105.5
150 127 8Y 5 150 134 Q7.5 150 144 106
155 128 90 155 135 98
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Sample Name : Sepun Wood (Soaked in 2% Na€l Solution for 48 hours)

Thickness = 3 cm {approx.)

Temperature Temperature Temperature
Tiine o] 8, Tinme |6% |&% Tme [0,%% |8
1 1 T
{(min) {imn} (min}
0 30 29 0 29 30 Q0 30 30
5 35 29 5 35 30 5 37 30
10 40 32 10 41 33 10 44 33
15 45 35 15 47 36 15 51 36
20 50 38 20 53 39 20 57 39
25 55 41 25 59 42 25 63 42
30 60 44 30 65 45 30 69 45
35 65 47 35 69 48 35 73 48
40 69 49 40 73 51 40) 77 51
45 73 51 45 77 54 45 81 54
30 77 53 50 81 57 50 85 57
55 81 55 55 85 60 55 89 60
60 85 57 60 89 63 60 04 62
63 89 59 65 54 66 65 100 66
7} 93 61 70 10 69 71) 106 69
75 97 063 75 106 71 75 112 72
80 101 63 80 111 73 il 117 75
83 105 67 85 116 75 85 122 78
9 110 69 90 121 77 90 126 81
95 114 71 95 124 79 85 130 83
105 120 73 105 130 81 05 135 86
115 124 75 115 136 83 115 142 88
125 28 76 125 138 84 125 146 90
135 131 77 135 140 83 135 148 92
140 132 78 140 141 83.5 140 150 93
145 133 78.5 145 142 86 145 151 04
150 |34 79 150 143 87 150 152 05
153 135 79.5 155 144 87.5 155 153 5.5
60 | 136 | 80 | lov | 145 | 88 | 160 | 154 | 96
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Air gap thickness calculation :

For Gorjan Wood.

do KA (8, —0;)
We know, ms—— = S—
dt « +d;
dg” KA (7 -0%)
ms— = mmmmmmme- {11)
di o+ dj

Where d, aud d; are specunen thickness,
o =air gap thickness.

Now from eq" (1) and (2) We get,

db)
K= — e (i1}
dd  db

-8 f—/—13] ~ (6,-9
(& 92)[{{” i - (81-92)

For dry sample |
V=10 volt,
dy—dy= 4.8-30=18cm
il
dr
do”

dt
6, -0, = 45%

= 00044

= {1.00404

0, — 85 =65"%



Patting this value m equation (3), then we get,

1.6693 x 1.8 x 0.0044
0.00044

65 % —— — —

0 00404

= 0.000504 cal cm *sec! V¢!

Now from cg” (1), we pet,

KA (8 — 6,)
do

ms ——

dt

0.000504 < 45 x 85,1775 3

12258 < 0.116 =« 0.0044

o

= (0.0877 em

- Aar gap thickness = 0.0877 cm.
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Gorjan Wood

(dry sample)

Table-1
Specimen | Voltage de d9
thickness — ((h — 61) L6693 (00877 + d) —
dy cm Volt dt dt
K=
(& — 82)
cal cm sec’! Y¢!
3 10 0.0044 45 0.030504
3.05 11 0.0045 40 0.0005]2
3.0 12 0.0047 47 0.000515
Tahle-2
(dry samplc)
Specimen | Voltage de’ a6’
thickness — (6" —84%) i 6693 (00877 +dy) —
d; cm Volt dt di
K =
{04 — 0%}
cal em se¢”! "¢’
4.8 10 0.00404 63 0.000512
5.0 11 0.0041 66 0.000527
5.1 12 0.00415 67 0000535
Table-3
(Treatment with 1% Nacl Solution)
Specimen | Vollage db do
thickness — (0, —6;) 1.6693 (0.0877 +d;)—
dy cm Volt di dt
K= —-
(G — 8y}
cal em “sec! ¢!
3.0 10 (b.00489 42 0 00060
31 Il (1.0048Y 43 0.000606
32 12 0.00489 44 0.00061
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Table-4

{Treatment with 1.%4 Na{l Solution})

Specimen | Voltage do’ da’
thickness — (G — 8% 1.6693 (0.0877 < d) —
d; cn Volt dt dt
K=
(g'1—67%)
cal cm sec! ¢!
3.1 10 0.0045 63 0.000610
5.1 11 0.0046 04 0.00062
52 12 0.00464 65 0.00063
Table-5
(Treatinent with 1.5% Nagl Solution.)
Specnnen | Voltage ad do
thickness — (0, — 0;) 1.6693 (008774 d)—
d, cm Volt dt dt
K=
(01 — 9;)
cal om Tzee! O
3.0 10 0.00495 37 0.00069
3.1 11 0.00502 38 0.000703
3.2 12 (.00501 39 0.000705
Table-6
(Treatment with 1.5% Na{l Solution)
Specimen | Voltage do’ de’
thickness — (07 — 0%} 1 6693 (0.0877 + dg) —
d; cm Volt dt dt
k=
@5 — 0%
cal em 'sec” ¢!
5.0 14 0.00456 37 0.00068
a1 11 3.0047 537 (.0000695
572 12 0.00471 59 0.000704
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Table-7
(Treatment with 2% Nall Solution)

specimen | Voltage do df
thickness — (0, — 0;) 1.6693 (0.0877 +d) —
d, cm Volt dt d
K=
(8, — 0y}
cal em sec! O
3.0 10 0.0051 35 0.00075
3.2 11 0.00502 36 0.00076
3.25 12 {0.00501 37 {.000775
Table-8
(Treatment with 2% Na€l Solution.)
Specunen | Voltage dg’ da’
thickness — {6 —8%) 1.6693 {00877+ dy) —
d> cm Volt dt dt
K=
(0’ —8%)
cal cm Tsec %!
4.9 10 0.005 54 0.00077
5.1 1 0.005 55 {(1.00078
5.2 12 0.005 56 0.00079

109

I



GROJAN WOOD
{dry sample)
Thickness = 3 cm (approx.)

10 Volts 11 Volts 12 Volts
Time (8% |8’ Time | 0% | 0% | Time | &% | 0%
T T T
(min) {mmnt} {min}

0 30 29 0 29 30 0 29 30
5 34 29 5 29 30 5 33 30
10 38 32 10 34 31 10 37 33
15 42 35 15 38 33 15 4] 36
20) 46 38 20 42 36 20 45 39
25 50) 40 25 46 40} 25 44 42
30 54 42 30 50 47 30 53 44
35 58 44 35 54 44 35 57 46
40 62 16 40 58 16 40 61 48
45 06 48 45 62 48 45 65 50
50 72 50 30 66 50 50 71 52
55 78 51 55 70 32 55 77 34
60 B3 52 60 34 54 60 82 56
65 g8 53 65 80 56 65 87 58
70 92 54 70 g6 58 70 9l 60
75 Q6 55 735 92 60 75 95 62
80 99 56 80 98 62 80 9% G4
85 100 57 83 102 64 83 103 66
90 101 58 90 106 60 90 107 68
95 102 58.5 95 109 68 95 113 70)
100 103 59 100 111 69 100 118 72
105 104 59.5 |05 113 70 1035 121 74
110 105 60 110 115 70.5 110 123 76
115 116 71 115 124 77

120 117 71.5 120 125 78

125 118 72 125 126 79

130 | 1265 | 79.5

135 127 80
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Gorjan Wood
(dry sample)
Thickness = 5 cm (approx.}

Time |07 |8%% | Time | 8% | 8%% | Time | "% | 0%5%
T T T
(min) {min) (min)

0 30 29 0 29 34 0 29 29
5 34 29 3 35 30 5 33 29
10 3k 31 10 41 32 10 37 30
15 42 32 15 45 34 15 41 32
20 46 34 20 49 36 20 45 36
25 50 36 25 53 38 25 49 40
30 54 37 30 39 ) 30 53 43
35 58 38 35 6! 42 35 57 45
4{) 62 39 40 65 44 4() 61 47
45 66 4} 45 71 45 45 63 44
50 70 4] 50 77 46 5{ 71 31
35 78 42 35 83 47 35 T4 53
60 82 43 060 88 48 60 &3 55
65 86 44 b5 03 49 65 89 57
70 90 45 7 98 50 70 95 59
75 94 46 75 102 51 75 101 61
80 98 465 80 106 32 80 107 62
85 102 47 85 09 53 RS 113 63
Of) 106 47.5 90 112 54 00 L9 05
Q5 (Ee; 48 05 114 55 95 123 6
100 112 48,5 105 118 56 105 127 67
105 113 49 110 122 57 110 130 68

|14 114 495 115 124 58 120 133 083

125 115 50 125 125 59 125 135 09 5
130 [25.5 | 59.5 130 136 70

135 126 60 133 137 70.5
140 138 71
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Gonan Wood
(Soaked in 1% NaCl solution for 48 hours)
Thickuess = 5cm (approx.}

Temperturc Temperturc Temperture
Time | 07" | 0%% Time | 8% | 65% | Time | 8% | 8%%
T T T
(nn} (min) {min})
{ 30 29 () 30 29 0 30 30
5 36 29 5 37 29 5 37 30
10 42 30 10 44 30 10 44 31
I3 48 32 15 51 32 15 51 33
20 54 34 20 57 34 20 57 35
25 o0 36 25 63 3 25 63 37
30 66 38 30 67 38 30 69 39
35 70) 40 35 75 40 35 75 41
40 70 42 40 81 42 40 g1 43
45 82 44 45 87 44 45 &7 45
50 88 45 50 93 46 50 33 47
55 92 46 55 99 18 35 99 49
60 96 47 60 104 50 60 105 51
65 100 48 63 109 52 65 111 53
70 102 49 70 112 54 70 115 55
75 104 50 75 115 56 75 120 57
80 106 51 80 118 58 &0 124 54
85 108 52 85 120 a0 85 128 61
90 109 53 90 122 62 90 130 63
100 113 54 100 124 63 100 132 67
| 10 |15 55 {10 126 65 110 134 70
120 117 50 120 128 66 120 136 72
130 119 57 130 130 67 130 138 74
135 120 57.5 140 132 68 140 140 76
140 121 58 150 133 69 150 142 78
155 | 133.5 | 695 155 143 79
160 134 70 160 144 79.5
|65 145 80




Gorjan Wood
(Soaked in 1.5% NaCl solution for 48 hours)
Thickness = 3cm (approx)

Temperture Temperiure ‘Temperture
Time | 8°%¢ 8“23 Time | &%¢ 8%¢ Time E}“lc 8% ¢
T T T
{min} {min) (1mm)
() 30 29 () 30 29 () 30 30
5 36 29 5 37 29 5 37 30
10 42 31 10 44 32 10 44 31
15 48 33 15 50 35 15 51 33
20 54 35 20 36 138 20 58 36
35 60 37 25 62 4] 25 ] 40
30 64 39 30 68 44 30 7 44
35 68 41 35 74 47 35 76 48
4() 72 43 40 80 30 40 80 3l
45 70 45 435 84 53 45 84 54
50 80 47 50 88 56 50 88 57
55 84 49 35 h2 59 55 92 59
60 88 51 60 90 62 60 96 62
65 92 54 65 100 05 65 100 65
70 5 57 70 |04 67 70 104 68
75 97 60 75 106 69 75 108 71
80 100 63 &0 108 |, 71 &0 112 74
85 1413 06 85 110 | 73 85 116 77
00 106 69 00 1271 75 90 120 80
100 109 72 100 114 79 100 124 XY
110 112 75 110 116 81 110 128 &8
115 114 77 120 118 83 120 130 02
120 115 78 125 120 84 125 132 93
125 16 79 130 122 85 130 133 04
130 116.5 | 79.5 135 123 85.5 135 | 1335 | 945
135 117 80 140 124 86 140 134 95

13




(Socaked 1.5% NaCl solution for 48 hours)

Gorjan Wood

Thickness = Scin (approx)

Temperturc Temperture Temperture
Time [05% |0%% | Time | 83% | 0%% | Time | 87% | 8%"%
1 1 T
{min) {min) (min)
() 30 29 0 30 29 ) 30 30
5 36 29 3 37 29 5 38 30
10 42 31 10 44 31 10 46 33
15 48 33 15 51 33 15 53 36
20 549 35 20 58 35 20 60 39
25 6() 37 25 65 37 25 67 42
3 G 39 30 72 39 30 74 45
335 72 4] 35 78 4] 35 80 48
4{) 78 43 40 84 43 40 80 51
45 82 45 43 G0 45 45 92 54
50 86 47 50 96 47 50 98 57
55 90 49 55 100 49 55 104 60
60 94 51 60 104 57 60 110 62
65 08 33 65 110 53 65 14 64
70 102 55 70 112 53 70 118 66
75 106 57 75 114 57 75 122 08
8() 108 58 80 116 59 80 126 71
85 110 59 85 118 61 85 130 73
00 12 60 o) 119 63 90 |32 75
95 114 61 05 120 65 D5 134 77
1041 116 62 100 122 07 140 136 79
105 18 63 103 124 68 135 138 L
110 120 64 110 126 09 110 1410} 81
120 122 60 120 128 71 120 142 23
130 123 67 125. |29 72 130 143 845
135 124 67.5 130 130) 73 135 144 85
140 125 6% 135 1305 | 735 140 1445 | B35
[ 40 131 74 145 145 86




{(Soaked 2% NaCl solution for 48 hours)

Gorjan Wood

Thickness = 3cm (approx)

Temperture Temperture Temperture
Time |8%¢ | 0%¢ Time |8%¢ |[8%¢ Time |6%¢ |8%¢
T 1 .
(i’ (min) {(1nin)
0 30 29 0 30 29 {} 30 30
5 36 29 3 37 32 3 37 30
10 42 32 10 44 35 10 44 34
15 18 35 20 51 38 15 51 38
20 54 38 25 38 41 20 58 42
23 60 41 30 63 44 25 65 46
3 66 44 35 71 47 30 71 50
35 70 47 40 17 50 35 77 54
40 74 50 45 83 53 40 83 48
45 78 33 50 87 50 45 87 62
50 82 56 55 91 50 50 91 66
535 86 39 60 93 62 55 95 69
60 90 62 63 99 65 60 99 72
63 94 65 70 103 68 65 103 75
70 08 68 75 107 71 70 |37 78
75 102 71 S0 111 74 73 111 51
5 166 74 835 114 77 k0 115 | 84
85 110 76 90 126 79 85 119 87
90 112 78 100 120 83 00 123 40
100 14 51 110 124 83 100 127 Q4
|10 116 82 120 126 89 110 131 Q6
|20 118 835 125 127 91 120 135 98
125 119 &4 130 128 92 130 137 100
13 1195 | 845 135 1285 | 925 133 138 1¢1
133 120 85 140 129 93 140 | 1385 | 101.5
145 139 102




(Soaked 2% NaCl solution for 48 hours)

Gorfan Wood

Thickness = 5cm (approx)

Temperlure Tcemperlure Temperture
Time | 0% [0%% | Tmme | 8% | %% | Time | 8% | 8%°%
I T T
(min} {(min) {inin)
0 30 29 {) 29 30 0 30 30
5 36 29 5 36 30 5 37 30
10 42 31 10 43 32 10 44 33
15 48 33 15 30 34 15 51 36
2() 54 35 20) 57 36 20 58 39
25 6() 37 25 G4 38 25 64 42
3} 06 39 30 70 40 30 7} 45
35 72 41 35 76 42 35 76 48
40 78 43 40 82 44 40 82 51
45 84 45 45 86 46 45 88 54
50 88 47 50 () 48 50 94 57
55 92 49 55 34 50 55 100 60
6( 96 51 60 98 52 6() 106 62
63 100 53 65 102 54 05 110 64
70 104 55 70 106 56 70 114 60
75 108 57 75 110 38 75 118 68
80 110 59 80 114 60 80 122 70
BS 112 6l 83 118 63 85 126 72
90 14 63 S0 12] 00 o0 130 74
95 | 16 64 95 124 09 05 134 76
1 (H) 118 (5 100 120 72 100 136 78
110 120 07 110 129 74 110 138 82
120 127 69 120 131 76 120 140 85
130 124 71 130 133 78 130 142 B6
140 126 73 140 135 80 140 144 B8
[50 127 74.5 150 136 g1 150 143 29
155 |28 75 135 | 1365 815 155 | 1455 | 89.5
16() |29 755 160 137 82 160 146 Eid)
163 130 76

116




(Soaked 1% NaCl solution for 48 hours)

Thickness = c¢m {approx)

Gorjan Wood

‘lemperiure Temperture Temperture
Time |8,% 16% Time | 6% | 0,%¢ | Time | 9% | 86,
T T T
(min} (rrun) {imin})
0 30 30 0 30 30 0 30 30
5 30 30 5 38 30 5 38 30
10 42 30 10 44 32 10 46 32
15 52 32 15 50 34 15 54 34
20 57 34 20 56 387 20) 62 36
25 64 36 25 66 42 25 70 40
30 70 38 30 68 46 3{) 78 45
35 76 40 35 74 50 35 84 43
40 &{} 42 40 g0 544 40 90 51
45 Bd 44 45 86 57 45 96 54
50 87 46 50 %4 80 50 102 57
55 92 48 55 98 62 55 108 60
6 04 50 60 102 64 60) 112 63
63 G6 52 65 106 66 05 116 66
70 98 54 70 110 68 70 120 6%
75 100 56 75 114 7 75 124 72
R0 102 58 8 116 72 30 126 75
85 104 6{) 85 117 74 85 127 79
90 106 62 90 118 75 S0 |28 82
95 107 64 95 119 76 95 129 85
100 108 65 100 120 77 100 131 87
105 | 1085 66 105 121 78 105 132 89
110 109 67 110 | 121.5 | 78.5 11O 133 90
15 | 1095 | 67.5 115 122 79 115 134 91
120 110 68 120 | 1225 | 795 120 135 91.5
125 123 g0 125 136 92
117



Temperoture | ®c )

Segun wood (Dry sample )
Thickness = 3cm [approx]

100§
90
Lt
dé 19
BOF dt  GX60 0049
[+
70
0o _ 18
dt " 66xa0 00682
60+
48 15,
T soxeo 086
30 ] 1 1 ] | L | |
10 20 0 40 50 60 70 B0

— = Time (minutes}



Temperature ( °c)

Segun wood
Thickness = Scm (approx.)

ag
la)
80
1]
er 9 _ 18 ogel
dt T1X60
4
60+
48 .7 o0
dt 66X 60
G-
48 15 - .gg4g
dt  63X60
H 1 1 | 1 1 ] I
N} 10 20 30 &0 50 650 70 80 18

— = Time {minutes}



Segun wood
Treatment with 1% Nael solution

Thickness = 3em (Qpprox.)

1190

90

- 1]
N 4.5 s
. ar | &X60
o
=2
2
Y
E 80
&
;B ..00508
59 X60
TOr
15 00490
$9X60
50 ! 1 i l | I ] 1
O 10 20 an L0 c0 60 70 B0 a0

—_— TI'I"'I‘"IE [I'I'll-l"ll.ItE"'F:r;i



Temperature {?¢)

Segun wood 1% Nacl
Thickness = Scm (approx.)

100
q
30+
ﬂ\.
gl
.d_a_gﬁirﬁnﬁiﬁ
dt 65X 60
70
48 18
t 6IXED Q0476
501
E-E—— 17 =03 456
dt G2 %50
50 1 1 1 | l ] ! ]
0 0 20 30 40 g &0 70 a0 o0,

Time {minutes)



————= Ternperature {®c¢)

1.5 %4 Nacl ({Segun wood)
Thickness = 3¢m {(approx.}

116
1]
Mo
4
100~
48 .3 s
db - S8Xe0
g 18
ot " Boxeg oS08
df  SEX&0 00317
70 ! ! t L 1 I 1 i
v, 10 20 30 &0 il &0 70 a0

. Time [minutes}



c)

————wTemperature { °

Treatment with 5% Nacl solution

Segun wood
Thickness = 5cm [ approx)

110

100

60

| | | [

—
=

S1X 60

& 18

qt 621X 80

48
dt BV k&G

=-00RY

=-00448

= OhhL

30 40 50 60

i mjﬁu!l‘q_t 1

I

90



Temperoture (°c)

Treatment with 2 % MNacl solution

Segun wood
Thicknass = 3cm. (approx.)

120
Gﬂ\
N
90
=]
B0 1 I 1 1 | i 1 |
0 10 20 30 40 =0 &0 70 80 90

—_— o lime [minutes)




1090

Temperature { %c)

Treatment with 2 % Nacgl solution

Segun wood

Thickness = 5¢m {(approx.)

10

901

g0

70

I

de
dt

de _ 19 _.on5s
dt  58X60

0 _ 285 _ 522
dt 59X60

= B = 00526
STX60

10

0

30

40 50
a— Time (minutes)
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——— = Temperature (°c)

Gorjpn wood .
thickness 3cm (approx}

304

80

/

ge 185,
dr 65)(6000”
709
d8 . 1 _ poss
dt  63X40
&0
98_ 17 . .opus
65X 60
50 ] 1 1 1 | 1
0 10 0 30 L0 50 60 70 80

—_— w Times { minutes )



(®¢)

Temperature

80

70

50

Gorjon wood
thickness = bcm. {approx}

o -.p0815

917 soa
At 69Ks0
17
To% 40~ C00¢
i 1 1 | ] ] 1]
0 [} 20 0 &0 50 1] 70 80

—==Times {minutes)




Tregtment with 1% MNacl solution

Garjon wood
Thickness =.3¢m { approx )

100
20
ﬁ:%aumag
~ 80 dt &IX6
L)
1)
o
5
=]
-
LY
(=l
=
.
+._
de_8 _.
dt “s2ney D089
qr
0
98 . 18 ..g0489
dt 621X 40
54 ] ! I ] L ] t ]
ad 10 20 30 L0 RO 60 70 80 ap

— w» Time {(minutes)



———a Temperature {?¢}

i % Nacl { Gorjan)
tnickness = Scm (approx.}

90

Bﬂtr\

50
de _ 17
b OBOXGO boLé
&k | | | l | I ] !
0 10 20 an 50 50 60 70 o

— = Time [minutes }



-

— = Temperature (®c)

100

90

80

70

66

Treatment with 1.5 % Nacl sclution
Gorjon wood
Thickness = 3¢m (approx)

49 _ 18 _a050
dt  6G%6D

gt 63 X0 00N

48 - 115, gpugs
db - S9X60

0 10 20 30 &0 50 60

— & Time (minutes )
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Ternperature

100
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80
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54

1-5 % {Gorjon)
Thickness = 5¢cm { approx)
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Y
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2% Nacl {Gorjon wood )
Thickness = 3¢m {approx.)
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C e S -

« Treatment with Z % Macl solution

Gorjon waod

100

g0

————w Temperature {(®c)

70
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l 1 1 |

g8 19
dt  63X60
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