531
1981
NAD

OPTICAL, THERMAL AND ELECTRICAL

PROPERTIES OF CARBOMNS OBTAINED

FROM THE COCONMUT-—-SHELLS AVATLARLE
IN BANGLADESH

BY

NADIRA AZIZ, B.Sc({Hons!, M.5c.

4 THESIS PRESENTED T0D THE DEPARTMENT OF PHYSICS, BUET, DHAKA IN

PARTIAL FULFILMENT FOR THE DEGREE OF MASTER OF PHILOSOPHY

ﬂHWHWMWMHMNW!

i
BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY
DHAKA

AUGUST, 1991



CERTIFICATE

This is to certify that this thesis which I have presented for
an M.Phil degree embodies the results of my course of further study
and resesarch and that this work has not been submitted elzewhers

for the award of any degree ar diploma.

Nodira ﬂai%_

{Nadira Aziz)

Signature of the Cand:date

Countersigned

T W aee

{Dr. Tafazzal Hosesain)
Professor, Physics Department
BUET, Dhaka-1000

Jupervisor




a

BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY
DEPARTMENT OF PHYSICS
CERTIFICATION OF THESIS WORK
A THESIS ON '
OPTICAL, THEHMAL AND ELECTRICAL PROPERTIES

OF CARBONG OBTAINEDP FROM THE COCONUT-BHELLS
AVAILARLE 1IN BANGLADESH.
BY
HADIRA AZIZ
has been acceptad as satisfaectory in portinl fulfilment for
the degree of Master of Philosophy in physics and cortify that
the studont demonstrated a satisfnctory Imowledge of the

field covered by thie thesis in an oral oxamination held on

27 Auguat, 1991.

Board of Examinsers ﬂj_li?n
= PR

1Y%
1. Dr. Tafazzal Hossain Chairman
Suparviser
Profeasor,ﬁhxﬂica Dapt.,
Bangladeoh University of
Engineering & Technology,
Dhaka - 1000, Bangladesh, . AL

2. Head, Physics Department, Mamher )8 21
Bangladesh University of
Engineering & Techrology,
Dhaka - 1000, Bangladesh.

5. Dr, Gies widin -&hm‘ud Henber 4‘1” P\JKFE;I\ U‘eﬁr\uﬁu‘

FProfessor, Physico Dapt., 29-.8-91
Baogledesh University of )
Engineering & Technology,

Dheka - 1000, Bangladesh.

‘o Dr. Mominul Hugq Member

Apsoclate Professor - 3 -E-5
Poyaics Department

Bangladesh University of
Engineering & Technology,
Dhaka - 41000, Bangledssh.

Ann g
. Dr. Afrozi Yunue _ Homppr &% € 7/
Professor, Physice Dept., (Extéinal)

Jahangir Kagar University,
Bavar,Dhaka, Bangledesh.



LR L] T

ACKNOWLEDGEMENT

I expresses my deep sense of gratitude to my superviscr;}
Dr. Tafazzal HDssgin, Professor, Department of Physics, Bangladesh
University of Eﬁgineering and Technology, Dhaka, and Dr. HMeominul
Hug, Azsociate Professor of the same Department without whose
constant guidance and encouragement, untiring help and invaluable
suggestions this work would not have been completed.

I am grateful to Dr. All Asgar, Professor and Head, Department
of Physics, BUET for providing me with the necessary facilities in
connection with my work and also for hig waluable help, useful
criticisms and suggesticons in course of this work.

My sincere thank is due to Dr. Giasuddin Ahmad, PFraofessor of
this department for his keen interest and constant encouragement
througheout the progress of this work.

I wish to express my gratitude toc Dr. Abu Hasan Bhuiyan,
Assistant Professor of this department for his keen intersst, help
and suggestions during this wark.

I would also like to offer my thanks toc Dr. Nazma Zaman,
Mrs. Dil Afroz, Mrs. Fahima Khanam and all other teachers of this
department for their keen interest in my work. I also acknowledge
with thanks many valuable help and suggestions received from
Mr. Jiban Podder, Lecturer of this department and also from Nasima
Shamim Khan Chowdhury and Kamal Kanti Das both M.Phil students of
this department.

I would like to thank the DAERS, Bangladesh University of

Engineering and Technology, Dhaka, for allowing me to use the



facilities of varicus workshops of this University. In this
connection, sincere thanks are also due to Mr. Ahmed Ali Mollah and
Mr. Juifigqur Ali Bhuivan both Foreman instructors of +this
university for their kind co-operation in making some equipments in
connection with my project.

I also express my gratitude to Dr. Shamim Jahangir Ahmed and
Kazi WNasrin Farcoque for helping me in taking the DTA traces in the
BC3IE laboratery.

Thanks are alsc due to Mr. M.A. Beg of E.C.3.1.R Laboratory
for his help in develoring and printing of the photo-micrographs
obtained in connection with my ﬁorks.

I also wish to extend my heartfelt dgratitude to the Library
Staff of BUET & AEC fof their sincere co-operation.

I wonuld also like to thank Mr. Md. Hossain A11 for typing the
manuscript of this thesis and Mr. Md. Shahiduddin and Mr. Md. Abdul
Ehaled for drawing scme of the diagrams of the thesis.

in preparing the thesis I have consulted freely wvarious works
of others and grateful acknowledgemsent is made toc all the authors
mentioned in the references.

Finallv I am grateful to Bangladesh University of Encinesring
and Technology for giving me the teaching Assistantship and

providing necessary financial support for conducting this work.



ABSTRACT

The thermal, cptical and electrical properties of rcarbons
obtained from coconut-shell c¢ollected from different parts of
Bangladesh have been carried out.

Differential Thermal Analysis (DTA) traces of the raw and
partially carbonised coconut-shell samples ascertains that coconut-
shel}l on pyrolysis gives rise to carbong of non-graphitic in
charactaer.

Again, when cobserved with c¢ross-polars, the polarized-light
photo-micrograrhs of the carbong obtained by pyrolysis of coconut-
shell within the mesophase temperature regicn also depicts an
isotropic and hence non-graphitic behavieour. The physically
appearing cerbons from coconut-shell having high microporesity and
relatively low dansity also shows the non-graphitizing nature.

The average activation energy obtained from the conductivity
measurements of the different carbon samples comes cut to be 11.1
Kcal/mole, which also support the DTA and cptical findings that the

samples under investigation are non-graphitizing in character.
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CHAPTER 1

INTRODUCTION

Carbon 1is an extremely versatile element. Its
usefulness to mankind is reflected in its wide uses. Its
importance and applications are growing each year. The use of
carben is apparent only when we single out the manv phases of
our everyday living where this adaptable element is essential
in the black pigment of the ink of our books, magazines,
newspapers, in carbon paper, in pencils, as the black colour
in many paints, autcomobile finishes, and shoe blackening, as
a strengthening and toughening constituent of rubber tyres,
tubes, and ather tubber goods, and as an sssential element in
the construction of a very large amount of electrical
equipment from the household vaccum c¢leaner to the largest
dynamos. The carbon arc is used in the production of visible
and ultraviolet radiations for use in an increacsinglv large
numbher of industrial processss dependent on photochemical
reactions. The irradiation of milk to produce a higher vitamin
D potency ia one example of this use. Carbon and graphite
products as structural materials are finding new and
increasingly extensive application to chemical and
metallurgical industries. Graphite is used both ag moderator
and as structural material in nuclear reactors due to its low

atomic mass and low neuktron absorption. Electrodes wade of



carbon and graphite are very important industrial equipment;
indeed, electrodes represent the largest single outlet for a
carhon product, Most of the diamonds found are not ths gem
quality but are used in industries for cutting and polishing
metals or stones.

buring the heat-treatment of carbon containing materials
to high temperatures, the removal of noncarbon atoms, usually
ckygen, hydrogen, nitrogen or sulphur, as well as some carbon
constitutes the process what is known as 'carbonisation'. The
process follows a rearrangement of atomic order within the
remaining carbon atoms giving a greater degree of order within
the carbon produced which may develop a three-dimensional
order. Simply this development of a three-dimensicnal order
which produces a structure very close to the well-defined
structure of pure graphite is termed as 'graphitization'.

Very little is known in the open literature as to the
properties of carbons ohtained from coconut shell, although it
is wall known that the percentage of carbon ocbhtained by the
pyrolysis of coconut is very high. As carbon have manifold
vees and its allotropic forms: grephite and diamond are
valuable elements, the objective of this investigation ie to
find the nature of carbons obtained on pyrolysis of coconut
shell.

The Differential Thermal Anslysis {(DTA), the polarized
light technique and resistivity measurement have heen applied
to investigate the graphitic or nongraphitic nature of carbons

obtained by heat-treatment cof powdered coconut shell. To date



the plastic or liquid state mesophase formation of optical
anisotropy as a prereguisite to graphitization is a well-Known

L4340 15 this phase, the pyrolysed sample in the

phenomana
temperature interval 350-600°C exhibits formation of spherules
and its growth by coalescence with increasing temperature and
ultimataly the formation of mosaic texture. This mescphase can
be observed by polarizing microscope with cross pelars putting
the gypsum plate {(red-1 plate) at 45" with one of the polars
fgensitive Tint Technigquea).

The DTA of the sample with few eXxceptions shows an
endothermic peak in the initial stage provided it is

LEJ. The exothermic peak indicates generally the

gravhitizable
non-graphitizability of the sample. The exothermic reaction
gives rise to cross-linking between a pair of layer planes in
the sample for which it becomes non-graphitizable. On the
other hand, endcthermic reactions allows the formation of
planer distribution of the molecules in the sample thereby
producing oriented aromatic rings which is one of the criteria
of a graphitizable organic compound.

The resistivity measurement of the sample with increasing
temparature givas an inslght about its conducting or
semicnnducting'naturaaﬂ. We know that all graphites have semi-~
conducting nature but all organic semi-conductors are not
graphitic in nature. 8o resistivity measurements of the
carbons obtained from coconut shell wWith increasing

temperature gives an idea as to whether it is semiconducting

or not. In the process of heat treatment the random variation



of resistivity in the 1nitial stage of carbonisation is
expected to occur due to the evelution of various hydrocarbon
gases, CO; etc. present in the egpecimen zand due to the
rearrangements of the molecules within the samples. In a
graphitizing sample the rearrangement of the molecules lead to
a stable graphitic state where an energy gap is created and
hence the valence electrons need more energy to be transferred
from wvalence band to unfilled conduction band. This is
manifested in the resistivity increase with the rise of
temperature at the mescphase stage. This i3 an expacted
unavoidable character of all graphitizasble organic semi-

aconductors.
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CHAPTER 2

CARBON AND ITS DIFFERENT FORMS

2.1 Introduction

Carbon, the sixth element in the periocdic table, has an
atomic welght of 12.011 on the chemical scale. The electron
configuration of carbon is 1522522P2. Qut of the six electrons
in & neutral carbon atom, the cuter four electrons in the L-
shell {ZEIEPH, are always available for chemical bonding by
the oxidation of one 8 - electron into a p-state, followed by
orbital mixing.

In the elementary form, carbon occurs naturally in
'amorphous' forms such as charcoal, lignites, gilsonite and in
more limited quantities in its two allotropic crystalline
forms as natural graphite and diamond.

The arrangement of the electrons in the outermost level
of carbon when carbon is covalently bonded is not the same as
when carbon is in the atomic state. The electron configuration
of carbon in the atomic state is 1sizsl2pl2pl From this
configuration, it would be expected that carbon would form
bonds by combining or overlapping of the btwo partially filled
.Porbitals with 5 or P atomic orbitals of other atoms.

Carbon uses SP! hybridized orbitals when it forms bonds
with four other atoms. However, organic compounds do not
contain carbons with EPahybridized orbital only. In addition,
carbons with SP! and sp hybridized orbitals are possible.

The combination of one 5 orbital and two F aorbitals forms



three SP! hybrid orbitals. The hybridization process results
in the folleowind change in the electron configuration:
. hybridization 2 2.1 11 2.1 ,
18lzsizplaplap? oo > 1sizr(sphitrselyl(splylyzpt

Atomic state of carbon 3P‘ hybridized state of
carbon  *

The three sp! orbitals are coplanar, and the angles between
them ;re 120%, Each orbital contains one electron. The
remaining P orbital contains one electron and lies
perpendicular to the plane of the sp! orbitals. The SP*
orbitals with the lobes of the P drbital above and below the
plans are shown in Fig. 2.1.

carbon uses SP! hybrid orbitals when 1t ims bonded tc
three other atoms. The combination of one 5 orbital and one P
orbital produces two SP hybrid orbitals. The hybridizaticen

pracess results in the following change in the electron

configuration:
hybridization o
igi2gloplzplop? -2 y 1si27(spii(spyij2nl 2pt
Atomic state of carbon 5P hybridized state of

carbon

The two SP orbitals are 186° apart and 1ie along the same
line. Each orbital contains one electron. The remaining two P
orbitals each contain an electron and are perpendicular to one
another. The SP orbitals with the lobes of one P orbital above

and below the plane of the line joining the twg SE orbitals



and the other P orbital in front of and behind the line
joining the two SP orbitals are depicted in Fig. 2.2. 1In
summary, carbon uses sp’ hybrid orbitals when it forms bonds
with four cther atoms, as in methane; SP2 hybrid orbitals when
it forma with three other atoms, as in ethane; and SP hybrid

orbitals when it is attached two other atoms, as in acetylene.

2.2 Different forms of carbon

Nonfabriceted industrial carkben is represented by lamp
black, carben black, activated carbon, graphite, and
industrial diamonds. The first three are eXamples of amarphous
carbon. In general, carbon is chemically inert and is
infusible at atmaspheric pressure. There &are only two
allotropic crysetalline forma of carbon: (i) graphite and (ii}
diamond. Graphite and diamond resist oxidation even at fairly
high temperatures. Both the graphite and diamond are found in
nature or can be produced artificially from many carbon
containing materials. The differehce in properties between
these two allotropic formse is determined by the forces lying
within and between crystallites.

Graphite is a laminar structure and is the anisntrupia
allotropic form of carbon. Each layer consists of a very large
number of carbon atoms ce-valently linked to form what may be
considered to be a huge polynuclear aromatic macromolecule,
Each layer is planer, or very nearly so. The accepted ideal
crystal structure which was first established by Berna11{1924]

is illustrakted in fig. 2.3. Graphitizing carbon are generally



relatively soft and are of high apparent density. It is a
stable hexagonal lattice where the basal planes or layer
planes consist of open hexagons with inter atemic C-C distance
1.415 A" for strongly linked ones and these planes are stacked
in an alternating sequence, the inter planer distance being
3.354A° for weak bonding ones.

Diamond is a face-centered cubic material with each
carbon atom bonded covalently to foura in the form of a
tetrahedron, the inter atomic distance being 1.54A". It is the
hardest known naturally occurring substance due to the
rigidness of the tetrahedral covalent bond lattice of the
single macromoleculs that forms the perfect crystal. Diamond
is metastable to graphite. It has great industrial importance
in ¢utting, shaping and polishing hard substances. Diamond is
a pure crystalline form of c¢arbon and alse the hardest
avgilable substance.

The graphite is converted into diamond by the assistance
of crystals as well as high temperatures and pressures. Though
the structure of diamond {fig. 2.8} is not the hexagonal, but
Ergon and Lerc:-y2 have shown that a hexagonal structure for
diamond is possible. Again diemond changes spontanecusly at

3abcwe 1500°C. Thermcdynamically,

ordinary pressure to graphike
graphite at atmospheric preeeure is the more stable form of
carbon.

Crystallographicaelly perfect graphite has a density of
2.266 gm/cm!, while for diamond the density is 3.53 gm/cm’. Tt

iz believad that they are formed deep in the earth under
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great pressure and temperature. 30% of the diamond used
industrially are now produced synthetically. In the graphite
structure only three of the four valence electrons of carbon
form regular co-wvalent bonds with adjacent carbon atoms. Ths
fourth electron is free and it resonates between the valence
bond structures. The weak Van der Waals forces exist betveen
planes, while the strong chemical bonding forces exist in the
basal planes. The bonding energy between planes is only about
2% of that within the planes’.

In the case of hexagonal graphite structure, AB AB is the
gstacking sequence of the planes as shown in fig. 2.3. 5o that
the atoms in alternate planes are congruent. A rhombohedral
structure has been found to exist in many graphites where the
stacking sequence is ABC ABC ag gshown in fig. 2.4. Lipson and
Stokes’ (1942) were able to show this rhombohedral lattice
which was orijiginally proposed by Debys and Scherrer’ {1917} ta
account for the extra X-ray lines found in some powder
Photographs of graphites. The proportion of the rhombohedral
phase may be increased in graphites by grindingﬂ the sample.
This indicates that the change arises from the movements of
the lavers of carbon networks with reapect to one ancther.

A third allotropic form of cerbon which is known as
'amorphous carbon', apart from diamond and graphlte is
available in nature,. <Coal, Carbon black, charceal, and
similar products are primarily amorphous carbon. They lack the
crystalline structure of diamond and graphite and usually

contain impurities.
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a1l amorphous carbong posBsess a short range of order,
although literally it means a structureless form of carbon.
The first application of x-ray diffraction method to amorphous
carbons, however, led to the concept that they were alsc
graphitic with their apparsntly amorphous character which
arizes from the very minute size of the crystallites. These
smorphous carbons can be prepared by the combustion of
hydrocarbons in an incomplete supply of air. Carbon blacks,

charcoal and lamp-blacks belongs to these forms.

Charcoal:
tharcoal is obtained by the dsstructive distillation of
wood, bone, bloed or sugar. The products obtainsed by the

destructive distillation of wood are as follows;

WD?d

| 1 ' i !
Charcoal Wood-tar Pyroligneons acid scolution Inflammable gases
containing aretone. methyl
alcohnl and acetic acid.

There are several varieties of charcoal of which the following
are important.

{i} Wood charcoal:

Wood charcoal is prepared in the modern process by ths
destructive distillaticn of wood in closed retorts. In a

crude way, wood charcoal is prepared by burning a pile of
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wood in a charceoal pit or kiln and covering it with scods
and earth so as to allow only a limited supply of air.

The charcoal so obtained is called 'pit charcoal'.

Animal charcoal;

Bone charcoal.

Raw bcones are first boiled with water and then treated
with C3, which dissolves out grease and fatty matters.
Degreased bones are then strongly heated, ouk of contact
with air, in iron retort untill 'bone black' or animal
charcoal containing a mixture of calcium phosphate and
carbon is obtained and watery liquid containing ammonia,
prridine, bone o0il etc. is given off.

The bone black is treated with hot HC1l to dissolve out
the calcium phosphate. The residues which 1s a pure form
of carbon is carefully washed, dried, powdered and sieved
when it goss by the name 'ivory black'.

Blood charcoal:

It is obtained by the dastruct%ve digtillation of blood

which may be obtained from slaughter houses.

fiii}Sugar charcoal or {(Fure charcosl}:

Sugar charcoal is prepared by the action of strong
sulphuric acid upon a concentrated soluticon of cane sugar
in water. Sulphuric acid abstracts the elements of water
from sugar and the carbon particles that are set free,

are then washed with water to remove the soluble matters,
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13

filtered, dried and ultimately heated in a current of

chlorine to remove hydrogen, if any.

Lamp-black or Soot:

It is prepared by burning substances rich in carbeon, such
as petroleum, turpentine, tar, Kerosene oil, acetylsne,
etc., in the presence of a limited {i.e. i1rsufficient}
supply of air and passing the smoke into chambers where
the scot is collected by deposition. This lampblack
contains hydrocarbons as impurities which can be removed
by heating to redness in an atmosphere of chlorine gas
when the pure scot is obtained. A still finer varisty
called 'carbon black' is prepared by allowing the flame

of natural gas to impinge on a moving metallic surface.

Gas car bﬂﬂ H

puring the manufacture of coal ges by the destructivs
distillation of ceoal, the gas carbon is obtained as a
deposit inside the upper part of the distilling retort.

It is wvery pure carbon and is hard.

Coke:
Coke 15 the residue cbtained when soft coal is subjected
to destructive distillation. It c¢ontaine all the

nonvolatils substance present in coal.
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2.3 Structure of carbon asg determined by x-rav.

There are two distinct and well-defined types of carbon -
graphitizing and non-graphitizing, soft and hard.

Graphitizing carbons may he defined as those which begin
to develop three-dimensional order on heating to a temperature
near 1700%. Buch carbons are formed by two main processes:
{a) the deposition from ths wvapour phase and (b)) the
solidification from the liquid or plastic state to form cokes.
Substancss which producse graphitizing carbon from the ligquid
or plastic state include vitrinites of medium volatile coking
coal, high temperature coaltar pitch, petroleum bitumen,
polymers such as PVC and polynuclsar aromatic compounds. The
¢arbons normally obtained by heating these substances are
coke-1like in appearance and they show complex patterns of
optical anisotropy under the polarizing microscope.

'Non graphitizing carbons' are those types of carbons
where the graphite-like leyers lie in parallel groups but are
not oriented like the crystalline structure of graphite, the
three dimenaicnal structure of crystalline graphite is absent
in these types of carbons. On heating certain non-graphite
carbons to sufficiently high temperatures between 1700% and
3000%, ths graphite-like layers shows a tendency to change
from a 'random layver structure' towards an ordered structure
of cryztalline graphite. The intermediate type of structure in
which the three-dimensicnal graphite atructure is partly

developed ars called "graphitic carbons™. Such formation have
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been observed by Franklinq+ Also there are carbons which on
heating to temperatures between 1700'C and 3000°%C showed a
continuous change from a non=~graphitic to a graphitic
structure were called 'graphitizing carbons' and thase which
on heating to 3000°C still don't exhibit three dimensicnal
crdering were callad 'non-graphitizing carbons'. These two
Lypes can be distinguished in terms of the relation betwsen
crystal height and crystal diameter on heat-treatment which
are shown in fig. 2.5 where L is the avarage layver distance
and M is the mean value of the number of parallel layers per
crystallite,

Graphitizing carbons are generally relatively soft and
are of high apparent density. Such types of carbons possess
little microporosity and are relatively rich in hydrogen or
low in oxygen, sulphur and nitregen. They were termed as' goft
carbons' by Hrczowskiw, Turing thel garly stages of the

11 considered that the

carbonisation process  Franklin
crystallites in the graphitizing carbons were fairly mobile
and that in the temperature region of 1000°%, a high
proportion of the crystallites lay nearly parallel to each
other. Week cross-linking was supposed to exist batween the
crystallites. A model (reproduced in fig. 2.6) was put forward
by Franklin for the structure of a graphitizing carbon. X-ray
data alsc suggested the movable nature of the whole layers or
groups of layers with the increase of the heat-treatment

temperature. But the most significant factor was that the

neighbouring crystallites had to be nearly parallel. The layer
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planes were linked together for the crystallite growth.
Non-graphitizing carbons are generally hard carbons and
are of low apparent density. Such type of carbons have a high
microporoeity and are relatively rich in oxygen, sulphur and
nitrogen cor low in hydrogen. They were correspondingly called
hard carbons by Hrozouskiw. Again Franklin11 put forward a
model which is shown in fig. 2.7. to account for their
formation. In this model the parallel layer groupsa werae
oriented at all angles and were joined together at their
extremities, thus accounting for the microporosity. With the
increase of heat-treatment temperature there was some growth
in the basal plane directiou by incorporation of discorderad
carbon atoms at the edges of the crystallites. Other carbon

atoms acted as linkages between crystallites.
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FIG.2.2. AN SP HYBRID ORBITAL. THE ANGLE BETWEEN
THE TWO P-ORBITAL IS 90°
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Fig. 2.3, The ideal graphite crystal structure with the

Fig.

2.4,

hexagonal unit ¢ell with crystal axcs and
lattice co-ordinates.

The thembohedral structure, showing the true
unit cell and the atomic co-ordinates in the
approximate hexagonal cell shown in double lines.
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representation of the structure of

Fig. 2.6. Schematic

a graphitizing carbon.
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FIG, 2. 8. DIAMOND STRUCTURE,
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CHAPTER 3

DIFFERENTIAL THERMAL ANALYSIS {QITAY

3.3 Intreduction:

Under thermal (or heat) treatment a substance may undergo
gstructural changes, such as physical as wall as chemical
changes. These changes occurring due to dehydratiom,
trangition from one crystalline wvariety tox another,
destruction of crystalline lattirce, oxidatian and
decomposition etc. The technique of differential thermal
analysies detects thesse changes as a function of temperature.
In a2 physical change the chemical nature of the transformed
material will be same as that of the starting material. In a
chemical change the thermal treatment may rupture the chemical
bonds to form new compounds. Every substance has a certain
eneragy conient., The energy content of the substance after a
thermal change is different from that of the starting
material; this difference may manifest itself as heat anergv.

8o, the technigue of Diffesrential thermal analysis is an
important trol of accurately measuring the difference in the
temperature between a thermocouple embedded in a sample being
studied and a thermocouple in a standard inert material such
as aluminum oxide while both are being heated at the uniform
rate. The temperature difference arises due to the phase
transition {transformation} or chemical reactien in the
gample. EReaction attendad by the absorption of heat are

"endothermic" while those that avolve heat are 'exothermic'.
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The eXothermic and endothermic reactions are generally
shown in the DTA trace as positive and negative deviation
respectively from a base line. 350, Differential thermal
analysis gives &a continuwous Lthermal reseord of reacticn
pocourring in a sample. This technigue has recently attained
consgiderable importance in determining the carbonizing and
graphitizing properties of pure organic compounds, coals and
plitches etc.

3.2 History of the method:

The technigue of differential thermal analysis was first

proposed by LechatelierI

in 1887, This method was successfully
emploved tc investigate claye and other minerals. The thermal
reactions was invented by Rcberts Austin in 183% and is
popularly known as Differential thermal analysis. The
Differential thermal analysis technique was mainly used in the
field of metallurgy wuntil 1913, 8Since thsen Differsntial
thermal znalysis has become an invaluable focol in clay
mineralogy. But in recent years this technigque has been exten-
gively applied to chemical preoblems. The study of thermal
behavicur of carbeonising material by LDifferential thermal
analysis was first reported at the fourth carbon conference by

3 and Hackenzie*. Thevy

Nakamura and atlasﬂ Smother & chiang
described elaborately the theoreticel Lkasis and manifaold

gpplications of Differential thermal analysis.

-



3.3 DTA apparatus and its working principle:

The basic design parameter of the DTA apparatus has been
fully described by Lewis and Edetromi:f. A sketch of =sample
helder and a bleck diagram of contreolling, detecting,
amplifying and recording systems of the DTA unit are shown, in
figs.3.1 & 3.2. The apparatus used in this program to detect
and record these small tempsrature differences consists of
three basic unitsl.

a) A DTA furnace and contrel system

(b} An atmosphers control system and

{c) Electric apparatus for amplifying and recording the
temperature difference between the sample and the standard and
for recording the actual temperature of the standard.

In DTA apparatus the thermo-couple which is used within
the assembly consists of two matched chromel-alumel
thermocouple which are supported in a porcelsin tube held in
position in a furnace combustion tube. The sample and thae
reference c¢ontainers are both nickel c¢ylinders with a
thermocouple well sxtending intec the centre of the cylinder
from the bottom. With this arrangement, the thermocouple are
protected from the destructive action of the hydrocarbons
during carbonisation and so the thermocouple can be usaed
repeatedly. The sample and reference cups are alsoc isclated
from each other and independent of the thermocouples. This
arrangement facilitates weighing before and after heating so

that weight changes can be readily determined. Approximately,
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0.1 g anhydrous alumina is used in the reference cup and the
sample weights varies over a range 0.05 g to 0.125g, depending
on  their packed density. Normally a heating rate is
standardised at 10°% per minute.

All experiments are carried out at atmespheric pressure
in a continuous flow of a purified inert gas, usually argon,
nitrogen or helium. Gagses are normally purged into the furnace
chamber at the lower end throush a purification train in which
oxygen and wWater are removed by heated copper wool and

axhausted from the top into a condensate traq;r'Ir

for collecting
the condensable volatile products. The condensable volatile
reaction products along with the unchanged starting material,
if any, are thus swept by the flow of inert gas intoc a KBr-
filled condensate trap placed in the exhaust end of the
furnace. The non-condensable gases then pass through a
sulphuric acid bubbler which seals the system and prevents
back diffusion of air.

Normally, the DTA thermogram on carbeonisation are

obtained by heating cuntinuéusly to 750%C at which the residue

is essentially carbon.

3.4 DTA Results for carhonising and Graphitizing Materials:

It has already been menticned that in differential
thermal analysis, the rejection or abgsorption of heat by any
material during pvrolysis 1is recorded and indicated by
exothermic or endothermic peaks respectively in the DTR

trace. The reaction temperature and the rate of reaction
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together give the characteristic thermal curve of that
particular material.

Dollimore and Healg[lﬁﬁT} reported differential thermal
analysis for the carbonization of a wide range of polymers
under nitrogen flow. From the DTA results with certain
exceptions in the case of chlorinated polyvinyl chleoride and
chlorinated rubber, it is generally seen that an exothermic
portion of the DTA curve appears some whers in the 13t stage
of decomposition, indicating that the resulting product will
be a non-graphitizing carbon. Two competing reactions are
often found to occur: cross-linking preducing an exothermic
reaction, and chﬁin stripping and asscciated reactions,
producing endothermic peaks. The endothermic peaks often
allows the Fformation of oriented arocmatic rings which
generally gives rise to graphitizing carbons. It should be
mentioned that the exothermic¢ reaction may be produced by some
regction of csecondarv importance, such as loss of absorbed
water or other volatile impuritiss.

An additional information is helpful to supplement the
DTA curve such as thermeogravimetric analysis {?GA}, X-ray
diffraction, Infra-red absorption spectroscopy, visual phase
examinations, polarized-light micrography etg, for correct
intaerpretation of the thermogram peaks.

A combination o¢of differential thermal analysis and

140U pag proved a valuabls approach

polarized light microscopy
to the determination of the temperature interval of mesophase

formation.
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CHAPTER 4
ELECTRIC PROPERTIES OF ORGANIC SEMICONTUCTORS

4.1 Introduction:

A great number of the organic materials have been found
to be electrical insulators. In recent vyears, a number of
organic compounds having conspicucus slectronic conductivity
in solid state have been foundLg. Very little is known about °
the semiconducting behavicur of organic materials. The
semiconducting properties of organic compounds ars remarkably
interesting, for, firstly they are molecular crystals and
secondly they are synthsetic compounds. Many varieties of
electrical properties are expected due to the varieties of
molecular structures. Thirdly the semiconductive properties of
organic compounds should be important for the phenomsna of
energy transfer in some chemical reactions.

S0lids are generally classified into four categories
namely: metals, ionic crystals, valence crystals and molecular
crystalsa Metals are good | electrical conducters and are
formed by the combination of the atoms of electro-positive
elaments. |

Ionic crystals are forTed by a combination of highly
e¢lectro-positive and electro-negative elements and they
possess good ijonic cnnductiJity only at high temperatures.

. I
Valence crystals, possessing homopolar bonds, are wery hard

and they have high melting péints but poor electronic and
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I
ionic conductivities. Molecular crystals are formed by
chemically inactive atoms or saturated molacules, held
together by a weak force of the Vander Waals' type. Organic
materiale with substantial electrical conductivity are
dAifficult to find, because they are mostly molecular crystals
and the interaction between molecules is usually too weak to
provide good alectron transfer from one molecule Lo another.

Quite a good number of solids, however, have properties
which correspond to a border line between two or more of these
ideal types. The semiconductive materials are usually found in
guch & border 1line solids. B8ilicon and Germanium are
remarkable examples of border line sclids between covalent
crystals and metals. Their crystal structures are nearly
similar to that of diamond, which is a covalent crystal.

In molecular crystals, one can also find compounds which
ere border line to the other crystal types. Graphite consists
of layer lattices of carbon atoms which are separated by a
distance so large (3.35 A") that there can be no covalent
bonds between layers. Each of the layers is a giant aromatic
molecule. The superimposed molecules are held together only by
weak Vander Waal's forces. The electrical resistivity at room
temperature is j.!f."5 Ohm-¢m elong the layeres and is 107! Ohm-cm
in the direction perpendicular to the layers.

Measuremente of electrical conductivity with temperature
is a technique for detecting the semiconducting nature of an
organic compounds, Thermal and optical studies of some

aromatiec compounds show that they consist of planer
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molecules?. The prime examples are polycyclic arcmatic

compounds and phthalocyanines. There 1is a remarkable
similarity te these compounds in that they have valence TT-
electrons which ¢an move through out the mole¢ular plane.
Little is known about the molscular interaction in these
solids. However, it may be presumed that the molecular orbital
of - electrons are diffused and that those on neighbouTing
molecules overlap slightly.

From the view point of organic semiconducters, structures
such as (-CH=CH-In or (=C=C)n 1in linear form should be
expected, because they formTT;honds. The former structure is
found in diphenylpolyenes and in carotinoids.Another family of
interesting compounds are those which have free radicals and
they would shift their properties towards those of a border-
line solid berause of their unusual electronic state. Stable
free radicals are found in carbonized materials, such as chars
and ccals, and also in solid polymers which have been treated
with high esnergy irradiaticnst

Some organic compounds can form solid molecular complexes
with halogens or alkali metals . Recently, Mulliken® has
proposed a charge transfer mechanism to explain the
interacticon in the meolecular addition compounds. Thus aromatic
hydrocarbons, for instance, can act as electron donors or
accaptors in such s0lid complexes. They can be seen as the
border line compounds bstwsen molecular and ionic crystals.
The electronic properties of the sclid complexes are quite

attractive from the view point of organic semiconductors.
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4.2 Classets of Qrganic Semiconductors

Organic semiconductors are claseified in three groups,

1. Compounds which have a number of delocalized electron
{Tr‘alectrcns} in the molscules:

2. The organic free radicals; and

3. The intermolecular addition compounds.

Substantial investigations have been conducted on the
gsemiconducting propesrtlies of the first group, wviz, the
condensed polycyclic aromatic compounds, the phthelocyaninas
and soms dyestuffs. On the coutrary, few surveys have hbeen
made on the simple fres radicals. &n investigation in to the
glectraonic properties of the third group has been carried out

with success.

4.3 Structure of Organig Semi-conductors

Most of the organic semiconductors have been found to
consist of the conjugated and aromatic molecules. For
examples, in beanzene the carbon atom lie at the vertices of a
plane hexagon and the six hydrogen atoms lie in the same plane
directed radially ocutward from the carbons in such a manner
that all the valence angles are 120%. Thisa implie=s that of the
four valence electrons {252P3] of the carhon atoms: three (SPE}
are hyhridized in the trigonal state sc that they give rise to
localized C-C and C-H bonds. Both the bonds are tr—;ype

molecular orbital which are symmetrical around the bond axis.



35

The fourth wvalence electron (Pz-electron) is unhybridized.
Those six electron, one for sach carbon atom, are fT-electrons
as their atomic orbital are zll directed parallel to each
other and extend perpendicularly to the molecular plane having
the + 1 component of angular momentum around the bond
direction. The pairing of these neighbouring slectrons leads
to the molecular orbital ofTT:type which is symmetrical arocund
the bond axis. However, any one of these atomic orbital
overlaps on both its neighbors egually, so that the 1T'—
electrons have to occupy the molecular orbital which extends
over all six carbon atoms.

The mobility of the{nj—elactrons contributes to the
important physical and chemical propsrties of aromatic
compounds . For instance aromatic molecules show a remarkable
diamagnetic sniscotropy. The tiny electron currents give rise
to a large diamagnetism when the magnetic field is
perpendicular to the plane of moleculet’. This anisotropy
becomes large as the molecular size increases!’,

In the case of graphite, a giant aromatic molecule, its
magnetic anisotropy has been interpreted with substantial
success even with a simple model bassd on a2 two dimentsional

fres electron gasmdl.

The electron conduction in the planer

Iattice of graphite is presumably associated with the motion

ofTr;electrona drifted under the electrical fislalili
Another important character Df?TiElactrons arising from

their mobility iz that the slectronic transition takes place

much easier than that for TTf—Electrons. Thus mast skErong
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absorption spectra which are obaservable in the visible ragion
are the result of electronic traneition from the TV -bonding
orbital to the “fT * antibonding orbital (so called, N-V
transitions). The dysstuffs which are coleored compound
necessarily consists of the conjugated molecules including
arcmatic rings. They have the mobile electrone.

It is well known that a number of lower condensed
aromatic hydrocarbons, such as, naphthalene, anthracene,
pyrene and chrysene are produced by extraction from a coal-tar
pitch.

Recently, through the hydrogenation of a coal-tar pitch,
a fairly large quantity of coronens, the seven membered
aromatic has been produced“. Similar to coal-tar pitch
aromatic hydrocarbons, such as, naphthalene, anthracene,
pyrene, picene, c¢hrysene and also coronene, the seven memberead
aromatic have heen alsc found to be present in the peat
complexes.

During carbonization these organic compounds give rise to
ordered molecular arrangement in the temperature range of 330
to 650%C approximately and hence they show the semiconducting
properties. For instance, the resistivity of some typical
polycyclic aromatic compounds, such as, violanthrone and
isoviolanthrone have been measured. Fig. 4.1 shows the
electrical character of this matrix.

Pyrolysis of benzene, naphthalene, phenanthrene and
chrysene have been carried ocut and it has been established

that these polycyclic aromatic compounds produce planer sheets
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of aromatic meoleculss ultimately to form graphite”.

Rileyﬁdeterminad the electrical conductivity of coke
during carbonization upto a temperature of 700°. The rapid
increase of conductivity with Eemperature arcund 700°C
indicates the formation of graphite crystallites.

Manchunk, R.V. et a1’ studied the electrical conductivity
of carbonized peat. The addition of A1c13 to the peat
dacreases the electrical conductivity of the composites with
Eiljicates. The electrical conductivity increasss as the
composite wvolume fraction increases and the percentage of
A1C1l, decreases.

Bel'Kevich, P.E. et. al¥® found that the slectrical
conductivity cf peat semi-coke decreased exponentially as the
coking temperature increased from 200°C to 400°C.

Begum, D.A., Hossain, T? have studied 84 =samples of
Bangladeshi coal-peats collected from Chanda and Baghia Beel
aof Faridpur and Kola Mouza of Khulana. Their study shows that
Bangladeshi peakts ars poor raw materials for chemical
processing but they can be used_as fuel because of their high
calorific value. The Differential Thermal B&Analysis (DTA)
reveals that peats of the three areas are structurally
different.

A.B.M. Bhah JalalEﬂ measurad the electrical resistivity
af Bangladeshi coal-peats found in Baghia and Chanda Reels of
Faridpnr and Kola Mouza of Khulna. The change of resistivity
with temperature indicates that peats available in this region

are semi-conducting and also grephitic in nature. In the
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mesophnase transformation a sharp fall of resistivity indicates

the semiconducting nature of the samples.

4.4 The General Properties of Semiconducting Materials

The mechanical properties of semiconductors vary greatly.
However, in respect of hardness, brittleness, and fracture
strength, semicouducting crystals resemble insulating crystals
more than the metal do. Most semiconductors lack the high
density in electrons which may help them becoming ductiie and
plastic in character like some metals.

One of the most important properties of the
semiconducting materials is the temperature dependence of the

i

electrical resistivity®. Magnetically, they may ba

diamagnetic, paramagnetic, or even ferromagnetic.

4.5 Theoretical consideration 0Of Electrical conductivity

measurements:

Electrical conduction is the transfer of charge carriers
through a medium under the influence of an electric field or
temperature gradient. The rate at which &n element of charge
dQ ies transported over an area A in a time dt is given by the

current,

i = dQ/dt = ngqVp,
where n is the number density of charge carriers, Vy is the
drift velocity under an applied field. Vy is proportional to

the applied field
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HhETEﬂL{CNEvd EEC&} is the drift mobility and E {V cmd} is
the applied field.

The conductivity (fﬁn"l[{ifll'll'rf1 cmd} is defined by

where 4 is the sample thickness and ¥ the applied voltage.
Assuming the electrical field E,to be uniform acrnss the

medium, i.e.

if there 15 more than one ftype of charge carriers the

conductivity 1=

in any particular system the number mobility of the
charge carriers will depend upon ths material and the
experimental parameters of voltage, temperature, and ambient
atmosphere. If the material is crystalline or criented, the
conductivity will depend on the direction with respect to soms
molecular aXis in which the measurement is made. These

dependence can be expressed by

n=mn f{T,V}
/L[ = MAT, V&) i i {7}
6- =6{T;vxz}

where T represents temperature, V the applied peotential and z

the direction in which the measurement is being made.
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Phenomenclogically the conductivity is obtained by
measuring the current following through a piece of +the
material and using the simple dimensions to calculate®© from
the equaticn

O = (a/av) i oo, (8)
whers d{cm) is the sample thickness, -A its area {cmil and ¥V
the potential across the material. Hence the dependence of
either the number of carriers {(n) or the carrier mobility {xu_]

upon the pnténtial will be shown by a potential dependence
of 85 defined abovs.

From eguation {6} the conductivity is seen to be the
product of two terms, n and M , which are independent
variables, Any prediction about the conduction process which
assumes a dependence cof n or)u upon an eXperimental parameter
is meaningless until that assumption is proved correct. e.qg.,
there are two extreme assumptions which can be taken with
respect to equaticn {(6): {i} to assume that the number of
carriers is independent of temperature, and (ii} to assume
that mobility is independent of temperature. In each case the
variation of the assumed temperature dependent parameter has
been used to prove some fundamental relaticnship between the
cenduetion process and molécular structure.

There are many experimental difficulties involved making
electrical measurements on organic pulymersn. The high
resistivity of many pelymers regquires the measurement of small
currents. The form of the sample (powdsr, molded slab etc.},

its purity, the presence of solvent, moisture, the ambient
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atmosphere, and temperature are all important. The slectrodes
should be chmic; that is there should be no potential barrier
at the electrode-polymer interface. Frequently it is found
that the conductivity of most polymers variss exponentially”*23
with temperature T according to the equation.
'Ec- fET
G - G,e . i (9)

where K is the Beltzmann constant a2nd E_ is the activation
energy.

Since this eguation 1s alsc c¢beyed by inorganic
semiconductors, it has been assumed that considerations used
to describe inorganic semiconductors may also be nused to
describe electrical properties of polymers. Such an assumpticn
is justified if it is known that charge carriers are not
ionic. Bearing this in mind, the charge carriers may be
generated intrinsically or from impurities, in which case they

may be electrons, holes or ions.
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CHAPTER 5
POLARIZED-LIGHT TECHNIQUE

5.1 The Polarizing microscope

The polarizing microscopel?d’ ig essentially an ordinary
compound microscope provided with calcite Felarizing prisms,
or more usually now, discs of 'polaroid' {or some other make
of polarizing filter) above and below the stage, and scme
convenient means of altsring the orientation of the object
(usually in one plane only) with reference to the plane of
vibration of the light incident upon it., Provision is aiso
made for the insertion of auxiliary lences and compensators
into the path of the light through the instrument.

Because of its widely varying application the polarizing
microscope has undergone many modificaticons, but in principle
all types are the same and do not differ essentially from one
ancther. However, the arrangement of the main components of a
typical modern polarizing microscope are described below. The
incident 1light passes through the polaroid disc, the
polarizer, and iz thus constrained to vibrate in cne plane
only. The polarizer can be rotated in its own plane and the
angle of rotation can be read against a fixed mark from
divisions on the metal ring in which it is mounted. A second
polarcoid dise, the analyser, is mounted in the body tube of
the instrument. The analyser can be rotated or withdrawn from
the field of wview to enable a sample to be viewed in

unpolarized light. When both the polarizer and analyser are in
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the 0%position {as marked on the gcale) they are said to be
-in ‘creossed positien', and they will not permit light to reach
the eye piece so long as the medium between them ig entirely
isotropic. This is because light emerging from the polarizer
is completely extinguished by the analyser according to the
principle underlying the well known Malus's experiment in
optica.

The specimen under investigation, mounted in a quick-
setting acrylic resin or on a glass slide, is placed on a
circular stage. This sﬁecimen, which can be held in position
by means of & clamp attached to the stage, 1is capable of
movement in two perpendicular directions in the pilane of the
Btage. To permit easy return to a certain specimen point the
coordinate positions can be read against millimeter scales.
The stage can be raotated in its own Flane and is provided with
centering screws and 'click stops' at intervals of 450, The
angle of rotation of the stage can he measured on a degree
scale. The stage is also provided with a clamp to arrest the
motion if so desired.

Above the objective lens is a slot in the body tube of
the instrument, through which the compensator or tint plate is
inserted. The tint plate, which is a gypsum Plate {(sometimes
called first-order red plate) is placed at an angle of 45° to
the vibration planes of the polarizer and the analyser when
they are in the crossed position.

Aleo contained in the microscope body is the Bertrand

lens which can be swung into or out of the field of view. This
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lens and the eye piece act together to constitute a low power
microscope which can be focussed on the upper focal plane of
the objective. The chief purpose of this combination is,
however, to give an enlarged image of the interference figures
which are formed in this plane under certain conditions. Above
the Bertrand lens is an iris diaphragm, or a pinhole stop. The
purpose of which is to isolate the interference figqure of the
crystal occupving the centre of the field of view when several
are present.

The c¢ondensing lens system is situated between the
ratating stage and the polarizer. Its primary function, as in
the compound micrascope, i to bring the incident light to a
focus in the plane of the specimen.

The eye piece lens system, fitted to the microscope body
is of the bhinocular type, having a X10 magnification. This
together with the differsnt obiectives produces an overall
magnification range from X25 - x1000,

The illumination of the microscope is provided by a low
voltage 100 watt quartz icdide bulb, the powsr supply of which
is controlled from a regulating transformer. This lamp
generally operates on 12 volts at 8.3 ampares. The bulb is
contained in a well ventilated housing with a circular opening
for the emission of light.

The body tube of the microscope zllows a camera adaptor
to be fitted after the analvser. The adaptor is supplied with
2 X10 magnifying eye piece. The camera used for photography is

a 35 mm Exakta Varex 116.



5.2 Modes of Obgervation in a Polarizing Microscope

£.21 QOrthoscopic Arrandement

The orthoscopic arrangement may be rsgarded as an

oprdinary microzcope arrangement (Fig, 5.1) in which the
crystal is illuminated by a series of essentiallv parallel,
normally incident rays all of which travel along the same
crystallographic direction within the crvstal. In this type of
observation there are three combinations of polarizer and
analyser that enable three different sets cof observations and
measurements to be made.
- Firstly, both the polarizer and analyser being removed,
observations can be made oﬁ colour, crystalline form, cleavage
and fracture, together with the determinaticn of the
refractive index of isotropic crystals.

Secondly, with the polarizer inserted, the principal
refractive indices of anisotropic ¢rystals can he determined.
CObssrvations on pleochroism (which is the qé%ihtion in colour
or tint resulting from differential abscrption of white light)
and twinkling {which is the vgggation in relisf when a crystal
having a large double refractiom is rotated in an immersion
medium whose refractive index is near to one of those of the
crystal) may alsoc be made with ijust the polarizer inserted.

Lastly, with the polarizer and analyser inserted in the
crossed position, distinctions can be made between isotropic
and anisotropic substances and measurements can ke made of

extinction angles.
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Most of the observations on the polarizing microacope ars
done with both the polarizer and analyser inserted in crossed
position. In accordance with their behavicur between crossed
polar, all non-opagque substances c¢an be divided into two
groups, namsly, 1sotropic and anisotropic substances. The
former remain dark, like the rest of the field of the
microscope whatever be their orientations. On ths other hand,
anisotropic substances will appear colored on rotation in most
¢orientations and only in certain definite positions will
bacome dark.

The reason for this difference in behaviour is that in
isotropic substances lightlvibrates with equal ease in any
direction, the wave surface being a sphere, and so, when such
& substance is placed on the microscope stage between the
polars, it does not interfere in any way with the direction of
light vibration, and the field remains dark as if the stage is
empty. Alternately, when an aniscotropic substance is placed
between crossed polars, the plane polarized light emerging
frem the polarizer is doubly refracted on entering the
erystal, the two rays vibrating in planes at right angles to
one another, and travelling with different velocities.
Similarly, light reflected by a polished anisotropic eurface
is polarized in the two principal directions at right angle to
each other, the two rays travelling in different velocities.
Rotation of such a crystal on the stage in either cass will
cause it to become dark, or extinguished at intervals of 94q7

and between these position of darknegss the crystal will become
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illuminated, being brightest at 45° from the extinction
position., The section extinguishes when the traces of its
vibration directions become parallsl to those of one of the
polars, for in such positions, the light from polarizer is
net resolved in the crystal, but passes on to the analyser
nnchanged as if theres is no crystal on the stage, and hence
darkness results. The colour shown in the positione of
illumination are Known as 'polarization ceolors'.

The polarization colours observed through the microscope
depend on the relative retardation or opticsal path difference,
i.e. the retardation of the ordinary ray relative to the
extraordinary ray. For any crystal section the amount of
retardation of c¢ne wave behind the other depends on the
difference in wave velocity beams in & direction normal to the
Plane of the section. The retardation also depends on the
thickness of the crystal plate. Since the wave velocities are
related jnversely to their respective refractive indices, the
relative retardation of the section is given by the formula:
R = (n-mlt, where 'my-n,' is the difference between the two
refractive indices for the ordinary and extraordinary rays,
i.e. its birefrigence and "t' the thickness of the plate. The
phase difference between the two components of velocity on
emergence from the crystal is given by RX3EDI?L, E Leing the
relative retardation, "A the wavelength of incident light. If
the sample is viewed in white light and at the same time its
thickness is varied from zero to a finite guantity, a series

of different c¢olors will be seen. This is because the
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increasing thickness introduces a phase difference between the
twoe components of velocity and consequently constructive and
destructive interference occurs at different thickness for
different wavelengths. The ¢olour from zero thickness upwards
are arrangsd in orders, the Newton c¢olour scale, each one
terminating and including red. As the thickness is increased
6till further, the colours become further and further complex,
owing to the overlapping of the extincticen bands for different
parts of the spectrum, the fifth and sixth orders consisting
mainly of pale pinks and greens. In 5till higher orders these
colours merge in to white.

For bireflecting substance the two reflectance belonging
to the principal directicns in a surface may also vary
independently according to the wavelength of light used. In
white light the +two directions then present different
characteristics tints. This is scometimes called 'reflection
pleochroism', since 1t has some analogy with plecchroism in
transmitted light. The latter, however, depends substantially
on the absorption, while the reflectance (ratic of the
intensity of the reflectad light to that of the incident beam}
ie determined by both absorption and refractive index. Az the
stage 15 rotated under polarized illumination the reflected
light changez in tint through the admixture in wvarying
proportions of the twe component tints, each of which is seaen
unmixed when the vibration direction of the incident light
coincides with the corresponding principal dirscticn. The

changas obt;ined in this way are very characteristic. In a
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uniaxial crystal there are two principal celeours, for light
vibrating parallel or perpendicular toc the crystal axis and in
inclined sections the tiuts remain the same. In a bhiaxial
crystal there are three principal colours and the effects for
inclined secticn are more ceomplicated. An important aspect of
these wibrations 1is that the difference between the
reflectance for the two principal directions, 1i.e. ths
birseflsction for the section, though small, often waries
greatly with the wavelength. This is termed 'dispersion of the
bpireflection'. It causes very distinctive colour effects when
the section is exXaminsd with the two polar at or near the

crossed position.

£.22 Congscopic Arrangemsnt

The passage of light through a polarizing microscope when
it is uged as a conoscope to observe a specimen on the stage
of the microecope i1s indicated in fig. 5.2. The conoscopic
arrancgement reguires, in addition to the polarizer and
analyser, the insertion of an AmiciBertrand 1lens and a
substage condensing lens. The former converts the microscope
into a low power telescope focuseed at infinity. The latter
causes the object on the stage te be i1illuminated by a2 cone of
light rather than by a bundle of nehr—parallel rays as it is
with orthoscopic cass. important additicnal information may he
obtained by passing a strongly convergsnt beam of 1light
through the crystal when it is possible, by various means, to

examine the optical character in many directions at ona and
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the same time. This is done by viewing between crossed polar,
not the image of the crystal but another optical image formead
in the principal focus of the objective by the strongly
convergent beams of light. This image is called the
'interference figure'. Each point in the field corresponds to
a given direction through the crystal. In effect, the Bertrand
lens and the eyepiece constitute a system used to examine the
pattern in the back focal plane of the objective.

The interference figures produced in a conoscope can be
classified into two broad divisions: those formed by the
uniaxial crystal and those formed by the biaxial crystals. Th-e
former pattern consists of concentric circles!d:f known as
"igochromes" into which is superposed a pattern in the ghape
of 2 maltese cross {(fig. 5.3}, the arms of which are known as
'isogyres'. This pattern is produced assuming that the section
of the crystal is normal to the optic axis, or in the basal
section. On rotation of ths stage, the pattern remain
unchanged provided that the optic axis 18 centered and
perpendicular te the stage. If a sgection of the Crystel
parallel to the optic axis is used then the isogyres only
retain a broad cross shape when the optic axis is paralliel to
one or other of the polar. Rotetion of the stage causes ths
isogyres to move in and out giving rise to 'flash figures'.

In a biaxial cryestal there are two optic axes, the lines
bisecting their enclosed acute angle is called the 'acute
bisectrix'. The interference figurs obtained when viewing a

section normal to the acute bisectrix consist of two ‘eves' or
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melatopes (fig. 5.4}, which mark the pointe of emergence of
the optic axes, surrounded by bands of equal retardation,
c¢oloured in white light. On to this pattern are superimposed
the isogyres which form a crosg when the trace of the optic
axial plane (i.e. the line joining both melatopes) lies
parallel to either polar, that arm of the CrO58 passing
through the melatopes being narrower than the other., Rotation
of the crystal away from this position causss the croes to
breakup into two hvperbolics brushesz which are centred on the
melatopes. The isoavres revolve in a direction oppositse to the

movement of the stage.
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Fig. 3«2« Typical interference frgure for
uniaxial crystal.

Extinction position 45° position

Fig. 5.,4. Biaxial interference figure given by a section normal
to the acute blsectrix.
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GHAPTER 6
EXFPERIMENTAL RESULTES SAND DISCUSSIONS

6.1 Material preparation

6.11 Introduction

Coconuts abundently grow in almost all ths regions of
Bangladesh. People are mostly wasting the shells of Lthe
coconut by throwing them here and there. The carbon yield from
the charring of the wasted shell is possibly the highest so
far known. There are immense uses of carbon in cur everydav
life. The artificially prepared carbon has become Important
noew a days because naturally occuring graphite are available
only in few of the countries. Scientists are still searching
for carbon rich materials to produce artificial graphite and

diamond by carbonising thess carbonaceous materials.

6.12 Preparaticn of raw-samples

Coconut-shells from different areas of Bangladesh were
collected. They were then sun dried in open atmosphere. The
sanple when dried was ground to powder in a hand driven
grinder. The powder so prepared were oven drisd et 104% for
about fifteen minutes. The powders were then put inside small

container and then preserved in a dessicator.
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65.13 Preparation o©f samples for DTA, p¢larized-light

micrograrhy and resistivity measurement.

&.13.1 Sample preparation for DTA

Twoe grams of the prepared powdered samplss were taken
inside a sealed tube made of pyrex glass and then heat-treated
ingide a s8olenoidal horizontal furnace to the desired
tepperature. The pyrex tubke was heavy walled, 2.5 mm in
thickness in order towithstand the »eawy pressure developed due
to emission of wvarious hydrocarben gases during pyrolysis.
Four samples were prepared for DTA analvsis, one raw without
any heat-treatment, one partially carbonized at 380°%, one at
400 and the rest carbonised at 450°C. The sealed tubes
containing the heat-treated sample were allowed to cool. When
cold, they were then successively held horizontally inside the
specially designed safety box and then cut one by one at the
central portion of the tube with a diamond edge. Usually a
strong push at the central portion from below was sufficient
to break the tube. These heat-trsated samples wers then dried,
put inside a container and then preserved inside a dessicator
for DTA analysis,

Selected samples have been heat-treated in Shimadzu Micrao
differential thermal analyser {Model DT-30). These samples
(0.1g) Were heat-treated in the inconel head to 700°C with dry
alumina being emploved as the inert material in the reference

call,
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£.13.2 Sample preparation for polarized-light micrography

Samples for polarized-light micrography were obtained by
heating about 0.5 g of the coriginal powder samples {Art 6.12)
in a sealed tube inside thse same solencidal furnace to the
desired temperature at which investigation was necessary. A
heating rate of 10%°C per min was adopted using a temperature
controller. The sample was then heated to carboniss at a fixed
temperature for a fixsd duration. The sample was then allowed
to cool. The sealed tube cooled to room temperature was these
opened inside the safety box using the sama technique agz
pefore. The sample removed from the tube was then dried and
embedded in a cold setting mounting resin in the manner
described below:

A 1.5%in length of 1.25"in 0.D. and 10 s.w.g. brass tube
with one end accurately machined to a flat finizh was taken.
A pilece of metal with flat surface Las alse takenm and its
surface was smeared lightly with vaseline. The inszide wall of
the tube was alsoc coated with vaseline to prevent adhesion to
the mount. The haat—treated‘ééhﬁle was then placed on the
metal plate facing downwards and the tube whose 1inside
diameter is more than the sample was placed cover the sample.
1/8 inch of the plastic powder was then poyred in the tube and
the powders were then saturated with the liquid methyl
methacrylate. In the beginning the slurry was kept stirring
gently to prevent air bubbles adhering to the sample. After

20-30 minutes, the mould was lifted off the plate and the



62

mount was tapped through with a rod and hammer,

The dried mounted sample was then ground progressivaly
with finer grades of water proof silicon carbide paper
progressing from 120 to 600 grit to expose the carbonised
residue in the sample. The polishing process used is described
below.

The silicon paper in the form of a disc was fixed on the
top of a rotator and the sample was allowed to be rubbed by
the silicon paper when the disc was kept on rotation. Light
but steady pressures were applid on the sample while itlwas
rubbed by the silicon carbide paper. The direction of polish
was maintained constant except for reversals made at regqular
intervals by lifting and rotating the sample by 180" at hand.
Accordingly the sample was not moved about the whesl but was
only moved laterally between the centre and the peripherry.
The sample was washed with tap water before using with another
comparatively finer grade of carbide paper. The best results
were achieved by using fresh paper for each sample and by
grinding some-what further than what was necessary at each
grit level to remove the scratches from the preceeding paper.
After the final grinding on 600 grit paper, ths surface of the
sample appeared bright independent of the lsvel of heat-
treatment.

Subsequent polishing was done with Hyprez diamond lapping
compounds( & micron size followed by 1 micron size) on a wet
polishing TEXMET cloth in the way described as follows:

The coarse grade Dialap diamond compound was spread over
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the polishing TEXMET cloth fixed on ons of the rotating discs
of the polisher and the sample was kept on rubbing for about
five minutes and then theroughly washed with tap water. The
finer grade diamond compound was then spread over another
polishing TEXMET cloth fixed on the other rotating disc of the
polisher and the sample wag again kept on rubbing for another
five minutes,

Final polishing of the sample was carried out bv high
purity linde Rlpha Alumina powder. The powder was first wetted
with distilled water and the sample was then rubbed gently by
it with hand in the same direction for about ten minutes. The
final polishing resulted in a high polishsd surface having a
bright lustre, necessary for observation by polarized light
microscopy.

The pcolished sample when observed by a Reichert METARVERT
polarizing microscope with cross-polars having the gypsum
plate (red I plate} at an angle of 45% with one of the polars
(Sensitive tint technique); either the carbonacecus mesophase
appears Aas spherules or coalescence as a mosaic texture

otherwise a complete dark background is ohserved.

6.13.3 Sample preparation for resistivity measurements:

some of the prepared raw powder samples described in art

£.12 were placed inside three differsnt pyrex glass tubes and
heat- treated in exactly the same manner using the game
procedure of art 6.13 except that the heat treatment

temperature for the three samples were arbitrarily selected as
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350°%, 400°C and 450°% respectively. The disc shaped specimens
for the d.c. conductivity measurements were prepared from
these pyrolysed powders by the following method. A
borosilicate glass tube of 5 mm internal diameter {(I.D) and
7.24 mm outside diameter {0.D.) were used as the jig for
preparing the specimens. A small so0lid brass cylinder of 0.D.
5mm with flat end surfaces was pnshed insids from one end of
the glass tube. 2 thin aluminium foil was then placed on the
flat surface and the regquired amount of FYrolysed powders were
then intreduced in the glass tube. On the top of the powders
ancther thin piece of aluminium foil was placed and then
another sclid brass cylinder of internal diameter 5 mm was
Placed on top of the foil. The powders thus sandwiched between
the two aluminium foils were then pressed with a hydraulic
Press uging a pressure of 250 PSI. An intimate contact beatween
the sample and the foil was achieved in this method. Thase
dis¢ shaped specimens with aluminium foil caps at the both

ends were used for the conductivity measurements.

6.2 BResults and Discussions
6.21 pifferential Thermal Analysis (DTA)

Differential Thermal A4nalysis (DTA) is an efficient
powerful tool for determining the graphitiec and non-graphic
behaviour of the organic samplestﬁ. An initial endotherm in
the DTA trace, with a few exceptions, gesnerally predict that

the sample under investigation is graphitic in nature. Chain-
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stripping and associated reactions which produce endothermic
peaks often allows the formation of oriented aromatic rings
thereby giving rise to graphitizable carbons. ©On the
otherhand, cross-linking producing an exothermic peak prevents
the formation of oriented layers. Therefore, if an excthermic
peak appears some where in the initial portion of the DTA e.qg.
in the first stage of decomposition curve the sample may
produce carbons of non-graphitic in nature.

The DTA trace of raw coconut shell is shown in fig. 5:1.
An endothermic peak in the initial portion of this curve at a
temperaturs lower then 100°C possibly indicates hydrogenation
and removal[|of meisture-contents e.qg. absorbed water or other
volatile impurities. With the gradual rise of temperatures the
hydrogenation and removal of moisture and absorbed water as
well as volatile impurities becomes complete and ultimately an
exothermic peak appears nearly at 370°%C.

The DTA traces for the partially carbonized coconut shell
samples heat treated at 380°C. 400" and 450°C each for two
hours durations are shown in figs. 6.2, 6.2 and 6.4
respectively. In these curves no initial endothermy were
cbsarved possibly hecauss the samples are well dried. All
these curves shows an exothermic peak initially at 355°, 350°
and 385° respectively indicating non-graphitizing chs -acter
of the sample. En exothermic peak in the initial pori n af
the DTA curves indicates crosslinking which retard. the
formation of oriented layers, one of the c¢riteria of

graphitization, So, coconut shell on pyrolysis gives rise to
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carbons, non-graphitic in naturs. The physical appearance of
the carbon obtained from coconut shell are shown in plates 6.1
and 6.2.

Carbons obtained from coconut shell are found to be hard
having high microporosity with relatively low density and
hence they satisfy another important criteria of a non-

graphitizable carbon.

6.22 Polarized-liaght photo-micrography

uring carbonization all graphitizable organic compounds
pass through a liguid crystal plastic stage called mesophase
in the temperature interval 350°-600% with the formation of
spherule, colescence and mosaic texturetd, This is observed
by a Reichert IETAVERT polarizing microscope with crosspolars
having a gypsum plate at 45" in between both the polar {So-
called Sensitive tint method).

In the mesophase regions the coconut shell under
investigation was carbonized. The samples carbonized at
different temperatures for different duration of times are
mounted and polieed as indicated in article No. 6.13.2. The
samples was cobserved with &Reichert HMETAVERT polarizing
microscope using reflected polarized-light by the so-called
Eensitive tint technique.

The formation of spherule, growth of spherule or mosaic
formation could not he observed with c¢ross-polar. Thereby, a
conclusicn about its non-graphitizing character was drawn. We

took some photo-micrographs of carbonized coconut-ghell by the
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Reichert METAVERT polarizing microscope using reflected
polarized-light. The microscops was equipped with the 35 mm
Remica III photomicrographic camera. The light source of the
microscope was a 65V-15W halogen bulb. An gXposure time of 10
minutes per photograph was used. The colour rhotomicrographs
obtained by using FUZINEOFAN 1325 mm 36 exp. filn:Ehre depicted
in plate No. 6.3-6.6. The analyzer and the polarizer remained
parallel to each other. When the analyzer and polarizer
remained cross with respect to each other with the gYpsum
Plate at an angle of 45% with the analyzer, extinction occurs
giving dark background, This is an indication of the fact that
the sample is isotropic rather than anisotropic.

6.23 RESISTIVITY MEASUREMENTS

The disc shaped specimen prepared with the thin Aluminum
foils at its opposite faces was placed betwsen tuo brass
electrodes. The electrodes were kept pressed on the specimen
by two stainless steel springs attached with them., These
electrodes worked both as the current and potential contacts
on the specimen. Ths specimen thus rigidly held betwsen the
e¢lectrodes was placed inside a vertical mini furnace. The
furnace in turn was placed inside a cylindrical metallie
chamber. During experiment the top and bottom end of the
metallic chamber was Kept closed for maintaining a uniform
temperetuTe within the chamber. Thin mica sheets were placed
arround the inside of the metallis chamber to aveid any
electrical contact betwean the heating element of the furnace

and the metallic chamber.

)
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The specimen placed inside the mini furnace was then
heated at a rate of about 3 degrees per minute. Ths heating
rate of the specimen was controlled by controlling the currsnt
to the furnace by a variable transforwrThe temperature of the
specimen was monitored by a thermocouple Kept closed to the
specimen. The thermncouple out- put was recorded by a
microvoltmeter type 53213 of Leybold Heraeus, & constant
voltage of around 80 volt dc was applied across the specimen
using a power supply type B181C of Hewlestt Packard and the
current output across the sample was recorded by a Keithly
glectrometer tvpe £14.

The measurements of the current and voltage across Eﬁa
gpecimen were taken during heating at an interval of 1215
degrees. The measurements were performed in the temperature
range of 26% to 300°C. When one cvecle is completed the
specimen was allowed to c¢ool to room temperature in the
furnace. Then the measurements during thes second cvcle of
heating were taken. Same procedure was applied for the third
set of measurements. The conductivity values calculated from
these measured values of woltage and current at differept
temperatures are given in Table la, 1ib, 1c, Za, 2b, Zc and 3a,
ib, 3c.

The three sets of 1n¢@G Vs 1000/T curves obtained for ths
three specimens pyrolyvsed at three different temperatures are
shown in fige.6.5 - 6.7. The results of the successive heating
cycle are marked with a, b and ¢. The curves show that in the

firet heating cycle the conductivity has a peak arrounde &8¢
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{curves 6.5a, 6.Ba. 6.7a) and then starts decreasing and
reaches the lower limit around 100°C. The conductivity then
increases with temperature. With the repeated heating cycle
the initial peak portion of the curve gets considerably
reduced i.e. shallower, where as the lnS5"Vs 1000/T curve for
temperature above 100°C remains almost identical. Similar
pattern was observed for alli}the three specimens.

This we believe is due to the reason that water contents
and may be volatile hydrocarbons were present in the prepared
disc shaped specimens. When the specimens are heated the
mobility of the volatile products increases and reaches alﬁeak
value arcund 60%. With further heating the water content
starts evaporating and the evaporation is supposed to be
complete at a temperature higher than tha beoiling temperature
of water which is 100°C. From the curves it appears that when
the éample was allowed to cool in the furnace before taking
the measurements for the second cyecle of heating {curves
6.5b,6.6b,6.7b), the specimen abscrbs some moilszture probably
iust on the surface.

The absorbed moisture content is expected to be much
lower than the initial amount present in the starting disec
gshaped sample. This is manifested by a shallower peak in the
initial part of ths curve. Besides it appears that a very
small amount of the moisture content remains entrapped within
the specimen in the first heating cycle even at elevated
temperature. This is manifested by the slight reduction of the

conductivity at elevated temperature during the second cycle
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of heating. With repeated heating cycle the entrapped moisture
content gets further reduced and the conductivity walues
cbtained at higher temperature approaches its ultimate wvalue,
attributed to the specimen only. Since the sample akeorbe some
moisture during ceooling cyvcls, the conductivity at lower
temperaturs {<100%Y will have scome contributions from the
absorbed meizture rontent. Thus In Vs 1040 /T curve is
expected not to be fitted by a single straight line through
out the whole temperature range of measurements. The
conductivity values obtained in the present measurements
at temperatures higher  than T>160°C are found to
satisfactorily fit a straight line when drawn 1n® vs 1000/T
(figg., 6.5,6.6 and 6.7}.

The observed increased wvalue of conductivity with
temperature satisfving a straight line relaticnship for 1nG
ve 1/T is a manifestation of the fact that all the specimens
are semiconducting in nature and satisfies the relation (5 =

{{e*aIKT. This equation can be rewritten as
1u6'= 1nG; -Ea/KT

Thus when 1n(3 drawn against 1/T a straight line fit is
expected with the slope equal to -Ea/X. The activation energy
Ea of the three specimens under invastigation were Ythus
calculated from the slope of the InVs 1000/T curve and are
tabulated in table 4.

It is seen that the specimen pyrolysed at higher
temperature have lower activation energy than the one

pyrolysed at lower temperature. This we believe is due to the
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reason that pyrolysing the specimen at higher temperature the
sample wets more carbonized. As a conseguence <ross linkino
between pair of layver planes in the sample increases, and more
Tr;bonds are created resulting in the increase in charge
carriers in the valance bond and narrowing of the energy gap.
This means that pyrolvsing at higher temperature the materials
gets more conducting. The observed activation energy for the
three specimens pyrolysed at 450°%C, 400% and 350°C are 9.2
Kcal, 10.6 Kcal and 13.6 Krcal. per mole respectively. These
"values of the activation energy are much lower than the values
{about 60 Kcal/moldd obtained for graphitizing polymeric
materials showing semiconductingwbehaviofihq. Thus we may
conclude that the sample under f investigation are

gsemiconducting but non graphitizing in nature.
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Table 1a

sSample:

Coconut-shell pyrolysed for 2 hours at 450%C
Dimension of the sample, Diameter : 5 mm
Thickness : 3.06 mm

Applied voltage: 82 volt d.c.

Temperature 1 Conductivity 1n &~
oK ———x167 (S
T
298 '3.355 4.955x10°" ~16.82
310.5 3.220 5.910x10" ~16.64
323 3.095 6.958%10" -16.48
335.5 2.980 6.497x10" ~16.54
348 2.873 _2.534x10°" ~17.49
360, 5 2.773 1.448x10° ~18.05
373 2,680 1.322x10°f -18.14
385.5 2,594 1.321x10% -18.12
398 2,512 1.455x107" ~18.04
410.5 2.436 1.6682x10"" ~17.90
423 2.364 1.999%10°¢ ~17.72
435.5 2.296 2.403x10"" ~17.54
448 2.232 2.972x10° ~17.33
460.5 2.171 3,755x10° -17.09
473 2.114 4.555x10° -16.90
485 .5 2.059 5.431x10°" -16.72
498 2.008 6.747x107" -15.51
510.5 1.958 8.673x107! ~16.26
523 1.912 1.154x10"" ~15.97
535, 5 1.867 1.675x10°! -15.80
548 1.824 1.949210"7 -15.45
560 .5 1,784 3.095x10" ~14.98
573 1.745 4.405x107 -14.63
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Takle 1L

sample:

Coconut-shell pyrolysed for 2 hours at 450%
Dimensiocn of the sample. Diameter : 5 mm
Thickness : 3.06 mm

Aprlied voltage: 80 yolt d.c.

Temperature 1 Conductivity In &~
TK ~--x10°F ()
T
298 3.355 9,180x10°" ~18.590
310.5 3.220 1.132x107 ~18.25
323 3.095 1.406x107 ~18.07
335.5 2,980 1.621x10°" ~17.93
373 2.680 9,765x10° -18. 44
383 2.610 9.180x10" ~18.50
385.5 2.594 9,375x107} ~18.48
398 2.512 1.035x1078 ~18.138
410.5 2.439 1.230x10°? ~18.21
423 2.364 1.503x10°0 . -18.01
435.5 2,296 1.953x10°F ~17.75
148 2.232 2.637x10" -17.45
460.5 2,171 3.046x10°° ~17.30
473 2.114 3.828x10" ~17.07
485.5 2.059 5.197x10" -16.77
498 2.008 6.915x10°" -16.48
510.5 1.958 8.326x10"! ~16.31
523 1.912 1.138x107 -15.98
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Table 1c

Sample:

Coconut-shell pyrolysed for 2 hours at 4500
Dimension of the sample. Diameter : 5 mm
Thickness : 3.06 mm

Applied voltage:; &0 volt d.c.

Temparatura 1 . Conductivity 1n 5
TK -—-x107 (<}
T
298 3.355 1.757x10” ~20.15
316.5 3.220 2.148x10° -19.95
323 3.095 2.926x10"" ~19.64
335.5 2,980 3.906x107° ~19,36
348 2.873 _4.297x107 -19.26
360.5 2.773 4,882x10°" -19,13
373 2.680 5. 664x107 -18.98
383 2.610 6.640x1077 ~18.83
385.5 2.594 7.031x107} ~18.77
398 2.512 9.180x16° ~18.50
410.5 2.439 1.132x107 ~18,29
423 2.364 1.425x107 ~18.06
435.5 2.296 1.855x10" ~17.80
448 2.232 2.520x1067} -17.4%
460.5 2.171 3.183x10" ~17.26
473 2.114 4.278%107" ~16.96
485.5 2.059 5.216x%107 ~16.76
+he 2.008 6.896x10" ~16. 48
510.5 1.958 8.658x10° -16.26
523 1.912 1.154x107 ~15.97
535.5 1.867 1.449x10" -15.74
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Table Z2a

Sample:

Coconut-shell pyrolysed for 2 hours at 400%
DPimension of the sample. Diameter : § mm
Thickness ; 4.06 mm

Applied voltage: 82 wvolt d.c.

Temp?rature 1 \ Conductivity In &5~
TK ——-x107 <))
T
310.5 3.316 3.810x10-"! -17.08
314.5 3.184 4.980x10-"t ~16.81
326,56 3,062 3,810x10-" ~17.08
339 2.949 1.092x10-" ~18.33
344 2.906 8.994x10-F -18.52
351.5 2.844 9.273x10-"¢ ~18.49
364 2.747 1.013x10-" ~18.40
376.5 2.656 1.232x10-"¢ ~18.21
389 2.570 1.600x10°° ~17.95
401.5 2.490 2.027x10°° ~17.71
414 2,415 2.645x10°F -17.44
426.5 2.344 3.273x10° ~17.23
439 2.277 4.101x10° ~17.00
451.5 2.214 §,235x10°" ~16.76
464 2.155 6.631x10°" _ ~16.52
476.5 2.098 3.183x107" -16.31
485 2.044 1.067x107 ~16.05
501.5 1.994 1.398x107 -15.,78
514 1.945 1,926x107 ~15., 46
526.5 1.899 2.666x1077 ~15.13
539 1.855 3.558%10 ~14.84
551.5 1,813 5.208x%10°] ~14 .46
564 1.773 7.092%10"" -14.15
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Table 2b

Sample:

Coconut-shell pyrolysed for 2 hours at 450°C
Dimension of the sample. Diameter : 5 mm
Thickness : 3.06 mm

Applied veoltage: 82 wvolt d.c.

Temperature 1 Conductivity 1In 5
TK ——-x101 (657
T
300 3,332 9.654x10°1 ~20.75
312.5 3.2 1.430%x107" -20.36
325 3.076 1.989x107 ~20.03
337.5 2.962 2.782x107 ~19.70
350 2.857 3.750x10"} ~19.40
362.5 2.758 5.106x10° -19.09
375 2.666 6.707x107 -18.82
387.5 2,580 8.841x10"} ~18.54
400 2.5 1.166x107° ~18.26
412.5 2.424 1.595x10-! ~17.95
425 2,352 2.106x10-4 ~17.67
437.5 2,285 2.896x10-8 ~17.35%
450 2.222 3.847x10-f -17.07
462.5 2.162 5.058x10-1 ~16.79
475 2.105 6.784x10-1 ~16.50
487.5 2.051 5, 818x10-3 -16.24
500 2.0 1,1684x10-1 -15.94
512.5 1.951 1.510x10"7 ~15.70
525.5 1.504 1,949x107 ~15.45
537.5 1.860 2.469x107 -15,21
550 1,818 3.278x107 ~14.93
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Tahle 2c

Sample:

Coconut-shell pyrolysed for 2 hours at 450%
Dimension of the sample. Diameter : 5 mm
Thickness : 3.06 mm

Applied voltage: B2 volt d.c.

Temperature 1 Conductivity In &~
TK ——-x107 ey
T
300 3.333 5.401x107! ~21.33
312.5 3.2 7.690x10"1 ~20.98
325 3.076 1.111x107" ~20.61
337.5 2.962 1.633%107} ~20.23
350 2.857 2.456x10° ~19.82
362.5 2.758 3.348x107 ~19.51
375 2.666 4.488x107 ~19.22
387.5 2.580 6.070x10"} ~18.91
400 2.5 7.896x107 ~18.85
42.5 2.424 1.080%x10°F -18.34
425 2.352 1.502x107" -18.01
437.5 2,285 1.978x10%" ~17.73
450 2.222 2,649x10°F ~17. 44
462.5 2.162 3.575%107 ~17.14
475 2.105 4.990x107 -15.81
487.5 2.051 6.430x107° ~16.55
500 2.0 8.539x10°¢ -16.27
512.5 1.951 1.140x107 ~15.98
525 1.904 1.470x10" -15.73
537.5 1.860 1.851x10" ~15.50
550 1.816 2.518x107 ~15.19
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Table 3a

Sample:

Coconut-shell pyrolysed for 2 hours at 350%
Dimensicn cof the sample. Diameter : 5 mm
Thickness : 4.60 mm

Applied voltage: B1 veolt d.c.

Temparature 1 Conductivity ln &
T'K ——-x107 (&)
T
301.5 3.316 5,535x10° !0 ~21.31
311 3.215 5.267x10°Y ~21.36
314 3.184 &.375x10° ~21.54
319 3.134 4.017x10° 10 -21.63
326.5 3.062 4.642x107 _21.45%
339 2.949 5.666x10"1? _21.12
348.5 2.869 7.113x10°10 -21.06
351.5 2.844 §.666x107L0 -231.12
364 2.747 5.148x10°i0 _21.38
376.5 2.656 3,601x10°10 -21.74
329 2.570 2.797x10° 0 -21.59
389.75 2.565 2.767x10° 10 -22.00
401.5 2.490 3.422¢10° D -21.79
414 2.415 4.613x10° 1 _21.49
426.5 2.344 6.458%10°! -21.16
439 2.277 9,293x10°0 -20.79
451.5 2.214 1.395%10°° ~20.38
464 2.155% 2.119%x10° -19.97
476 .5 2,098 2.979x107 -19.63
489 2,044 4.473x10"° ~16.22
501.5 1.994 7.023x10") ~18.77
514 1.045 9.673x107 ~18.45
526.5 1.899 1.446x107 _18.05
539 1.855 2,059x10° -17.69
551.5 1,813 3.000x10°¢ -17.32
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Takle 3b

Sample:

Coconut-shell pyrolysed for 2 hours at 3509
Dimension of the sample. Diamster : 5 mm
Thickness : 4.60 mm

Applied voltage: 82 volt d.c.

Temperature 1 Conductivity In &~
K ——-x107 (5
T
300.25 3,330 6.097x10° ~23.52
312.75 3.197 6.968x10°1t ~23.38
325.25 3.074 9.872x10°Y ~23.03
337.75 2.960 1.626x10° 20 ~22.53
350.25 2.855 2.235x10710 ~22.22
362,75 2.756 2.555x10":0 ~22.08
375.25 2. 664 2.903x10°% ~21.95
387.75 2,578 3.048x10°10 ~21.91
400.25 2.498 3.803x10Y0 ~21.63
412.75 2.422 4,994x10°10 ~21.41
425.25 2.351 6.794x10°10 ~21.10
437.75 2.284 9.843x10°% -20.73
450,25 2.220 1.329x10°" ~20.43
462.75 2,160 1.832x107 ~20.11
475,25 2.104 2.630x10° ~19.75
487.75 2.050 3.768x10°° ~19.39
500,25 1.999 4.968x107 ~19.12
512.75 1.950 6.591x10" -18.83
525.25 1,303 9.466x10° ~18.47
537.75 1.859 1.356x107° -18.11
550.25 1.817 2.041x10°" -17.70
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Table 3c

Sample:

Coconut-shell pyrolysed for 2 hours at 350%
Dimension of the sample.Diameter : 5 mm
Thickness : 4.60 mm

Applied veoltage: 52 woltb d.c.

Temperature 1 Conductivity in &5
7K -~-2107 (5)
T
300 3.333 6.387x10 1! -22.47
312.5 3.2 §.968x10™ 1! -23.38
325 3.076 7.836x101 ~23.26
337.5 2.962 1.045x107H ~22.98
350 2,857 1.509x10°1 ~22.61
362.5 2.758 1.713x10° -22.48
375 2,666 1..800x10710 -22.43
387.5 2,580 2.032x10%0 . -22.31
400 2.5 2.322x10°10 ~22.18
412.5 2,424 3.048x107 ~21.91
425 2.352 4,239x10°10 ~21.58
437.5 2.285 5.981x10°H ~21.23
450 2.222 8.681x107! -20.856
452.55 2.162 1.213x107} ~20.52
475 .25 2.105 1.160x107° ~20.18
487.5 2.051 2.546x10° -19.78
' 500 2.00 3.510x107 ~1%. 46
£12.5 1.951 4.997x107 ~19.11
525 1.904 7.085x107 ~18.76
537.5 1.859 1.016x10°t ~18.40
550 1,817 1.556x1078 -17.97
562.5 1.777 - 2.575x10° ~17.47
575 1.739 4

.653x10°F ~16.88
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TARLE - 4
Pyrolysis temperature Activation energv
Keal /mole
450% 9.2
400% 10.6

250% 13.6
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Flete 6.1: Physical eppearance of pondered carbons
prepered from coconut-shell.

Flate 6.2: Physicel appearsnce of carbons heving
mleroporosity prepared from cocomt-shell.
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Fate 6.3: Polarized=light photomicrographs of coconut-
ghell heat-treated to 350°C for 2 hours.

Flate 6.4: Polarized-light photomicrogrephs of
coconut=shell heat-treated to BEDGG for
2 hours,



Plate 6.5: Polarized-=light photomicrographs of cocomut-
shell hemt-treated to 400°C for 2 hours.

Plate G.6: Folarized-light photomicrographs of coconut-
ghell heat-treated to 450°C far 2 hours.
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CHAPTER 7

CONCLUSTIONS

If we review the criteria of a non-graphitizable organic
compound, we can summarize:
{1} Won-graphitizable organic coempounds does not pass through
carbenaceous megophese transformaticon in which large planer
molecules hecome aligned in a paralle] array te form an
anisotropic liguid crystal with the formation of spherules |,
coalescence and mosaijc texture. On the other hand, thev give
rise to carbons of optical isctropy during pyrolysis in the
initial stage of carbonization. When observed by a reflected
polarizing microscope with cross-polars with the =sensitive
tint plate at 45° with one of the polars complete darkness
gecurs signifving the fact that the sample under test give

rise to non-grphitizing carbons.

f2} Non-graphitizable organic samples on heat-treatment
depict a competing reaction:

Cross-~linking producing an eXecthermic reaction. This cross-
linking preﬁﬁnts the formation of oriented aromatic rings. So
an exothermic portion of the DTA curve somewhere in the
initial stage of decomposition indicates that the resulting
product will be a non-graphgitizing carbon.

(3) Graphitic carbons physically appears as soft, black,

shiny having low microporosity. Obviously, non-graphitizing
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carbons are generally hard, comparatively less black and shiny

with high microporcsity and of low apparent density.

{4}perSraphitizable materials {::J endothermal process of
decomposition are typical with the values of the effective
activation eneray exceeding 60 Kcal/mole For non-graphitizablae
one exothermal process of crosg linking are chserved with low
valuee of the activation energy about 20 kecal/mole or lees,
The polarized-light photomicrographs (plates 6.3-6.6) obtained
for the samplas on heat-treatment at different temperatures
and time indicate that they satisfy the first criteria of the
ncn-graphitizable organic compound e.g9. the compound do not
pass through the carbonacscus mescphage transformation. 5o the
carbons obtained from coconut shell by pyrolysis are non-
graphiting in character.

Rgain the DTA traces (Figs. 6.2-6.4)} having exothermic
peak in the initial portion clearly indicate that the carbons
obtained from coconut-ghell by pyrelysis are non-graphitizing
in character.

The physicalia appearance of carbons obtained from
coconut-shell on pyrolysis (Plates 65.1,6.2) are found to be
hard with high microporosity. They are not very much black angd
shiny. So the carbons obtained from coconut-shell are

obviously non-graphitizing in character.
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