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Abstract

The present study was undertaken to investigate the termiticidal properties of certain plants
viz., Calotropis procera, Ricinus communis, Parthenium hysterophorus and Prosopis juliflora.
Chloroform, methanol, petroleum ether, n-hexane, n-butanol and distilled water extracts of the leaves
were prepared and for each extract, three concentrations i.e., 0.5%, 1% and 5% were tested using 'no-
choice' method with filter paper dipped in respective extracts for 24 and 48h. Of the various extracts
tested for mortality of termites, 5% CHCI, extracts of all the plants were found to be highly effective.

Introduction

Termites are global problem all around the world and especially in tropical areas where
relative humidity is higher. As regards the habitats, there are mainly two kinds of termites,
viz., the wood dwellers and the ground dwellers. Further, the wood dwellers are categorized
as damp wood and dry wood dwellers whereas the ground dwellers are classified as
subterranean, mound and carton-nest builders [1].

The most important need of termites is cellulose in their diet. This can be in the form of
rotting plants, wood, paper products (especially when non-dyed), and cloth such as rayon
and other natural fibers [2]. Termites have enormous potential value to man, in the degradation
and bioconversion of lignocelluosic wastes. Termites may have played a more important
role in Paleoecology and they continue to play a major role in the functioning of terrestrial
ecosystems [3]. The persistent use of chemical termiticides is of environmental concern
and has resulted in the need to search for plant-derived compounds as alternative in termite
control [4]. Insecticide management practices differ enormously, but there are several
problems with their use; they include poisoning, persistence, resistance and re-entry,
inappropriate disposal and the secondary effects of environmental degradation and surface
and ground water contamination. Termite resistant woods are said to contain alleochemicals
such as quinones, flavonoids and terpenoids that possess natural repellent and toxic
properties [5, 6]. Use of plant-derived natural products is preferred because of their
biodegradability, safety and target-specificity as they do not pollute the environment and
are not harmful to animals or to people using them. They are also a very cheap source as
control measures. The present study was therefore, undertaken to investigate the termiticidal
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properties of certain plants viz., Calotropis procera, Ricinus communis, Parthenium
hysterophorus and Prosopis juliflora.

Materials and Methods
Plants

Leaves of Calotropis procera (Ait.) R. Br. (F- Asclepidaceae), Ricinus communis,
L. (F-Euphorbeaceae), Parthenium hysterophorus L. (F-Astraceae) and Prosopis
Juliflora (Sw.) DC. (F-Mimosaceae) were collected from areas adjoining and within the
departmental premises of BRD School of Biosciences, Satellite Campus, Sardar Patel
University. Shade dried leaves of the plants were powdered and used for Soxhlet extraction.
Percent yield for each extract is calculated (Table 1). Phytochemical analyses for
triterpenoids, steroids, carbohydrates, proteins, flavonoids, tannins, fixed oils and alkaloids
were carried out according to standard methods [7] (Table 2).

Animals

Termite workers (Anacanthotermes sps.; F. Hodotermitidae) [8] were collected from two
main sites- the Krishna Hospital in Karamsad and a private land in Vadtal road. From the
sites termites were collected into plastic boxes in which moistened corrugated card-board
pieces were placed to maintain enough moisture level for the survival of termites. These
termite boxes were transported and placed in a cool area in the laboratory and were used
as stock for the experiments. Periodically, the container was inspected for maintenance of
moisture content.

Effect of Plants as Termiticides

Leaf extracts of the aforementioned plants were tested for their termiticidal effects at
3 different concentrations i.e., 0.5, 1 and 5 %. No-choice test was carried out, with
moistened extract treated and solvent treated filter paper discs in separate Petri dishes [9]
in to which ten worker termites were introduced. Duplicates for each test and control
experiments were performed for 24 and 48 h. A hygrostat container was designed
(227X16”X5”) based on the model described by Ahmed [10]. The container is basically
a trough made out of perspex (acryllic) glass with vent holes on its sides in to which a
perforated tray was placed. In the inner trough, water was placed and the container was
closed with a lid. Due to evaporation of water, the whole container would be saturated
with moisture. In this saturated chamber, the experimental set up was arranged. To retain
moisture in the chamber, a wet paper towel was placed on the inner side of the lid. Finally,
the whole chamber was covered with a dark paper to avoid excess light penetration.
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Results

The percent mortality of termites exposed to various concentrations of leaf extracts of
Calotropis procera, Ricinus communis, Parthenium hysterophorus and Prosopis
Jjuliflora for 24 and 48 h are presented in Tables 3-6.

Discussion

In comparison to chemical termiticides, plant derived products have many advantages in
insect pest management strategies. Reports published decades ago had revealed that several
wood species possess natural resistance to termite infestations but only a limited number
of them have been examined [ 11, 12]. Phyto-chemical studies on a number of plant species
indicated that the leaves contain triterpenoids while the roots and bark contain naphthols
and naphtho-quinones [ 13]. Various plants also have been used to test their efficacy as
Termiticides for example, Neem (Azadirachta indica) has been used as an insect repellent
as it contains triterpenoid- azadirachtin [ 14, 15]. Several species of Juniper also have been
used to test the termiticidal properties [16]. Lantana camara leaf extracts have also been
shown to possess termiticidal activity [17]. A study on some commercially available
formulations of botanical insecticides comprising of cedarwood oil, isoborneol showed
significant repellent effects [18]. In the present study, exposure of termites to various
concentrations of the extracts made in different solvents indicated that the toxic effects
were greater on termite workers at 48 h test duration. The observed termiticidal effects of
this no-choice experiment could be because of the presence of different constituents in
various extracts.

A highest mortality rate was recorded (85%, 48 h) with 5% chloroform extract of Calotropis
procera, while with Ricinus communis, Prosopis juliflora and Parthenium
hysterophorus 70, 65 and 45% mortality rates were recorded, respectively. On the
other hand, the distilled water extracts of all the plants even at 5% concentration caused
low mortality i.e., 15% mortality with extracts of Calotropis procera, Ricinus communis
and Prosopis juliflora and 20% mortality rate with Parthenium hysterophorus leaf
extracts, after 48 h. With an exposure to 5% methanol extract of all the plants, after 48 hrs
amoderate mortality was observed i.e., 25% mortality with Parthenium hysterophorus,
30% mortality with Calotropis procera and Ricinus communis and a 40% mortality with
Prosopis juliflora leaf extracts. While the 5% butanol extracts of Calotropis procera
and Parthenium hysterophorus showed lower mortality (25 and 30% respectively), a
higher mortality rate was recorded for Ricinus communis and Prosopis juliflora extracts
i.e., 45 and 50% respectively. The 5% petroleum ether extracts of Calotropis procera,
Parthenium hysterophorus and Ricinus communis exhibited low mortality rates (20, 25
and 30% respectively) after 48 h while the extracts of Prosopis juliflora caused a higher
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mortality rate (45%). The hexane extracts (5%) of both Calotropis procera and Ricinus
communis revealed a high mortality rate 45 and 50% respectively. On the other hand
Parthenium hysterophorus and Prosopis juliflora leaf extracts caused low mortality
rates (25%). In conclusion, a high mortality (more than 45%) was found in the extracts, in
which all the secondary metabolites i.e. triterpenoids, flavonoids, tannins and alkaloids
were present. Moderate mortality (30-45%) was observed where any of these three:
triterpenoids, flavonoids and tannins, alone or in combination were present while low
mortality (15-30%) was found when only flavonoids and tannins were present in the extracts.
The chloroform extracts were found to be most potent followed by butanol, hexane,
petroleum ether, methanol and water. Besides, among the plants tested, Calotropis procera
exhibited a highest potential source for termiticidal compounds followed by Ricinus
communis, Prosopis juliflora and Parthenium hysterophorus.
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TABLES
Table 1: Percent yield of the various plant extracts
Plants CHCI; | CH30H | nHexane | nButanol | P. Ether | D/W

Calotropis 32.83% | 17.77% | 5.10% 9.76% 8.23% 13.06%

procera

Ricinus 35.48% | 22.58% | 12.81% | 3.31% 6.25% 16.71%

communis

Parthenium 18.30% | 10.05% | 5.06% 7.01% 3.60% 10.75%

hysterophorus

Prosopis 14.50% | 29.65% | 3.71% 5.17% 2.17% 9.23%
Jjuliflora
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Table 2: Phytochemical Screening

Plants Constituents PE M W H C B
Triterpenoids + - - + 4+ T
Steroids - + - - + i
Carbohydrates + - + + ++ T

Cp Proteins + + + + T+ T
Flavonoids - - + + T _
Tannins + + + +r T _
Fixed oils ++ ++ - 4+ + ++
Alkaloids + + - - i i}
Triterpenoids + - - + ++ ++
Steroids + ++ - i T _
Carbohydrates + ++ + + T i

Re Proteins + + + i T n
Flavonoids - - + + I i
Tannins + + + ++ + +
Fixed oils et + - ++ + +
Alkaloids + + - _ i B
Triterpenoids + + - - + +
Steroids - + - + + -
Carbohydrates + + + ++ + ++

Ph Proteins + + + + T I
Flavonoids - + + T T B
Tannins + - + + T n
Fixed oils + + - ++ + +
Alkaloids + + - - + -
Triterpenoids ++ + - + + I
Steroids - + - - + -

. Carbohydrates ++ ++ + + + T

P) Proteins + + + + T n
Flavonoids + + + - + i
Tannins + + + + T T
Fixed oils + ++ - ++ + +
Alkaloids + + R - - 3

Cp: Calotropis procera, Rc: Ricinus communis, Ph: Parthenium hysterophorus, Pj: Prosopis juliflora.
PE: petroleum ether, M: methanol, W: water, H: n-hexane, C: Chloroform,B: n-butanol; -: Absent,
+: low concentration, ++: high concentration, +++: very high concentration.
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Table 3: Calotropis procera -% Termite mortality after 24 and 48 h

Solvent 0.5% 1% 5% Control
24 h 48 h 24 h 48 h 24 h 48 h 24 h 48 h
P. ether 5 10 10 15 15 20 0 5
Methanol 5 10 10 15 20 30 0 0
Water 0 5 0 10 10 15 0 5
n-hexane 5 10 15 25 35 45 0 5
Chloroform 20 30 40 55 60 85 0 5
n-butanol 5 10 10 15 20 25 0 0
Table 4: Ricinus communis - % Termite mortality after 24 and 48 h
Solvent 0.5% 1% 5% Control
24 h 48 h 24 h 48 h 24 h 48 h 24 h 48 h
P. ether 10 15 15 20 25 30 0 0
Methanol 5 10 10 15 20 30 0 5
Water 0 5 5 10 10 15 0 0
n-hexane 15 20 20 30 35 50 0 5
Chloroform 15 25 25 35 45 70 0 0
n-butanol 10 15 20 30 25 45 0 5
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Table S: Parthenium hysterophorus -% Termite mortality after 24 and 48 h

Solvent 0.5% 1% 5% Control
24 h 48 h 24 h 48 h 24 h 48 h 24 h 48 h
P. ether 0 5 5 10 10 25 0 0
Methanol 5 10 15 20 20 25 0 5
Water 0 10 5 15 10 20 0 5
n-hexane 5 10 10 15 15 25 0 5
Chloroform 10 15 20 25 35 45 0 5
n-butanol 10 15 15 25 20 30 0 5
Table 6: Prosopis juliflora -% Termite mortality after 24 and 48 h
Solvent 0.5% 1% 5% Control
24 h 48 h 24 h 48 h 24 h 48 h 24 h 48 h
P. ether 10 15 20 25 35 45 0 5
Methanol 10 15 15 25 25 40 0 0
Water 0 5 5 10 10 15 0 0
n-hexane 5 10 10 15 15 25 0 0
Chloroform 20 25 30 40 50 65 0 5
n-butanol 15 20 20 30 40 50 0 5
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Abstract

The present experimental work deals about the separation of saturated and unsaturated fatty acids
prepared from refined cottonseed oil by using low temperature crystallization technique with petroleum
solvents like isopropanol, methanol and hexane in the proportion of 1:2 to 1:5 (w/v). The separated
fatty acid fractions were characterized by determining their iodine values. It was observed that
isopropanol was the most effective solvent for crystallization of the fatty acid. Apart from this the
application of low temperature favors the solidification of saturated fatty acids. The liquid fractions
were having iodine value as high as 130.2 whereas the lowest iodine value of solid fraction was found
tobe 31.8.

Key words: Crystallization, cottonseed fatty acids, liquid and solid fraction and isopropanol

Introduction

The diversity and complexity of the mixture of fatty acids prepared from various natural
oils has only been fully realized since the development of precise methods of separation
and the application of instrumental methods of analysis and identification of such mixture.
In the past commonly occurring unsaturated fatty acids have been isolated. In many cases
the fatty acid of unusual structure are present in minor amount from a fraction of a percent
to no more than 3-5% which may be difficult to separate out them.

Brown and Kolb [ 1] described about new and more efficient methods for separation and
studying fatty acid mixture. He suggested new technique such as distillation of esters, low
temperature application using solvent and urea complex formation and lead salt method.
Jamieson [2], Jackson and Callen [3], Rebello and Daubert [4] and Cason and
Sumrell [5] later found that complete separation of saturated and unsaturated fatty acids
was not possible by lead salt method.

The solidification temperature of fatty acids change considerably with the type and degree
of unsaturation and thus separation of mixture of saturated and unsaturated fatty acids may
become possible. At low temperature, long chain saturated fatty acids which have higher
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melting points crystallize out and poly unsaturated fatty acids (PUFA) remain in liquid
form.

Apart from the cooling, application of solvents to crystallize out saturated fatty acids have
several benefits such as:

1) Nucleation and growth are faster, so higher rates of cooling can be used. This favors
short crystallization time.
2) Lower viscosity of the liquid leads to easier filtration.

3) Dilution of'the fatty acid makes the heat transfer easier and the amount of fatty acid in
the entrained liquid smaller.

4) The ability to wash the cake with fresh solvent leads to very low level of entrained
material.

The cottonseed oil, the raw material for the present experimental study, has following fatty
acid composition [6]:

Sr. No. | Fatty acids | Range (%)
1. Myristic 0.1-2.3

2. Palmitic 17 -39

3. Stearic 1.0-4.0

4, Oleic 13-44

5. Linoleic 33 -58

6. Linolenic 0.1-2.1

7. Arachidic Traces — 0.5

It is a typical vegetable oil of oleic---linoleic acid group, since unsaturated fatty acids
comprise almost 75% of the total fatty acid. It contains about 25% saturated fatty acids
to be separated out in the present work by using crystallization technique.

The main objectives of the present study were to prepare the mixed fatty acids from the
cottonseed oil and then to crystallize, separate, and evaluate the saturated and unsaturated
fatty acids from the mixture at lower temperatures using various organic solvents.

Materials and Methods

Refined cottonseed oil was procured from Anand Regional Co-operative Oilseeds Growers
Union Limited (ARCOGUL), Chikhodara, Gujarat. All other chemicals used for analytical
work were of A R grade obtained from M/s S.D. Fine Chemicals, Boisar, Maharashtra.
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The solvent isopropanol, methanol and hexane were purchased from Chiti-Chem
Corporation, Baroda.

The experimental cottonseed oil was first analyzed for Specific gravity Acid value,
Saponification value, lodine value, Refractive index and Unsaponifiable matter by standard
AOCS methods [7].

Preparation of mixed fatty acids from cottonseed oil

200 gm of cottonseed oil and 170 ml of 25% alcoholic solution of potassium
hydroxide (10% excess) was refluxed for 2--2'4 hour for complete saponification of oil.
After saponification the excess alcohol was evaporated and at same temperature the distilled
water was added to dissolve the soap formed. This solution was further subjected to treat
with mineral acid by adding methyl red indicator (2-3 drops) first and then 1:1 sulphuric
acid drop wise to split the soap into fatty acid until the pink color observed. The mixed
fatty acids float on the surface.

These fatty acids were dissolved in hexane. The hexane layer was collected separately and
the mixed cottonseed fatty acid (CSFA) was obtained by evaporating hexane.

Crystallization and Separation of mixed fatty acids

The mixed cottonseed fatty acids (CSFA) and petroleum solvents like methanol, isopropanol
and hexane were taken in the ratio of 1:2, 1:3, 1:4 and 1:5 (w/v). These solutions were
kept in incubator at three different temperatures i.e. 5°C, 10°C and 15°C to crystallize out
the solid fraction of CSFA. At every hour the samples were withdrawn, filtered, dried,
weighed and then calculated the percentage of solid CSFA. No appreciable change in the
quantity of solid fraction was observed after 5 hours. Therefore, for the further experimental
work the crystallization time was fixed as 5 hours. The liquid fractions obtained after filtration,
were used to evaporate the solvents. All these solid and liquid fractions thus obtained,
were characterized by determining their iodine values.

Results and Discussion

The physico-chemical characteristics of the cottonseed oil are presented in Table 1. The
results clearly indicate a typical characteristics of cottonseed oil as compared with the
standard values.

For all the solvents the formation of solid crystals increases with time. But after five hours
of cooling the growth of crystal was found to be poor as presented in Table 2. Hence the
optimum duration for crystallization to separate the solid fraction from the mixed fatty
acids obtained from cottonseed oil in the present work was considered to be five hours.

11
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The crystallization of mixed fatty acids by using methanol at different temperatures with
varying the quantity of methanol were studied and the iodine values of solid fraction of fatty
acids were determined as represented in Table 3. It is clear from the table that at lower
temperature the crystallization of fatty acids were higher but their iodine value were lower
whereas the iodine value of liquid fractions were higher at low temperature. The results
from the table also depicts that as the solvent proportion increases the solidification of fatty
acids decreases for all temperatures selected for the crystallization. So lower solvent ratio
preferably can be used on large scale production. Moreover, the distillation cost is
reduced too.

Table 4 shows the crystallization of fatty acids by using isopropanol as a solvent. Itis clear
from the table that the trend in changes in crystallization behavior and iodine value is similar
to that observed with methanol. However, the yield of solid fatty acid at 5°C and 10°C
temperature are lower to that provided by methanol. Apart from this the iodine value of
solid fraction is lower and that of liquid fractions is comparatively higher to that provided
by methanol. It shows that the performance of isopropanol is better than methanol.

The crystallization and evaluation was also studied by hexane and the results are depicted
in Table 5. The results indicate that the quantity of solid fatty acids obtained is higher than
those provided by other two solvents. Also the iodine value of solid fractions is comparatively
higher than that of liquid fraction showing poor crystallizing efficiency.

Therefore, the study reveals that the isopropanol is most suitable solvent for crystallization
of fatty acids obtained from cottonseed oil. Also higher the iodine value of separated fatty
acid by isopropanol may be a suitable raw material for medium oil alkyd preparation.
However, the solid fraction of fatty acids having lower iodine value can be used for soap
manufacture.
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TABLES

Table 1: Physico-chemical Characteristics of Experimental Cottonseed Oil

Sr. No. Characteristics Value Standard value
1. Specific Gravity at 20°C 0.915 0.914—0.917
2. Acid value 1.1 1—10
3. Iodine value 110.5 103 -112
4. Saponification value 193.2 189—198
5. Unsaponifiable matter 0.53 0.3—0.7
6. | Refractive index at 25°C 1.4649 1.468—1.472

Table 2: Effect of crystallizationa time on separation of fatty acids

(mixed fatty acids:solvent =1:3, w/v)

Percentage of solid fatty acids crystallized as a
Solvents function of time (hrs)
1.0 2.0 3.0 4.0 5.0 6.0 7.0
Isopropanol | 12.3 | 164 |21.6 |24.8 |255 |25.8 |26.2
Methanol 105 | 14.8 | 183 [232 |263 |26.7 |27.1
Hexane 11.2 | 15.0 | 189 |239 |26.6 |27.0 |273

a-crystallization was carried out at 5°C.
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Table 3: Crystallization and Evaluation® of mixed fatty acids using Methanol

Yield of fatty acid Iodine value
Tempera- | Fatty acid: Solvent fraction (%)
ture (°C) ratio . Pa—
(WIV) . . Solid Liquid
Solid Liquid fraction fraction
1:2 30.6 69.4 51.2 120.9
5 1:3 29.2 70.8 50.0 122.6
1:4 28.0 72.0 48.9 124.3
1:5 27.5 72.5 47.6 126.8
1:2 27.9 72.1 56.5 117.7
10 1:3 26.3 73.7 55.1 119.0
1:4 24.6 75.4 53.9 120.6
1:5 23.4 76.6 52.4 121.7
1:2 21.2 78.8 61.3 107.4
15 1:3 19.9 80.1 59.8 110.5
1:4 17.6 82.4 59.0 112.1
1:5 17.1 82.9 57.8 116.9

a-average of two determinations with the variation up to + 0.5%.

Table 4: Crystallization and Evaluationa of mixed fatty acids using Isopropanol

Yield of fatty acid fraction Iodine value
Tempgra- Fatty acid: (%)
ture (°C) S‘r’;vtle:t Solid Liquid
Solid Liquid fraction fraction
(w/v)

1:2 27.3 78.7 35.6 124.3

1:3 26.1 73.9 33.8 126.4

> 1:4 255 74.5 32.2 127.0

1:5 24.2 75.8 31.8 130.2

1:2 26.7 73.3 42.9 121.1

1:3 25.5 74.5 40.1 123.3

10 14 244 75.6 382 125.8

1:5 23.8 76.2 35.7 126.3

1:2 26.8 73.2 52.5 117.7

r 1:3 25.5 74.5 50.1 120.3

1:4 24.4 75.6 48.3 122.4

1:5 23.9 76.1 474 125.6

a-average of two determinations with the variation up to + 0.5%.
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Table S: Crystallization and Evaluationa of mixed fatty acid using Hexane

Yield of fatty acid fraction Iodine value
Temp(e)ra- Fatty acid: (%)
ture ("C) Solv.ent Solid Liquid
ratio Solid Liquid fraction fraction
(wW/v)
1:2 33.3 66.7 72.4 112.3
1:3 31.2 68.8 70.5 113.6
> 14 29.9 70.1 67.71 115.0
1:5 28.8 71.2 65.8 117.2
1:2 28.3 71.7 80.4 110.8
1:3 26.6 73.4 78.1 112.4
10 14 238 76.2 76.0 113.5
1:5 20.4 79.6 74.1 116.4
1:2 21.4 78.6 91.2 110.3
15 1:3 20.2 79.8 88.5 112.8
1:4 19.1 81.9 84.2 113.5
1:5 18.3 82.7 83.5 115.8

a-average of two determinations with the variation up to £+ 0.5%.
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Abstract

Cashew nut shell liquid (CNSL) is a by-product of cashew nut processing industry and is a potential
natural alternative to chemically derived phenol. It was reacted with formaline to form Resol type
phenolic resins, which is further used to prepare composites using natural fibers such as wood flakes
and sawdust as reinforcing agents. The Resol resin was characterized by FTIR spectroscopy. The
molecular mass was determined using GPC. The composites prepared using the Resol resin as matrix
and sawdust and wood flakes as reinforcing agents were tested for their mechanical properties
viz. Rockwell hardness, Izod-Impact Strength, flexural strength, flexural modulus and chemical resistance.

Keywords: CNSL, Formalin, sawdust, wood flake, composite.

Introduction

Over the last few decades, there has been considerable development in the field of composite
materials. Today modern composite materials constitute a significant proportion of the
engineering materials ranging from everyday products to sophisticated niche applications.
Lightweight corrosion resistance materials such as fiber-reinforced composites could
provide an important contribution to the safe economical development of resources for
structural applications. If renewable resources can be used for preparation of composites
then it has many added advantages ranging form cost effectiveness to proper management
and reduction in industrial wastes and byproducts.

Composites are materials with superior properties for example glass fiber composites,
which made possible the construction of structures, which are lightweight yet very
strong [1]. Recently however, questions have been raised on toxic and carcinogenetic
nature of some of the synthetic fibers currently in use. Glass fiber and silica carbide whiskers
are being associated with some forms of cancer of the lung. Blue asbestos is well known to
promote cancer of the lungs when inhaled. Kevlar, Glass and Carbon fiber reinforced
composites are widely use for high-tech applications and are very expensive and unsuitable
for low-tech applications. The increase in cost and effect on environment due to synthetic
fibers have forced the scientist and engineers to synthesize new materials and composites
which besides having their needed specific physical properties [2, 3, 4] are cost effective
as well as environmentally friendly [5]. The natural fiber can replace the synthetic fibers in
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the areas where high strength and stiffness are not the primary requirement [6]. The use of
Natural fibers over synthetic fibers as reinforcements in resin matrix has gained momentum
in last decade [7, 8, 9].

Plastics such as polyester, phenolic and epoxy have been successfully reinforced with
some plant fibers to produce composites that are suitable for general structural applications,
housing and panels for the construction industry [10, 11, 12, 13]. Plant fibers are renewable
and biodegradable natural cellulosic materials. They are also light compared to other
synthetic fibers and have desirable mechanical properties. In addition, they are cost-effective,
environmentally friendly, non-toxic and are abundantly available [14]. Along with these
advantages there are certain disadvantages like they absorb moisture easily, they are attacked
by micro-organisms and insects who fed on cellulose, thus causing bio-degradation, also
they get delaminated with time [15]. Sawdust and Wood flakes are lignocellulosic fibers.
Significant advances have been made by number of researchers in this field [16, 17].
Sawdust and wood flakes are abundantly available at a very low cost as they are waste
product of wood cutting and furniture industry. This makes them potential source of naturally
occurring reinforcing agents in composites preparation.

The other economical route is to use alternative cheap polymeric material without
compromising the properties of composites. Plant based chemical compounds exist which
are suitable for the manufacture of composites matrices and most extensively studied of
these natural substances is Cashew nut shell liquid (CNSL). CNSL is a byproduct of
Cashew nut processing industry [18, 19]. CNSL is essentially a mixture of phenolics
extracted from the shells of the cashew nut and is a good natural alternative to chemically
derived phenol. It can react with formaldehyde in presence of basic catalyst by condensation
polymerization reaction to give CNSL formaldehyde polymer [20, 21, 22]. It is also know
that CNSL has a very good insecticidal property. Raw CNSL has been used for many
years for protecting furniture against certain species of ants and other insects [23, 24].

The above literature survey encouraged us to use sawdust and wood flakes as reinforcing
agents in manufacture of composites. CNSL-formaldehyde (Resol type) resin was taken
as matrix. Both the reinforcing agents and the resin used are abundantly available and are
economically very cheap. The main aim of this work is to prepare low cost composites
with reasonably good mechanical properties, which can be used where high strength and
stiffness are not of primary importance.

Experimental:
Material:
The basic chemicals used for the experimental purpose were of laboratory grade. Raw

CNSL procured form Vellow Chem. Industry, Vitthal Udyognagar, Gujarat, was according
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to Indian standards IS-840-1964. The specifications are given in Table: 1. The free phenol
content of CNSL was estimated in laboratory [25]. The free phenol available to react with
formaldehyde in raw CNSL was found to be 21%. Formaldehyde in the form of
37% formalin was obtained from S.D. fine chemicals. Liquor ammonia was used as catalyst.
Solvents and chemicals used for the synthesis purpose were of laboratory grade and were
used after routine purification.

Table 1 : Physico-chemical Characteristics of Experimental Cottonseed Oil

Sr. No, Properties Value
1. Specific gravity, 30°C 0.950-0.970
2. Viscosity at 30°C, centipoises 550
3. Moisture content (% by weight) 1.0
4. Matter soluble in toluene (% by weight) 1.0
5. Loss in weight on heating (% by weight) 2.0
6. Ash content (% by weight) 1.0
7. Iodine value

Wijis method 270
Catalytic method 375
8. Polymerization time in minutes 4

Synthesis of Resin

Synthesis of Resol type resin was carried out using CNSL, formaldehyde as starting materials
and liquor ammonia as catalyst. The ratio of free phenol and formaldehyde was kept 0.8:1
and 5% liquor ammonia was taken.

The raw material was taken in a round bottom flask equipped with a reflux condenser a
thermometer pocket and a mechanical stirrer. The reaction mass was heated slowly and
maintained at reflux temperature. Viscosity of the reaction mass steadily increased as the
reaction progressed. After 2 hours water formed due to condensation reaction was removed
under vacuum. After complete removal, the temperature was again raised slowly until it
reached 230°C. It was maintained at this temperature until 18"-21" long threads of resin
were obtained. The resin at this point was of dark reddish brown color. The mass was
cooled down and stored in an airtight container. Formation of resin was confirmed by
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spectral analysis (FTIR) and the molecular mass was determined by the help of gel-
permeation chromatography (GPC).

Reaction Scheme

o H
CHOH CI-|20H CHOH
OH OH
+ HCHO \chjo H
R OH CI-|20I-| R
HCOHO CH,0H
— R
R

R
CH,OH
CHOH

The Cardanol in CNSL which is essentially a phenol will take part in the reaction. The
condensation reaction of Cardanol with formaldehyde using base catalyst will initially give
amixture of o- and p-methylol Cardanol, which being more reactive than cardanol will
result in formation of di- and trimethylol derivatives.

The methylol groups undergo self-condensation to form polynuclear compounds in which
phenolic nuclei are linked by methylene groups. The product obtained by the condensation
reaction of Cardanol with formaldehyde using base catalyst will give a complex mixture of
mono and polynuclear Cardanol with methylene bridges. The structure of such a component
can be represented as:

OH OH OH
CH,
R | (CHOH).; R
(CH,OH)y-3 (CH,0H),.,
Where R stands for,
C 1 5H31 = /\/\/\/\/\/\/\
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Preparation of Composites

Composites were prepared using resol type CNSL-formaldehyde resin as matrix and
sawdust and wood flakes as reinforcing agents. Compression moulding machine was used
for fabrication of composites. A mould was designed for preparing composites. The
dimensions of the composites prepared were 100mm X 200mm X 10mm.

For preparing composites, sawdust and wood flakes were mixed with the CNSL-
formaldehyde (Resol) resin in different substrates to resin ratios. Acetone was taken as
diluent and the mixture was kept overnight, so that proper absorption of the resin by the
substrates takes place. For Resol composites, the temperature was kept 190°C for 1 hour
and the pressure of 70 Kg/cm? was applied. The resin got heat cured. It was then cooled
under pressure and cured composites were taken out for testing.

Measurements:

The mechanical and chemical tests of the prepared composites were conducted according
to ASTM methods as listed below using five test specimens for each test.

Flexural Strength and Flexural Modulus Test

The flexural strength is the ability of the material to withstand bending forces applied
perpendicular to the longitudinal axis. The stress induced due to flexural load is combination
of compressive and tensile stresses. ASTM D-790 procedure was used to measure the
flexural strength of the composites using Universal Instron testing machine modelno.1111.
The crosshead speed was 100 mm/min.

For Flexural test, the dimensions were as follows:

- Length =120 mm
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- Width =20 mm

- Thickness =10 mm

- Support Span =75 mm

Flexural strength = 3PL / 2bd*

Where,
P =Breaking load (Kg)
L = Support span (mm)
b =width of the specimen (mm)
d=thickness of the specimen (mm)

Flexural modulus can be determined by using the following equation:
Flexural modulus =PL?/ 4bd’y
Where,
P =Breaking load (Kg)
L = Support span (mm)
b =width of the specimen (mm)
d=thickness of the specimen (mm)
y =beam deflection (mm)

Hardness Testing

Hardness is defined as resistance of material against permanent deformation. The Rockwell
hardness was measured according to ASTM D-785. The sample size was 25mm X 25mm
and the hardness was measured using hardness tester TSE testing machine.

Impact Testing

Impact resistance is ability of a material to resist breaking under shock loading or ability to
resist the fracture under stress applied at high speed. The impact properties indicate
toughness of material. The tests were carried out according to ASTM D-265.

For Izod impact strength the dimensions were as follows:

- Length=75 mm

- Width =10 mm

- Thickness =10 mm

- Depth of Notch =2 mm
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Chemical Resistance:

ASTM D 543-67 procedure was used to measure the chemical resistance property of the
composite specimen.

Results and Discussion:

The results obtained after testing the composites for their mechanical properties are shown
in the tables. The results of Resol resin based sawdust composites are shown in Table: 2
and wood flake composites are shown in Table: 3.

Reaction Conditions:

CNSL being a phenolic material reacts with formaldehyde at 90-95°C. The reaction is a
condensation polymerization and water is formed as a byproduct. The reaction takes
two hrs to complete and viscosity of the reaction mass steadily increases. Water formed
and the unreacted formaldehyde if any should be removed from the reaction mass. If not
removed excessive foaming occurs which is difficult to control as the temperature is raised
above 100°C. Moreover, if unreacted formaldehyde is present then it will result in gelling/
curing of the resin as the temperature is raised especially in Resol type resin. Therefore,
water and unreacted formaldehyde should be removed completely before raising the
temperature of the reaction mass above 100°C. After complete removal, the temperature
is again raised to 230°C and maintained until 18"- 20" long resin threads are obtained.
During the whole process the reaction mass should be continuously stirred to evenly distribute
heat. If not done, it will result in localized heating and reaction mass will start bumping,
finally resulting in gelling of the reaction mass.

Resin Analysis:

The characterization of resin was done by using Fourier Transform Infrared Spectroscopy
(FTIR). IR spectrum of CNSL based Resol resin is shown in Figure-1. The band in the
region 3300-3400 cm™! indicates the presence of hydroxyl group. The peaks at
3010 ecm™ and 2920 cm™ are assigned to C-H stretching and Methylene stretching
respectively. The peaks at 1587 cm™' and 1620 cm™' is due to the vibration of the aromatic
-C=C- linkages. The peak at 1452 cm™ is due to bending vibration of -CH,. The peak at
1094 cm! is due to the in plane C-H bending of phenyl ring. The presence of band at
911 cm™ is due to a trans double bond in aliphatic side chains of cardanol moiety. The
peak at 721 cm™ is due to the meta substituted aromatic benzene ring.

The molecular weight of the resin was confirmed using GPC (Figure-2). The number average
(Mn) molecular weight was found to be 3985. The weight average (Mw) molecular weight
was found to be 11071. The peak molecular weight PMwt was found to be 12029.

22



Anurag L. Emanuel and Vijay Kumar Sinha
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Composite Testing and Comparison:

Here our main aim was to prepare composites from renewable resources, which are
commercially compatible as well as economical. The composites prepared using Resol
resin as the matrix and sawdust and wood flakes as the reinforcing material were tested for
their mechanical properties and chemical resistance. The results of mechanical properties
of sawdust composites are shown in the Table: 2 and results of wood flake composite are
shown in the Table: 3. Teak wood was tested under identical conditions and the results are
shown in Table: 4. The results obtained were compared with the sawdust and wood flake
composites.
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Table 2: Mechanical properties of Resol based Sawdust composites

% Rockwell Izod Impact Flexural Flexural Flexural
Resin | hardness Strength Load Strength Modulus
(joule/cm) (Kg) (MPa) (MPa)
30% 7 0.237 10.1 5.68 106.51
40% 15 0.650 27.3 15.35 287.90
50% 18 0.712 27.9 15.69 294.23
60% 18 0.712 28.4 15.97 299.50

Table: 3 Mechanical properties of Resol based Wood flakes composites

% Rockwell Izod Impact | Flexural Flexural Flexural
Resin hardness Strength Load Strength Modulus
(joule/cm) (Kg) (MPa) (MPa)
30% 16 1.712 21.9 12.31 230.95
40% 22 1.850 35.1 19.74 370.16
50% 27 1.887 37.4 21.03 394.42
60% 27 1.887 37.5 21.09 395.47

On comparing the sawdust composites with teak wood, they showed better hardness but
lacked in Izod impact strength and showed poor load bearing properties. On increasing
the resin percentage, improvement in mechanical properties was observed, but still the

Table: 4 Mechanical properties of Teak wood:

Property tested Result obtained
Rockwell hardness 5
Izod Impact Strength 1.85
(joule/cm)
Flexural Load (Kg) 36.2
Flexural Strength (MPa) 20.36
Flexural Modulus (MPa) 381.79
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impact strength and load-bearing property was lower than that of teak wood. However,
sawdust composites showed better surface hardness even at lower resin ratios. Sawdust
composites also showed poor mechanical properties compared to wood flake composites.
Their hardness and flexural strength were lower which can be clearly seen from the
Figure-4 and Figure-5 respectively.

Figure-4 Graphicalcomparision of hardness of Sawdustand
woodflake comospites
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Figure-5 Graphical comparision of flexural strength of sawdust
and woodflake compsoites

25 .

20 4

—e— sawdust composites

—m— woodflake composites

Flexural strength

0 20 40 60 80

% resin

26



Anurag L. Emanuel and Vijay Kumar Sinha

On comparing the wood flake composites with teak wood at lower resin ratio they showed
better hardness but lower impact and load bearing property. However, as the resin ratio
was increased they showed better results than the teak wood. At 50% resin ratio and
above they showed better hardness, better impact strength, and better load bearing
properties than teak wood.

All the composites were tested for their chemical resistance. They were unaffected by
common organic solvent, concentrated mineral acids (25% V/V) and water. But, showed
little increase in weight about (1-2.5%) because of moisture absorbing properties of the
natural fibers. When immersed in 25% NaOH solution little swelling of the composites
was observed and weight increased by 6-8%, but no delamination was noticed. Wood
flake composites gained more weight compared to sawdust composites.

Conclusion:

Resol type resins, prepared using Cashew nut shell liquid (CNSL) can be used to prepare
composites having competitive mechanical properties at low cost. Natural fibers such as
sawdust and wood flakes, which are waste products of woodcutting and furniture industry
and are abundantly available at a very low cost, can be used effectively as reinforcing
agents for composite manufacture. From the study of mechanical properties of these
composites, it can said that composites prepared from renewable natural resources definitely
can replace wood in some applications. They can also be used effectively in low-tech
applications where high strength and stiffness is not the major concern. In such applications
natural fiber composites can replace synthetic fibers and there by making it more economical
and environment friendly.
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Abstract

The education has taken a giant leap and paradigm shift from class room learning to e-learning to
semantic tutoring. Our attempt in this research is to identify the problem with class room learning, to
find the feasibility of e-learning system using semantic tutors, to pin point barriers and concerns of the
students aspiring to go for e-learning using semantic tutors.

The research attempts to identify, evaluate and present the outcomes of the study undertaken using
standard techniques and statistical tools. We propose a model for semantic e-learning and future
implications for the further research in the area.

Keywords: E-Learning, Semantic tutor, Semantic Tutoring, F2F (Face-to-Face) Learning

Introduction

Electronic learning or eLearning is a general term used to refer to computer-enhanced
learning. It is used interchangeably in so many contexts that it is critical to be clear what
one means when one speaks of 'eLearning' [06].

Student

s
0O Y,
g

]

Figure 1: e-Learning System in Web 2.0
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E-Learning lessons are generally designed to guide students through information or to help
students perform in specific tasks. Information based e-Learning content communicates
information to the student. Communication technologies used in e-learning are generally
categorized as asynchronous or synchronous. Asynchronous activities use technologies
such as blogs, wikis, and discussion boards. The idea here is that participants may engage
in the exchange of ideas or information without the dependency of other participant's
involvement at the same time. Email is also asynchronous in that mail can be sent or received
without having both the participants' involvement at the same time [02].

Synchronous activities involve the exchange of ideas and information with one or more
participants during the same period of time. A face to face discussion is an example of
synchronous communications. Synchronous activities occur with all participants joining in
at once, as with an online chat session or a virtual classroom or meeting.

Knowledge Scouting in E-learning System using Semantic Agents

Knowledge scouting in semantic web handles elicitation, analysis and transfer of knowledge
almost simultaneously [01]. The emphasis is on the development of knowledge base systems
that give straight set of rules from examples or samples of knowledge acquired interactively
from the domain expert. This saves money, time and energy for the knowledge engineer.

Major challenges in implementing of knowledge scouting framework in semantic web are [05]:

Extracting hidden knowledge from unstructured and structured data
Knowledge fusion over heterogeneous data sources

Ontology sharing

Building user-friendly semantic web applications

Security, privacy, and reputation in semantic web services

Quality of Service (QoS)

Query and optimization models for semantic web

YV VYV V V VYV

All processes are related somehow to domain ontology. Since ontology is a domain model,
it contains a set of domain axioms which are used for deriving new information - that is the
task of an inference engine.

The framework shown in figure 2 is an attempt to meet above challenges using semantic
technologies:

a. Firstly, identify types of knowledge sources, which could be treated in the knowledge
capturing phase like expert knowledge, legacy (rule -base) systems, metadata repositories,
documents, etc [04].

31



Knowledge Scouting in E-Learning Systems...

b. Then decide about knowledge repository, which is a relational database organized
in a way that enables efficient storing and access to RDF metadata. This repository can be
seen as a RDF repository. The RDF metadata model is based upon the idea of making
statements about resources in the form of subject-predicate-object expressions, called
triples in RDF terminology. For example, in the English language statement 'New York has
the postal abbreviation NY', 'New York' would be the subject, 'has the postal abbreviation'
the predicate and 'NY" the object [08].

Encoded as an RDF triple, the subject and predicate would have to be resources named
by URIs. The object could be a resource or literal element. For example, in the Notation 3
form of RDF, the statement might look like:

<urn:states:New%20York> <http://purl.org/dc/terms/alternative>"NY" .

c. Now the knowledge processing component enables efficient manipulation with
the stored knowledge, especially graph-based processing for the knowledge represented
in the form of rules, e.g. deriving dependency graph or consistency checking [05].

Figure 2: Knowledge Scouting in e-Learning Systems using Semantic Agents

d. Knowledge sharing is realized by searching for rules that satisfy the query
conditions. In the RDF repository rules are represented as reified RDF statements and
while in RDF any statement is considered to be an assertion, we can view an RDF repository
as a set of ground assertions in the form (subject, predicate, object). For example, RDF
triples can be written with XML tags as,
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[resource] [property] [value]
The Cake Is Chocolate
[subject] [predicate] [object]

They are often conceptualized graphically as:

subject predicate object
> ( Chocolate
is Flavored

Rules are also related to domain ontology [ 10], which contains domain axioms used for
deriving new assertions. Therefore the searching is realized as an inferencing process.

e. In that way querying for a problem can result in a composition of documents, which
cover problem solving. SPARQL is an RDF query language; its name is a recursive acronym
that stands for SPARQL Protocol and RDF Query Language. SPARQL allows for a query
to consist of triple patterns, conjunctions, disjunctions, and optional patterns [09].

The computer doesn't really understand information the way a human can, but it has enough
information to make logical connections and decisions.

Survey and Findings

The survey was conducted to check the operational feasibility for "Knowledge Scouting in
e-Learning Systems using Semantic tutors". The respondents were selected on the basis of
following criteria:

»  Student should be having a computer and/or laptop with Internet access

»  Student accesses internet for at least 4 hrs per day in college, home or cyber cafe

»  Under Graduate & Post Graduate students with knowledge of semantic technologies
Methodology

»  The primary data was collected from the respondents using digital close ended
structured questionnaire.

» The secondary data was collected from various journals, books, articles and
magazines.
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»  The sample size was 86 respondents which include 48 male and 38 female students.

»  Purposive sampling scheme was adopted to select the respondents.

»  Statistical tools like chi square test, percentage analysis and descriptive statistics were

used for the analysis.

Hypothesis

Our hypothesis that we propose for the study are as mentioned as under:

1. Null Hypothesis (H,): There is no relationship between gender and preference to
study the subjects online with the help of semantic tutor.

2. Null Hypothesis (H,): There is no relationship between gender and likings to study
the compulsory, electives and both subjects online with the help of semantic tutor.

3. Null Hypothesis (H): There is no relationship between gender and kind of subjects
that is management, technical and both, available for online study with the help of
semantic tutor.

4. Null Hypothesis (H,): There is no relationship between gender and readiness to go
for e-learning with the help of semantic tutor.

Findings

The following findings were derived from the survey on statistical analysis:

1.

The null hypothesis that there is no relationship between gender and preference to
study the subjects online with the help of semantic tutor is accepted at 5% level of
significance and 1 degree of freedom. The calculated value of chi-square is 0.037
and the critical value is 3.841.

The null hypothesis that there is no relationship between gender and likings to study
the compulsory, electives and both subjects online with the help of semantic tutor is
accepted at 5% level of significance and 2 degree of freedom. The calculated value
of chi-square is 1.84 and the critical value is 5.991.

The null hypothesis that there is no relationship between gender and kind of subjects
available for online study with the help of semantic tutor is accepted at 5% level of
significance and 2 degree of freedom. The calculated value of chi-square is 0.070
and the critical value is 5.991.

The average number of hour's students want to spend on e-learning with the help of
semantic tutor is 2.60 hours with standard deviation of 0.94 hours. The median number
ofhours is 2 hours.
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5.

10.

I1.

The null hypothesis that there is no relationship between gender and readiness to go
for e-learning with the help of semantic tutor is accepted at 5% level of significance
and 2 degree of freedom. The calculated value of chi-square is 2.86 and the critical
valueis 5.991.

50 % respondents strongly agree that semantic tutoring can enhance and improve
knowledge sharing.

36.05 % respondents strongly agree that semantic tutor can improve study success.
p gly ag p y

41.86 % respondents rate semantic tutoring system highly effective compared to
class room learning.

29 % respondents pin pointed that inflexible timings and 29 % respondents pin pointed
slow learning as the major problems with class room learning.

26.74 % respondents selected flexible timings as the major advantage of semantic
tutoring over class room learning.

36.05 % respondents opted that knowledge sharing amongst classmates is very low
in class room learning.

Challenges and Concerns in Semantic Tutoring

Along with the attraction of easy access to semantic tutors, several factors mitigate the
value of online instruction [07]:

a.

Outsourcing teacher's jobs from the community: Rather than creating teaching expertise
in alocal environment, online tutoring encourages displacement of instruction outside
of a student's location and social group.

Separation of student from group problem solving with peers: Many problems in
communities and the working world are solved with "team effort". Learning how to
solve problems and resolve peer conflicts is a central part of socialization. Semantic
tutoring encourages faceless communication with what may be an entirely unknown
group [03].

Almostall potential students live in countries already providing schooling, often without
cost. Semantic tutoring is expensive, yet while a state has a commitment to education,
an online tutor's commitment is limited to continued payment.

Conclusion and Future Implications

Besides, semantic tutoring can be one of the most exciting enhancements to contemporary
education. Semantic tutoring is neither right for all students nor right for all the faculties, but
it will frequently meet the needs of both for an exciting, high-quality learning experience.
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As with any instructional mode, the quality of online courses varies, but the potential-often
met and still expanding-is on a par and in some respects even better than with the traditional
F2F mode. Admittedly, it is up to future research to support or reject the impressions we
have reported in this paper. The important point, however, is that semantic tutoring can be
done well, and the demand for it is such that we all have to work to make it better.
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Abstract

Amperometric glucose biosensors, based upon the immobilization of glucose oxidase enzyme, have
been fabricated. Three different biosensors have been developed by immobilizing the enzyme in the
polymer matrices of a unique combination of Poly carbamoylsulphonate (PCS) + Polyethylenemine
(PEI) and electrodeposited Polypyrrole (PPy) and Poly o-phenylenediamine (PPD). The performance
of the biosensor based on the PCS+PEI polymer matrix has been found to be better than that of the
biosensors based on the electrodeposited polymers of PPy and PPD. The results obtained during the
comparative study are presented.

Introduction

Improvement of "life quality" is one of the most important objectives of global research
efforts dealing with any area of Science and Technology. The quality of life is closely linked
to the detection and control of diseases, food quality and safety, and quality of our
environment. For example, diabetic patients as well as non-diabetics need regular blood
sugar level monitoring and control. The authors reported in their previous
communication [ 1], about the fabrication of an enzyme based low cost, portable and
disposable type of glucose biosensor. The biosensor was found to exhibit reasonably good
performance in the detection of glucose concentration in human blood samples and soft
drinks. The designed and fabricated amperometric glucose biosensor [ 1] was based on
the immobilization of glucose oxidase (GOD) in a polymer matrix of Polyethylenemine
(PEI) and Poly carbamoylsulphonate (PCS) hydrogel. However, a variety of conducting
and non-conducting polymeric membranes can, in principle, be utilized for the purpose of
enzyme immobilization [2-5].

In the present investigation, the authors report the fabrication of the glucose oxidase enzyme
based glucose biosensors by utilizing the polymers of Polypyrrole (PPy) and Poly
o-phenylenediamine (PPD). Accordingly, the performance of the Pt/PCS+PEI/GOD
glucose biosensor system has now been compared with that of the Pt/PPy/GOD and Pt/
PPD/GOD glucose biosensor systems, and the results are presented here.
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Experimental

I.  Immobilization of GOD in PCS+PEI polymer matrix: The details regarding the
chemicals, reagents, enzyme immobilization, fabrication of transducer and biosensor
operation have been already reported earlier [1].

II.  Immobilization of GOD in PPy polymer membrane: A two step procedure as described
by Trojanowicz et al. [5] was applied for the preparation of PPy layers. A first layer
of Polypyrrole was obtained by electropolymerization using 0.1M KCl solution in a
potentiostatic condition at +850mV against Standard Calomel Electrode (SCE) which,
in turn, resulted in a yellow transparent layer. The process was performed for about
30-40 seconds. Then after 8 minutes, a conditioning was performed ina SmM hydrogen
peroxide solution. Later, an electropolymerization was performed again from solution
containing 200-1000Uml" GOD leading to the immobilization of enzyme. The electro
polymerization was performed for about 5 minutes.

III. Immobilization of GOD in PPD polymer membrane: The electropolymerization
procedure descried by Trojanowicz et al. [ 1] was again adopted for the preparation
of PPD layers. Initially, the polymer layer without enzyme was electro polymerized
for 1 minute from a deoxygenated solution of monomer in 0.2M acetate buffer of
pH 5.2 at +750mV. Then, the enzyme 200Uml"' GOD was added to this solution
and electro polymerization was continued for 5 to 15 minutes resulting in the formation
of a colourless transparent film on the electrode surface. Thus, the enzyme was
immobilized with PPD.

Results and Discussion

Figure 1 shows the calibration plots for glucose biosensors obtained by the immobilization
of GOD in the three different polymers namely, PPy, PPD and PCS+PEI. The Figure
clearly indicates the higher detection sensitivity of the biosensor fabricated with PCS+ PEI
compared to PPy and PPD. In the present investigation, instead of the normal one step
procedure of polymer layer formation, a two step procedure was utilized for the PPy and
PPD polymerization. The results obtained suggest that a preliminary covering of the surface
of the platinum tip with a thin layer of polymer (PPy, PPD) without enzyme is very
advantageous for the reproducible formation of an enzyme containing polymer layer. The
stability of the response was found to improve upon conditioning the Pt/PPy/GOD and Pt/
PPD/GOD electrodes. An oxidative conditioning of PPy has been found to stabilize the
amperometric response.
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Figure 1: Calibration plot for glucose biosensor.

In the present investigation, the performance of the glucose biosensor with PCS+PEI
polymer matrix has been found to be superior compared to the glucose biosensors fabricated
with electropolymerized PPy and PPD polymers matrices. In addition to the better
amperometric current response, the PCS+PEI polymer matrix has also been found to
provide only a very negligible amount of enzyme bleeding out of the sensor structure.

The glucose detection limits obtained in the present investigation with the different polymer
membrane based biosensor systems of Pt/PCS+PEI/GOD, Pt/PPy/GOD and Pt/PPD/
GOD are 0.20t0 0.35 uM, 0.30 to 0.40 uM, and 0.25 to 0.40 uM respectively. Similarly,
the response times obtained for the PCS+PEI, PPy and PPD based systems are
18-25 sec, 25-35 sec and 23-38 sec. The sensitivity value of 0.68 nA/uM +0.13 of the
PCS+PEI based system is also found to be better than that of the values obtained for PPy
and PPD systems.

The advantageous rate of response of a glucose biosensor with PPD polymer in comparison
to a Pt/PPy/GOD sensor has already been reported [6]. The rapidly growing literature on
the enzyme based biosensors has given rise to numerous controversial opinions and
interpretations about the mechanism of immobilization, polymerization, the role of polymer
matrix in electron transfer in biocatalytic processes, stability of the obtained
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layers etc. [7-8]. In the present investigation, the results indicate that the PCS+PEI polymer
matrix offers a better performance in comparison with that offered by electro polymerized
PPy and PPD polymers. In the case of electrochemical polymerization of PPy and PPD, a
suitable monomer is oxidized in the presence of the enzyme. The enzyme is accordingly
confined to a layer adjacent to the electrode. However, the unique combination of hydrophilic
PCS and the conducting polymer of PEI yielded a more workable hydrogel membrane for
the enzyme based glucose biosensor operation. The combination of PCS hydrogel and the
layer forming PEI might have offered a better enzyme entrapment instead of the layer only
type of entrapment by other polymers.

Conclusions

Glucose biosensors based upon polymer matrices of PCS+PEI, PPy and PPD have been
developed and their performances have been compared. It is found that the unique PCS+PEI
based system offers superior sensor response.
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Abstract

Proper cleaning of clothes is one of the important aspects to be considered for increasing their life.
Soil gets accumulated on textiles, which needs to be cleaned for reuse ability. There are vast varieties
of detergents for laundry use available in the market, these consist of regular detergents, detergents
with added ingredients like whitening agents, enzymes, oxy-agents etc., and so to select the right type
based on performance and price is of much importance. The present study was mainly to study few
varieties for their efficiency in detergency on artificially soiled cotton, polyester and cotton-polyester
blend. Cleaning efficiency of detergent was determined by comparing light reflected from soiled and
washed samples, with a reflectance meter. Soil was more readily removed from cotton fabrics due to
their hydrophilic nature. The best results were obtained with detergents having added enzymes,
though regular detergents were also good soil removers.

Introduction

Soiling of textiles is a very common and natural phenomenon. It normally occurs by three
processes: direct soiling, transfer soiling and electrostatic soiling [1]. One of the most
important problems in maintaining clothes clean and with satisfactory appearance is the
removal of soil accumulated during wear, handling and storage. Soiling is influenced by
nature of fabric, especially its hydrophilic/hydrophobic property. Since soil contains oils
and grease, oleophilic fabrics are more difficult to clean (Nair [2]).

All fabrics and garments used for domestic purpose are laundered frequently to remove
deposited soil to maintain them fresh and clean. Laundering practices used for a fabric
greatly affect its life and performance (Mahale and Vastrad, [3]). Cleaning of clothes
becomes necessary to make them last long and appear pleasant, bright and colourful.
Importance of clean clothes was realized long back, and clothes have been washed and
cleaned since the clothes have been inuse. Earlier natural products like aritha and white
clay were used for laundering then came the use of soaps. Now detergents have replaced
soaps in laundering.

Detergents are substances that clean soiled surfaces, and usually are synthetic. Different
chemicals make up the detergents, including a basic cleaning agent called a surfactant or
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surface-active agent, which lowers the surface tension of water and allow dirt and grease
on clothing to be removed. Other ingredients added are builders (inorganic and organic),
anti deposition agents to keep soil suspended, sodium silicate to protect aluminum pots
and pans, optical brighteners for white effect, corrosion inhibitors etc. (Trotman [4]).

The detergent solution penetrates between the soil particle and the fiber, forms a thin film
over the soil and transports it to the wash liquor from the surface of the fabric. The action
of detergent is simple but factors that influence detergency are many and so the study of
detergency is complex. Dave and Das [5] have listed various factors that effect detergency.
They are: wetting, adsorption, surface and interfacial tension, emulsification and dispersion
power, age of bath prior to washing, nature of soil, amount of soil, age of soil, composition
of water, concentration of detergent, washing temperature, degree of mechanical action,
duration of treatment, type of fabric etc.

Many studies have been reported on soiling and soil removal from textiles, some of them
that are of direct significance have been abstracted. Cameron and Brown [6] evaluated
the effectiveness of 42 detergents; 11-non-phospate containing powdered detergents,
12-phosphate containing powdered detergents, 11 unbuilt liquid detergents and 8 built
liquid detergents, of varying formulations, in cleaning a standard soiled fabric in water of
varying hardness. Powdered detergents were found to be significantly affected only at
very high water hardness levels. There was no significant difference between washing in
warm and hot water for liquid detergents, except for a melaleua oil based detergent which
performed significantly better in hot water. Increasing water hardness had no significant
effect on liquid detergents. Powdered detergents performed better than liquid detergents
in cleaning the standard soiled fabric. While no one detergent was significantly better than
the others, in general, washing with detergents that contained phosphates did give somewhat
better results in warm water. Detergents that combined bleach as an additive did not result
in whiter fabric.

Effects of detergent type and water temperature on soil removal on cotton fabric was
studied by Bubl [7]. In six university laboratories, white cotton fabric was repeatedly
soiled with a synthetic sebum and clay and laundered in home-type equipment. Two built
nonionic detergents were used at 30° and 50° C. After 24 treatments, evidence of a build
up of soil on all samples was obtained from the increase in extraction oil and ash content.
The mean percentages of total soil removed varied among the laboratories. Clay soil was
removed more readily than oily soil. More soil was removed by laundering at 50° C than
at 30° C. The regular detergent had better detersive action than the cold-water detergent.
Water temperature was more important than detergent type in soil removal. Re-deposition
of'soil onto unsoiled laundered fabrics was negligible.
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Detergent considerations for consumers were studied by Cameron [8]. The effectiveness
(ability to whiten) of six consumer laundry detergents, three powder and three liquids, was
tested using a standard procedure. Assessment of each detergents ability to clean (ability
to remove stain, thus whiten) a standard soiled cloth in six different cold-water samples
was evaluated. Two of the detergents, one powder and one liquid, were new laundry
products designed to function in cold water. Results were based on a standardized
procedure using laundro-meter treatment and reflectance colorimeter testing. Althoughno
one detergent was very effective in whitening, the differences in the detergents were
significant when compared to the original standard soiled cloth. In addition, when laundering
this particular standard soiled cloth (carbon black/olive oil) in cold water, neither of the
new cold water detergents were better at cleaning (whitening) the samples than the detergents
without bleach-containing detergents, and in fact, the powdered detergent with bleach
performed the best in each of the tests in this study. The liquid detergent with bleach was
best in comparison to other liquid detergents in only half of the tests performed.

Today the market is flooded with wide varieties of detergents with different ingredients and
advertisements, which are at times misleading the consumer. A common housewife is at
times in a dilemma and is not able to decide upon the right detergent in terms of money
spent and results obtained. Detergents with special ingredients are costly but it is important
to know how effective these ingredients are in soil removal for which the detergents are
high priced. More over there is a general assumption that with increasing amounts of
detergents the efficiency of cleaning will go up. Garments and household textiles these
days mainly are of cotton, polyester and blends of cotton-polyester. With these basis the
present study was planned to evaluate common types of detergents on artificially soiled
white cotton, polyester and cotton-polyester fabrics.

Methodology

(1) Classification of detergents: The local market was surveyed and advertisements were
interpreted to find out the various types of detergents (as detergent manufacturers do
not mention the ingredients in the detergent). It was observed that mostly all detergents
could be classified into four classes: (a) Regular (b) with whitening agents (c) with
enzymes and (d) with oxy agents. For convenience these detergents have been classed
as DR, DW, DE and DO respectively in the study.

(2) Fabrics used: White cotton (100%), polyester (100%) and cotton-polyester (68:32)
fabrics were purchased from the local market. The fiber was identified using
AATCC test method No. 20-1976; fabric count and fabric weight was determined
as per method given by Booth [9].
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(3) Preparation of the fabric: The three fabrics were scoured to remove starch with
2 gms./lit. soap solution, M:L=1:30, for 30 minutes at boil.

(4) Soil preparation and soiling: Study was done with artificial soiling. 1% soil solution
was prepared by mixing the required ingredients as given in table no.1. Fifty-one
samples of 5x5 cm were cut from each fabric and soiled in a steel cylinder with lid.
Diameter of the cylinder was 7.26 cm and height 8 cm. The amount of soil used for
soiling was based on the weight of the fabric. At atime only three samples were
soiled. Along with the samples and soil, 10 steel balls were put in the cylinder. The
cylinder was continuously agitated for 8 to 10 minutes in all directions by holding it in
both hands. Out of the 51 samples, 3 were used, as control and remaining were
washed with four types of detergents in four different concentrations. All soiled samples
were preserved separately in plastic bags.

(5) Washing: For washing four different types of detergents were purchased from the
local market as per classification and dissolved in tap water to make four concentrations:
0.25%, 0.5%, 0.75% and 1%. Washing was done in semi-automatic Videocon (top
loading) washing machine for 8 minutes with additional load of dummy fabric. All
samples were rinsed, dried and ironed flat.

(6) Determination of soil removal: To evaluate which samples were better cleaned,
reflectance of all the samples was determined for which light meter was used. The
setting up of the light source, sensor, sample was as given in figure 1. A cardboard
box with lid was covered with black paper from inside. The light source was an
electric lamp of 6 volts with a lens to obtain a straight beam of light. On the lid of the
box 1 sq. cm hole was made for the light to fall on the sample. The sample was
placed inside the box at an angle 0f45°. The light sensor received the reflected light
from the sample. The sensor was attached to a digital lux meter, which directly gave
the readings. The reflected light was noted (in lux) and average of three readings was
taken.

Results

The main objective of the present study was to evaluate few types of detergents for their
cleaning property on artificially soiled cotton, polyester and cotton-polyester blend.

(1) Preliminary information and classification of detergents: The market consists of different
brands of laundry detergents and each one claimed to have any number of special
qualities. Looking at the qualities the detergents were classified into four classes:
(a) Regular (DR) - without any special ingredient, these were cheapest of all
(b) with whitening agent (DW) - promising that the detergent will make the laundry
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whiter than white, usually containing optical brighteners, these were costlier than regular
ones (¢) with enzymes (DE) - claiming addition of enzymes for removal of biological
stains like grass and blood. Enzymes used are protease combined with amylase
(d) with oxy agents (DO) - claiming to contain special oxidizers, which have active
oxygen to give bleaching effect. The detergent may contain sodium per carbonate or
sodium per borate. There was not much price difference between DE and DO types
of detergents.

Preliminary information of fabrics used: The fiber content, fabric count, weave and
fabric weight of the three fabrics is given in table no. 2.

Effect of soiling: Scoured and unsoiled samples were evaluated for whiteness. The
blend fabric appeared whitest of all where 116.3 lux light was reflected followed by
cotton and polyester which were recorded at 111.1 and 100 lux respectively. After
soiling in 1% soil, the reflectance of fabric was determined (average of three readings),
these samples were control samples (table no. 3). Almost all samples appeared equally
dirty. As soil was applied by impact with the help of steel balls. Cooke [10], has
pointed out that soil particles are irregular in shape. The contact between soil particle
and fiber increases when the particle is deformed on impact and more nearly conforms
to the fiber surface. This means that pressure on the soil particles that cause
deformation of soil particle as per the fiber surface will increase soiling. The samples
were soiled with pressure when the soiling cylinder was agitated with steel balls.

Cleaning efficiency of detergent: Asexpected from a detergent, all detergents studied
had cleaning ability, but their efficiency varied, also cleaning efficiency varied from
fabric to fabric. (table no. 3). As the samples were heavily soiled (1%) none of the
detergents was capable of bringing back the original whiteness in one wash cycle,
without soaking, at room temperature even at 1% detergent concentration. As pointed
out by Bubl [ 7] water temperature is more important in soil removal than detergent
type. As the concentration of the detergent increased, the cleaning efficiency of all
detergents improved, but the improvement was not very drastic.

Cotton fabrics were better cleaned by all detergents because of its hydrophilic nature.
Polyester was better cleaned by regular detergents and detergents with oxy-agents, while
cotton-polyester blend were better cleaned by detergents with whitening agents and
enzymes. Amongst all the detergents, detergents with enzymes (DE) showed best cleaning
efficiency. Detergents containing oxy-agents (bleaches) did not result in whiter fabric as
has been also reported by Cameron and Brown [6].

As home laundry consists of variety of fabrics that are cleaned at a time, the best cleaning
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results can be obtained by detergents with added enzymes. Where cost is to be considered,
regular detergents are also equally good. Heavily soiled fabric should be washed more
than one time at low detergent concentration rather than using more detergent in one wash
cycle.

Conclusions

Cotton fabrics loose soil more readily than polyester and cotton-polyester. Regular
detergents are efficient enough in cleaning power. Though detergents with enzymes are
better cleaners, they are costly also. With increase in concentration of detergent, cleaning
efficiency increases, but the increase is very less. Heavily soiled fabrics cannot be cleaned
in one wash at 1% detergent concentration at room temperature without soaking. Washing
needs to be done at higher temperature for better efficiency of detergent especially where
oily soil is present. Itis better to use low concentration of detergent and increase the wash
cycles for heavily soiled fabrics.
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Table 1: Ingredients of artificial soil

Ingredients Amount
Oleic acid 32 ml
Coconut oil 28ml
Paraffin oil 20ml
Mineral oil 20ml
Carbon Black lgm
100ml

Table 2: Preliminary information of fabrics used

Fabric No. Fiber content Weave Count Weight in gms
(per sq. inch) (per sq. mt.)
F1 Cotton Plain 92x46 250
F2 Polyester Plain 96x83 220
F3 Cotton- Plain 108x62 150
polyester
(68:32)
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Figure 1: Arrangement of light, sample and sensor to determine reflectance
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Abstract

Hundreds of thousands of tones of detergent with a value of billion of rupees are used annually in
India. The production, use and disposal of such a large amount of chemicals is bound to have an
adverse impact on the environment.There is a need to find out eco-friendly substitute as detergent is
an indispensable part of the human life. Aritha and Shikakai have been used since antiquity for
washing of ornaments and hair. Today also it is being used as additives to some compounds for the
washing. The properties of Aritha and Shikakai were studied systematically for their cleaning efficiency
and found to be effective.

Introduction

Detergents, used by almost every urban household, have the distinction of being one of the
most successful income generating products for the companies who manufacture them.
Their penetration in the rural areas is also increasing at an accelerated pace (1). Itis an
indispensable part of Human life. But its effluent is posing problems as all the chemicals
used are not biodegradable. Some of these impacts include pollution of water sources,
depletion of natural resources, concentration of heavy metals, the localized effects of
chemical ingredients on biodiversity and toxicity to animals (2).

There is a need to find out substitute to reduce these adverse impacts. The natural cleaning
agents can be an answer to this. Though, these are used in some formulations of detergents
and shampoos (3). But neither its % content is known nor it has been used as a product
itself.

Here is an attempt to study Aritha and Shikakai as a laundry reagent and compared with
the properties of synthetic detergent.

Materials and Methods

Five commercially available fabrics (cotton, wool, cotswool, polyester cotton and polyester)
were used. The preliminary data of these fabrics were determined as per standard
procedures (4).
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Aritha and Shikakai were used as natural cleaning agents and Teepol as detergent.

Extraction from Aritha and Shikakai: 500 grams of Aritha and Shikakai was soaked in
1000 ml of warm water for 12 hrs separately. It was then boiled for 30-40 min. Solution
was strained using muslin cloth. Extract was made to 1000 ml residue (kernels and skin)
was separated and weighed. Extract in 5% conc. was made and used for the work. The

related properties studied were (5):

pH : by pH scale
Surface tension : by no. of drops method
Wetting time : by drop method

Percent wettability : by centrifuge method
Emulsifyingpower : by measuring the emulsified layer
Foamingpower  : by measuring foam formation & stability.

The washing was done in fabricated wash wheel for 15 min at room temperature keeping
M:L ratio 1:30. Assessment of the samples was done with the value on gray scale (4).

Results and Discussion
The preliminary data of the fabrics used is given in Table 1.

Table 1: Preliminary Data of the Fabrics Used

Sr. Fibre % Fabric | Wt/unit area | Weave
No. Count (gm/sq.cm.)
1 Cotton 100 46x56 82.4 Plain
2 | Wool 100 66x102 68.6 Twill
3 | Cotswool 100 54x84 128.0 Twill
4 | Polyester cotton 60-40 42x66 76.8 Plain
5 | Polyester 100 48x62 72.0 Plain

The properties of the cleaning agents studied are given in Table 2.
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Table 2: Preliminary Data of the Cleaning Agents Used

Sr. | Properties Reagent

No. Aritha Shikakai | Teepol
1 pH 6.0 7.9 7.6

2 Surface tension 31 .34 .25

3 Wetting time 180 190 1

4 Foaming power 20.0 6.2 18.2

5 Emulsifying power | 57.2 143 28.6

pH of the shikakai was alkaline quite similar to detergent whereas aritha showed
acidic (6.0) pH (Table 2).

Relative surface tension of aritha and shikakai was slightly more than the
detergent (Table 2). Wetting time for detergent was lowest followed by aritha
and shikakai. Aritha showed good percentage wettability and emulsifying power. Therefore
owing to these properties aritha and shikakai can be used as laundry reagents.

Cleaning Efficiency

Cleaning efficiency of the solution was affected by the fabric to be washed. The results are
given in the Table 3.

Table 3: % Cleaning Efficiency of Reagents

Sr. Fabric Laundry Reagent
No. . - -
Aritha Shikakai | Teepol

1 Cotton 43.7 62.5 62.5

2 Wool 71.4 64.2 64.2

3 Cotswool 64.2 64.2 57.1

4 Polyester cotton 55.5 66.6 66.6

5 Polyester 66.6 77.7 77.7
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For cotton, cotswool and polyester cotton fabric shikakai, for wool and cotswool aritha
and for cotton, polyester and polyester cotton teepol and shikakai gave better results.

Therefore it was seen that amongst the natural cleaning agents aritha proved to be better
for wool and cotswool. Wool fiber absorbs and retain more the cleaning solution because
of its percent wettability and hydrophilic nature (6). Hydrophillicity indicates the polar
portion of the molecules is repelled which is supported by lower surface tension and thus
assist in cleaning action of the solution (7). Aritha being amphoteric in nature works for
cotswool fabric.

Nowadays there is requirement of detergents for washing machines. This needs a reagent
which forms less foam. It should have good wettability and takes less time for wetting and
less time for washing. Shikakai will prove better for washing machines. The compact
detergent produced by combination of natural cleaning agent with detergent will have an
added advantages of being eco-friendly (being not 100% chemical), increased cleaning
efficiency (cumulative effect) and safe for hands and fabric as compared to detergent. The
exact percent combination of natural cleaning agent to the detergent to improve the property
will not mislead the consumer.
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Abstract

Varieties of cooking procedures are used at home. Choice of the method directly affects the nutrient
intake of the family and the individual. The present study was planned to study the alteration in the
nutritive value of Moth bean during soaking, germination and cooking. The specific processes studied
were soaking, soaking and pressure cooking, soaking and microwave cooking, germination, germination
and pressure cooking as well as germination and microwave cooking.

The results of the study indicate that processes like soaking and germination increased the vitamin
contents of the grains. Grains when cooked for eating purpose these vitamins level decreases. Pressure
cooking seemed to retain higher amount of the nutrients compared to microwave cooking except for
riboflavin content. The study indicates that the traditional cooking method is better for the preservation
of nutrients compare to advanced and rapid microwave cooking.

Introduction

Food processing covers simple treatment applied to food in the kitchen. Treatments applied
renders the food more appetizing, attractive and digestible (Chopra et al 1978).

Soaking and germination are the processing methods generally carried out prior to cooking
for most of the legumes. Soaking, germination and sprouting are the three processes which
are associated with the development of the sprout. These bring out desirable changes in
dry seed grains and legumes. In the dry state they lack in several vital nutrients. The process
of sprouting increases the quantity of vitamins several fold. They contain a full spectrum of
minerals, which undergo significant changes. Sprouted grains are a major source of food
protems.

Legumes are generally cooked for consumption to increase palatability. Studies reviewed
indicate increases in nutrients on germination, but very selected work is found on availability
of nutrients after cooking. Varieties of the cooking procedures are used at home. Choice
of the method directly affects the nutrient intake of the family (Miloslav1986). Soaking the
beans in water before cooking shortens the cooking time. The cooking time for dried
beans may also be shortened by pressure cooking. Considering all these aspects the
present study was planned to assess the alteration in the nutritive value of Moth bean due
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to soaking, germination and cooking. The processes studied were soaking, soaking and
pressure cooking, soaking and microwave cooking, germination, germination and pressure
cooking as well as germination and microwave cooking.

Methods and Materials

Mothbean was procured from the local market, cleaned and immature grains were removed.

Raw grains: Sound legumes were weighed and crushed for analysis to obtain the initial
value.

Soaked legumes: Sound legumes were weighed and soaked in separate containers with
measured amounts of distilled water for six hours (Madanpal et al 1995).

Germinated legumes: Soaked seeds were transferred to a glass bowl, covered with a
lid and allowed to germinate under moist conditions for 24 hrs.

Soaked and germinated seeds were cooked using the Pressure cooker and the Microwave
oven.

Pressure cooking of soaked legumes: Soaked legumes were seasoned with 2% ground
nut oil and kept in glass container. To this 20 ml of water was added and legumes were
cooked using the pressure cooker.

Pressure cooking of germinated legumes: germinated legumes was seasoned with
2% ground nut oil. The legume were transferred to a glass container. To this 20 ml of water
was added and legumes were pressure cooked using pressure cooker.

Microwave cooking of soaked legumes: legumes were seasoned with 2% ground nut
oil and kept in a glass container. To 100 gram of soaked legumes, 50ml of water was
added and cooked in a glass container using the microwave oven for 10 min.

Microwave cooking of germinated legumes: legumes were seasoned with 2% ground
nut oil and kept in a glass container. Per 100 gram of germinated legumes, 50ml of water
was added and cooked using the microwave oven for 10 min.

All the legumes were freshly analyzed by standard methods. Chemical analysis were carried
out using standard methods:

Protein (Total nitrogen Oser and Hawks 1956 * 6.25), Moisture (AOAC 1984), Lipid
(AOAC 1984), Iron (Ramsay et.al.1954), Calcium (Morris 1958), Phosphorous (Fiske
and Subbarow 1925), Thiamine and riboflavin (AOAC 1984), Vitamin "C" (AAVC 1951).
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Results and Discussion

Protein and fat content of the Mothbean were studied for raw, soaked, soaked and pressure
cooked, soaked and microwave cooked, germinated, germinated and pressure cooked
as well as for germinated and microwave cooked products.

Study indicates a significant (p>0.005) decrease in the protein content on soaking. The
decrease in protein in agreement with Youssef et al (1987), which may be due to leaching
out of water soluble proteins. Mostafa et al (1987) reported a loss in non-protein nitrogen
on soaking. On germination of soaked grain the protein content indicates a non-significant
increase compared to raw. Cooking of the soaked and germinated seeds leads to a non-
significant decrease on pressure cooking but a significant (p>0.005) decrease on microwave
cooking (p>0.1) for germinated and (p>0.005) for soaked grains respectively. Observations
indicate that pressure cooking is better than microwave cooking to retain the protein. The
loss in protein on cooking is in agreement with Aliya etal (1981). The decrease in protein
was higher on microwave cooking compared to pressure cooking (p>0.05). These results
are presented in Fig -1.

Fat content of raw Mothbean increases by 12% on soaking which further increases and
finally indicates a 22.6% increase (p>0.025) on germination. Increase in fat on germination is
also reported by Ahmad et al (1982). As the legumes was seasoned with 2% ground nut oil
prior to the cooking 2 % fat remained present. Result of this study is presented in Fig - 2.

Soaking and germination both the processes found to increase the vitamins content. Soaking
of the dry grains showed significant increase (p>0.005) for vitamin C which further increased
significantly on germination (p>0.005). Increases in vitamin C on germination is reported
by Kylen (1975) and Maggie and Field (1981) which may be due to synthesis from reducing
sugar. Vitamin C content of the grain decreases on cooking due to its oxidative and heat
sensitive nature, which is related to values reported by Ajay et al (1980) and Sree Ramula
(1983). The decrease in vitamin C content was higher on microwave cooking (p>0.005)
compared to pressure cooking (p>0.025). Naveeda and Prakash (2006) reported that
microwave cooking caused 36-57% reduction of ascorbic acid while pressure cooking
caused 10-30% loss. Fig - 3 represents these changes.

Thiamin content of the dry grains showed a significant increase (p>0.05) on soaking which
further increased significantly on germination (p>0.005). Cooking of the mothbean leads
to a loss in thiamin content. The decrease was higher on microwave cooking (p>0.05)
compared to pressure cooking (p>0.2). Fig - 4 represents these observations.

Riboflavin content of the dry grains showed a significant increase (p>0.005) on soaking
which further increased significantly on germination (p>0.0005). Cooking of mothbean
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leads to loss in riboflavin content. The decrease was non-significant for soaked grains but
significant for germinated grains (p>0.01) on microwave cooking (p>0.005) and on pressure
cooking (p>0.025). Fig - 5 represents these results.

The result of this study indicates that processes such as soaking and germination increased
the vitamin content of the grains. When grains were cooked for eating purpose these
vitamin levels decreased. Pressure cooking seemed to retain higher amount of nutrients
compared to microwave cooking except for riboflavin indicating that traditional cooking
was better for the preservation of nutrients than microwave cooking.
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Fig. 1: Changes in protein (gm%o) content of mothbean
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Fig. 2: Changes in fat (%) content of mothbean
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Fig. 4: Changes in Thiamin (mg%) content of mothbean
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Abstract

Thermosetting plastics materials posses low impact strength compared to other plastics materials.
Elastomer based toughening system was adopted for these materials. Natural rubber and nitrile rubber
were used as toughening agents. The matrices were phenol formaldehyde, epoxy and unsaturated
polyester resin. All are modified by the rubbers and jute fibre composites were prepared. Mechanical
properties were estimated for the composites and found to superior than the unmodified matrices.

Introduction

Successful rubber toughening imparts greater ductility, improved crack resistance and impact
strength to the material (1-5). The toughening is achieved by a small loss in stiffness of the
material and without a large effect on its thermal stability (6, 7).

In toughening of plastics, polystyrene is the first that was tried and high impact polystyrene
(HIPS) was prepared. Styrene acrylonitrile (SAN), Acrylonitrile butadiene styrene (ABS),
polymethyl methacrylate (PMMA) etc. comes next to that. They all come under purely
engineering plastics. Thermosets like epoxy resin are also toughened now a days (8-10).

In brittle material like thermosets plastics the molecular mobility in the glassy state is low
and the poly chains are unable to undergo large scale molecular motion in response to
rapidly applied external stresses or impacts (11). Several different routers are used for the
preparation of rubber toughened polymers. The formations of crosslinked rubbery regions
by phase separation during the polymerization are widely accepted in the toughening of
phenol formaldehyde (12). The structure of the material obtained by this route depends on
the chemical and physical changes that occur during the polymerization process (13, 14).

Present work deals with toughening of thermosetting materials like phenol formaldehyde
resin, unsaturated polyester resin and epoxy resin with rubbers like natural rubber and
nitrile rubber.
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Experimental
Materials Used:

Phenol, formaldehyde, xylene, toluene, methanol are laboratory grade.

Unsaturated polyester, commercial grades supplied by Krishna Polymers, Anand.
Epoxy resin, epoxy equivalent 200 was commercial grade, supplied by Sympol,
Ahmedabad.

Unsaturated Polyester resin (UPE), general purpose and epoxy resin were commercial
resins widely used to make composites.

Epoxy resin was cured with Tri ethyl tetra amine (TETA) in molar ratios.

UPE resin was cured with Methyl ethyl ketone peroxide-1% (MEKP) and cobalt octate-
0.1%.

Natural rubber (NR), ISNR-5, ML(1+4) at 100° C 85 was supplied by RRII, Kottayam,
Nitrile rubber (NBR), ML(1+4) at 100° C 45, acrylonitrile content 33 % was supplied by
Apar Polymers Ltd.

Jute fibre was commercial grade.

Experimental Techniques:

Preparation of Rubber solution:

Rubber was masticated to reduce the molecular weight using a Laboratory scale two roll
mill (6x12 inch). In the two roll mill a temperature of 50-60° C was kept. It was then
dissolved in toluene. The solution was stirred and kept in air tight containers. This rubber
solution was used for further blending.

Modification of PF resin (Reactive method):

Phenol and formaldehyde were mixed and oxalic acid is used as catalyst. This solution was
mixed with rubber solution in the reactor vessel by adding drop wise with continuous
stirring. Temperature given was kept between 90-100° C. Stirring continued until and a
homogeneous mass was obtained with sufficient viscosity. This mixture of phenol
formaldehyde with rubber was used for composite preparation. Different ratios of rubber
were used to prepare jute fibre composites.

Modification of UPE and Epoxy resin (Solution blending):

In unsaturated polyester resin (General purpose) and epoxy resin (EEW: 200) were
commercial resin available which were used in composites preparations. Solution stage
mixing was used to mix with rubber. Solutions of UPE and epoxy in xylene (10%) was
mixed with rubber solutions in different ratios and used for composite preparation.
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Composite preparation:

The resin to jute fiber ratio was 60/40. In every composites 6-7 plies of jute fibre were
taken. The curing agents for the resins were mixed. The resin was diluted by solvents like
toluene/xylene and applied on each layer of fiber and allowed to dry. The plies were then
kept in a compression molding machine without applying any pressure. Sheets were prepared
and specimens were cut using cutting machines.

Testing;

a) Impact strength: Test specimens were prepared for [zod impact test. Specimens
were kept vertical in cantilever position and pendulum load was used to strike it. The
energy required for breaking the specimens was recorded. Using the thickness of the

specimen impact energy was also calculated and reported in J/mm. This test was
conducted as per ASTM D 256***,

***¥ASTM: American Standards for Testing Materials. The most popular testing
standards used world wide, published and revised periodically. This is available
for all materials and "D" section is for plastics/Rubber/Polymers etc. The
standard used in this was published in 2004.

b) Flexural strength and modulus: Rectangular pieces were cut out of the sheets and
flexural strength was measured using universal testing machine. Three point bending
technique was followed in this test. This test was performed as per ASTM D 790.

¢) Rockwell hardness: Sheets specimens were taken for estimating Rockwell hardness
in L scale as per ASTM D 785.

d) Surface and volume resistivity: The surface and volume resistivity of the compression-

moulded compounds were determined using a mega ohmmeter. The test was
conducted as per ASTM D 257.

e) Chemical resistance: The effect of chemicals on the compounds was estimated in
different mediums NaOH and H,SO,. Specimens were immersed in the chemicals
for 24 hours at room temperature. The test was performed as per ASTM D 543.

Results and Discussion

Figure 1,2 & 3 show the impact strength of jute fibre composites made of phenolic,
unsaturated polyester and epoxy resin respectively modified by rubbers like natural rubber
and nitrile rubber.

As the amount of rubber increases the impact strength increases. The effect is same for
phenolic, UPE and epoxy matrices in which impact strength is increasing for the composites.
Impact strength is increasing because of the toughening effect of rubbers in the composites.
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Rubber particles will be acting as stress concentration points and absorb the shock or
impact which saves the matrix from a brittle failure [15, 16].

In this case the type of toughening was shear yielding in which rubber particles absorb and
yield to the maximum before failure [ 16]. When concentration of rubber increases impact
strength increases. This behaviour is found to be similar in both types of rubbers irrespective
of the polarity. Due to toughening 100% increase in impact strength was observed. Out of
two rubbers natural rubber shows superior effect than nitrile rubber because of its higher
elongation, tensile strength and flexibility.

Figure 4 & 5 shows the flexural strength and modulus respectively of the phenolic
composites. As the rubber content increases flexural modulus and flexural strength decreases.
This is due the presence of low modulus member in the matrices. This behaviour is similar
in all the other composites also. Similar effects are shown in figure 6-9 in UPE and Epoxy
resin composites.

Rockwell Hardness results are shown in Figure 10. The hardness values are found to be
decreasing as the rubber content increases. This is due the lower hardness of rubber
components.

Volume resistivity and surface resistivity values are shown in Figure 11 and 12. As rubber
content increases resistvity decreases slightly. This may be due to the effect of rubber on
making the composites less resistance to current passage.

Chemical resistance of the composites is shown in the Table 1. The chemical resistance of
these composites was found to be very good. The weight changes are very negligible
which is superior compared to conventional composites without rubber.

Tablel: Chemical Resistance of the Composites with 1x1 cm size (area)

Sample Weight change in | Weight change in
(With 4% rubber) HCI (1N), mg NaOH (1N), mg

PF without rubber 0.061 0.061

PF — NR (with rubber) 0.049 0.059
PF- NBR (with rubber) 0.005 0.013
Epoxy (without rubber) 0.05 0.05
Epoxy —NR (with rubber) 0.049 0.05
Epoxy- NBR (with rubber) 0.005 0.013
UPE (without rubber) 0.03 0.03
UPE — NR (with rubber) 0.012 0.016
UPE- NBR (with rubber) 0.019 0.023
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Conclusions

Generally thermosetting, polymers show very low toughness. The thermosetting matrices
like phenolic, epoxy, UPE are modified with rubber. This technique is used to improve the
impact strength but shows marginal reduction in flexural properties and Rockwell hardness
due to the presence of rubber. In this study two rubber were used and out of this natural
rubber was found to be giving higher properties than nitrile rubber. Chemical resistances of
the compounds are superior to unmodified composites. This method of Toughening of
thermosetting matrices is found to be very effective. The amounts of rubber required were
very small. The technique used are very simple and thus can easily be commercialized.
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Abstract

Efforts have been made to study the behavior of squeeze film formed by magnetic fluid between
curved annular plates considering the curvature of a secant form to represent the film thickness. The
Reynolds' equation is solved and the expressions for performance characteristics such as pressure,
load carrying capacity and response time are derived. The results are presented in graphical form. It is
observed that all these above characteristics register increase with increasing magnetization parameter.
Furthermore the performance of bearing with magnetic fluid lubricant is relatively better than that with
the conventional lubricant.

Key words: Magnetic fluid, Squeeze film, annular plate, Reynolds equation, load carrying capacity.

Introduction

The behavior of the squeeze film between various geometrical configurations of flat surfaces
was analyzed by Archibald [1]. Hays [2] presented the squeeze film phenomenon between
curved plates considering curvature of the sine form and keeping minimum film thickness
as constant. Murti [ 3] discussed the behavior of the squeeze film trapped between curved
circular plates describing the film thickness by an expression of exponential function. He
based his analysis on the assumption that the central film thickness instead of minimum film
thickness as assumed by Hays, was kept constant. Following the analysis of Murti, Gupta
and Vora [4] studied the squeeze film behavior between curved annular plates. In all the
above studies the lower plate was considered to be flat. The squeeze film behavior between
porous annular disks has been analyzed by Wu [5] for irrotational disks. This analysis was
extended by Gupta and Sinha [6] by considering the effect of the axial current. Ting [7]
simplified the analysis [6] considerably taking only the lower disk to be rotating. All the
above studies considered conventional lubricant. Verma [8] and Agrawal [9-10] investigated
the application of a magnetic fluid as a lubricant. Subsequently Bhat and Deheri [ 11] analyzed
the squeeze film between porous annular disks using a magnetic fluid lubricant with the
external magnetic field oblique to the lower disk. Also Bhat and Deheri [ 12] analyzed the
magnetic fluid based squeeze film in curved porous circular disks. In these articles it has
been observed that the performance of the bearing working with a magnetic fluid was
better than that with a conventional lubricant. However, the plates were taken to be flat.
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In practice, the flatness of the plates does not endure owing to elastic, thermal and uneven
wear effects. With this end in view Bhat and Deheri [13] studied the effects of magnetic
fluid lubricant on the configurations of Ajwaliya [14]. Recently Patel and Deheri [ 15] studied
the magnetic fluid based squeeze film between two curved plates lying along the surface
determined by secant functions rather than the surfaces being determined by exponential
functions as assumed in [13] and [ 14]. Further works regarding the behavior of squeeze
film in curved plates have been carried outin ([16], [17], [18]). Here we propose to study
the problem of Ajwaliya [14] in the presence of a magnetic fluid, wherein, the plates lie
along the surfaces determined by secant function.

Analysis

The configuration of the bearing is as shown in figure 1. We assume the upper plate lying
along the surface given by

z=h [Sec(Br)];b<r<a

approaching with normal velocity ho = % to the lower plate lying along the surface
t

z=h [Sec(Cr)—1];b<r<a

where B and C are the curvature parameters governing the curvature of the two surfaces
respectively (h, is the central distance between the film thickness) (C.f. [10], [14]).

The film thickness h(r) is defined as
h(r) =h,[ Sec (Br*) —Sec (Cr)) + 1 [;b<r<a

Introducing the dimensionless quantities

Ezh/ho,_ R=r/a, a=b/a.
Ho M ho

[T —
pho

we obtain the dimensionless film thickness
h= [Sec( BR*) - Sec( CR*) +1] (D)

wherein B and C are the dimensionless curvature parameters defined by B =Ba?

and C=Ca2. Concerned Reynolds' equation governing the film pressure is obtained as
[C.f.(13),(14)]
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d[rh’d {p-05pm pH>}]=12p hor )
dr dr

where H® = (a — 1) (r — b); b <r < a, p is the fluid viscosity, 1 represents the magnetic

susceptibility, i, stands for the permeability of the free space and the inclination ¢ of the
external magnetic field with the lower disk is represented as in [ 13]. Integrating (2) with
boundary conditions p=0atr=aandp=0atr=b, we get the dimensionless pressure
P as

ho3p R
P=— = 05p*(1-R)R-0)-6] R dR
Mazh'() a E3
1 R
6J(R/h)dR[(1/R h*)dR
TR o - .. (3
1

«] (1/R 1*)dR

The load carrying capacity W is obtained from the relation

a
W=2n[rp(r)dr
b

The dimensionless load carrying capacity is given by

W ho’
W= oo
2npathy
1 3[['(R/ h*)dR ?
= W*/24)(1-0)(1-a)P +3] RPdR — %o
a h 1

[(1/R h¥)drR

(@)
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The response time in the dimensionless form becomes

AtWh02
I A p— =[(1/ D) -1/ b /24)(1-0) (1-a)P W
nua4
.. (%)

where

hi=h;/hy, ho=hy/hg

Results and Discussion

Expressions for pressure, load carrying capacity and response time in dimensionless form
are presented in equations (3), (4) and (5) respectively. These three equations make it
clear that the increase in pressure, load carrying capacity and response time in the present

caseare (0¥ /2) (1-R) (R-a),(u*/24) (1-0’) (1-a)® and (1/ h’-1/ h?)
(u* /24) (1 - a?) (1 — o) respectively. All these tend to increase with increasing values

of magnetic parameter p* For the sake of comparison the ranges of the parameters are
chosen as in [ 15]. The computed values of dimensionless pressure, load carrying capacity
and response time are presented in graphical form.

In figure 2 we have the pressure distribution with respect to the magnetization

parameter p* . This figure reveals that the pressure increases with increasing p*.

Figure 3 presents the variation of load carrying capacity with respect to u* . The graph

suggests that increasing values of u* cause increased load carrying capacity. Further a

comparison with the conventional lubricant indicates that the bearing performance gets
improved here (C.f. [14]).

Figure 4 depicts the variation of response time with respect to u* . Here it is observed that

increasing values of u* cause increase in the response time.
Variation of pressure and load carrying capacity with respect to the curvature parameter of
the upper plate is presented in figures 5 and 6 respectively. It is interesting to note that in

these figures a symmetric nature in the distribution of pressure and load carrying capacity
is manifest.

Lastly figures 7 and 8 give the distribution of pressure and load carrying capacity with
respect to the lower plate's curvature parameter respectively. Here also the symmetrical
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nature persists so far as the distribution of pressure and load is concerned. Further, a
comparative study on the effect of the curvature parameters indicates that the trends are
reversed in nature. In addition, a comparison of figures 6 and 8 suggests that the effect of
lower plate's curvature parameter is little better than the effect of the curvature parameter
ofthe upper plate.

Conclusion

The study clearly underlines that the performance of the bearing with a magnetic fluid lubricant
is considerably better than that of a conventional lubricant. The symmetrical nature is observed
in the distribution of load with respect to the curvature parameter makes it all the more
interesting from the industrial point of view. For a more better performance of the bearing one
can suitably adjust (increasing / decreasing) the curvature parameters of both plates.
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FIGURES

Figure 1: Bearing Configuration
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Figure 2: Variation of pressure with respect to u*
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Figure 5: Variation of pressure for conventional lubricant with respect to B
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Figure 6: Variation of load carrying capacity for conventional
lubricant with respect to B
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Figure 8: Variation of load carrying capacity for conventional

lubricant with respect to C
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Abstract

We present here an anisotropic version of Schwarzschild interior solution. The solution is matched
with the Schwarzschild exterior solution at the boundary. The solution is interpreted as an exact
relativistic model for a compact anisotropic star. The numerical estimates of various parameters are
given and the physical features of the solution are briefly discussed.

Key words: General Relativity, Anisotropic fluid spheres.

PACS No. 04.20ib
Introduction

The assumption of local isotropy is very usual in the astrophysical study of massive compact
astronomical objects. However, the theoretical investigations of Ruderman (1972) and
Canuto (1973) on more realistic stellar models indicate that stellar matter may be anisotropic
at least in certain density ranges ( o <10'° gem™) . According to them, the radial pressure
may not be equal to the tangential pressure in such massive objects. No celestial body is
composed of purely perfect fluid. Therefore it is very interesting to study the anisotropic
fluid spheres in the frame work of general relativity. Existence of a solid core, presence of
type-p superfluid or any other physical phenomena are responsible for anisotropic behavior.
Our aim is not to study the ways of introducing anisotropy in the stellar matter but we are
interested in the construction of exact relativistic models for anisotropic fluid spheres with
physically reasonable behavior.

Bowers and Liang (1974) have discussed the possible importance of locally anisotropic
equations of state for relativistic fluid spheres by generalizing the equations of hydrostatic
equilibrium to include the effects of local anisotropy. Their study indicates that anisotropy-
if present in the density range expected for relativistic stars (densities upto at least
10" gem) may have non-negligible effect on such parameters as the maximum equilibrium
mass and surface red shift. Consenza et al (1981), Bayin (1982), Krori et al (1984),
Maharaj and Maartens (1989) and Gokharoo and Mehra (1993) have discussed different
exact solutions of Einstein field equations. These solutions discussed various physical aspects
of anisotropic fluid spheres. These solutions can be used as models of massive compact
objects. Patel and Vaidya (1995) have obtained anisotropic analogue of Finch-Skea (1989)
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solutions. In the present investigations we give a physically significant exact solution of
Einstein field equations for anisotropic fluid sphere using the method developed by Patel
and Vaidya (1996). The method is useful to generate static spherically symmetric anisotropic
fluid sphere solution from known static perfect fluid solution. Earlier Patel and Vaidya
(1996) had obtained anisotropic analogue of Vaidya and Tikekar (1982) solution. In the
next section, we will give brief description of the method.

The Method

The spherically symmetric static metric can be cast into the form
ds® = " dt> —edr’ —r*(d60% +5in® 0dg?) o o o e we e (21)

where v and A are the functions of the radial coordinate r. We name the coordinates as

1 2 3 4_
x=r,&=0,a=¢anda =t

We shall develop the Einstein field equations for a static anisotropic fluid sphere. The
Einstein field equations for non-empty space-times are

1
Ry =—87{Tik—5T9/k).. e (2D

The energy-momentum tensor for anisotropic fluid distribution can be expressed in the
form

T =pvv, + phy +1, o vee v e e e e e e e e e e e (2.3)

14

where v, = e? o! represents the four velocity, p is the matter density, is the isotropic fluid

pressure and &, =v,v, — g, is the projection tensor.

The anisotropic pressure tensor ¢, is given by

1
tik=ﬁS(r)(C,~Ck—§h,~kj... (2

A
here ¢ _ ,2 57 isaunitradial vector and S(r) is the magnitude of the stress tensor.

81



An Anisotropic Analogue of...

It is easy to check that the Einstein field equation (2.2) along with (2.3) and (2.4) for the
metric (2.1) reduce to the system of following equations (2.5) to (2.7).

(2.5)
87, :ei("_+izj-i2 (2.6)
r r r
1 ) " ) [ 2 ' '
87rpL=Ze (21/ +v:i-Av +—( —xl)j (2.7)
r
where the radial pressure P, and tangential pressure P, are given by
28 S 1
= +— , = e ,SZ— P 28
p,=p \/g p.=p \/g \/g(p pL) (2.8)
Here follows overhead dash denotes differentiation w.r.t. r.
With the help of (2.6) and (2.7) one can easily check that
FUETERS B IR (ST R
—167/35¢" =v" +—v ——(v +/1)——/1v +—2(e —1) (2.9)
2 r 2 r
Substituting e2 = F,r? = x (2.10)
the equation (2.9) can be expressed in the form
L d’F d( _\dF |1 A
dxe 5 +2xa(e ﬂ)g{;@-e ﬂ)+£(e ﬁ)+sw§s}F=o L@

Let us assume that a solution of (2.11) for the isotropic fluid sphere is known. Let us

denote this solution by A= A,(r) and v = v, (r). Itis easy to verify that A = 4,(r) and

Yo

F =e? +a + fx satisfy the differential equation (2.11) provided the anisotropy function
S'is given by
8 3SF = 0{ Lo Lo )} . ;{1(1 et head o )} - 2.12)

X

X X
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where ¢ and f are arbitrary constants. The choice of these constants depends upon the

physical requirements of the solution. It is physically required that S=0 at the centre.
i.e. r=0. Ifthe function S'is given by (2.12), then we get an anisotropic fluid sphere solution

v
Vo 0

from an isotropic fluid sphere solution by simply replacing ¢ 2 by e’ +a+ px.The
physical parameters 2P, and P. can be obtained from (2.5), (2.6) and (2.12).
It can be easily proved that a perfect fluid (isotropic) solution with the metric (2.1) is

conformally flatifand only if

Yoo )e L)oo o (2.13)

X dx

In this case, the anisotropic function S is given by

—~873SF = 2ﬂx—di(e*°) (2.14)

X
From (2.14), it is obvious that the anisotropic fluid generalizations of the isotropic conformally
flat fluid sphere solutions can be obtained by the above method only if B # 0.

Any physically acceptable anisotropic fluid sphere solution must satisfy the following
boundary conditions.

Q) At the surface of the sphere (»=a), our interior solution should match with the

Schwarzschild exterior solution represented by the metric

-1
dszz(l—z—mjdtz—(l—z—mj dr —r(d6> +sin’0d§) ... .. .. 2.15)

r r

where m is the total of the sphere which is constant.

(i) The radial pressure P, at the centre should remain finite and it must vanish at the
boundary » = a of the sphere.

In the immediate section, we shall apply the above technique to Schwarzschild (1916)
interior solution to get corresponding anisotropic analogue.
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An Anistropic Analogue of Schwarzschild Interior Solution

The metric for the Schwarzschild (1916) interior solution is given by

2
r

=%

2
2 2
dsz{A—B 1—%}#2— I 12(a0? +sin? 0dg?)... ... (3.1)

where R, A, B are arbitrary constants. For notations and standard form of this metric,
we follow Adler etal (1975). According to technique and notations developed in preceding

Section, the metric potentials v, () and A, (r) for the metric (3.1) are given by

vo 2
o =1 ;ezz(A—B 1-%}... (3.2)

and metric density is given by

3
B0y = (3.3)

2

It is well known that the space time of Schwarzschild interior solution is conformally flat.
So we should take £ = 0 . For simplicity, we should put ¢ = (). In this case the functions

A,v and p satisfying the equation (2.9) are given by

ot = 12 ;ezz(A_Bh—r—zJ+,Br2... (3.4)
- .

R2
— 87438 = 2?’“ (3.5)
R°F

Here f is an arbitrary constant. Itis clear that S vanishes at the centre = (0. The radial

pressure p and density o are given by

3
8mp=— ... 3.6
= (3.6)
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1’2 1’2
3B I—RZ—A+4ﬂR2[1—RZ}—ﬂr2

87p. = (3.7)

2
RzlA—B 1—;2+ﬂr2]

The above solution for anisotropic fluid sphere must satisfy the boundary conditions of

section-2 at the boundary » =a These boundary conditions specify the constants m, 4
and B as

a
m=— (3.8)
3 a’ a’
Azaw/l—F+2ﬂ[a2—R21/1—F] (3.9)
p=l, P [a2—2R2 1-“—2] (3.10)
2 e R
1- =
R2

When 3 =(), the anisotropy of pressure disappears and we recover the usual Schwarzschild

interior solution.
Discussion

We shall now discuss some physical features of the above solution. This solution is with

constant density which is given by equation (3.6). The central pressure P, for the above

solution is given by
3B—A+4pr’
= 4.1
ﬂprﬂ RZ(A—B) ( )

OR

1 4
3B-—A+—BR’
2]

R*(4-B) 4.2)

87p, =
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The physical requirements p, =0 and p >p, demand

f(4,B)>0;1-f(4,B)>0 ... ... ... 4.3)
where f(4, B) is defined by

3{8—1A+:ﬂR2}

7(4,B)= 3A_B (4.4)

If % and f is given then 4 and B can be computed from equations (3.9) and (3.10)

a
respectively. For = 0.1and £ = 1 and for various values of @and R satisfying 0 < z <1,

the values of f(4, B) and 1 - f(4, B) are abulated in the following two tables.
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Table 1: For3=0.1

a /(4,B) 1-/(4.8)
0.05 0.000614 0.999386
0.10 0.002302 0.997697
0.15 0.005005 0.994994
0.20 0.008805 0.991194
0.25 0.014077 0.985922
0.30 0.020732 0.979267
0.35 0.029092 0.970907
0.40 0.039503 0.960496
0.45 0.052423 0.947577
0.50 0.068529 0.931470
0.55 0.088810 0.911189
0.60 0.114791 0.885208
0.65 0.148948 0.851051
0.70 0.195614 0.804385
0.75 0.262905 0.737095
0.80 0.369063 0.630937
0.85 0.564062 0.435937
0.90 1.060360 -0.060360
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Table 2: For 3=0.1

a /(4.B) 1-f(4.B)
0.05 0.000536 0.999464
0.10 0.002125 0.997875
0.15 0.004813 0.995987
0.20 0.008681 0.991319
0.25 0.013851 0.986149
0.30 0.020494 0.979506
0.35 0.028849 0971151
0.40 0.039924 0.960754
0.45 0.052154 0.947846
0.50 0.068244 0.931756
0.55 0.088506 0.911494
0.60 0.114465 0.885535
0.65 0.148590 0.851410
0.70 0.195174 0.804826
0.75 0.262437 0.737563
0.80 0.368486 0.631514
0.85 0.563270 0.436730
0.90 1.058870 -0.058870
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From the above tables we can see that for = 0.1and g =1, the function f (A, B) isan

increasing function of % . From the tables it is clear that for % =0.9, the central density

becomes less than the central pressure. This is not desirable. Therefore for # = 0.1 and

3 =1, the range of validity of our solution is 0 < ¢/, < 0.85.

Conclusion

Thus, anisotropic version of Schwarzschild interior solution is obtained. Switching of the
anisotropy from this solution we can recover the isotropic solution is the salient feature of
our solution. Various numerical parameters are also estimated for the discussion of physical
significance of the solution.
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Abstract

Hypertension is defined as Systolic Blood Pressure (SBP) of 140mm Hg or greater and/or a Diastolic
Blood Pressure (DBP) of 90mm Hg or greater in subjects who are not taking antihypertensive
medications."? Hypertension is an important worldwide public health challenge * which accounts for
20 - 50% of all deaths.*It carries concomitant increase in risk of heart, vessels, kidney, brain, eye and
other organ damage. A meta-analysis showed an increase in the prevalence of hypertension over the
years, especially of systolic levels, more in urban than rural areas.’ It is undetected in 30% of those
who have it.® Hypertension is often considered as "silent killer" as it as, such doesn't produce
symptoms, which may contribute to non-adherence to prescribed therapy and many patients are
undertreated. Aim of present article is to create awareness towards causative, pathophysiological and
treatment aspects of hypertension, thereby help to improve quality of life.

Hypertension

Hypertension is defined as systolic blood pressure of 140mm Hg or greater and/or a
diastolic blood pressure of 90mm Hg or greater in subjects who are not taking
antihypertensive medications."* The classification of BP for Adults Aged 18 years and
older” has been shown in Table -1.

Table 1: The classification of BP for adults aged 18 years and older

Category Systolic Pressure, | Diastolic Pressure,
mm Hg mm Hg

Optimal <120 <80

Normal <130 <85

Prehypertension 120 - 139 80 — 89

Hypertension

Stage 1 (mild) 140 — 159 90 - 99

Stage 2 (moderate) 160 —179 100 — 109

Stage 3 (severe) 180 —209 110-119
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EPIDEMIOLOGY AND PREVALENCE OF HIGH BLOOD PRESSURE
High blood pressure as a risk factor

Epidemiological studies have identified an independent link between high BP and various
disorders including myocardial infarction (MI), Coronary artery disease (CAD), Peripheral
vascular disease, Brain damage (stroke), Congestive Heart Failure (CHF), Eye disorders
and impaired kidney function. High risk group includes the elderly, smokers, obese, physically
inactive and individuals with dyslipidemia or diabetes mellitus. Prevalence of Hypertension
in India among adults is 11%, among teenagers 1% in boys and 0.6% in girls®. Hence it is
worth making attempt for primary prevention.

RISK FACTORS AND PREDICTORS OF HIGH BLOOD PRESSURE
Heredity

A family history of elevated BP is one of the strongest risk factors for future development
of hypertension in individuals.

Genetic factors

The genetic basis of high BP has been well supported by experimental research.
FACTORS INFLUENCING BLOOD PRESSURE

Age

A positive relation is demonstrated between age and BP in most populations with diverse
geographical, cultural and socioeconomic characteristics.’

Sex

Beginning at adolescence, men tend to display a higher average level. Late in life the
difference narrows and the pattern may even be reversed.’

Ethnicity

Population studies have consistently revealed higher BP levels in black communities than
other ethnic groups.®

Socioeconomic status

In countries that are in the post-transitional stage of economic and epidemiological change,
consistently higher levels of BP and a higher prevalence of hypertension have been noted
in lower socioeconomic groups. This inverse relation has been noted with levels of education,

91



Hypertension-An Overview

income and occupation. However, in societies that are transitional or pre-transitional, more
cases are noted in upper socioeconomic groups.

Early life

It has been recently suggested that an adverse environment during critical periods of
development in foetal life and infancy predisposes an individual to risk factors for
cardiovascular disease, including high BP. An inverse relationship between BP and birth
weight has been demonstrated in longitudinal studies of children as well as adults.'®

Body weight

In most studies, being overweight is associated with a two fold to six-fold increase in the
risk of developing hypertension.'! For each 10 kg increase in weight, there is a rise of
2-3 mm Hg SBP and 1-3 mm Hg DBP.

Central obesity and the metabolic syndrome

"Central obesity", indicated by an increased waist to hip ratio (WHR), has been positively
correlated with high BP in several populations. The co-existence of central obesity, insulin
resistance (IR), hyperinsulinaemia (HI), glucose intolerance, dyslipidemia and hypertension
has also been highlighted in the recent years.'> 1314

Nutritional factors

Studies have shown that intake of sodium chloride, in excess of physiological requirements,
is associated with high BP and there is an inverse relationship between BP and dietary
intake of potassium.'s-1¢

Alcohol

Alcohol consumption is related to high BP. Effects are independent of obesity, smoking,
physical activity, sex and age.!”

Physical activity

Sedentary and unfit normotensive individuals have a 20-50% increased risk of developing
hypertension.'®

Heart rate

When groups of normotensive and untreated hypertensive subjects, are compared, the
heart rate of the hypertensive group is invariably higher.
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Psychosocial factor
There is evidence that various forms of acute mental stress increase BP.
Environmental factors

Exposure to noise and air pollution has all been implicated as risk factors for high BP.
Protecting the public from pollution should be a priority.

ORGAN DAMAGE ASSOCIATED WITH HYPERTENSION

Untreated hypertension increases the risk of vascular damage. These lesions lead to cardiac,
renal and cerebrovascular morbidity and mortality, incidence of which is also dependent
upon the level of concomitant risk factors.

Heart

Cardiac complications of hypertension are often grouped together and defined as
"Hypertensive Heart Disease". Elderly hypertensive patients are prone to angina pectoris,
MI and death at a rate 2 to 3 times greater than their normotensive counterparts.

Large and small coronary arteries

Atherosclerotic plaques are frequently found in coronary arteries of hypertensives. The
incidence of myocardial infarction and sudden cardiac death is increased in hypertension.
It is not known at present how much of this increased incidence is due to atherosclerotic
lesions of large coronary arteries, left ventricular hypertrophy, myocardial fibrosis or disease
of the coronary arteries."

Congestive heart failure (CHF)

Untreated hypertension may lead to CHF. Meta-analysis of controlled clinical trials, including
those of hypertension in the elderly, indicates that antihypertensive therapy can reduce the
incidence of CHF by about 50%.%

Brain, eye and carotid arteries
Cerebrovascular disease (CVD)

All types of stroke are associated with hypertension. Antihypertensive treatment has been
shown to be particularly effective in reducing the incidence of stroke, a 5-6 mm Hg reduction
in DBP reducing incidence by about 40%.?!
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Eye

Simple thickening of retinal arteries is related more closely to age than to BP* but
hypertension can lead to microinfarcts, haemorrhages, retinal detachment, nerve damage
and permanent impairment or loss of vision. There is direct relationship between elevation
of DBP and a degree of narrowing of optic arterioles. Hypertensive retinopathy can be
reversed with effective BP control.

Carotid arteries

Increased prevalence of atherosclerotic complications in hypertensive patients is associated
with an increased incidence of atherosclerotic lesions in the carotid arteries.

Kidney

The kidney is an important target of hypertension. Severe and malignant (accelerated)
hypertension often leads to renal insufficiency within a few years. Reduction of proteinuria
can be achieved by effective BP reduction.”2 Warning signs of renal damage in hypertension
are proteinuria or microalbuminuria and CVD.? Hypertension remains a leading cause of
renal disease accounting for 15-20% of all cases of renal failure in USA.24

TREATMENT ASPECTS

It is estimated that a sustained 12 mm Hg reduction in SBP will prevent 1 death for every
11 patients treated.? While control rates are improving they are well below goal in Healthy
People 2010. Algorithm for treatment of hypertension is shown in figure-1¢ and effect of
lifestyle modifications on hypertension is given in table-2.”
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Fig. 1: Algorithm for treatment of hypertension

Life style modification

!

Not at goal blood pressure
< 140/90 mm Hg

(<130/80 mm for patients with diabetes of chronic kidney disease*)

!

Initial drug choices

:

Without compelling indications With compelling
indications

Stage 1 hypertension Stage 2 hypertension Drug(s) for compelling

(SBP 140-159 or (SBP =160 or indications

DBP 90-99 mm Hg) DBP =100 mm Hg)

Thiazide type diuretics for Two drug combination for | Diuretics,

most; may consider ACE most (usually thiazide type | ACE inhibitor, ARB,

inhibitor, ARB, beta blocker, | diuretict ACE inhibitor, beta blocker, CCB as

CCB, or combination ARB, beta blocker, or CCB)| needed

i

Not at goal blood pressure

A 4

< Optimize dosages or add drugs until goal blood pressure is achieved

« Consider consultation with hypertension specialist

* Lower than previous JNC recommendations.
ACE= angiotensin-converting enzyme; ARB=angiotensin II receptor blocker;

CCB=calcium channel blocker.
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Table 2: Effect of lifestyle modifications on hypertension

Modification

Recommendation

Approximate SBP
reduction (range),

mm Hg

Weight reduction

Maintain normal body

weight*

5-20 per 10 kg lost

Adopt DASH **

eating plan

Dietary sodium

reduction

Consume a diet rich in
fruits, vegetables and low-
fat-dairy products with a
reduced content of
saturated and total fat.
Reduce dietary sodium
intake to no more than 100
mmol perday 2.4 g
sodium per 6 g sodium
chloride)

8-14

2-8

Physical activity

Engage in regular aerobic
physical activity, e.g. brisk
walking (at least 30 min
per day, most days of the

week)

4-9

Moderation of

alcohol consumption

Limit consumption to 2
drinks (1 oz or 30 ml
ethanol, 20 oz beer, 10 oz
wine, or 2 0z 80-proof
whiskey) per day in most
men ; <1 drink in women

and lighter weight people

* Body mass index 18.5-24.9 kg/m’

dramatic for some individuals.

** DASH= Dietary Approaches to Stop Hypertension. The effects of

implementing these modifications are dose and time dependent and could be
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To reduce morbidity as well as mortality by reducing risk of cardiovascular injury,
cerebrovascular events, heart failure, kidney and other organ damage is the primary goal
of antihypertensive therapy.

PHARMACOTHERAPY

Depending on other risk factors and coexisting conditions, Joint National Committee-7
(JNC-7) supports the use of following classes of medications for Hypertension:

Diuretics

Beta blockers

Angiotensin converting enzyme (ACE) inhibitors
Angiotensin-II receptor blockers (ARBs)
Calcium channel blockers (CCBs)

Currently first line treatment consists of thiazide diuretic, which induces natriuresis, decrease
plasma volume and in long term reduce peripheral vascular resistance.? Loop diuretics
should be reserved for patients who have more significant renal insufficiency.?® Potassium
sparing diuretics can be used for patients who develop significant hypokalemia while taking
thiazides.

Beta blockers are commonly used to treat hypertensive patients with tachycardia, anxiety
and cardiac arrhythmia. Patients should be monitored for bradycardia, fatigue, CNS adverse
effects and symptoms of asthma.?’They lower BP by following mechanisms.?

Decreasing cardiac contractility and output

Lowering heart rate

Diminishing sympathetic reflex (in combination with exercise)
Reducing central release of adrenergic substances

Decreasing renin release

ACE-inhibitors lower BP by inhibiting conversion of angiotensin-I to angiotensin-II, reducing
vasoconstriction and aldosterone release?, thereby decreasing sodium and water retention.
They impede degradation of bradykinin, promoting vasodilatation. Angiotensin-II receptor
blockers (ARBs) bind to their receptors in tissues including adrenal gland and vascular
smooth muscles, so prevents effects of angiotensin-II. The addition of a low dose thiazide
diuretic to an ARB significantly improves antihypertensive efficacy.?® ARBs are beneficial
in diabetic neuropathy, albuminuria and renal complications.?3

Aldosterone receptor blockers act via their antimineralocorticoid effect, as aldosterone is
having role in pathophysiology of hypertension, heart failure, MI and renal disease. Calcium
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channel blockers (CCBs) promote vasodilatation by preventing intracellular influx of calcium,
which is responsible for increase in tone of arteriolar smooth muscles. If initial monotherapy
fails to lower BP to established goal, combination therapy may be successful.®2¢

CONCLUSION

Control of hypertension is a complex multidimensional process. Effective management of
hypertension depends on detection, patients' compliance to life style modification along
with cost effective drug therapy regimens to prevent expensive clinical sequele.?!
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Abstract

Hall effect measurements on semiconducting materials provide important information about transport
properties which are essential to know if the material grown is suitable for device fabrication. Further
if these measurements are done at different temperatures, particularly at low temperatures then additional
information about the conduction mechanisms involved and the role of defects in the process of
conduction can be obtained. In light of this, present paper discusses the precise measurements of low
temperature resistivity, Hall coefficient, carrier density and mobility on WSe, single crystals grown by
direct vapour transport technique over temperature range of 100-300 K. It has been observed from the

In ¢ vs 1000/T curve that there are two regions of conduction in which activation energy obtained are
0.13eV and 0.23eV in the temperature range of 300-150K and 150-100K respectively.

Introduction

Considerable literature exists on the electrical properties of the semiconducting transition
metal dichalcogenide layer crystals of MX, type, where M is transition metal
e.g. molybdenum or tungsten and X is chalcogen e.g. selenium or tellurium. These
semiconductors have attracted wide research interest due to their unusual structural
properties [1-3]. As aresult these materials possess flexible nature along with good carrier
mobility to prove them potential candidates for fabricating flexible high mobility electronic
devices such as SBDs, FETs, solar cells etc [4]. However, the difficulty in the fabrication
of low resistance ohmic contacts to the MX, layers is still a major obstacle yet to be
overcome, for formation of devices.

Theory and Background

When a uniform electrically conducting medium is placed in a magnetic field so that the
current density flow is perpendicular to the applied magnetic field, a Lorentz force deflects
moving charge carriers to generate an electric field perpendicular to both current density
and magnetic field. However, to make this simple Hall effect observable for analysis of
charge transport properties, particularly of semiconducting solid samples, following
conditions must be satisfied.

(1) Sample mustbe homogenous in all respect i.e. thickness, doping concentration, surface
and bulk structure etc.
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(i) Sample must be connected via ohmic contacts that occupy negligible surface area.

(i) There must be a stable source of current and magnetic field.

There are varieties of ohmic contact geometries, amongst which van der Pauw geometry
[5] is the most favored one by researchers to study irregularly shaped semiconducting
crystals or slabs. This is because it provides flexibility in choosing four contacts at four
sites on the periphery of the sample surface. It is preferable to fabricate samples from thin
plates/sheets of the semiconductor material and to adopt a suitable geometry, as shown in
figure 1 a. Four leads are connected to the four ohmic contacts on the sample. These are
labeled 1, 2, 3, and 4 counterclockwise as shown in figure 1a. It is important to use the
same wire content and geometry for all four leads in order to minimize thermoelectric
effects. Similarly, all four ohmic contacts should consist of the same material.

rd
I’JS

-~ J —» "lu

(=) (k)

al |I|| ‘ “H“ I|||| ™
m

Fig. 1: (a) Sample geometry for van der Pauw resistivity and Hall effect
measurements, (b) & (¢) Schematic of a van der Pauw configuration used in the
determination of the two characteristic resistances R, and R, and (d) Schematic
of a van der Pauw configuration used in the determination of the Hall voltage V ,
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For each measurement point in a Hall experiment, up to 32 individual resistance
measurements are required to be made for both A and B type of geometries. Here geometry
A corresponds to R12,43 and R23,14 and geometry B corresponds to R41,32 and R34,21.
Each van der Pauw resistivity requires 8 measurements (terminal interchange and current
reversal for both figure 1b and ¢) and the Hall resistance requires 4 measurements (terminal
interchange and current reversal for figure 1d). The sequence of the measurements is as
follows.

(i) Zero field resistance measurements (8 measurements).

(i) Hall resistance measurements for +ve magnetic field, +B (4 measurements).

(i) Resistivity measurements for +ve magnetic field ,+B (8 measurements).

(iv) Hall resistance for -ve magnetic field, —B (4 measurements).

(v) Resistivity measurements for -ve magnetic field, —B (8 measurements).

By knowing the thickness 't' of the sample and measurement of voltage and current with

polarity reversal across the contacts, the resistivities can be calculated from the following
equations [6,7].

P 7Z'fAf [m, Cm] V1§,43 B V1;,4f + Vzg,m _7V2;,14 [Q.m, Q.cm] (1)
In (2) LI+ 1, — 1, )b

and

Py = ﬂth [m° cm] V3j1,21 - V3?1,271 + V4123 _7V4;,23 [Q.m,Q.cm] (2)
11’1(2) ]3'; _]34 +I:’1 _]41 .......................

Here ¥} 4 means voltage measured between contact 4 and 3 when positive forced current
is allowed to pass between contact land 2. Similarly 7’ denotes +ve forward current

measured between contacts 1 and 2. The geometrical factors f, and f, are functions of
Q, and Q,, respectively, given by:

0, =| Ros = Riuw | _ [Vl?“ Tl || _Tnzhs | 3)
A + - + - + -
R23,14 - R23,14 112 - 112 V23,14 - V23,14
Q _ R3+4,21 _R;4,21 _ [V;t,zl - V3:1,21 j IL _1;1 (4)
B — 7 - - — | e,
R11,23 _R41,23 I3+4 _134 V4123 - V41,23
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The relationship between fand Q is expressed by the transcendental equation,

0-1_ 1 (L2
@—lnzcosh (f:xp{ 7 D ....................... %)

The two resistivities must agree to within £10%. If they do not, then the sample is too
inhomogeneous, or anisotropic, or has some other problem. If they agree, the average
resistivity is given by,

av

= % [Q.m, Q.cm]

Similarly with the help of same measurements of voltage and current along with the magnetic
field reversal the two Hall coefficients are calculated by the following equations.

_ t(m) V3J;,42 (+B) - V371,42 (+B) + 371,42 (_B) - V3J;,42 (_B) 3 -1
e = B(T){ I;,(+B)~I;, (+B) + I;,(~-B)~ I, (-B) }[m ] (7)
and
t(m) V4+2’13(+B)—V472’13 (+B)+ .13 (_B)_V;z,l} (_B) 3 el
for :Bm{ 15 (+B) =1, (+B) + 1, (~B) -1, (-B) }[’” S ®

where R .and R, are the Hall coefficients for configuration shown in figure 1d and its
terminal interchange respectively. These two should also agree to within +10%. Ifthey do
not agree, it indicates that the sample is too inhomogeneous, or anisotropic, or has some
other problem. If they agree, then the average Hall coefficient can be calculated by,

R = RHC +RHD |:m3.C—1:|

Hav 2

From the average value of resistivity and Hall coefficient the Hall mobility can be calculated
by,

|RHAv
pAv

sty =Bl ot 517

Where Py, is the zero field resistivity.
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Experimental

Crystals of WSe, were grown by direct vapour transport (DVT) method inside a dual
zone horizontal furnace [8-10]. The microstructural examinations of as-grown surfaces of
the crystals were done with the help of Axiotech 100 reflected light microscope, (Carl
Zeiss Jena, Germany). The crystals with flat shining surfaces were chosen for further study.
The crystals were then washed in acetone to remove contaminations and to make the
surface clean. It was kept in the oven for a couple of minutes at 60°C to dry out the
crystals completely. Ohmic contacts on these crystals were made along the basal plane by
fusing of indium and attaching low strain Ag alloy wires to them at275°C.

The Hall effect measurements have been carried out by the Hall effect measurement system
model 7504, supplied by Lakeshore Cryotronics, Inc., USA for the determination of the
Hall parameters at different temperatures under magnetic field of +5 kG. For the conformity
of the van der Pauw geometry, samples were mounted on a PCB sample holder onto
which six contacts are provided. Each of these contacts were provided with shielding by
passing them between grounded tracks, which helps in eliminating measurement errors.
Central space between the six probes is provided for sample mounting. The sample is
required to be fixed with the help of adhesives like quick fix etc.

The software provided for operating Lakeshore set up was first run in variable current mode
to check the ohmic nature of current transport through different sets of any two probes
amongst all the four probes and by varying the combination of probes for passage of current
and consequent measurement of voltage drop across them. e.g. (12,12), (23,23), (34,34)
and (41,41) etc. After that, the instrument is programmed in variable magnetic field mode
where all the necessary selections like field reversal, current reversal, maximum field, field
steps, van der Pauw geometry etc. are to be made as per the requirement and then the
programme is allowed to run for final measurements and calculations of all required parameters
namely; resistivity, Hall coefficient, Hall mobility, carrier concentration etc. Simultaneously,
the nature of variation of these parameters can also be observed on the setup's display by
selecting the particular variable. The Hall effect measurements over a range of temperatures
is made possible with the help of Lakeshore temperature controller (Model 340), which
balances the cooling power provided by a Closed Cycle Refrigerator model CCR 75014
against two heater circuits using GaAs and Si diodes as low temperature sensors.

The sample is located near the top of the copper sample well and is at a significant distance
from the cold end. A temperature sensor mounted directly to the sample provides a much
more accurate measure of the actual sample temperature. The temperature sensor on the
sample insert is used to monitor the sample temperature. The whole set up was carefully
placed between the magnet pole pieces. A Hall probe was also placed near the cryostat
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between the pole gape for magnetic field measurement and control. When the variables
were set correctly, temperature was also set constant at the desired value. After stabilizing
the set temperature, measurements were done using the program mentioned above and
the obtained data were stored as spreadsheet in the computer memory. The experiments
were repeated from room temperature to 100 K in the step of 25 K.

Results and Conclusion

The ohmic nature of contacts prepared for van der Pauw geometry for various pairs of
contacts at 300 K is shown in the figure 2. The resistance between pair of contacts is in
the range 100-130kQ. The average van der Pauw factor between the pair of contacts is
found to be 0.7. This deviation from ideal requirement of unity probably originates from
the anisotropic nature of WSe, sample taken for present investigation and not from other
conditions mentioned earlier. Such a conclusion seems to be supported by the good linear
nature of [-V characteristics as shown in figure 2.

—+—R12,12 -—m—R23,23

—A—R34,34 < R41,41 ~

. Current (1) pA

-100 - ~

-150

-1.5 -1 -0.5 0 0.5 1 1.5
Voltage (V)

Fig. 2: I - V Characteristics of the Pair of contacts (12,12), (23,23), (34,34) and
(41,41)
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The resistivity, Hall coefficient, density and mobility of WSe, single crystals were measured
over the temperature range of 300K to 100K and are tabulated in table 1.

Table 1: Hall parameters of WSe, crystals

Temperature Resistivity Hall Density Mobility
(K) (ohm.cm) Coefficient (/cm?) X10™ (ecm?/(V s))
GRh,
(em?/C)
299 20.45 -136 459 6.55
275 26.86 -144 432 5.388
250 36.90 -143 436 3.92
225 57.01 -9.53 654 1.684
200 94.41 -23.69 270 2.47
175 155.17 -34.63 180 2.251
150 262.87 -3270 27.2 8.696
125 283.32 -11130 5.6 37.62
100 4064 -68220 0.9 14500
0.06 + 80000
-+ 70000
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Fig. 3: R, and 0 of n - WSe, Crystals as a function of 1000/T
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Fig. 5: Conductivity vs. 1000/T for n-WSe, Crystals
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The sign of Hall coefficient remains negative all throughout the range of measurement
temperature, indicating the conductivity type of the crystals is n-type. This again shows
that the quality of ohmic contacts made for present investigations is good and stable through
out the range of reported measurements. The conductivity of the sample decreases with
the temperature and thus again confirms the semiconducting nature of the grown
WSe, crystals. Fig. 5 shows the variation of In @ vs. 1000/T with two different straight line
regions corresponding to the temperature range of 150-100K and 300-150K. Activation
energy in these two regions is 0.23eV and 0.13eV respectively. The measured carrier
concentration at room temperature is 4.6x10'%cm=. This is in agreement with the
reported [1] value of 3.5x10'¢ cm=.
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Abstract

In this article we report calculations of total ionization cross sections (Q, ), for the boron chlorides,
BCl,_(x=1-3) upon electron impact at energies from circa threshold to 2000 eV. Spherical Complex
Optical Potential (SCOP) formalism is employed to evaluate total inelastic cross section, Q. . The O,

ion

are derived from the Q. , using our Complex Spherical Potential - ionization contribution (CSP-ic)
method. Mutual comparison of ionization cross sections for all boron chlorides is carried out to get a
general picture of contribution of individual ionization cross sections. Present calculations also provide
information, hitherto sparse, on the excitation processes of these targets. The results are compared
with available experimental and other theoretical data and overall good agreement is observed.

Introduction

Absolute electron impact ionization cross sections are measured and calculated since 1930s.
The ionization of a molecule on electron impact is a very fundamental and important collision
process. These cross sections find practical applications in many branches of science
viz. fusion edge plasmas, gas discharge plasmas, planetary, stellar and cometary atmosphere,
radiation chemistry, mass spectrometry and chemical analysis [1].

Boron Trichloride (BCL,) is a nonpolar, plane symmetric (D, symmetry) molecule. Itisa
major source of reactive radicals generated by electron impact dissociative processes,
including electron attachment. For this reason it is extensively used in plasmas for the
commercial etching of various semiconductors, metal surfaces [2-4] and in deposition and
doping of boron [5]. Boron trichloride has been used for reactive sputter etching of aluminum
in the semiconductor industry, for boron doping of optical waveguide fibers and for the
removal of water from the vacuum chambers. The modeling of such plasmas is a challenging
task, made even more difficult due to the scarcity of data on basic atomic and molecular
processes involving BCL, and its fragments. Due to the highly reactive nature of BCL,, it is
very attractive as an etchant but at the same time it is very difficult to handle this radical in
the scattering experiments, especially those with the crossed beam techniques and the
results obtained have serious uncertainties [6].
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Despite the technological interest in BCI, radical and the research on its chemistry in plasmas,
there is paucity of information about the other major fragment species BCI, or its cations.
The most detailed study of electron impact partial and total ionization of BCI, was conducted
by Jiao et al [ 7] using Fourier transform mass spectrometry. Probst et a/ [8] have calculated
ionization cross sections for BCI, using modified additivity rule employing Deustch and
Mirk (DM) formalism and Kim ez al [9] have calculated ionizat