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Study of Transport Properties of Mineral Chalcopyrite (CuFeS2)
at Relatively Low Temperatures (77-300 K)
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Syed Dabir Hasan Rizvi a* and Shaikh Kamaluddin c
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b
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c
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Abstract. The electrical resistivity and thermoelectric power measurements were carried out on chalcopyrite; the mineral
rock sample of Balochistan, Pakistan, in a temperature range down from liquid nitrogen temperature up to room temperature (77-300 K). The resistivity studies show diverse transitions at different temperature intervals especially a semisuperconductivity, where weak fermions (not the Cooper pairs) are produced. This transition is accompanied with another
relatively low temperature transition, i.e., a metal-insulator transition which sets in at 92 K. The metal to insulator
transition at 92 K occurs due to breakup of weak fermions. The Grüneisen function shows a transition at 215 K, where
some kind of phonons become free from their respective Brillouin zones. Thus chalcopyrite at 215 K can produce excited
phonons for semiconductor, imaging, nanotube, quantum well, optoelectronic and other devices. The sudden escalation of
positive thermoelectric power at 240 K in chalcopyrite shows a phase transition perhaps due to diffusional recovery
processes, i.e., shuffling of electrons and positive ion cores. Thermoelectric power measured shows an increasing trend
similar to that of the theoretically estimated values with a room temperature value around 600 μV/K.
Keywords: transport mechanism, mineral ore, chalcopyrite, electrical resistivity, thermoelectric power.

Introduction

Apart from being a major ore of copper, chalcopyrite has
several other interesting properties. Kametani (1982a), gave a
method for thermoelectric power measurement of pulverized
metal sulphide ores, including chalcopyrite. Thermoelectric
power of pulverized samples of chalcopyrite from various
mines was measured (Kametani, 1982b), indicating its n-type
semiconducting character; the ionization energy obtained
was 0.1-0.3 eV. In another study Kametani and Kobayashi
(1990) measured the thermoelectric power for particulate
chalcopyrite samples from Mount Isa mine. The thermal
expansion of synthetic CuFeS2 was studied at 4-300 K by
Sirota et al. (1989a); at 5-300 K, the coefficients were negative;
the Grüneisen coefficient was also determined. Sirota et al.
(1991; 1989b) also studied lattice dynamics of chalcopyrite
in this low temperature range by X-ray diffractometry, determining the Debye-Waller temperature factor and mean square
atomic displacements for the ions. Nkoma and Ekosse (1999)
applied X-ray diffraction technique to the ore samples and
obtained the lattice parameters for chalcopyrite. The phonon
and magnon dispersion of chalcopyrite has been reported
by Harris et al. (1997). Its electronic structure has been studied by Kurmaev et al. (1998) and Fujisawa et al. (1994).
Donovan and Reichenbaum (1958) compared the electrical
properties of synthetic and natural chalcopyrite. Teranishi
(1962; 1961) studying the magnetic and electrical properties
of chalcopyrite found that it had low electrical conductivity.

The electrical resistivity of liquid quenched amorphous
alloys has been previously studied (Naqvi et al., 1995a; 1995b;
Raza et al., 1995) in which methods for estimation of Debye
temperature, Debye wave vector, Debye velocity, Fermi wave
vector, Fermi velocity, Fermi energy, relaxation time, mean free
path, temperature coefficient and activation energy were
presented. Use of Arrhenius plot for calculations of activation
energy has indicated some thermally activated processes in
metallic glasses, which would decipher the temperature
dependent activation energies accompanying multiple
transitions (Naqvi et al., 1991). Metal-insulator transition in
iron-zirconium alloys were observed at relatively high
temperatures (Naqvi et al., 1997).
Our previous studies tuned us to study the rock minerals,
pyrite (FeS2) (Naqvi et al., 2007) and chalcopyrite (CuFeS2).
Earlier, we had analyzed the ore samples of Balochistan,
Pakistan by X-ray diffraction (XRD); magnetic properties of
pyrite (FeS2) and chalcopyrite (CuFeS2) from these ore
samples were also studied in the temperature range of
77-300 K, showing an overall paramagnetic nature of both
pyrite and chalcopyrite (Naqvi et al., 2005). The electron
density distributions of pyrite (FeS 2) and chalcopyrite
(CuFeS2) have been recently studied by Gibbs et al. (2007).
*Author for correspondence; E-mail: ictpdabir@gmail.com
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Evaluation and Activation of Cambalpur Bentonite
for Industrial Utilization
Shagufta Nasreen*, Abdul Ghani and Sohail Noor
PCSIR Laboratories Complex, Jamrud Road, Peshawar-25120, Pakistan
(received October 6, 2009; revised March 6, 2010; accepted March 27, 2010)

Abstract. An experimental study of the bentonite clays of Cambalpur (Attock) area of Pakistan, indicated their
performance to be comparable with the imported clays and that these can be used as import substitute after activation
by hydrochloric acid or sulphuric acid. No reversal of colour or adverse effects were noticed.
Keywords: Cambalpur, bentonite, clays, activation, Pakistan

Introduction

v.

Bentonite is the sub-group of clay mineral smectite, a group
of sodium, calcium, magnesium, iron and lithium aluminium
dioctahedral 2:1 layered silicates (Kirk-Othmer, 2004).
Bentonite clay deposits are dominantly composed of
montmorillonite and beidellite. Chemically, the bentonite is
an aluminium hydrosilicate in which the ratio of silicic acid
to alumina is 4:1 (Phoenix, 2004). Bentonite deposits are
formed by alteration of eruptive igneous rocks, usually tuffs
and volcanic ash and contain, in addition, varying amounts
of cristobalite, zeolites, biotite, quartz, feldspar, zircon etc.,
(Deer et al., 1992).

No spontaneous ignition should occur either in the filter
press or in the waste pits.

In Pakistan, bentonite deposits occur at a few places in
NWFP, Punjab, Sindh and Azad Kashmir. The deposits at
Karak (NWFP) were investigated by Engineers Combined
Limited in 1976 for the Government of NWFP (Ahmad and
Siddiqui, 1992). In Punjab, reasonably big deposits have been
found at Dera Ghazi Khan and Cambalpur (Yousaf et al.,
1989); at Cambalpur, the deposits occur near villages of
Dherikot and Dheri Chohan in the vicinity of the left bank of
Haro River (a tributary of the Indus) and are easily accessible.
According to some non-published estimates, the reserves of
the area have been estimated to be around one million tons.
The indigenous occurrences of bentonite in appreciable
quantities and the high prices of import varieties are the
reasons for undertaking the present study for exploring the
possibilities of activation of local clays so as to make them
suitable for utilization in local industries.

Bentonite clays are used in the manufacture of bricks,
ceramics, drilling mud, paper, paints, rubber and moulding
sands. The clays are also used as decolourizing, clarifying,
filtering and bleaching agents and as catalysts in hydrogenation and other chemical reactions.
Bleaching properties of clay can be further enhanced by
treating it with a suitable mineral acid leading to its activation.
The activation of clay is often accompanied by the change in
key physical properties e.g., surface acidity, surface area and
surface volume etc. Such activated clays are used for
decolourizing or bleaching of various oils such as mineral
oils, vegetable oils, various fractions of petroleum, especially
lubricating oils and purification of melted animal fats and
bees wax.

Materials and Methods
The experimental part consisted of the following:
Lumps of clay were dried in air at room tempertutre. The clay
was cleaned manually to remove stones and particles with
metallic iron materials which are generally dark reddish
brown in colour and can be removed easily by colour sorting.
The dried and cleaned clay was grounded to pass through
British standard sieve (BSS) # 100 and tested for methylene
blue value, which indicates its original ion exchange capacity.

For bleaching of edible oils, desirable properties of clay are as
under (Ahmad and Siddiqui, 1992):

Determination of the cation exchange capacity (CEC) of
bentonite with methylene blue dye adsorption. Preparation
of methylene blue dye. A sample of crystalline dye was dried
at 105 °C and loss in weight was determined which was 12.34%.
Crystalline methylene blue (3.00 g) was placed in 1 L flask and
250 mL warm distilled water was added. The flask was shaken
and on dissolution of solid, it was cooled and made upto the

i.

The clay should be able to bleach the oils to the extent so
that these do not revert to the original colour on standing.
ii. The oil should filter easily.
iii. The clay should not impart any odour to the oil.
iv. The quantity of oil retained by the clay should be small.
*Author for correspondence; E-mail: shnasreen@yahoo.com
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Geology and Geotechnical Appraisal of Some Clay Deposits Around
Ijero-Ekiti Southwestern Nigeria: Implication for Industrial Uses
Olusola OlaOlorun* and Akindele Oyinloye
Department of Geology, University of Ado-Ekiti, P.M.B. 5363, Ado-Ekiti, Nigeria
(received June 18, 2009; revised December 31, 2009; accepted January 5, 2010)

Abstract. The geotechnical appraisal of the clay deposits around Ijero-Ekiti, southwestern Nigeria, indicated that Ara
and Ijero clays have 49.2% and 24.1% clay fractions, respectively, while Ilukuno variety has 32.8% clay fraction. The
range of Atterberg liquid limits of Ara and Ijero clays was 41.8-48.0% and 25.6-36.5%, respectively, and those of
plastic limits, 19.5-24.0% and 22.0-23.2%, respectively. XRD analyses showed kaolinite as the most prominent clay
mineral present in the clays. Ara and Ijero clays were geochemically similar having SiO2, Al2O3, Fe2O3 concentrations,
which reflect derivation from the underlying basement rocks. Thus, these clay deposits are suitable for the manufacture
of paints, ceramics, refractories, agro-chemical and pharmaceutical products.
Keywords: Ara clay deposits, Ijero clay deposits, geochemistry, clay deposits, Nigeria

Introduction

of the clay is important to both the consumer and manufacturer. Building-brick clay that fires white may be developed
commercially by addition of minerals; the colour may be modified to meet whatever is popular among consumers. Fuller’s
earth clay, otherwise called natural bleaching clay refers to
any natural or treated clay that, when used as filter, effectively removes colour and clarifies various mineral and
organic oils. Mineralogically, fuller’s earth is predominantly
smectite (calcium montmorillonite) but typically includes some
kaolinite and attapulgite. The importance of fuller’s earth to
industry is due to its bleaching properties. Pottery clay used
for pottery and stone wares are principally kaolin and /or ball
clay. For successful working and drying, such clay must be
plastic when wet, shrink little while drying and resist warping
and breaking after drying before firing. The final products
after firing harden, become strong and non-porous and attain
suitable colour. Some of the household items manufactured
using pottery clays include porcelain, sinks and water closets,
some chinawares, various types of ovenproof cookware, stoneware, other kitchen and dinnerware, ceramic, floor and wall
tiles, decorative items and various types of refractories.

Ijero-Ekiti is about 35 km NW of Ado-Ekiti in the southwestern
Nigeria. The geology of the area has been well studied and
reported as part of the southwestern Nigerian basement complex (Oyinloye, 1997; Rahaman, 1988; Turner, 1983; Matheis,
1978; McCurry, 1976). According to Grant (1970), Ijero, a component of the southwestern Nigerian basement complex, is
considered an Archaean-Early Proterozoic terrain. The area is
described as being composed of migmatite-gneiss-quartzite
complex with supracrustal rocks (Oversby, 1975; Grant et al.,
1972). Oyinloye (1997) comparing lithologies, considered Ijero
an extension of the Ilesha schist belt. According to Oyinloye
and Adebayo (2005), the migmatite-gneiss complex in the area
is composed of a mafic portion made up of biotite, hornblende,
quartz and opaque minerals, while the felsic portion is quartzofeldsparthic. Other rocks identified by these authors are
metasediments composed of amphibolites schist, mica schist
and quarzites. The pegmatites of the area are dykelike, sheetlike , and associated with gemstones. Rocks in Ijero area have
been subjected to varying degrees of weathering which led to
the formation of clay deposits.

The present study focuses on three clay deposits in Ijero area
(Fig. 1, 2 and 3). Two of these deposits had been mentioned
in regional studies. The third deposit at Ilukuno had not been
reported in literature. These three clay deposits are, therefore,
studied together with a view to establishing their physical and
chemical properties and implication of these for the possible
industrial utilization.

Several industries, using clay as a resource, either manufacture products directly from clay or utilize clay in their
processing. Bricks and common clays are suitable for the
manufacture of heavy clay products, such as building and
paving bricks, drain tiles and sewer pipes. Kaolin, ball clay
and fire clay are suitable for heavy clay products. The most
important properties of clay are its plasticity, little shrinkage
during drying and firing and good strength. The fired colour

Geological setting. Fieldwork carried out in the present study
revealed that the area is underlain by the precambrian rocks

*Author for correspondence; E-mail: solaolaolorun@gmail.com
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Haloperidol-Induced Tardive Dyskinesia: Role of 5-HT2C Receptors
Huma Ikram* and Darakhshan Jabeen Haleem
Neurochemistry and Biochemical Neuropharmacology Research Unit, Department of Biochemistry,
University of Karachi, Karachi-75250, Pakistan
(received January 9, 2010; revised March 24, 2010; accepted April 5, 2010)

Abstract. Tardive dyskinesia (TD), an involuntary orofacial hyperkinetic disorder, is the major limitation of neuroleptic
therapy. Role of 5-hydroxytryptamine (5-HT; serotonin) may be important in the treatment of schizophrenia and TD. Rats
chronically treated with haloperidol exhibiting vacuous chewing movements (VCMs) with tongue protrusions and facial
musculature are widely used as animal model of TD. Rats repeatedly injected with haloperidol at the dose of 1 mg/mL/kg
twice a day for 2 weeks displayed VCMs that increased in a time dependent manner as the treatment was continued for 5
weeks. VCMs were produced two days after withdrawal; animals were given meta-chlorophenylpiperazine (m-CPP)
challenge (3 mg/mL/kg) to monitor the responsiveness of 5-HT2C receptors. The intensity of m-CPP induced hypophagia
was more in repeated haloperidol + m-CPP injected rats after 4 h but not after 2 h post m-CPP challenge. m-CPP also
attenuated haloperidol induced increased dopamine (DA) and 5-HT metabolism both in dorsal and ventral striatum.
However, these effects were more pronounced in ventral striatum. Results are discussed in context with responsiveness of
5-HT2C receptors. Findings may help in extending the therapeutics in schizophrenia.
Keywords. tardive dyskinesia, vacuous chewing, neuroleptics, 5-hydroxytryptamine receptors, haloperidol

Introduction

receptors as compared to the typical ones. That is why they
produce fewer side effects (Haleem et al., 2004; Kapur and
Seeman, 2001; Horacek, 2000).

Schizophrenia results from the hyperactivity of nigrostriatal
dopaminergic pathway (Mohammadi and Akhondzadeh,
2001). Neuroleptics/antipsychotics are the drugs which are
effective in the treatment of schizophrenia due to their ability
to seize the over activity of dopaminergic neurons (Armenteros
and Davis, 2006). Long term administration of these drugs
could lead to development of tardive dyskinesia (TD), which
is characterized by difficulty in controlling involuntary movements of the small muscle groups producing tic-like orofacial
reactions, muscle rigidity and difficulty in maintaining muscle
tone (Jordan and Williams,1990).

Administration of haloperidol increases the concentration of
5-HT and 5-HIAA indicating increased rate of production of
serotonin as well as metabolism. This increased metabolism
of serotonin induced by the haloperidol correlates well with
the behavioural response (Ali et al., 2005; Haleem et al., 2002).
This suggests a possible alteration in the activity of 5-HT2C
receptors. The present study was designed to test the hypothesis that the 5-HT 2C receptors are supersensitized upon
repeated administration of haloperidol.

Despite its high frequency, the exact mechanism underlying
pathophysiology of TD is not known. Role of 5-hydroxytryptamine (5-HT; serotonin) and receptors may be important in the treatment of schizophrenia and pathophysiology of
tardive dyskinesia. Enhancement of serotonin-1A receptor
dependent responses following withdrawal of haloperidol in
rats has been reported by Haleem and Khan (2003). 5-HT2C
receptors are important in this regard as dopaminergic transmission is regulated by the striatal 5-HT2C receptors and they
could play important role in the treatment of schizophrenia (Alex
et al., 2005). Clozapine and other atypical neuroleptics not only
have the dopaminergic blocking effects but anti-serotonergic
actions and they bind with the receptors only for short duration
of time and, therefore, dissociate rapidly from dopaminergic

Materials and Methods
Animals.Twenty-four female albino Wistar rats, weighing
180-200 g, were purchased from HEJ Research Institute of
Chemistry, Karachi, Pakistan. The animals were housed individually in plastic cages under a 12 h light-dark cycle (lights
on at 6:00 h) with free access to tap water and cubes of standard rodent diet for at least one week before the start of
experiment, so that, they could become familiar with the
environment. They were accustomed to various handling
procedures to nullify stress effects. All experiments were
performed according to the protocols approved by the local
animal care committee.
Drugs. Haloperidol (Serenace, Searle, USA), purchased as
injectable ampoules of 5 mg/mL, was injected intraperitoneally

*Author for correspondence; E-mail: huma_biochemist@yahoo.com
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Alkaline Protease Production from Industrial Waste
by Bacillus subtilis ML-4
Muhammad Gul Sher*, Muhammad Nadeem, Quratulain Syed, Muhammad Irfan and Shahjahan Baig
Food and Biotechnology Research Centre, PCSIR Laboratories Complex, Lahore - 54600, Pakistan
(received August 29, 2009; revised March 26, 2010; accepted March 29, 2010)

Abstract. The influence of various culture conditions on protease production by Bacillus subtilis ML-4 was studied in the
presence of growth medium containing poultry feed waste (5%), K2HPO4 (0.3%), CaCl2 (0.03%) and MgSO4 (0.015%).
Maximum protease production (264.25 ± 1.86 U/ml) was observed at initial pH 9 with 3% (v/v) of inoculum size after
48 h of incubation at 37 °C. The alkaline protease was stable over a broad range of temperature (30 to 60 °C) and pH (8 to 11).
However, maximum activity (155.45 U/ml) was observed at temperature 50 °C and pH 10.
Keywords: protease production, B. subtilis, poultry feed, detergent formulation

Introduction

such as pH, temperature, size of inoculum were also studied
for the enhancement of enzyme yield so as to make the
process cost affective.

Proteases are produced wide spread in nature such as by
plants, animals and microorganisms (Rao et al., 1998). The
microbial sources have advantages over the plant and
animals sources due to the ease of growth as well as production. Microbial proteases can be produced by bacteria, fungi
and yeast through submerged and solid-state fermentation
(Haki and Rakshit, 2003; Anwar and Saleemuddin, 2000;
Kumar and Takagiss, 1999). Among various proteases,
bacterial alkaline protease is the most important for industrial
applications. Alkaline proteases have wide use in industrial
processes such as in foods, leather, pharmaceutical and
detergent formulations and for cleaning of membranes used
in protein ultra filtration (Dayanandan et al., 2003; Kumar
and Takagi, 1999). Protease is one of the most important
industrial enzymes occupying nearly. 60% of the enzyme
sales (Adinarayan and Ellaiah, 2003; Beg et al., 2003). It is
produced mainly by many members belonging to genus
Bacillus especially, B. licheniformis; B. horikoshii and
B. sphaericus (Mehrotra et al., 1999). Nowadays, detergent
industries are mainly focused on alkaline protease for its use
in all types of laundry detergents and in automatic dishwashing detergents for removal of proteinaceous stains
(Maurer, 2004).

Materials and Methods
Microorganism. Bacillus subtilis ML-4 was procured from
Microbiology Lab of Food and Biotechnology Research
Centre, PCSIR Laboratories Complex, Lahore. Bacillus subtilis
ML-4 was grown on nutrient agar slant (Oxoid) for 24 h at
37 °C. The culture was then preserved at 4 °C and transferred
to new slants after 30 days in order to keep them viable. pH of
the nutrient agar was adjusted at 10 with 1N HCl / NaOH
before sterilization at 121 °C for 15 min.
Preparation of inoculum. Inoculum was prepared by transferring a loopful of 24 h old Bacillus subtilis ML-4 culture to
50 mL of sterile inoculum broth in 250 mL Ehrlenmeyer flask.
pH of the medium was adjusted at 10 as mentioned above.
The inoculated broth was incubated in a water bath shaker
(Eyela, Japan) at 120 rpm and 30 °C for 24 h to prepare the
inoculum containing the bacterial load up to 108-10 cfu/mL.
Fermentation of growth medium. The medium used for
the production of protease was composed of poultry feed
(5%), K2HPO4 (0.3%), CaCl2 (0.03%) and MgSO4 (0.015%).
pH of the medium was adjusted at 10 as mentioned above.
Six percent (v/v) of 24 h old inoculum was transferred to
50 mL of growth medium in 250 mL Erlenmeyer flask under
aseptic conditions. The inoculated fermentation medium
was incubated in water bath shaker (Eyela, Japan) at 120
rpm at 37 °C for 48 h. Afterwards, the fermentated broth
was centrifuged at 4 °C for 10 min at 10,000 rpm to get
clear solution.

Cost of the enzyme is the major issue in enzyme production
for use in various industrial processes. Therefore, utilization
of cheaper industrial waste has significant impact on enzyme
utilization. The present study was conducted on enzyme
production using the poultry waste as a substrate. Various
concentrations of substrate and other process parameters
*Author for correspondence; E-mail: muhammadgulsher@yahoo.com
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Identification of Potential F2 Populations from Intraspecific Crosses
in Upland Cotton
Muhammad Jurial Baloch*, Muhammad Sharif Kakar, Wajid Ali Jatoi and Nasreen Fatima Veesar
Department of Plant Breeding and Genetics, Sindh Agriculture University, Tandojam, Pakistan
(received February 23, 2009; revised March 8, 2010; accepted March 11, 2010)

Abstract. Ten intraspecific F2 progenies alongwith their six parental lines were evaluated for genetic parameters. The mean
performance of genotypes differed significantly for various traits. Further, among F2 progenies, NB-111/S × CIM-499
expressed maximum heritability percentage coupled with high genetic variance and more genetic gains for days to open first
flower and plant height, whereas CIM-497 × CIM-506 exhibited higher heritability percentage, associated with more
genetic variance, consequently higher genetic gains for boll weight and seed cotton yield. Progeny NB-111/S × CIM-506
exhibited moderate heritability percentage paired with fair amount of genetic variance and appreciable genetic gains for
number of sympodia per plant. For number of bolls and lint percentage, progeny BH-147 × CIM-499 expressed maximum
heritability percentage coupled with high genetic variance and greater genetic gains. Nevertheless, progeny B.T. cotton ×
CIM-499 displayed higher heritability percentage, paired with more genetic variance and greater genetic gains for fibre
length and also expressed maximum values for all the other traits except plant height, boll weight and G.O.T%. As a whole,
quite a number of F2 progenies expressed moderate to high heritability estimates, fair amount of genetic variance and
sufficient amount of predicted genetic gains, suggesting reliability of such breeding material for use as potential segregating
populations for screening desirable segregants from subsequent generations of selfing for improvement of most of the traits
studied.
Keywords: heritability estimates, genetic gains, F2 intraspecific populations, Gossypium hirsutum L.

Introduction

higher estimates of heritability and genetic advances which
were indicative of additive with partially dominant gene
action, yet bolls per plant, boll weight, sympodia per plant
and staple length exhibited moderate to high heritability but
lower genetic advances.

Plant breeders are more interested in determining the genetic
variances from the available total phenotypic variance;
because environmental effect is misleading and hence is
neglected. The presence of real genetic variability in a
segregating population is pre-requisite for the execution of
an efficient breeding programme. Thus, the knowledge of
degree of genetic variability that is transmittable/heritable to
the progeny, referred to as ‘heritability’, is of great importance
in improving any quantitative trait. From a total genetic
variability, additive variance and additive genes pass-on from
one generation to the next, and therefore play a significant
role in selecting the desirable plants from segregating
populations and improve multigenic traits. Though, a lot of
work on genetic variability and heritability estimates has
already been done, yet differences always exist due to either
the material and the methodology used or the environment in
which the material is evaluated (Baloch, 2004; Baloch and
Bhutto, 2004). Kumari and Chamundeswari (2005) estimated
higher phenotypic and genotypic variances for seed cotton
yield per plant but found lower heritability and lower genetic
advance for boll weight and number of sympodial branches
per plant. While, Ahmed et al. (2006) observed that plant
height and seed cotton yield per plant displayed moderate to

Breeding for any particular trait must be practiced to affect a
change while the success of selection is advocated by the
extent to which the desired character is transmitted from
parents to the offspring. Thus, heritability is considered a
major component of response to selection. Nevertheless,
selection capacity of a population mainly depends on the
amount of heritable variations available in the breeding
material for selection. Therefore, to develop an efficient
breeding strategy for a crop species, sufficient knowledge
of the mode of inheritance of quantitative traits is very
imperative. In this context, heritability of a character helps
the plant breeder in predicting the behaviour of the succeeding generations for making desirable selections. It is well
established fact that, the higher the heritability, the simpler
the selection process and greater will be the response to
selection (Baloch, 2004). Moreover, when heritability
estimates are available, progress from selection can be
predicted for any breeding programme, since expected
genetic gain is a function of heritability. Hence, such a guided
selection produces substantial genetic advance. This change

*Author for correspondence; E-mail: j.rind58@gmail.com
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Impact of Egyptian and CIS Long Staple Cotton Varieties
on Yarn Tensile Properties at Ring and Compact Spinning Systems
Nasir Mahmood*, Muhammad Qamar Tusief and Mahmood Azeem
Department of Fibre Technology, University of Agriculture, Faisalabad, Pakistan
(received November 19, 2009; revised April 4, 2010; accepted April 10, 2010)

Abstract. Compact spinning system has proved itself better as compared to ring spinning system in improving the strength
related properties of the yarn at low twist and high spindle speeds. The present study was undertaken to optimize the
application of best combination of twist multiplier and spindle speed of ring and compact spinning system to Egyptian and
CIS cotton varieties. Cotton varieties, twist multiplier and spinning system were found to be highly significant while
spindle speed and all the interactions remained non-significant related to the tensile properties (yarn lea strength, single
yarn strength, RKM and elongation) of the cotton varieties.
Keywords: cotton varieties, yarn properties, spinning systems

Introduction

yarn elasticity (work capacity), running performance, endbreakage and fly liberation. Peripheral fibres are not quite
often integrated in the yarn structure. Therefore, better
tenacity, elongation and hairiness properties can be ensured
by reducing/eliminating the spinning triangle. Better tenacity
of compact spun yarn, due to elimination of spinning triangle,
provides opportunities to work with lower twist coefficients,
resulting in an increase in production rate and also better
handling properties of the end-product (Celik and Kadoglu,
2004).

On the basis of the physicochemical characteristics, the
Egyptian cotton has an edge over other cotton varieties.
Suitable length and strength of the fibre makes it possible to
produce a yarn of good strength and ultimately fabrics of
stronger and better resistance to stress. The ability to absorb
liquids gives fabrics made of Egyptian cotton, deeper, brighter
and more resistant colours and good dye ability (Egyptian
Cotton, 2007). On the other hand, CIS cotton is grown in the
States of Central Asian Republics of Armenia, Belarus,
Estonia, Georgia, Kazakhstan, Kyrgyzstan, Latvia, Lithuania,
Moldova, Tajikistan, Turkmenistan, Ukraine and Uzbekistan
and is of medium staple American upland type.

This paper evaluates the performance of different physicochemical properties of Egyptian and CIS cotton varieties on
the tensile properties of the yarn at various settings of twist
multiplier and spindle speeds for ring and compact spinning
systems to optimize the tensile properties of yarn.

Along with the cotton variety, the spinning system and different mechanical variables like twist multiplier and spindle speed
also play major role in the yarn and fabric quality. No doubt,
automation and synchronization of all operational elements
on the ring spinning frame brought about a significant
increase in production of better yarn quality, and greater
flexibility and profitability of the yarn spinning on the ring
spinning frame (Trajkovic, 2008). But the ring spinned yarn is
not perfect. Therefore, new spinning systems like compact
spinning technology have been gaining much more interest
since their first commercial introduction.

Materials and Methods
The research work was initiated at the Department of Fibre
Technology and Institute of Animal Nutrition and Feed
Technology, University of Agriculture, Faisalabad, while the
processing of the samples was conducted at Nishat Textile
Mills Ltd., Sheikhupura Road, Faisalabad, Pakistan.
Samples of cotton varieties of Egyptian and CIS were evaluated in this research study with physical characteristics:
span length 35 and 33 mm, uniformity index 88 and 86%,
fineness 4.30 and 4.20 microgram per inch, strength 40 and
36 g/tex and elongation 5.50 and 5.90%. Samples were
processed in the blow room, carding, drawing and roving
section at standard machinery setting and processing
variables. The roving of 0.94 hank was processed at Zinsser
compact spinning system and Toyota-RX240 Ring spinning

Compact spinning is a modified ring spinning process which
has special advantages and can be used in both short and
long-staple yarn spinning areas. In compact yarn, fibres are
uniformly oriented and made into the yarn right after the end
of the drafting arrangement. Spinning triangle has a decisive/
adverse effect on yarn surface i.e., hairiness, yarn strength,
*Author for correspondence; E-mail: nasirmahmood23uaf@yahoo.com
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Abstract. In the study of the effect of CaSO4 application and soaking of rice seedlings in 2% CaSO4 on N use efficiency of rice (var. Shaheen) in 3 sample soils (ECe=0.4, 4.8 and 8.7 dS/m, SAR=1.05, 14.86 and 21.43, pH=7.7, 8.3
and 9.20, respectively), a considerable reduction was observed in tillering (about 26% and 46%), plant height (about
20% and 46%) and yield (about 33% and 53%) of paddy grown in the saline soil (ECe=4.8 and 8.7 dS/m, respectively),
as compared to the non-saline soil (ECe=0.4 dS/m), while soaking of seedlings in CaSO4 and N application with or
without CaSO4 nutrition, significantly improved plant growth and paddy yield in all types of soil; overall, 26% increase
in plant growth and 48% gain in paddy yield over the control was observed due to N and CaSO4 application, respectively, with soaking of seedlings in high salinity soil. Interestingly, seedlings soaked in 2% CaSO4 and with N application but with or without Ca supplementation performed statistically equal. Tissue Na+ significantly decreased, while K+
and Ca+2 concentrations were high due to N application along with Ca nutrition and soaking of seedlings in all types
of soil. Maximum N uptake and apparent N recovery were detected in treatments, where N was applied supplemented
with CaSO4.
Keywords: soil salinity; rice; seedling soaking; N efficiency; CaSO4 application

Introduction

inadequate under saline sodic conditions and may result in
reduced yields mainly due to ion imbalance (Davitt et al.,
1981). Hence, attention has been focused on developing
methods for reducing N loss and maximizings its utilization
by plants grown under saline environment. The present study
was planned with the objective of increasing N use efficiency
by rice in different types of salt-affected soils.

Rice is the most important summer cereal crop of rice growing areas of Pakistan and is among the major export commodities. It accounts for 5.7% of the total value added in
agriculture and 1.3% to GDP. Rice is cultivated in Pakistan
on an area of 2581.2 thousand hectares with a total production of approximately 5438.4 thousand tons (GOP, 2007a).
Soil salinity is a serious problem in the country, posing major
threat to the sustainable production of agriculture sector. It is
estimated that about 6.63 m ha area of Pakistan is salt-affected
(GOP, 2007b). The problem soils can be successfully made
cultivable by removing excessive soluble salts and exchangeable sodium from root zone. Other approach for utilization of
moderately salt-affected lands is the growing of salt tolerant
crop varieties alongwith optimum use of plant nutrients,
particularly N fertilizers; other management practices can also
reduce the chances of N loss and enhance its use. A high proportion of the applied N is lost (Shah et al., 1993; Smith and
Whitefield, 1990) due to which the efficiency of N fertilizers
does not exceed 45% (Zia et al., 1997; Craswell, 1987).
Supplemental Ca2+ is shown to prevent NaCl induced breakdown of the pH tonoplast in mungbean roots exposed to 100
mM NaCl (Colmer et al., 1994). A proportion of Ca2+ becomes

Materials and Methods
An experiment was conducted to study the effect of soaking of rice seedlings in 2% CaSO4 solution and CaSO4
application (25 mg/ kg of soil) on N use efficiency of
rice (var. Shaheen) in three different types of naturally saltaffected soils (ECe = 0.4, 4.8, 8.7 dS/m, SAR=1.05, 14.86,
21.43 and pH = 8.1, 8.8, 9.2) in glass house at National
Agricultural Research Centre, Islamabad during Kharif
season 2007. Naturally salt-affected soils, having different
physico-chemical properties (Table 1), were collected from
Hafizabad and Sheikhupura districts. The experiment was
planned according to completely randomized design (factorial)
with three replications. Treatments were as:
T 1 = control (without seedling soaking)
T 2 = seedling soaking in 2% CaSO4
T 3 = N fertilization without seedling soaking

*Author for correspondence; E-mail: armghan_shehzad@yahoo.com
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Abstract. In the study of mechanical degradation of 34 ZSM-5 and SAPO catalysts, using the gas jet attrition - ASTM
standard fluidized bed test (D-5757), the effect of particle size and its quantitative analysis in co-fluidization environment
was investigated on the air jet index (AJI) basis. In gas-solid-solid fluidized bed reactors (GSS-FBR), two different sized
particles were fluidized under isothermal conditions. In case of ZSM-5 and SAPO-34, significant attrition resistance was
observed, which was attributed to small pore size and specific structural strength of the mobile framework image (MFI)
and chabasite (CHA) structures, respectively. The optimum AJI for SAPO-34 and ZSM-5 (of particle size 0.2 mm) in
GSS-fluidization system was observed to be 0.0118 and 0.0062, respectively. In co-fluidization, deviations from Gwyn
relationship were observed due to change in impact of collision. Therefore, zeolites are recommended as suitable catalysts
or catalytic supports (for doping of expensive metals) and for commercial use in GSS-FBR.
Keywords: attrition; zeolite catalyst, two particle system, gas-solid-solid fluidized bed reactor

conditions were standardized in the ASTM fluidized-bed
method (ASTM, 1995).

Introduction
Attrition in general terms can be defined as the fractionation
of solid particles or generation of fine particles from an initial
unique solid piece (Weeks and Dumbill, 1990). This unwanted
breakdown of solid particles is a frequently encountered
problem in the suitable use of catalytic processes. The
common problems related to catalyst attrition may be loss of
catalyst as a consequence of fines generation, change of bulk
properties of the catalyst, loss of active surface coating, and
decrease in the final quality of the product due to separation
problems.

The present research was focused especially on zeolite
catalysts used in the fluidized environment. Major disadvantages of fluidized beds relative to fixed beds are the
generation of fines, loss of catalyst and separation problems
(Johnsen and Grace, 2007). The attrition intensity depends
on the flow regimes, superficial gas velocity, baffles and
internals of the reactor as shown in Fig. 1. This may lead to
change in fluidization properties and air pollution.
Even though there have been several studies on particle
attrition, it is clear that attrition is a quite complex
phenomenon. Each system has to be specifically studied
in order to adequately explain its attrition behaviour and
quantify it. Single particle attrition was extensively studied
and well known empirical relationship, “Gwyn relationship”,
was drawn (Gwyn, 1969). The attrition rate is directly
proportional to the difference between the superficial

In general, attrition resistance is affected by several intrinsic
properties of the particles (like size distribution, shape,
porosity, surface, cracks and hardness of the particles) and
the operation environment such as time of exposure, shear,
velocity, pressure and temperature (Bemrose and Bridgwater,
1987). Thus the attrition resistance is an important parameter
design and development of catalysts. A number of attrition
test methods have been developed to evaluate attrition
resistance of catalyst for fluidized bed reactors (Bemrose and
Bridgwater, 1987). Catalyst attrition occurs in fluidized bed
reactors owing to continuous catalyst movement and
collision (Bemrose and Bridgwater, 1987). The ASTM
standard fluidized-bed test (also known as air-jet test) is the
most popular and reliable method of measuring attrition
resistance of catalysts (Forsythe and Hertwig, 1949). Air-jet
attrition apparatus configuration, test procedures and
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Fig. 1. Factors affecting attrition resistance.
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