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AIMS & SCOPE

Pakistan Journal of Scientific and Industrial Research ( PJSIR ) was started in 1958 to disseminate

research results based on utilization of locally available raw materials leading to production

of goods to cater to the national requirements and to promote S&T in the country. Over the past

58 years, the journal conveys high quality original research results in both basic and applied

research in Pakistan. A great number of major achievements in Pakistan were first disseminated

to the outside world through PJSIR.

It is a peer reviewed journal and published in both print and electronic form. Original research

articles, review articles and short communications from varied key scientific disciplines are

accepted however, papers of Pure Mathematics, Computer Sciences, Engineering and Medical

Sciences are not entertained.

From 54th Volume in 2011, it has been bifurcated into Series A: Physical Sciences & Series

B: Biological Sciences. Each series appears three times in a year as follows:

Physical Sciences in January-February, May-June and September-October issues. It includes

research related to Natural Sciences, Organic Chemistry, Inorganic Chemistry, Industrial

Chemistry, Physical Chemistry, Environmental Sciences, Geology, Physics, Polymer Sciences

and Technology. 

Biological Sciences in March-April, July-August and November-December issues. Papers

included in this series are from Agriculture, Agronomy, Botany, Biochemistry, Biotechnology,

Food Sciences, Genetic Engineering, Pharmaceutical Sciences, Microbiology, Marine Sciences,

Soil Sciences, Tissue Culture, Zoology and Technology.

Due to many global issues, we are encouraging contributions from scientists and researchers

from all across the globe with the sole purpose of serving scientific community worldwide on

the whole and particularly for our region and third world countries.
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Introduction

Fabrication and characterisation of semiconducting

nanostructured materials have received considerable

attention over the last few years due to increasing

influence on our everyday life (Suwanboon and

Amornpitoksuk, 2011; Wang and Herron, 1991). Zinc

oxide (ZnO) has attracted interest due to its photocatalytic

ability useful for the degradation of environmental

pollutants and is attractive alternative to TiO2 as a

photoactive catalyst (Kaneva et al., 2011; Anandan

et al., 2007). ZnO has exhibited superior performance

with lower cost compared to TiO2 in degrading organic

dyes in acidic and basic media. It has a hexagonal

wurtzite structure with an n-type conductivity (Reddy

et al., 2011; Chen et al., 1998). The structural, optical,

electrical and physical properties of ZnO nanoparticles

and the effects of doping on these properties have been

studied earlier by several researchers (Ahmad et al.,

2013; Shinde et al., 2006; Ismail et al., 2001). Dramatic

changes in the electrical and optical properties of ZnO

and unique properties due to doping have been observed

by Bouderbala et al. (2008). Due to its useful properties,

ZnO has been used in photocatalytic applications (Xiao

et al., 2015; Zhou et al., 2009). ZnO is an ideal catalyst

in photocatalysis since it is nontoxic with holes of strong

oxidising power and being inexpensive (Peng et al.,

2007). When ZnO nanoparticle is illuminated with a

light of appropriate wavelength, the valence band

potential is positive enough to generate hydroxyl radicals

at the surface, and the conduction band potential is

negative enough to reduce molecular O2. The hydroxyl

radical is a powerful oxidising agent and can attack

organic pollutants present at or near the surface of the

ZnO to degrade it. However, the photocatalytic efficiency

at the present stage is still very low, which is mainly

caused by the fast recombination of photogenerated

electron-hole pairs during photocatalysis. Thus, further

improving the photocatalytic efficiency is still a major

challenge in the research field of photocatalysis until*Author for correspondence; E-mail: mzkhm73@gmail.com

Abstract. Nanocrystalline nanoparticles of pristine ZnO and La-doped ZnO have been synthesised using

a combustion method using various concentrations of lanthanum dopant followed by calcination for 3 h

at 700 °C. The crystalline structure, chemical composition and optical characteristics have been characterised

using X-ray diffraction (XRD), scanning electron spectroscopy (SEM) attached with energy dispersive

X-ray (EDX) spectroscopy, Brunauer Emmett Teller (BET), UV-vis. spectroscopy and photoluminescence

(PL) spectroscopy. Absorption spectra showed that the absorbance increased with La-doping and the blue

shift observed was due to an increase in the band gap from 3.24 to 3.27 eV. The photocatalytic activities

of the samples prepared were evaluated using the photocatalytic degradation of methyl orange (MO) under

irradiation by sunlight. The textile mill effluents containing organic matter were also irradiated with sunlight

inducing photocatalysis and the chemical oxygen demand (COD) of the treated effluent were investigated.

The results showed that the ZnO photocatalyst doped with 1.0 at.% lanthanum exhibited four times

enhancement in the photocatalytic activity compared to pure ZnO.

Keywords: ZnO, combustion, XRD, photocatalysis, methyl orange, La-doped ZnO
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Introduction

Textile sector produces large quantities of wastewater

that result in the release of toxic dyes into freshwater

bodies. According to estimates, 12-20 tonnes/day

production of finished fabric results into generation of

1,000-3,000 m3. Globally more than 1´107 kg/year of

dyes stuff is produced and contributes about 1-2´106 kg

of active dye into freshwater bodies annually (Prigione

et al., 2012; Allen et al., 2003). These dyes are considered

responsible for dermatitis, allergies, skin irritation, cell

mutation and cancer. The dyes also pose serious hazards

to aquatic organisms as well as affect photosynthetic

activity in aquatic ecosystems. Presence of dyes in water

badly affects light penetration, creating problems for

photosynthetic activities in aqueous flora (Royer et al.,

2009). Degradation of some dyes generates byproducts,

as metabolites which are more genotoxic or carcinogenic

(Zhang et al., 2011).

Complex molecular structure and synthetic origin of

textile dyes make them stable to light, heat, oxidizing

agents and microbial degradation (Sun and Yang, 2003).

Conventional methods for dye removal include reverse

osmosis, coagulation/flocculation, advanced oxidation,

micro, ultra, and nano-filtration, and electrochemical

as a tertiary treatments, as well as aerobic and anaerobic

processes. Many of the aforementioned methods either

have the disadvantage of producing toxic sludge, which

create disposal issues, or have higher treatment costs.

So there is a need for more sustainable option.

Many studies have reported the use of different adsorbents

like activated carbon, peat, coir pith, chitin, silica and fly

ash to remove contaminants (Royer et al., 2009; Ponnusami

et al., 2007; Sun and Yang, 2003). A comprehensive list

of adsorbents and target dyes is provided in a recent review

(Noroozi and Sorial, 2013). Chitosan was reported as an

efficient adsorbent for 90% removal of Food Yellow 3 and

Acid Blue 9 (Goncalves et al., 2013). Zhang et al. (2014)

have reported adsorption capacities up to 84.2, 79.6 and*Author for correspondence; E-mail: marshad@iese.nust.edu.pk

Abstract. The potential of untreated banana and orange peels, and rice husk was tested for drimarene

brilliant red (DBR) dye removal from aqueous solution. Kinetics was also studied in a batch experiment.

Dose of adsorbents varied from 6 to 12 g/L, particle sizes 0.2 and 0.8 mm and contact time 2�32 h. High

dose and small particle size favoured DBR removal efficiency significantly. The highest adsorption capacity

was shown by rice husk (10 mg/g), then orange peels (9 mg/g) and the lowest by banana peels (4 mg/g).

Langmuir isotherm (R2=0.99) and pseudo-second order model (R2=0.99) depicted well the equilibrium

and best explained the kinetics for rice husk, respectively. Initial adsorption appeared as pore diffusion

in all the cases and film diffusion was controlling the rate, later on. Based upon the analytical data, a simple

model has been presented that fitted best to describe rice husk adsorption kinetics.

Keywords: adsorption, drimarene brilliant red, banana peels, orange peels, rice husk
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Introduction

Mercury is considered as a highly toxic element because

of its accumulative and persistent character in the

environment (Wu et al., 2007). It is one of the famous

agents in wide range of human disorders especially in

breath cancer (Mishra et al., 2005). Although mercury

is not an abundant chemical element in nature, it has

become dangerously widespread as a result of many

industrial and agricultural applications and its threat is

rising day-by-day. The major sources of mercury pollution

to the environment are waste effluents from the metal

plating industry, mining operations, fertilizer industry,

tanneries, and textile industry (Farajim et al., 2010;

Sukocheva et al., 2005). The major effects of mercury

poisoning are neurological and renal disturbances as

well as impairment of pulmonary function. Natural inputs

of mercury to the environment are related to weathering

of mercuriferous areas, the degassing from surface water

and from the crust through volcanic eruptions, naturally-

caused forest fires, and biogenic emissions of the earth

(Jones et al., 2007; Liu et al., 2007; Green-Ruiz, 2006;

Manohar et al., 2002; Boening, 2000), therefore, elimina-

tion of the Hg(II) ions from water is essentially required.

In this regard, different types of sorbents such as resins,

activated chars(Klasson et al., 2010), polymers (Zong

et al., 2001), metal nanooxides, oxidized carbon nano-

tubes and fibre biosorbents (Johari et al., 2014) were

evaluated. Sorbents with high surface area, which can

lead to high removal of Hg(II) ions, are interesting to

the researchers. Discovery of multi-walled carbon

nanotubes (MWCNT) in 1991 has generated extensive

activity in most areas of science and engineering due

to molecular electronics, sensoring, nerve cell stimuli,

drug delivery, cancer therapy and chemical properties

(El-Sheikh et al., 2011). They have become attractive

materials for their novel structure characters and high

surface area. The unique tubular structure makes CNTs

promising absorbent materials, and thus may be used

in removal of many pollutants.

In particular, chemical functionalization of carbon

nanotubes (CNTs) can modify their physical and chemical

properties, leading to the improvement of their performance

for specific applications. Thus, the extensive research

has been focused on the functionalization of CNTs

which can be cited fluorination (Pourrezar et al., 2009),

carbene addition (Malic et al., 2010), esterification (Hu

et al., 2004) and amidation (Venkatesan et al., 2005).

One method for functionalizing of the carbon nanotubes

is its oxidation by a strong and concentrated nitric and

sulphuric acids mixture (Kalita et al., 2008; Yu et al.,

2008).

Synthesis and Application of Highly Active Dithiooxamide

Functionalised Multi-Walled Carbon Nanotubes Toward

Mercury Removal from Aqueous Solution

Mirabi Alia*, Shokuhi Rad Alib, Siadati Seyyed Amira and Alavi Tabari Seyyed Alia

aDepartment of Chemistry, Qaemshahr Branch, Islamic Azad University, Qaemshahr, Iran
bDepartment of Chemical Engineering, Qaemshahr Branch, Islamic Azad University, Qaemshahr, Iran

(received January 20, 2015; revised July 31, 2015; accepted August 3, 2015)
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Abstract. Highly sensitive and accurate method has been applied for removal of toxic mercury(II) ions

in aqueous solution, using synthesised nanosorbent. Determination of mercury(II) was carried out by flame

atomic absorption spectrometer. A nanosorbent multi-walled carbon nanotubes (MWCNT) was synthesised

by the reaction of dithiooxamide with functionalised multi-walled carbon nanotubes. Initially, the surface

of the multi-walled carbon nanotubes was oxidised by a mixture of nitric and sulphuric acids and then was

functionalised using thionyl chloride. The ligand has been attached to the multi-walled carbon nanotubes

in somewhat shorter time and lower temperature than previous reported methods. The sorbent was

characterised by Fourier transmission infrared and scanning electron microscopy. In this research study,

the effect of different parameters in removal of mercury(II) ions by nanosorbent, such as pH, amount of

nanosorbent, time and concentration of Hg(II), was investigated. Experiments show that the new MWCNT

with loading amount of 1.02 mmol/g is a powerful sorbent for removing the Hg(II) ions from water.

Keywords: carbon nanotubes, mercury removal, aqueous solution, dithiooxamide

*Author for correspondence; E-mail: mirabi2012@yahoo.com
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Introduction

Health care is the most important sector these days and many

scientists are busy in their research using the new era

technologies to provide health facilities to human beings

(John et al., 2009; Kamel- Boullos and Wheeler 2007;

Eysenbach, 2001). In the recent time there is a rapid

development in information technologies i.e., growth of

internet through high speed networks, communication

technologies, web technologies, etc. Combination of new

age technologies gave birth of a new field which is remote

monitoring and controlling which rises the technological

change in the field of control industries, communication

industries, automotive industries, medical, agriculture etc.

The aim of present study is to facilitate the personnels

working in medical field, specifically a pathologist and to

reduce the time of diagnosis of a disease. This research paper

introduces a new solution for monitoring and controlling the

microscopic slides regardless of the location of the pathologist.

Facilitating a pathologist has always remained an impor-

tant issue of discussion, because in an emergency diagnosis

can be delayed due to unavailability of the pathologist

which is a high risk of patient�s life. So there have been

several methods used previously to resolve this matter.

But monitoring and controlling the slides from any location

in the world is a great achievement. This research shows

the real implementation of the method that could be used

for remote monitoring of slides and control of the stage

in up-down, right-left and in and out movements.

The machine is composed of a visualization system which

is interfaced with the microscope, a control board that

controls and interfaces the user interface with motors, a

graphical user interface which contains the graphical push

buttons providing the control in three dimensions and a

software through which the doctor can interact with the

user interface remotely.

This is a low cost and very effective method by which the

time to diagnose a disease would be readily decreased.

Microscopic examination cost is very high for the

underdeveloped countries where the slides are being sent

to other cities to the specialist. Now, using this technique

the pathologist can give his report in a few minutes. Also

this will reduce the health care cost that was previously

bared by the patients and the pathological laboratories.

Also the pathologists will be free from moving into different

labs and can easily perform their task from any location

even from their home. This will facilitate them physically

as well as economically.*Author for correspondence; E-mail: mustafabme@gmail.com

Abstract. Remotely controlled microscopic slide was designed using especial Graphical User Interface (GUI)

which interfaces the user at remote location with the real microscope using site and the user can easily view

and control the slide present on the microscope�s stage. Precise motors have been used to allow the movement

in all the three dimensions required by a pathologist. The pathologist can easily access these slides from any

remote location and so the physical presence of the pathologist is now made easy. This invention would

increase the health care efficiency by reducing the time and cost of diagnosis, making it very easy to get the

expert�s opinion and supporting the pathologist to relocate himself for his work. The microscope is controlled

with computer with an attractive Graphical User Interface (GUI), through which a pathologist can easily

monitor, control and record the image of a slide. The pathologist can now do his work regardless of his

location, time, cost and physically presence of lab equipment. The technology will help the specialist in

viewing the patients slide from any location in the world. He would be able to monitor and control the stage.

This will also help the pathological laboratories in getting opinion from senior pathologist who are present

at any far location in the world. This system also reduces the life risks of the patients.

Keywords: pathology, remote monitoring, microscope, motor control, LabVIEW, Arduino, teamviewer
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Abstract. Criteria air pollutants have their significance for causing health threats and damage to the

environment. The study was conducted to assess the seasonal and temporal variations of criteria air pollutants

and evaluating the correlations of criteria air pollutants with meteorological parameters in the city of

Lahore, Pakistan for a period of one year from April 2010 to March 2011. The concentrations of criteria

air pollutants were determined at fixed monitoring stations equipped with HORIBA analyzers. The annual

average concentrations (µg/m3) of PM2.5, O3, SO2, CO and NOx (NO+NO2) for this study period were

118.94±57.46, 46.0±24.2, 39.9±8.9, 1940±1300 and 130.9±81.0 (61.8±46.2+57.3±22.19), respectively.

PM2.5, SO2, CO and NOx had maximum concentrations during winter whereas O3 had maximum concentration

during summer. Minimum concentrations of PM2.5, SO2 and NOx were found during monsoon as compared

to other seasons due to rainfall which scavenged these pollutants. The O3 showed positive correlation with

temperature and solar radiation but negative correlation with wind speed. All other criteria air pollutants

showed negative correlation with wind speed, temperature and solar radiation. A significant (P<0.01)

correlation was found between NOx and CO (r = 0.779) which showed that NOx and CO arise from common

source that could be the vehicular emission. PM2.5 was significantly correlated (P<0.01) with NOx (r = 0.524)

and CO (r = 0.519), respectively. High traffic intensity and traffic jams were responsible for increased air

pollutants level especially the PM2.5, NOx and CO.

Keywords: PM2.5, O3, SO2, CO, NOx, seasonal variations, air pollution, meteorological parameters

Introduction

Among the current environmental problems faced by

the society, air quality issues are most problematic to

handle as more and more studies report the human

health and environmental impact of air pollution

(Desauziers, 2004). Lahore is the second largest city

in Pakistan, it stands at number 40 in the ranking of

world�s most populated urban cities. The population of

Lahore is growing at a rapid rate and has now reached

10 million (Hameed and Nazir, 2011). Lahore is situated

in east of Pakistan (latitude 31.470 N and longitude

74.253 E) and has an altitude of 702ft from sea level

(Fig. 1). It is commercial, industrial, cultural and

educational hub of Pakistan. The selected site is ideal

for the study as it represents the local and distant air

pollution sources. Lahore city has arid and hot climate

and it presents four seasons. The winter season starts

from November and ends at February. The temperature

is lowest during winter having an average of 12.14 ±

4.12 °C. Spring season comprises of two months March

and April. The summer season is from May to July and

temperature is highest during these months having an

average of 34.8±11.8 °C.

Lahore receives bulk of rainfall during July to September

and the fall season is in October. During the last 10 years

the rainfall varied from 333-1232 mm and relative

humidity in this area was 17% to 70%. The growing

volume of population and traffic are major factors for

rise in air pollution. The Lahore city has 1.4 million

registered vehicles (Ali and Athar, 2008). Many earlier

studies show that Lahore is one of the world�s most

polluted cities (Mehta et al., 2009; Hopke, 2009; Biswas

et al., 2008; Wahid, 2006; Barletta et al., 2002; Parekh

et al., 2001; Harrison et al., 1997; Hussainet al., 1990).

In 1992 WHO conducted an air quality monitoring

programme which revealed that total concentration of

suspended particulate in Lahore was among the highest

in the world (Smith et al., 1996; WHO and UNEP, 1992).

Air pollution is caused mainly by fossil fuel (oil, coal

and natural gas) use in industry, domestic sector, power

generation and transport (Jaffary and Faridi, 2006). In

addition; animal waste, agricultural waste and biomass*Author for correspondence; E-mail: salimunir@gmail.com
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Introduction

Water is essential for the sustenance of life. It occupies

71% of the entire earth�s surface and biologically makes

up a large percentage of the total body fluids of all living

things (Obasi and Akudinobi, 2013). Quality of water is

determined by its physicochemical makeup and the amount

of trace contaminants it contains.The use of poor quality

water is associated with significant health implications

hence, require adequate treatment before use (Centeno et

al., 2005; Carter and Stewart, 2000; Smith et al., 2000).

The human health is directly related to the quality of water

used for drinking and other purposes, because about 75%

of all diseases suffered by human beings may be partially

caused by consumption of contaminated water (Pink, 2006).

Review of relevant literature reveals that, geogenic and

anthropogenic processes both contribute to the degradation

of natural water quality (Jan, 2011; Ayeni et al., 2009;

Obasi and Balogun, 2001; Ovrawah and Hymore, 2001;

Ojekunle, 2000).

According to available statistics, an average water

consumption rate of 10 L per person per day has been

recommended for small rural communities (UNICEF,

1989). However, this quantity still falls below the WHO

recommended standard of at least 20 L per person per day

(WHO, 1984). According to relevant statistics, only about

61% of urban dwellers in developing countries have access

to safe water supply sources (Igwenyi and Aja-Okorie,

2014). It is also estimated that 1.2 billion people around

the world lack access to safe water, and close to 2.5 billion

people are not provided with adequate sanitation (WWC,

2003). In Nigeria, 75-80% of the total population of about

160 million people live in rural areas, and less than 50%

of that number have access to potable water (Obasi and

Akudinobi, 2013).

In most local investigations of groundwater quality,

physicochemical parameters are mostly measured and in

some cases, trace metal constituents. However, it has been

observed that most of these local researches on groundwater

quality in Nigeria tend to neglect the possible contamination

of the water by arsenic from both natural and anthropogenic

sources.

Arsenic occurs in various forms in nature but its most

toxic forms are arsenate and arsenite which comes from

anthropogenic sources such as application of As-containing

herbicides/pesticides, phosphorus fertilizers on cultivated

lands and the discharge of industrial effluents containing

As into water bodies (Okorie, 2010; Feng et al., 2009;

Jung et al., 2009; Williams and Silver, 1984).*Author for correspondence; Email:offorifeanyi@gmail.com

Abstract. Groundwater quality in study areas was evaluated by measuring the physicochemical parameters

including selected ions in water samples collected from 12 boreholes in Akaeze, Okposi and Uburu towns

of Ebonyi State, Nigeria in April, 2013 and analysed using standard methods. Results obtained showed

that, except for As5+ content, all other parameters investigated fall within WHO standards for potable water.

Regression analysis showed that conductivity, SO4
2- and As5+ levels are important variables in predicting

the TDS values of the samples while NO3
-, Cl-, PO4

3- and TDS are important in predicting the As5+ content

of the water samples. One-way ANOVA at P < 0.05 showed Fcal (1.862) > Ftab (0.619), implying a significant

difference between the parameters for all locations.

Keywords: borehole water, water quality, physicochemical parameters
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Introduction

Developments in science and technology have brought

about radical changes in the textile industry. The textile

industry being the backbone of Pakistan�s economy needs

improvement due to the introduction of various factors

like increasing competition in the global marketplace,

introduction of state of the art technology in textile field,

high raw material prices and quality of raw material etc.

The above mentioned factors invite both, our industrialists

and planners to place greater emphasis on quality as well

as productivity to compete in global market.

Knitting is one of the most important sectors of textile.

Knitted fabrics are commonly used because of their

excellent meachanical and comfort properties. Because of

their integral qualities like softness, coolness, sweat

absorbance and durability, such garments are very popular

all over the world, particularly in the developed countries.

In addition, the comfort knitted fabric give light weight,

warmness, resistance to wrinkle and easy care due to

stretch imparted by the looped yarn structure (Ogulata and

Mavruz, 2010).

From the last few years, living standards of people have

changed that increased the demand of fabrics having some

special features. Now a days clothing is not only for

aesthetic and ethical reasons; but its comfort parameters

are also included like elasticity, softness, air permeability,

thermal insulation and water vapour permeability are

expected from garments. Comfort is mainly affected by

type of fibre, yarn properties and structure of fabric. During

the previous decades the knitting technology has been

developed in respect of knitted structure, modified yarn

and various kinds of knitting instruments. The fabric

properties are not only affected by the yarn properties but

also by the parameters of the fabric construction. Wetting

and wicking are the properties producing major issues in

the processing and application of fibre materials. Wicking

and wetting both are the significant characteristics related

to the comfort properties of knitted fabric that occur during

wearing. The nature, volume, arrangement and division

of fibres, fabric structure, yarn kind and different types of

chemicals affect on the wetting performance of the fabrics

(Yanilmaz et al., 2012).

Knitting is the procedure of forming a fabric that involves

the inter-looping of thread in a sequence of connected

loops through needles. Knitted fabrics have famous

outstanding comfort characteristics. Knitted fabrics are

commonly used because of their excellent mechanical and

comfort properties. They possess high extensibility under

low loads, allowing comfortable fit on any part pulled.

The advantages of using knitted fabrics, as opposed to

conventional fabrics, lie in their low cost, improved barrier

properties, adequate strength, and comfort properties. They

are also lightweight and flexible.

They not only allow stretching and light movement, but

also have good handling characteristics and facilitate a

smooth transition of moisture from the body. These

characters make knitted fabric the commonly favourite

choice for casual wear, fire fighters� socks, gloves, helmet

liner, sportswear and underwear. Comfort is one of the

most important characteristic of clothing. For the selection

of knitted fabric comfort plays very important role. Several

factors effect on comfort provided by clothing like thermal

comfort, flexibility, moisture flow and softness, etc. Comfort*Author for correspondence; E-mail: qamartosief@yahoo.com

Abstract. The present study was carried to investigate the effect of various knitted fabric structure on its

comfort related properties. It was observed that, all comfort properties of knitted fabric have direct relation

to its structure. The plain knitted fabric was found best for optimum comfort.

Keywords: air permeability, absorbency, drying time, fabric structure
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Sumifix Supra dyes developed by Sumitomo showed

minimal sensitivity to changes in electrolyte, alkali, liquor

and exhibit high fixation over a range of processing

conditions as compared with homobifunctional dyes

(Aspland, 1993; Abeta et al., 1984; Fujioka and Abeta,

1982). These hetero bifunctional reactive dyes are also

robust to changes in processing conditions such as appli-

cation temperature (Hunter and Renfrew, 1999). Earlier

it was assumed that under strict neutral conditions and

at constant temperature the major reaction would be

the condensation reaction of dichlorotriazinyl dyes

with aminophenyl-b-sulphatoethyl sulphone not the

hydrolysis of dichlorotriazinyl dyes or of vinyl sulphone

group with water (Lewis and Loan, 2007; Weber and

Vicki, 1993). An attempt was made in this research

work to condense dichlorotriazine dyes with amino-

phenyl-b-sulphatoethyl sulphone in the dye bath under

neutral conditions prior to addition of salt and alkali

required for the (neutral) exhaustion and (alkaline)

fixation stages.

Dichlorotriazinyl dyes CI Reactive Orange 86, CI

Reactive Red 11, CI Reactive Blue 168 and dyes of

Sumifix Supra type CI Reactive Yellow 145, CI Reactive

Red 195, CI Reactive Blue 221 were available commer-

cially. All other chemicals used in this study were of

general laboratory grade purchased from Aldrich or

Merck. Samples of para and meta aminophenyl-b-

sulphatoethyl sulphone were generously provided by

BASF. The strength of dyestuff samples were estimated

from the ratio of its actual molecular weight (MW) to

its effective molecular weight (Mole In) estimated by

titanous chloride titration method (Murtagh, 2004) and

is given in Table 1.

An Investigation into the In situ Preparation of

Hetero Bifunctional Monochlorotriazinyl-Vinyl Sulphone

Reactive Dyes for Cotton

Khalid Pashaa* and John Anthony Taylorb

aTextile Engineering Department, NED University of Engineering and Technology, Karachi, Pakistan
bColour Synthesis Solution Ltd., Hexagon Tower, Manchester M9 8ZS, UK

(received June 3, 2014; revised March 3, 2015; accepted April 1, 2015)

Pak. j. sci. ind. res. Ser. A: phys. sci. 2016 59 (1) 56-59

Abstract. An attempt has been made in in-situ preparation and application of two isomers (para and meta)

of aminophenyl-b-sulphatoethyl sulphone reagents (PABSES and MABSES) with three dichlorotriazinyl

dyes i.e. CI Reactive Orange 86, CI Reactive Red 11 and CI Reactive Blue 168 to generate mixed hetero

bifunctional dyes in dye bath. Dyeing results when compared with similar targeted type of commercially

available Sumifix Supra dyes were found not up to the mark. Build up properties of all in situ prepared

dyes were lower except for few light depth of shades as compared to preformed commercial Sumifix Supra

dyes. This could be because of inefficient condensation of dichlorotriazinyl dyes with the aminophenyl-

b-sulphatoethyl sulphone. However, meta isomer of aminophenyl-b-sulphatoethyl sulphone appeared to

be more effective than the para isomer.

Keywords: colouration, reactive dyes, cotton, hetero bifunctional dyes, fixation

*Author for correspondence; E-mail: drkpasha@hotmail.com
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Table 1. Effective dye strength

Dyes Moles In

CI Reactive Orange 86 1792

CI Reactive Red 11 1482

CI Reactive Blue 168 2919

CI Reactive Yellow 145 1472

CI Reactive Red 195 1705

CI Reactive Blue 221 3310

Experimental results suggested that for in situ application

of dichlorotriazine dye and sulphatoethyl sulphones

agents, temperature of dye bath should be at 70 °C, and

pH should be 6.0�6.5 using phosphate buffer with

reaction time of 1 h, however, reaction period of 2 and

4 h were also measured. Each dye was applied to bleach

unmercerised woven cotton at five depths, viz. 1, 2, 4,

6 and 9% dye o.m.f. at 60 °C and liquor ratio 10:1,

using the quantities of Glauber�s salt (exhaustion for

30 min) and soda ash (fixation for 60 min) as shown in
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Abstract. This study was conducted for the treatment of tannery wastewater and to develop simple design

criteria under local conditions. BOD5, COD, total Cr, SO4
2-, S2-, SS, TDS and TS of the influent and effluent

were measured to find process efficiency at various mixed liquor volatile suspended solids (MLVSS),

dissolved oxygen (DO) and hydraulic detention time. Results of the study demonstrated that an efficiency

of above parameters 93.0%, 92.5%, 94.9%, 62.6%, 98.2%, 87.9%, 82.1% and 82.4%, respectively,

could be obtained if the activated sludge process (ASP) is operated at the MLVSS concentration of

3500-4500 mg/L, (DO) concentration of 4.1-5.5 mg/L keeping an aeration time of 12 h.

Keywords: activated sludge, biological treatment, tannery wastewater

Treatment of tannery effluent through the use of activated

sludge process has been reported by many researchers

(Ahmed et al., 2014; Al-Hussieny et al., 2014; Deepika

et al., 2014; Pal et al., 2014; Shyam et al., 2014;

Ambreen et al., 2013; Mouna et al., 2013; Niaz et al.,

2012; Durai et al., 2011). All these studies indicate a

BOD removal of 90-97% and COD 60-80% when

combined with physicochemical pretreatment for the

tannery effluent. The characteristics of tannery effluent

vary considerably from tannery to tannery (Ilou et al.,

2014). A survey was conducted in Pakistan for quality

characteristics range of effluent from tanneries pro-

cessing as given in Table 1 (Iqbal et al., 1998). Various

parameters of importance relating to growth of micro-

organisms and substrate utilization on which the

operation of the reactor is based has been studied by

Bestawy et al. (2014); Khairnar et al. (2014) and Marco

et al. (2014).

The present work was carried out that activated sludge

process (ASP) for the treatment of settled tannery

effluent and to develop general guidelines for the process

design under local conditions. A bench scale continuous

flow activated sludge reactor was used in this study. It

consisted of an aeration tank of 300 L capacity and a

settling portion of 200 L capacity.

The influent was subjected to settling in an underground

tank. A peristaltic pump used to fill the settled influent

to the aeration tank and pure oxygen cylinder was used

to inject the oxygen to the aeration tank; a portion of

gas was wasted from the tank to reduce the concentration

of carbon dioxide. Pure oxygen was supplied by a fine

bubble diffuser; flow was regulated at 4 mg/L/min by

a flow meter. The reactor had to operate at different

MLVSS and DO concentrations. Due to unavailability

of mechanical return sludge facility, 100% of the settled

sludge was daily removed from the final clarifier tank

and manually returned to the aeration tank. In order to

maintain the desired MLVSS and DO concentration in

the reactor the calculated fraction of the volume of the

aeration tank (ranging from one third to one tenth) was

removed manually on daily basis and the tank was filled

to the original volume by the treated effluent. No external

nutrients were added to the influent (Vaiano et al., 2014;

Pradyut et al., 2013).

Pure oxygen was supplied through diffuser stones to

maintain a DO level of more than 3 mg/L. Temperature

and pH values for settled influent and effluent were

measured on daily basis while, MLVSS in the reactor,

COD, BOD, total Cr, SO4
2-, S2-, SS, TDS and TS of

influent and effluent were measured twice a week.

The three chosen operating parameters i.e. MLVSS

concentration, detention time (è) and DO were varied

during the course of the study keeping into consideration

the generally applied range in activated sludge process

for industrial effluent treatment (Pooja, 2014; Zahrim

et al., 2009). The reactor was operated for an MLVSS

concentration range of 1500-4500 mg/L, DO concen-

tration 1.9-5.5 mg/L and è value of 4-12 h, respectively.*Author for correspondence; E-mail: niazmemon2000@yahoo.com

Short Communication
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