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ABSTRACT
This research was conducted to evaluate the adsorption performance of spent coffee
ground modified Fe-Al-Zr nano-composite. The Al2O3/Fe3O4/ZrO2 ternary oxide system
was efficiently synthesized from the respective salt precursors by a two-step coprecipitation method under nitrogen atmosphere in basic condition (pH=12). Scanning
electron microscope (SEM), Energy dispersive X-ray (EDX) and X-ray diffraction (XRD),
were used to characterize the features of the adsorbents. The pH point of zero charge of
the selected adsorbent was also determined. Batch adsorption experiment was conducted
under different conditions such as contact time, initial concentration of dye, pH, sorbent
dosage and agitation speed. The Langmuir and Freundlich, isotherms were tested to
examine the adsorption behavior. The equilibrium data was well fitted to Langmuir
isotherm model. The maximum adsorption capacity (Qo) was 8.4 mg/g for acidic brown
75 dyes. The kinetic data correlated (R2 =0.999) well with the pseudo second order
kinetic model. To evaluate the practical applicability of the spent coffee ground
supported nano-composite adsorbent to real samples, effluent was collected from Batu
Leather Industry. The result demonstrated 95.7% removal efficiency of spent coffee
ground modified nano-composite for the acidic brown75 dye at optimum experimental
condition.
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CHAPTER ONE

1. Introduction
1.1 Background
Many industries including leather dyeing and paper printing are commonly using
synthetic dyes (Song et al., 2000). There are more than 10,000 commercially available
dyes and over 7x105 tones of synthetic dyes being produced annually across the world
(Robinson et al., 2001). Those dyes being used as input by different industries such as
textile, leather, and paper industries. Large quantity dye effluents are discharged from
dyeing processing of those industries and are causing water pollution.
The leather industry is among the major polluting industries in Ethiopia. Most of those
leather industries are use 70% of the total dye depending on nature of processing. The
remaining amount of dye is discharged along the waste water. Commonly, the dye rich
effluents are discharged into water bodies. As a result they cause diverse effects on the
environment and living organisms (Akil, 2015). Those dye containing effluents can be
harmful and block light penetration water system and have a critical effect on
photosynthesis. Further, they reduce dissolved oxygen (DO) level and increase the
biochemical oxygen demand (BOD) of the receiving water body (Hernández et al., 2016).
Moreover, dye containing effluent is persistent in nature which is stable and difficult to
degrade, cause toxicity and inhibitory effect, carcinogenic and render the receiving water
unfit for its intended use unless they are efficiently treated.
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The conventional method treatments of dye effluent economically not feasible and not
effective treatment because of the dyes are recalcitrant organic molecules, resistant to
aerobic digestion. The other treatment technique for dye-contaminated wastewater in
tanneries, such as the use of filtration membranes, electro-chemical methods and reverse
osmosis, ion exchange and advanced oxidation processes (Kamaljit and Sucharita, 2011;
Mohamed, 2013 are not economically feasible because of their relatively high investment
and operational cost (Gutterres et al, 2008).
Nowadays, developed countries treat wastewater containing dyes using adsorption
method. It is a simple operation and low cost method for removal of dyes containing
wastewater (George et al., 2012) as compared to conventional operation physical
treatment, chemical precipitation and biological treatment methods (Fei et al., 2011). In
addition adsorption has high treatment efficiency and adsorbents can be regenerated for
multiple reuses (Akil , 2015).
The Nano-particle as adsorbent can be advantage due to easily synthesis nano- particle
process, inexpensive and with high adsorption capacity, simple operation, simple design,
self-assembly, large surface area, good regeneration capacity, environmental friendly and
reusability in water and waste water treatment (Zhao et al., 2010). Further, this method
can remove or minimize different types of organic and inorganic pollutants from water or
wastewater (Bhatnagar and Sillanpaa ,2011).
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This study focus on the removal of acidic dye from tannery waste water effluent using
spent coffee grounds modified ternary oxide nano-composite adsorbent. The work
involves synthesis and characterization of the nano-material, modification of the spent
coffee grounds, optimization, sorption isotherms and kinetics and reusability of the
adsorbent.

1.2 Statement of the problem
Environmental pollution derived from domestic and industrial activities is the main threat
to the surface and ground water qualities in Ethiopia. Many industries are operated in
small and medium scales; these small units can generate a large amount of pollutant in
the environment.
The Ethiopia tanneries generate about 12,500 m3/day of waste water and 150 ton/day of
solid waste (LIDI, 2013). Leather industries are among those industries which discharge
wastewater without proper treatment. These wastewaters mainly contain heavy metals,
dyes, fat and oil and suspended solids, sulfide, salts ….etc at levels that are hazardous to
the environment and human health due to the absence of controlled waste management
strategies and waste treatment plants in the country. Although the treatment of tannery
wastewater is mandatory to control the environment, all the conventional method of
treatment is coasty and also biological treatments are not sufficient for the complete
removal of acidic and reactive dyes (Moran et al., 1997). Therefore, there is a need to
develop cost effective and efficient wastewater treatment methods for acidic dyes.
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1.3 Significance of the study
This study focused on the acid brown75 dye treatment efficiency by using the spent
coffee ground modified with ternary oxides nano-composite. The work may serve as
baseline information for researchers to further develop the treatment process at pilot scale
and full scale using this low cost and efficient adsorbent. It provides dual benefits for
local cafeteria by creating the opportunities of recycling and selling coffee spent waste.
Moreover, via this research work, the leather industries are getting cost effective
alternative waste treatment methods.

1.4. Objectives
1.4.1 General Objective
The general objective of this study is to evaluate the acid browm75 dyes removal
efficiency by using spent coffee ground modified with ternary oxides nano- composite
from tannery waste water.
1.4.2 Specific objectives
I.

To synthesize nano-composite by Co-precipitation method and modifying it
by mixing with spent coffee ground.

II.

To characterize spent coffee ground modified nano-composite by XRD, SEMEDX, FTIR, and ICP-OES.

III.

To optimize the pH, contact time, initial concentration and adsorbent dose for
the adsorption of acidic dye.

IV.

To examine acidic dye adsorption efficiency of spent coffee ground modified
nano-composite following batch experiment.
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V.

To determine appropriate adsorption isotherm and kinetics parameters for
adsorption of acidic brown 75 dye using spent coffee ground modified with
Nano-composites.
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CHAPTER TWO

2. Literature Review
2.1 Leather manufacture process
Leather tanning is a raw materials and labor intensive industry. Raw materials account for
50 to 70% of the production costs, labor 7 to 15%, chemicals about 10%, energy 3%. In
addition there is an environmental cost associated with leather processing, for example,
EU tanners’ environmental cost are estimated about 5% of their turnover (EC and IPPC.
2003).
Tanning process is the operation in which the skins and hides are converted into finished
leather. The processing of leather involves three distinct sets of unit operations. These are
i. beam house or pre-tanning operations
ii. Tanning process and
iii. Post-tanning operations

2.2 Application of dye in leather manufacturing
Many industries such as leather, food, cosmetics, plastics, and textiles, apply dye for
production. The waste generated significantly contributes to the increase in chemical
oxygen demand of wastewaters; and also significantly change the color of the water,
causing aesthetic problems in water sources polluted with industrial effluents (Carolina et
al., 2015).
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In the leather production, dyes are added in the final stage of process to give the sensory
characteristics of surface and interior coloration. This step is conducted in a liquid
medium during the wet finishing process. This step is responsible for a significant
volume of wastewater generation containing high concentrations of dyes (Piccin et al.,
2009; Gao et al., 2010).
Dyeing is one of the more important processes in leather production as it is usually the
first property of the leather to be assessed by the consumer or customer. Dye’s molecules
are consisted of chromophores and auxochromes components where chromophores (OH,
NH2, NHR, NR2, Cl and affinity of the dye toward the fibers. All dyes contain traces of
metals such as copper, zinc, lead, chromium and cobalt in their aqueous solution except
disperse dyes (Sara and Tushar, 2014).
Dyes can be classified into cationic, anionic and nonionic dyes. Cationic dyes are basic
dyes while the anionic dyes include direct, acid and reactive dyes (Sara and Tushar
2014).Leathers are dye to impart color as demanded by the fashion. The dyes used in
leather can be classified into two:

Dyes
Natural
Dyes
from
plants

from
animals

madder(
madder
root)

tyian
purple(se
a snails)

synthetic
dyes
non-Azo
dyes

basic

acidic

reactive

Azo
dyes

disperse

vat

sulphur

Figure1: Classification of dyes used in the industry.
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2.2.1 Anionic dyes
Anionic dyes have negative ions due to the excess presence of the OH- ions in aqueous
solution. Anionic dyes are water soluble and they include acid dyes, Azo dyes, direct
dyes and reactive dyes. Reactive dyes attach to their substrates by a chemical reaction
(hydrolysis of the reactive groups in the water) that forms a covalent bond between the
molecules of dye (Giri et al., 2011).
Acid dyes are anionic dye fixed under acidic conditions. This class of dyes is the most
commonly used in the leather industry products, particularly for chrome tanned leather.
The major properties related to leather process of acidic dye properties can be typically
hydrophilic molecules, anionic charged, therefore high affinity for cationic leather, Fixed
by acidification, due to the presence of sulfonate groups and the react predominantly
through electrostatic reaction between their sulfonate groups and the protonated amino
groups of lysine(Tony,2009).

Figure 2: Mono Azo acidic dye (source: Tony, 2009)
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One of the many advantages of chrome tanning is the minimum change to the collagen
structure, particularly with regard to occupation of the side chains and lack of inhibition
of consequent reactions. There is a degree of cationic character, which is useful in fixing
acid dyes. Also, the color conferred to the leather is pale; hence there is little background
color to interfere with the color struck by dyes (Tony, 2009).
Most organic compounds, dyes possess color because they absorb light in the visible
spectrum (400–700 nm), have at least one chromophore (colour-bearing-group), and have
a conjugated system, i.e. a structure with alternating double, single bonds, and exhibit
resonance of electrons, which is a stabilizing force in organic compounds.

2.3. Consumption of dye in leather process
Dyes are widely used in textiles, paper, rubber, plastics, leather, food industries
cosmetics, and pharmaceutical. There are more than 100,000 commercially available
dyes with over 7 x 10

5

of dyes produced annually worldwide (Robinson et al., 2001).

The Ethiopia tanneries generate about 12,500 m3/day of waste water and 150 ton/day of
solid waste (LIDI, 2013).
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Table 1: Consumption pattern of chemicals in post tanning leather processing (UNIDO,
1999)
S.No.

Chemicals

In

Kg per ton of hide/skin process

1

Dyes

2.5 -20

2

Binders

20-45

3

Pigments

10-25

4

Top coats

20-45

5

Wax emulsions

2.5-5.0

2.4 Environmental and biological impact of dye waste
The syntactic dyes greatly disturb the marine ecosystem as they go through chemical and
biological changes. In addition to the undesirable visual pollution associated with the
color in wastewater, the presence of dyes, especially Azo and metal complexes, may
result in reduced water re-oxygenation capacity, acute and chronic toxicities and
difficulties in water treatment by biological methods, furthermore preventing the reuse of
the water in other process steps (Piccin et al., 2009; Gao et al. 2010).
In long term, their breakdown products might also be toxic to some aquatic organisms. In
addition they are highly persistent in natural environments and supposed to carcinogenic
impacts, increased sensitivity reactions and genotoxic impacts on human health.
Wastewaters dyes are also hardly refined because dye molecules are resistant to aerobic
digestion (Ali, et al., 2016). Anionic dyes are negative ions and soluble in water and
characterized by the presence of excess amount of OH- ions in aqueous solution
(Demirbas, 2009).
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2.5 Techniques of dye removal
There are several types of conventional treatment techniques for the removal of dye from
wastewater some of them are biological and chemical oxidation, chemical coagulation or
flocculation,

membrane

filtration,

ion-exchange,

photocatalysis,

biodegradation,

ozonation, electrochemical method and adsorption.
2.5.1 Coagulation and Flocculation
Chemical coagulation and flocculation in wastewater treatment involves the addition of
chemicals to alter the physical state of dissolved and suspended solids particles close
together and to form large particle. This large particle was removed by sedimentation
(Akil et al., 2015). Coagulation and Flocculation are important water and as well as waste
water treatment plant.
Coagulation methods are the removal dye containing waste water and the performance
depends on the final foci formation and its settling quality. However, the major
limitations of this process are taking long time to settling, to generate sludge and
ineffective removal of some soluble dyes (Luciana and Madalena, 2012).
2.5.2 Ion exchange
The ion exchange process is one of most common techniques, which can effectively
remove dye from aqueous solutions through strong interaction between charged dyes and
functional groups on ion exchanger resin. The resins are available as anion exchange or
cation exchangers for separating solutes with different surface charge, (Akil et al., 2015),
But this process limited, it’s as high capital cost (Sara and Tushar, 2014).
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2.5.3 Precipitation
Precipitation is soluble particle with opposites charge react with one another to form
insoluble solids of mechanism (Raghu and Ahmed, 2007). Chemical precipitation is
simple relatively other wastewater treatment technique in which chemical such as
sulphide, hydroxides and carbonates react with organic and inorganic pollutant from
waste water to form insoluble precipitates the dissolved dye molecules react to the
chemicals to create insoluble precipitation and then can be removed (Akil et al., 2015).
2.5.4 Membrane filtration
Membrane filtration is an advanced treatment technology for the removal of color, COD,
salinity from wastewater (Zheng et al., 2013).The membrane filtration can be classified
based on the size of the pores on the membrane so that any solutes of waste water which
are larger than the pore size will be trapped after passing the membrane free from those
solutes. (Akil et al., 2015). The disadvantage of this process such was high pressure need,
expensive, clogging of the membrane’s pores, limited life time and incapability to treat
large volume of effluent (Toor, 2010, Monika, 2012, Sara and Tushar, 2014).
2.5.5 Photocatalysis
Photocatalysts is a process used in the removal of organics contaminations such as dyes
from wastewater. The positively charged holes are powerful oxidants and can destroy
adsorbed organic pollutants, where the electrons at the conduction band react with the
oxygen molecules to form strong oxidative radicals that also cause the decomposition of
organic and inorganic contaminations in wastewater (Sara and Tushar, 2014).
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2.5.6 Sorption
Adsorption is a surface phenomenon in which adsorbate molecules or liquid or gas ions
are concentrated on the surface of adsorbent. Adsorption is conventional but sorption of
synthetic dye on simple, inexpensive and effective method due its high efficiency, high
diversity in design, no sludge generation and ability to remove a wide range of pollutant
from industrial waste water. (Arash et al., 2015, Mohammad, 2014). The removal of dyes
from water and wastewater by using activated carbon, nano- particulate adsorbents, low
cost adsorbents and other types of adsorbents adsorption (Krishna et al.,2016) . In
addition, the adsorption process of dyes molecules can be adsorbed on the surface of an
adsorbent through several forces such as hydrogen bonding, electrostatic interactions,
Vander Waals forces, hydrophobic interactions etc. (Anup. et al., 2017). Generally,
adsorbents have highly porous material to increase the total exposed surface area for
adsorption rate and especially, nano-particle adsorbents have large surface area and small
diffusion resistance is of great significance. Now day, Nanotechnology can apply widely
in the remediation of environmental (Krishna et al., 2016).

2.6 Dye adsorption by difference adsorbents
Dye adsorption up-to-date development on the different adsorbents

application of

commercial activated carbon and various sustainable low cost alternative adsorbents such
as agricultural solid waste, industrial solid waste, agricultural by-products, and biomass
based cost effective activated carbon, and various natural materials in the removal of dyes
from aqueous phase (Mustafa et al ., 2014).
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2.6.1 Minerals
The removal of some pollutants by some minerals such as zeolite gypsum, calcite,
aragonite, and dolomite were investigated. For example, Zeolite occur naturally as porous
alumina silicates consisting of different cavity structures and are linked together by
shared oxygen atoms (Mehali and Karishma, 2014). Zeolite is classified as tetra silicates
group with a three-dimensional framework of silicate tetrahedral with SiO2 and negative
surface charge that can be balanced by exchangeable cations. The efficiency of zeolite as
an adsorbent can be improved by incorporating it with organic and inorganic materials
(El-Said GF, 2017).
2.6.2 Soil
Clays are available as colloidal fraction in soils, sediment, rocks and water. the use of soil
clay material as an adsorbent has become popular because of their low cost as compare to
commercially available adsorbent their unique property such as large surface area,
potential ion exchange capacity, chemically and mechanical stability and layered
structure because of layered structure it was called as hosting materials for adsorbates and
counter ions. Clays are having strong affinity towards cations and anion to help in
removal of dyes from wastewater (Sara and Tushar, 2014, Vital et al., 2016).
2.6.3 Industrial and agricultural by-products
Industrial by product such as fly ash and red mud use as an adsorbent the most effective
techniques for dye removal from wastewater (Monika, 2012;Tushar,2012; Mehali and
Karishma,2014 ;Vital et al., 2016 ).
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Agricultural solid wastes as adsorbents have good potential for the removal of various
pollutants from water and wastewater demonstrated reviewed that Mohamad et al. rice
husk in 2011, Ngaha et al chitosan,in 2011, Ridha et al., coffee waste in 2014, Safarik et
al., magnetic modified coffee spent ground in 2012, Lakshmi et al., carbonized coffee
ground in 2016 use of for the removal of dyes.
Low cost adsorbent for the removal of dyes from aqueous solutions are effective and
available in large amounts. This adsorbent can be several advantage low cost material ,
reused as wastes, easily availability since it get daily large quantities reusable wastes
can be produced in, and sustainability due to the utilization of renewable resources(Akil,
2015).
Agricultural waste such as coffee wastes are one of the lignocelluloses residues generated
in large quantities all over the world because coffee is the second largest traded
commodity in the world, after petroleum. The large amount of agricultural waste material
rapidly increased year by year in the world wide. This waste can be carried to open area
for disposal by burning, and this which releases carbon dioxide into the air (Mohamed,
2016).
Coffee is the world’s most shared connection with Ethiopia, with more than 1.2 billion
cups of coffee consumed daily. Ironically, though all Arabica coffee originally came from
Ethiopia, the country’s annual coffee production in 2012 was only 6.5 million bags
representing 4 percent of the world’s coffee production. The global leader, Brazil,
produces 50.1 million bags a year, 70 percent of which is Arabica coffee (Selamta, 2013).
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In the literature many agricultural wastes such as rice husk, coffee grounds, and spent tea
leaves used as renewable and potential sources adsorbent to removal dye and metals from
water/waste water ( Piccin et al., 2011; George,2012; Ridha et al.,2014).
2.6.4 Biosorbents
Biosorption mean the accumulation and concentration of pollutants from aqueous
solution by using biological material. Biosorption techniques are low operational cost,
good efficiency and selectivity no toxic effect on micro-organisms for removal dyes from
wastewater since a wide use variety of microorganism but, This techniques slow process
and performance depend on external factor such as pH and salts (Park et
al.,,2010;Luciana and Madalena, 2012).
2.6.5. Synthetic products
2.6.5.1 Activated carbon
Activated carbons (AC) are high surface area up to 3000 m2 /g and great adsorption
excellent ability economic feasible and effective removal of all kinds. if contaminants
from aqueous environment due to dissociation of the functional group of the carbon or
due to the adsorbed ions which greatly depend on surface characteristics of adsorbent and
solution pH of adsorbate (Joana et al., 2007). Generally activated carbons are stored
under dry conditions because may adsorb as much as 25 to 30% moisture. However, for
many purposes of adsorptive power not affect the moisture content, but obviously it
dilutes the carbon. However, an additional weight of moist carbon is needed to provide
the required dry weight (Javier, 2011; Mohamed, 2016).
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2.6.5.2 Layered hydroxides
Layered double hydroxides (LDHs) consist of inorganic materials with highly tunable
composition and structures. These materials have shown exciting properties such as high
surface area, two-dimensional structures, high thermal stability, and excellent anionexchange capabilities (Muhammad and Chanbasha, 2016).
Layered double hydroxides (LDHs) with a very simple structure have attracted massive
interest due to their many potential applications. These double hydroxides have a general
formula of [M2+1−xM3+x(OH)2]−(An−)x/n·mH2O, where M2+and M3+are divalent and
trivalent cations and An−is a charge balancing inter-layer anion (Guoli et al., 2014).
2.6.5.3 Single oxides nano-particle
Nanotechnology is the new technological innovation that transformed the industrial
development. This revolution emphasized the large scale production of nano-based
materials. The novel behavior of nano-particle is subject by quantum mechanics,
materials confinement in small structures, large surface to volume ratio and other unique
properties, phenomena and processes (Samreen et al., 2015).
Nano science is one of the most important research and development frontiers in modern
science. The nano-particles materials are widespread applications of magnetic nanoparticles, in biomedical, biotechnology, engineering, material science and environmental
areas due to their unique size and physical properties (Faraji et al., 2010). Nano-particles
materials the sizes are frequently in the range of 1–100 nm and sometimes <50 nm
(Sanmathi, 2016).They can be spherical, tubular or irregularly shaped and can exist in
fused, aggregated or agglomerated forms. Nano-particles have large surface area, small
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diffusion resistance, higher adsorption capacity, and faster adsorption equilibrium
(Gayathri et al., 2012;Helan et al., 2014).
Oxide nano-particles can exhibit unique physical and chemical properties due to their
limited size and a high density of corner or edge surface sites. Bulk oxides are usually
robust and stable systems with well-defined crystallographic structures (Marcos and José,
2007). Metal oxides and composite nano-particles are used in wastewater treatment
industry. Iron oxides nano-particles with a particle average size of 20-100 nm have
attracted the researcher’s attention due to their excellent magnetic properties, high surface
area, high adsorption capacity, nano-particle size and easy magnetic separation of solids
after adsorption (Giri et al., 2011).The behavior of magnetic nano-particles strongly
depends on size, surface chemistry, state of aggregation and preparation methods. Oxide
nano- particles can exhibit unique physical and chemical properties due to their limited
size and a high density of corner or edge surface sites (Sivashankar et al., 2014).
Iron oxide: - In recent years, the iron and iron oxide-based materials, particularly in the
form of nano-particles, have been found to possess unique magnetic, catalytic, optical,
sorption, and other properties, enabling their function in many advanced nano
technological applications. The most important advantage of Nano-sized iron oxides
among other nonmaterial’s are due to its relatively low toxicity and biodegradability
(Machala et al., 2007).
Aluminum oxides: - The Al2O3 stoichiometery due to its importance as a catalyst
component or absorbent. The γ-Al2O3 is the nano-structured phase commonly obtained
by most synthetic methods but also the α-Al2O3 polymorph is synthesized having high
surface area α-Al2O3 structure is the bulk the dynamically stable phase but the
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calorimeters work gives conclusive evidence that γ-Al2O3 has a lower surface energy and
becomes energetically stable at size below a point close to 10 nm (surface BET area ca.
75 m2 g-1). They also showed the importance of surface hydroxyls or water molecules in
the energetic of surfaces (McHale et al.,1997), in addition surface chemistry study of
nanostructures alumina not only depends on primary particle size but also on nano
porosity characteristics (Yifeng et al .,2002).
Zirconium oxides:- the pure zirconium is the option of stabilizing the tetragonal phase
for particles of less than 30 nm Nano particle level significant changes in their physical
and chemical properties due to modifications produced at structural or electronic levels
(Cheng et al., 2006).The most stable thermodynamic form is monoclinic and transforms
to unquenchable tetragonal and cubic (fluorite) structures at ca. 1400 and 2700 K (up to
the melting point of ca. 2950 K), respectively (Stefano et al ., 2008; Kasahun ,2015).
2.6.5.4 Multi-component adsorbents
Multi-component sorbents show physico-chemical properties that are significantly
different from those of their single counter parts. It is these differences in physicochemical properties that are considered to be the major reasons for differences in sorption
behavior between multi- and single-component systems (Harvey and Rhue, 2008). For
example, increased fixation of Cu and Pb in Fe/Al oxide system (compared to single
counter parts) is attributed to increased surface area and surface charge. (Buzuayehu et
al., 2017; Tofik et al., 2016).
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2.6.6. Supported magnetic nano-composites
Magnetically modified materials of plant origin can be efficient adsorbents of organic and
inorganic pollutants. Several magnetic modification procedures have been used, namely
Ferro fluid treatment for sawdust (Safarik et al.,2007), peanut husk (Safarik and
Safarikova ,2010, modified spent coffee grounds (Safarik et al.,2012) and carbonized
spent coffee ground (Lakshmi et al.,2016). Modified Nano- composite have described
efficient routes to achieve shape-controlled, highly stable, and narrow size distribution.
To date, several popular methods including co-precipitation, micro-emulsion thermal
decomposition, solvo-thermal, sono-chemical, micro wave assisted, chemical vapor
deposition, combustion synthesis, carbon arc, and laser pyrolysis synthesis have been
reported for synthesis of modified Nano composite (Faraji et al., 2010).
Nano composites have a relatively high surface area, a smaller particle size, and porous
structure. In particular, the excellent magnetic property of the powder makes to be easily
recovered by magnetic separation technology after adsorption or regeneration
(Sivashankar et al., 2014). The magnetic separation provides a desirable path for online
separation, where particles with affinity to target species are merged with the
heterogeneous solution. Upon merging with the solution, the particles tag the target
species. The external magnetic field is applied to separate the tagged particles from the
solution. (Safarik et al., 2012) used magnetically modified spent coffee grounds
(discharged from food industries) for adsorption of few dyes Crystal violet, Malachite
green, Amido black 10B, Congo red, Bismarck brown Y, Acridine orange and Safranin
O. The maximum adsorption capacity reached 73.4 mg/g of dried magnetically modified
coffee grounds for Acridine orange. The existence of iron along the magnetic modified
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coffee grounds was detected using adapted Perl’s staining procedure. The outcomes of
the batch experiment visibly exhibit that the spent coffee grounds can be effortlessly
altered into a magnetic form by magnetic fluid treatment for potential removal of selected
dyes.
A Ferro fluid modified peanut husk was used as an absorbent to study the binding of
several water soluble dyes (Acridine orange, Bismarck brown, Crystal violet and
Safranin-O). Maximum adsorption was achieved up to 95.3 mg/g, 86.1 mg/g, 80.9 mg/g
and 71.4 mg/g for Bismarck brown, Safranin-O, crystal violet and Acridine orange
respectively. The Langmuir isotherm fits well with equilibrium adsorption data.
Therefore, this low cost adsorbent could be potentially used for removal of dye (Safarik
and Safarikova, 2010).

2.7 Magnetic Properties of nano-particles
Magnetic separation is potential method to purify toxic pollutant and to remove dyes
from waste water. It is more effectively compared to conventional method of treatments.
Four basic types of magnetism are described: diamagnetism, paramagnetism,
ferromagnetism, and ferrimagnetisms. In the presence of an externally applied magnetic
field the atomic current loops created by the orbital motion of electrons respond to
oppose the applied field (Faraji et al., 2010). In recent years, magnetic nano-particles
have attracted the attention of many researchers because of their unique magnetic
properties of removal of dye (Samaneh and Mohammad, 2008). For example that Soheila
et al have used activated charcoal in 2015, Taha and El-Maghraby by Peanut hull

in

2015, Safarik et al. spent coffee grounds in 2012, Liyuan et al Sulfate-doped Fe3O4/Al2O3
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in 2013 and Ali, et al. sunflower stalk in 2015, as a carbon source for the synthesis of
magnetic activated carbon (Ranjithkumar et al., 2014).

2.8 Nano-particle for Water/Wastewater treatments
Nanotechnology enhances

efficiencies of

monitoring devices,

remediation of

environmental pollution, and renewable energy production (Rickerby and Morrison,
2007). Nanotechnology can contribute to resource saving through improvements in the
efficiency of renewable energy sources, reduced consumption of materials, and the
possibility of substituting alternative, more abundant materials for those that have limited
availability. It also holds promise for improving the environment, by reducing waste and
our dependence on non-renewable natural resources, and in cleaning up existing pollution
(Tina and Wei-Xian, 2003).
The development of efficient and cost-effective methods for environmental treatment is
of primary concern for sustainable economic and social development. Due to the
extremely small particle size, high surface-area-to-volume ratio, and more important the
magnetism, Fe3O4 nano-particles have been widely used and have shown promising
performance in environments treatment, including pollutant removal and toxicity
mitigation (Zhang, and Kong, 2011; Rao et al., 2013).

2.9 Synthesis of nano-particles
Nano-particles can be synthesized using a number of methods, including physical
processing such as exploding wire, rapid expansion and physical vapor deposition,
chemical processing (sol-gel, co-precipitation), hydrothermal technique, electrophoresis
deposition and flame synthesis, mechanical processing (power mixing, arrested reactive
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milling, equal channel angular pressing and ultrasonic dispersion) methods. They are
especially known for their unique mechanical, chemical, physical, thermal, electrical,
optical, magnetic, and also specific surface area properties, which in turn define them as
nanostructures, nano-electronics, nano-photonics, nano-biotechnology, and nanoanalytics (Ningning et al., 2014).
2.9.1 Synthesis of Magnetite (Fe3O4) Nano-particles by Co-precipitation
Co-precipitation method is suitable to synthesize magnetic nano particle (metal oxide and
ferrites) from the aqueous salt solutions. Magnetite are synthesized the molar ratio
(ferrous chloride, ferric chloride) was added drop wise into basic (sodium hydroxide)
solution, under vigorous stirring, and under inert atmosphere at room temperatures or at
elevated temperature. Fe3O4 was completely formed, between pH 9 and 14 (Attarad et al.,
2016).
Then after settling the supernatant solution was discarding from synthesized ferrous fluid
through by external permanent magnet. The Synthesized fluid was subsequently rinsed
with deionized water and separated (Attarad et al., 2016).
The size, shape and composition of the magnetic nano-particle very much depends on the
of salts used (example, chlorides, sulfates, nitrates), the M2+/Fe3+ ratio, the reaction
temperature, the pH value, plus type of base, also the mixing rate, ionic strength of the
media, with the addition sequence and bubbling of nitrogen gas are all important ( Faraji
et al.,2010). However, Smaller nano-particles (diameter < 3 nm) are at higher pH and
lower sodium hydroxide concentrations (Lee, 2007). The ratio of ferrous to ferric ion was
increased the formations of excess hydroxide particle as precursor of Fe3O4 was
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encouraged, that increased the size of from 9 to ~37 nm as the molar percentage of
ferrous ions with respect to the total iron ions was increased from 33 to 100%. Magnetic
properties of Fe3O4 nano-particles were controlled by adjusting the molar ratio of ferrous
to ferric ions as well as the particle diameter (Faraji et al., 2010: Martina et al., 2012).
The magnetite nano-particles of application depend on the preparation methods, influence
particle size and shape, size distribution, agglomeration and the surface chemistry of
material. The magnetite can be synthesized by various methods, including: ultrasound
irradiation, sol-gel (Teja et al., 2012), thermal decomposition and co-precipitation
(Attarad et al., 2016). Thermal decomposition and Co-precipitations are the most
commonly used methods. In most cases, synthesis of magnetite is performed at 70-80ºC
from Fe2+ or Fe3+ or both. (Ozkaya et al., 2009: Khayat and Khayat, 2012). Since Coprecipitation methods are complex and require strict control of precipitation, magnetic
properties of magnetite based nano composites are also strongly dependent on the
synthesis route.

2.10. Characterization of coffee spent modified nano-composites
The techniques to be characterizing the spent coffee ground modified with nanocomposites include:
Fourier Transform Infrared (FT-IR) Spectroscopy is a technique based on the
vibrations of the atoms of a molecule. The infrared radiation passing to the sample some
infrared adsorbed by sample and some infrared passed through (transmission) to the
sample obtained molecular infrared spectrum of the sample and to determined what
fraction of the incident radiation is absorbed at a particular energy (Barbara, 2004).
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Inductively coupled plasma/optical emission spectrometry (ICP/OES) is powerful
instrument to determination of metals in different sample matrices. The technique is
based on the spontaneous emission of photons from atoms and ions that have been
excited in a RF discharge (Xiandeng and Bradley, 2000).
Powder X-ray Diffraction (PXRD) techniques use to explain the crystalline nature of
materials. The scattering of X-rays from atoms produce a diffraction pattern that contains
information about the atomic arrangement in crystal. The wavelengths of X-ray are
similar to the distance between atoms. Crystallite size is the fundamental property of
materials. Nano-materials properties depend on crystals size but not particle size. PXRD
can measure millions of crystals and accurately determine the size distribution of nanomaterials.
The XRD analysis of crystalline compounds gives a diffraction pattern consisting of a
well-defined, narrow, sharp and significant peak while amorphous materials do not give
clear peaks rather the pattern has noise signals, dirty peak or it can have some short order
bumps. Powder XRD can be used to determine the crystalline by comparing the
integrated intensity of the background pattern to that of the sharp peaks (Ashish and
Priyanka, 2014).
Scanning Electron Microscopy (SEM) is a useful technique for examination of surface
and behavior of adsorbents. The composition element of the adsorbents is determined by
Energy dispersive X-ray spectrometry (EDX) (Malik et al., 2015).
The point of zero charge (PZC) is the pH of the aqueous solution at which the sum of
the all the surface positive charges balances the sum of the surface negative charge.
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2.11 Adsorption mechanism
Adsorption process is one of the effective methods for removals of dyes from wastewater
effluent. This adsorption process is better than other method because of its sludge free
clean operation and completely removed dyes, even from the diluted solution (Shaobin et
al, 2005).
The solute retained (on the solid surface) in adsorption processes is called adsorbate,
whereas, the solid on which it is retained is called an adsorbent. This surface
accumulation of adsorbate on adsorbent is called adsorption. This creation of an adsorbed
phase having a composition different from that of the bulk fluid phase forms the basis of
separation by adsorption technology (Shivam et al., 2016).
The adsorption mechanism of the removal of dye by adsorption process may be involving
four steps : (i) bulk diffusion; (ii) film diffusion (iii) pore diffusion or inter-particle
diffusion

(iv)

adsorption

of

dye

on

the

sorbent

surface

(Manohar

and

Shrivastava,2015).as Figure show (Shivam et al .,2016 )
Stage i: diffusion of dye bulk
of solution to adsorbent

Stage ii: pore
diffusion

Stage iii: monolayer adsorption of
dye molecules

Stage iv: multilayer
adsorption of dye molecules

Figure 3: Adsorption mechanism of dye
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Adsorption results as outcome of an unbalance of surface forces or surface energy and
includes both physical and chemical mechanisms. Physical adsorption mechanisms result
from molecule concentrated in the capillaries of solid, while chemical adsorption
mechanisms involve the formation of ion complexes and formation of chemical bonds
between the adsorbate and adsorbent.
Adsorption takes place in three definable steps:
 bulk solution transport which moves the adsorbate through the bulk liquid by
means of advection and the dispersion, to the fixed film boundary layer
surrounding the adsorbent media;
 Diffusive transport which moves the adsorbate across the fixed film boundary
layer; and bounding processes which act to attach the adsorbate to the media
surface.
The overall rate of adsorption is controlled by the rate of diffusion the solute molecules
within the pores of the adsorbent particle. The rate increase with the adsorbate
concentration and temperature, as well as molecular weight of the solute, When a
solution containing absorbable solute comes into contact with a solid with a highly
porous surface structure, liquid-solid intermolecular forces of attraction cause some of the
solute molecules from the solution to be concentrated or deposited at the solid surface
(Shivam et al., 2016).
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2.12 Adsorption isotherms and models
An adsorption isotherm is the presentation of the amount of solute adsorbed per unit
weight of adsorbent as a function of the equilibrium concentration in the bulk solution at
constant temperature. Langmuir and Freundlich adsorption isotherms are commonly used
for the description of adsorption data.
Langmuir isotherm is based on the adsorption on a homogenous surface, i.e. the surface
consists of identical sites equally available for adsorption and with equal energies of
adsorption, and that the adsorbent is saturated after one layer of adsorbate molecules
forms on its surface.
The Langmuir isotherm can be expressed as
………………………………………………… (1)
Where Ce is the equilibrium concentration (mg Adsorbate per liter of solution) and
qe is the amount adsorbed (mg Adsorbate per g of adsorbent) at equilibrium.
Langmuir isotherms were obtained by agitating the adsorbent of fixed dose and the acidic
dye different concentrations for a contact time greater than the equilibrium time. The
constant Q monolayer adsorption capacity (mg/g) and b is related to the energy of
adsorption (mg/L) (Lakshmi et al., 2016).
The Freundlich isotherm is an empirical equation employed to describe heterogeneous
surface systems. It is common by used in wastewater studies, which relates the residual
impurity in solution at equilibrium to the amount adsorbed as follows:
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………………………………………………… (2)
Where: k f denotes approximate adsorption capacity and
n is related to intensity of adsorption(Lakshmi et al., 2016).

2.13 Kinetics studies
The adsorption mechanism and potential rate controlling steps are important to study for
design purposes during the wastewater treatment. Several kinetic models are available to
describe the sorption kinetics. Mostly used models including the pseudo-first order and
pseudo-second order were introduced to the experimental data to evaluate the adsorption
kinetic study (Taha, N.A., and El-Maghraby, 2016).
Pseudo-first and pseudo-second order models were applied for the adsorption kinetic
studies. The first order rate equation of Lagergren was used for the adsorption (Zhou and
Haynes, 2012).
…………………………………………… (3)
Where qe and qt are masses of dye adsorbed at equilibrium and at time t (mg g−1),
respectively, and k1 is the first-order reaction rate constant (min−1). Pseudo-second order
equation was used based on Ho-Mckay equation: (Fu et al., 2011).
………………………………………………………………(4)
Where: qe is the amount of dye adsorbed at equilibrium per unit mass of adsorbent (mg g1), qt is the amount of dye adsorbed (mg g-1) at any given time t (min) and k2 is the
second order reaction rate equilibrium constant (g/ mg min−1). h = kqe2 and is known as
initial sorption rate (Tan et al., 2012)
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CHAPTER THREE
3. Materials and Methods
3.1 Experimental site
Coffee spent powder was prepared at the Centre for Environmental Science Research
Laboratory Addis Ababa University. The syntheses of the magnetic Al2O3/Fe3O4/ZrO2
ternary oxides nano-composite were carried out at Haramaya University, Chemistry
Department Research Laboratory. Batch equilibration study, SEM-EDX, FTIR and ICPOES analyses was done at Leather Industry Development Institute, leather technology
Department Research Laboratory Akaka, Addis Ababa while XRD characterization of the
synthesized adsorbent was done at the Central Leather Research Institute (CLRL)
Chennai, Adayer, India.

3.2. Materials
3.2.1 Instruments and apparatus
Scanning electron microscope (SEM),Energy dispersive X-ray spectroscope (EDX)
(JEOL manufactured JEOL- Labwrench.com JSM-IT300 LV , Japan), X-Ray diffractometer (XRD) (model desktop X-ray differacto-meter, manufacturer RIGAKU
MINIFLEX-II, Japan), Hanna Instrument (PH-210 micro processor pH meter
manufacturer Hanna instruments U.S.A), Whatman Filter Paper 40 Ashless ø 125mm,
Electronic balance (model Number: E425-B, Germany), Double beam UV-Spectrometer
(Thermo fisher scientific model, USA, EV0300PC), Orbital Shaker (psu-20i, Grant bio,
England), FTIR-IR (Affinity-1S Shimadzu, Japan) and Induction Couple Plasma Optical
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Emission Spectroscope (ICP-OES) (Agilent technology 700series, USA), Sieve (Standard
sieve , A.A.T.M.E.11 Sieve No 80,180 micro, HUMBOLLDT MFG.GO CHICAGO,
ILL,60656 U.S.A), Oven (STUART SCENTIFIC model No:2100F.LLI GAlli, Italy),
Ultra Sonicator( IKAT25 digital UITRA TURRAR Model T25 D), Hot plate magnetic
stirrer( JISLCO), Micro wave digester (millstone model START D, Italy), Homogenizer,
and ultrapure distil (Sarterrus arium bagtank 20 TOC).
3.2.2 Chemicals and reagents
The chemicals used for the experimental studies were: zirconium tetrachloride (ZrCl4),
ferrous chloride tetra hydrate (FeCl2.4H2O) UNI-Chem. India; ferric chloride
hexahydrate (FeCl3.6H2O), aluminum nitrate monohydrate (Al(NO3)3.9H2O), sodium
hydroxide (NaOH), sulfuric acid (H2SO4), nitric acid (HNO3), hydrochloric acid (HCl),
potassium bromide (KBr), ICP Standard Fe, Al, Zr solution from Sigma Aldrich,
Germany; hydrogen peroxide UNI-Chem., India, sodium nitrate (NaNO3) RANKEM,
India, standards for buffer solution different pH Hanna Instrument Inc. Europe, Romania;
De-ionized water, spent coffee ground and acid brown75. All reagents were analytical
grade and used with no further purification.
Table2. Characteristics and chemical structure of dyes
Dye name

Acid brown dye75

Name abbreviation

C.I. Acid Brown75

Molecular formula

C28H15N9Na2O16S2

Molecular weight

843.58

λmax (nm)

465nm

Chemical formula

4-Amino-5-hydroxynaphthalene-2,7-disulfonic acid

Molecular structure
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3.3. Experimental procedures
3.3.1. Preparation of adsorbate
The stock solution of Acid Brown 75 dyes was prepared by dissolving 1 g of Acid brown
75 dyes in 1000 ml volumetric flask and filled to the mark with distilled water after
dissolution of the sample to get 1000 ppm concentration, while the working
concentrations were prepared by using dilution equation. The concentration of acidic
brown 75 dyes was measured using UV-visible spectrometer at the wavelength of its
maximum absorbance (λ max 465) as shown in Figure 4. A standard calibration curve
was plotted between absorbance and concentration of dye solution. The unknown acid
brown dye concentration was determined by UV- spectrometer corresponding to λ-max
465 nm of the dye using the Beer–Lambert equation (Fifield and Kealey, 2000).
Absorbance = ϵCS l………………………………………………………………. (5)
Slope = ϵ l

Concentration =Absorbance/Slope

Where:- ϵ is the molar absorptivity, CS the concentration of sample and l the thickness of
absorbing medium (1cm).
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Figure 4: Maximum wavelength of acid brown75 dyes
3.3.2. Preparation of adsorbent
The spent coffee grounds employed for the sorption study was collected from three
cafeterias in Addis Ababa University, Natural and Computational Science College. It was
washed with distilled water several times to remove any adhering dirt and color. Then it
was dried in a hot air oven at 105oC for 24 h (George et al., 2012). The powder was
sieved to get uniform particle size of <250 μm (Ridha el al., 2014).
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Figure 5: Preparation of coffee spent as adsorbent 1) Cleaning 2) Oven drying 3)
Grinding 4) Sieving 5) keeps for use
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3.3.3 Synthesis steps of spent coffee grounds modified ternary Nano-composite
The synthesis of spent coffee grounds modified nano-composites was done in three steps.
3.3.3.1. Synthesis of magnetic Fe3O4 (Ferro-fluid) Nano-particle
The magnetic Al2O3/Fe3O4/ZrO2 metal oxide nano-composite was prepared in the mole
ratios of the metals 25:70:05 by chemical co-precipitation method as reported (Blaney
and Lee, 2007) with modification (Anamaria et al., 2012; Fekadu, 2015).
Stock solution containing 1:2 molar ratios (ferrous chloride to ferric chloride) was
stoichiometrically calculated and then dissolved into 100 mL of 0.3M HCl. The obtained
iron solution was added drop by drop into the reaction flask consisting of 120 mL of 3M
NaOH solution. The pH of the mixture was adjusted at 12 using 0.1 M/0.01 M of NaOH
and HCl solution. The mixture solution was vigorously stirred at 80oC for 2 h under inert
atmosphere via nitrogen purging. The reaction mixture was then allowed to cool to room
temperature and the suspensions settled uninterrupted for 4 hr. The product was washed
with ultrapure water several times until the filtrate show no formation of white turbidity
upon addition of AgNO3 solution. Finally a suspension of Fe3O4 (ferro-fluid) was
obtained (Keyhanian et a.,l 2011).
3.3.2.2 Synthesis of magnetic Al2O3/Fe3O4/ZrO2 Nano composite
Solution of Al(NO3)3.9H2O and ZrCl4.8H2O (obtained by dissolving stoichiometric
amounts of both salts in 100 mL of DI-water) was prepared as precursors for Al2O3 and
ZrO2, respectively. The previously synthesized Fe3O4 suspension was ultra-sonicated for
10 min and mixed with the solution containing Al2O3 and ZrO2 precursors. The
composite solution was adjusted to pH 8.0 using 0.1M/0.01 M NaOH. The synthesized
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composite was stirred by magnetic stirrer under N2 atmosphere for 1.5 h at 70ºC. Finally,
the synthesized composite solution was transferred to beaker and allowed to settle until a
clear supernatant solution was observed. The clear supernatant solution was decanted by
holding permanent magnet. Then the product was washed with ultrapure water for several
times to remove impurities such as Cl- and excess OH- ions (Fekadu, 2015).
3.3.2.3. Synthesis of spent coffee grounds modified (Al2O3/Fe3O4/ZrO2) nano-composites
Synthesis of spent coffee grounds modified with nano-composite was made according to
method developed by Safarik (2007) and Safarik (2012). The spent coffee grounds
modified nano-composite adsorbent was prepared in three different molar percentage
ratios of spent coffee grounds to ternary nano-composite [50:50, 60:40 and 70:30]. The
coffee spent slurry was prepared in 100 mL of methanol and vigorously stirred by using
homogenizer and mixed with the synthesized ternary composite and further homogenized
for 1 h. The synthesized spent coffee grounds modified with nano-composite was washed
repeatedly with methanol then air dried (Zuorro et al., 2013).
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Figure 6: Synthesis of spent coffee grounds modified (Al2O3/Fe3O4/ZrO2) Nano
composites process 1) Synthesis of magnetic Fe3O4 (Ferro-fluid) Nano-particle 2)
suspensions settled uninterrupted for 4 hr 3) Synthesis of magnetic Al2O3/Fe3O4/ZrO2
Nano composite 4) washed with ultrapure water for several times to remove impurities 6)
Synthesis of spent coffee grounds modified (Al2O3/Fe3O4/ZrO2) Nano composites 7)
dried open air

3.4. Characterization of the synthesized adsorbent
3.4.1. SEM and EDX Analysis
A scanning electron microscope (SEM) was used to determine the surface morphology of
spent coffee grounds modified nano-composite adsorbent. In addition, changes in the
surface of adsorbent after and before adsorption (Muthusamy and Murugan, 2016) were
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determined. The elemental composition in the adsorbent, such as Fe, Al and Zr elements
in the nano-composite and C, O, S in the spent coffee ground were determined by the
EDX analysis.
3.4.2 XRD analysis
X-ray diffraction (XRD) was used to determine the crystalline size and phase of the
adsorbent. The primary crystallite size (D) deferential peak of solid phase adsorbent was
determined for the peak intensity from the full-width at half maximum (FWHM) method
of the strongest reflection peak 2θ value by using Debye Scherer equation (Laurent et al.,
2008).
……………………………………………………………… (6)
Where: D is the crystallite size in nm, k is the shape factor constant and taken as 0.9; β is
the full width at half maximum (FWHM) in radians; λ wavelength of the incident
radiation (λ = 0.15405 nm), for target Cu Kα radiation and θ the Bragg angle (degrees,
half-scattering).
3.4.3. FTIR analysis
The FTIR analysis was performed to identify the functional group responsible for
adsorption of acid brown 75 dyes on the adsorbent. Before running experiment in FTIR,
background correction was done by using KBr powder formed plate. The infrared spectra
extending in the range of 4000 to 400 cm-1 were recorded by using FTIR-IR Affinity-1S
(Li et al., 2007).
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3.4.4. Elemental Analysis
Elemental analysis (metal concentrations) in the as-synthesized ternary nano-composite
(NC) and modified nano-composite (CSMNC) (iron, aluminum and zirconium) was
determined by inductively coupled plasma-optical emission spectrometer (ICP-OES).
The two adsorbent samples (0.2gm) were taken accurately and put into the microwave
digestion vessels and then added 7mL of con.HNO3, 1 mL con.H2O2 and 3 mL of conc.
HCl. The vessels were capped carefully and the digestion program of microwave system
was set. After finishing the digestion time, the solutions were cooled, re-dissolved in 30
mL of ultrapure water and filtered. The filtrate was transferred to 100 mL volumetric
flasks and the volume was adjusted to mark using 10% HNO3 solution. The reagents
blank was prepared following the same procedure to control any cross contamination.
The results were corrected for the dilution factor (Hoobin and Vanclay, 2012; Standard,
E. 2012; Dharmendra, 2015).
The stock standard solution or the metals were taken at different concentrations (1, 3, 5,
7, and 10 ppm.) using dilution formula to prepare and also spiked (recovery) sample was
prepared for each metal. Metal concentration was calculated according to the following
formula (Ethiopian standard authority, 2010).
…………………………………………………………… (7)
Were Wx= metal content mg/kg
Wxi= concentration of metal detected instrument in mg/L
V = Volume of volumetric flask used for digestion in ml
M = Mass of sample taken in gm
Fd = is dilution factor
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3.5 Sampling of waste
Wastewater sample was taken from tannery drum dyeing effluent from Batu tannery. The
water samples were collected in plastic bottles and dye concentration and pH was
determined.
3.5.1 Waste analysis
The suspensions was filtered through a Whatman filter paper and the filtrate of acidic dyes
was determined using a Double beam UV-Spectrometer (Thermo Fisher scientific model
Wl 53711 USA) at λmax of 465 nm.
The percentage of removal (R %) and adsorption capacity (qe) was calculated for each
run using the following expression (eq. and eq.)
…………………………………………………………….. (8)
…………………………………………………………..... (9)
Where: Ci and Ce are the initial and final concentration of dye in the solution.
V is the volume of solution (in liters) and
m is the mass of adsorbent (in grams) used.

3.6 Analytical method validation
Some of the analytical method validation parameters like limit of detection (LOD), limit
of quantification (LOQ), accuracy and precision were determined before the analysis of
the dyes using spectrophotometer.
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3.7 Batch adsorption studies
The synthesized spent coffee ground modified nano-composite was employed for
adsorption of acidic brown 75 dyes via batch equilibration mode. In the present study,1g
adsorbent was put in 250 mL Erlenmeyer flask containing 100 mL of acid brown 75 dye
solution equilibrated on an orbital shaker at a speed of 90 rpm (Pavlović et al, 2015), pH
3, contact time 120 min and initial concentration of 10 mg/L. The suspension was filtered
through a whatman filter paper 40 and the filtrate was analyzed. The dye concentration
was determined using double beam UV-Spectrometer, at 465 nm maximum wavelength
absorbance. Average values of triplicates measurements were reported. The amount of
acid brown dye adsorbed at equilibrium (qe in mg g−1) was calculated by using the
equation.
……………………………………………………... (10)
The percent removal of anions at equilibrium is calculated as:
……………………………………………………….. (11)
Where: Ci and Ce are the initial and equilibrium concentrations of acidic brown dye in
solution (mg L−1) respectively,
V is the volume of solution (in L) and m is mass of the adsorbent (in gm) (Lafi et al.,
2014).

3.8. Optimum condition for adsorption studies
The adsorption experiments were determined by a batch technique at room temperature
using spiked waste. The effect of pH, initial dye concentration, adsorbent dose, contact
time and agitation speed were investigated.

41

3.8.1 Effect of pH
To study the effect of pH on the adsorption process the experiment was carried out under
pH of 1 to 10 (Shivam et al., 2016). These experiments were done by varying one
parameter at a time and keeping others constant as follows: sorbent dose 1gm: initial
acidic 75 dye concentration 60mg/l: shaking time 90mints: agitation speed 70rpm. The
desirable pH was maintained using 0.1M NaOH and 0.1MHCl solution. The experiment
was carried out in triplicate and the mean value was taken. The Point of Zero Charge
(Pzc) was determined by salt addition method. The analysis was conducted by the
addition of 0.1g of adsorbent (spent coffee ground modified nano-composite) to 50 ml of
0.001 M NaNO3 solution and adjusted to various pH values ranging from 2-12 by using
dilute HNO3 or NaOH solutions in 250 mL flaks at selected six pH values. The aqueous
suspensions were equilibrated for 60 min in orbital shaker and the initial pH was
determined. Then 1 g of NaNO3 was added to the above suspension solution and further
equilibrated for 60 min and then final pH was measured, the Plot of pH final-initial (Yaxis) versus pH final (X-axis) was recorded from which the point of zero charge was
determined as the point where the graph intersects the X-axis (Panumati et al., 2008;
Muhammad et al., 2012; Fekadu, 2015).
3.8.2 Effect of initial concentration
The effect of initial dye concentration was determined considering the following initial
acidic dye concentration 5, 10, 20, 40, 50, 60, 70, 80, 90 and100 mg/L keeping other
parameters to the set values (Marija et al., 2015; Ali et al., 2016).
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3.8.3 Effect of adsorbent dosage
The effect of adsorbent dosage was studied by using the mass of adsorbent in the range of
0.1-2.5 grams at 0.1, 0.5, 1.0, 1.5, 2.0 and 2.5 gm in 100ml Erlenmeyer flask with dye
concentration of 60mg/l and the adsorption efficiency for each dose was determine by
keeping other parameter constant (Fradj et al.,2010).
3.8.4 Effect of contact time
The effect of contact time on the adsorption efficiency was evaluated varying the contact
time to 30, 60, 90, 120, 160 minutes with the other parameters (pH, adsorbent dose,
agitation speed and initial concentration) kept constant (Ahmad and Kumar, 2010; Ali et
al., 2016).
3.8.5 Effect of agitation speed
In this study, the effect of varying the agitation speed was investigated by keeping the
other operating parameters (pH, adsorbent dose, contact time and initial dye
concentration) constant. A series of experiments were undertaken with different agitation
speed 60 to160 rpm (60, 70, 90, 120 and160) rpm (George et al., 2011, Lakshmi et al.,
2016).

3.9. Adsorption isotherm
Adsorption isotherms are mathematical models that describe the distribution of the
adsorbate species among the liquid and solid phases based on a set of assumptions
that are related to the heterogeneity or homogeneity of the solid surface, the type
of coverage, and the possibility of interaction between the adsorbate species
(Bizuayehu et al. 2017). In order to depict adsorption isotherms for the adsorbent,
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experiments were carried out in triplicates at pH 3, sorbent dose of 1g considering
100 mL of various initial concentration of acidic brown dyes (2, 6, 8, and 10 mg/L) .
The suspension was agitated at 90 rpm for 120 min on orbital shaker. The data generated
from this experiment was fitted to Langmuir and Freundlich adsorption isotherm models
to find the best fit that describes the sorption isotherm (Kyzas et al., 2013).
3.9.1. Langmuir isotherm
The Langmuir isotherm can be expressed as
…………………………………………... (12)
In this equation where qe (mg g-1) is the equilibrium amount of adsorbed acidic brown
dye per unit mass in milligrams per gram of adsorbent, Ce (mg L−1) is the equilibrium
concentration in mg adsorbate per liter of solution, KL (L mg−1) is the Langmuir sorption
equilibrium constant related to binding site and energy of adsorption and Qo is adsorption
capacity (mg/L). From slope and intercept of the graph of Ce/qe Vs Ce, Qo and KL were
determined respectively (Karimi et al., 2012: Adebowale et al., 2014).
3.9.2. Equilibrium constant
An important characteristics of Langmuir isotherm can be expressed in terms of
separation or equilibrium constant , which is a dimensionless parameter defined as
(Kartik and Mehali, 2014; Adebowale et al., 2014).

…………………………………………………………………… (13)
Where:

C0 (mg L-1) is the initial acidic brown75 dye concentration of solution and
KL is the characteristic constant related to adsorption energy.
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RL indicates the nature of adsorption as indicated, If RL > 1, Adsorption type is
unfavorable, RL = 1, adsorption type is linear, 0 < RL < 1, adsorption type is favorable,
and RL = 0, adsorption type is irreversible (Harminder et al., 2013; Kartik and Mehali,
2014).
3.9.3 Freundlich isotherm
The Freundlich isotherm model is an empirical equation that describes the heterogeneity
of the surface. It measures adsorption with a heterogeneous energetic distribution of
active sites, accompanied by interactions between adsorbed molecules (Nasser et al.,
2011)
The Freundlich equation is given as follows:
…………………………………………………………… (14)
Where qe is the amount of adsorbed acidic dye at equilibrium (mg/g), Ce is the
equilibrium concentration of the adsorbate solution (mg/L), KF is the Freundlich
adsorption constant and 1/n is the adsorption intensity (Karimi et al., 2012).
…………………………………………… (15)
Ce is equilibrium concentration in mg per liter. qe is the amount of adsorbed acidic dye at
equilibrium (mg/g ), KF is Freundlich adsorption constants related to the capacity and n
is related to absorption intensity (Lakshmi et al., 2016). The parameter 1/n ranging
between 0 and 1 measures the adsorption intensity or surface heterogeneity. As the value
of 1/n gets closer to zero it shows heterogeneous surface and it imply chemical adsorption
process and otherwise it is physical adsorption (Ridha et al., 2014). Langmuir and
Freundlich isotherms were used to describe the equilibrium characteristics of adsorption.
An accurate isotherm is important for design purposes (Kartik and Mehali, 2014).
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3.10. Adsorption kinetics
Adsorption kinetics experiments were conducted in triplicates considering 1g of the
adsorbent mixed with 100 mL of 6, 8, and 10 mg/ L of acidic dye in a 250 mL conical
flask. The suspensions were agitated at the rate of 90 rpm, and pH of 3. The filtrate was
taken at fixed interval in 30, 60, 90,120 and 160 min at room temperature. After
equilibration, pseudo-first and pseudo second order were chosen to fit the experiment
data.
The adsorbate filtrate was used for determination of acid brown dye.

………………………………………………………………….. (16)

where qt is the adsorption capacity of adsorbent at time t (mg g-1), V is the volume of
adsorbate solution (L), C0 and Ct (mg L-1) are the initial concentration and equilibrium
concentration of acidic dye at time t, respectively and m is the mass of adsorbent (g).
Pseudo-first and pseudo-second order models were applied for the adsorption kinetic
studies. The data from experiment adsorption process was introduced into pseudo-first
order model of Lagergren and pseudo-second order models of Ho and McKey (Karimi et
al., 2012; Lakshmi et al., 2016).
3.10.1 Pseudo-first order model
The first order rate equation of Lagergren is expressed as shown in the equation17 (Zhou
and Haynes, 2012).
……………………………………………… (17)
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Where qe and qt are masses of dye adsorbed at equilibrium and at time t (mg g−1),
respectively, and k1 is the first-order reaction rate constant (min−1).
3.10.2 Pseudo-second order models
The pseudo-second order equation is expressed as (Fu et al., 2011):
……………………………………………………………. (18)
Where: qe is the amount of dye adsorbed at equilibrium per unit mass of adsorbent (mg g1

), qt is the amount of dye adsorbed (mg g-1) at any given time t (min) and k2 is the

second order reaction rate equilibrium constant (g/ mg min−1). h = kqe2 and is known as
initial sorption rate (Tan et al., 2012).
3.10.3. Intra-particle diffusion model
Intra particle diffusion model is important model for evaluation of adsorption kinetics for
most processes, where uptake varies almost proportionally with t1/2 rather than with the
contact time (Hameed et al., 2008).
According to this theory, the intra particle diffusion equation is expressed as follows:
………………………………………………………………… (19)
Where: km is the intra particle diffusion rate constant (mg/g min1/2)

3.11. Desorption studies
The acid brown 75 dye loaded on the adsorbents can easily be desorbed under suitable
conditions. Desorption study was carried out using acidic dye-loaded spent coffee ground
modified nano-composite (1g) dissolved in 100 mL distilled water. The pH was adjusted
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by 0.1M NaOH and 0.1M HCl between 5-12 at room temperature, contact time of 30 min
and 90 rpm agitation speed (George et al., 2012).
The quantity of desorbed dye was determined by measuring the amount of acidic brown
dye in each solution after each desorption process. The desorption rate (D) was calculated
from
………………………………………………………………………. (20)
Where qi and qt are the acidic brown dye concentrations adsorbed in the coffee spent
modified nano-composite adsorbent (mg L-1) at the beginning of the experiment and after
a contact time (Mahdi et al., 2010).

3.12 Regeneration cycle
The reusability and regeneration of the adsorbent, was determined at constant feed of acid
brown dye 10mg/L of solution run through the optimum dose (1gm) of the adsorbent for
120 min. This sequential adsorption–desorption process were repeated following the
above procedure for 30 min contact time and continuously and washed with distill water
until the pH becomes same as cleaning water (George et al., 2012).

3.13 Data analysis
All the experimental date were analyzed by using Origin software (version 6), Match! 3
crystallite identification and Microsoft excel for plotting diffraction patterns and various
spectra. Mean comparison was made using two ways ANOVA, t- test and F-test.
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CHAPTER FOUR
4. Results and discussion
4.1 Quality assurance and quality control
The quality of method of analysis was assured by running method blank, reagent blank,
and matrix spiked quality control samples. In addition, the cuvette efficiency was
checked against the manufacturer’s suggested values and is indicated in Table 3.
According to the manufacturer’s suggested values at 200 nm the transmittance need to be
> 80%.
Table3: Cuvette parameters check
Cuvette efficiency

Actual %T

Expected %T

wavelength(nm)

average

200

99.995 %

82.25 %

220

99.986 %

83.4 %

240

99.995 %

84.2 %

4.2. Method validation
The validity of the method was checked by determining the limit of detection, limit of
quantification, the recovery of the analyses and repeatability. For the LOD and LOQ
determination, seven blank replicate samples were run and standard deviation was
calculated. Accordingly, the LOD and LOQ were found to be 0.002 mg/L and 0.008
mg/L, respectively.
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4.3 Characterization of adsorbent
4.3.1 Analysis of SEM
The morphological feature analysis of adsorbent was conducted using SEM analysis. The
SEM images analysis of the three adsorbents spent coffee ground (SCG), Nano
composite (NC) and spent coffee ground modified with Nano-composite (SCGMNC)
were done to study the morphological of the surface of adsorbent. The result showed that
SCG have irregular and flake like structures whereas NC showed irregular particles with
no distinct morphology (Chalachew et al., 2017).
Spent coffee ground modified nano-composite (SCGMNC) as shown in Figure 9 below
has well-developed cavernous porous structure to increase the total exposed surface area
for adsorption rate. This morphological characteristic enables it to adsorb large amount of
dye molecule from the waste. After adsorption of acidic brown dye on SCGMNC as
shown in the Figure 10 the surface texture appears more like the coffee spent
morphology. This happens probably due to high content of spent coffee ground in the
composite structure which is 70:30 ratio of SCGMNC.
Elemental composition of the above samples was done by EDX analysis. The NC
adsorbent percentage composition of Al, Fe, Zr in as synthesized nano-composite were
found to be 15.47%, 82.93% and 1.60 % ,respectively. The result revealed that elemental
percentage compositions of SCGMNC adsorbent were found to be 58.70% C, 37.79 % O,
0.68 % Al and 2.82 % Fe. This result show that the spent coffee ground was successfully
modified with nano-composite in the mixed atom ratio.
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Figure 7: Raw spent coffee ground 500 times magnification of SEM image

Figure 8: Nano-composite SEM morphology and EDX analysis
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Figure 9: Modified nano-composite (SCGMNC) SEM morphology and EDX analysis

Figure10: Modified nano-composite after adsorption SEM morphology and EDX analysis
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4.3.2 Analysis of XRD
XRD patterns of the nano-composite (Al2O3/Fe3O4/ZrO2) and spent coffee ground
modified nano-composite (SCGMNC) adsorbents are presented in Figure 11.

The

diffraction peaks observed at 2θ (all in degrees) values of 18.54, 30.48, 35.92, 43.38,
57.26, 63.10, and 74.49, for the naked nano-composite, are ascribed to a face centered
cubic spines structure of pure magnetite (Fe3O4). No diffraction peak attributable to
alumina and zirconia is observed possibly due to the amorphous nature of these oxides at
the temperature of synthesis. In fact, crystallized alumina such as γ-Al2O3 might
present under thermal treatment at 800oC. Besides, the amount may not be good
enough to bring about this change at the concentration used in this experiment
that is 25%. This is evidenced by the finding of (Li et al .,2007), who observed
peaks representing alumina at concentration higher than 30% for a temperature
above 600oC. On the other hand, the concentration of zirconia used in the present study
is about 5%, an amount probably not good enough for XRD identification. When it
comes to coffee spent modified nano-composite, peaks observed at diffraction angle 2θ of
35.2, 42.7, 57.2 and 62.6 are attributable to face centered cubic spinel structure of pure
magnetite (Fe3O4), a component of the nano composite supported on to the coffee spent
powder. The typical diffraction peak shown at 2θ values of 20.18o and 21.98o represent
crystalline cellulose in the coffee spent. The cellulose molecule is known to have
crystalline and amorphous regions. Crystalline regions are mostly responsible by a high
tensile strength and represent cellulose less accessible to chemical attacks due to
hydrogen strong interactions between the microfibers (Ragauskas and Huang 2013).
According to some authors, the thermal treatment by which the coffee beans are
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subjected could be responsible for at least a part of the crystallinity observed in coffee
spent support since this process promotes the elimination of some water molecules
incorporated into the crystal fraction, transforming some α-polymorph to β-crystal phase
structures (Lina et al .,2014).
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Figure 11: XRD patterns of spent coffee ground modified nano-composite and the nano
composite adsorbents
The average crystallite sizes (D) of this nano-composite was calculated by using standard
Debye–Scherrer’s formula (equation: 6). It was found in the range of (7.25-8.4nm) and its
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max percentage of peaks was at ∼7.52nm (Table 4). This result is similar with previous
findings i.e the average particle size and average crystallite sizes (D) for magnetite Nanoparticle was reported ∼7.53 (Giri et al., 2011) respectively. The average crystallite sizes
(D) of spent coffee ground modified nano-composite, was calculated in the range of
60.72-52.7nm and its max percentage peaks was at ∼52.85 nm.
Table 4: Range Crystallite size (D nm) in SCGMNC and NC
Adsorbent code

2ϴ

Intensity

Crystallite size
(nm)

SCGMNC

NC

20.18

500

52.70

29.84

300

53.70

35.2

395

54.43

42.72

230

55.71

57.22

150

59.10

62.6

180

60.72

18.54

70

7.25

30.48

100

7.42

35.92

220

7.52

43.38

80

7.70

57.26

90

8.15

63.1

160

8.40

4.3.3 Analysis of FTIR
Fourier transform infrared (FTIR) analysis was used to identify the characteristic
functional groups. The spectra of spent coffee ground modified nano-composite (Al2O2,
Fe3O4, and ZrO2), before and after adsorption process is shown in Figure 12.
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The FTIR spectroscopic analysis showed broad band peak at 3570-3250 cm-1 assigned to
the stretching of O-H group due to inter- and intra-molecular hydrogen bonding of
cellulose and lignin compounds. It is known, in fact, that lignocelluloses plant materials
like CS contain such as the hydroxyl and carboxyl groups on the cellulose fibers
(Demirbas, 2008). The O-H stretching vibrations occur within a broad range of
frequencies indicating the presence of free hydroxyl groups and bonded O-H bands of
lignin according to literature 3550-3200cm-1 (John,1996).
The weak peaks at 2923 and 2854 cm-1 CSMNC (before and after adsorption) could be
attributed to C-H stretching vibrations resulting from the coffee spent support (Haile et al
., 2015,Yuen et al., 2005). The peak observed by the CSMNC after adsorption at 1648
cm-1 might be attributed to aromatic C=C bending from the adsorbed dye.
The band at 1062cm-1 could ascribe to Al-O stretching vibrations (Yuen et al., 2005). In
addition the band at 1382.8 cm-1 might be due to N=N stretching emerging from the dye.

56

SCG
SCGMNC-A
SCGMNC-B
NC

90
85
80
75

% Transmittance

70

3735.4

1022.1
1635.3
1384.6
567

2919.7

3446.1

65
60
55
50
45
40
35
30
25
4500

4000

3500

3000

2500

2000

1500

1000

500

Wave number cm-1

Figure 12: FTIR spectra of overlap SCG, NC, SCGMNC-B to SCGMNC-A
4.3.4. Elemental analysis of synthesized adsorbent by Inductively Coupled
Plasma Spectrometry (ICP-OES)
ICP-OES was used to determine the concentration of each metal present in the nanocomposite adsorbent. Argon gas was used for plasma creation and nitrogen gas was used
as auxiliary for ICP-OES analysis. The result is presented in Table 5.
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Table 5: ICP-OES metal analysis result
Code of
adsorbent
SCGMNC

NC

Metal
ion
Al
Fe
Zr
Al
Fe
Zr

Average
Concentrations metal in
concentration(mg/L) adsorbent (mg/kg)
0.10577
6.167
0.34807
20.745
0.040371
2.266
1.16503
51.12
5.89019
258.95
0.857565
37.5

% ratio
21.14
71.10
7.77
14.70
74.5
10.80

The concentration of Al, Fe and Zr present in the synthesized adsorbents was measured.
The results in Table 5 represent that percent by weight ratios for Fe, Al and Zr showed in
the adsorbents and confirmed the modification of the adsorbent.

4.4 Optimization of various parameters on the adsorption of acid
brown dye
4.4.1 Effect of pH
The variations of pH in the solution can affect the adsorption process; this may be due to
the change in surface characteristics of adsorbent and change in chemistry of dye. Thus,
the adsorption capacity of acidic dye depends on the pH of the solution. This study
involved the pH range of 1-10. As depicted in Figure 13, the percentage removal of
acidic dye slightly increased from pH 1 to 3 and then decreased sharply in the basic
region. This is due to the electrostatic attraction between anionic dye and positively
charged surface of the adsorbent (Salleh et al., 2011). Decreased percentage removal at
higher pH of solution may be due to electrostatic repulsion between the negatively
charged surface and acidic dye molecules, thus decreasing the adsorption capacity and
percentage removal of acidic dye (Foo and Hameed, 2011). The maximum adsorption
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capacity was observed at pH 3 and also when the pH range was increased from 1 to 12
the adsorption capacity decreased from 96.98% to 27.31%. The reason for this
phenomenon is that at higher pH values, adsorbent surface has more negatively charge,
and hydroxyl groups (-OH) on the surface of the adsorbent was disposed acidic dye anion
molecules.
The optimum result obtained in this study is similar to previous studies on the removal of
anionic dyes such as acidic red 18 by sunflower stalk modified with iron nano particles
(Ali et al., 2016), Acid blue 15 by Pomelo skin. (Foo and Hameed, 2011) and Congo red
by raw and acid modified pine cone (Sara and Tushar, 2012).
The point of zero charge is the point at which the surface acidic or basic functional
groups no longer contribute to the pH value of the solution. The pH PZC of an adsorbent is
a very important characteristic that indicates the pH at which the adsorbent is neutral,
whereas beyond this pH, the adsorbent becomes either positively or negatively charged
(Bizuayehu et al., 2017). The pHPZC of Al-Fe-Zr nano-sorbent was found to be around 7.2
as shown in Figure 14. Therefore, the surface of the adsorbent is expected to be
negatively charged at pH greater than 7.2 whereas the surface of the adsorbent is
expected to be positively charged at pH lower than 7.2 favoring the accumulation of the
acidic dye anion on the surface of adsorbent (balderas-Hernandez et al., 2006; (Panumati
et al., 2008; Akl and Abou-Elanwar,2015). The pzc may be affected by impurities and
hydroxide of Fe or protonated and deprotonated species which generate FeOH site on
surface and Al at different degree of hydration (Cornell and Schwartzman, 2003:
Kosmulski, 2009).
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Figure 13: Optimization of pH by keeping other parameters (At adsorbent dose = 1.0 g,
agitation speed = 70 rpm, initial concentration=60mg/L and contact time90minits).
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Figure 14: pHpzc of CSMNC determined in different approaches
4.4.2. Effect of initial dye concentration
The effect of the initial dye concentration the direct relationship between the
concentration of the dye and the existing binding sites on an adsorbent surface (Shivam et
al., 2016).The influence of initial concentrations on the dye removal was determined
using different initial concentrations ranging from 5 to 100 mg/L of acidic dye at room
temperature, with 1 g 70:30 ratio of adsorbent (SCGMNC) and pH of 2, agitation speed
of 90 rpm for 120 min contact time. As depicted in Figure 15, the initial dye
concentration study showed that the removal of acid brown dye decreased from 96.3 to

61

57.1% as initial concentration of the dye increased. The amount of dye adsorbed, qe (mg
g-1) increased with increasing concentration of the dye, which is expected phenomenon.
The optimum value of the initial concentration of acidic brown dyes was 10 mg l -1.
Generally, increasing the initial dye concentration decreased the percentage of acidic
brown dye removal due to the saturation of adsorption surface sites on the adsorbent
(Salleh et al., 2011: Prasanna et al ., 2016).The amount of acidic brown dye adsorption qt
(mg/g) increases with increasing contact time at all initial dye concentrations as reported
by various researchers (Sen et al.,2011).This is due to the initial dye concentration
provides the driving force to defeat the resistance to the mass transfer of dye between the
aqueous and the solid phase (Sara and Tushar , 2014).
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Figure 15: Optimization of initial concentration by keeping other parameters (At
adsorbent dose = 1.0 g, agitation speed = 70 rpm, pH =2 and contact time90minits).
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4.4.3 Effect of adsorbent dosage
The spent coffee ground modified nano-composite adsorbent was prepared in three
different molar ratios of spent coffee ground to ternary nano-composite that is 50:50,
60:40and 70:30%, the removal capacity obtained by these adsorbents were 99, 81.67 and
81.82%, respectively. The 50:50 percent composition adsorbent gives almost complete
removal of target analyte, while the remaining two (60:40 and 70:30) adsorbents have no
statistically significant difference (t-test, at 0.05 levels) in their removal capacity.
Therefore, in terms of maximizing use of spent coffee ground which is cheap and also
minimizing the proportion of nano-composite which is relatively expensive, the 70:30
CSMNC (spent coffee ground to ternary nano-composite) composition was chosen for
subsequent study.
The effectiveness of various adsorbent dosages was examined at 0.1, 0.5, 1, 1.5, 2, and
2.5 g in 100 ml of acidic brown 75 dye solution. Other adsorption process parameters
were kept constant. From the analysis it was observed that the percentage adsorption
removal increased from 71.9% at 0.1 g of adsorbent to 96.9% at 2.5 g of adsorbent
dosage. The maximum optimum adsorbent dosage was found to be 1 g. As shown in
Figure16, in the adsorbent dosage range of 0.1-1g, the rate of percentage acidic brown
dye removal was sharply increased and become constant on wards. The amount of
adsorbent beyond 1 g had no impact on the percentage removal of acidic brown dye and
this is inconsistent with literature (Gode and Pehlivan, 2005). Addition of sorbent beyond
the optimum limit the transportation of dye ions to the active adsorption sites hence
reduced adsorption efficiency.
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Figure16: Optimization of adsorbent dose by keeping other parameters (At pH = 2,
agitation speed =70 rpm, initial concentration=60mg/L and contact time90minits).

4.4.4 Effect contact time
The effect of contact time on adsorption process of acidic brown dye was carried out by
preparing adsorbate solution with constant pH of 2, 1g adsorbent dose (SCGMNC) and
60 mg/L initial dye concentration for different contact time interval 30, 60, 90, 120, and
160 min and shaken at 90 rpm until equilibrium. Equilibrium time was important
parameter for design wastewater treatment system economically (Karimi et al., 2012).
Generally the adsorption removal rate of acidic dye increases with an increase in contact
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time to a certain extent. The result of this experiment is shown in Figure 17. As it can be
observed from the Figure17 the percentage removal of acidic dye increased up to 120
minutes and there was no further change beyond that. The maximum optimum adsorption
capacity of acidic dye was 96% at 120 min and after which it becomes almost constant.
Increasing contact time beyond this point couldn’t improve removal since the adsorbent
dosage is fixed.
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Figure 17: Optimization of contact time by keeping other parameters (At adsorbent dose
= 1.0 g, agitation speed = 70 rpm, initial concentration=60mg/L and pH).
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4.4.5. Effect agitation speed (rpm)
The percent removal was 80% at agitation speed of 60 rpm and then increased to 97%
when agitation speed increased to 90 rpm. This evidences the importance of disturbing
the solution containing dye to a certain extent to enhance the contact between the sorbent
and the analyte. It has been investigated that the mass transfer rate increases with increase
stirring speed. The sign of decrease after the optimum agitation speed is normally
expected because the vigorous agitation might lead to desorption of the already adsorbed
dye ( Buzuayehu et at.2017).
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Figure 18: Optimization of agitation speed by keeping other parameters (At adsorbent
dose = 1.0 g, pH=2, initial concentration=60mg/L and contact time90minits).
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4.5. Application of optimized conditions
From batch experiments carried above the optimum conditions were found to be pH= 3,
initial concentration = 10mg/L, adsorbent dosage= 1g, contact time of 120 minute and
agitation speed = 90 rpm. The removal of the acidic brown dye spiked water was checked
by employing all the optimized parameters at a time. The result revealed 96% removal
efficiency and adsorption equilibrium capacity of 9.76 mg/g. This shows that the
adsorbent has high adsorption capacity, efficient and suitable for removal of acidic brown
75 dyes from waste solution.
Furthermore under optimized conditions (adsorbent dose, agitation speed, and contact
time) real sample analysis was carried out. The real sample (100ml) was taken from dye
dram and initial pH was determined to be 2.56. Before attempting removal, the original
concentration of the target analyte (acidic brown 75) in the real sample was determined to
be 389.19±2.7 mg/L. The application of the adsorbent prepared (CSMNC) to this effluent
(having initial concentration of 389 mg/L) reduced the equilibrium concentration of the
effluent to 12.49 mg/L. This corresponds to 97 % removal efficient and adsorption
capacity of 37.7mg/g.

4.6 Adsorption Isotherms
The Langmuir and Freundlich isotherm equations were used to describe the experimental
data. Equation 21 was used for Langmuir isotherm,

…………………………………………………………………………………………(21)
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Where Ce is the equilibrium concentration of dye solution (mg/L), qe is the amount
adsorbed per unit mass of adsorbent (mg/g), m is the mass of the adsorbent (g), Q0 and KL
are Langmuir constants which are the adsorption capacity (mg/g) and energy of
adsorption (L/mg), respectively.
Langmuir parameters were calculated from the linear graph Ce/qe versus Ce plot. Then,
the 1/Qo is the slope and the intercept is 1/QoKL. KL represented the Langmuir isotherm
constants and Qo represents the maximum equilibrium adsorption capacity of the
monolayer coverage of the sorbent. The parameters were calculated from the equation as
show in Table 6.
0.3
y = 0.1191x + 0.0191
R² = 0.9996

0.25

Ce/qe

0.2
0.15
0.1
0.05
0
0

0.5

1

1.5

2

2.5

Ce (mg/L)

Figure 19: Langmuir Isotherm plots for dye uptake at 2, 4, 6, 8 and 10 mg L-1initial
concentrations, 1 mg adsorbent, pH 3, and with 120 mints shaking.
Freundlich isotherm experimental data were calculated from the linear plot of log qe Vs
log Ce. The intercept is KF and the slope is 1/n. KF is Freundlich adsorption constants
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related to the capacity and n is related to adsorption intensity which varies with the
heterogeneity of the adsorbent. Freundlich isotherm experimental data was obtained from
the slope and intercept of the linear plots graph is shown in Table 6.
1.2
1
y = 0.3623x
+ 0.8399
R² = 0.9498
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Figure 20: Freundlich Isotherm plots for acidic brown 75 dye uptakes at 2, 4, 6,8 and 10
mg/ L at optimum parameter

Table 6: Langmuir and Freundlich Isotherm calculate equation
Langmuir isotherms
Adsorbent

Freundlich isotherm

Qo(mg/g)

KL(L/mg)

R2

KF(mg/g)

n

R2

8.396

6.236

0.9996

6.917

2.76

0.9498

dosage(gm)
1gm

Comparison between Langmuir isotherm and Freundlich isotherms can be made by
observing the results depicted in Table 6. As shown in the table, Langmuir model showed
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that the maximum adsorption capacity (Q0) by spent coffee ground modified nanocomposite was 8.396 mg/g and the correlation coefficient was 0.9996. That is one gram
of the spent coffee ground modified nano-composite can absorb 8.396 mg acidic brown
75 dye and also the value of experimental qe and the calculated Qo values the same to
each other. On the other hand the maximum adsorption capacity of spent coffee ground
modified nano-composite was 6.917 mg/L and the correlation coefficient was 0.9575
according to Freundlich model. Comparisons between the results showed that Langmuir
adsorption model better explain the adsorption behavior of the adsorbent than the
Freundlich model. This indicate that, one molecule of acidic brown dye was adsorbed
each site of adsorbent or heterogeneity of the adsorbent surface (Bizuayehu et al., 2017).
A Langmuir isotherm was expressed in terms of dimensionless equilibrium parameter R L.
The RL parameter was considered as a more reliable indicator of the adsorption
Table 7: Dimensionless equilibrium
B

Co(mg/L)

RL=1/(1+bC0)

0.3623

2

0.580

0.3623

4

0.408

0.3623

6

0.315

0.3623

8

0.257

0.3623

10

0.216

The result showed that decrease from 0.580 to 0.216, as well as simultaneously
increasing the acidic brown dye concentration, this imply that increased affinity between
adsorbate and adsorbent. The RL value between the range 0 and 1 is a measure of surface
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heterogeneity and becoming more heterogeneous as this value gets closer to zero. As the
value of 1/n is below unity, it implies that the adsorption process was of a chemical
reaction type (Fekadu, 2015).

4.7 Adsorption Kinetics
The graph plots of first order kinetics log (qe-qt) Vs t, and second order kinetics [t/qt Vs
t] are given in figure 21 and 22, respectively
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Figure 21: Kinetics Pseudo 1st order line plots for the adsorption acid brown 75 dye on to
CSMNC at different concentration adsorbent dosage at optimum parameter.
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Figure 22: Linea plots pseudo second order kinetics plots the different acid 75brown dye
concentration at optimum constant parameter.
The kinetic parameter for constant rate, correlation coefficients, adsorption capacity
experimental (qe) and calculated (qe) of dye were calculated from above plots graph and
data presented in Table 8. The best-fit model was selected based on the match between
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experimental qe (exp) and theoretical qe (cal) uptake values and linear correlation
coefficient (R2) values at the studied conditions. It was observed that r2 values for the
first order kinetics for acidic brown dye initial concentration 6,8,10mg/L with at time
30,60,90,120 and60 mint varied in the range of r2 0.520 ,0.5806,0.5788, respectively and
also the qe calculated loading capacities was compared with the experimental values
different result. The r2 values of > 0.98 for the initial acidic dye solution were obtained
from pseudo second order reaction plots and also the qe calculated values compared with
the experimental values not differ, suggested that the pseudo-second order model has
been successfully used to fit the kinetic data. A number of studies on adsorption of acidic
dye on biosorption surfaces have reported kinetics being controlled by pseudo second
order model and chemisorptions nature of the adsorbed species (Tan et al., 2012; Antonio
et al., 2013).
The pseudo-second order model assumes that the rate limiting step is chemisorptions (Fu
et al., 2011). So, we can reason that the dye ions and adsorbent are connected through
charge neutralization or electrostatic interaction (Zhong-Pan and Ze-Min, 2017).
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Table 8: Kinetic parameters for dye adsorption by coffee spent modified nano-composite
initial acidic brown dye concentration10 mg L-1, pH 3, 1 mg adsorbent, shaking time120
mints.

Time(
mint)
30

Initial
conc.
(mg/L)
6

Pesudo 1st Order
qe
qe
experiment
Calculate
(mg/g)
d(mg/g)
0.493
0.5132

K1
(g/mg
min)
0.006

R2

0.5274

Pesudo 2nd Order
qe
K2
R2
Calculated
(mg/g)
4.545
0.9891
0.493

60

0.574

0.4159

0.574

90

0.583

0.3434

0.583

120

0.583

0.286

0.583

160

0.583

0.2248

0.583

0.630

0.630

60

0.729

0.729

0.724

90

0.738

0.738

0.734

120

0.747

0.747

0.744

160

0.747

0.747

0.745

0.758

1.201

60

0.786

1.363

0.783

90

0.911

1.934

0.908

120

0.92

2.435

0.917

160

0.92

3.300

0.918

30

30

8

10

0.006

0.008

0.5806

0.5788

0.624

0.753

0.915

0.9974

2.271

0.9979
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Figure 23: Adsorption kinetics equilibrium dye various initial concentration of SCGMNC
at constant optimum parameter.
This adsorption kinetics of acidic brown dyes removal result was agreed with other
literature report methylene blue, removal from waste solutions (Antonio et al., 2013;
Manohar and Shrivastava, 2015).
4.7.1. Intra-particle diffusion rate
The intra-particle diffusion rate can be described by Webber and Morris model of
adsorption process this equation is given as:
qt = Kmt0.5 …………………………………………………………………(20)
Where km is the intra particle diffusion rate constant (mg/g min1/2
The inter particle rate constant (Km) was expressed to graph from the slope to the plot the
amount of dye adsorbed (qe) Vs t0.5. This graph plots are not linear over the whole time
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range, which indicates that more than one mode of adsorption, is involved in dye
adsorption (Manohar and Shrivastava , 2015).
The Webber and Morris plot the graph in Figure 24 was observed that, the plot has three
portions: the first step indicated that a boundary layer external surface adsorbent effect at
the initial step due to the surface of adsorbent under the concentration gradient force; the
second step curve show that, the gradual adsorption stage of intra-particle rate was
limited diffusion gradual adsorption stage where intra diffusion rate was limited suitable
for the occurred of depicts in the intra-particle diffusion started to limit the rate of
adsorption also while the third stage or the final equilibrium stage

was existed

accordingly to the adsorption sites of the adsorbent surface were saturated and the intraparticle diffusion of adsorption was start to slow down due to the extremely low
adsorbate concentrations gone in the solutions (Fei et al., 2011; Karimi et al., 2012;
Fekadu ,2015).
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Figure 24: Linear of Weber and Moris plot for different acid brown 75 dye concentration
at constant optimum parameter
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4.8 Desorption adsorbent Study
Desorption of acidic dyes from spent coffee ground modified nano-composite adsorbent
surface in various range of pH 5.0-12.0 was studied as shown in Figure 25. It was
observed that increase in solution pH, the efficiency desorption increases. This study
optimum pH of desorption of acidic brown 75 dye was investigated at pH-9 (Kyzas et al.,
2013).
The percentage of desorption acidic brown 75 dye was maximum increased at pH 9.0
also the efficiency of desorption 94.29 %, in addition that the rate of desorption (D) for
shaker was calculated to be 0.0571 mg /L. These values also represent that acidic brown
75 desorbed at fastest rate due to the electrostatic repulsion between the de-protonated
dye molecules and the negatively charged spent coffee ground modified nano-composite
adsorbent surface (Saha,et al .,2011) as well as sodium hydroxide NaOH has high
electrolyte ,it generates high osmotic pressure in the bulk and causes of more sodium
ion penetration in the inner of adsorbent,

To conclude helps dye molecule uptake

(George, et al . ,2011).
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Figure 25: Desorption of adsorbent various pH (5-12)

4.9 Regeneration Cycle
The spent coffee ground modified nano composite adsorbent to possibility of
regenerating

for

reuse

purposes

was

investigated

by

conducting

sequential

adsorptions/desorption cycles.
The adsorbent regeneration was very fast and effective. As shown in Figure 26, the
adsorption percentages in the 1st cycle was 96.2, which decreased to 57.14% after the 8 th
cycle. This implies that SCGMNC has high potential of reusability; that means it could
be used several times, without undergoing serious deterioration in its capacity, for the dye
treatment. As it can be seen in Figure 26, both adsorption and desorption shows a trend of
decrease. This might be due to i. progressive saturation of active sites of the adsorbent
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and ii progressive block of the active sites of the adsorbent by possible impurities which
leads to decease in the adsorbent potential (Kyzasa et al., 2012; Kyzasa et. al., 2013).
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Figure 26: Adsorption and Desorption no cycles

4.10 Comparisons of between adsorbents
Table 9: Comparison of adsorbent
Name
Adsorbent
code
CS

Average
NC

Average

% removal
of dye
88.953
91.860
91.860
90.891
100.581
100.581
97.674
99.612

STDEV

1.678

1.678

Amount of
adsorbed
in(mg/g)
0.593
0.612
0.612
0.606
1.006
1.006
0.977
0.996

STDEV

0.011

0.017

Reference

This study

This study

79

94.767
97.674
94.767
95.736

CSMNC

Average

9.377
9.667
9.377
9.474

1.678

0.168

This study

4.10.1 The dye removal ability of different modified adsorbents
Table 10: Comparison of adsorbent other literature
Adsorbent

Dye

Qo(mg/g)

magnetic modified peanut Methylene
hulls powder

blue

reference
Taha

8.9605

Isotherm

and

Maghrab.

Langmuir

(2015)
magnetically

modified

coffee grounds
Spent

coffee

Safarik et al.,
Congo red

ground Acidic brown

modified nano composite

9.43

2012

8.396

This study

Langmuir
Langmuir

75 dye
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5. Summary, Conclusion and Recommendations
5. 1. Summary and Conclusions
In this study, batch adsorption experiments were conducted for removal of acidic brown
75 dye from dying dram effluent have been carried out using spent coffee ground
modified nano- composite made from 70% coffee spent and 30% of nano-composite. The
adsorbent were optimized using adsorption parameter such as pH values, initial dye
concentrations, contact time adsorbent dosages, pHpzc, desorption regeneration and
adsorption isotherm was examined.
The characteristic of adsorbent was identified by using FTIR, SEM and XRD. The X-ray
diffraction pattern indicated that all the as-synthesized materials crystalline size in nano
(nm) scale depends up on composite formation and modified. FTIR spectrometry showed
surface functional groups of adsorbent before and after adsorption. The infrared spectral
analysis of the adsorbents showed before adsorption hydroxyl or carbonyl group was
existed in the surface adsorbents which contribution in the adsorption process, and after
adsorption showed additional functional group such as

N=N were observed in the

surface of adsorbent due adsorption of dye.
The effect of pH on the adsorption of acidic dye showed that removal efficiency
decreased with increasing pH. The optimum pH for the removal of acidic dye was found
to be 3. Having all the optimized parameters, this study has shown

96% removal

efficiency and adsorption equilibrium capacity of 9.76 mg/g. This showed that the
adsorbent had high adsorption capacity, was suitable and efficient for removal of acidic
brown 75 dyes from waste solution.
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Adsorption data were adsorbent and adsorbate followed the Langmuir and Freundlich
isotherms but in the case of acidic brown 75 dyes the data were fitted with the Langmuir
isotherm. Comparison of the adsorption capacity of the coffee spent modified nano
composite with that cited in literature reveals that magnetite nano composite has also
higher biosorption capacity. The result RL values in this study was decreased with
increasing the acidic brown dye concentration, this imply that increased affinity between
adsorbate and adsorbent. The RL value was indicated adsorbent favorable to removal
acidic brown dye 75 adsorption process.
The kinetics of the acidic brown 75 dye adsorption fitted the pseudo-second-order model
better indicating that the adsorption was electrostatic interaction. The pseudo second
order rate constant of adsorption for different concentrations (6, 8, and 10mg/L) for the
dye by the adsorbent used in the study are generally in 4.55, 0.92 and 2.27 L/min,
respectively.
The possibility of regenerating coffee spent modified nano composite adsorbent for reuse
purposes was investigated by conducting sequential adsorptions/desorption of 8 cycles
Chemisorptions/ion exchange. Physical adsorption played a minimal role in the process.
Spent coffee ground modified nano composite the 70% of adsorbent as agro-industrial
waste has negligible cost and 30% of nano composite also low cost and easily
synthesized ,simple operation ,fast adsorbed and increasing surface area have also proved
to be an efficient adsorbent for the removal of dyes from synthetic and real aqueous
solution. In addition, adsorbent its utility will be economical feasible waste management
strategy which can be used as an alternative adsorbent for dye removal from wastewater.
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5.2. Recommendations
In this study some selected acidic brown 75 dyes adsorption capacity of spent coffee
ground modified nano composite was determined as well as the result indicates that spent
coffee ground modified nano composite would be an alternative economical feasible
adsorbent for removal of acidic dye from dying dram containing these acidic dye.
Therefore, the following recommendations are made for further study.


Further investigation about on the effects or influences of adsorbents different
ratio modified, pore size (morphological study), and temperature that influence
the sorption process.



Further investigation about on the effects or influences of adsorption/Desorption a
different adsorbents dosage, initial concentration, PH, volume adsorbate and
contact time.



Carry out the research on the removal of other toxic heavy metals and acidic dyes.



Optimize the removal efficiency of the spent coffee ground modified nano
composite adsorbent through continuous column experiment.



To conduct a research on ternary metal oxides nano composite synthesized and
modified with spent coffee ground adsorbent to further enhance the sorption
efficiency



Safe disposal of the spent sorbent need to be investigate

Reference

83

Adebowale, K.O., Olu-Owolabi, B.I., Chigbundu, E.C. (2014). Removal of Safranin-O
from Aqueous Solution by Adsorption onto Kaolinite Clay. Journal of Encapsulation
and Adsorption Sciences, 4: 89-104.
Akl, M., Abou-Elanwar, A. (2015). Adsorption Studies of Cd (II) from Water by Acid
Modified Multiwalled Carbon Nano-tubes. J. Nano-med. Nano-technol , 6: 327.
Ali, N.Z., Monireh, M., Mohammad, R.M. (2016). Remove food dye (Acid Red 18) by
using activated carbon of sunflower stalk modified with Iron Nano particles Fe3O4
from aqueous solutions. International Journal of Advanced Biotechnology and
research (IJBR), 7: 289-297.
Anamaria, D., Mariana, P., Bogdan, C. (2012). Tailored and Functionalized Magnetite
Particles for Biomedical and Industrial Applications.

Materials Science and

Technology: ISBN: 978-953-51-0193
Antonio, Z., Lavecchia, R., Medici, F., Piga, L. (2013a). Spent tea leaves as potential low
cost adsorbent for the removal of Azo dye from waste water. Chemical Engineering
Transactions, 32: 19-24.
Antonio, Z., Antonella, D, B., Roberto, L. (2013b). Magnetically Modified Coffee
Silverskin for the Removal of Xenobiotics from Wastewater. Chemical Engineering
Transactions, 35: 1375-1380.
Anup, K., Eyal, C., Manoj, K. K., Jan, M. L., Martinb, E. S., David, H. W., Ron, N .
(2017). Chirality-induced spin polarization places symmetry constraints on

84

bimolecular interactions. Proceedings of the National Academy of Science, 10:24742478.
Arash, A.,, Mehrorang, G., Shaaker, H., Alireza, G. (2015) Ternary dye adsorption onto
MnO2 nano-particle loaded activated carbon: derivative spectrophotometry and
modeling, journal Royal Society of Chemistry RSC Adv., 5:72300–72320.
Ashish, C., Priyanka,C. (2014). Powder XRD Technique and its Applications in Science
and Technology. J Anal Bioanal Tech, 5: 5.
Attarad, A., Hira, Z., Muhammad, Z., Ihsan, U.H., Abdul, R. P., Joham, S. A., Altaf, H.
(2016). Synthesis, characterization, applications, and challenges of iron oxide Nanoparticles, Nanotechnology, Science and Applications, 9: 49-67.
Balderas-Hernandez, P., Ibanez, J. G., Godinez-Ramirez,J.J., Almada-Calvo ,F. (2006).
“Microscale, Environmental Chemistry: Part 7. Estimation of The Point Of Zero
Charge (Pzc) For Simple Metal Oxides By A Simplified Potentiometric Mass Titration
Method. Chem.Educ., 11: 267-270.
Barbara S. (2004). Infrared Spectroscopy: Fundamentals and Applications, in: David J.
Ando (edit.), John Wiley & Sons Ltd, England:1-185
Bedabrata, S., Sourav, D., Jiban, S., Gopal, D. (2011). A Comparative Study, Centre for
the Environment and Department of Chemistry, Indian Institute of Technology
Guwahati, Assam, 781 039, India, American Chemical Society . J.phys.chem.c, 115:
8024-803

85

Bedabrata, S., Sourav, D., Jiban, S., Gopal, D. (2011). Preferential and Enhanced
Adsorption of Different Dyes on Iron Oxide Nano-particles. Journal physical chemical
c., 115:8024-8033.
Bhatnagar, A., Sillanpaa, M. (2011). A review of emerging adsorbents for nitrate removal
from water. Journal of Chemical Engineering, 168:493–504.
Buzuayehu, A., Abi, M. T., Tesfahun, K., Endale, T., Isabel, D. (2017). Fe-Al-Mn ternary
oxide nano-sorbent: Synthesis, characterization and phosphate sorption property.
Journal of Environmental Chemical Engineering, 5 :1330–1340
Carolina, S. G., Jeferson, S. P., Mariliz, G. (2015). Dye removal of tannery wastewater
by adsorption in leather waste: the understanding of the phenomenon up optimization
with real wastewater. XXXIII IULTCS Congress, Novo Hamburgo/Brazil:153.
Cheng, J. P., Zhang, X. B., Tao, X.Y., Lu, H.M., Luo, Z.Q., Liu, F. (2006). Fine-Tuning
the Synthesis of ZnO Nano-structures by an Alcohol Thermal Process. J. Phys. Chem.
B., 110 (21):10348–10353.
Chalachew, M., Abi, M. T., Girma, G, Teketel, Y. (2017). Natural pigment sensitized
solar cells based on ZnO-TiO2-Fe2O3 nanocomposite in quasi-solid state electrolyte
system, Bull. Chemical Society of Ethiopia. 31(2): 263-279. ISSN 1011-3924.
Cornell, R.M., Schwertmann, V. (2003). The iron oxides: structure, properties, reactions,
occurrence and Uses, (s. Ed.): 1-25.
Demirbas A. (2008). Heavy metal adsorption onto agro-based waste materials: A review,
J. Hazard. Mater. 157: 220–229.

86

Demirbas. (2009). Agricultural based activated carbons for the removal of dyes from
aqueous solutions. A review. J. Hazard. Mater. , 167: 1–9.
Dharmendra, V. (2015). Total metals analysis of digested plant tissue using an Agilent
4200 Microwave Plasma-AES Application Note. India: Authors Agilent Technologies
.Laboratory manual: 1-3
EC, IPPC. (2003). Reference Document on Best Available Techniques for the Tanning of
Hides and Skins, February: 1-195.
El-Said, G. (2017). A Future Overview of the Usage of Minerals as an Eco-friendly
Adsorbent for the Removal of Pollutants. Journal of Geology & Geophysics, 6: 121.
Mohammadi, A, Daemi, H., Barikani, M.( 2014). Fast removal of malachite green dye
using novel super paramagnetic sodium alginate-coated Fe3O4 nano-particles, J Biol
Micromoles, 69:447-55.
Faraji,M.,Ymini,Y..,Rezaee,M.(2010).MagneticNanoparticles:Synthesis,Stabilization,Fun
ctionalization,Characterization, and Applications. Journal of Iran Chemical Society,
7(1): 1–17.
Fei, L., Ji-Lai, G., Guang-Ming, Z., Long, C., Xi-Yang, W., Jiu-Hua, D., Qiu-Ya, N.,
Hui-Ying, Z. and Xiu-Rong, Z. (2011). Removal of phosphate from aqueous solution
by magnetic Fe–Zr binary oxide. Chemical Engineering, 171: 448-455.
Fekadu,Kassahun Bahiru,(2015), Synthesis And Characterization Of Al2O3/Fe3O4/ZrO2
Heterojuntion Ternary Oxides Nano-composite For Nitrate Sorption From Aqueous
Solution, Ms ,thesis, Chemistry Department of Haramaya University, Ethiopia:1-75 .

87

Fereshte, K., Shahab, S., Mohammad, F. (2016). Magnetite Nano-particles with surface
modification for removal of methyl violet from aqueous solutions. Arabian Journal of
Chemistry. 9:348–354.
Fifield,F.W., Kealey,D (2000) principles and practical of analytical chemistry, Fifth
edition,
Foo, K., Hameed, B. (2011). Microwave assisted preparation of activated carbon from
pomelo skin for the removal of anionic and cationic dyes. Journal chemical
engineering, 173: 385-390.
Fu, J., Song, R., Mao, W. (2011). Adsorption of disperse blue 2BLN by microwave
activated red mud. Environmental Progress & Sustainable Energy, 30: 558–566.
Gao, J., Zhang, Q., Su, K., Chen, R., Peng, Y.(2010). Biosorption of Acid Yellow 17
from aqueous solution by non-living aerobic granular sludge. J. Hazard. Mater., 174:
215–225.
Gayathri, G.,Utkarsh, M., Suresh , G. (2012). Application of Nano materials for the
Removal of Pollutants from Effluent Streams. J. Nano-science and NanotechnologyAsia, 2:140-150.
George, Kyzasa, .Z. (2012). A Decolonization Technique with Spent “Greek Coffee”
Grounds as Zero-Cost Adsorbents for Industrial, Textile Wastewaters. Materials,
5(11):2069-2087.
George, Z. K., Nikolaos, K., Lazaridisb, A. C., Mitropoulosc. (2011). Removal of dyes
from aqueous solutions with untreated coffee residues as potential low-cost

88

adsorbents: Equilibrium, reuse and thermodynamic approach. Journal Chemical
engineering: 189-190.
George, K.Z. (2012). A Decolonization Technique with Spent “Greek Coffee” Grounds
as Zero-Cost Adsorbents for Textile Industrial Wastewaters. Invited review paper.
Materials, 5:2069-2087.
George,Z.K., Nikolaos,K.L., Athanassios, C.M. (2012).Removal of dyes from aqueous
solutions with untreated coffee residues as potential low-cost adsorbents Equilibrium,
reuse and thermodynamic approach Chemical Engineering .J. Equilibrium, reuse and
thermodynamic approach Chemical Engineering , 189(190): 148-159.
Giri, S.K., Das, N.N., Pradhana, G.C. (2011). Synthesis and characterization of for
adsorptive removal of dyes from aqueous solution, Colloids and Surfaces Physicochem. Eng. Aspects, 389: 43– 49.
Gode, F., Pehlivan, E. (2005). Adsorption of Cr (III) ions by Turkish brown coals. Fuel
Processing Technology, 86: 875-884.
Guoli, F., Feng, L., David, G. E. Xue, D (2014) Catalytic applications of layered double
hydroxides: recent advances and perspectives, Royal Chem. Soc. Rev., 43 :7040–7066.
Gutterres, M., Passos,J.,Aquim, P.,Severo, L.,Trierweiler, J.(2008). Reduction of water
demand and treatment cost in tanneries through reuse technique. J.Am.Leather Chem.
Assoc. , 103: 138-143.

89

Haile, H. L., Abi, T., Tesfahun, K. (2015). Synthesis, characterization and photo catalytic
activity of MnO2/Al2O3/Fe2O3 Nano-composite for degradation of malachite green,
African Journal of pure and applied chemistry, 9(11):211-222.

Hameed, B., Tan, I., Ahmad, A. (2008). Optimization of basic dye removal by oil palm
fiber based activated carbon using response surface methodology. J. Hazard. Mater.,
158: 324-332.
Harminder, S., Samiksha, S. R.(2013). Removal of basic dyes from aqueous solutions
using mustard waste ash and buffalo dung ash. International Journal of Environmental
Sciences,3(5):1711-1725.
Harvey, O.R., Rhue, R.D., (2008) Kinetics and energetic of phosphate sorption in a
multi-component Al(III)-Fe(III) hydr (oxide) sorbent system, J. Colloids Interface Sci.
322 384–393.
Helan,X., Shaobo,C., Lan, X., Yiqi,Y.(2014).Water-Stable three-Dimensional Ultrafine
Fibrous Scaffolds from Keratin for Cartilage Tissue. Engineering, 30:8461−8470.
Hernández-Hernández,K., Illescas,J., Díaz-Nava,M., Muro-Urista,C., Martínez Gallegos,
S.(2016).Structures, Characteristics, and their Applications in the Removal of Organic
Compounds of Environmental Interest. Med Chem, 6: 201-210.
Hoobin,D., Vanclay,E. (2012). Ultra-fast ICP-OES determinations of soil and plant
material using next generation sample introduction technology. Agilent Technologies
Melbourne, Australia : Publication number: 5990-7917EN:1-9.

90

Joana, M. D., Maria,C.M., Alvim-Ferraza,Manuel,F.A., Jose,´Rivera-Utrillab, M. S.
(2007). Waste materials for activated carbon preparation and its use in aqueous-phase
treatment. A review. Journal of Environmental Management, 85:833-846.
John, C. (1996) Interpretation of infrared spectra, a practical approach. Encyclopedia of
Analytical Chemistry, R.A. Meyers (Ed.), Newtown, USA, Published related
Reference Sources’ Infrared Spectroscopy, 12:1-23
Kamaljit, S., Sucharita, A. (2011). Removal of synthetic textile dyes from wastewaters: A
Critical Review on Present Treatment Technologies. Critical Reviews in
Environmental Science and Technology, 9: 807-878
Karimi, H., Mousavi, S., Sadeghian, B. (2012). Silver Nano-particle loaded on activated
carbon as efficient adsorbent for removal of methyl orange reference. Indian Journal
of Science and Technology, 5(3):2346-2353.
Kartik H. G., Mehali, J. M. (2014) Removal of Color from Different Dye Wastewater by
Using Ferric Oxide as an Adsorbent. Int. Journal of Engineering Research and
Applications, 4(5):102-109
Kasahun, C. B. (2015). Chelating Agent Free Solid Phase Extraction (Caf–Spe) Of Lead,
Cadmium And Chromium By Fe-Al-Zr Ternary Mixed Oxides Nano-composite,
Chemistry Department of Haramaya University, Ethiopia:1-69
Khayat, Z. Khayat, F.(2011). Synthesis and Magnetic Properties Investigations of Fe3O4
Nano-particles. Int. J. Nanosci. Nanotechnology. 7 (4):197-200.

91

Kosmulski, M.(2009). Compilation of PZC and IEP of sparingly soluble metal oxides and
hydroxides from literature. Adv.Colloid Interface Sci., 152: 14–25.
Krishna, Y.V., Sai, B. S., Ravichandra, R ,Satyam,P. V. (2016). Synthesis, and
characterization (Ni,Fe,Al ) Nano composite and it application removal of cadmium
(ll) and Zinc(ll) ion. Indian Journal chemistry. 55:816-819.
Lakshmi Prasanna, Sumithra and Madakk. (2016). Removal of Safranin –o from aqueous
solution by adsorption onto carbonized spent coffee ground. International Journal of
Recent Scientific Research, 7(4):10401-10405.
Lakshmi, P., S.,M. (2016). Removal of safranin –O from aqueous solution by adsorption
onto carbonized spent coffee ground. International Journal of Recent Scientific
Research , 7 (4):10401-10405.
Lakshmi, P.M., Sumithra, S., Madakka, .M. (2016). Removal of safranin –o from
aqueous solution by adsorption onto carbonized spent coffee ground. International
journal of recent scientific research, 7( 4): 10401-10405.
Laurent, S.D., Forge, Port.M. Roch .A. Robic .C., Elst.L.V., Muller, R.N. (2008).
Magnetic

iron

oxide

nano-particles:

Synthesis,

stabilization,

vectorization,

physicochemical Characterizations and biological applications. Chemical Review, 108:
2064–2110.
Lee,

B.

(2007).Magnetite

(Fe3O4):

Properties,

Synthesis

and

Applications.

Nanotechnology, 15:5.

92

Li, FB., Li, XZ., Liu, CS., Liu, TX. (2007). Effect of Alumina on photo catalytic activity
of iron oxides for Bisphenol degradation. J. Hazard. Mater., 149: 199-207.
Li, L., Liu, N., McPherson, M., Lee. R. (2008). Influence of counter ions on the reverse
osmosis through MFI zeolite membranes: Implications for produced water
desalination. Desalination, 228:217–225.
Lina, F. B., José. A. T., Solange, I. M. (2014) Chemical, Functional, and Structural
Properties of Spent Coffee Grounds and Coffee Silverskin, Food Bioprocess Technol
7:3493–3503.
LIDI (2013). Tanning Industries Environmental Management System. Assessment report,
Addis Ababa, Ethiopia.
Liyuan, C., Yunyan, W., Na, Z., Weichun, Xiangyu, Y. (2013). Sulfate-doped
Fe3O4/Al2O3 Nano-particles as a novel adsorbent for fluoride removal from drinking
water. Water research, 47:4040 ‒ 4049.
Luciana, P., Madalena, A. (2012). Dyes-Environmental Impact and Remediation: A.
Malik, E. Grohmann (eds .), Environmental Protection Strategies for Sustainable
Development, Strategies for Sustainability 111-165.
Machala, L., Zboril, R., Gedanken, A. (2007). Amorphous Iron (III) Oxides. A review,
Journal of Physics and Chemistry, 111:4003-4018.
Mahdi, K., Mohammad, H., Mahmood, C. ( 2010). Sorption studies of nitrate ion by a
modified beet residue in the presence and absence of ultrasound. Journal Ultrasonic,
Sonochemistry, 17: 711‒717.

93

Malik, D.S., Jain, C.K., Anuj,Y. (2015). Preparation and characterization of plant based
low cost adsorbents. Journal of Global biosciences, 4: 1824-1829.
Manohar, R.P., Shrivastava,V.S.(2015).Adsorption removal of carcinogenic acid violet19
dye from aqueous solution by polyaniline-Fe2O3 magnetic nano-composite. J. Mater
.Environmental Science, 6:111-121.
Marcos, Fernandez-Garcia., José, A. R. (2007). Metal Oxide Nano particles.
Nanomaterials: Inorganic and Bioinorganic Perspectives, Chemistry Department
Brookhaven National Laboratory. NY 11973-5000, USA: 1-24.
Marija, D., Pavlović, I. R., Nikolić, M .D., Milutinović, S. I., Dimitrijević-Branković,
S.S., Šiler-Marinković, D.G., Antonović . (2015). Plant waste materials from
restaurants as the adsorbents for dyes. Hem. Ind, 69 (6): 667–677.
Martina, H.A., Keith, R., Beck, B., Gilbert, O., Yogesh. C.S. (2012). Dye biosorption
cellulosic substrates for removal of pollutants from aqueous systems review.
Bioresources, 7(2):2592-2687.
McHale,J.M., Auroux,A., Perrotta,A.J., Navrotsky,A.(1997).Surface Energies and
Thermodynamic Phase Stability in Nano-crystalline Aluminas. American Association
for the Advancement of Science, 277: 788-791.
Mehali, J. M., Karishma, K. C.( 2014).Adsorptive Removal Of Dye From Industrial Dye
Effluents Using Low-Cost Adsorbents. A Review Int. Journal of Engineering Research
and Applications, 4, (5):40-44.

94

Mohamad,A., Mohd,S., Dalia,K.M., Wan,A.W., Abdul,K,A.I.(2011). Cationic and
anionic dye adsorption by agricultural solid wastes: A comprehensive review.
Desalination, 280:1–13.
Mohamed, N. R. (2013). Adsorption Technique for the Removal of Organic Pollutants
from Water and Waste water, from http://dx.doi.org/10.5772/54048:168-189
Mohamed,S.(2016).Agricultural by-Products/Waste as Dye and Metal Ions Adsorbents.
International Journal of Engineering and Science, 6:01-20.
Monika Kharub (2012) Use Of Various Technologies, Methods And Adsorbents For The
Removal Of Dye. Journal of environmental research and development. 6 ( 3a):879883.
Moran, M. E. H., Howell, R. C.(1997). Dyers Color. J. Soc. Dyers Colou , 113:272–274.
Muhammad, S., Hussain, S.T., Waseem, M., Naeem, A., Hussain, J. and Tariq, M.
(2012). Surface charge properties of zirconium dioxide. International Journal of
Science & Technology: 481-486.
Muhammad, S., Chanbasha, B. (2016). Layered double hydroxide: Emerging sorbent
material for analytical extractions, TrAC Trends in analytical chemistry, 75:174-182.
Muthusamy. P., Murugan,S. (2016). Removal of lead ion using maize cob as a
bioadsorbent. Int. journal of engineering research and application, 6:05-10.
Mustafa, T. Y., Tushar, K. Sen., Sharmeen, A., Ang, H.M. (2014) Dye and its removal
from aqueous solution by adsorption. A review Advances in Colloid and Interface
Science, 209: 172–184.

95

Nasser, D., Mahboobe, K., Mina, H., Mohammad, F.(2011). Magnetic Removal of Acidic
Dyes from Waste Waters Using Surfactant- Coated Magnetite Nano-particles:
Optimization of Process by Taguchi Method .International Conference on
Environmental and Agriculture Engineering, IACSIT Press, Singapore,15:89-93
Ngaha, W.S., Wan, Teonga L.C., Hanafiaha, M.A.K.M., (2011). Adsorption of dyes and
heavy metal ions by chitosan composites: A review. Carbohydrate Polymers, 83,
1446–1456.
Ningning, Z., Cuicui, H., Jianbing, L., Hujun, G., Ting, A., Huixiang, X., Fengqi, Z.,
Rongzu, H., Haixia, M. and Jinzhong, Z. (2014). Dependence of catalytic Properties of
Al/Fe2O3 Thermites on morphology of Fe2O3 Particles in combustion reactions.
Journal of solid state chemistry, 219: 67–73.
Ozkaya, T., Toprak, M., Baykal, A., Kavas, H., Koseoglu, Y., Aktas, B. (2009).
Synthesis of Fe3O4 Nano-particles at 100 °C and its magnetic and characterization.
Journal of Alloys, Compounds, 472: 18 ‒ 23.
Panumati, S., Chudecha, K., Vankhaew, P. (2008). Adsorption of phenol from diluted
aqueous solutions by activated carbons obtained from bagasse, oil palm shell and
pericarp of rubber fruit. Journal of Science Technology, 30: 185-189.
Park, D., Yun , Y.S., Park, J.M. (2010). The Past, Present, and Future Trends of
Biosorption. Biotechnology and Bioprocess Engineering, 15: 86-102.

96

Piccin, J.S., Vieira, M.L.G., Gonçalves, J.O., Dotto, G.L., Pinto, L.A.A. (2009).
Adsorption of FD&C Red No. 40 by chitosan: isotherms analysis. J. Food
Engeengnering, 95: 16–20.
Raghu S, Ahmed Basha C. 2007 Chemical or electrochemical techniques, followed by
ion exchange, for recycle of textile dye wastewater, Journal of Hazardous Materials
,149 : 324–330
Ranjithkumar, V., Sangeetha, S., Vairam,S. (2014). Synthesis of magnetic activated
carbon/α-Fe2O3 Nano-composite and its application in the removal of acid yellow 17
dye from water. Journal of hazardous materials, 273: 127-135.
Rao, A., Bankar, A., Kumar, A.R., Gosavi, S., Zinjarde, S. (2013). Removal of
hexavalent chromium ions by Yarrowia lipolytica cells modified with phyto-inspired
Fe°/Fe3O4 Nano-particles. J. Contam. Hydrol., 146: 63–73.
Rickerby, D.G., Morrison, M. (2007) Nanotechnology and the environment: A European
perspective. Science and Technology of Advanced Materials, 8:1-2, 19-24.
Ridha, Lafi., Anouar, B. F., Amor, H., Hameed. B. H. (2014). Coffee waste as potential
adsorbent for the removal of basic dyes from aqueous solution. Korean. J. Chem. Eng.,
31(12), 2198-2206.
Robinson,T., McMullan,G.,Marchant,R.,Nigam,P. (2001). Remediation of dyes in textile
effluent: A critical review on current treatment technologies with a proposed
alternative. Bioresource Technology, 77: 247-255.

97

Safarik, I., Katerina, H., Barbora, S., Mirka, S. (2012). Magnetically modified spent
coffee grounds for dyes removal. Eur Food Res Technol, 234, 345–350.
Safarik, I., Safarikova, M. (2010). Magnetic fluid modified peanut husks as an adsorbent
for organic dyes removal. Phys. Proc., 9, 274–278.
Safarik,I., Petra,L., Ewa,Mosiniewicz-Szablewska., Frantisek,W., Mirka,S.O.(2007).
Adsorption of water-soluble organic dyes on ferro-fluid modified saw dust.
Holzforschung, 61:247–253.
Saha, B., Das, S., Saikia, J., Das, G.(2011). Preferential and enhanced adsorption of
different dyes on iron oxide nano-particles: a comparative study. J Phys Chem C, 115,
8024–8033.
Saiful, A.S., Ghaniey, L. A., Suhardy, D., Farizul, H. K., Irfan,H.M.D. (2005). Dye
removal from aqueous solution by using adsorption on treated sugarcane bagasse.
American journal of applied sciences, 2(11):1499-1503.
Salleh, M., Mahmoud, D., Karim, W., Idris, A. (2011). Cationic and anionic dye
adsorption by agricultural solid wastes: A comprehensive review. Desalination, 280:
1–13.
Samaneh, A., Mohammad, R. V. (2008). Phase Transformation of Iron Oxide Nanoparticles by Varying the Molar Ratio of Fe2+:Fe3+. J Chem. Eng. Technol., 31(11):
1591–1596.
Samreen, H. K., Fulekar, M. H., Bhawana, P. (2015). Nano-toxicology - Health and
Environmental Impacts (review). J. Environ. Nanotechnology, 4: 2319-5541.

98

Sanmathi, C.S.(2016). Physical and Chemical Nature of Nano-particles, in: C.Kole et al.
(eds.). Nano Research Facility. Springer International Publishing Switzerland. Plant
Nanotechnology, 15-27
Sara, D., Tushar, K. S. (2012). Removal of anionic dye Congo red from aqueous solution
by raw pine and acid-treated pine cone powder as adsorbent: equilibrium,
thermodynamic, kinetics, mechanism and process design. Water Res. , 46, 1933-1946.
Sara,D., Tushar, K.S. (2014). Review on Dye Removal from Its Aqueous Solution into
Alternative Cost Effective and Non-Conventional Adsorbents. J Chem Proc Engg. , 1:
1-11.
Selamta.(2013).The in-flight magazine of Ethiopian airlines. Addis Ababa: Ethiopian
airlines, November/December, Volume 30, Number 6.
Sen, T., Afroze, S., Ang, H. (2011). Equilibrium, kinetics and mechanism of removal of
methylene blue from aqueous solution by adsorption onto pine cone biomass of Pinus
radiata. Water, Air, & Soil Pollution, 218: 499-515.
Shaobin, W., Boyjoo,Y., Choueib,A., Zhu,Z.H. (2005). Removal of dyes from aqueous
solution using fly ash and red mud. Water Research, 39,129–138.
Shivam,S., Jyotsna,K., Pooja,M.(2016).Removal Of Dyes From Wastewater By Plant
Waste. International journal of advance research in science and engineering, 1,2,3
School of Applied Science, Chitkara University, India ,5

99

Sivashankar, R., Sathya, A.B., Vasantharaj, K., Sivasubramanian, V. (2014). Magnetic
composite an environmental super adsorbent for dye sequestration dasha. Review,
Environ. Nanotechnology. Monit. Manag:1-35.
Skoog and West’s. (2014). Fundamentals of analytical chemistry, 9th edition, editor
Holler, J.J., Crouch, R.S., Chapter 6, p: 121.
Soheila, H., Marzieh, T., Seyed, J.S. (2015). Removal of crystal violet from water by
magnetically modified activated carbon and Nano-magnetic iron oxide. Journal of
Environmental Health Science & Engineering, 13: 8.
Song, Z., Williams, C. J., Edyvean, R. G. J.(2000). Sedimentation of tannery waste water.
Water research, 34:2171.
Standard, E. (2012). Chemical determination of total metal content. Ethiopian: Ethiopian
standard ES ISO 17072-2:pare 2;Publication number: 5991-5676EN.
Stefano, F., Anthony, T., Michael, W. F. (2008). Stabilization Mechanism of Zirconia
Based on Oxygen Vacancies Only. J. Am. Ceram. Soc. arXiv:cond-mat/0206080:1-8.
Taha, N.A., El-Maghraby, A. (2015). Magnetic peanut hulls for methylene blue dye
removal: isotherm and kinetic study. Global NEST Journal, 18(1): 25-37.
Tan, L., Seey, M., Jain, N.,Mohd, K. (2012). Acidic and Basic Dyes Removal by
Adsorption on Chemically Treated Mangrove Barks Material. International journal of
Applied science and technology, 2 (3):270-276.

100

Teja,T.,Yann,C.,Thomas,C.,Wanger,L.J.,Iris,M.,Ivette,P.,John,V.(2012).Anthonywhitbre
ad Global food security, biodiversity conservation and the future of agricultural
intensification. Biological Conservation. 151: 53-59.
Tina,M., Wei-Xian, Z.(2003). Environmental Technologies at the Nanoscale. Environ.
Sci. Technol. American Chemical Society, 37 (5): 102A–108A.
Tofika, A.S., Abi, M. T., Tesfahuna, K.T., Girmab, G.G. (2016). Fe–Al binary oxide
nano-sorbent: Synthesis, characterization and phosphate sorption property, Journal of
Environmental Chemical Engineering 4: 2458–2468.
Tony, C. (2009). Tanning chemistry: The Science of Leather. Published by the Royal
Society of Chemistry, the University of Northampton, UK . ISBN 0854041702,
9780854041701.
Toor, M.K. (2010). Enhancing adsorption capacity of Bentonite for dye removal:
Physiochemical modification and characterization. In Department of Chemical
Engineering University of Adelaide: 209.
Tushar,K. Sen., Sara, D. ( 2014). Review on Dye Removal from Its Aqueous Solution
into Alternative Cost Effective and Non-Conventional Adsorbents. J Chem Proc Engg
, 1:1-11.
Tushar K.S. (2012). Agricultural By-product Biomass for removal of pollutants from
aqueous solution by adsorption, J. Environ. Res Develop. 6 (3):523-533
UNIDO.(1999). Acceptable quality standards in the leather and foot ware industry.
Vienna, Austria: ID/SER. 0/20.

101

Xiandeng,

H.,

Bradley,T.J.(2000).Inductively Coupled

Plasma/Optical

Emission

Spectrometry in Encyclopedia of Analytical Chemistry. R.A. Meyers (Ed.), John
Wiley and Sons Ltd. chichester, pp. 9468–9485.
Yifeng,W., Charles,B., Huifang, X., Phil,P., Yi,Y., Jeffrey, C.B. (2002).Interface
Chemistry of Nanostructure Materials: Ion Adsorption on Mesoporous Alumina.
Journal of colloid and interface science, 254:23-30.
Yuen, C.W.M., Ku, S.K.A., Choi, P.S.R., Kan, C.W.,Tsang, S.Y. (2005). Determining
Functional Groups of Commercially Available Ink-Jet Printing Reactive Dyes Using
Infrared Spectroscopy. RJTA, 9 (2):26-38.
Yuen. (2005). magnetically modified agro-industrial wastes as efficient and easily
recoverable adsorbents for water treatment. Chemical Engineering Transactions, 38:
349-354.
Vital, R.K., Saibaba, K.V.N., Shaik, K.B., Gopinath, R. (2016). Dye Removal by
Adsorption: A Review. J Bioremediation Biodegrad 7: 371.
Zhang, Z.Y., Kong, J.L . (2011). Novel magnetic Fe3O4 Nano-particles as adsorbents for
removal of organic dyes from aqueous solution. J. Hazard. Mater., 193: 325–329.
Zhao, X., Wang, J., Wu, F., Wang, T., Cai, Y., Shi, Y. and Jiang, G. (2010). Removal of
fluoride from aqueous medticles by Fe3O4/Al(OH)3 magnetic Nano-particles. Journal
of Hazardous Materials, 173: 102‒109.
Zhong-Pan, Hu. and Ze-Min ,Gao . (2017). High -surface-area activated red mud for
efficient removal of methylene blue from wastewater. Adsorption Science &
Technology, 0(0): 1-18.

102

Zhou, YF., Haynes, R. (2012). A comparison of water treatment sludge and red mud as
adsorbents of As and Se in aqueous solution and their capacity for desorption and
regeneration. Water, Air, & Soil Pollution, 223: 5563–5573.

103

List of Figures in the Appendix

CALIBRATION CURVE
FOR ALUMINUM

CALIBRATION CURVE FOR
IRON

y = 4670.9x + 327.91
R² = 0.9996

40000

60000

30000

50000

20000

40000

Intensity

Intensitye

50000

10000
0
0

5

10

15

y = 4835.2x - 599.97
R² = 0.9956

30000
20000
10000

Concentration(mg/L)

0
-10000

0

5

10

Concentration(mg/L)

CALIBRATION CURVE FOR ZIRCONIUM
12000
y = 983.81x + 11.877
R² = 0.9998

Intensity

10000
8000
6000
4000
2000
0
0

2

4

6

8

10

12

Concentration(mg/L)

Figure 1: Calibration Curve for metals

104

15

105

1

