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Abstract:

Agricultural residues are considered itself as important source
for many useful substances; e. g. used tea leaves (UTL) containing
enzymes which are necessary in some biological fields as well as it has
many environmental and agricultural uses. In this paper the
exploitation from UTL was conducted by firstly extraction of
peroxidase enzyme from UTL, then remove of zinc ions from simulated
synthetic aqueous solution (SSAS) by the residue i.e. (UTLR), after
that preparing promoted activated carbon from (UTLR) i.e.
(ACUTLR), thereafter remove thiophenol (as a model of sulfur and
phenolic compounds) from SSAS using prepared ACUTLR and finally
prepare rodenticide from the adsorption process of thiophenol. The
results show the ability of UTL to produce a suitable amount of
peroxidase enzyme and also show good capability to remove zinc ions
from SSAS while promoted activated carbon prepared ACUTLR
exhibit perfect portability to eliminate thiophenol from SSAS. The
waste of process demonstrates high performance when used as
rodenticide. By this way it can get rid from one of more agricultural
wastes amount which is UTL, produced benefit substance i.e.
peroxidase enzyme, remove zinc ions polluted water , prepare promoted
activated carbon (ACUTLR) and eliminate thiophenol contaminant
from SSAS with suitable, economic, benefit and eco-friendly method.

Key words: used tea leaves, multi-functions, eco-friendly method

8660



Mohammed Nsaif Abbas- Application of Used Tea Leaves for Multi Functions

1. Introduction

Environmental Pollution by a various types of heavy metal
sources 1s prevalent in water and wastewater and has become
an increasingly serious problem in recent years (Liu et. al.,
2004). Heavy metal ions are frequently existed in the effluents
of municipal wastewaters and wastewaters of multiple
industries such as battery manufacturing, electroplating,
leather tanning, metal finishing, paint manufacturing, steel
fabrication etc. (Lu and Chiu, 2006).The presence of heavy
metals for instance cadmium, chromium, cobalt, copper, iron,
lead, lithium, mercury, nickel and zinc which are amongst the
most common pollutants presence in the different industrial
and municipal wastewaters may result in a major concern and
can cause serious water pollution (Cesur and Balkaya, 2007).
Heavy metal ions are reported as priority pollutants because
they threaten the environment due to their toxicity,
carcinogenicity and their mobility in natural water ecosystems
which may cause damage to various systems of the human body
(Witharana et. al., 2010).

The heavy metal ions are stable and persistent
environmental contaminants since they are neither being
degraded mnor destroyed (Atieh, 2011). Even at low
concentrations, these metals can be toxic to organisms,
including humans (Ghorbani et. al., 2012). As a result, it is
essential to safeguard public health, social security and
accomplish  environmental integrity through decrease,
limitation and control the poses of heavy metals from variety of
sources (Mishra et. al., 2013). So, more stringent
requirements, in recent years, for the removal of heavy metals
must be applied on the variety municipal and industrial
wastewaters effluents before they discharge into water bodies
and/or natural streams (Abbas et. al., 2012). Various, most
widely and common usage employed traditional methods for the
treatment of contaminate waters and industrial and municipal
wastewaters via removing or recovering of different types of
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heavy metals from them such as chemical precipitation, solvent
extraction, oxidation, reduction, 1on exchange, dialysis,
electrodialysis, filtration, fixation, solidification,
electrochemical processes, membrane separations, reverse
osmosis, evaporation, etc. (Abbas and Abbas, 2013a). all are
often show many disadvantages or flaws before, during and
after treatment process and have several downsides such as
expensive, high operational cost, need particular equipment,
required continuous perpetuate, incomplete removal, decreases
the efficiency of remediation during the process, long time for
treatment, low selectivity, uses of high reagent, high energy
consumption, generation of toxic slurries or other waste
products that are difficult to be eliminated and require safe way
to dispose them and ineffective for low metal concentrations
(around 1-100 mg/l) (Abbas and Abbas, 2013b). It is well-
known that selective removal of metal ions in dilute solutions is
very difficult by conventional wastewater treatment approaches
(Abbas and Abbas, 2013c). Therefore increased attention is
being paid to necessitate the development of innovative,
reliable, low-cost and applicable alternative technologies for
treatment instead of commonly non-effective processes for
removing of heavy metals from polluted water bodies
particularly in developing countries which overwhelmingly
suffer from water resources deficiency and drinkable water
crisis (Abbas and Abbas, 2013d).

Effective alternative to all above conventional process to
treat industrial and municipal wastewaters is adsorption
technique which is seem as a one of the most efficient, superior,
promising and desirable technologies for the removal of wide
types of contaminants (Abbas et. al., 2013a; Abbas, 2013). It
has a special place and widely used in wastewater treatment
processes and has especially been applied as an efficient
method for removing of different kinds of heavy metals at
various ranges of concentrations (Abbas et. al., 2013b).
Adsorption process has been demonstrated to be an excellent
technique to remediate heavy metals in comparison with other
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traditional methods through various importance, usefulness
and advantages properties such as high efficiency, low initial
operating cost, simplicity of design, ease of operation, economic,
insensitivity to toxic substances, suitable for most types of
contaminated wastewater and complete removal of
contaminants even from dilute solutions (Abbas, 2014a).

Adsorption is also effective and attractive method for the
removal of many pollutants that are not easily biodegradable
(including heavy metals) and provides the ways for
regeneration, recovery of costly substances from the wastewater
and utilize in different routes from the adsorbing material
remaining after the end of remediation process (Abbas,
2014b). In recent years, to address the growing problem of
water pollution, highly recommended using adsorption method
as considered a sustainable technology and economically
feasible for the remediation of wastewater streams (Abbas,
2014c). Activated carbon has been extensively used for decades
as a as a good candidate for adsorbing pollutants like the heavy
metals from water and wastewater compared with other
sorbent materials due to its versatility, high microporosity,
structural characteristics, significant adsorption capacity,
efficiency and low operating costs (Abbas, 2014d; Abbas and
Abbas, 2013e). Activated carbon has large specific surface area
which increases the percentage of adsorption capacity of
pollutants, for instance, only one gram of activated carbon has a
specific surface area reach to more than 500 m2? (Abbas,
2014e).

In spite of these advantage properties, the using of
activated carbon has different problems restrict and limit its
application such as manufacturing cost of the technology for
good quality activated carbon is still very expensive i.e. high
cost and there is also considerable loss (approximately 10 —
15%) occurred during thermal regeneration process of activated
carbon adsorbent (Abbas, 2014f). Although a variety of
activated carbons are available commercially, very few of them
are selective for heavy metals also; they are very costly (Abbas
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and Abbas, 2014a). Therefore, there has been a growing
demand for an efficient new and inexpensive adsorbents
material to be used as an alternative for activated carbon for
the removal of heavy metals from wastewaters (Abbas and
Abbas, 2014b).

The attention began to focus on low-cost materials which
have strong capability to adsorb pollutants from wastewater
(Abbas and Abbas, 2014¢c). A substance can be termed as a
low cost adsorbent if it requires little processing, is available in
nature, or is a by-product of waste material (Abbas et. al.,
2014).In agricultural countries, agricultural wastes are found
in huge quantities, different species and variety forms (Joodi
and Abbas, 2104a; Joodi and Abbas, 2104b). These wastes
constitute large economical source and possible to achieve more
benefits if exploited optimally. One form of exploitation these
wastes is used it as natural adsorbent materials due to their
ability, low cost and do not required any pretreatment mostly
and another form of exploitation is to convert it activated
carbon as low-cost material with good performance for
adsorption process (Joodi and Abbas, 2104a). One of the most
important agricultural wastes in the world is used tea leaves
(UTL) due to its free availability. UTL represents the one of
largest product harvest in the world and one of the strategic
crops which relied upon by the most of the world’s population in
their daily food. Thus, UTL is produced in huge quantity
because most people dispose a good amount of UTL every day
(Joodi and Abbas, 2104a). UTL is clean, and show excellent
capacity for pollutant adsorption when used as a natural
adsorbent or when converted to activated carbon. On the other
hand UTL has suitable substances like peroxidase enzyme
which is wused in the fields of molecular biology and
immunohistochemistry, also known as histochemistry (Zia et.
al., 2011).

In the former, peroxidase enzyme was used to detect
peroxidase antibodies that may indicate an autoimmune
condition that causes thyroid problems. It is also used to
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measure serum or urine levels of glucose (Kharatmol and
Pandit, 2012). Peroxidase enzyme has the ability to target and
bind to certain biomarkers found in cancerous cells and produce
a stain reaction when introduced to biopsy samples (Nouren
et. al., 2013). Peroxidase enzyme is considered particularly
useful for such tests due to being highly stable and open to
reacting with a variety of donor molecules (Shank et. al.,
2013; Souza et. al., 2010). The present study focuses on the
removal of zinc ions (Zn*?) from simulated synthetic aqueous
solutions (SSAS). Zinc is extensively used in various industries;
these include galvanisation and brass manufacture. However
zinc is an essential micronutrient but an excess of Zn can cause
health problems such as stomach cramps, skin irritation,
nausea and anaemia.

Very high levels of Zn can damage the pancreas, upset
protein metabolism and cause arteriosclerosis. Hence it is
necessary to reduce Zn from water/wastewater to acceptable
levels. The main target of present study firstly extracted
peroxidase enzyme from used tea leaves (UTL), after that
remove zinc ions from (SSAS) using used tea leaves residue
(UTLR) after peroxidase enzyme extraction by adsorption
technique, then prepared activated carbon (ACUTLR) from
UTLR remaining from previous step and tested in thiophenol
(as a model of phenol and sulfur compounds) removal process
using adsorption technique and finally prepare a rodenticide
from the waste of the process. So, it can produce useful
substances (peroxidase enzyme and activated carbon) and get
rid of toxic and serious contaminants (zinc ions and thiophenol)
using cheap and no-valuable material which is UTL at the same
time in economic, benefit and eco-friendly method.

2. Experimental Work

2.1 Used tea leaves (UTL)
Used tea leaves (UTL) were obtained freely from some cafes
and cafeterias at local markets in Baghdad, Iraq. The UTL
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were washed three times with excess double distilled water to
remove dust, impurities and other fine dirt particles that may
be attached to the UTL.

2.2 Extraction of peroxidase enzyme from UTL

UTL were first thoroughly washed with running tap water and
then with triple distilled water. After that 25 g of UTL were cut
into small pieces and homogenized in a blender with 100 mL of
0.05 M sodium phosphate buffer of pH 6.5 using for 30 s. The
homogenate was filtered through organza cloth and soon
afterwards through Whatman® No. 1 filter paper. The filtrate
was centrifuged at 5,000 rpm for 20 min. After the supernatant
was collected the remaining residue was subjected to the same
extraction procedure described previously. The supernatant
obtained was the peroxidase enzyme crude extracts used for the
determination of peroxidase enzymatic activity (Souza et. al.,
2010; Zia et. al., 2011; Kharatmol and Pandit, 2012;
Nouren et. al., 2013; Shank et. al., 2013).

2.2.1 Peroxidase enzyme assay

Peroxidase enzyme activity was determined by guaiacol
(C7HsOz2) as substrate and using colorimetrically method using
a thermo — genesys 10 UV USA spectrophotometer. The
reaction mixture contained (0.015 M and 1 ml) guaiacol, (0.003
M and 1 ml) of H202, (50 pl and the total volume of 3 ml) of
crude peroxidase enzyme extract (maintained in an ice bath)
and (0.01 M, pH 6.5, 950 nl) sodium phosphate buffer. The
reaction was carried out at room temperature 25 °C by
continuously measuring the absorbance for 5 min. All reactions
were repeated in triplicate. One unit of peroxidase enzyme
activity was defined as the amount of enzyme catalyzing the
oxidation of 1 pmol of guaiacol in 1min in the assay conditions.
The activity was calculated using the equation (1) where AA/t
is the variation of absorbance at A = 470 nm per min (min),
Viotai 18 the total reaction volume (ml), Fau is the dilution factor,

€ is the guaiacol molar extinction coefficient; 2.66x10-4 (M1 em-
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1), Ip1is the cuvette path length 1 (em), Fswi is the stoichiometric
factor; 0.25 and Vs is the sample volume (pl) (Souza et. al.,
2010; Zia et. al., 2011; Kharatmol and Pandit, 2012;
Nouren et. al., 2013; Shank et. al., 2013).

unit AAXV, . X F.
) total dill % 1000 (1)

Peroxidase enzyme activity ( =
X eX L, X Fgpy XV,

ml

2.2.2 Purification of peroxidase enzyme

Solid ammonium sulphate (NH4)2SO04) (561 mg) was added to
1ml crude extract of UTL in order to get 80 % saturation. It was
left over night at 4°C. After that it was centrifuged at 5,000
rpm for 20 min at 4°C, the precipitate was dispensed in 0.1 M
sodium phosphate buffer of pH 6.5 and dialyzed against
distilled water (Souza et. al., 2010; Zia et. al., 2011;
Kharatmol and Pandit, 2012; Nouren et. al., 2013; Shank
et. al., 2013)

2.3 Adsorption of Zinc Ions Using Used Tea Leaves
Residue (UTLR)

UTLR is the tea leaves remaining after extraction of peroxidase
enzyme. Batch experiments were intended to test the removal
of zinc ions by adsorption technique through treat SSAS of zinc
at desired concentration, various dosages of the UTLR
(adsorbent media), agitation speed, temperature and pH of
Zn*2SSAS. The pH value was adjusted using 0.1 N NaOH and
0.1 N HCI solutions. The Batch experiments were conducted in
250 ml round bottom flasks with working volume of 100 ml in
thermostat adjusted water bath shaker (New Brunswick
Eppendorf M1223-0050/J, MODEL G76D) to optimize the
process parameters. All the experiments were carried out in
triplicates and average results were used, to decrease the error.
The range of various process parameters was varied as initial
concentration (1-100 mg.l'!), agitation speed (100-400 rpm),
adsorbent dosage (0.1-1.5 g), contact time (10-600 min) and pH
(1-8) at room temperature. Measurement of unadsorbed zinc
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ions in the collected samples after Zn*2SSAS treated with
UTLR was achieved by centrifuged the suspensions and the
supernatant was analyzed by a standard spectrophotometric
method using an atomic absorption spectrometer (GBC SensAA
969 AAS) at the maximum wavelength absorbance A=214 nm,
using reagent water as reference. The amount adsorbed and
percentage removal of zinc ions at UTLR was determined using
the following equations:

v
W

R=(c’c;c‘]x 100 (2)

where g is the amount of zinc ions adsorbed onto UTLR
(mg.g-1); €, is the initial concentration of zinc ions (mg.l'!) at
t = 0; C, is the concentration of zinc ions at £ = & (mg.l'!); V is
the initial solution volume (I); w m is the UTLR weight (g); and

R is the percentage removal of zinc ion using UTLR.

2.4 Synthesis of Promoted Activated Carbon

The raw material used in the synthesis of promoted activated
carbon process was the UTLR used in removal zinc ions in
previous section. The synthesis process was achieved as follows.
50 g of UTLR was dried in a desiccator (Cole-Parmer EW-
08909-13) to remove the moisture and then dried with PID
controller laboratory drying oven (SSL D0O10070) overnight at
105°C. It was then impregnated with the activating agent zinc
chloride (ZnClz) by adding the dried UTLR to 100 ml zinc
chloride prepared solution containing 1.1 g ZnClz per 100 ml of
water and leave overnight to ensure the access of ZnCl:2 to the
interior of the UTLR and until a homogeneous mixture is
obtained. After the end of this period, above solution of zinc
loaded UTLR and ZnCl: was filtered, dried at 105°C, activated
under N2 atmosphere at 500°C for 2.5 hours, soaked with
concentrated hydrochloric acid (HCl (37%)) for 24 hours to
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remove the excess of zinc ions, filter again using filtration
paper, and washed with double distilled water twice.

Thus promoted activated carbon from loaded UTLR
(ACUTLR) was produced. Finally, the promoted activated
carbon prepared was dried at 105°C, and become ready for
using. The chemical element composition of promoted activated
carbon prepared is typically comprises 84.04% C, 4.45% O,
1.03% Zn, 0.17% H, 0.06% S, 0.08% N, 2.54% ash constituent,
and 7.63% loss on ignition and impurities.

2.4.1 Characterization of synthetic Activated Carbon
from UTLR (ACUTLR)

Three types of characterization techniques have been studied
for characterizing the activated carbons synthesis from UTLR
according to the information of structure, morphology and
porosity.

2.4.1.1 SEM analysis

A scanning electron microscope (SEM) characterization was
performed using SEM device (FEI Quanta 400 FEG scanning
electron microscope) operated at 300 kV/SE and 50°C
inclination. Before analysis, the activated carbon synthesis
sample was prepared for electrical conduction. The detection
limit of the system was about 1 wt% and the penetration depth
was about 1 pum. The micrographs of the activated carbon of
UTLR (size 20 pm) provided by the SEM were recorded using
photographic techniques.

2.4.2.1 FTIR analysis

The Fourier transform Infra-red (FTIR) spectrum analysis of
ACUTLR was obtained using a spectroscope FTIR equipment of
(FTIR spectrophotometer, Irprestige-21, Shimadzu, Japan)
incorporated with software (Perkin Elmer Instruments version
3.02.01) for the examination of the spectra. For sample
analysis, 0.5 g of ACUTLR was mixed with about the same
amount of potassium bromide KBr. The mixture thus obtained
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was crushed in a mortar to obtain a homogeneous powder
which was then introduced into a mould to obtain very fine
plates. The plates were then introduced into the
spectrophotometer for analysis. The wave number was found to
vary between 4000 and 500 cm-!.

2.4.2.3 Specific surface area and porosity

Specific surface areas of synthesis activated carbon (ACUTLR)
were estimated wusing nitrogen (N2) physical adsorption
1isotherm data on the surface of the synthesis activated carbon
by the Brunauer, Emmett, and Teller (BET) method. A 0.1 g of
ACUTLR sample was outgassed overnight at 180°C prior to
adsorption measurements. Nitrogen adsorption isotherm
experiments were evaluated at —195.8 °C (the normal boiling
point of N2 at 1 atm) over relative pressure ratios of N2 (P/FE,)
in the range (0.002—1) using a volumetric adsorption
apparatus (Micromeretics ASAP 2010, USA). The pore
structure characteristics of the ACUTLR were determined by
nitrogen adsorption-desorption at —195.8"C using an automatic
(Micromeretics ASAP 2010, USA) volumetric sorption
apparatus. Prior to gas adsorption measurements, sample of 0.1
g was oven-dried at 105°C during 24 hours and degassed at 300
°C under vacuum conditions for at least 10 hours. The specific
pore volume of ACUTLR was calculated through the amount of
nitrogen adsorption isotherms were measured over a relative
pressure (P/F,) range from approximately 105 to 0.98
converted to liquid volume assuming the density of nitrogen
was (0.808 g.cm?). Pore diameter of prepared ACUTLR d,, can

be calculated from the specific pore volume ¥, by:

&V,
d, = —* (1)

SEE]."

2.4.2 Adsorption of Thiophenol Using ACUTLR
Same procedure used in removal of zinc ions from SSAS by
UTLR explained in section (2.3) above was applied for
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thiophenol removal from SSAS contaminated with CsHeS using
ACUTLR.

2.5 Adsorption Isotherms and Adsorption Kinetics

2.5.1 Adsorption Isotherms

Adsorption isotherms are the suitable way to evaluate the
adsorption process. Adsorption isotherms can be performed by
changing the 1initial concentrations of contaminants, and
keeping the other operational parameters are constant, which
are pH, temperature, treatment time and agitation speed.
Broadly, the removal efficiency increases when the
concentration of contaminant increases until reaches saturation
or equilibrium state at which there is no more contaminant
uptake by the adsorbent. To describe adsorption isotherms
there are many models. In this study, the models that are used
listed in Table 1 with their mathematical expressions.

Table 1 The mathematical expressions of adsorption isotherm models

Model Original Form Linearized Form
Langmuir _ G Ky © E: 1 +£
Model 171 +K.C g Gm&; Om
Freundlich 1 _ 1
Model g=K;.Cn logg =log K- -I—ﬂll:ugr.‘.'
H..C.
| i
Model €- O+ & - D(E) | a6, = ™ Kpogm/ * \Kpm/'
=
. ET ET ET
Temkin — —
= — Inld-C =— lnA;r +— InC
Model q EJ'_— nl: : :] q EJ'_— . : + EJ'_— &
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Dubinin- ) )
Radushkevich | § = §,. exp [(—kpg &~} Ing =Ing, — kpge©
Model
Harkins- K. r'L 1 1
Henderson g= (_'"] - logg = —loghky; ——logC
Model € Mz a
Kp. C 1 1
Toth MOdel q= 1 logg = 2logK; — —logar + (2 - —] logC
Equation (o +C) : t : t
Redlich- a. o ( )
Peterson =TT m logg =log—+ 11 —m)logl
Model 1+6C o
where:

a, b, m Redlich-Peterson Model Parameters.

tr, Kr, t Toth Model Constants.

g the adsorbed amount per adsorbent amount (ml.g?).

q,, the adsorbed amount required to form a monolayer.

n the Freundlich equilibrium constant that related to the

intensity of adsorption.
ny, the Harkins-Henderson intensity of adsorption constant.

C the concentration of adsorbed substance (ml.1-?).

€. the concentration of solute at the saturation of all layers
(ml.1'7).
K; the Langmuir equilibrium constant (l. mg?).

Ky the Freundlich equilibrium constant that related to the total

adsorption capacity (mg. g1).
K the BET constant.

K; the Harkins-Henderson adsorption capacity equilibrium

constant (mg/g)(mg/l)¥/nh
[ the universal gas constant = 8.314 J.mol1.K:!

Ay the Temkin isotherm equilibrium binding constant (/g).

b the Temkin isotherm constant.

q. the theoretical isotherm saturation capacity (mg/g).

kpr the Dubinin—Radushkevich isotherm constant (mol2.kd-2).

£ the Dubinin—Radushkevich isotherm constant (potential
energy).
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£=]1{?.Tln(1+ci) 3)

=3

In Dubinin-Radushkevich model the approach was usually
applied to distinguish the physical and chemical adsorption of
metal ions with its mean free energy, E per molecule of
adsorbate (for removing a molecule from its location in the
sorption space to the infinity) can be computed by the
relationship:

4)

=
5|

where B is denoted as the isotherm constant.

From the Langmuir equation, a further analysis can be made
on the basis of a dimensionless equilibrium parameter, Rz, also
known as the separation factor. It is given by the expression:

1
R, =———
1+ KC ®)
The value of Rr lies between 0 and 1 for favourable adsorption,
R1 >1 represents unfavourable adsorption, Rz =1 represents

linear adsorption and the adsorption process is irreversible if
Rr.=0.

2.5.2 Adsorption Kinetics
Many mathematical models can elucidate the adsorption
mechanism on an adsorbent. The models conducted in this

study that describe mechanism of adsorption were tabulated in
Table 2.
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Table 2 The mathematical expressions of adsorption kinetics models

Model Linearized Form
Pseudo first-order ln(qg - qrj =Ingq, — kit
t _ 1 t
Pseudo first-order q_r = m alx q_a
1 1
Elovich q, = (E) Inaf + (E) Int

Intraparticle diffusion qs = JT'CE- [t] G5 + 1

where:

. the adsorption capacities at equilibrium (mg.g').

g, the adsorption capacities at time ¢, (mg.g?).

k, the pseudo first-order rate sorption constant (min-1).

k, the pseudo second-order rate sorption constant (g.mgl.min-

1

).

a the rate of chemisorption at zero coverage (mg.gl.mint).

B the extent of surface coverage and activation energy for
chemisorption (g.mg1).

k; the intra-particle diffusion rate constant.

3. Results and Discussion

3.1 Peroxidase Enzyme extractions

This method was used to extract the peroxidase enzyme
depending on the literature of the subject (references). The best
conditions have been reached in the aforementioned searches
was used to obtain maximum benefit amount of enzyme
extracted from UTL and preamble UTL after extraction of
peroxidase enzyme to the next step which was adsorption of
zinc ions from polluted water with this heavy metal (Zn). The
goal of this process is to bring greatest leverage from UTL and
get ride from them by advantage and eco-friendly method.
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3.2 Characterization of Synthetic Activated Carbon from
UTLR (ACUTLR)

3.2.1 SEM Analysis-Samples’ Surface and Chemical
Compositions

SEM micrographs of surface of the synthesis activated carbon
represented by Figure 1 shows that the ACUTLR presents all
of the cavities to the level of their surfaces. Indeed, the zinc
chloride ZnCl: permits the development of the porosity of
materials, more than there is in the precursor (UTLR), so
producing more opened pores of the synthesis activated carbon
ACUTLR. The ACUTLR has a compact structure and
homogeneous surface with a developed porosity, because in this
material some micropores are observed. However, the analysis
of the sample ACUTLR practically show little presence of zinc;
but does not show chlorine which could explain the rather good
adsorbent properties observed particularly for this activated
carbon. The little content of zinc (in spite of zinc ions adsorption
and long period of impregnation with zinc chloride) and no
existence of chlorine may be due to the effect of the treated with
strong acid that is hydrochloric acid. This may be explain the
reason of three results which are first decrease the zinc content
in the ACUTLR less than expected, second zero content of
chlorine and third the presence of hydrogen in the chemical
composition of ACUTLR.

v -
Figure 1 SEM of Synthetic Activated Carbon from UTLR (ACUTLR)
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3.2.2 FTIR analysis

Zinc ion promoted activated carbon from loaded UTLR
(ACUTLR), in the powdered form, were scanned and recorded
between 4000 and 400cm . The FTIR analysis of ACUTLR was
shown in Figure 2. According to Figure 2, numerous chemical
functional groups have been identified onto ACUTLR. The peak
of 3410 cm! indicates the presence of asymmetric vibration of
OH™, suggesting the hydroxyls groups and chemically absorbed
water on the surface. The peak of 2924 cm! indicates the
presence of CH¥ stretch in (alkane H). The peak of 2854 cm!

indicates the presence of CH stretch in aldehydes. The peak of
1732 cm! indicates the presence of C = O stretch in esters. The
peaks of 1651 cm, 1558 cm! and 1516 cm! indicate the
presence of —C = C— stretch deformations in aliphatics.
The peak of 1458 cm! indicates the presence of OH™ stretch in
phenol. The peaks of 1369 cmland 1323 cm indicate the
presence of C— O stretch in ether or aliphatic groups. The peak
of 1292 cm!, indicates the presence of C — N stretch in amide
III. The peak of 1230 cm™ indicates the presence of C—0

stretch in aromatic rings. The peaks of 1165 cm™, 1145 cm?,
1080 cm! and 1045 cm? indicate the presence of
C—-CC—-CC—0—HC—0—-C stretch in primary and
secondary alcohols. The peaks less than 1000 cm! is referred to
the phosphate and alkyl halides groups’ zone. The association of
OH bonds and C=0 predicts the existence of carboxylic acid
groups—COOH. This result may further explain why the acidity
of the activated carbon synthesis from UTLR (pH=3.9).
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Figure 2 FTIR of Synthetic Activated Carbon from UTLR (ACUTLR)

3.2.3 Specific Surface Area, Pore Volume and Pore
Diameter

The specific surfaces area, pore volume, and average pore
diameter of ACUTLR were determined through N2 adsorption
isotherm and the results are shown in Table 3. The high value
of specific surface area shows that the entry of N2 gas molecules
to the existing pores in the ACUTLR are not restricted but
possible and the pores are opened sufficiently. In addition, this
result makes it possible to explain the influence of the residence
time of the preparation of the ACUTLR. The longer residence
time, higher specific surface area and more pores are opened
(0.285 cm?/g and 1.75 nm). The impregnation ratio with zinc
chloride (ZnCls) effects on porous volume also like affects the
specific surface area and porosity. The higher impregnation
ratio means higher specific surface area and porous volume for
materials produced from the same UTLR.

Table 3 Synthesis Activated Carbon (ACUTLR) Characterization

Surface Area, Total Pore Volume, Pore Diameter,
S ger (M?/9) V,(cm®/g) d, (nm)
613.25 0.285 1.75
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3.3 Adsorption of Zinc Ions and Thiophenol Using UTLR
and ACUTLR respectively

3.3.1 Effect of Agitation Speed

The effect of agitation speed on removal efficiency of zinc ions
and thiophenol was studied by varying the speed of agitation
from 100 to 400 rpm, while keeping the other wvariables
constant at optimum values. As can be seen from Figure 3 the
removal efficient generally increased with increasing agitation
speed. The removal efficiency of UTLR and ACUTLR
adsorbents increased when agitation speed increased from 100
rpm to 400 rpm. This 1s due to the fact that, the increase of
agitation speed, improves the diffusion of zinc ions and
thiophenol towards the surface of the UTLR and ACUTLR
adsorbents respectively.

3.3.2 Effect of pH

The pH of aqueous solution is one of the major parameters that
control the adsorption of substances at the solid water
interfaces. In addition to that it is affects the solubility of the
metal ions, concentration of the counter ions on the functional
groups of adsorbent and the degree of ionization of the
adsorbate during the reaction. The removal of zinc ions and
thiophenol by two types of adsorbents: UTLR and ACUTLR
with various pHs has been studied while the other parameters
are kept constant at optimum values. The pHs of these
experiments were varied from (1 — 8). Figure 4 shows the effect
of pH on the adsorption of zinc ions and thiophenol which was
used as a model of divalent metal ion from one hand and
sulphur and phenolics compounds on the other hand on UTLR
and ACUTLR adsorbents respectively. Maximum removal of
the adsorbates species was achieved at pH 1. It’'s clearly
showing that the removal efficiency was increased with
decreased pH as shown in Figure 4. This result may be due to
the fact that the carboxylic, aldehyde, hydroxyl ... etc. function
groups increase the adsorption rate of the UTLR and ACUTLR
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due to the strong interaction between the ion positive charges
and functional groups negative charges.

3.3.3 Effect of the adsorbent dosage

The dependence of zinc ions and thiophenol adsorption on dose
was studied by varying the amount of adsorbents of UTLR and
ACUTLR respectively from 0.1 to 1.50 g while keeping other
parameters constant at optimum values. Figure 5 represents
the substances removal efficiencies. From the figure it can
observed that, the removal efficiencies were increased with
increasing the dose of adsorbent until reach adsorption. This
suggests that after the solution reaches saturated phase, the
maximum adsorption sets in and hence the amount of ions
bound to the adsorbent and the amount of substances remain
constant even further addition of dose of adsorbent.

3.3.4 Effect of contact time

The increase on the removal of zinc ions and thiophenol from
water was observed by increasing the time from 10 -600
minutes when UTLR and ACUTLR were used. Figure 6 shows
the amount of substances adsorbed onto both raw adsorbents at
different time while all other parameters keeping constants at
optimum values. This may be due to the fact that when the
treatment time increasing and the solution spend longer time
than that spend it when the time of treatment decreased, so the
adsorbent material uptake more amount of substances,
therefore the removal efficiency was increased.

3.3.5 Effect of initial concentration

The effect of initial concentration on the adsorption of zinc ions
and thiophenol by UTLR and ACUTLR respectively is
investigated employing different values ranging from 1-100
mg.l'l. Result indicates that the adsorption efficiency decreases
while initial concentration increases as shown in Figure 7.
With low initial concentration, the available pores in the
adsorbent surface are sufficient to adsorb most of substances,
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which had filled the possible available sites, so the adsorption
efficiency remains suitable to low and moderate concentration.
As the initial concentration increases, the available pores
become insufficient to adsorb further substances and much of
its still in suspension and no more substance can be adsorbed,
therefore the percent removal was decreased with increasing
initial concentration.
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~e_ Zinc ions zn*?
50 100 150 200 250 300 350 400 450 ™~ Thiophenol
Agitation Speed (rpm)

Figure 3 Effect of agitation speed on the removal efficiency of zinc
ions (Zn*?) and thiophenol using UTLR and ACUTLR respectively at
optimum operating conditions.
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Figure 4 Effect of pH on the removal efficiency of zinc ions (Zn*?) and
thiophenol using UTLR and ACUTLR respectively at optimum
operating conditions.
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Figure 5 Effect of adsorbent dosage on the removal efficiency of zinc
ions (Zn*?) and thiophenol using UTLR and ACUTLR respectively at
optimum operating conditions.
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Figure 6 Effect of contact time on the removal efficiency of zinc ions
(Zn*?) and thiophenol using UTLR and ACUTLR respectively at
optimum operating conditions.
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Figure 7 Effect of initial concentration on the removal efficiency of
zinc ions (Zn*2?) and thiophenol using UTLR and ACUTLR
respectively at optimum operating conditions.

3.4 Adsorption Models
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3.4.1 Adsorption Isotherms

The isotherm constants were calculated from the experimental
data and presented in Table 4. The value of R? was higher for
Langmuir isotherm than the other isotherm models; that mean
Langmuir equation represented the adsorption process very
well.

3.4.2 Adsorption Kinetics

In order to determine the sorption kinetic models of zinc ions
(Zn*?) and thiophenol from SSAS, the pseudo first order, the
pseudo second order, the simple Elovich model and the
Iintraparticle diffusion model were applied to the obtained data
from experimental work. The calculations were conducted at
optimum operation condition to find the best kinetic model. The
adsorption kinetic constant and correlation coefficients of these
models were calculated and given in Table 5. Good correlation
coefficients R? were observed indicating that zinc ions and
thiophenol uptake processes can be approximated with the
pseudo second order kinetics model and intraparticle diffusion
model respectively which have the best correlation coefficient
among other adsorption kinetic models. Thus, the pseudo
second order kinetics and intraparticle diffusion model were the
pathways to reach equilibrium.

4. Preparation of Rodenticide from Thiophenol
Adsorption Process Residue

The residue remaining after removal of thiophenol from SSAS
by adsorption process was collected, a prelude to prepare a
simple rodenticide. Before the residue give to the rats, the rats
were left for one week and nurtured with normal feed to make
sure that it’s were not suffer from anything leading to death.
These residues which containing =zinc ions and
thiophenol was sorted according to its containing of thiophenol,
mixed with some rotten fruit of sweet test and sun-dried for
three days and feed to the rodents directly as rodenticide

EUROPEAN ACADEMIC RESEARCH - Vol. II, Issue 7/ October 2014
8682



Mohammed Nsaif Abbas- Application of Used Tea Leaves for Multi Functions

without any pretreatment. Another control animal sample was
also used to compare the results. The results were fate the rats

in different periods are shown in Table 6.

Table 4 Parameter Values of Adsorption Isotherms Constants for Zinc
Ions Removal using UTLR and Thiophenol Removal using ACUTLR

. Thiophenol
Isotherm Model Constant Zinc Tons (Zn*2) ( CeHI:S)
Qm 19.7147 34.4722
K; 0.0895 0.0461
Langmuir
Ry 0.7511 0.1853
. 0.9993 0.9991
K 5.1032 4.5179
Freundlich n 1.5228 1.1802
R* 0.9266 0.9835
Qm 19.1246 11.3384
BET Kg 41.2052 15.8008
R* 0.8831 0.9032
Ar 21.5528 13.4163
Temkin b 33.6619 54.1031
R* 0.9055 0.9308
q. 1.9226 12.3859
Dubinin. kps 3.4278 x 10 0.5038x 105
Radushkevich E 11.7718 15.2501
R* 0.8895 0.9017
K, 3.4416 1.2709
Harkins-Henderson
My, 0.5228 0.2632
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RE

0.9105 0.9281

Ky 135.1419 37.2611

ar 9.7283 3.5238
Toth

t 1.5537 3.8219

R? 0.9476 0.9462

e} 10.4926 7.1258

b 1.4427 1.5086
Redlich-Peterson

m 1.2328 0.5308

R* 0.8732 0.8841

Table 5 Parameter Values of Adsorption Kinetics Constants for Zinc
Ions Removal using UTLR and Thiophenol Removal using ACUTLR

.. . Thiophenol
Kinetic Model Constant Zinc Ton (Zn*?) ( CGHI:S)
q. 12.3541 8.4125
Pseudo first-order ky 3.144 x10-3 5.287 x104
R* 0.9825 0.8622
. 13.9617 9.5205
Pseudo second-order kg 3.772 x103 6.8579 x10->
R* 0.9993 0.8925
a 4.0257 3.3362
Elovich B 6.667 x10-1 5.263 x10°1
R* 8.143 x101 7.742 X101
k. 9.3614 x101 5.631 x102
(Ii?fttfsﬁziﬁde I ﬂ 1.354 4.7682
R* 0.8257 0.9932
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Table 6: Hours lead to kill rat when it nurtured with treated
thiophenol adsorption residue

Thiophenol Adsorption Residue to Rotten Fruit Ratio (wt %)

0.1

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

96

73 44 36 22 20 17 12 9 5.5

5. Conclusions

The following conclusions can be drawn:

a.

It is possible to use the used tea leaves with easy,
simplest and economical methods to produce peroxidase
enzyme.

It can use the residue of previous step i.e. after
extraction of peroxidase enzyme in removing zinc ions
from SSAS with good efficiency reach to more than 99%
for initial concentration 1mg/l, pH 1, agitation speed 400
rpm, contact time 60 minutes and adsorbent dosage 1.5
g of UTLR.

It can prepare promoted activated carbon from the waste
remaining from zinc ions removal (ACUTLR) using zinc
chloride (ZnClz) with high surface area reach to 613.25
m?2/g.

Maximum removal efficiency of thiophenol (as a model of
sulfur and phenol removal) using ACUTLR reach to
more than 97.99% for initial concentration of 100 mg/l.

It can be prepared good rodenticide from the waste of
thiophenol adsorption process used after mixed with
some rotten fruit which has sweet test.

So, it can get ride more than one contaminant with a
suitable, economic and eco-friendly method.
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