International Journal of Applied and
Natural Sciences (IJANS) A International Academy of Science,

ISSN (P): 2319-4014; ISSN (E): 2319-4022 5
Vol. 10, Issue 1, Jan-Jun 2021; 37-48 Engineering and Technology

© IASET IASET Connecting Researchers; Nurturing Innovations

PREPARATION OF ACTIVATED CARBON FROM REED PHRAGMITE S AUSTRALIS
(CAV.) AND A STUDY OF ITS EFFECTIVENESS IN ADSORPTI ON OF MALATHION

Raheem Karam Zobon & Tarik. E. Jassim

Research Scholar, Department of Chemistry, Coltddeducation for Pure Sciences., University of BhsBasrah, Iraq

ABSTRACT

Thermally Activated Carbon (TAC) was prepared bgrrial treatment of a widely spread type of reedréBhmites
Australis (Cav.)) to obtain an environmentally frifly, efficient and low-cost adsorbent, and itsagton behavior for
malathion pesticide from water studied by the batefthod. Characterization of TAC was investigatgd'scanning
electron microscopy” (SEM) and "Fourier trans forimfrared spectroscopy” (FT-IR). The TAC performaneas
evaluated in removing Malathion under different emmental conditions. Langmuir and Freundlish isatins were
applied, its also applied two kinematic models, "fgeudo first order" and the "pseudo second ordé&He study revealed
the following ; the maximum absorption capacity3®mg/g , and that increasing the contact time(lef@aching
equilibrium) , adsorbent dose and the adsorbateiahiconcentration increase the efficiency of aggmmn, as for
increasing the temperature, it reduces this efficie It was also found that adsorption processfiecded by the PH, and
the adsorption data are well fit with the "Langmisotherm"”. The kinetic of adsorption is subjecttépseudo-second-

order model", The process also turned out to beheraic and spontaneous.
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INTRODUCTION

Constantly growing population and consequentlyiticeecase in the Food consumption rate prompteduRrrd to step up
efforts to increase the production of foodstuffeidAbeing a major component in this series, farraeesusing increasing
amounts of pesticides to preserve their crops]i1P@sticides are a very important part of growéngps, it is a chemical
method used in agriculture to control insects, wemud diseases in crops. It is a well-known ang effective technique
for growing crops. Organophosphorous pesticidesh(sas malathion) are highly toxic agricultural cheats used to

protect plants. Malathion is a persistent and lyigbkic ipesticide that has caused many serioug@mwental problems
[3].

Malathion Molecular formula: GH100PS, Chemical name according to IUPAGS:, 2-bis (ethoxycarbonyl)
ethyl O,0-dimethylphosphorodithioate, formula weight (330 gjrh solubility in water (145mg/L), Structural foula:
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Malathion, a highly toxic pesticide registered 68, is widely used in agriculture as well as iblpuhealth to
eliminate harmful organisms such as insects, woand, others. Malathion is absorbed rapidly in masys, such as in
the digestive system, lungs, mucous membranes kingd @d causes blurred vision, increased salisatleeadache,
dizziness, vomiting, and nausea. It affects thevoes system, liver, adrenal glands and the immwstem and is a

carcinogen as well as toxic to birds, fish, beas athers [4].

Due to its toxic effect and health risks to humanis extremely dangerous and unsafe in naturd f& World
Health Organization (WHO) recommended that theigidst level alone in drinking water should not eed€0.1ug / L)
[5].There are several methods for removing pesgidsuch as aerobic and photocatalytic degradatiadvanced

oxidation, biological oxidation , ozonation, nariéition and absorption [6].

The most commercially used technique for removaxgctwater pollutants is adsorption, It is the ptveenon of
the particles of a fluid mixture being attractedtbe surface of an adsorbent, Associated with itPhysical links or
chemical bonds. This technology is distinguishefrother technologies by its low cost, simplicifydesign, flexibility

and ease of operation. Also, the adsorption prodess not leave harmful residues [7].

Various natural or synthetic adsorbents; activatadoon (AC), polymers, agricultural and industneste,

zeolite, and carbon nanotubes (CNTs) have beenassatisorbents for treating polluted water [3].

AC is the most efficient and it is widely used iater treatment all over the world. It is also vargrt, thermally

stable and it works efficiently in a large pH rari8g

The adsorption efficiency is affected by the prdipsrof carbon, surface area, particle and pore, ginllutant
solubility, and the attraction of pollutants to tbarbon surface. A variety of AC materials weredjdeowdered and
granular activated carbon, commercial activatebaaand black carbon from wheat tailings [7]. lis tstudy, the AC was
prepared from a reed plant called Phragmites disstraiich is available in huge quantities, thusaihing a low-cost and

environmentally friendly product.

Phragmites australis (Cav.) is a widespread ptamd in swamp systems all over the world. This peiad is an

erect plant that lasts throughout the seasons [9].

Phragmites australis can be found in a varietyuwhid to wet environments. Species can tolerateifigvand
stagnant water, salt and basic conditions, andnsneonly found in marshes, roadside ditches andr atleé areas [10]. In
Iraq, this plant is found in abundance and is aersid one of the plant species of high biological environmental value

in three Iraqgi marshes [11].
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Figure 1: Phragmites Australis (Cav.).
EXPERIMENITAL

Material

Phragmites australis (Cav.) was collected from s@idditches in southern Irag. Malathion (57 % tylwiNaOH and HCI

(from Sigma) and Deionized water.
Methods
Adsorbents Preparation [12, 13]

The Phragmites australis (Cav.) was collected aretldn the air for a few days. After cutting itdamvashing it with
regular water and then with deionized water sevarads, it is dried in the air again for a few h®and then transport to

oven dried at 10% for 12 h, subsequently, crushed in a laboratdhy m
Thermal Activation

The resulting powder is transferred into an eledwrnace and activated by heat at 250 C° for aur lmder the least
amount of oxygen and hydrogen possible. Cool tloelyet to laboratory temperature, stir with freshteaand filter
several times and filtering until the filter becasrdear and reaches the neutral pH, then put inityieg oven at 105 C°
until its weight remains constant, The result isled down and crushed and the resulting particleesieved to obtain
particle size (7pm). Then, it is kept in desiccators for further.uBkis Thermally Activated Carbon sample was naaed
(TAC).

a b
Figure 2: The Powder (a) Before Carbonization (b) #Aer Carbonization.
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ADSORPTION STUDY

A stock solution (1000 mg/L) of malathionpesticidedeionized water was prepared. Solutions with edé#ifit
concentrations were prepared from the above solubg dilution, after scanning with a spectrophotteneand
determining the wavelength at which the maximumogtiton occurs, the absorption of these concepfmatiwas

measured and the calibration curve was graphed.

Malathion adsorption was performed with activatedbon in the (100 ml) flasks, each containing (59 of
malathion solution, this study was conducted iratcly method, the influence of adsorbent dose, cotitae, adsorbate
initial concentration, temperature and PH was sdiThe adsorption kinetic parameters were deteuniinder the
following conditions: Specific dose (0.25 g) of thetivated carbon was transferred to (50 mL) of(8&emg/L) malathion
solution, in a (100 mL) flask. And when the equilibn time has passed, the adsorbent was separgtadcbntrifuge.

Then, the malathion concentration was analyzedtsg#wtometrically by (UV-Visible Spectrophotomef400) [14].

To calculate the amount of malathion adsorbed sttame (qt mg / g) The following relationship hasen

applied:
4 =(G-CQ VW

Where: G (mg/L): initial adsorbent concentrations, @ng/L) :Final adsorbent concentration, V (L): vole of
the adsorbate solution, W (g): weight the dosénefadsorbent.

The removal percentage (RE) of malathion by adsusbeas calculating by using the equation:

':D_ ':E

REth = =100

0
The adsorption capacity value was found using dhiewiing relationship:
0 = (G-C) VIW
Where:q. (mg/g) adsorption capacity at equilibrium.

RESULTS AND DISCUSSION

Characterization of the Adsorbent

FT-IR Analysis

Wood is a vegetable component that contains cekulbemicellulose and lignin as major ingrediefiterefore, different
types such as—OH, -COOH and amine functional graapsparticipate in the adsorption [15]. FT-IR dpeof activated

carbon prepared from Phragmites australis (Cag.shown in Figure 3.

The spectrum (TAC) show bands in (3421.12;¢for (-OH) stretching vibration. Peak observedtia (1712.79
cm?) indicate C=0 stretching of carbonyls (carbony}@OOH or ester groups). The bands in (1604.77)dmattributed
to the aromatics C=C stretching; and in the (11881#") can be traced back to C—O stretching [16].

Impact Factor (JCC): 6.3238 NAAS Rating 3.73
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Figure 3: Spectrum (FT-IR) for TAC.
SEM Analysis

The surface morphology of TAC is carried out usBtgM, this is because the SEM images enables usectlgl observe
to the changes in the surface microstructure offth€ due to the modification [17]. Also, the surfamorphology before
and after adsorption are comparable [18]. Figufa 4nd b) represent SEM images of TAC , It is matiile in the SEM
image (200nm) of TAC that the surface of a similarthe masses interspersed with holes and surrdubglecracks
connected to each other to form what looks likdeyal and this gives it the characteristic of pdsoiiat the distribution
of these blocks and holes in this surface is nethtihomogeneous, as it shows the morphology ofstidace and its
porosity before and after adsorption, it is cldsttmalathion particles cover the TAC surface(Fégdir(b))indicating that
adsorption has occurred. The large surface arewident from the small size of matter particlesthas dimensions of a

portion of particles are within the nanoscale, #iigl enhances their ability to adsorb.
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Figure 4: Image of SEM for TAC Surface (200nm) (aBefore and (b) After Malathion Adsorption.

Adsorbent Dose Effect

Adsorbent dose is one of the key parameters efigatin adsorption capacity and balance point fortazomation
adsorptiorf*¥. To study the adsorbent dosage effect, 0.1-0.(% §, 10 and 15g / L) of TAC was treated sepayatgth

(50 ml) of the malathion solutions of (50 mg/L)etflasks were shaken at (150 rpm) at the Temperaturn(25°C) for (24
h), 5 ml of sample was taken away by pipette amitrifeged to separate the adsorbent. Then the bhsoe of the

residual Malathion was measured. As is evident fragure 5 (a).
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Figure 3(a), shows the differences of removal pgege of malathion by TAC, the removal percentagecased
with increase of adsorbent dose from 76.4% at tisodent dose (2 g / L) to 95% at the dose ( &)y Then removal
became complete with the higher doses of TAC ushis change in the removal percentage is expldiyethe increase
of adsorbent dose that increases the possibilitythefadsorbate particles reaching the active sitess leads to an

increased the removal percentage [19].

In this study, 0.25 g was chosen as a suitable ohoagnich to study and compare the effect of chaingether

factors effecting adsorption.
Effect of Contact Time

In pollution treatment process it is preferablet the contact time required for the maximum leviehdsorption efficiency
be short. In this study, the contact time betwe®il80 min) with time intervals was investigatede thdsorption
percentage of Malathion by TAC increases with iasieg the contact time till reach equilibrium abemt hour later.
Figure 5(b).

It is noted that the adsorption of malathion wasyviast during the first 5 min and become slow atteat
gradually, until the equilibrium is established,iFbehavior is Attributed to the high rate of agdimm velocity at the
beginning of the contact because there is an almgedaf active sites available for the adsorptioacpss and then

gradually slows down until the equilibrium is stas [7].
Effect of Initial Concentration

Parts of 0.25 g samples from the TAC were put engdries of flasks each containing 50mL from madatisolutions with
concentrations (10, 20, 30, 40, 50, 60, 70 and 80 b) at natural pH (7). These contents were shakg150 rpm) at the
Temperature of (25 °C) for 90 min. After equilibmy amount of solution were taken by a bibette aaphmated by the
centrifuge To separate adsorbent particles fromutisol, Then the malathion residue was determined

spectrophotometrically, Hence the amount of adsbibealculated Figure 5(c).

An increase in the adsorption capacity and a deerea the removal percentage are observed increased

concentration [20].
Effect of pH

The pH affects a lot in the adsorption process tduiés effect on solute solubility and adsorpticapacity of adsorbent
surface [21]. The effect of pH is related to théuna of the adsorbent and adsorbate. In this eafpor, pH studies were
carried out in pH of (2—11) for 24 h. The pH vahfehe solution was controlled with NaOH and HClusion. It is noted
from Figure 5(d) that the removal efficiency hadirmereasing trend with increasing the pH in acwbaditions at pH 2 (87
%) to pH 7 (95 %) for TAC, Thus, there was a dowrdmaend as the pH increased in alkaline conditions

Decreased adsorption capacity of malathion at d&@bw normal pH, , This can be attributed to thenpetition
between protons and malathion molecules for thdadbta active sites. But at pH 7 and the acidiaueal close to them,
The increased adsorption capacity caused by theadse in the number of protons that leads to aedeerin competition
mentioned In addition to the abundance of oxygematin the surface of activated carbon in the fofrCOOH and -OH
groups which are somewhat capable of electrosiat@ractions with the positively charged adsorbatelecules,

however, The basic conditions help to ionize sofnth® functional groups in TAC, and the functiogabups of surface
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can become more deprotonated, and this leads t&ewwsy of the interaction between the surface dedrhalathion
molecules. The decrease in the adsorption effigieviten moving away from the natural PH value camattébuted to its
effect on malathion, as when moving away to lowaduegs than the natural PH, the acidity of the smfuincreases, so the
hydrolysis of the ester groups that produce carlimxgcids increases, so the hydrogen bonding ise®avith water
molecules, so the solubility increases and theeefloe adsorption process decreases. However, mbgmg away from
higher values than the natural PH, alkali of thieitian increases, the hydrolysis in the base mediesnlts in carboxylic

acid salts, so the solubility increases, which ¢e@mddecreased adsorption.
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The pH value of 7 was chosen in this study bectheseH value of the aquatic environment contamihatih
malathion usually ranges between (6-8) [6].

Effect of Temperature
Temperature effect was studied by the Differenterature (15, 25, 35 and 45 °C). It was shown gufg 5(e).

The figure shows that increasing the temperatmn ff15 ° C) to (45 ° C) led to a decrease in thregr@age of
malathion adsorption, This is due to the increasthé solubility of the pesticide with increasiraiperature [7] or the

weakening of vander waals attraction forces betviemesticide and the surface with increase ipe&ature [3].
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Figure 5: The Effect of (a) Adsorbent Dosage (b) Gaact Time (c) Initial Concentration (d) pH
(e) Temperature on the Removal Percentage.

Adsorption Isotherms

The study of adsorption isotherms gives informatorthe adsorption capacity, and therefore theystidhese isotherms
becomes necessary for the design of any adsorgystem. [22]. Langmuir isotherm can be applieddsoaption from the
solution in a manner almost identical to adsorptibgases on a hard surface, it remains confinezh&layer, but in this
case the adsorption is a competition between thesioand dissolved molecules for the active adsmmpsites [23]. The
linear equation of Langmuir isotherm:

C, 1 C.

Q Qb Q

Where:Q,: “maximum adsorption capacity” (mg / g), b: “Langinconstant”.

According to the Freundlich Equation, most for thdsorbent surfaces are heterogeneous, meaninghthat
adsorption sites in them possess different potezri@rgies and different geometric shapes [24]r&foee, the roll of these
locations toward the same particles is differentadldition to adsorption on heterogeneous surfabesEquation deals
with multilayer adsorption [25].Its logarithmic fomula is:

log g =log KF + nlog @

Where K : adsorption capacity for Freundlich isothermireundlich experimental constant.

In this study, these two isotherms were used taiohtecessary information on the conditions andineabf
adsorption, the fitting of the Langmuir and Freuctlequation for the data on the adsorption proeessinvestigated by

graph (Ce/qge) versus (Ce) “Langmuir isotherm” dod €e) versus (log Ce) “Freundlich isotherm” A®wh in Figure 6
(a) and (b).
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Figure 6: Isotherm (a) Langmuir (b) Freundlich for Malathion Adsorption on TAC.
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From the linear form to Langmuir isotherm, a andonstants are evaluated by the slope that is €@tal and
intercept that is equal (1/ab) of linear equati@hgereas in the linear form to Freundlich isotheha intercept was equal
(InKf) gives a measure and the slope was equa).{lliese parameters computed from line plots usamgmuir equation

and Freundlich equation, and R2 values are showialie 1

Table 1: Parameters of Langmuir and Freundlich Isoherm for Malathion Adsorption on TAC Adsorbent

. Qu(mg/g) b(//mg) R
Langmuir Isotherm 12.33 1.5902 0.9946

_ N Kt R’
Freundlich Isotherm 23142 6.431318 0.973

It is noted that the values of’Ror the Langmuir equation were 0.9946 and Frechdéquation were 0.973,

indicating the isotherm of Langmuir Best fit withperimental results.
The Langmuir isotherm is also expressed by equalps 1/ 1+ bG
Where R: "dimensionless constant separation factor".

Can the adsorption process be: unfavorabje (B, favorable (0 < 1), linear (R = 1) or irreversible (R= 0).
In this study, the Robtained is (0.04); this result Indicates thataathion adsorption process over TAC is favoraie]
this is It may be related that this adsorbent hiasge surface area [26].

Kinetic Studies
The study of adsorption Kinetics is important tteinits efficacy as well as to know the type ofritechanism:
Pseudo First Order Kinetic Model
This model was suggested by Largergren, the liftear for equation of this models is:
In (G - &) = In & — kit
Where: k reaction rate constant of this model (L / min).
Pseudo Second Order Kinetic Model
The linear form for this models equation is; tda, + 1/ K0
Where: k reaction rate constant of this model (Mgmin™) .
The initial adsorption rate h (mg/g min), whes+t 0 can be defined as:
h=lk g’

This model describes chemical adsorption. It isratterized by the ability to calculate the capaditym it
without the need to know it through experimentsywad as the possibility of finding the initial amtption rate from it.

This information obtained from the kinetics modetiathers is necessary to design an adsorptioregsoc

The values of In (g- q) against the time t were plotted based on theatimelationship of the “Pseudo-first-
orderequation”, and according to the linear refatiop of the “Pseudo-second-orderequation”, theieslbf t/qt against

the time t were plotted as in Figure 7.
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Figure 7: Experimental Values According to “Pseuddrirst-Order Kinetics Model” (a) “Pseudo-
Second-Order Kinetics Model” (b) In Its Linear form at Temperature (25°C),TCA Adsorbent
Dosage (5 g/ L), Initial Concentration (50 mg / L) pH (7).
From the data according to “Pseudo-first-order tidisemodel”, The kvalue, adsorption capacity, and correlation
coefficient (R) were calculated, And from the data accordingRseudo-second -order kinetics model”, the valuk,of
the adsorption capacity, and thé WRere calculated, Table 2 indicates the parameibtained by means of these two

kinetic models [7].

Table 2: The Kinetic Parameters for Malathion Pesttide Adsorption on the TAC Adsobent

Pseudo-First-Order Kinetic Model Pseudo-Second-Order Kinetic Model
parameter Value parameter value

q (exp) (mg/g) 9.5 | q(exp) (mg/g) 9.5
g (cal) (mg/g) 11.247 | q (cal) (mg/g) 10.416
K.(min™) 0.1158 | K,(min™.g.mg") 0.0185
R® 0.9784 | R 0.9992

It is noted from the values in the table that tpeeudo-second-order kinetic model” is more appleab the
adsorption process in the studied systems, be¢haselue of Rand the lower deviation of the experimental vahoen
the calculated value of the adsorption capacitiikely to match the adsorption with this model [Bherefore, it was
concluded that the "rate determination step" ishanidcal absorption because this kinetic model agne#h this

assumption[27].

Provides hydroxyl groups in the TAC which appearghe FT-IR spectrum, and the presence of eleaioin-
atoms (O, S, P) in the malathion molecules suptherthypothesis of forming a hydrogen bonding betwidse TCA and

the malathion molecules as one of the suggestetlanésn of adsorption
CONCLUSIONS

This study demonstrated the feasibility of usingHoost activated carbon prepared from PhragmitestrAlis to remove
the malathion pesticide from contaminated wateoupgh an adsorption process. Removal efficiencyfisced by
practical conditions such as initial concentratioontact time, pH, Adsorbent dose, and temperailine. results of the
study showed that Qm = 12.33 mg/g and that thelibgum data are well fit with the Langmuir isotmerand that the
adsorption kinetic is subject to the “pseudo-seeomter model”, it has also been found that the gatam is exothermic

and spontaneous process.
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