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Abstract

Novel nano composite (ALW/CoFe,0,) adsorbent was synthesized from Apocynaceae leaf waste activated carbon (ALW)
in combination with CoFe,O,by an auto combustion method for the removal of Reactive Red 141 dye and microorganisms
against S. aureus, E. coli and C.albicans. The synthesized nano composite ALW/CoFe,0, was characterized by SEM, EDX,
BET, XRD, FTIR, TG & DSC and VSM. The results from these analytical techniques confirmed the aggregation of CoFe,O,
nano particles on the surface of ALW and VSM study showed its magnetic behavior. Subsequently, ALW/CoFe,O, was
adopted in batch mode adsorption studies by varying pH, adsorbent dosage, concentration and temperature. The adsorption
efficiency was investigated under optimum conditions such as pH(6.5), adsorbent dosage (50 mg), contact time (70 min). The
feasibility of adsorption was analyzed by fitting the data with pseudo first order, pseudo second order, Langmuir isotherm
and Freundlich isotherm. The results showed that pseudo second order kinetics and Langmuir isotherm equation favour the
adsorption of RR 141 on ALW/CoFe,0,. According to the thermodynamic study, it was very effective at higher temperatures
and the thermodynamic parameters AG®, AH® and AS® were also evaluated for this adsorption. Furthermore, the antimicrobial
activity of ALW/CoFe,0, was tested by well diffusion method and compared with standard antibiotic. This ALW/CoFe,0,
exhibit good antimicrobial action with the zone of inhibition in the range of 10—17 mm. The synthesized nano composite
(ALW/CoFe,0,) was evaluated for antimicrobial activityagainst (Staphylococcus aureus, Escherichia coli and Candida
ablicans),usingwell diffusion methodand compared with standard antibacterial (Streptomycin) and antifungal (Amphotericin
B).The antibacterial activity of ALW/CoFe,0, against S. aureus (range between from 11.83 +0.23 mm to 17.5+0.16 mm)
and (range between E. coli 10.5+0.40 to 17.0+0.41 mm), while antifungistatic effectagainst C. albicans(range between
11.0+0.24 to 17.6 +£0.08), with different concentrations (100-500 mg) From the obtained results the antimicrobial activity
of synthesized ALW/CoFe,0, more or less same in the range between 11 and 17.56 mm of zone of inhibition.

Keywords Nano composite - Magnetic behaviour - Surface area - Adsorption - Water treatment - Antimicrobial activity

1 Introduction

>4 G. Rathika One of the major sources of environmental problem is the
rathika_psg@yahoo.com disposal of toxic industrial effluents containing dyes into
>4 E. Ranjith Kumar water bodies [1]. The rapid development of economy and

ranjaueaswar@gmail.com industry result the discharge of colored waste water with-

Department of Chemistry, P.S.G College of Arts out reasonably processing which has a calamitous effect on

and Science, Coimbatore 641014, India environment and human health and affects the food cycle
2 Department of Chemistry, Dr. N.G.P. Institute of Technology, in water 'eco systems [2]. Treatme.nt of hazardous 1ndustr.1a1
Coimbatore 641048, India effluent is urgent to find an effective approach to deal with
3 Department of Physics, Dr. N.G.P. Institute of Technology, 9rganlc dye.s of the dye-wastewater before discharging it
Coimbatore 641048, India into the environment because many dyes are usually stable
4 and reduce light penetration and photosynthesis [3]. Differ-

Department of Microbiology, Faculty of Medicine, >
Chulalongkorn University, Bangkok 10330, Thailand ent technologies have been developed to remove dyes from

Published online: 02 January 2019 @ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10904-018-1030-5&domain=pdf

Journal of Inorganic and Organometallic Polymers and Materials

effluent such as membrane separation, electro coagulation,
precipitation, ion exchange, biosorption and adsorption [4].
Recently magnetic adsorption technology has been one of
the promising technologies for dye sequestration by mag-
netic adsorption, extensively applied for treating waste
water. This effluent treatment may include the synthesis
of activated carbon (AC) from plant wastes as successful
adsorbent for removal of organic and inorganic contami-
nants. However, during filtration, activated carbon requires
high energy centrifugation and separation technologies to
separate and retrieve [5]. To overcome the disadvantages of
AC, the surface of AC is functionalized by the use of mag-
netic nano particles to increase the adsorption capacity and
to separate easily from the aqueous solution.

In recent years, the most favorable nanotechnology is
applied in various fields such as defense, electronics, stor-
age media, environmental engineering and biomedical [6].
The magnetic nano particles result in unique functional
applications because of their significant high surface area
to volume ratio, physical and chemical properties than bulk
counter parts [7]. Among the various nano particles, fer-
rite nano particles are of considerable interest because they
show fundamental changes in structural and concomitant
electronic rearrangements and significant dominance of the
surface atoms [8]. In particular, cobalt ferrite particles are
now attracted due to the presence of activating groups which
attack organic compounds, high chemical stability, moderate
magnetic saturation and easy separation [9]. The pollutant
adsorption onto fabricated AC with spinel CoFe,O, may be
due to hydrogen bonding, surface complexation and electro-
static interaction. In this case, surface hydroxyl groups and
surface charge are binding sites for various cationic and ani-
onic species and they contribute to adsorption capacity [10].

In addition, untreated wastewater usually contains
numerous pathogenic or disease causing microorgan-
isms because of its ability to retain moisture. In the class
of many microorganisms, Escherichia coli is a genus of
gram-negative bacteria, rod shaped and non-spore form-
ing bacteria and are pathogenic. They are the inhabitants
of gastrointestinal tracts of warm-blooded animals [11].
Staphylococcus aureus is a gram-positive, round-shaped
bacterium that is a member of the Firmicutes, and it is a
member of the normal flora of the body, frequently found
in the nose, respiratory tract, and on the skin. Further,
Candida species affect nail, skin, and mucosal surfaces
and cause the opportunistic yeast infection widely known
as Candidiasis. Therefore, disinfection is also a part of
treatment of wastewater containing many microorgan-
isms which affect human health. Metal and metal oxides
present in metal nano particles have greater resistance
against microorganisms due to their stability at higher
temperatures and pressures. Rokas Zalneravicius et al.,
reported antimicrobial activity of size dependent cobalt
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ferrite nanoparticles against S. Cerevisiae, C. parapsi-
losis, C. krusei and C. albicans strains [12]. Noppakun
Sanpo et al., has shown the biomedical applications of
Transition metal-substituted cobalt ferrite nanoparticles.
The substitution of transition metals strongly influence
the antibacterial property of cobalt ferrite nanoparticles.
Among the transition metals Cu, Zn, Cr, and Ni, Cu substi-
tuted nanoparticles have shown the most effective contact
biocidal property [13]. A.H. Ashour et al., synthesized
most potent Zn substituted cobalt ferrite nanoparticles and
showed strong antimicrobial activity by gamma irradiation
at 150 kGy which decreased the particle size of nanopar-
ticles from 14.64 to 12.33 nm and elevated its antimicro-
bial activity against S. aureus (16.0 mm ZOI), P.aeuginosa
(15.0 mm ZOI) and C.albicans (15.0 m ZOI) [14].
M.I.A.Abdel MAksoud et al., investigated bi-functional
biosensor activity of Zn substituted cobalt ferrite nanopar-
ticles to determine the drug Anagrelide-HCI (ANDH) in
urine and serum samples and also antimicrobial potential
against Klebsiella pneumoniae (28.0 mm ZOI), and mul-
tidrug-resistant bacteria Enterococcus faecalis (27.0 mm
ZOI) and Candida albicans (18.0 mm ZOI) [15]. Moreo-
ver, Activated carbon (AC) has also been widely used for
the removal of various infectious pollutants in wastewa-
ter because of its large surface area and high adsorption
capacity. Antimicrobial Activity of Chemically modified
Activated carbon prepared from Tribulus terrestris has
been proved by Karthik and Saraswathy [16]. Kumar et al.,
employed activated Carbon impregnated with Ag, ZnO and
Ag/ZnO nanoparticles as Antimicrobial Materials. They
found the minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) of Ag/ZnO-
AC nanohybrid against standard reference cultures with E.
coli (0.20 mg/ml) and S.aureus (0.30 mg/m)l while MBC
was found to be 0.35 mg/ml with E. coli and 0.6 mg/ml
with S.aureus [17].

In this current work, the novel, cost effective pink flow-
ered Apocynaceae leaf waste (ALW) activated carbon has
been introduced. Nerium Oleander plant is evergreen shrub
that grows up to the height of 4 m and bearing leaves all
the year around. The leaves are long, linear-lanceolate,
10-15 cm in length with horizontal nerves. Then the surface
of ALW activated carbon has been functionalized by mag-
netic cobalt ferrite (CoFe,O,) by an auto combustion method
to improve the adsorption capacity of ALW for Reactive
Red 141. The physico chemical and morphological char-
acterization of AC and ALW/CoFe,0, were compared by
taking SEM, XRD, EDAX, FT-IR, BET analysis, TG and
DSC analytical techniques. The modified ALW/CoFe,O, has
been utilized as an adsorbent for the removal of Reactive
Red 141 from aqueous solution. Subsequently, their antimi-
crobial activities were tested against S. aureus, E. coli and
C.albicans.
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2 Materials and Methods
2.1 Materials

Apocynaceae leaf wastes were collected from highway
regions of Coimbatore, India. Analytical grade of Cobalt
nitrate, Ferric nitrate and Urea were purchased and used for
the synthesis of ALW/CoFe,0,. A Reactive red 141 dye
with molecular formula C5,H,¢CI,N;,NagO,Sq and molecu-
lar weight 1774.19 was purchased from textile and design
company. The stock solution of dye was made by dissolving
it in double distilled water and the stock solution was further
diluted to different concentrations of standard solution of
100 mg/L, 125 mg/L, 150 mg/L, 175 mg/L and 200 mg/L.

2.2 Methods
2.2.1 Preparation of ALW/CoFe,0,

Apocynaceae leaf wastes were washed thoroughly with dis-
tilled water to remove impurities and dried under sunlight
for one month to remove all moisture present. The dried
leaves were ground and impregnated with phosphoric acid
for 24 h. The sample was then pyrolysed in a muffle furnace
in absence of air at 600 °C for 2 h. After pyrolysis, the result-
ing sample was washed repeatedly to reach the pH of 6-7.
This Apocynaceae leaf waste Activated Carbon (ALW) was
dried in hot air oven and used for the synthesis of nano com-
posite. An auto combustion method has been chosen to syn-
thesize magnetic ALW/CoFe,0,- 1 mol of Co(NO;),-6H,0
and 2 mol of Fe(NO;);-9H,0 were dissolved in 50 mL of
distilled water and 50% aqueous urea and 2 g of ALW were
added to the above solution and then heated at 160 °C with
constant stirring using magnetic stirrer for 1 h. On ignition
in air at room temperature, the dried gel was burnt in a self
propagating combustion, giving rise to the evolution of large
amount of gases and producing a dry and loose powder.

2.2.2 Characterization of ALW/CoFe,0,

The surface morphology and composition of synthesized
ALW/CoFe,0, were investigated by Scanning electron micro-
scope (JEOL Model—JSM 6390 LV) which was equipped
with an energy dispersive X ray analyzer with magnifica-
tion range of 30,000 and an accelerating voltage of 20 kV.
The powder X ray diffraction pattern was performed using
X-ray diffractometer (Shimadzu, XRD 6000) with a voltage
of 40 kV and tube current of 30 mA using Cu cathode X-ray
source (A=0.1548 nm) in the region of 26 from 10° to 90°.
The specific surface area and pore size distributions were
characterized by Brunauer-Emmett-Teller (BET) method.

The magnetizable measurements were detected using a
vibration sample magnetometer (Lakeshore VSM 7410) and
recorded from — 15,000 Oe to 15,000 Oe at room temperature.
The thermal stability and Differential Scanning Calorimetry
were analyzed by thermo gravimetric analyzer NETZSCH
STA 449F3) with a heating rate of 10 °C/min. in the range
of 25-600 °C under nitrogen flow. Infrared spectra of ALW/
CoFe,0, was obtained using Fourier Transform Infrared spec-
trometer (FT/IR-4600typeA, JASCO).

2.2.3 Batch Adsorption Studies

The adsorption of Reactive Red (RR141) from aqueous solu-
tion by ALW/CoFe,0,was performed by examining different
parameters like pH, contact time, initial dye concentration,
composite dosage and temperature. The experimental stud-
ies were carried out by agitating 50 mL of aqueous RR141
with ALW/CoFe,0, (50 mg) at different pH levels (3—12) for
different time periods (5-90 min) at the temperature range
(30-60 °C) at 200 rpm. After adsorption, the magnetic nano
composite was separated by a magnet and the concentration of
RR141 in a supernatant was measured by UV-Visible spectro-
photometer. The percentage removal of RR141 was calculated
using the following relationship,

% Removal = Co—Ce

x 100 @)
where Co and Ce are the initial and equilibrium concentra-
tion of RR141 respectively.

The adsorbed amounts of RR141 were calculated by the
following equation

_(Co = Ce)xv
1= m

(@)

v is the volume of dye solution and m is the mass of adsor-
bent used.

To find the rate of adsorption on ALW/CoFe,0,, pseudo
first order, pseudo second order kinetics were adopted for
probable fitting of experimental data. The best fitted kinetic
model for this adsorption system was identified by compar-
ing the data obtained from experimental adsorption capacity
[g.(exp)] and the calculated adsorption capacity [q.(cal)] and
the higher correlation coefficient values (R?). The linear equa-
tion for pseudo first order and pseudo second order kinetic
models are

Kyt

——L 4]
2303 T 1084 (3

log(q, — q) =

t 1 t

= + —
q kg’ g

“
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where k; and k, are the pseudo first order and pseudo second
order rate constants (min~"), q. and q, are the amounts of
RR141 adsorbed (mg/g) at equilibrium and at time t (min).

The adsorption isotherm equations play an important role
in describing the interactive behavior between solutes and
adsorbents and in determining the adsorption capacity of
ALW/CoFe,0,. Langmuir and Freundlich isotherm equa-
tions have been taken to analyze the adsorption system. The
linear form of Langmuir equation is represented by

C. 1 C.

— = + — 5
9e KLqm Im ( )

where C, is the equilibrium concentration of RR141 (mg/L),
q. is the amount adsorbed at equilibrium (mg/g), q,, is maxi-
mum adsorption capacity (mg/g) and K| is Langmuir coef-
ficient and is related to energy of adsorption (L/mg). The
linearity of the isotherm can also be used to predict whether
the adsorption is favorable or unfavorable. The essential
characteristics of Langmuir isotherm can be reflected by
a dimensionless constant called equilibrium parameter R
which is defined by

1

R = ——
LT T+K,.Co ©)

where C, is the initial concentration (mg/L) and R; value
implies the adsorption to be unfavorable (R; > 1), Linear
(R;, = 1), Favorable (0 < Ry, < 1) or Irreversible (R =0).
The empirical Freundlich isotherm equation based on
sorption on to heterogeneous surface can be written as

1
1%%ﬂ%m+#%g (7

where Ky and 1/n are the constants which represent the
adsorption capacity and adsorption intensity respectively
and were obtained from intercept and slope of linear regres-
sion plot.

The nature of adsorption is confirmed by various thermo-
dynamic parameters which provide information regarding
energetic changes. The thermodynamic parameters such as
standard free energy change (AG®), enthalpy change (AH®)
and entropy change (AS°) were evaluated to verify the

feasibility and spontaneous nature of adsorption. The values
were determined using the following Van’t Hoff equation,

AG° = —RTInK )

AG° = AH®° — TAS® 9)
AS°  AH°

InK= -

n R RT (10)

where R (8.314 mol™'K™!) is the ideal gas constant, K is the
equilibrium constant and T is the temperature at K.

2.2.4 Antimicrobial Study

2.2.4.1 Preparation and Standardization of Inoculum The
bacterial strains were conformed for their purity and the col-
onies from the subculture plates were suspended in 10 mL
of Luria Bertani (LB) broth (Tryptone 10.0 g, Yeast extract
5.0 g, NaCl 10.0 g in 1000 mL distilled water) and incu-
bated at 37 °C for 18-24 h in an orbital shaker at 150 rpm to
attain logarithmic phase culture. Following incubation, the
turbidity of the test suspension was standardized to match
0.5 McFarland standard (corresponds to approximately
1.5x10% CFU/mL). The adjusted suspension was used as
inoculum for lawn culture preparation within 15 min.

2.2.4.2 Preparation McFarland Nephelometer Standards
[18] Reagent A—(1%) Barium Chloride (BaCl,) Barium
chloride (1%) was placed in 100 mL of volumetric flask
followed by the addition of 50 mL of deionized water and
mixed well to dissolve. The volume was made to 100 mL by
addition of deionized water and stored in screw cap glass
bottle at 25 °C.

Reagent B—(1%) Sulfuric Acid (H,SO,) To 90 mL of
deionized water in volumetric flask 1 mL of concentrated
sulfuric acid was slowly added. The volume was made to
100 mL by addition of deionized water and stored in screw
cap glass bottle at 25 °C.

Preparation of 0.5 standard turbidity (Table 1).

2.2.4.3 Preparation of Lawn Culture Sterile Muller-Hinton
Agar (MHA) (g/L) (Beef infusion: 300; Casein hydrolysate:

Table 1 McFarland standard

. . . Reagents/absorbance
turbidity solution ratio

McFarland standard tube no.

0.5 1 2 3 4
Barium chloride 1.0% (mL) 0.05 0.1 0.2 0.3 0.4
Sulfuric acid 1.0% (mL) 9.95 9.9 9.8 9.7 9.6
Approx. cell density (1x 108 CFU/mL) 1.5 3.0 6.0 9.0 12.0
Transmittance%* 74.3 55.6 35.6 26.4 21.5
Absorbance® 0.08 to 0.1 0.257 0.451 0.582 0.669

At wavelength of 600 nm
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17.5; Starch: 1.5; Agar: 15; pH 7.2+ 0.2) was prepared. The
media was sterilized at 121 °C at 15 Ibs for 15 min. Diluted
bacterial cultures adjusted to a 0.5 McFarland turbidity
(1x 108 CFU mL™!) was spread evenly over the entire sur-
face of the agar plates using sterile cotton swab. The plates
were incubated for 15 min at room temperature. Using a
well puncture 6-8 wells of 6 mm diameter were made for
drug loading.

The antimicrobial activities of auto combusted ALW/
CoFe,0, were tested against Staphylococcus aureus (ATCC
25923); Escherichia coli (ATCC 25922) and Candida abli-
cans (ATCC 10231) using well diffusion method on Muel-
ler—Hinton agar plates. Disks with different concentration
parameters of ALW/CoFe,0, sonicated in distilled water
were pipetted. The microorganisms were inoculated into
nutrient broth medium, and incubated at 37 °C for 2 to
5 h until it reached the turbidity of a 0.5McFarland stand-
ard (0.05 mL of 1.175% BaCl,-2H,0 with 9.95 mL of 1%
H,SO,). Using a sterile swab they were cultured on a Muel-
ler—Hinton agar plate. Disks with different concentrations
of ALW/CoFe,0, were placed on the surface of agar using
forceps. After a period of pre-incubation (for 15 min), the
inoculated plates were incubated at appropriate temperature
for 24 h. The zone of inhibition was measured by Vernier
caliper as a parameter of antibacterial property of the syn-
thesized ALW/CoFe,0,. An additional media control plate

Fig. 1 SEM morphology image
before adsorption (a), after
adsorption (¢) and EDAX spec-
tra (b) of ALW/CoFe,0,

20V X30,000 05umgh *

and antibiotic (Streptomycin) was also kept aside to monitor
any contamination during testing.

3 Results and Discussion
3.1 Characterization of Composite

Figure 1 shows the SEM image of ALW/CoFe,0, and its
respective EDAX spectra. As shown in Fig. 1a many spher-
ical particles of CoFe,O, are aggregated on the irregular
shaped rough surface of ALW. This addition of CoFe,0,
which affects the morphology of ALW results high specific
area. Such high specific area is conducive to adsorb RR141
molecules resulting in an improvement of adsorption effi-
ciency. The corresponding EDAX spectra (Fig. 1b) clearly
shows the presence of Co and Fe components in ALW/
CoFe,0,. In addition, as can be seen from Fig. Ic, after
RR141 loading to the surface of ALW/CoFe,0,, an active
sites were occupied by the RR141 molecules.

Powder XRD can measure millions of crystals and accu-
rately determine the size distribution which is the funda-
mental property of nanomaterials and can be widely used
for studying the nature of polymers and composites in Mate-
rial Science Fig. 2 shows the XRD patterns of ALW, pure
CoFe,0, and ALW/CoFe,0O,composite. The broad and low

|
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Fig.2 XRD pattern of ALW (a), CoFe,O, (b) and ALW/CoFe,0, (c)

diffraction peak at 25.8° in pattern (A) indicates the amor-
phous structure of ALW mentioned by *. The same peak
(*) is observed in pattern (C) which is assigned to ALW/
CoFe,0,. The diffraction peaks at 30°, 35.4°, 43.1°, 52.4°,
56.6° and 62.3° correspond to the crystal indices of (220),
(311), (400), (422), (511), (440) confirm the spinel structure
of CoFe,0, which were well matched with the literature
values (JCPDS Card No. 20-1086) [19]. The average crys-
talline size of nano particles (D) was estimated by using the
Debye—Scherrer’s equation [20].

_ 094
pcosd (1)

where A is X ray wave length, 0 is Bragg diffraction angle
and P is the full width. The estimated crystalline size of the
synthesized nano particles is about 10 nm using FWHM of
the peaks.

In general, the adsorption capacity increases with increas-
ing specific surface area which governs the contact inter-
facial area that is available for adsorption [21]. The N,
adsorption—desorption isotherms and the pore size distri-
bution for ALW and ALW/CoFe,0, are shown in Fig. 3.
The N, adsorption—desorption isotherms that exhibit the
feature of type I curve with H4 hysteresis loop according
to IUPAC indicate the presence of micro porous solids on
the surface of ALW/CoFe,0,. The textural characteristics
of ALW/CoFe,0, are presented in Table 2. The cobalt fer-
rite impregnation into ALW induced the decrease of BET
surface area and the pore volume because the introduced
CoFe,0, was speculated to penetrate into the pores of ALW.

@ Springer

The lower surface area of ALW /CoFe,0, is due to the big-
ger weight contribution from CoFe,0O, on the surface of
ALW. Even though the pores of ALW are blocked by cobalt
ferrite nano particles, the average pore diameter of ALW/
CoFe,0, (3.660 nm) is significantly higher to adsorb dye
molecules. Furthermore, CoFe,O, nano particles act as an
activating agent due to the oxidation action of Fe for carbon
based materials [22].

FTIR spectroscopy is an excellent tool for the identifica-
tion of different groups due to the fact that each one repre-
sents different characteristic bands. It provides information
on the basis of chemical composition and physical state
of the whole sample. Figure 4 and Table 3 represent the
FTIR spectra and assignments according to the observed
spectral region of ALW and ALW/CoFe,O, nano com-
posite. The broad absorption band of ALW between 3300
and 3500 cm™! is related to stretching vibration of (O-H)
hydroxyl group. The peak at 2362 cm™" is characteristic to
CH, bridges and C=O0 aliphatic ester group is observed at
1725 cm™'. Moreover, the bands at 1661 cm™!, 1585 ¢cm™!
and 1220 cm™ are assigned to aromatic C=C, CO stretch-
ing mode conjugated to NH deformation mode and C—OH
stretching respectively. The new peaks at 1069 cm™' and
585 cm™! correspond to C-O stretching attributed to epoxy
or alkoxy and the stretching vibration of Fe—O bond [23]
respectively. These results demonstrate that CoFe,0, is
covalently bonded to the surface of ALW.

Thermal gravimetric analysis (TGA) is widely used to
investigate the thermal decomposition of nano composite
to determine the thermal decomposition kinetic parameter.
These parameters can be used to obtain a better understand-
ing of thermal stability of ALW/CoFe,0,. Figure 5 shows
the TG and DSC curves ALW and ALW/CoFe,0,. Different
weight loss were observed during heat treatment from room
temperature to 600 °C. At the beginning, the weight loss up
to 140 °C for ALW (A) was due to the removal of adsorbed
water. After this, the weight loss till 320 °C is attributed to
the decomposition of oxygen containing functional groups.
At the temperature range 100-350 °C, two exothermic peaks
are observed in DSC curves for the oxidative decomposition
of carbon [23] and the weight of an activated carbon reduced
to 11.18% is depicting to the pyrolysis of carbon. There is
a slow and steady loss between the temperature 350 and
600 °C. But this weight loss is greatly restricted in the curve
of ALW/CoFe,0, (B) because of strong bonding of CoFe,0,
on ALW. This suggests that CoFe,O, would increase the
thermal stability and adsorptivity of ALW/CoFe,0,. Similar
reports were observed for CoFe,O,/activated carbon com-
posite for the removal of Cr (VI) [5].

Figure 6 shows the magnetic hysteresis plot of ALW/
CoFe,0, at room temperature. This field dependent magneti-
zation curve shows the magnetic parameters such as satu-
ration magnetization, negligible remanence and coercivity.
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Fig.3 N, adsorption/desorption isotherms and pore size distribution ALW and ALW/CoFe,O,
Table 2 Textural parameters obtained from N, adsorption—desorption
isotherms
Samples BET surface area Pore volume Pore 80 1 :tx /CoFesO
(m%g) (cclg) diameter oke04
(nm)
ALW 728.5 0.649 1.305 2
ALW/CoFe,0, 77 0.096 3.660 £ 60-
£
w»
£
£
These values indicate the ferromagnetic behavior of ALW/ =
CoFe,0,. The saturation magnetization depends on par-
ticle size and encapsulation of ferrite nano particles with 40 -
activated carbon which are confirmed by XRD patterns OH
and SEM images respectively. The saturation magnetiza- — 1
tion value for ALW/CoFe,0, was obtained as (M,)—38.75 4000 3500 3000 2500 2000 1500 1000 500
(emu/g) which is lower than pure CoFe,0, (94 emu/g). The Wavenumber(cm'l)
lower saturation magnetization value than pure CoFe,0, is
attributed to the attachment of CoFe,0, with ALW, small  fjg 4 FT.IR spectra of ALW and ALW/CoFe,0,
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Table 3 FT-IR frequency

. Material Frequency (cm™) Assignments
assignments for ALW and
ALW/CoFe,0, ALW 33003500 Stretching vibration of (O-H) [2]
2362.37 CH, bridges
1725.01 C=O0 aliphatic ester group [24]
1661.37 Aromatic C=C
1585.2 CO stretching mode conjugated to NH deformation mode
1220.72 C—OH stretching
ALW/CoFe,0, 3300-3500 Stretching vibration of (O-H) [2]
2362.37 CH, bridges
1725.01 C=O0 aliphatic ester group [24]
1661.37 Aromatic C=C
1585.2 CO stretching mode conjugated to NH deformation mode
1220.72 C—OH stretching
585.29 Stretching vibration of Fe—O [23]
A I ' l I ' I ' 102 ' ' ' ' I I '
100+ I 6.6 B
99 4
804 5.5 -4
964
% 3.3 3 S 931 ,2
=0 228 o0 Z
=] » =
20 - 1.1 874
N 0.0 o4 0
T T T T 7 T 7 . . . . . . —L-1
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Temperature/’C Temperature/'C

Fig.5 TG and DSC curves of ALW (a) and ALW/CoFe,0O, (b)

size and surface defect of CoFe,0, crystallites. However,
40 this magnetization is high enough to meet the needs of sepa-
ration of nano composite after adsorption using an external
Mr= 13.78 (emu/g) Ms=38.75 (emu/g) magnet [25]. The negligible remanence and coercivity were
204 also obtained as (M,)—13.78 (emu/g) and (H,)—784.56
(G) respectively. But the values of M, M, and H_ are lower
when compared with some other nano composites such
as CoFe,0,/GO [20], CoFe,0,/Clinoptilolite [25] and
CoFe,0,/AC [26].

He=784.56 (G)

=204

Magnetization (emu/g)
[—]

3.2 Adsorption Study

404 3.2.1 Effect of Initial pH
-15000 -10000° -5000 . 0 5000 10000 15000 The pH of the dye solution is an important parameter since
Field (Oe) the charge of the surface of the particles can affect the
) o adsorption hence influencing the electrostatic interaction
Fig.6 Magnetization curve of ALW/CoFe,0, between the adsorbent and adsorbate. As the pH of the dye
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molecules effect the degree of ionization and surface prop-
erties, that results the change of electrical affinity on the
adsorbent [27]. The effect of initial pH on the adsorption
of RR141 onto ALW/CoFe,0, was investigated by varying
pH between 3.0 and 12.0 using 0.1 N NaOH/HCI. As can
be observed, at low pH, the removal efficiency of RR141 is
higher than at high pH. At low pH, the positively charged
surface of an adsorbent as a result of protonation process
attract the negatively charged functional groups present in
dye molecule. In a dye solution with higher pH values, the
positive charge on the surface decreases and the displace-
ment becomes difficult which results in a decrease in the
efficiency of dye removal. Therefore, an increase in pH of
solution does not favour the adsorption due to electrostatic
repulsion. So the maximum removal was found to be at ini-
tial pH of 3 as seen in Fig. 7.

3.2.2 Effect of Adsorbent Dosage

Figure 8 shows the effect of dosage of ALW/CoFe,0, on
RR141 removal. This study of effect of adsorbent dosage
was observed by varying the amount of composite from 25
to 250 mg with initial dye concentration of 50 mg/L, pH of
6.5, temperature of 30 °C and an agitation time of 70 min.
According to this, the percent removal of dye is increased
with increase in composite dosage and attained a plateau
after a particular dose for all the concentrations of the dye.
This result is due to the increase of the surface area conse-
quent to the increase in the number of particles with more
number of active sites for adsorption and saturation occurs
as a result of non availability of dye molecules. This may
also be due to the increase in effective surface area resulting

100

%Uptake

Fig. 7 Effect of initial solution pH on RR141 adsorption of ALW/
CoFe,0,

120
100 1
= 804
>
=]
=
2 60+
L
>
a
“5 40 —&— 100 ppm
°\= —8—125 ppm
—4A— 150 ppm
204 =¥—175 ppm
——200 ppm
0 T T T T T
0 50 100 150 200 250

Adsorbent dosage in mg

Fig.8 Effect of adsorbent dosage on RR141 adsorption of ALW/
CoFe,0,

from the conglomeration of the adsorbent especially at
higher dosage of the adsorbent.

3.2.3 Effect of Contact Time and Initial Dye Concentration
with Adsorption Kinetics and Isotherms

The adsorption capacity of an adsorbent by the distribution
of the dye molecules on the surface of adsorbent is based
on contact time which is to be needed to attain an equilib-
rium. The equilibrium attainments of the mesoporous acti-
vated carbons with smaller particle size are greater than the
microporous carbons. The effect of contact time was carried
out at constant initial dye concentration, temperature and
pH with suitable adsorbent dosage. The results indicate that
the removal of dye is increased progressively with contact
time and attained saturation after equilibrium time. The
rate of adsorption was higher in the initial stages because
of the availability of active binding sites for dye molecules,
which become saturated with time resulting in lower adsorp-
tion rate [24]. Also, the percent removal is decreased with
the increase in dye concentration but the amount of dye
adsorbed is increased suggesting that the dye removal is con-
centration dependent. The optimum time was considered to
be 70 min for RR141 adsorption onto ALW/CoFe,0, and
the results are shown in Fig. 9. The curves are found to be
single, smooth and continuous leading to saturation indicat-
ing the possibilities of formation of monolayer coverage of
dye on the outer surface of an adsorbent [28].

The experimental data were analyzed initially with the
pseudo first-order kinetic model and then with pseudo sec-
ond order kinetic model. Figure 9b represents the plot of
log(qe — qt) versus t that gives the linear relationship from

which k,; and g, can be determined by the slope of — % and
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Fig.9 a Effect of agitation time with initial dye concentration, b pseudo first order kinetic plot and ¢ pseudo second order kinetic plot on RR141

adsorption of ALW/CoFe,0,

intercept of logq., respectively. The results indicate that R*
values for pseudo first order kinetic model are relatively
lower and the calculated q.(cal) values are significantly var-
ied from experimental values. So, further the experimental
data were fitted with the second-order kinetic model. Fig-
ure 9¢ shows linear plots of t/q, vs t with a slope of 1/q, and

an intercept of k (11 ~. The plots are found to be linear with
24e

good correlation coefficients. The theoretical g.(cal) values
are well agreed with q.(exp) values at all the studied condi-
tions and R? values are also high, which indicate the

applicability of pseudo second order to describe an adsorp-
tion process. This implies that the second-order model is in
good agreement with the experimental data and can be used
to favorably explain an adsorption of RR141 on ALW/
CoFe,0,. The results conclude that the second order kinetics
equation is the best fitting kinetic model (Table 4).

The equilibrium data for adsorption of RR141 onto ALW/
CoFe,0, was modeled using Langmuir and Freundlich iso-
therms. According to the Langmuir model, the slope and
intercept of linear plot (Fig. 10a) of C, versus C./q, yield the
values of q,,, and K; respectively and the R; value was found

Table 4 Adsorption kinetic

parameters of RR141 on ALW/ Conc (mg/L) q.(exp) (mg/g) Pseudo first order Pseudo second order
CoFe,0, composite k, (min™!) g, (cal) (mg/g) R? k,x1073  qg.(cal) (mg/g) R
(min™")

100 47.06 0.041 19.5 0.995 0.20 47.62 0.997
125 57.03 0.037 23.6 0.994 042 62.5 0.994
150 64.21 0.034 33.88 0.990 045 71.43 0.998
175 71.59 0.032 43.85 0.990 0.43 83.33 0.997
200 73.28 0.029 50.93 0.995 0.31 83.33 0.996

@ Springer



Journal of Inorganic and Organometallic Polymers and Materials

A 08

0.7 1

10 20 30

0.8 1.0 1.2

log C,

14 1.6 1.8

Fig. 10 a Langmuir isotherm, b Freundlich isotherm on RR141 adsorption of ALW/CoFe,0,

to be between 0 and 1. The constants Kg and 1/n which
represent the adsorption capacity and adsorption intensity
respectively are obtained from intercept and slope of linear
regression plot (Fig. 10b) of Freundlich isotherm model.
The isotherm constants and correlation coefficients from two
models are listed in Table 5. As can be seen from results,
the maximum adsorption capacity q,, is 83.33 mg/g and the
correlation coefficient (R?) from Langmuir isotherm is sig-
nificantly greater than Freundlich isotherm. The fact that
the experimental data is better modeled with Langmuir iso-
therm represents the specific number of sites on the surface
of adsorbent where the adsorbate molecules can be adsorbed
and also involve the monolayer adsorption with no lateral
interaction between the adsorbed molecules [29].

3.2.4 Effect of Temperature and Adsorption
Thermodynamics

The adsorption experiments were carried out at various tem-
peratures of 30 °C, 40 °C, 50 °C and 60 °C under optimized
conditions. Figure 11a depicts the effect of temperature on
ALW/CoFe,0, for RR141 removal. The percentage removal
of RR141 increased with increase in temperature. With
increasing temperatures, the adsorption capacity increased
from 47.0 to 58.37 mg/g. The standard enthalpy (AH°),
standard entropy (AS°®) and standard free energy (AG®) were
estimated and applied in Van’t Hoff equation. The values
of AS® and AH® were obtained from slope and intercept of
Van’t Hoff plot (Fig. 11b) of InK vs 1/T. The values of AS°,

AH? and AG?® are listed in Table 6. The more negative AG®
indicates that the adsorption favor higher temperature. The
negative values of AG® and AH® indicate the spontaneity
and exothermic nature of adsorption. The positive value of
ASP° reflects the increased randomness at the solid—liquid
interface.

3.3 Antimicrobial Activity

The antimicrobial activity of ALW/CoFe,0, was car-
ried out against Staphylococcus aureus, Escherichia
coli and Candida ablicans using well diffusion method.
The antimicrobial property with different concentrations
(100-500 mg) was ascertained by determination of the
clear zone of inhibition around the disc after 48-h incuba-
tion and the obtained results are presented in (Table 7;
Fig. 13, show the bar diagram for the Zone of Inhibition
values for comparision). The antimicrobial activity was
compared with commercial antimicrobial agent—Strepto-
mycin and Amphoteracin B, as a positive control impreg-
nated on the disc. The antibacterial and fungistatic effect
of ALW/CoFe,0, against S. aureus and C. ablicans were
more or less same in the range between 11 and 17.56 mm
of zone of inhibition than in E. coli. The mechanism of
antimicrobial activity for the nanoparticles is may be
due to : (1) interference during cell wall synthesis; (2)
suppression during protein biosynthesis (translation);
(3) interference or disruption of transcription process;
and (4) disruption of primary metabolic pathways [11].

Table 5 Isotherm constants for

. Langmuir isotherm
adsorption on ALW/CoFe,0,

Freundlich isotherm

qp, (mg/g) K; (L/mg)

R2

Ry K [mg/g(mg L™H]~"" N

83.33 0.226

0.999

0.0652 36.31 5.41 0.998
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Fig. 11 a Effect of temperature, b Van’t Hoff plot on RR141 adsorption of ALW/CoFe,0,

Table 6 Thermodynamic parameters for adsorption of RR141 on
ALW/CoFe,0,

AS° (KJ/ AH® AG® (KJ/mol)
mol) (KJ/ > N > =
mol) 30°C 40 °C 50 °C 60 °C
74.052 18365 —3218.48 —4061.53 -5191.54 —-5677.38
Table 7 Inhibitory activity of ALW/CoFe,0,
Sample Concen- Zone of inhibition in mm
name tration in - -
mg/L E.coli S.aureus C.albicans
ALW/ 100 10.5+£0.40 11.83+0.23 11.0+£0.24
CoFe;,04 200 10.83+£0.23  14.0+041 12.1+0.14
300 1254041 1575+0.20 14.16+0.23
400 15.33+0.24 16.33+0.23 17.33+0.33
500 17.0+£041 17.5+0.16 17.6+0.08
Streptomy- 10 19.0+041 19.16+0.23 27.96+0.04
cin/ampho-
teracin B

The antimicrobial potency of ALW/CoFe,0, is through
electrostatic interaction of metal nano particles and the
surface of microbes producing oxidative stress and DNA
damage which leads to impaired membrane function. The
inactivation of bacterial enzymes by Co ions present in
nano clusters results in cell death [30]. Figure 12a indi-
cates the inhibitory activity of ALW/CoFe,0, against the
bacteria Staphylococcus aureus and Escherichia coli, (b)
represents anti fungal activity against Candida ablicans
and this antimicrobial activity is compared with standard
Streptomycin.

@ Springer

Fig. 12 Inhibitory activity of ALW/CoFe,O, against a Staphy-
lococcus aureus, Escherichia coli, b Candida ablicans, c¢
Streptomycin/Amphoteracin (standard)

4 Conclusion

In summary, we have fabricated magnetic ALW/CoFe,0,
nano composite by a facile auto combustion method
for the removal of RR141 from aqueous solution. The
SEM with EDAX, XRD and IR showed the encapsula-
tion of CoFe,0, nano particles into the pores of ALW
activated carbon which provided the spinel structured
ALW/CoFe,0,. The BET surface area of ALW/CoFe,0,
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Fig. 13 Bar diagram for the Zone of Inhibition values

was lower than ALW activated carbon indicated that the
micro pores of AC are filled with CoFe,0, nanoparticles.
However, an adsorption of RR141 on ALW/CoFe,0, was
effective by the oxidation action of Fe in CoFe,0,. The
magnetic property of ALW/CoFe,O, by VSM provided an
efficient way to separate it easily from the solution with
the help of an external magnetic field, which is very useful
in the removal of pollutants from a large volume of aque-
ous solution. Subsequently, prepared adsorbent was suc-
cessfully applied for the removal of RR141 from aqueous
solutions. The process parameters such as pH, adsorbent
dose, equilibrium contact time, initial dye concentration
and temperature were optimized. The predicted optimum
conditions for maximum removal (94.12%) were estimated
to be 100 mg/L initial concentration, pH 6.5, 50 mg dose
and 70 min contact time. The kinetics of the adsorption
followed pseudo-second order model which indicated the
chemical nature of adsorption. Whereas, the isotherm
characteristics have been fitted well with the Langmuir
equation. The maximum Langmuir adsorption capacity
for RR141 removal on ALW/CoFe,0, was found to be
83.33 mg/g. Thermodynamic parameters (AS®, AH® and
AG®) indicate the adsorption to be spontaneous, endo-
thermic and accompanied with increase in randomness.
Furthermore, antimicrobial activity of ALW/CoFe,0, was
studied against Staphylococcus aureus, Escherichia coli,
Candida ablicans and compared with standard Streptomy-
cin. Thus it is concluded that, ALW/CoFe,0, is promising
derived sorbent due to its nano size and magnetic property
resulting in the greater adsorption capacity and also anti-
microbial activity.
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