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Highlights:

Fe;O,@AC nanoparticles were synthesised by co-precipiiainethods for basic dye

adsorption.

« Maximum adsorption capacity of #&&@AC was 138 mg/g for MB and 166.6 mg/g for
BG dye.

» Adsorption isotherms and kinetic and thermodynasticlies were also performed.

* Reusable potential of adsorbent was also evalugigxseveral cycles.
Abstract:

This study deals with removal of cationic dyes fremulated wastewater using ;B2
nanoparticles loaded activated carbons(z@AC) nanoparticles were synthesised using co-
precipitation methods. The &&@AC nanoparticles (nps) were characterised usifiigreint
techniques and TEM anaysis revealed that the syttt nanoparticles were 6 t016 nm in
diameter. A pHpzc of R®,@AC nanoparticles was 7.8. BET surface area eDf@AC
nps was found 129.6 #g by single point method and 1061.9/gnby multipoint method.
Adsorption experiments were performed to optimike process conditions such as pH,
nanoparticles dose, temperature, and concentrafialye and contact time. The maximum
uptake capacity of F®,@AC was 138 and 166.6 mg/g for methylene blue aritiaht
green dyes, respectively. In order to assess dgerpiibn behaviour, adsorption isotherm
models viz., Langmuir, Freundlich and Temkin weppleed. Langmuir isotherm best fitted
[R?= 0.993 (MB) and R=0.920 (BG)] to the experimental data of both tlyesd Further,
Pseudo-second order rate equation fitted bettéret@xperimental data. Reuse potential was
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also investigated for both dyes and it is inferredm the data that the synthesised

nanoadsorbent has promising reuse potential tmalbeaised for several cycles.
Keywords: Methylene Blue; Brilliant green; Co-precipitatidsptherms; Kinetics.
Introduction

Cationic dyes are extensively used in several imdigssuch as packaging, textiles,
paper and pulp, printing, leather, pharmaceutital Ehese dyes contain aromatic structure
and azo groups (Yazdanbakhsh et al., 2011). Ba®is [Brilliant green (BG) and Methylene
blue (MB)] are often used by industries for cologrtheir products. These industries release
dyes containing effluent into the wastewater stieémat may cause several health problems
including irritation in skin, eyes and gastro iiesl tract, vomiting, diarrhoea, coughing,
vomiting etc (Saini et al., 2018; Zolgharnein et 2D15). These dyes are toxic in nature and
have non-biodegradable organic and inorganic comg@uThese dyes also deteriorate the
aguatic environment,. interrupt photosynthesisygnoof the aquatic life etc. Dye containing
wastewater is hazardous and unfit to human life nwbischarged without any treatment
(Joshi, S et al. 2018). Therefore, the treatmentdgd laden industrial wastewater is

unavoidable.

Different techniques such as ozonation, adsorptalvance oxidation process etc.
have been adopted for wastewater treatments. Arhtimgse, adsorption is found to be more
efficient, promising and having easy approach featiment of dye amalgamated industrial
wastewater (Kataria at al., 2016; Saini et al.,720L However, choice of suitable adsorbent
is hindered by several factors like cost; reuseemiwl, eco-friendly nature and field
applications (Saini et al., 2017). Hence, it is artpnt to develop and effective adsorbents. In
recent times nanoadsorbents have emerged as asprgralternate. Nanoadsorbents can be
employed for wastewater treatment due to their lggcproperties such as higher surface
area, lesser production cost, higher efficiencygmesic character etc. (Joshi et al., 2018;
Kataria at al., 2016; Saini et al., 2017).

Recently, magnetite nanoadsorbents likeCE@AQ/SIO, [2], FeO,@Sawdust
carbon and EDTA@RO®,@Sawdust carbon (Kataria and Garg, 2018), sodiudead
sulphate modified ZnkR®, (Mahmoodi, 2015) and @, loaded activated maize cob (Tan et
al., 2012) are reported to have been prepared iigceumodification. It is evident from these

studies that surface modifications enhanced thesipalyas well as chemical properties of
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nanoadsorbents, so that they become more usableefoediation of pollutants from

industrial wastewater (Joshi et al., 2018; Katarid Garg, 2018).

Activated carbon is extensively used for waste waatment. But its application is
restricted due to cost. Filtration used in thisgess also make water turbid and removal of
turbidity is also a matter of concern (Mahmoodi, akt 2011). But on combining this
traditional adsorbent with nanonoadsorbent may nta&eprocess easier and cost effective
because nanosize patrticles are cost effective awveé heusable efficiency (Haldorai and
Shim, 2014). The purpose of choosing and synthesi#eO,@AC nps is based on
following hypothesis: a) Activated charcoal congaitegative sites (Dand OH) and FeO,
nanosphere also having enough @egative) sites around ¥end F&" which interacts with
the positive sites of cationic dyes. It can enhatiee removal percentage and adsorption
capacity for cationic dye. b) PreparedsGg@AC nps adsorbent exhibits magnetic property
SO it can be easily separated from waste watercaieusability of nanoadsorbents is found
better than other traditional adsorbents. In thes@nt work, iron oxide nanoparticles loaded
activated charcoal was prepared to apply for dyeokal from agueous medium. It was
prepared by co-precipitation method. Cationic dydsosption was investigated by
experiments performed in batch mode. Adsorptionabmiur and rate mechanism were
investigated by isotherm and kinetics modellingttiker, reuse potential of f@&,@AC nps

for cationic dyes were checked for several cycles.
2. Experimentation
2.1. Reagents & Materials

Ferric nitrate hexahydrate, Tartaric acid, Sodiuydrbxide pellets, Methylene blue
dye (MB),Brilliant green (BG) dye and Activated Gbaal (phosphorous free) AR were
purchased from SD fine-chemical Limited, Mumbai. gfRade of chemicals were used in the

present study. More details of cationic dyes avemin Table S1.
2.2. Preparation of FgO,@AC nanopatrticles:

Modified co-precipitation process was adoptedreppre FgO,@AC nps (Joshi et al., 2018;
Tan et al., 2012). In first stage, solution of FAGI1M), Fe(NQ)39H,0 (0.2M) and tartaric
acid (0.05M) were prepared by mixing together i® 0L double distilled water (DDW).
The solution was stirred for 30 min. ThereafterORawas added drop wise until brownish

colour precipitates formed. Then, solution wagetirfor 2hr and precipitate was filtered and
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cleaned with DDW. Iron oxide nanoparticles so old, were put in oven at 80 °C for one
hr. In second stage, one gram of synthesised naimes was mixed in 70 mL of DDW and
two grams of activated charcoal (AC) was addedhis tising ultra sonication method to
avoid particle aggregation. The resultant blackisttipitate so obtained was dried in oven at
100°C for 120 min. to obtain the desired materatheme S1 shows the graphical
representation of synthesis of Fe304@AC nps.

2.3. Characterization and Instrumentation

Particle Size:

Dynamic light scattering (DLS) method was used itad fout the hydrodynamic
diameter of prepared g@,@AC nanoparticless by Zetasizer instrument.
XRD Analysis:

The crystalline structure of F@,@AC nps was investigated by XRD technique via
(Rigaku miniflex Il Diffractometer), by Cu-KX-ray radiations at room temperature in tife 2
range of 20°-80°at scanning rate of 2°/min.

TEM Analysis:

Transmission electron microscopy was performedt@stigate the particle size of
Fe;04@AC nps by means of FEI Tecnat 2D TWIN electron microscope at 200 KV.

FTIR Analysis:

To analyse the functional groups in the synthesmstbadsorbents, FTIR study was
performed using Shimadizu IR AFFINITY-1spectrophutier using KBr powder pellet.
SEM Analysis:

The elemental analysis and morphology of surfddeegD,@AC nps were estimated
via Scanning electron microscopic (SEM) techniqud &nergy-dispersive X-ray (EDX)
analysis which was performed by Merlin compact 66¢&nning electron microscope (Carl
Zeiss, Germany).
pH at point zero charge:

The pH at point zero charge was calculated by eapgrted NaNgaddition method.
Instrumentation details for characterisation anealy reported in our previous studies.
(Joshi et al., 2018; Saini et al., 2017).

2.4. Batch adsorption experiments

Batch mode study was undertaken under dark conditito optimize the different
parameters (dye concentration, pH, adsorbent dwse,etc.). Dye adsorption experiments
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were performed in 50mL of 50 mg/L of MB and BG ds@utions in an Erlenmeyer flask at
room temperature (27+1°C) using orbital shaker. kiBizp speed used was 200 rpm.
Adsorbent dosages were changed from 0.010 g t&@ @®B0OmL, dye concentration used was
between 30 mg/L to 100 mg/L, mixing time was 20-h2@ and solution pH was set from 2
to 10 by adding 0.01N solution of HCI or NaOH. Tiiie of solutions was measured by pH
meter (Eutech Instruments, Singapore). UV-VIS gpgtiotometer used to quantify the dye
concentration. Centrifuge of Dye solutions contagniFeO,@AC nps was performed at
10000 rpm for ten minutes. Absorbance was measatreg.x664 nm for MB dye an@max
626 nm for BG dye. Removal (%) of dyes and adsomptiapacity for dyes were estimated

using the following equations:

_ (€, — Ce)
Dye removal (%) = — % 100 (D
o
C,—C)V
Adsorption capacity (q,) = % (2)

Wherem in grams represents the mass ofG&@AC nps,C, in mg/L represent initial dye
concentrationC, in mg/L is equilibrium dye concentrationg itp mg/g represent amount of

dye adsorbed per unit of the adsorbent at equiliband volume of dye solution\5(L).
3. Results for discussion
3.1. FeO,@AC nps Characterization

Fig. la depicts the characteristic peaks of symtbdsFgO,@AC nanoparticles in
XRD patterns which were recorded using X-ray diffrometer at @ 30.3, 35.6, 45.5,
60and 65 and the observed peaks were matched to diffragtianes (511), (440), (422),
(400) ,( 311), and (220), respectively. These olzems matched with earlier studies (Loh
et al., 2008; Seyedsadijadi et al., 2014; Ding .efall2).

Fourier Transform Infra Red (FTIR) spectroscopydusethe present study was to
find out the different functional groups and sitgkich are available for bindings of the
synthesized nanoparticles. In Fig. 1b, the actdvatearcoal (AC) exhibits absorption bands
at 3420 crit, 3120 cn, 2320 cnt, 1725 critand 1178 cit. The broad peak at 3420 ¢ris
due to OH stretching of H-bond which shows the @mes of hydroxyl group. The
Fe;0,@AC exhibits absorption peaks at 23207cr8420 crit, 1725 cnt, and 1588 cm.
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Here, two more peaks are observed at 698 and 487 ciiwhich show the presence of iron

oxide in the prepared sample (Reza and Ahmaruzza28d5).

Scanning electron micrographs (Fig. 1c) were usestudy surface morphologies and
texture of FEO,@AC nps at different magnification. The SEM imagweaals that the
particles are not completely spherical. EDX imageeg the elemental composition i.e. it
contains iron, oxygen and traces of copper andricidcas impurities as shown in Fig. 1d.
DLS spectra were analysed using hydrodynamic sstalalition of FgO,@AC nps. The size
distribution of FeO,@AC nps was found in between 100-1000 d.nm as wvbden Fig. le.

Nitrogen adsorption—desorption isotherm plots betweelative pressure (P)Pand
adsorbed volume (cc/g at STP) osB6e@AC nps are shown in Fig. 1f. BET surface area of
Fe;04@AC nps at single point method and multipoint mdth@s found to be 129.6%g
and 1061.9 fig, respectively. The values of BJH pore volume aude diameter of
adsorbent were 0.0206 cc/g and 3.6 nm, respectivebtal pore volume and Average pore

diameter were found to be 0.54 cc/g, and 16.6 rapeively.

TEM images are shown in Fig. 2a-d which reveal tratoparticles are in the range
of 6 -16 nm. Perusal of the Fig. 2 shows that yrehesized FO,@AC nps are very fine
and their cluster shows that activated charcogllig incorporated in F¢O, particles. SAED
(selected area electron diffraction) pattern alsdicates the low crystallianity of the
synthesised RE®©,@AC nps due to amalgamation of activated carboevatenced by broad
diffraction rings in Fig. 2c. The pH at point ofreesurface charge (pHpzc) of synthesized
nanoparticles was 7.8, calculated from plot betwsgid (pHi —pHf) versus pHi as given in
Fig. 3a. At pH = 7.8, surface of material contamhsntical number of positive and negative
charge functional groups or ions.

3.2. Batch Adsorption studies
3.2.1 The pH effect study

For both cationic dyes such as MB and BG, effeqiidfwas investigated within the
pH range from 2 to10. The present study was peddrmith 0.025 g/50mL of dose in 50
mg/L of dye concentration at room temperature for. Perusal of the data presented in Fig.
3b shows that with increase in pH from 2 to 10, dymoval was also increased from 84.3
%to 100% and 55.6% to 91.8% for MB and BG dyespeaeBvely. The pH effect on dye
exclusion can be understood by the competition eéetwpositive ions of cationic dyes and
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H* ions at low pH. The pHpzc of F&,:@AC nanoparticle was 7.8 (Fig. 3b). The pH below
pHpzc, surface of adsorbent was positively chaxgeidh repel cationic dye molecules. With
increase in pH above pHpzc, negatively chargedasarfof adsorbent attract positively
charged dye molecules and number &fibhs decreases rapidly causing less competition
between H ions and cationic dye molecules adsaabedtive sites (Kataria and Garg, 2019).
The result showed that the pH of the solution hgsificant effects on the adsorption,
suggesting thereby that the ionization of the dolster and the surface charge are varied as
the charge of pH of solution. The observed treng also be explained as follows: At lower
pH, the electrostatic repulsion between molecufesationic dyes and Hions of adsorbent
surface is higher which results in less dye remo&ahigher pH values, the surface adheres
negative charge and thus the competition foiidds becomes less which causes more dye
removal (Wu et al., 2016; Ali et al., 2017; Saihak, 2018).

3.2.2. Initial dye concentration and its effect

Fig. 3c depicts the effect of initial dye concetitna (30 mg/L to 100 mg/L), on the removal

of cationic dyes within the range of dye concemtrgtfrom the figure, showed the adsorption
of dye molecules decreased with increase in dyeasdration. At 30 mg/L, the removal was
100% for both MB dye and BG dye while at 100 mdie temoval was only 69.9% for MB

and 83.8% for BG. This might be due to accessybditadditional active sites on adsorbent
surface for dye adsorption at low concentrationdgés while due to less availability of

surface-active binding sites with increase in dymoentration because of saturation of
binding site with dye molecule (Rehman et al., 2048 et al., 2016; Saini et al., 2018) the
dye removal tendency decreases.

3.2.3. Adsorbent dose effect

Effect of adsorbent dose for adsorption of catiahjes was performed using 50 mL
of dye solution with 50 mg/L of dye concentratianr@om temperature for two hours. The
adsorption was changed in the range from 0.0104 §.(Fig. 3d). For BG dye, with increase
in adsorbent dose, dye removal was continuouslyeased from 73.8 to 100 %. Similar
behaviour was viewed in MB dye i.e., removal wageased from 94.3 to 100 %. Both the
dyes achieved maximum adsorption at 0.04 g dosendanch was 100 %. It may be due to
accessibility of additional active binding sitesdasurface area for cationic dyes with
increased in adsorbent dose (Wu et al., 2016;t3h,&016; Kataria and Garg, 2017; Joshi et
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al., 2018). However, when the dosage becomes OtBd@dsorbents afford adequate number

of active sites that react completely with the roales of cationic dyes.
3.2.4. Contact time and its effect

Fig. 3e, f shows the effect of contact time whiemied from 0.0 to 120 min for both
the MB and BG dyes. The batch mode studies werdwsztad in 250 mL Erlenmeyer flasks
with 50 mL of dye solutions of different dye contrations (30-100mg/L) using 0.0259/50
mL of adsorbent dose at 27+1°C. There was fastra@ment in adsorption process with
increase in contact time up to 20 min. It may be tuthe availability of large number of free
surface active sites for dye adsorption. Thereaftas slight increase in dye removal and
then attains equilibrium at 120 min. This suggéilséd no more active sites are produced for
dye adsorption after the maximum surface area aedupy the dye molecule is attained
(Duman et al., 2016; Kataria and Garg, 2019).

3.2.5. Effect of thermal treatment

The result of effect of temperature was obtained8 and BG dyes, in range from
10 to 50°C, with 50 mg/L dye concentration for 1. It was found that both the dyes
showed almost identical behaviour with respectaoation of temperature as shown in Fig.
3g. The dye removal percentage was enhanced frémt803.5 % for MB dye and 76.94%
to 92.1% for BG dye, with increase in temperatditee phenomenon is attributed to the fact
that the due to raise in temperature, the contiady® molecules with the adsorbents surface
active sites were also increases. Hence, it resolieicreased mobility and diffusion of
cationic dye molecules in aqueous solution. Thegud®n experiments were performed at
room temperature (Bhagat et al., 2014; KatariaGac, 2017)

3.3. Thermodynamic behaviour study

Parameters of thermodynamics such as changea$3) éntropy, AG°) Gibb’s free
energy andAH°") enthalpy for the adsorption of cationic dyesFeO,@AC nps have been
investigated by using temperature variation expents. Following equations are made
(Saini et al., 2018; Smith and Ness, 1987) use of:

AG® = —RTInkK, (3)

K—C“ 4
a=7 4)

e
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Ha RT T R

(5)

Where K; is the equilibrium constant, R is gas constant 18.3 mof'’K™), T (K) is
temperature and,(mg/L) is the quantity of MB and BG dyes on the oatlsorbent surface
at equilibrium. TheAH® and AS® were determined from the slope and intercepteslbof
linear plots betweemKy and 1/T (Fig. 3h). Table 1 illustrate that the@g@sion process for
both the dyes is endothermic due to positive vatifesH®, which in turn indicates that both
the dyes are absorbed by physical process (KaadaGarg, 2017). The positive value of
AS° for MB dye (104.49 J moK™) and for BG dye (92.18 J miti™) confirm that the
increase in the degree of mobility at the solidigoh interface which enhance the adsorption
dye molecules. The adsorption feasibility and spoeity for MB and BG dyes were

ascertained by negative valueAfs®, which is illustrated in Table 1.
3.4. Adsorption Kinetics

Pseudo-first order (Langergren, 1898) and pseudorsk order (Mckay and Ho,
1999) models were made use of to investigate tteem@chanism of adsorption of cationic
dyes onto prepared ¥&2,@AC nps. The linear forms are represented by thiewing

expressions.

k
log(qe — 2) = logq. — (5552 ¢ ©)
t/q. =1/k2q; + t/qe (7
G = kigt** +C (8)

Where, (@) at equilibrium time is the adsorption capacity, @ time t is the adsorption
capacity, k (min™) is the rate constant for pseudo-first ordei(nkin™) is the pseudo-second
order rate constant. The parameters of kinetic msodee illustrated in Table 2. It was
calculated from the experimental data by applyimgdr regression analysis to the linear
form of all the models. Fig. 4(a-d) depicts theshin plots of pseudo-first order and pseudo-
second order models. The values giakd g were found by the plot of log {& ) vs t for
pseudo-first order model and the plot of t/grsus t for the pseudo-second order model. The
Oe (calculated) value determined from plot is lessithgexperimental) value as illustrated in
table for both the cationic dyes suggesting thafxeudo-first order was not best fitted while

values of Pseudo-second order regression coeffiqigh= 0.999) of both the basic dyes are

9
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bigger than that of pseudo-first order which shalnes applicability of the later, Also the g
(cal) values are nearer to or almost equal ddegp) values obtained from adsorption
experiments of both the dyes for pseudo-secondr omelel. Hence, pseudo-second order
model is best suited for both the dyes.

For intraparticle diffusion model,ikis intraparticle diffusion constant and C is ingpt
which gives the approximate boundary layer thicknd$e values ofikand C were getting
from intercept and slope, respectively, of the esnof the plot between; gersus Y2
Intraparticle model, assumed that both the dye ocuids (BG and MB) were moving towards
the pores of the adsorbents from bulk solutionsugh boundary layers (Kataria and Garg,
2018a). Table 3 shows the higher values of C for B8l BG dyes which suggest the
involvement of boundary layer thickness for catiodiyes adsorption. Two different linear
curves are shown in Fig 4(e,f) suggesting the wemlent of two stage process for both the
cationic dyes adsorption. Firstly, bulk of dye nmlkes migrated towards boundary layer of
adsorbent. Secondly, linear layer shows the inttmpa diffusion and then achieving
equilibrium hence, the rate mechanism of cationy@ aédsorption was controlled by

intraparticle diffusion and boundary layer diffusiboth.
3.5. Equilibrium isotherm models

Adsorption behaviour and interaction between adsdriand dye molecules were
interpreted using isotherm models (Langmuir, 1916angmuir, Freundlich and Temkin &
Pyzhev adsorption isotherm models were appliedht ddsorption data to explain the
adsorption equilibrium of cationic dyes onto;Bg@AC nps. Linear form of Langmuir
isotherms model (Langmuir, 1918) is given as.

C. 1 N C, ©

de  Gmaxb  Qmax

Whereb (L/mg) is the Langmuir constant,g (mg/g) is the maximum monolayer adsorption

capacity.

Freundlich isotherms model (Freundlich, 1906) maydpresented by the equation:

1
logq. = logKy + zlogCe(lO)

WhereK;s is a Freundlich constant (related to adsorptiqgracty) and I is the heterogeneity
factor (related to intensity of adsorption) andvi&édue should be lie within 0 and 1 to make

adsorption process favourable. The value of 1/m meeo indicates heterogeneous surface,

10
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1/n less than 1, indicates chemisorption and lkatgr than 1, indicates cooperative
adsorption (Foo and Hameed, 2010, Kataria and Gaif)

Temkin isotherms model (Temkin and Pyzhe, 194@)vsn by the expression:
qe = BInKr + BInC, (11D

WhereR (8.314 J motk™) is the gas constanB = RT/h b (J/mol) is the Temkin
constant which indicates the heat of adsorpfiofK) is absolute temperature aKg (L/g) is
equilibrium binding constant. Correlation coeféiois and Model parameters for MB dye and
BG dye are encapsulated in Table 3. The lineaspibtisotherm models are shown in Fig.
5(a-c). The highest correlation coefficient for Me (R = 0.993) and BG dye (R 0.920)
were found using Langmuir model. comparison ofdi&d isotherms models suggested that
the Langmuir model better described the adsorptibboth the dyes than Temkin and
Freundlich model. This shows the monolayer adsmwgif cationic dyes on E@®,@AC nps.
The maximum adsorption capacity of MB and BG dyesen138.8 mg/g and166.6 mg/g,
respectively. The adsorption capacities of MB artal @yes with other reported adsorbents
are listed in Table 4. This information suggestt tthee FgO,@AC nps have potential to

remove cationic dyes from simulated waste water.
3.6. Adsorption mechanism for dye removal onto R©,@AC nps

Adsorption by nanopatrticles for cationic dye eliation is influence by several factors such
as availability of functional groups, surface ctergH etc .These factors determines the
mechanism of the investigation related to dye gutgmr behaviour (Kataria and Garg, 2019).
In the present work, iron oxide nanoparticles labdetivated charcoal was prepared to apply
for dye removal from aqueous medium. Here the ptssnechanism was explained on the
basis of surface charge and functional groups ptese both the adsorbate and adsorbent
system. Activated charcoal contains negative §&sand OH) which interact with positive
ions. Similarly, FeD4 nanosphere also having lots of availabfé @egative) sites around
Fe* and F&" atom which interacts with the positive sites oftbthe cationic BG and MB
dye. Furthermore when we utilize iron oxide nantpks loaded activated charcoal
FesO,@AC then we got more negative active availablesdibe our experimental system of
basic dyes removal which enhances the interactiong adsorbent and adsorbate surface
hence, there is increase in removal percentageadsdrption capacity for cationic dye
removal by synthesised nanoadsorbent. (Saini et28l18). Fig.6 shows the possible

adsorption mechanism for dye removal ontgdz@AC nps.
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3.7. Reuse Potential of Adsorbent

In the present work, reusability of thesBg@AC nps was investigated by performing four
cycles of dye removal experiments as shown in Higihe adsorbent was separated from the
agueous medium by centrifugation, after the congoletof adsorption experiments.
Thereafter it was washed using ethanol and didtillater for a number of times then
dehydrated in oven for few hours at 80 °C. The megated adsorbent was further used for
adsorption of cationic dyes. In the first cycle thenoval percentages for BG dye was 74.5%
and for MB dye 79.2% respectively. After third aycthe removal (%) was slightly reduced
in for both the dyes and thereafter, became constaiourth cycle as shown in Fig. 5d. It
suggests that E@,@AC nps have good reusable efficiency and can lee @isr several

cycles.
4. Conclusions

In this work FeO,@AC nps have been synthesised by co-precipitatiethmd and
exhibited good adsorption behaviour towards catiothyes under the optimum process
conditions. Further its efficiency was comparedhwather synthesised nanoadsorbents for
cationic dyes removal and it was found to be mdfigient than others. The maximum
adsorption capacities for MB and BG dyes were fotmdel38 mg/g and 166.6 mg/qg,
respectively. Langmuir model is best fitted in dgdsorption data which indicates the
monolayer adsorption of dye molecules on the sarieicFeO,@AC nps. Pseudo-second
order model was suited in both the cationic dyesogation data. This observation reveals
that the FeO,@AC nanoadsorbent has a significant potential ierddsorption of MB and
BG dyes from aqueous medium and can be reuseévera cycles successfully.
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Table 1: Thermodynamic parameters description of MBand BG dyes adsorption.

Temp. Methylene Blue (MB) Brilliant Green (BG)

(K) AG® AS° AH® AG® AS® AH®
(kImol®) @ mol’K?) (kImol™) (kImol™) (I molkK?) (kI mol?)

283 -3.263 104.49 26.46 -2.835 92.18 22.63

298 -4.135 -5.008

313 -5.194 -5.958

328 -6.510 -6.660

343 -7.912 -7.004
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Table 2: Kinetic models parameters description of N8 and BG dye adsorption.

Kinetic models Parameters Methylene Blue (mg/L) Biliant Green (mg/L)
30 50 100 30 50 100
Pseudo-first ky (min™) 0.023 0.064 0.29 0.037 0.033 0.056
order ge(cal) 2.06 6.16 15.17 13.99 34.20 33.52
R 0.876 0.768 0.732 0.8214 0.956 0.745
Pseudo-second  k, (g/mg min) 0.013 0.001 0.001 0.003 0.002 0.001
order O (cal) 60.2 100.0 1471 629 94.3 185.2
R 0.999 0.999 0.990 0.999 0.999 0.998
Intraparticle ko () (mg g'min™) 033 386 221 523 491 1456
diffusion (oX() 56.2 58.9 1036 24.1 50.4 50.3
R (1) 0.968 0.983 0.977 0.999 0.999 0.999
kg (1) (Mg g'min™3) - 1.74 789 056 190 1.29
cn -- 75.85 5442 5418 69.36 153.0
R (1) -- 0.897 0.947 .801 0.964 0.895
Exp. data 0e (exp) 60.0 95.5 139.8 60.0 90.0 167.5
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Table 3 Adsorption isotherms model parameters desiption of MB and BG dye
adsorption.

Isotherms model Parameters Parameters values
Methylene Blue Brilliant Green (mg/L)
Langmuir Omax{mMg/qQ) 138.8 166.6
b(L/mg) 1.26 0.78
R 0.993 0.920
Freundlich 1/n 0.222 0.248
Ki(mg/g) 71.34 73.14
R 0.923 0.916
Temkin br 178.8 152.7
Kr (L/mg) 415.4 233.4
R 0.972 0.809

20



Table 4 Comparison of adsorption capacities of vaous adsorbents for MB and BG dyes

Adsorbent Dyes  Gax. (Mg/g) Reference

Magnetic Biochar MB 31.25 Mubarak et al., 2015
Mt/PANI/ F&O, MB 184.50 Mu et al., 2016

Tea waste MB 85.16 Uddin et al., 2009
PPY/AlL,Oscomposite MB 134.77 Chen et al., 2016
Fe;04-graphene@ mesoporous%iOMB 139 Wu et al., 2016
FesO,@AQ/SIO, MB 128.4 Saini et al., 2018
AC-Magnetic Iron Oxide Nps MB 47.62 Zargar et al., 2011
Fe304—charcoal MB 97.5 Ahmed and Ahmaruzzaman, 2015
ZNO@AC nps MB 32.2 Nourmoradi et al., 2015
Ag NPs-AC MB 714 Ghaedi et al., 2012

Pd NPs-AC MB 75.4 Ghaedi et al., 2012

Au NPs-AC MB 185 Roosta et al., 2014
Acid Activated Carbon MB 60.6 Arivoli et al., 2010
FesO,@AC nps MB 138 This study
Carbon/Iron oxide nanocomposite  BG 64.1 Ahmad and Kumar, 2010
Nanoy alumina BG 168.593 Zolgharnein et al., 2015
Red clay BG 125 Jiaetal., 2016

ZnO nanoparticles BG 238.1 Kataria and Garg, 2017
ZnO NP-AC BG 142.9 Ghaedi et al., 2014

AC from Acron BG 211 Ghaedi et al, 2011

Rice husk ash BG 25.12 Mane, et al, 2007

Jute stem Activated Carbon BG 182 Asadullah et al., 2010
FesO,@AC nps BG 166.6 This study
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Fig 2 (a-d): TEM images of FgO,@AC nps
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Fig 6: Possible Adsorption mechanism for dye removanto Fe&sO,@AC nps
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Supplementary data:

Table S1 Physico-chemical properties of MB and BGyes

Dyes Methylene blue(MB) Brilliant green (BG)

Molecular formula and CigH1sN3CIS Co7H34N-04S

structure /@Ni@ HC™ N CHg
H3C\N S I(I,CH3 , Ho—'cs')—o’

éH3 Crr éH3 O O N~ CH °

ch)
Molecular weight (g/mole) 319.85 482.63
Classification Basic dye Basic dye
C.l. No 52015 42040
C.l. Name Basic blue 9 Basic green 1
Melting point ("C) 190 210
A max (NM) 664 626

erric

éi

Fe304 NPs @ AC

Tartaric Acid Ferric Chloride

Liquor Ammonia [

“

B

Activated Charcoal

Scheme 1 Fe304@AC nps synthesis by co-precipitatiamethod
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