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Highly Efficient Removal of Amoxicillin from Water by Magnetic
Graphene Oxide Adsorbent
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Abstract: In the present work, graphene oxide (GO) was pezbdy hummers method from natural graphite. The
structural order and textural properties of thepgeme based materials were studied by TEM, XRD D@ and FT-IR.
The adsorption of amoxicillin on GO and magnetit® @ith different variable such as: contact times@tient dosage,
initial concentration, pH and temperature was itigased. The kinetic studies showed that the adsorplata followed a
pseudo second-order kinetic model. The isotherniysisaindicated that the adsorption data can beesgmted by
Langmuir isotherm model.
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1. Introduction greater [25]. Moreover graphite oxide is able tsat
number of chemicals onto the benzene ring by thengt

interaction [26].

Recently, magnetic loaded adsorbents have proven to

be highly efficient and easily separable [27, 283304

magnetic nanoparticles (MNPs) are either physically

adsorbed onto GO [29, 30] or covalently attache {81,

32]. Magnetite GO have been applied to targetedy dru

humans including acute and chronic toxicity [3, 4].Carriers [33], magnetic resonance imaging [34], and
Amoxicillin, with molecular dimensions of 15.622A pollutant remova}l [35]. Good stab|l|ty and the Iamgprfaqe
x18.785A x 6.645A [5], is one of the maj@lactam area Qf magnetite GO made it capable for adsorpiion
antibiotics because of its high spectrum of agtjvhigh organic pollutants [36]. . .

solubility, high rate of absorption, and its stipilunder In this work, the adsorption behavior of carbonetias
acid conditions. Amoxicillin has also been recoguizo be adsorbgnts (GO, a_nd magnetite GO) _bas_ed on e_qlulrhbr
hardly degradable, remains as active compound nvvithfj‘dsorpt'on capacity, pH effec_t,_ _k|net|c StUd'G.’S and
urine and feces [6, 7]. A number of methods havenbethermOdynam'C factors for amo>§|C|II|n were examlnfad
tried to remove antibiotics in conventional wastewa has been fou_ngl _that the adso_rptlon capab|llty Ofmaiite
treatment plants, including filtration [8], biolagil GO for amoxicillin molecules is much higher compht_e
processes [9], coagulation [10], flocculation [1ahd that of.GO and olther. novel adsorbents. !_angmullr and
sedimentation [12]. However, new strategies areiired Freundlich adsorption isotherms were studied tolaémxp

because these have proved to be not very effective. the sorption mechanism.
Adsorption has been considered as an attractive

Personal care products, pesticides and a number "of"
industrial chemicals have been found in infiltratedters.
They come into water sources frequently throughldisge
from pharmaceutical industries and from urban wweater
treatment plants [1, 2]. Consumption of water conteated
with antibiotics can have numerous contrary effeats

method to eliminate organic contaminants from aqseo 2. Experimental

solutions because of its simplicity, low cost and

insensitivity to toxic pollutants [13-15]. Up to wo 2.1. Materials

numerous researches related to the adsorption of

pharmaceuticals onto adsorbent from natural ressuecg. Graphite powder (<20 micron) was purchased from
silica [16], clays [17,18], hydrous oxides [19] asulls [20] Sigma-Aldrich, Germany and used as-receivegS®j
have been published. (>99%), hydrochloric acid (AR grade),,®, (30% (w/v)),

Through the last decade, significance in the use 8MnO4 (>99%), iron (Il) chloride tetrahydrate
novel carbon based materials for environmentdFeCk-4H0), iron (lll) chloridehexahydrate (Fe£6H,0)
applications has increased considerably. Betwedn aind ammonia solution (NJ®H) were all purchased from
carbon nanomaterials, graphene oxide (GO) is vietlisd  Sigma-Aldrich ((St. Louis, MO, USA).
and it has proven to have superior mechanical gtihen Amoxicillin - (Fig. 1), which consists of two
good chemical stability, high specific surface arefundamentals parts that contfifactam inner and the side
(theoretically 112600 nf/g), low density, and superior chain called d-hidroxiphenilglicin, (@H1oN3O0sS, MW=
mechanical strength [21-24], which makes it a bléta 365.4) was purchased from Sigma-Aldrich, USA (98%
material for environmental applications. Graphen@® purity, St. Louis, MO, USA). A stock solution of Q@ng/L
has different kind of oxygen functional groups (epo of Amoxicillin was prepared in double distilled watand
carboxyl and hydroxyl) on the surface, consequentlhe experimental solutions of the desired concéotra
electrostatic interaction with organic material e were obtained by successive dilutions.
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7000) instrument under attenuated total reflec(iamR)
o mode using a diamond module. The composition and
thermal properties of GO and magnetite GO were

Ho C',"_C “NH s._ /M determined by TGA with a PL Thermal Sciences; model
NH, CH PL-STA using a heating rate of 10 K/min from room

N N temperature to 1073 K under Ar. The measurements we

0// — conducted using approximately 3 mg samples and then

weight retention/temperature curves were recorded.

Figure 1. Molecular structure of amoxicillin . .
9 2.5. Adsorption studies

A stock solution of 100 mg/L of amoxicillin was
prepared by dissolving an appropriate amount of the
oxicillin in ultra-pure water (18 B cm) derived from a
iIli-Q plus 185 water purifier. 0.01 g magnetiteO
adsorbent was added to 100 mL of amoxicillin solusi
d(10—50 mg/L) and the mixture was shaken on a rotary
shaker at 150 rpm for different times. After adsiom the
suspension was centrifuged at 10,000 rpm for 1Q frtie
amount of amoxicillin adsorbed was calculated by
subtracting the amount found in the supernatantdigfter
adsorption from the amount of amoxicillin presepfdse
addition of the adsorbent by UV-Vis spectrophotanet
V mini 1240 shimadzu). Absorbance was measured at
avelength Xmay 275.5 nm for determination of
amoxicillin content. Calibration experiments werend
separately before each set of measurements with
amoxicillin solution of different concentrationsh& effect

2.2. Synthesis of GO adsorbent

GO was synthesized from expandable graphite usin
modified Hummers’ method [37]. 1 g of graphite mmwv
was added to 23 mL of concentratesSB)y in an ice bath.
KMnO, (3 g) was then added slowly with stirring an
cooling to keep the temperature of the reactiontuni
below 293 K. The temperature of the reaction mixtwas
increased and maintained at 308 K for 30 min. W#é&n
mL of deionized water was added slowly to this gt
temperature was increased to 371 K. After 15 mga#0
mL of deionized water was added followed by 10 nfL o
30% HO, solution. The solid product was separated b
centrifugation. It was washed repeatedly with 5%]IH
solution until the sulfate ions are removed anadh tvashed
with distilled water repeatedly until it becomesdtr of

chloride ions. The product was then filtered andiveal 3— . o
4 times with acetone to make it moisture free amel tOlc temperature on the adsorption of amoxicillin by

residue thus obtained was dried in an oven at 338 |Ragneti.te GO was investigated l?Y incubating thepéesn
overnight. The GO was suspended in water and exéali under different temperature conditions (303 K, &323

through ultrasonication for 3 h. K and 333 .K)' To study_the influenc_e_(_)f pH on a“"ﬁ"_“
of amoxicillin by magnetite GO, the initial pH ofagnetite

GO was adjusted from 4 to 10 using NaOH or HCI agse
solution. All tests were performed in duplicate énsure
reproducibility of the results; the mean of theseot
Magnetite GO was obtained by method as describ asurements was taken to represent each .eyaluation
by Thu et al [38]. In a typical synthesis procaslur aIcuIa_tlons of amounts of adsorptlon of amo>qm|rhnto
(magnetiteGO), 99.5 mg of FeGHH,O and 270.5 mg of magnetite GO were based on adsorption capacity((gy.

FeCk-6H,O (molar ratio 1:2) were dissolved in 30 mL of

2.3. Chemical modification of GO by magnetite
nanoparticles

deionized water under sonication for 5 min. Thistunie — (G -C )V
was added to 30 mL of GO and thoroughly stirred3or W 1
min at room temperature. To this solution, 2 mINéf,OH 1)

was then added drop-wise to reach a mild alkaltde3D—
11). The mixture turned from light brown to darkotn
and finally black color, indicating the formatior Be;O.,.
The suspension was then heated to 353 K and keptaat
temperature forl h. Upon the completion of the tieac
the as-prepared Magnetite GO were magneticallyraggeh
and washed with water several times to obtain clean 2.6. Adsorption kinetics of amoxicillin
products. Alternatively, Magnetite GO can be cabecby

whereq, (mg/g) is equilibrium adsorption capacity, and
Ce (mg/L) are the initial and equilibrated amoxicilli
concentrations, respectivelyv (L) is the volume of
solution and W (mg) is the adsorbent mass.

centrifugation or paper filtration. For sorption kinetics, a series of 250 mL flask
containing 0.01 g of magnetite GO and 100 mL of
2.4. Characterization amoxicillin solution at concentration 100 mg/L was

prepared. The mixtures were continuously shake30atk

The morphology and surface structure of GO andnd 150 rpm. Samples were taken at different timervals

magnetite GO were examined by X-ray diffraction (XR and filtered using 0.2 Im Millipore membrane fikeand

Philips Xpert MPD, Co K irradiation, . = 1.78897A°), the filtrates were analyzed for amoxicillin congation.

JEM-2100F transmission electron microscope (TEMJ anThe adsorption capacityq( mg/g) at any timet was
The Fourier transform infrared spectra (DIGILAB FTScalculated using the following equation. (Eg. (2))
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o = (€ -COHV
t w @

whereC; (mg/L) is the amoxicillin concentrations at tirme ( )

2.7. Reproducibility and accuracy of the results

Intensity

All batch isotherm experiments were replicated tw
times and the blanks were run in parallel to eghbl
accuracy, reliability and reproducibility. All glssware was
presoaked in a 5% HNOsolution, rinsed with deionized (a)
water and oven-dried. Blanks were run and corrastio
applied, if necessary. Each batch adsorption enxysat

was conducted triplicate and the data shown are t 0 20 40 60 80 100
average values. The individual values were general 260
within 5%.

Figure 2. XRD pattern of (a) GO and (b) magneti@ G

3. Results and Discussion Representative TEM image of the obtained magnetite
GO is showed in Fig. 3. a. It can be seen thaOfe
nanoparticle have been coated on the GO surface
3.1. Characterization of the GO and magnetite GO consistently. It is observed that the size of thegnetite
samples GO was about 17 nm with narrow distribution (Figb}
The FTIR spectra of GO and magnetite GO are shown
As shown in Flg 2a, the broad and relatively Wea‘ﬁ F|g 4. F|g 4.a, shows the presence of the eRryg
diffraction peak at 20=10.5° (d=0.87 nm), which containing functional groups. The peaks at 13803016
corresponds to the typical diffraction peak of dr@pe cm™ correspond to C-OH stretching, C=C stretching mode
oxide adsorbent, is attributed to the (002) plartee XRD  of the sp carbon skeletal network, respectively, while
patterns of magnetite GO showed® = 29.86°, 35.41°, peaks located at 1730 and 3270 trorrespond to C=0
43.39°, 53.83°, 57.14°, 62.79°, respectively (FBP), stretching vibrations of the COOH groups and O-H
suggesting the presence of magnetic phase in thgetching vibration, respectively [39]. After médation,
composites. three representative peaks of the amide carbowylpgfor
magnetite GO at 1647 (-CONH amide band I), 1533H-N
amide band I1), and 1455 ém(C—N stretch of amide)
appeared (Fig. 4.b), implying that# nanoparticles were
linked to GO surface by covalent bonding [40].
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Fig.ure 3(a) TEM photographs and (b) histogram of particte slistribution of magnetite GO sorbent

n

43



Chem. Bull. " POLITEHNICA" Univ. (Timisoara)

Volume 60(74), 2, 2015

transmitance/%o

90

80

70

60

50

40

30

20

10

(b)

1455

1647

(@)

3270

1380

3250 2750 2250

Wavenumber/ em™

1750

1250

Figure 4. The FT-IR spectra of (a) GO and (b) métm&0O samples
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Figure 6.

The TGA was also performed on GO and the
magnetite GO adsorbents to find the;Ggcontents, the
structure and thermal stability of the magnetite &@ the
graphene oxide (Fig. 5. a and Fig.5 b)). The GQdmint
shows two major mass loss at 473 and 858 K witha®®
30% weight loss, respectively. They are relatedthe
elimination of oxygen-containing groups of graphenale
and oxidation of carbon, respectively. For magad80 it
is clear that the thermal stability is much higtean
pristine GO. Two weight losses at 723 K and 753r& a
assigned to the loss of the residual solvent arel th
breakdown of the CONH group conjugated with;@e
nanoparticles of the magnetite GO, respectivelye $ame
result has been previously resulted.

3.2. Adsorption studies

3.2.1. Effect
concentration

of contact time and initial

Experiments were conducted for various time intisrva
to determine duration required to reach adsorption
equilibrium. Experiments showed that the amount of
adsorbed dye gradually increased with the riseoottact
time. As follows from Fig. 6, the resultant equililbm time
amounts to 150 min.

Amoxicillin solutions at different initial concertion
(10, 20, 50 mg/L) were treated with 0.1 g/L of G@da
magnetite GO. Figure 6 shows the effect of varying
amoxicillin  concentrations against the amount of
amoxicillin adsorbed. The amount of amoxicillin
equilibrium adsorption removal increases with acréase
in initial solution concentration from 91 to 272 fydor
GO and 130 to 465 mg/g for magnetite GO. This sabee
of the fact that by increasing the concentration of
amoxicillin in solution the availability of amoxitin at the
adsorbent interface also increases. When the sudetive
sites of adsorbent are covered fully, the extent of
adsorption reaches a limit resulting in saturatsbgption.
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Effect of contact time and initial contration on removal of amoxicillin by (a) GO (b) nragite GO ([amoxicillin] =10-50 mg/L, agitation
speed = 150 (rpm), adsorbent dosage = 0.1 g/L,getyre = 303 K, pH=6)
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3.2.2. Effect of adsorbent dose pH 6 the adsorption capacity reduces with increasgsi
values. It is because of the fact that, at highdispghe
Adsorbent dosage is an essential factor influencirgurface charge of adsorbent get more and more inegat
adsorption processes meanwhile it determines tlad repulsion forces between magnetite GO and
adsorption capacity of an adsorbent for a givetiaini amoxicillin cause a decrease in amoxicillin adsorpt
concentration of the adsorbate at the operatinglitons. Despite pH 6 is optimum value of pH, at very lovd arery
The effect of magnetite GO on removal of amoxigilvas high pH still good adsorption for amoxicillin hasdn
studied in range of 0.05-2.0 g/L. Fig. 7 showed @ shown, it because of the fact that ther interaction is not
adsorbent dosage increased from 0.05 to 0.1 g/é, thdepend on pH of solution and magnetite GO can anter
adsorption capacity is increased but the removadgue is  with amoxicillin byz- = mechanisem.
decreased. It is ascribed to an increase in therpiilse
surface area and the availability of more bindiitgss At

higher adsorbent dosages significant increase rimoval 400
percent of dye is not happening. Conse_quently, (o1 M1 350 - ¢ & &
adsorbent dosage was chosen as optimum dosage P L)
further analysis. 300 - . * &
o 2500 © I A A )
600 100 El O LI
o E 200 4 A .
Bz => >
2500 S0 = 150 A ® magnetic GO 1
- o i A GO
3 400 - X 100
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= Figure 8. Adsorption of amoxicillin on GO and matiteeGO as a
0 0 < function of pH (adsorbent dosage= 0.1 g/L, [amdiki¢i=50 mg/L,
B 0‘ _ i 1‘ _ ;‘7 Y agitation speed = 150 (rpm), temperature = 303 K)
F) o) )

Adsorbent dosage(g/L)
3.2.4. Adsorption kinetics

Figure 7. Effect of magnetite GO dosage on the tisa of amoxicillin. ] ] ] ]
([amoxicillin] =50 mg/L, agitation speed = 150 (rproontact time = 3 h, The kinetic data was fitted with two commonly used

temperature = 303 K, pH=6) pseudo-first-order [43] and pseudo-second-order etsod
[43] to obtain the rate of the reaction and thain4inear

forms are represented as given below (Eq. (3
3.2.3. Effect of solution pH on amoxicilin [43): P J (B9, (3) and %)

adsorption capacity

k. t
log(q, -q ) =logq, -—— (3)

pH is an important factor in controlling the adgap 2.30:
of pollutant onto adsorbent, which affects the acef t 1 t
charge of the adsorbent and the degree of ionizatidhe - = = 4
adsorbate. In order to find out the effect of pla, g of dt koq 2 de
the grapheme oxide the and magnetic grapheme oxide € (4)

sorbents were treated separately with 50 mL of BdLm

amoxicillin at various pH values (from 2 to 12)where k (L/min) and k (g/mg.min) are the pseudo-first-
accompanied by mild shaking at 303 K for 3 h. Fg. order and pseudo-second-order rate constants,ctespg.
shows the effect of pH on adsorption of amoxicilin GO ~ The kinetic adsorption data were fitted to Eq. 48} Eq.
and magnetite GO. In the pH range up to 6, it vamd (4), and the calculated results are listed in TabléThe
that the adsorption capacity of amoxicillin incredswith ~correlation coefficients (B for pseudo-second-order
increasing the solution pH [41]. This could beihttted to Model are all higher than for pseudo-first-ordedel(Fig.
the fact that the protonation of carbonyl groups of) and the experimental data fit to the pseudo+sauder
amoxicillin became insignificant at high pH. At agle Model better than pseudo-first-order model. Thaultes
high range of pH values the reduced protons cooregipg indicate that chemical adsorption might be the-latéing

to the increased negative active sites on GO adsbrbstep [43]. From the pseudo-first-order and pseuetmisd-
promotes the electrostatic and H-bonding interastioith ~ order models, the rate of amoxicillin adsorption on
amoxicillin functional groups. Moreover, GO canrfoa Magnetite GO was determined to be 0.015 L/min and
strongr- 7 interaction with amoxicillin because of the larged-071 g/mg.min and the predicted. ovalues were
delocalizedn-electron system of graphene [42]. But afte855.88 and 368.41 mg/g, respectively (Table 1).
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Figure 9. (a) pseudo-first-order and (b) pseudasé@rder dynamic models for amoxicillin by GO andgnetite GO. ([amoxicillin] = 50 ppm,
agitation speed = 150 (rpm), adsorbent dosage g/0,Xemperature = 303K, pH=6)

TABLE 1. Parameter values of the kinetics models fittiagthe experimental results for amoxicillin by G@damagnetite GO.
([amoxicillin] = 50 ppm, agitation speed = 150 (rpradsorbent dosage = 0.1 g/L, temperature = 30RHz=6)

Adsorbent Pseudo-first order model Pseudo-second order mode
ki (L/min) R 0:(Mmg/g) | k(g/mg.min) Ge(Mg/g)

GO 0.011 0.9657, 191.64] 2.14*10 | 0.9918 224.87
magnetite GO 0.015 0.972p 355.88 2.96%10| 09933 368.41

TABLE 2. Thermodynamic parameters for adsorptiommbxicillin on GO and magnetite GO. ([amoxicillin] 50 ppm, agitation
speed = 150 (rpm), adsorbent dosage = 0.1 g/L, tgatpre = 303-333 K, pH=6)

T(K) | Ce(mg/l) | ge(mg/g) | Kc AGe (kJ/mol) | AH° (kJ/mol) | AS> (J/mol.K)
303 13.7 363.3 26.5 -8.2 8.7 55.9
313 125 375.1 | 30.01 -8.8
323 11.7 3834 | 32.77 9.4
333 10.8 3923 | 36.32 9.9

3.2.5. Adsorption thermodynamics AS AH 1

INKL =—-(—*=) (g)
The adsorption isotherms of amoxicillin on GO and R R T
magnetite GO at four different temperatures (303}38e . . .
investigated. It has shown that the adsorption of A linear plot of In K versus 1/T is obtained from the
amoxicillin on GO and magnetite GO is promotedighar model. The enthalpy changaH) and entropy change\S?
temperatures. Thermodynamic parameter related ¢o ffan be calculated from the slope and intercephefvan't

: ; Hoff plot, respectively. As shown in Table 2, thesjiive
adsorption process i.e., free energy chany®, (kJ/mol) ; .
for adsorption amoxicillin on GO and magnetite G@sw enthalpy changeAH) suggests that the adsorption of this
calculated using Eq. (5) [44]. work is an endothermic reaction.

AG =-RTInK, ) 3.2.6. Adsorption isotherms
Equilibrium adsorption isotherm is the one of thesin
where R is the universal gas constant (8.314 J)\0T. is  essential design parameter expresses how the atisorb
the temperature and Kis Langmuir constant (L/mol) interacts with the adsorbent. The sorption mechariad
obtained from the plot of &, versus G The calculated affinity of the adsorbent could be clarified by retidg of
AG value was found to be -328 kJ/mol. The negatdleey isotherms by different equilibrium models [46, 4If.this
of free energy change indicated the spontaneousenaf study, the two most common isotherms, Langmuir and
sorption and confirmed affinity of graphene base@reundlich models [48], were used to describe the
adsorbents for the amoxicillin removal from waié4,[45].  experimental adsorption data. Langmuir model assume
The enthalpy chang&H andAS can be obtained from the monolayer adsorption onto a surface which considts
van't Hoff equation, Eg. (6) finite number of active sites having a uniform eyej49].

46



Chem. Bull. " POLITEHNICA" Univ. (Timisoara) Volume 60(74), 2, 2015

The linear form of Langmuir isotherm equation ids much larger than that of pristine GO. This vakieven

given as Eq. (7). larger than amoxicillin adsorption amounts in vaso
Ce GCeo 1 absorbents [50-56] (Table. 4), clearly indicatinige t
— =+t — magnetic graphene oxide presented in current relsdar
_ de Q@ (Q*b) @) outstanding candidate in designing magneticallyasspe
where, Ce (mg/L) is equilibrium concentration of2dsorbent fordrug pollution removing from wastesvat
adsorbate; ge (mg/g) is the amount of adsorbatarbes at The critical features of the Langmuir isotherm dgn
equilibrium; Qo (mg/g) is maximum monolayer adsimpt €XPressed by a dimensionless constant separatiwr fa.
capacity; b (L/mg) is Langmuir constant. given by following relation that can be used toedetine

According to Freundlich model, it was often appiea the possibility of adsorption in a specified cortcation
to describe the models of multilayer absorptionootite ~Fange over adsorbents Eq. (9) [57].

surface of heterogeneous sites with different benergy. 1
The equation of Freundlich model is given as follggvEq. R =
(8). 1+bGC

)
The calculated Rvalues at different initial amoxicillin
concentration were in the range of 0.025-0.058ckwlie
(8) between 0 and 1, confirming that the adsorption of

where ge is the amount of adsorbate adsorbed ghaicillin on magnetite GO was favorable [57].
equilibrium (mg/g), Ce is the residual concentnatiof

adsorbate in bulk solution at equilibrium (mg/L)F kand
1/n are the constants related to adsorption ofraést and 4. Conclusion
intensity of the adsorption, respectively.

These two Models fit to equilibrium adsorption résu

log ¢ =logKg +i logCe
n

Adsorption of amoxicillin onto graphene oxide and

of amoxicillin on GO and magne_tite_GO were assess‘?ﬂagnetic graphene oxide was performed to find the
based on the values of the determination coefficief) of optimum conditions. The consequences of experiments

the linear regression plot. The obtained experialettata  ocanted that at pH = 6, an amount of adsorbeditlof/L

were fit with these two models. The Langmuir andq ; time of 3 h were optimal conditions for teenoval
Freundlich isotherms were found to be linear ovee t ¢ g mg/L of amoxicillin. The pseudo-second-order

whole concentration range studied with highérvlues kinetic model best described the adsorption behagfo

(>0.98) In addition, the Langmuir and Freundlichdeb 5 .yicillin onto GO and magnetite GO. GO and maigmet
parameters for the adsorption of amoxicillin on @0d _ 5 exhibited good kinetic characteristics (equilibr time
magnetite GO adsorbents are listed in Table 3. The h) and high adsorption capacity for amoxicillin.

maximum monolayer capacities of amoxiCillinm@d  gquilibrium adsorption isotherm was fitted well it
obtained from Langmuir model are 280.8 and 372'49m9Langmuir model.

for GO and magnetite GO, respectively. It was ingor
that the maximum adsorption capacity of the matm&O

TABLE 3. Langmuir and Freundlich constants for agéon amoxicillin removal on GO and magnetite GO

Langmuir Freundlich
Adsorbent Om (Mg/g) b (L/mg) R’ Ke (mg/g) | n(L/mg) R’
GO 280.8 0.0138 0.9992 125.2 6.7 0.9871
Magnetite GO 372.4 0.0113 0.999 341.6 8.4 0.9772

TABLE 4. The gvalues of different adsorbents used for amoxiciéimoval

Adsorbent & (mg/g) Reference
active carbon 261.8 [50]
chitosan beads 8.71 [51]
NH,Cl-induced activated carbon 438.6 [52]
magnetic multi-walled carbon nanotubes 0.23 [53]
activated carbon nanoparticles prepared from wioed 2.69 [54]
organobentonite 26.18 [55]
magnetic F€O,@C nanopatrticles 142.85 [56]
GO 280.8 This work
magnetite GO 372.4 This work
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