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Abstract: To improve the adsorption performance and simplify uranium separation from aqueous media in post-treatment
processes, a magnetic CoFe,O4@rGO composite was synthesized by microwave-hydrothermal method. The results of
XRD, Raman, TEM/HRTEM, FTIR, BET and VSM characterization show that spinel-type cobalt ferrite CoFe;O4
nanoparticles ca. 13.4 nm in size are dispersedly anchored on the graphene sheet, and the saturation magnetization of the
nanocomposite is 46.7 mA/(m?-g). The effects of different pH, initial concentration and other conditions on uranium
adsorption capacity were investigated, and adsorption kinetics equations were fitted to determine the adsorption behaviour
of uranium on CoFe,04@rGO in simulated uranium-containing seawater. It was observed that the uranium adsorption
capacity of CoFe;O4@rGO composite at pH=5 is 127.6 mg/g, which is 1.31 and 2.43 times that of rGO and pure CoFe,0s.
The adsorption process conforms to Langmuir and quasi-second-order kinetic model. The excellent adsorption
performance of CoFe>O4@rGO makes it potentially useful in the treatment of uranium-polluted water.
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significance to develop environment-benign
methods that are low cost and highly efficient for the
adsorption and separation of uranium. The current
approaches for treating uranium-containing

1 Introduction

As an important strategic nuclide, uranium

plays a pivotal role in nuclear applications. With the
development of nuclear-related technologies, there is
a large amount of radioactive wastewater due to
uranium contamination. It is hence of great

wastewater include flocculation [1], biological
reduction and precipitation [2], reverse osmosis [3],
ion exchange [4] and adsorption method [5, 6].
Among the above methods, adsorption has the
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advantages of low cost, easy operation, no need for
large equipment, high uranium removal rate, and no
secondary pollution. It is known that the type and
morphology of adsorbents have a significant effect
on adsorption efficiency. Adsorbents such as clay
minerals [7], hydrotalcite [8, 9], metal oxides [10],
resin [11] and MOF [6] have long been used for the
treatment of uranium in water media worldwide.
Nonetheless, shortcomings such as high preparation
cost and/or low adsorption efficiency limit the use of
these adsorbents, and there is still an urgent need for
the development of practical materials for uranium
adsorption.

With ultra-high surface area, rich functional
groups, and good chemical stability, graphene has
high potential in wastewater treatment [9]. However,
due to strong van der Waals interaction, there is
severe agglomeration of graphene in water, resulting
in the loss of effective surface area, and hence
reduction of adsorption capacity [10]. Furthermore,
because it is not easy to separate graphene from the
water phase, there could be secondary pollution. In
recent years, magnetic ferrite spinel-graphene
composites were used as effective adsorbents that
can be rapidly separated by an external magnetic
field [11, 12]. In addition, the magnetic nanoparticles
can help prevent the aggregation of graphene layers,
leading to improved adsorption performance. For
example, WU et al [13] prepared magnetic
polysaccharide/graphene oxide@Fe;O4 gel beads for
efficient adsorption of heavy metal ions such as Cu*',
Cd*" and Pb*" from wastewater; ZHAO et al [14]
prepared magnetic FesOs/graphene composites for
effective uranium scavenging. BAl et al [15] studied
the effects of reduced graphene oxide (rGO) content
on the adsorption of rhodamine B and other dyes
over composites comprised of rGO and manganese
ferrite. Despite numerous magnetic composites were
successfully used as adsorbents for the removal of
pollutants in water systems, the application of them
is limited due to factors such as complicated
preparation, low adsorption capacity, poor separation
efficiency, and harsh pH requirement. Endowed with
unique properties, CoFe;04@rGO composites have
been widely used in catalysis, electromagnetic
absorption, and lithium-ion batteries [16—18].
However, to the best of our awareness, there have
been no reports on the synthesis of CoFe,O4@rGO
composites using microwave hydrothermal method,
as well as their use as adsorbents for the removal of

uranium or other radioactive elements.

There are methods for the synthesis of
nanomaterials including those that are based on
hydrothermal, chemical precipitation, sol-gel, and
ultrasonic approaches [19]. Most of these methods,
however, have shortcomings such as easy
aggregation of nanoparticles and long reaction time.
In this paper, we reported the use of a microwave

hydrothermal method for the synthesis of
CoFe;04@rGO. Compared to  traditional
hydrothermal synthesis, the deployment of

microwave hydrothermal has additional advantages
such as low energy consumption, rapid grain
formation, and uniform particle size [20]. The
morphology and structure of the magnetic
CoFe;04@rGO composite were characterized by
XRD, Raman, FTIR, TEM, BET and VSM
techniques. The adsorption of uranyl ions on
CoFe;04@rGO was studied, and the effect of
experimental conditions such as time and pH on the
adsorption was discussed. The excellent performance
of CoFe;O4@rGO for uranium adsorption makes it
potentially useful for the treatment of water that is
contaminated with uranyl ions.

2 Experimental

2.1 Materials

Natural graphite (Alfar Aesar), uranium
standard solution (100 pg/mL, Beijing Institute of
Chemical Industry and Metallurgy), potassium
permanganate  (KMnQO,), iron (III) chloride
hexahydrate  (FeCl;-6H,O), cobalt  chloride
hexahydrate (CoCl,-6H,0), sulfuric acid (H2SOs,
98%), hydrogen peroxide (H>O,, 30%), ammonia
(NH3-H2O, 25%) and other chemicals were of
analytical grade.
2.2 Preparation and characterization of

CoFe;04@rGO

Graphene oxide (GO) was prepared by a
modified  Hummers  method [21]. The
CoFe;04@rGO nanocomposite was synthesized
using a microwave-employed hydrothermal method.
First 0.01 g of GO was dispersed in 10 mL of
deionized water, and the mixture was ultrasonically
treated for 2 h. Then 30 mL of FeCls and CoCl,
aqueous solution of specific concentration were
slowly added to the GO solution at room temperature
under N, atmosphere. The pH of the reaction
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solution was adjusted to 10 using a 30% ammonia
solution. The total volume of the solution was
controlled at ca. 60 mL and stirring was continued
for 30 min. The obtained precursor mixture was
transferred to a polytetrafluoroethylene reactor with
an effective volume of 100 mL, and placed in an
MDS-6 microwave hydrothermal synthesizer. The
heating rate was 10 °C/min, and the reaction was
held at 160 °C for 30 min. After reaction, the mixture
was naturally cooled to room temperature. The dark
black solution was filtrated and the collected powder
was washed with deionized water and ethanol for
three times, and dried in an oven at 50 °C for 12 h to
obtain a black powder sample, which is herein
denoted as CoFe;O04@rGO. Pure CoFe,O4 and rGO
were also synthesized following the procedures; for
the former, there was no addition of GO whereas for
the latter no addition of FeCls and CoCl, aqueous
solutions.

2.3 Characterization

The phase structure and purity of GO, rGO,
CoFe;04, and CoFe,04@rGO samples were
analyzed by D8 Advance X-ray powder
diffractometer (XRD, Bruker D8, radiation source
Cu K,, wavelength 0.15406 nm, step size 0.04°,
scanning range 20°-70°). The morphology of
CoFe;04@rGO was studied by TEM(H-7650B, 80
kV) and HRTEM (JEM-2010F, 120 kV). FTIR were
carried out by Nicolet 6700 Fourier transform

infrared spectrometer. Raman spectrum was
analyzed by Raman spectrometer (Renishaw
RM-1000, 514 nm, Ar-ion laser). Magnetic

properties of synthetic samples were recorded on
PPMS-9T at 298 K.

2.4 Adsorption experiment

40 mL of uranium solution of a particular
concentration (10—100 mg/L) was added to an
erlenmeyer flask, and the pH was adjusted to set
value with 0.1 mol/L HCI or NaOH solution. After
the addition of 8—60 mg of adsorbent into the flask,
adsorption occurred with constant shaking at 298 K
for a set time. After the adsorption process
completed, the magnetically
separated and the content of uranyl ions in the
supernatant was analyzed by a MUA-type trace
uranium measuring instrument. The adsorption
capacity was calculated according to Eq. (1). The
quasi-first-order kinetic and quasi-second-order

adsorbent was

kinetic models were used to evaluate the kinetic
mechanism of the adsorption process, as shown in
Egs. (2) and (3), respectively [22]. As for the
Langmuir and Freundlich isothermal adsorption
equations, they are Egs. (4) and (5) [23].
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where ¢y and c. are the initial and adsorption
equilibrium concentrations of uranium, respectively;
W is the amount of adsorbent; 7 is the volume of the
solution; Q. and @, are the adsorption amounts at
equilibrium and time ¢, respectively; ki is the
Lagergren rate constant; k» is quasi-second-order
kinetic adsorption rate constant; Ki and Kr are the
Langmuir and Freundlich constants; n is the
Freundlich adsorption index.

3 Results and discussion

3.1 Material characterization

Figure 1 shows the XRD patterns of GO, rGO
and CoFe;O0s@rGO. In the GO pattern, the
diffraction peak at 10.8° is characteristic of graphite
oxide. After microwave hydrothermal treatment, the
peak at 10.8° has completely disappeared, and a
weak broad peak at 24.5° attributable to reduced
graphene oxide (002) appeared [24]. The XRD
pattern of CoFe;O4@rGO shows a weak rGO peak at
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Figure 1 XRD patterns of GO, rGO and CoFe,O4@rGO
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24.6°, and other peaks at 30.2, 35.6, 43.2, 57.1, 62.6
and 74.5° appear which can be indexed to the (220),
(311), (400), (511), (440) and (533) crystal planes of
spinel-type CoFe,Oy4, respectively (JCPDS PDF card
22-1086) [25]. The average particle size of CoFe;O4
nanoparticles in the composite calculated using the
Debye-Scherrer equation is about 14.0 nm. The XRD
results indicate successful synthesis of the
CoFe;04@rGO complex.

The FTIR spectra of GO and CoFe;O4@rGO
are shown in Figure 2(a). According to literature, the
infrared characteristic peaks of GO at 3416 and
1725 cm™' are due to the stretching vibration of
O—H and C=0, those at 1622, 1387, 1227 cm ' are
due to the stretching vibration of C—C, H,O, and
O=C—O0, while that at 1061 cm ' is due to the
stretching vibration of C—O—C [26]. Compared
with GO, there is near complete disappearance of the
characteristic peaks of oxygen-containing functional
groups such as O—H, C=0, and C—O—<C in the
CoFe;04@rGO case, implying that GO has been
reduced to rGO. In addition, the strong absorption
peak at 590 cm™! is the vibrational peak of Fe—O,
indicating successful loading of CoFe;O4 on rGO.
Figure 2(b) shows the Raman spectra of GO and
CoFe;04@rGO, the G band at 1588 cm™' is ascribed
to the vibration of sp? carbon atom, while the D band
at 1346 cm™' to the vibration of defects and
disordered sp® carbon atoms of graphene materials
[27]. The D-band to G-band intensity ratio (/p/Ig) of
CoFe,04@rGO (1.072) is higher than that of GO
(0.931). It is possible that the reduction of GO and
anchoring of CoFe,O4 nanoparticles on rGO cause
an increase of disordered carbon atoms on the
graphene surface [28].

The morphology of nanomaterials can be

visually observed using the TEM and HRTEM
techniques. Figure 3(a) shows the gauze-like
morphology of GO curvy sheet. In Figure 3(b), one
can see the clustering of CoFe,Os4 nanoparticles
which are 20—30 nm in size. Figures 3(c) and (d) are
the TEM images of CoFe;O4@rGO with different
magnifications, showing the CoFe,O4 nanoparticles
are uniformly distributed on the graphene sheet
(Figure 3(c)). The TEM image of higher
magnification shows that the particle size of
CoFe;04 nanoparticles is about 13.4 nm
(Figure 3(e)), which is consistent with the XRD
result. The HRTEM image of CoFe>O4@rGO shows
lattice fringes of 0.293 nm in spacing (Figure 3(f)),
matching the (220) interplanar spacing of
spinel-structure CoFe,O4[29].

Figure 4(a) shows the magnetization hysteresis
loops of CoFe;O4 and CoFe;O4@rGO collected at
room-temperature. The CoFe>O4 nanoparticles and
the CoFe,O4@rGO  nanocomposite  display
superparamagnetism with coercivity close to zero.
The saturation magnetizations of CoFe,Os4 and
CoFe;04@rGO  composite are  65.6 and
46.7 mA/(m*-g), respectively. The CoFe,0s@rGO
composite has weaker magnetic properties than
CoFe;04, plausibly due to the coating of
non-magnetic graphene on the surface of magnetic
CoFe;04. The CoFe 04@rGO nanocomposite with a
concentration of 2 mg/mL can be quickly separated
from water under the action of an external magnetic
field (inset of Figure 4(b)). Figure 5(b) shows the N,
adsorption—desorption and pore size distribution
curves of CoFe;O4@rGO. The nanocomposite
exhibits type-1V isotherm, and a H2-type hysteresis
loop appears in the P/P" relative pressure range of
0.65-0.95, which indicate existence of mesoporous
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Figure 2 FTIR spectra (a) and Raman spectra (b) of GO and CoFe,O4@rGO
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Figure 3 TEM images of (a) GO, (b) CoFe;0s, (c, d) CoFe,04@rGO; (¢)TEM and (f) HRTEM image of CoFe,O4@rGO
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Figure 4 Magnetization curves (inset are pictures illustrating CoFe,04@rGO magnetic separation) (a) and nitrogen

adsorption—desorption isotherm curves of CoFe;O4@rGO (b)

structure. The specific surface area and pore volume
of CoFe>04@rGO are 119.76 m%/g and 0.1822 cm’/g, 120 L
respectively. The distribution of pore size is mainly

at 4.76 nm as calculated by BJH model (inset of

Figure 5(b)). The large specific surface area of T’;
CoFe;04@rGO indicates high adsorption capacity %o
and abundant adsorption sites, thereby facilitating §
effective adsorption.

—#— CoFe,0,@rGO
— COF6204
—— GO

3.2 Adsorption performance ok
The effects of solution pH (2—11) on the - A p g 0 1

removal of uranium (initial concentration 100 mg/L) pH

using CoFex0s, rGO and CoFe;O4@rGO are Figure 5 Influence of pH value on adsorption efficiency

illustrated in Figure 5. It can be seen that rGO of as-synthesized materials (m/V=0.5 g/L, shaking time:

exhibits the lowest adsorption performance whereas 180 min)
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CoFe;O4@rGO  shows  the  highest.  The
CoFe;04@rGO composite has a uranium adsorption
capacity of 127.6 mg/g, which is 1.31 and 2.43 times
that of rGO and pure CoFe;Os, respectively. The
capacity of CoFe;O4@rGO for uranium adsorption is
greatly affected by the pH value of the solution.
When pH increases from 2.0 to 4.0, there is gradual
increase of adsorption capacity. Within the pH range
of 4.0—6.0, the adsorption capacity remains roughly
unchanged. When pH is above 6.0, the adsorption
capacity progressively decreases. It is considered
that at pH<4, U(VI) exists as UO,*" in the solution,
and the lower uranium adsorption capacity is due to
the competition between H' and UO,*" for
adsorption sites [27]. When pH is between 4 and 6,
(UO,)3(OH)s" dominates [30], and adsorption is
significantly improved due to electrostatic
interaction between positively charged UO,);(OH)s"
and negatively charged CoFe,O4@rGO surface.
When pH is larger than 8.0, UO,(CO;),* and
UO,(CO;3)3*" are the main uranium species, and these
anions have low affinity with negatively charged
CoFe;04@rGO composite, leading to rapid decrease
of adsorption capacity. The results show that the
optimal pH for wuranium adsorption on
CoFe;04@rGO is 5.0.

The effects of solid-liquid ratio and initial
uranium  concentration on the adsorption
performance were further analyzed. The results of
solid-liquid ratio are shown in Figure 6(a) (initial
uranium concentration=40 mg/L), with the increase
of solid-liquid ratio from 0.2 to 0.5 g/L, the uranium
adsorption rate increases from 58.4% to 92.2%.
When the solid-liquid ratio is further increased to
1.0 g/L, the uranium adsorption rate remains almost
unchanged, but adsorption capacity continues to
decrease. The possible reason is that all kinds of
energy adsorption sites on CoFe,O4@rGO surface
can be completely exposed for adsorption at low
solid-liquid ratio, and the surface saturation is faster,
so it shows higher adsorption capacity. However, at
high solid-liquid ratio, most of the sites with lower
energy are preferentially used for adsorption,
resulting in the decrease of binding properties of the
higher energy sites. In addition, the higher
solid-liquid ratio will increase the probability of
collision between adsorbent particles, thus resulting
in aggregation. Both of them will reduce the
adsorption capacity. Figure 6(b) shows the effect of

initial uranium concentration on adsorption

performance (solid-liquid ratio=0.5 g/L). With the
increase or decrease of initial concentration, the
adsorption capacity increases and the adsorption rate
decreases. Therefore, the optimum solid-liquid ratio
and initial are 0.5 g/L and 100 mg/L, respectively.
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Figure 6 Effect of solid-liquid ratio (a) and initial uranium
concentration (b) on adsorption efficiency (pH=>5, shaking
time: 180 min)

Adsorption kinetics of an adsorption process
can reflect the adsorption efficiency of an adsorbent.
The effect of adsorption time on uranium adsorption
over CoFe;O4@rGO is depicted in Figure 7(a). It can
be seen that there is rapid adsorption during the first
90 min, and then adsorption rate slows down before
reaching equilibrium at 150 min. Therefore, to
ensure adsorption equilibrium, the adsorption time
was set to 150 min in subsequent experiments. The
results show that the maximum adsorption capacity
of CoFe;04@rGO is 135.4 mg/g.

The quasi-first-order kinetic equation and
quasi-second-order kinetic equation were fitted to
the experimental data of uranium adsorption on
CoFe;04@rGO at 298 K. The results are shown in
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Figures 7(b) and (c) and the related kinetic data are
listed in Table 1. It is observed that the
theoretical adsorption capacity calculated using the
quasi-first-order kinetic model is inconsistent with

()
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-1 1 1 1 1 1
40 80 120 160

Time/min

S

(©

O 1 1 1 1 1 1
50 100 150 200 250 300

Time/min
Figure 7 Uranium sorption of CoFe;O4@rGO versus time
(a); pseudo-first-order (b) and pseudo-second-order
adsorption fit plot (c¢) for uranium sorption (pH=5,
m/V=0.5 g/L)

the experimental data, and the correlation coefficient
is relatively low (0.954), indicating that the
adsorption of uranium by CoFe;Os@rGO does not
conform to the quasi-first-order kinetic model. The
theoretical saturated adsorption Q. (cal) calculated
according to the quasi-second-order kinetic equation
is more in line with the experimental Q. (exp), and
the correlation coefficient is close to 1. Therefore,
the adsorption process of uranium on
CoFe,04@rGO is better described by the quasi-
second-order kinetic model.

To further study the adsorption process,
Langmuir and Freundlich isothermal adsorption
models were used to analyze the adsorption
equilibrium data. The results are shown in Figure 8
and the adsorption parameters are compiled in
Table 2. The correlation coefficient (R*) of Langmuir
isotherm fitting for rGO and CoFe,O4@rGO is 0.998
and 0.998, respectively, which is higher than that of
Freundlich isotherm fitting (0.848 and 0.798). It is
clear that the adsorption processes of uranyl ions are
more consistent with the Langmuir model, indicating
uniform monolayer adsorption of uranyl ions on rGO
and CoFe,O4@rGO. According to Langmuir
adsorption isotherm calculation, the maximum
capacity (Om) of CoFe;O4@rGO for uranium
sorption at 25 °C is 160.5 mg/g. The fitting result of
Freundrich isothermal adsorption model suggests
that the n value is less than 1, and when 0<n<l, it
implies easy adsorption. This shows that
CoFe,04@rGO has a strong adsorption capacity for
uranyl ions.

There are many kinds of metal ions in the actual
uranium-containing wastewater, and these ions could
affect the uranium adsorption performance of
CoFe;04@rGO, because they compete with uranyl
ions for adsorption sites and obstruct the adsorption
of uranium. Figure 9(a) shows the adsorption results
of CoFe;O04@rGO in actual uranium-containing
wastewater (initial pH value 4-6, cna: 0.3—
10.0 mg/L, cx: 0.3-10.0 mg/L, ¢si<2.5 mg/L,
€ca<5.00 mg/L, cr.<0.34 mg/L, cme<1.38 mg/L and a
small amount of Al, B, Be, Cu, Mo, Ni, etc.). It can
be seen that the adsorption capacity of
CoFe>04@rGO in uranium-containing seawater is

Table 1 Pseudo-first-order and pseudo-second-order model parameters for CoFe,O4@rGO

Kinetic model 7/°C  c/(mg'L™Y) Qe (exp)/(mg-g!) Qc(cal)/(mgg') ki/(g'mg'min’!) k2/(g'mg min!)  R?
Pseudo-first-order 25 100 128.4 4.65 0.0333 0.954
Pseudo-second-order 25 100 128.4 130.9 5.9x10* 0.997
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Figure 8 Adsorption isotherm (a), Langmuir model (b),
and Freundlich model (c) of CoFe,O4@rGO and rGO

lower than that in a solution just with the presence of
uranium. This may be due to the competitive

adsorption of other metal ions and/or the pH of the
uranium-containing seawater solution which is
deviated from the optimal pH for uranium adsorption.
The effect of the coexisting of Na*, K*, Ca®" or Mg**
cations on uranium adsorption performance was also
investigated. The results show the co-presence of any
of the four cations has little effect on the uranium
adsorption  performance of CoFe,04@rGO
(Figure 9(b)). Among them, Na" and K" have
insignificant effect on the uranium adsorption
performance of CoFe,O4@rGO. The effect of Ca**
and Mg?* of higher valence is marginally more
significant. The above results indicate that
CoFe;04@rGO has good selectivity towards
uranium ions.

The recycling of the adsorbent is an important
indicator of its practical application value. The
adsorption—desorption cycle experiments of uranyl
solution by CoFe;O4@rGO nanocomposite was
carried out. In the desorption experiment, the
adsorbent after the end of the adsorption was stirred
with a desorption solution of 0.1 mol/L of NaOH,
NaHCOj3 or Na>COs for 60 min, and the regenerated
adsorbent was obtained by drying after applying
magnetic separation. Figure 10(a) shows that the
desorption rates of uranyl ion desorbed from the
adsorbent were 61.2%, 92.3% and 84.5%, indicating
that the desorption effect 1is the best
when using NaHCO; desorption solution and
used in subsequent adsorption—desorption cycle
experiments. Figure 10(b) shows that after five
adsorption—desorption cycles, the adsorption
capacity was slightly reduced from 126 to
108.5 mg/g, and still reached about 98% of the first
adsorption capacity. It can be seen that
CoFe,04@rGO has better cycle performance and has
potential for practical applications.

4 Conclusions
Magnetic CoFe;O4@rGO  composite  was

successfully prepared using microwave
hydrothermal method. The structure and

Table 2 Adsorption parameters for Langmuir and Freundlich isotherm models

Langmuir model parameter

Freundlich model parameter

Adsorbent
On/(mg-g™") kt/(L'mg™) R? n kr(mg!'™”-L"mg™) R?
rGO 57.5 0.54 0.998 0.3275 21.98 0.848
CoFe204@rGO 160.5 0.89 0.998 0.3316 67.36 0.798
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Figure 9 Uranium adsorption on CoFe,O4@rGO in actual wastewater (a) and effect of coexisting ions on uranium
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morphology of GO, 1GO, CoFe;Os and
CoFe;04@rGO were characterized by XRD, SEM,
TEM, VSM, etc., and tested for uranium adsorption
in aqueous media. The effects of pH, adsorption time
and initial concentration of wuranium on the
adsorption behaviour of rGO, CoFe;Os, and
CoFe04@rGO were investigated. The results show
that CoFe,O4@rGO performs well for uranium
adsorption, and pH has a significant effect on
adsorption capacity. At a solution pH of 5, the
uranium adsorption capacity of CoFe;O4@rGO is
127.6 mg/g, which is 1.31 and 2.43 times that of rGO
and pure CoFe,0s, respectively. The uranium kinetic
and adsorption isotherm data of CoFe,O4@rGO are
more closely fitted to the quasi-second-order kinetic
equation of Langmuir isotherm model. It is
envisaged that the magnetic CoFeO4@rGO
composite is a promising material for the treatment
of uranium-containing wastewater.
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CoFex04@rGO 9K G BFHITB K A G s RAE R LI B fE

FEE I K BGE S B CoFe,04@rGO 49K E A 1K . XRD. Raman. TEM/HRTEM. FTIR.
BET Ml VSM RAFLE REH], JFZ18 13 nm R 5 AT CoFexO4 PKNL T2 Bkl e fE A4 80 v |,
FABFPACRE R 46.7 mA/(m*>g), Wi/RHE B ER . W9 T AFE pH fH . HI46 K B 55 5% A )
CoFexOs@rGO WK 75 BRI, e 1 BrE KR BB AT ARG TR 30 7152 7 8 . S5 SRR
£ pH=5 I}, CoFexO4@rGO K E AP RNE M8l K168 /19 127.6 mg/g, 437l/& rGO F4f CoFe,0s4 [F)
1.31 F12.43 £, WeBtid FE 4T A Langmuir FHE 20 8h 15457 . CoFe,04@rGO 9K E &M R K WK
B A FL P A R A B oK Oy T B AR T TR 1 T

Ki#iF: CoFe,O4; f158M; HH; WFHMERE



