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Organic contaminants have increasingly become a main threat to the water environment,
necessitating novel methods for removing from polluted water. In this study, a kind of magnetic ethyl
acetate microdrops (Fes0,@KCC-1@EA) is fabricated for this purpose The KCC-1 shell of
Fes0,@KCC-1 nanospheres is a layer of silica with a dendritic fibrous structure. The ethyl acetate shell
of the Fe;0,@KCC-1@EA microdrops provides them with the properties of an organic solvent. While
the magnetic core makes them magnetically manipulable. Adding Fe;O,@KCC-1@EA microdrops to
bisphenol A-polluted water allows the contaminants to be extracted into the ethyl acetate shell. These
microdrops, saturated with bisphenol A, are then easily separated from the water phase with an
external magnetic field, achieving a removal rate of over 98%. Besides bisphenol A, the Fe;0,@KCC-
1@EA microdrops could also be employed to remove other organic contaminants. This method could
provide a new pathway for water purification from organic contaminants.

With the continuous growth of population and economy, more and more
organic contaminants from industrial production, agricultural production,
and daily life are discharged into water system. This is gradually becoming a
serious threat to ecologic environment and human health'”. Currently,
adsorption*”, advanced oxidation’", and filtration"""" are the most
intensively studied methods for removal of organic contaminants from the
polluted water'*”. During adsorption, organic contaminants are adsorbed
onto the surface of adsorbents through physical and/or chemical interac-
tions (including van der Waals forces, electrostatic interactions, hydrogen
bonds, and chemical bonds)”' ™, for example, the removal of bisphenol A
and ibuprofen with amyloid fibrils aerogel™, the removal of phytochrome
and acidic blue with biochar*’, and the removal of sulfachloropyridazine
with UiO-66 metal organic framework”. Adsorption has advantages in low
cost, easy operation, etc. However, it is usually selective, i.e., effective for
some contaminants but not for the others®.. Conversely, advanced oxidation
is nonselective. It is effective for most organic contaminants'®. The advanced
oxidation of organic contaminants includes Fenton and Fenton-like
reactions™”’, photocatalysis*’', ozonation”, etc. In these processes,
highly active reactants, including radicals (-OH, -O,, HO,), oxidants
(H,0,, O,, O3), electron (¢) and positive holes (h), are produced to
degrade organic contaminants into smaller molecules™**, for example, the
degradation of bisphenol A catalyzed by p-CoSi;N;@D*, by KCC-1-loaded
TiO,*, and by Co-X/KCC-1”, the degradation of tiamulin catalyzed by Ti
doped Mn;0,/Fe;0,”, the photodegradation of perfluorooctanoic acid
catalyzed by Bi;O(OH)(PO,),”. However, this method usually had

disadvantages such as energy and chemical consumption, increased pro-
cessing time, and higher processing cost. Moreover, as many of the degra-
dation products form the advanced oxidation of organic contaminants are
still organic contaminants, it could induce secondary pollutions. Filtration
with membranes is an effective way for continuous separation of fluids™*.
For organic contaminants removal from water, membranes based on gra-
phene oxide, MOFs, MXene, etc. have been widely investigated'"*, for
example, the elimination of methylene blue and direct red 81 from water
with ultrathin graphene nanofiltration membranes®, the elimination of
direct red 16 and humic acid with CTS/GO-ZIF-7-coated PES
membranes*, and the elimination of antibiotic and dye contaminants with
GO/ZrT-1-NH, framework membranes”. With tunable pore size, thickness
and surface characteristics, the performance of these filtration membranes
could be tuned to realize fast water flux and/or high separation efficiency.
Membrane filtration is an efficient method for fast and continuous organic
contaminant removal. While the main bottleneck at present is the high cost
of membrane preparation and the pollution of membrane during use which
could make the membrane blocked or lose separation efficacy™.

Besides the above-mentioned methods, organic contaminants elim-
ination from water could also be realized by extraction with preferred
organic solvents. However, the separation of organic phase from water
phase could be a key point in this process. To overcome this challenge, in
the present work, we developed a kind of magnetic organic microdrops
(Fes0,@KCC-1@EA) for extracting organic contaminants from water
(Fig. 1). The magnetic organic microdrops were fabricated by loading
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Fig. 1 | The fabrication of Fe;0,@KCC-1@EA
microdrops and its application in BPA removal
from water. a The fabrication of Fe;0,@KCC-
1@EA microdrops; b The extraction of BPA from
water with Fe;0,@KCC-1@EA microdrops.
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organic solvents on the surface of superhydrophobic/superoleophilic
Fe;0,@KCC-1 nanospheres with a magnetic core. The carrier of the
microdrops, Fe;0,@KCC-1 nanospheres, was composed of a magnetic
Fe;0, core and a KCC-1 shell. The KCC-1 shell is a new kind of meso-
porous silica with a dendritic fibrous structure, high surface area, large pore
size and high mechanical stability*. As compared to conventional meso-
porous silica, the high surface area of KCC-1 is not due to internal pores but
owing to the radial fibers with increased accessibility. It allows the loading
of active components without significant blockage of pores, which
enhances the accessibility of reactants to active sites”. At present, KCC-1
has been applied in different processes, for example, the degradation of
various refractory pollutants by the Fenton catalyst composed of DCAS
Ns", the degradation of antibiotic and tetracycline by g-CsN,/KCC-1***,
the iron-doped fiber-structured silica nanospheres as catalysts for catalytic
ozonation systems™, and the efficient catalytic ozonation by manganese
incorporated hierarchical mesoporous silica nanosphere with fibrous
morphology™. In all of these processes, the use of KCC-1 as a carrier is
advantageous in terms of activity and stability. Based on the excellent
performance of KCC-1, it can be loaded with metal nanoparticles or
organic solvents providing a large number of open holes’*. The magnetic
Fe;0, core in the center made the microdrops manipulable, while the open
pores on KCC-1 shell provided plenty of space for loading organic phase,
and the organic phase on the surface provided the same properties of an
organic solvent™ . With ethyl acetate and bisphenol A (BPA) as examples
of organic solvents and organic contaminants respectively, the potential for
the magnetic organic microdrops to extract organic contaminants from
water was discussed detailedly.

Results and discussion

Characterization of superhydrophobic/superoleophilic
Fe;0,@KCC-1 nanospheres

Figure 2 shows the SEM and TEM images of the n-hexyltrimethoxysilane-
modified Fe;0,@KCC-1 nanospheres. From the SEM images it could be
found that the diameter of the nanospheres was about 500 nm to 1 um. On
the surface of the nanospheres there were plenty of pores. The TEM images
demonstrated the inner structure of the n-hexyltrimethoxysilane-modified
Fe;0,@KCC-1 nanospheres, from which the core-shell structures could be
clearly observed. In the center it was the magnetic core with Fe;0,4 nano-
particles, and the out layer was KCC-1 shell with pores. Due to the irregular
shape of aggregation of magnetic Fe;O, nanoparticles, cracks formed on the
surface of the KCC-1 shell of some Fe;0,@KCC-1 nanospheres. Moreover,
the results from pore analysis showed that the pore volume of

200 nm

—— WCA=167° OCA=0°

Fig. 2 | The morphology and surface wettability of superhydrophobic/super-
oleophilic Fe;0,@KCC-1 microspheres. a SEM image of superhydrophobic/
superoleophilic Fe;0,@KCC-1 nanospheres; b and ¢ TEM images of super-
hydrophobic/superoleophilic Fe;0,@KCC-1 nanospheres; d Water (left) and 1,2-
dichloroethane (right) contact angles on superhydrophobic/superoleophilic
Fe;0,@KCC-1 nanospheres.

superhydrophobic/superoleophilic Fe;0,@KCC-1 was around 0.68 cm’ g™
(see in the Supporting Information).

The surface wettability investigations indicated that water and 1,2-
dichloroethane contact angles on the surface of a layer of n-hexyl-
trimethoxysilane-modified Fe;0,@KCC-1 nanospheres were 152° and 0°,
respectively. It means that the surface was superhydrophobic and super-
oleophilic, making the nanospheres affiliative for organic solvents and
repellant for water.

To further investigate the structure and composition of the super-
hydrophobic/superoleophilic Fe;0,@KCC-1, x-ray photoelectron spec-
troscopy (XPS), x-ray diffraction (XRD), Fourier transform infrared
spectroscopy (FT-IR), thermogravimetric (TG) analysis Table. 1 and
magnetism analysis were carried out. Figure 3 shows the XPS spectra of
superhydrophobic/superoleophilic Fe;0,@KCC-1 nanospheres. From the
full-survey spectra (Fig. 3a) the peaks of Siand O could clearly be observed,
while the peaks of Fe were very weak although they were distinguishable.
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The deconvolution of fine spectrum of Fe 2p could result in two spin orbital
coupling peaks (Fig. 3b), which was the characteristics of Fe** and Fe**. The
peaks at 710.4eV and 723.2 eV corresponded to Fe’*, and the peaks at
712.0 eV and 725.8 eV corresponded to Fe*****, In the fine spectrum of Si
2p (Fig. 3¢), the peaks at 102.9 eV and 103.6 eV corresponded to the Si-C
bonds and Si-O bonds on the modified Fe;0,@KCC-1 surface
respectively™. In the fine spectrum of O 1 s (Fig. 3d) there were two peaks,
which corresponded to the O-Si-O bonds (532.4 eV) and the O-Si-C bonds
(533.0eV)”.

Figure 4a shows the XRD patterns of the superhydrophobic/super-
oleophilic Fe;0,@KCC-1 nanospheres. The peaks at 26 = 30.12°, 35.48°,
37.11°, 43.12°, 53.50°, 57.03°, 62.64°and 74.09° corresponded to the (220),
(311), (222), (400), (422), (511), (440) and (533) planes of Fe;O,, respec-
tively. These peaks were sharp and strong, indicating that the Fe;O, core had
cubic spinel structure. No significant XRD peaks about KCC-1 shell could be
distinctly observed as it was lack of crystalline structure.

FT-IR investigation was carried out to further confirm the chemical
bonds in superhydrophobic/superoleophilic Fe;0,@KCC-1 nanospheres.
The results were shown in Fig. 4b. The peak at 570 cm ™~ corresponded to the
vibration of Fe-O bonds in spinel Fe;0,4 nanoparticles. This peak existed in
all the samples. However, the signals in Fe;0,@KCC-1 and in super-
hydrophobic/superoleophilic Fe;0,@KCC-1 were weaker. This was caused
by the formation of SiO, shell on the surface of Fe;O,4 nanoparticles. The two
peaks at 2849 cm™" and 2917 cm ™, weak but significant, might be derived
from -CH,- stretching vibration of the residual surfactants left from Fe;0,4
nanoparticle preparation. After coating with KCC-1 shell, the peak of
bending vibration of Si-O-Si emerged at 467 cm™', and the peaks of anti-
symmetric stretching vibration and symmetric stretching vibration of Fe-O-
Si emerged at 798 cm ' and 1097 cm ™, respectively. The peak at 3419 cm ™
of Fe;0,@KCC-1 and superhydrophobic/superoleophilic Fe;0,@KCC-1
was attributed to the -OH groups on the surface of KCC-1 shell. This peak
became weaker when Fe;0,@KCC-1 was turned into superhydrophobic/
superoleophilic, because most of the -OH groups reacted with n-hexyl-
trimethoxysilane in this process.

The thermal test results in Fig. 4c showed that there was 94.18% resi-
dual weight left for Fe;0,@KCC-1, and 91.64% residual weight left for
superhydrophobic/superoleophilic Fe;0,@KCC-1 after heated to 800 °C.
The difference of 2.54% weight loss was attributed to the decomposition of
hexyl groups on the surface of superhydrophobic/superoleophilic
Fe;0,@KCC-1 nanospheres.

The magnetism analyses of the nanospheres were shown in Fig. 4d.
Fe;0,@KCC-1 nanospheres and superhydrophobic/superoleophilic
Fe;0,@KCC-1 nanospheres showed superparamagnetism similar to
Fe;0, nanoparticles. The magnetization intensities of Fe;0,@KCC-1
nanospheres and superhydrophobic/superoleophilic Fe;0,@KCC-1
nanospheres were 46.51 emu-g”' and 45.34emu-g ', respectively,
which were smaller than 80.04 emu-g™" of Fe;O4 nanoparticles. The
decreasing of magnetization intensity was caused by the coating of
nonmagnetic KCC-1 shell on Fe;O,4 nanoparticles. Nevertheless, it was
reported that when the magnetization intensity was higher than
8 emu-g ', the magnetic separation of nanoparticles could be smoothly
realized”®. The superhydrophobic/superoleophilic Fe;0,@KCC-1
nanospheres could be manipulated with an external magnetic field
(inset of Fig. 4d).

Removal of organic contaminants from water with Fe;0,@KCC-
1@EA microdrops

The surface wettability of superhydrophobic/superoleophilic Fe;0,@KCC-
1 nanospheres made them affinitive for ethyl acetate and repellent for water,
therefore ethyl acetate could be easily loaded in the pores on the surface of
superhydrophobic/superoleophilic Fe;O,@KCC-1 nanospheres and it
would not be replaced by water when mixing (Fig. 1). The carrying capacity
of superhydrophobic/superoleophilic Fe;0,@KCC-1 for ethyl acetate was
measured to be 2.67 mL-.g', which was larger than the pore volume of
superhydrophobic/superoleophilic Fe;0,@KCC-1 nanospheres, meaning
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Fig. 3 | The XPS spectra of superhydrophobic/
superoleophilic Fe;0,@KCC-1 nanospheres.

a Full-survey XPS spectrum of superhydrophobic/
superoleophilic Fe;0,@KCC-1 nanospheres. b Fe
2P XPS spectra of superhydrophobic/super-
oleophilic Fe;0,@KCC-1 nanospheres. ¢ Si 2P XPS
spectra of superhydrophobic/superoleophilic
Fe;0,@KCC-1 nanospheres. d O 1S XPS spectra of
superhydrophobic/superoleophilic Fe;0,@KCC-1
nanospheres.
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Fig. 4 | Characterization of crystalline structure,
chemical composition, and magnetic property of
superhydrophobic/superoleophilic Fe;0,@KCC-
1 microspheres. a XRD pattern of super-
hydrophobic/superoleophilic Fe;0,@KCC-1 nano-
spheres; b FT-IR spectra of Fe;O, nanoparticles (i),
Fe;0,@KCC-1 nanospheres (ii), and super-
hydrophobic/superoleophilic Fe;0,@KCC-1 nano-
spheres (iii); ¢ TG curves of Fe;0,@KCC-1
nanospheres (black solid curve) and super-
hydrophobic/superoleophilic nanospheres (red
dashed curve); d Vibrating sample magnetometry
(VSM) curves of Fe;0,4 nanoparticles, Fe;0,@KCC-
1 nanospheres, and superhydrophobic/super-
oleophilic Fe;0,@KCC-1 nanospheres.
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that there was some ethyl acetate on the surface of KCC-1 shell, not just in
the pores (Fig. 1a).

The pH value of an aqueous solution often affects the form of organic
contaminants, especially for organic acids and organic bases. BPA is an
organic acid which could be ionized in water phase (Equation 1 and 2).

During extraction, there was an equilibrium between the concentra-
tions of BPA in the two phases (Eq. 5).

When the concentration of H;O" increased (pH value decreased), the
ionization equilibrium shifted from the right to the left, and the con-
centration of molecular BPA in water increased (Equation 1 and 2), making
the concentration of BPA in ethyl acetate phase increased (Equation 3). The
overall result was that more BPA entered Fe;0,@KCC-1@EA microdrops.
Therefore, lower pH value was beneficial for BPA extraction.

As shown in Fig. 5a, when pH was 8 or higher, the ionization of BPA
increased its solubility in water phase, making the extraction efficiency
dropped sharply. With the decreasing of pH, the extraction efficiency gra-
dually increased. When pH was 4, the extraction efficiency reached an
optimized value of 98.3%. Further decreasing of pH could not induce further
increase of extraction efficiency of BPA, as the increasing of molecular BPA
became not significant anymore.

Stirring played an important role in accelerating BPA diffusion
between the two phases. During the extraction experiments, the mixtures
were stirred by a vortex mixer. When stirring rate increased gradually from
500 rpm to 2000 rpm, the extraction efficiency decreased gradually from
98.3% to 93.3%. The faster stirring might accelerate the movement of
boundary layer between the two phases and the evaporation of the ethyl
acetate, resulting in adverse effect on BPA transferring and reducing the
amount of ethyl acetate in the mixtures. These results were consistent with
previous literature by Muthuraman et al.”” and Soniya et al.*’, in which it was
reported that lower stirring rate was better for the extraction.

The stirring time was also crucial for optimizing extraction efficiency.
The extraction efficiency could be significantly compromised either with too
short or too long extraction time. As shown in Fig. 5¢, when extraction time
increased from 10s to 1 min, the extraction efficiency gradually increased
from 75.5% and reached a maximum of 98.3% at 1 min. Further prolonging
extraction time caused gradual decreasing of extraction efficiency, which

decreased to 60.0% in 30 min. It means that more and more BPA entered to
Fe;0,@KCC-1@EA microdrops with time in the 1st min, and the extraction
reached equilibrium in 1 min. After that, due to the gradual evaporation of
ethyl acetate, BPA started to return to water phase, making the extraction
efficiency decreased.

Both extraction equilibrium and the process to reach equilibrium
were affected by temperature. To investigate the influence of tem-
perature on BPA extraction with Fe;0,@KCC-1@EA from water, the
extraction experiments were carried out at different temperature from
20 to 60 °C. As shown in Fig. 5d, the extraction efficiency was 97.7% at
20 °C, while it increased slightly to 98.3% at 30 °C. The increasing of
temperature accelerated the substance exchange in the mixture,
speeding up the process to reach extraction equilibrium. However,
when temperature kept increasing from 30 °C, the extraction efficiency
gradually decreased. It reached 91.3% when temperature increased to
60 °C. At higher temperature, ethyl acetate in Fe;0,@KCC-1@EA
microdrops evaporated faster, making extraction efficiency decreased,
although not very much.

The recycling of used materials is an important pathway to reduce cost.
After the extraction experiment, the Fe;0,@KCC-1@EA microdrops
saturated with BPA were collected from water phase with a magnet, washed
with ethanol thoroughly, and dried in vacuum at 60 °C for recycling
Fe;0,@KCC-1 nanospheres. The recycled Fe;O0,@KCC-1 nanospheres
were saturated with ethyl acetated again for another extraction of BPA from
water solution. As shown in Fig. 6a, the Fe;0,@KCC-1@EA microdrops
prepared from the recycled Fe;0,@KCC-1 nanospheres showed little
decrease in extraction efficiency for BPA after being used for 5 cycles. This
was because no significant destruction on the Fe;0,@KCC-1 nanospheres
was made neither in the preparation of Fe;0,@KCC-1@EA microdrops nor
in the extraction of BPA. The SEM image of the Fe;0,@KCC-1 nanospheres
after use displayed in Fig. 6b, from which it could be observed that the
morphology of the Fe;0,@KCC-1 carrier did not change significantly. The
size of the nanospheres was still around 500 nm, and the pore structure on
the surface was clearly visible. There was no significant difference compared
to the nanospheres before use (Fig. 2a). The unchanged morphology of the
Fe;04,@KCC-1 carrier ensured excellent recyclability, making the
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Fig. 6 | The reusability of Fe;0,@KCC-1@EA (a) 100

microdrops in in BPA removal from water. a The
extraction efficiency of BPA with Fe;0,@KCC-
1@EA microdrops prepared from recycled
Fe;0,@KCC-1 nanospheres. b SEM image of
superhydrophobic/superoleophilic Fe;0,@KCC-1
nanospheres after use. The error bars represent the
standard deviations of the data.
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Fe;0,@KCC-1@EA microdrops very promising for water remediation
from organic contaminants.

In addition, the removal efficiencies of Fe;0,@KCC-1@EA micro-
drops for other common organic contaminants were also investigated
(phenol, resorcinol, p-phthalic acid, and 4-nitrobenzaldehyde), as shown in
Fig. 7a. Under the same conditions for BPA removal, the extraction effi-
ciencies were all above 90%, which showed good removal efficiencies. This
indicated that Fe;0,@KCC-1@EA nanospheres can be widely used to
remove other organic contaminants in water. It could provide another way
for the purification of organic pollutants in addition to adsorption, advanced
oxidation and membrane filtration.

After the removal of organic contaminants, the amount of residual
total organic carbon (TOC) in the aqueous solution residual from
Fe;0,@KCC-1@EA microdrops after extraction was investigated. It could
be seen that the residual TOC concentration in the aqueous phase was below
1600 mg/L for all the cases with different organic contaminants. Besides, the
residual TOC concentration in the aqueous phase without organic con-
taminants was 1010 mg/L, meaning that the residual TOC after extraction
was mostly caused by the dissolution of ethyl acetate in water. Considering
the low environmental harm of ethyl acetate itself, the secondary pollution
caused by the extraction process was very little. Nevertheless, it will be better
to choose organic solvents with less aqueous solubility for practical pur-
ification of water.

In summary, magnetic Fe;0,@KCC-1@EA microdrops were fabri-
cated by loading ethyl acetate with superhydrophobic/superoleophilic
Fe;0,@KCC-1 nanospheres. With BPA as an example, the application of
Fe;0,@KCC-1@EA microdrops for elimination of organic contaminants
from water through extraction has been investigated. The ethyl acetate in the
pores on KCC-1 shell provided organic phase to extract and accommodate
BPA from water phase. And the magnetic Fe;0, core provided convenience
for fast separation of the microdrops saturated with BPA from water phase
after the extraction had been completed. Besides BPA elimination with
Fe;0,@KCC-1@EA microdrops, this method could also be promoted to

other organic solvents for other organic contaminants elimination from
polluted water. Nevertheless, it should be noted that the present study was
on flask-scale. Challenges are faced on the way to practical applications in
water remediation for lakes and rivers, for example, the choice of organic
solvents, the consumption of organic solvents during extraction, the
extraction efficiency for mixed organic contaminants, and the collection of
microdrops after extraction from large water body, etc.

Methods

Preparation of Fe;0,@KCC-1@EA microdrops

The magnetic carrier of ethyl acetate microdrops was fabricated through a
method based on previous reports™’'. As shown in Fig. 1a, a layer of SiO,
was firstly coated on the surface of Fe;0, nanoparticles by the Stober
method, then a KCC-1 shell was prepared on the surface, resulting in
Fe;0,@KCC-1 nanospheres. The Fe;0,@KCC-1 nanospheres were mod-
ified with n-hexyltrimethoxysilane to make the surface superhydrophobic/
superoleophilic. Thereafter ethyl acetate was loaded on the surface to make
Fe;0,@KCC-1@EA microdrops.

Firstly, 1.0 g Fe;O4 nanoparticles (20-30 nm) was dispersed in a
mixture of aqueous ammonia (1 mL), anhydrous ethanol (150 mL) and
deionized water (30 mL) and made homogeneous under sonication. 2 mL
tetraethyl orthosilicate (TEOS) was added under vigorous stirring and the
mixed solution was subsequently heated with stirring at 50 °C for 6 h. At the
end of the reaction, the solid product was quickly separated using a magnet
and washed repeatedly with anhydrous ethanol and deionized water, and
the prepared magnetic nanoparticles were recorded as Fe;0,/SiO,
nanospheres.

A liquid mixture (Liquid A) was prepared by dispersing 1.0 g Fe;0,/SiO,
nanospheres in a mixture of cyclohexane (60 mL) and pentanol (3 mL).
Another liquid mixture (Liquid B) was prepared by dissolving 2.0 g cetyl-
pyridinium bromide (CPB) and 1.2 gurea in 50 mL deionized water. Liquid A
was added to liquid B in sonication, and then 2 mL TEOS was added to the
mixture and sonicated at room temperature for 30 min. The reaction solution
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was poured into a PTFE-lined autoclave for hydrothermal reaction at 120 °C
for 4 h. After the reaction finished, the solid product was quickly separated
with a magnet, washed with anhydrous ethanol and deionized water, and
dried in vacuum at 60 °C overnight. After drying and grinding finely and
wrapped with filter paper, the solid products were extracted in Soxhlet
extractor with a mixture of anhydrous ethanol and hydrochloric acid for 48 h.
After drying in vacuum at 60 °C, Fe;0,@/KCC-1 nanospheres were obtained.

1.0 g Fe;0,@KCC-1 nanospheres were dispersed in 5mL ethanol
solution of n-hexyltrimethoxysilane (2%), and the mixture was refluxed at
80 °C for 24 h. The solid products were collected with a magnet, washed with
ethanol and dried in vacuum to obtain superhydrophobic/superoleophilic
Fe;0,@KCC-1 nanospheres. Thereafter, ethyl acetate was loaded onto the
surface to form Fe;0,@KCC-1@EA nanospheres.

Characterization of Fe;0,@KCC-1 nanospheres

The morphology and microstructure of the superhydrophobic/super-
oleophilic Fe;0,@KCC-1 were analyzed with scanning electron microscopy
(SEM) (Regulus 8100, Hitachi) and transmission electronic microscopy
(TEM) (Tecnai G2 F20S, FEI). Prior to SEM tests, the sample was fixed on
the stage and was sprayed with gold to improve the conductivity of the
surface. In TEM tests, the sample was dispersed evenly in anhydrous ethanol
and dropped onto a copper network. TEM tests were carried out after
ethanol dried. The composition of the nanospheres was determined by
X-ray diffraction (XRD) (Ultima IV, Rigaku), X-ray photoelectron spec-
troscopy (XPS) (EscaLab 250Xi, ThermoFisher Scientific), Fourier
transform-infrared spectroscopy (FT-IR) (Nicolet Is5, ThermoFisher) and
thermogravimetric (TG) analysis (STA 449 F5 Jupiter, Netzsch). XRD
investigation was carried out on with a scanning rate of 15° min™" and a
scanning stride width of 0.06°. XPS investigations were carried out with tube
voltage of 40 kV and current of 40 mA. FT-IR spectra were measured using
transmission mode with KBr disks. TG analysis was carried out in N,
atmosphere from room temperature to 800 °C with a heating rate of 10 °C
min . The static contact angles of water and 1,2-dichloroethane on the
nanospheres were analyzed on a contact angle meter (SL250, KINO).

The measurement of carrying capacity of ethyl acetate in
Fe;0,@KCC-1@EA microdrops

The carrying capacity of Fe;0,@KCC-1 nanospheres for ethyl acetate was
measured through a method modified from literature by Wang et al.”
Briefly, 150 mg Fe;0,@KCC-1 nanospheres were added into a glass vial
with 8 mL water and 1 mL ethyl acetate. After the mixture was vigorously
stirred, a magnet was applied under the bottom of vial to collect
Fe;0,@KCC-1@EA microdrops. And the amount ethyl acetate left on the
top was measured. The carrying capacity was calculated according to Eq. 4:

carrying capacity = Vy, /mFe;0,@KCC — 1 (4)

where Vi, was the volume of ethyl acetate absorbed by Fe;0,@KCC-1
nanospheres, and mFe;0,@KCC — 1 was the mass of Fe;0,@KCC-1
nanospheres.

Extraction of BPA and other organic contaminants with
Fe;0,@KCC-1@EA microdrops

150 mg Fe;0,@KCC-1 nanospheres were added into a glass vial, into which
1 mL ethyl acetate and 8 mL water was added thereafter. After the vail was
vigorously stirred, the formed Fe;0,@KCC-1@EA microdrops were col-
lected and transferred into another glass vial into which 1 mL BPA solution
or aqueous solution of other organic contaminants (50 mg L preheated,
pH =4) was added. Immediately after stirring the vials with a vortex mixer at
500 rpm for 1 min (MX-S, DLAB), a magnet was used to separate the
Fe;0,@KCC-1@EA microdrops from the aqueous phase. The used
Fe;0,@KCC-1 nanospheres were collected and washed with water and
ethanol. And the BPA concentration in the water phase was analyzed with
high-performance liquid chromatograph (HPLC, LC5090, FULI) witha UV
detector at a wavelength of 278 nm. A welchrom 4.6 mm x 250 mm TC-C18

column was utilized as the stationary phase and the isocratic mobile phase
was composed of 60% v/v methanol and 40% v/v Milli-Q water. The sample
injection volume was 10 pL, and the flow rate was 1 mL min".

With the concentrations of BPA in water phase before and after

extraction, the extraction efficiency (E) was calculated with Eq. 5:

Coo—C,
20 el v 00% 5)
Caq,O

E =

where C,qo was the initial BPA concentration in water phase before
extraction, which was 50 mg L' in this study, and Caq1 Was the residual
BPA concentration in water phase after extraction.

In the cyclic BPA extraction experiments, after each extraction
experiment, the magnetic Fe;0,@KCC-1@EA microdrops were collected
with a magnet, washed with ethanol, and dried in vacuum at 60 °C for
next use.

A TOC analyzer (Multi N/C 3100, Analytik Jena) was used to deter-
mine the amount of all organic carbon remaining in the aqueous phase after
extraction. The samples were studied by the differential subtraction (TC-IC)
method, where 300 uL of the sample was taken for each test and injected into
the TOC analyzer for determination, the water sample was injected directly
into the inorganic carbon reactor to measure the inorganic carbon (IC) and
the water sample was injected into the combustion tube to measure the total
carbon (TC), and the difference between the TC and the IC was the
TOC value.

Data availability
The authors confirm that the data supporting the findings of this study are
available within the article and its supplementary materials.
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