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Abstract Magnetic mesoporous carbon composite (Fe/

OMC) was synthesized and as an adsorbent for removal of

ionic liquid, 1-butyl-3-methyl imidazolium chloride

([Bmim]Cl), from aqueous solution. X-ray diffraction,

transmission electron microscopy analyses and nitrogen

adsorption measurements revealed that the synthesized Fe/

OMC composite retained ordered mesoporous structure.

Meanwhile, nitrogen adsorption measurements indicated

that the Fe/OMC possess relatively high surface areas (up

to 651 m2 g-1), pore volumes (up to 0.66 cm3 g-1) and

multimodal mesopore (3.48 and 4.85 nm) and micropore

(1.47 and 1.85 nm) distributions of pore sizes. Magnetic

measurement revealed the ferromagnetic property of Fe/

OMC at room temperature with saturation magnetization

value at 26.11 emu g-1 which implies that Fe/OMC

composite could be separated by ferromagnet. Results of

adsorption experiment showed that Fe/OMC composite

was high-performance, easily recyclable adsorbent for

ionic liquid, [Bmim]Cl, from aqueous solution. In addition,

the Langmuir adsorption isotherm was applicable to the

removal process; the maximum adsorption capacity value

is 238.32 mg g-1. After eight recycle runs, the adsorption

capacity was almost at the same value (238.32 mg g-1 for

the first sorption and 228.21 mg g-1 for the eighth times

sorption).

Graphical Abstract An efficient magnetically separable

sorbent for wastewater treatments was prepared and can be

used to remove the ILs, [Bmim]Cl, from aqueous solution.

Adsorption capacity of Fe/OMC adsorbent is good for

adsorbing [Bmim]Cl after eight recycle runs. Furthermore,

the recovered ionic liquid showed results similar to the

fresh one.

Keywords Magnetic ordered mesoporous carbon � Ionic
liquid � Adsorption � Reusable adsorbent

1 Introduction

Ionic liquids (ILs), formerly known as molten salts, con-

stitute one of the hottest areas in chemistry these days.

Basically, they have melting points below 100 �C which

can be achieved by incorporating a bulky asymmetric ca-

tion into the structure together with a weakly coordinating
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anion. The unique, highly solvable, yet non-coordinating

environment of ILs provides an attractive medium for

various types of chemical processes. Although ILs can

lessen the risk of air pollution due to their insignificant

vapor pressure, they do have significant solubility in water.

As a result, this is the most likely medium through which

ILs will be released into the environment. Since their re-

lease to the environment is inevitable, environmental fate

and toxicity of ILs have become important topics. Thus,

their controlled removal or recovery by oxidation,

biodegradation and adsorption from all possible sources,

especially water, has been considered, to avoid their long-

term adverse consequence to the environment. Some

imidazolium ILs have recently been observed to be resis-

tant to photodegradation [1] and biodegradation [2]. But it

is important to consider that ILs are still quite expensive

and their recycling after regeneration or recovery needs to

be regarded. Among available nondestructive technologies,

distillation, crystallization, filtration, pervaporation and

adsorption onto solid adsorbent are being increasingly

studied. Advantage of adsorption is that it can process low

concentration of ILs in water solution. According to the

recent investigations of many solid compounds, activated

carbon (AC) [3–5], ion-exchange resins [6] and montmo-

rillonite [7] have been used as adsorbent for adsorption of

ILs from aqueous solution. Owing to its high surface areas

and microporous/mesoporous structures, active carbon is

widely used for adsorption of organic pollutants from

wastewater. Palomar et al. [3] investigated the adsorption

of imidazolium-based ionic liquids from aqueous solutions

with a commercial AC adsorbent and demonstrated that the

size and the hydrophobic nature of both cation and anion of

ILs as well as the surface chemistry of AC strongly affect

the adsorption capacities. In Palomar’ work, AC adsorption

quantity for [Bmim]Cl is 0.17 mmol g-1 (29.69 mg g-1).

However, AC materials themselves have disadvanta-

geous limitations such as difficulty in collection due to

small particle size, high regeneration temperatures and low

separation efficiency, usually limiting their application in

water treatment. In contrast, mesoporous carbon materials

with uniform porosity, high surface area, large pore vol-

ume, good thermal stability and chemical inertness have

gained increasing attentions in catalysis [8–14], adsorption,

host–guest chemistry, environmental technology and bio-

medical fields [15]. Mitome [16] reported the adsorption

behavior of indol from the artificial intestinal juice solu-

tion; this result suggests that owing to mesopores and 3D-

interconnected pore structures, the amounts of indole ad-

sorbed on mesoporous carbon is significantly higher than

the adsorption capacity on AC. Many other reports [17–26]

also reported mesoporous carbon as adsorbent for remov-

ing contaminants, such as organic dye, antibiotics, phenol

and heavy metal ions from a body of water.

As a solid adsorbent in aqueous solution, both AC and

mesoporous carbon are difficult to be separated from the

liquid phase because of their small particle sizes. An effi-

cient way to solve the problem is to induce magnetic

nanomaterials into carbon materials. Due to their unique

properties, the magnetic mesoporous carbon materials at-

tract great interests in many fields such as magnetically

separable adsorbents, hydrogenation catalyst support and

supercapacitors. Nevertheless, the report on using meso-

porous carbon and magnetic mesoporous carbon as adsor-

bents of ionic liquids is not much at present.

In our report, magnetic mesoporous carbon was pre-

pared by a reliable method and used as adsorbent to re-

move the IL release from aqueous solution. Several

methods were used in the preparation of mesoporous car-

bon materials, such as hard template methods, soft tem-

plate methods and direct carbonization methods. SBA15 is

often used as the template to prepare mesoporous carbon.

SBA15 offered a considerable benefit from the ordered

pore and hexagonal structure in achieving carbon host. So

with that being said, hard template method, mesoporous

silica SBA15 as a template, is not only a reproducible

method to prepare mesoporous carbon, but also can control

the pore size, pore volume and surface area of mesoporous

carbon host. Accordingly, SBA15 as the template was

chosen to prepare mesoporous carbon host in our paper.

1-Butyl-3-methyl imidazolium chloride ([Bmin]Cl) was

chosen as a model ILs, because it is the main ionic liquid

used as a starting material in the production of other ionic

liquids and also since it is water-soluble and stable with

changes in pH and has many uses in processing renewable

resources [27].

2 Experimental

2.1 Materials

2.1.1 Preparation of mesoporous carbon

The synthesis of ordered mesoporous carbon was per-

formed using SBA-15 silica as the template and sucrose as

carbon source. In a typical reaction process, 1 g SBA-15

and 0.14 g H2SO4 were added into 5 mL 0.73 M sucrose

solution in a Pyrex beaker. After stirring adequately, the

resultant solution was dried at 100 �C for 6 h and then

heated to 160 �C 6 h for pre-carbonation. After the solution

was naturally cooled down to room temperature, the as-

obtained powder was dissolved in 0.8 g of sucrose, 5 g

H2O solution, and subsequently, 0.09 g H2SO4 was intro-

duced with stirring; the heat treatment process is same as

the above case. Finally, the obtained product was annealed

at 900 �C for 6 h under N2 protection at a ramping rate of
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2 �C min-1; subsequently, the SiO2 template was removed

by 10 % HF, and the obtained product was washed with

deionized water and dried at 60 �C for a night to obtain the

ordered mesoporous carbon, which be signed OMC in this

paper.

2.1.2 Preparation of magnetic mesoporous carbon

The magnetic mesoporous carbon materials were synthe-

sized as follows: 0.4 g OMC and 1.4 g FeCl3�6H2O were

dispersed in 75 mL ethylene glycol, by ultrasonication for

2 h. After that, 3.6 g CH3COONa was added into the so-

lution with ultrasonication for another 2 h, and the obtained

solution was then transferred into a stainless autoclave at

200 �C for 16 h. The products were collected with magnet,

washed with deionized water for five times and then dried

in oven at 50 �C for 8 h, and the magnetic OMC was ob-

tained, which be signed Fe/OMC.

2.1.3 Synthesis of ionic liquid

The ionic liquid, 1-methyl-3-butyl imidazolium chloride

([Bmim]Cl), was synthesized according to the previous

literatures [28]. [Bmim]Cl was synthesized by refluxing

the 1-methylimidazole with a large excess of the

chlorobutane for 24 h. The excess chlorobutane was re-

moved by evaporation, and crude product was recrys-

tallized from acetonitrile/ethyl acetate. The resulting

white precipitate was isolated by filtration and then dried

in vacuo for 24 h. [Bmim]Cl was characterized by 1H-

NMR spectra, and all the peaks were assigned: d (ppm)

9.16 (s, N–CH–N), 7.77 (s, CH3–N–CH–CH), 7.70 (s,

CH3–N–CH–CH), 4.18 (t, N–CH2), 3.86 (s, N–CH3),

1.75 (m, N–CH2–CH2), 1.25 (m, CH2–CH3) and 0.89 (t,

CH2–CH3).

2.2 Characterization and measurements

X-ray diffraction (XRD) data were collected on a Riguku

XDS 2000 diffractometer with Cu Ka, using radiate on at

50 kV and 20 mA. Scanning electron microscopy (SEM)

measurements were performed using Hitachi S-480 op-

erating at an accelerating voltage of 15 kV. Transmission

electron microscopy (TEM) images were recorded on

FeiTecnia G2-STWIN. Thermal gravimetric (TG) ex-

periments were conducted by a Pyris-Diamond TG

analyzer in a temperature range of 30–800 �C under an

air atmosphere with a heating rate of 10 �C min-1. The

nitrogen adsorption–desorption, surface areas and median

pore diameters were measured using a Quantachrome

NOVA 2000e analyzer. Before being measured at 77 K,

the samples were degassed at 423 K for 12 h. Specific

surface areas and pore size distributions were calculated

using the Brunauer–Emmett–Teller (BET), and density

functional theory (DFT) and Barrett–Joyner–Halenda

(BJH) models from the adsorption branches, respectively.

The magnetic measurements were made on a vibrating

sample magnetometer (VSM, Lake Shore, Model 7410).

Raman spectroscopy was performed using LabRAM HR

800. Adsorbate concentrations were determined by UV–

Vis spectra on Lambda 45 spectrophotometer. 1H NMR

spectra of [Bmim]Cl was recorded on a BRUKER

AVANCE AV400 spectrometer and calibrated with te-

tramethylsilane (TMS) as the internal standard.

2.3 Adsorption and desorption experiments

A total of 25 mg adsorbent, OMC or Fe/OMC, was brought

into contact with [Bmim]Cl solution in 50-mL flasks. We

use commercial AC for a comparison study, and the ex-

perimental details are the same in each experiment. The

mixture was stirred at 298 k until the equilibrium was

reached (typically 18 h). After adsorption, spent Fe/OMC

was separated by the external magnetic field, while other

adsorbent with centrifugal separation. Adsorbate concen-

trations were determined by UV spectroscopy at 211 nm,

which is the approximate maximum of absorption mea-

sured for the imidazolium cations. The equilibrium ad-

sorption capacities (Qe) were determined according to the

following formula:

Qe ¼
ðCi � CeÞV

m

wherein Ci and Ce are the initial concentration and residual

concentration of [Bmim]Cl respectively, V is the volume of

the solution and m is the mass of the adsorbent.

Fe/OMC absorbent as model absorption was studied for

researching desorption and repeated use of adsorbent. After

the sorption experiments, spent Fe/OMC was separated by

the external magnetic field, agitation of Fe/OMC dispersed

in 20 mL of ethanol and ultrasonication for 50 min, and

then dried in an oven at 100 �C for 24 h. The recycling of

Fe/OMC adsorbent for the adsorption–desorption of

[Bmim]Cl was studied for eight times. The experiment

detail is the same as above.

3 Results and discussion

3.1 Structural feature

Figure 1 shows the powder X-ray diffraction patterns

(XRD) of OMC and Fe/OMC. The small-angle XRD pat-

tern of the OMC showed a sharp (100) Bragg reflection

with additional peaks corresponding to the (110) and (200)

reflections (Fig. 1a), and after the loading of the magnetic
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particles, a decrease in the intensity of the XRD reflections

was noted. This was probably related to a decreased elec-

tron contrast between the channel pores and the walls of the

mesoporous materials due to the presence of the bulky

organic groups or due to a loss of structural order as a result

of the grafting conditions. The wide-angle XRD pattern of

Fe/OMC showed a broad diffraction peak at 43.342� at-

tributed to peak of amorphous carbon (Fig. 1b). The

characteristic diffraction peaks at 18.391�, 30.272�,
35.741�, 43.342�, 53.852�, 57.399�, 63.012�, 71.527� and

74.539� corresponding to (113), (206), (119), (0012),

(2212), (1115), (4012), (2018) and (3315) reflections were

well indexed to the face-centered cubic-structured mag-

netite c-Fe2O3 (JCPDS file No. 25–1402). Based on

Scherrer’s formula, the Fe2O3 particle size is about 13 nm.

Figure 2 shows the SEM and TEM images of synthe-

sised OMC and Fe/OMC. Figure 2a showed that the OMC

presents a bamboo-like morphology and relatively smooth

surface. After loaded with magnetic particles, it is clearly

seen that extraordinarily fine particles are homogeneously

Fig. 1 a Small-angle XRD

patterns of OMC and Fe/OMC.

b Wide-angle XRD patterns of

Fe/OMC composites

(c) 

50nm

(a) 

1 μm 

(d) 

50 nm 

2 μm 

(b) 

Fig. 2 SEM images of OMC (a) and Fe/OMC (b). TEM images of OMC (c) and Fe/OMC (d)
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dispersed on the carbon matrix (Fig. 2b). TEM charac-

terizations further present the structural features of the

composite, as seen in Fig. 2c, d. It can be seen from Fig. 2c

that the OMC exhibits an ordered array of mesoporous

channel structure. The carbon arrays are interconnected

with each other to form a three-dimensional (3D) network.

TEM images of Fe/OMC composites are shown in Fig. 2d.

The Fe nanoparticles, which were clearly observed, were

embedded in the carbon wall. These images show that most

of the Fe2O3 is present as submicronic particles. This is

probably the main reason why the specific surface area is

decreased by 40 % (from the BET results). Compared with

carbon arrays in TEM images, the ordering decreased with

metal loaded. The TEM results were consistent with the

low-angle XRD analysis.

The content of Fe2O3 in the composite is estimated by

thermogravimetric analysis in a temperature range of

30–800 �C under an air atmosphere with a heating rate of

10 �C min-1 (Fig. 3). The small mass loss before 200 �C
can be attributed to dehydration. And when the sample is

heated to 800 �C, the carbon is oxidized to CO2. The re-

maining weight of Fe2O3 is 43.93 % (at 630 �C). Ac-

cordingly, the content of carbon is about 56.07 wt%.

The pore structures of the OMC and Fe/OMC were

further analyzed using nitrogen sorption measurements. All

the samples were degassed at 423 K for 12 h on a vacuum

line before being measured. Figure 4 shows nitrogen ad-

sorption–desorption isotherms (Fig. 4a) and pore size dis-

tributions (Fig. 4b) of OMC and Fe/OMC, respectively. As

displayed in Fig. 4a, it can be seen that OMC sample ex-

hibits type IV isotherms with H4-type hysteresis loops at

high relative pressure region, suggesting that the meso-

porous structure exists at OMC sample. As shown in

Fig. 4b, the OMC, carbon host, has a pore size distribution

centered at 3.90 nm according to the BJH method. For

magnetic mesoporous carbon, Fe/OMC, the isotherm is of

type II because of no plateau (Fig. 4a). Apparently, the

pore structure of the mesoporous carbon host was de-

stroyed during the precipitation of Fe2O3 nanoparticles,

possibly due to the etching of the carbon walls during the

reaction process. The primary pore diameters of Fe/OMC

material are evaluated as 3.48 and 4.85 nm (Fig. 4b) ac-

cording to the BJH models, and those of it has two maxima

at 1.47 and 1.85 nm attributed to micropore of Fe/OMC

(Fig. 4b inset) using the NLDFT method, which reveals
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Fig. 3 TG profile of Fe/OMC composite up to 800 �C in air

Fig. 4 N2 adsorption–desorption isotherms (a) and pore size distributions (b) of OMC and Fe/OMC using Barrett–Joyner–Halenda (BJH)

method. Inset pore size distributions of Fe/OMC according non-local density functional theory (NLDFT) method

Table 1 Comparison of textural properties between OMC and Fe/

OMC

Sample SBET (m2 g-1) Pore size (nm) Pore volume (cm3 g-1)

OMC 1010 3.90 1.24

Fe/OMC 651 3.48/4.85a 0.66

a According to the BJH method
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that the micropore and mesopore structures are included in

Fe/OMC materials. The BET surface areas of OMC and Fe/

OMC are 1010 and 651 m2 g-1, and the corresponding

pore volumes are 1.25 and 0.66 cm3 g-1, respectively. The

specific surface area and the specific pore volume of Fe/

OMC are much lower than those of OMC, which confirms

the framework collapse during the precipitation of Fe2O3

nanoparticles. The textural properties of OMC and Fe/

OMC are summarized in Table 1.

Raman spectra of OMC and Fe/OMC were measured

and compared. As shown in Fig. 5, both samples exhibited

the peaks at 1350 and 1590 cm-1, corresponding to so-

called D and G bands. The D band is usually associated

with the vibrations of carbon atoms with dangling bonds

for the in-plane terminations of disordered graphite. The G

band is due to the sp2-bonded carbon–carbon stretching

(E2g) mode in a two-dimensional hexagonal lattice for

graphene sheet. The intensity ratio of the D and G bands

(ID/IG) has a physical meaning for the crystallinity or

amorphicity of carbon materials. This ID/IG value calcu-

lated from Fig. 5 is found to be R1 = 0.90, R2 = 0.92,

implying crystallinity to some extent. Such values indicate

that iron may catalytically graphitize the OMC. The ID/IG

of Fe/OMC was slightly larger than that of the OMC

sample, which suggested the carbon in Fe/OMC sample

was more disordered because of the induced magnetic

composition, in agreement with XRD result.

The magnetization curves (Fig. 6) for sample presented

almost no hysteresis loop, indicating that the samples ex-

hibited superparamagnetic characteristics desirable for

application in separation under an external magnetic field.

Superparamagnetism is the responsiveness to an applied

magnetic field after removal of the applied magnetic field.

The typical ferromagnetic curve of the sample Fe/OMC

exhibited a saturation magnetization value at 26.11 e-

mu g-1 (Fig. 6). It is well known that superparamagnetic

nanocomposite can be easily separated by magnet.

Figure 7 is the photograph of Fe/OMC in wastewater

and under an external magnet. The powder Fe/OMC

could be easily separated from the solution by an external

magnet. The property of magnetic attraction is quite

useful for the separation of carbon in adsorption

processes.
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Fig. 5 Raman spectrum of the OMC and Fe/OMC
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Fig. 6 Magnetization curves of Fe/OMC
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Fig. 7 Photograph of Fe/OMC

in wastewater and under an

external magnet
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3.2 Adsorption of [Bmim]Cl

The relationship between the adsorption capacity and the

adsorption time was investigated in Fig. 8. As can be seen

from Fig. 8a, after achieving adsorption equilibrium, ad-

sorption amount of Fe/OMC was higher than OMC ab-

sorbent. Although the specific surface area of OMC is

1010 m2 g-1, greater than that specific surface area of Fe/

OMC (654 m2 g-1), based on BET test results, the ad-

sorption amount is smaller than Fe/OMC absorbent.

Coutinho et al. [29] reported theirs researches about

adsorption of ionic liquids onto AC by the addition of

inorganic salts. In Coutinho’s work, the salting-out

ability of an inorganic salt, Na2SO4, a strong salting-out-

inducing salt that does not change the medium pH when

dissolved in aqueous medium, was used to improve the

adsorption of different ILs (hydrophobic and hy-

drophilic) onto AC. It was already shown that Na2SO4

can promote the phase separation when combined with

hydrophilic ILs in aqueous solutions and that it can de-

crease the solubility of highly hydrophobic and fluori-

nated ILs in water. From another view, hydrophily of

mesoporous carbon host is increased by doping Fe2O3

particles. We speculate that increase in hydrophilic me-

soporous carbon host maybe is one of the main reasons

for higher adsorption amount of Fe/OMC than OMC

adsorbent. However, detailed relationship between the

hydrophily of mesoporous carbon host and the amount of

adsorption of ILs in aqueous solution needs further study

in our following works.

A commercial AC with high surface area (781 m2 g-1,

Fig. S1) was used for adsorption of [Bmim]Cl when

compare with prepared Fe/OMC adsorbent. The maximum

adsorption amount of AC is only about 107.04 mg g-1

(Fig. S2). Obviously, AC shows lower adsorption capacity

than Fe/OMC samples. For AC, the presence of lots of

micropores is not conducive to the adsorption of ionic

liquids [3]. So the results demonstrate that the Fe/OMC has

the great potential in ILs adsorption.

The adsorption isotherm experimental data were collect-

ed at different concentrations of [Bmim]Cl as shown in

Fig. 8b. It can be seen from Fig. 8b that the adsorption

amount increases with the increase in IL concentration until

the adsorption reaches saturation (297.9 mg L-1). The ma-

terials show nearly complete adsorption with the initial

concentration below 200 mg L-1 as shown in Fig. 8b. To

Fig. 8 a Relationship between the adsorption capacity and the adsorption time. b Adsorption capacities for [Bmim]Cl on Fe/OMC. Langmuir

(c) and Freundlich (d) fits (curves) for the adsorption of [Bmim]Cl
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examine the efficiency of the prepared Fe/OMC adsorbent,

adsorption isotherms were fitted to Langmuir and Freundlich

models given by Eqs. (1) and (2), respectively.

Ce

qe
¼ 1

bqm
þ Ce

qm
ð1Þ

lg qe ¼ lg kf þ
1

n
lgCe ð2Þ

where Ce is the equilibrium concentration (mg L-1) of ionic

liquid in solution, qe is the equilibrium adsorption amount

(mmol g-1), qm is the maximum adsorption capacity

(mg g-1), b is the adsorption equilibrium constant

(L mmol-1), Kf is a constant representing adsorption ca-

pacity (L mmol-1) and n is an indication of linearity. Fig-

ure 8c, d is the linear Langmuir and Freundlichmodels of the

isotherms, and the parameters of Langmuir and Freundlich

are given in Table 2. From Table 2, the Langmuir model,

typical monolayer adsorption, could provide better repre-

sentation of the adsorption isotherms of [Bmim]Cl than the

Freundlichmodel. That is to say, in this paper, the adsorption

behaviors belong to the monolayer adsorption. Maximum

adsorption capacity qm, was calculated for adsorbents with

the Langmuir model so that their adsorption capacity could

be compared (Table 2). Comparing theoretical maximum

adsorption capacities (Table 2, 238.66 mg g-1) with the

experimental maximum adsorption capacities (Fig. 8b,

238.32 mg g-1), the experimental value is near the theore-

tical value. This confirms that the adsorption of [Bmin]Cl on

Fe/OMC adsorbent fits the typical Langmuir adsorption

model well in aqueous solution.

3.3 Adsorbent regeneration and IL recovery

Regeneration of an exhausted adsorbent for reuse is a de-

termining factor regarding its potential application at in-

dustrial scale. If adsorption is to be applied for ILs, the

recovery of this type of adsorbent becomes a critical point

due to their high value and toxicity which would give the

characteristic of toxic waste to the exhausted adsorbent. In

this section, both adsorption performance of the regen-

erative Fe/OMC adsorbents and the later recovery of an ILs

of reference, [Bmim]Cl, have been checked. Figure 9

shows the results of adsorption capacity of [Bmin]Cl on

regeneration adsorbent in aqueous solution. From Fig. 9,

after eight sorption–desorption cycles, the adsorption ca-

pacity is almost the same value (238.32 mg g-1 for the first

sorption and 228.21 mg g-1 for the eighth sorption).

To check for recovery of ionic liquid [Bmim]Cl, we

used UV–vis spectra at room temperature and tested the

ionic liquid concentration before adsorption, after adsorp-

tion and desorption, respectively. Hence, concentration was

evaluated base on Lambert–Beer’s law:

A ¼ k � b � C

where A is absorbency and C is the concentration of the

measured solution. The initial concentration of [Bmin]Cl

before adsorption, C0 is 1000 mg L-1, the equilibrium

concentration of [Bmin]Cl after adsorption Ce and the

concentration of [Bmin]Cl after desorption Cd are listed in

Table 3, and Ce and Cd is the relationship between

Cd ? Ce = C0 theoretically. The sorption–desorption pro-

cess was carried out five times in parallel, and average

value of Cd ? Ce = C0 is 993.94 mg L-1. Obviously,

Table 2 Fitting parameters of the Langmuir and Freundlich equa-

tions for [Bmin]Cl sorption onto the prepared Fe/OMC adsorbent

Langmuir model Freundlich model

Qm b R KF n R

238.66 1.24 0.99 136.19 10.03 0.68

0 1 2 3 4 5 6 7 8 9
0

50

100

150

200

250

q e
/(m

g/
g)

Number of run

Fig. 9 Adsorption cycles of the prepared Fe/OMC for [Bmim]Cl

Table 3 Concentration of

[Bmin]Cl before and after

adsorbed

Times of experiments Ce Cd Cd ? Ce Average value of (Cd ? Ce)

1 702.10 297.90 1000.00 993.94

2 702.22 288.9 991.12

3 702.26 288.5 990.76

4 701.94 291.84 993.78

5 701.96 292.06 994.02
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these three values with the following relations: Cd ?

Ce = C0 suggest that after a sorption–desorption cycles,

recovery of ionic liquid [Bmim]Cl is good.

Moreover, we characterized the recovered [Bmim]Cl by

NMR (Fig. 10). It was found that the recovered ionic liquid

showed results similar to the fresh one. Consequently, re-

newable and recyclable Fe/OMC adsorbents exhibited a

great promising application in IL-contaminated water at-

tributed to its high adsorption capacity and facile

separation.

4 Conclusion

In conclusion, we first report a reliable and simple method

to synthesize magnetic mesoporous carbon (Fe/OMC) used

as adsorbent to remove the ILs, [Bmim]Cl, from aqueous

solution. The structure test shows that Fe/OMC has ordered

mesoporous structure and high surface area (651 m2 g-1).

Furthermore, the Fe/OMC composite with a saturation

magnetization of 26.11 emu g-1 implies that Fe/OMC

composite could be separated by magnet from solution.

Although the specific surface area of Fe/OMC is decreased

by 40 %, adsorption amount of Fe/OMC (238.32 mg g-1)

on ILs is the relatively highest, compared with those of

OMC (204.24 mg g-1) and AC (107.04 mg g-1). It is

worth mentioning that adsorption capacity of Fe/OMC

adsorbent is good for adsorbing [Bmim]Cl after eight re-

cycle runs. The above results demonstrate that the as-pre-

pared magnetic mesoporous carbon is an efficient

magnetically separable sorbent for wastewater treatments.
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