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Novel composites MIL-101(Cr)@PFs were successfully prepared by immobilizing MIL-101(Cr) crystals onto the 100% virgin 

pulp fibers(PFs), and then characterized by N2 adsorption, X-ray diffraction (XRD), scanning electron microscopy(SEM), 

Fourier transform infrared spectroscopy (FT-IR) and thermal analysis. The adsorption isotherms of CO2 and benzene vapor 

on MIL-101(Cr)@PFs were measured by a volumetric method. Mechanical stability of sheet MIL-101(Cr)@PFs were tested 

on an oscillator with adjustable oscillation frequency of 2 and 4 Hz. Results showed that the as-synthesized MIL-

101(Cr)@PFs demonstrated similar gas uptake to the parent MIL-101(Cr) as well as excellent stability. The surface area of 

MIL-101(Cr)@PFs increased with the loaded amount of MIL-101(Cr). The uptakes of 67MIL-101(Cr)@PF for CO2 

and benzene vapor reached 2.13 mmol/g and 10.29 mmol/g at 298 K respectively, close to those of unit mass of MIL-

101(Cr) loaded on the pulp fibers, suggesting high utilization efficiency of MIL-101(Cr) after casting on PFs. MIL-

101(Cr)@PFs prepared in this work were flexible. 50MIL-101(Cr)@PFs can be distorted up to 360° without damage. 

Importantly, mass retention rate of MIL-101(Cr)@PFs maintained up to 99% after vibration of 120 minutes at 2HZ or 4HZ, 

implying that MIL-101(Cr) crystals had been anchored on pulp fibers stably. It could be expected that the sheet MIL-

101(Cr)@PFs would become a promising adsorption material for gas adsorption and purification in practical applications. 

 

 

1. Introduction 

Metal Organic Frameworks (MOFs), as a family of emerging porous 

materials, have attracted the increasing attention of scientists 

worldwide during the last two decades.
1, 2

 The huge surface area 

and pore volume, controllable pore size distribution and adjustable 

surface properties of MOFs
3-5

 enable it to play a crucial role in many 

functional applications, such as catalysis,
6, 7

  hydrogen storage,
8, 

9
  CO2 capture

10-12
 and harmful gas adsorption.

3, 13
 

Recently, increasing attentions are focused on detrimental 

environmental and health effects resulting from the emission of 

Volatile organic compounds (VOCs) and CO2. Adsorption is generally 

considered to be a fast, safe, and economical approach to remove 

VOCs and CO2. Thus, the use of adsorbents with high adsorption 

capacity would be an ideal solution for the efficient removal of 

VOCs and CO2. However, it was reported that the conventional 

adsorbents, such as activated carbon,
14, 15

 zeolite,
16, 17

 silica gel
18 

showed low adsorption capacities towards VOCs and CO2,  and the 

MOFs were thought as promising adsorption materials for VOCs and 

CO2 capture and separation
 
since they have much higher adsorption 

capacity towards VOCs and CO2 compared to conventional 

adsorbents. Millward and Yaghi
19

 reported that the CO2 adsorption 

capacity of MOF-177 reached 33.5 mmol/g at 298 K and 35 bar. As 

one of the most stable MOFs, MIL-101(Cr) achieved a high CO2 

adsorption capacity of 23 mmol/g at 298 K and 30 bar reported by 

Li..
20

 In addition, Zhao.
21

 reported that benzene adsorption capacity 

of HKUST-1 at 25 mbar and 298 K was about 10 mmol/g. Jeremias.
22

 

reported that methanol adsorption capacities of HKUST-1 and MIL-

101(Cr) were about 0.55 and 1.15 g/g at 298 K (p/p0=0.8), 

respectively. Furthermore, in order to enhance adsorption 

performance of MOFs, some MOFs-based composites were 

invented. For example, Sun
3
 prepared the composites (MIL-

101@GO) of MIL-101 and graphite oxide, and reported that MIL-

101@GO exhibited the maximum n-hexane uptake of 1042.1 mg/g 

at 298 K, which increased by 93% in comparison with that of the 

MIL-101, and was much higher than those of the conventional 

activated carbons and the zeolites. Zhou
4, 23

 synthesized the 

composites GrO@MIL-101 of MIL-101 and graphene oxide, and 

reported that GrO@MIL-101 had higher high acetone adsorption 

capacity and CO2 adsorption capacity as well as CO2/CH4 selectivity 

compared to parent MIL-101. 

In spite of the excellent uptake capacities of MOFs or MOFs-

based composites for VOCs and CO2, up to now, no practical 

application of MOFs has been reported yet. Actually, it is difficult to 

apply directly MOFs in practical application because MOFs are 

powders.  If the powders of MOFs were directly exposed to air flow, 

they would be blown away. If the powders of MOFs were directly 

filled in a fixed bed, it would cause a high bed pressure drop due to 

high adsorbent-packing density when gas stream flows through the 

bed. It is considered that if MOFs could not be put in use in near 
future, its development would be hindered. From viewpoint of 

application, MOFs are still in an immature state.
7, 24, 25

 In order to 

solve this problem, it is especially important to study the forming of 

MOFs powders into different shapes，such as spherical, cellular, 

fiber sheet, and fiber cloth. Therefore, the immobilization of MOFs 

powders onto structured supports is of great importance, not only 

for gas adsorption but also for other applications like 

catalysis,
7
  textile industry,

26
 photocatalytic purposes

27
 and so on. 
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However, only little efforts have been devoted to the 

immobilization of MOFs onto structured supports.
7, 28

 There were 

few reports about the immobilization and molding of MOFs crystals 

on various modified surfaces. For example, Fernandez
7
 immobilized 

MIL-101(Cr) on a monolithic structure via the secondary seeded 

growth method, and the MIL-101(Cr) monolith not only presented 

long-term stability but also exhibited similar catalytic performance 

to tetralin with respect to that of the powders. Marcia
29

 grew 

HKUST-1 on cotton with carboxyl groups for the fabrication of 

functionalized fibers, and confirmed a strong chemical interaction 

of HKUST-1 with the carboxymethylated cellulose fibers. However, 

no adsorption and mechanical property were reported. 

Rose
26

 reported the immobilization of MIL-100(Fe) and HKUST-1 

crystals by electrospinning on composite polymeric fibers, and the 

high loadings of MOF up to 80 wt% in the polymeric fibers could be 

achieved. 

To the best of our knowledge, so far, there is no report that 

natural pulp fiber (PF) has been used to prepare sheet MOFs@PFs 

adsorbents for gas adsorption. Among all substrates, the PF is 

considered to be an excellent choice because it is economical, 

highly flexible and easily molded.
25

 Furthermore, the PF itself 

contains some oxygenic groups, such as carboxyl groups, which 
would be conductive to the formation coordination bonds between 

surface carboxyl groups of PF and some mental ions of MOFs.
30

  

Herein, we prepared the composites MIL-101(Cr)@PFs of MIL-

101(Cr) and the pulp fibers for the first time, then tested their 

flexible and mechanical stability, and examined their adsorption 

performances towards benzene and CO2 . The effects of MIL-

101(Cr) loadings of the sheet composites on their textural 

structures, adsorption performances for VOCs and CO2 and 

mechanical stability of MIL-101(Cr)@PFs were discussed, and then 

reported here. 

2. Experimental section 

2.1. Materials 

Terephthalic aicd (H2BDC, 99%, A.R.) was purchased from Alfa 

Chemicals. Chromium nitrate nonahydrate(Cr(NO3)3�9H2O, 99%, 

A.R.) was got from Tianjin Fuchen Chemicals Co. Ltd. (Tianjin, 

China). N,-N dimethylmethanamide (DMF, 99.5%) ， ethanol 

(99.7%) and hydrogen peroxide solution(H2O2, 30%) were provided 

by Guangzhou Guanghua Sci-Tech Co. Ltd. Hydrofluoric acid (40%) 

and benzene (99.5%) were purchased from Guangzhou Chemical 

Reagent Factory. 100% virgin pulp paper was purchased from Vinda 

Paper Company. 

2.2. Oxidation treatment on virgin pulp fibers 

Before as matrix material, 100% virgin pulp fibers needed to be 

treated by hydrogen peroxide solution to increase surface oxygenic 

functional groups.
31

 The procedures were as follows: first, the 100% 

virgin pulp papers were immersed in distilled water and stirred for 

1-2 h,then filtrated. Second, the virgin pulp fibers and hydrogen 

peroxide solution(3 mol/l, 30 ml) were mixed in the teflon 

autoclave reactor and then the reactor was heated at 358 K for 8-12 

h. Then, the reactor was cooled down to the ambient temperature 

gradually. After that, the pulp fibers were washed several times by 

sufficient distilled water and then dried at 308 K for use.  

2.3. Preparation of composite MIL-101(Cr)@PFs 

Synthesis of MIL-101(Cr) was performed according to the 

procedures described in the literature.
13

 Chromium nitrate, 

terephthalic acid, distilled water and HF solution were used to 

prepare MIL-101(Cr). Before preparation of MIL-101(Cr)@PFs, the 

MIL-101(Cr) was dried at 373 K and then evacuated at 423 K for 12 

h in a vacuum condition. 

     Sheet MIL-101(Cr)@PFs were prepared by a deposition method. 

Fig.1 presents the flow chart of preparation of the sheet composites 

MIL-101(Cr)@PFs. Preparation procedure was as follows: first, the 

pulp fibers (0.3 g) treated with hydrogen peroxide solution were 

added in distilled water and stirred at room temperature for 8-12 h. 

Thus, pulp suspension was obtained. Second, MIL-101(Cr) crystal 

powers (0.1, 0.2, 0.3, or 0.6 g) were mixed in the pulp suspension 

and stirred at 313 K for 4 h. After that, the resulting mixture was 

filtered using G4 funnel, dried at 308 K and then activated at 423 K 

for 12 h under vacuum. Finally, sheet MIL-101(Cr)@PFs were 

obtained. The contents of MIL-101(Cr) crystals loaded on MIL-

101(Cr)@PFs were 25%, 40%, 50% and 67%, respectively. 

Correspondingly, MIL-101(Cr)@PFs were denoted as 25MIL-

101(Cr)@PFs, 40MIL-101(Cr)@PFs, 50MIL-101(Cr)@PFs, and 67MIL-

101(Cr)@PFs, respectively. 

2.4. Adsorbent characterizations 

Nitrogen adsorption isotherms were measured at 77 K on 

Micromeritics’ Accelerated Surface Area and Porosimetry Analyzer 

2010 (ASAP 2010) equipped with commercial software of 

calculation and analysis. The pore textural properties such as 

specific Langmuir surface area, Brunauer−EmmeO−Teller (BET) 

surface area were obtained by analyzing the N2 adsorption 

isotherms. The pressure ranges used for the BET surface area 

calculations were 0.05 <P/P0< 0.25 (Based on the three consistency 

criteria
32, 33

). Pore volume data and pore size distribution 

calculation also were provided by ASAP 2020 equipped with the 

software based on Density Functional Theory (DFT). The samples 

were outgassed at 423 K for 8 h before each measurement. 

Powder X-ray diffraction (PXRD) data were recorded on a Bruker 

D8 Advance X-ray diffractometer with Cu Kα radiation at room 

temperature with a scan speed of 2°/min and a step length of 

 

 
Fig. 1 Flow chart of preparation of the sheet composites 

MIL-101(Cr)@PFs of MIL-101(Cr) and the pulp fibers 
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0.02°at range of 5-50°(2θ). Scanning electron microscope (SEM) 

data were obtained from a Hitachi S-4800 instrument, and samples 

were previously dried and the sample surfaces were gold 

metallized. FTIR spectroscopy was performed on a Bruker Vector 33 

spectrometer with KBr pellets in the range of 4000–400 cm
-1 

with a 

resolution of 4 cm
-1

.
 
Before each measurement, the samples were 

evacuated at 423 K for 8 h. Thermal stability of samples were tested 

on a HTG-1/2 TGA in nitrogen atmosphere with the temperature 

range from 303K to 873K at a heating rate of 5 K/min.  

2.5. Measurement of mechanical stability 

Up to now, there are no uniform evaluation criteria for the 

mechanical stability of MOFs composites. Herein mechanical 

vibration test was designed to evaluate the mechanical stability of 

MIL-101(Cr)@PFs. Mechanical stability of composites MIL-

101(Cr)@PFs was evaluated on a reciprocating oscillator (Fu Hua 

CHZ 82A) with adjustable oscillation frequency of 2 and 4 Hz at 

room temperature. In most situations of practical applications, the 

oscillation frequency does not exceed 2 Hz. Evaluation procedure 

was as follows: First, the sample MIL-101(Cr)@PFs was placed on 

the oscillator, and then exposed to air for enough time until there 

was no change in mass. After that, mechanical vibration test was 

carried out for 120 minutes, and the sample MIL-101(Cr)@PFs was 

weighed every 20 minutes during the measurements. 

2.6. Measurement of benzene vapor and CO2 adsorption 

isotherms 

Adsorption isotherms of benzene vapor and CO2 on MIL-101(Cr) and 

MIL-101(Cr)@PFs were separately measured at 298 K on the 

Micromeritics 3-Flex by using a standard static volumetric method. 

The temperatures were strictly controlled by using a Dewar with a 

circulating jacket connected to a thermostatic bath with a precision 

of ±0.01 K. The free space of the system was measured by dosing 

the helium gas (99.999%). Before each measurement, the samples 

were vacuumed and evacuated at 423 K for about 8 h. 

Measurement of CO2 adsorption-desorption cycles also was 

performed on Micromeritics 3-Flex. MIL-101(Cr)@PFs were 

regenerated under vacuum and heated at 393 K for about 30 

minutes after each adsorption. 

3. Results and discussion 

Fig.2 shows pictures of the as-synthesized MIL-101(Cr)@PFs and 

SEM images of virgin pulp fibers and MIL-101(Cr)@PFs. This sheet 

composite can be distorted up to 360° without damage, suggesting 

its excellent flexibility(Fig.2, Fig.S1). Fig.1(c-d) show MIL-101(Cr) 

crystals had been attached on surfaces of PFs, implying PFs were 

suitable substrates. Fig.S2 shows that the PXRD patterns for 50MIL-

101(Cr)@PF. It exhibited the characteristic peaks at 2.95°, 3.40°, 

5.25°, 8.55°, 9.15° and 16.58°, which were consistent with MIL-

101(Cr) reported in the literature,
3, 13

 indicating that MIL-101(Cr) 

crystals were immobilized on the pulp fibers without damage.  

Fig.3 shows FTIR spectra of samples. Contrasting FTIR spectrum 

of original PF with that of H2O2-treated PF, we found that for H2O2-

treated PF, its peak of the C=O at 1642 cm
-1

 was intensified,
34

  and 
furthermore a new peak occurred at 1740 cm

-1
, which were 

assigned to the vibration of carboxyl groups,
35

 suggesting the 

production of carboxyl groups on PF after treated by hydrogen 

peroxide.  It may be ascribed to the oxidation of hydroxyl groups on 

PF into carboxyl groups.
31

 It was observed that MIL-101(Cr)@PFs 

retained the main characteristic peaks of both H2O2-treated PFs 

(the peaks occurred separately at 1031, 1113, and 2900 cm
-1

) and 

parent MIL-101(Cr)( the peaks occurred separately at 582, 748, 

1403, 1546 and 1630 cm
-1

). However, it was noteworthy that after 

forming composite of MIL-101(Cr) and the H2O2-treated PF, the 

peak at 1740 cm
-1

 corresponding to carboxyl group on H2O2-treated 

PF
 
disappeared on FTIR spectrum of MIL-101(Cr)@PFs, which may 

be ascribed to the chelation between Cr
3+ 

and -COOH forming Cr-O 

bond. As a result, it resulted in the disappearance of vibration signal 

of carboxylic groups in IR spectrum. It implied that MIL-101(Cr) 

crystals had been anchored on the PFs. In addition, the peak 

reflecting C=O bond vibrations on the H2O2-treated PF at 1642 cm-1 

  

  

Fig. 2 Pictures of 50MIL-101(Cr)@PFs(a) and its flexibility 

performance(b); SEM image of virgin pulp fibers(c) and 

50MIL-101(Cr)@PFs(d). 

 

 

Fig. 3 FTIR spectra of the pulp fiber, MIL-101(Cr) and 50MIL-

101(Cr)@PFs. 
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was shifted to lower wavenumbers and overlapped the peak of 

νas(COO) of the ionized carboxylate group on MIL-101(Cr)@PFs at 

1630cm-1.36 This shirt can be ascribed to the coordination of 

electron-rich oxygen atoms of C=O bond on H2O2-treated PF to the 

electropositive transition metal cations Cr
3+

 on MIL-101(Cr),
30, 37

 

resulting in varied chemical environment after depositing MIL-

101(Cr) on the H2O2-treated PFs. 

In addition, a vibration experiment was designed to evaluate 

mechanical stability of the sheet composite.  Fig.4 presents the 

mechanical stability of 67MIL-101(Cr)@PFs under condition of 

vibration at frequencies of  2HZ and 4HZ, respectively. To ensure 

the reliability of the data, we tested three samples of 67MIL-

101(Cr)@PFs at the same time on the reciprocating oscillator at 

frequencies of 2HZ, and then we calculated the average values of 

three mass retention rate of each time(every 20 minutes). In 

addition, we also tested other three samples of 67MIL-101(Cr)@PFs 
at the same time on the reciprocating oscillator at frequencies of 

4HZ. Figure 4 presents the average values of mass retention rates 

for 67MIL-101(Cr)@PFs at different frequencies.It showed that 

mass retention rates of  67MIL-101(Cr)@PFs maintained up to 

99.5% and 99.3% after vibration of 120 minutes at 2HZ and 4HZ, 

respectively, implying that MIL-101(Cr) crystals had been anchored 

on the pulp fibers, and thus the resulting sheet MIL-101(Cr)@PFs 

possessed excellent mechanical stability. 

Fig.5 shows the N2 isotherms of MIL-101(Cr)@PFs and MIL-

101(Cr) at 77 K. These isotherms exhibited the typical type I profiles 

with secondary uptakes in the range of 0.14~0.25 (p/p0), indicating 

the existence of two different microporous windows in all the 

samples.
3
 The equilibrium amount adsorbed of N2 on MIL-

101(Cr)@PFs became lower compared to MIL-101(Cr) due to 

introduction of PFs, and it increased with the loading ratio of MIL-

101 on the PFs. Table S1 lists the textural properties of MIL-

101(Cr)@PFs. The surface area of MIL-101(Cr)@PFs increased with 

the loading ratio, reaching 2174 m
2
/g at the loading ratio of 67%, 

about 65% of surface area of parent MIL-101(Cr).  

Fig.S3 shows the pore size distribution of 50MIL-101(Cr)@PFs 

and MIL-101(Cr). It was clearly visible that the samples 

demonstrated similar pore size distribution with some difference in 

pore volume. Compared to MIL-101(Cr), the pore volume of 50MIL-

101(Cr)@PFs became low due to introduction of nonporous PF 

substrate and similar phenomenon was reported by Rose
26

 on 

HKUST-1 grown on PAN substrate.  

Fig.S4 presents the SEM images of MIL-101(Cr), virgin pulp 

fibers and MIL-101(Cr)@PFs. It was observed that MIL-101(Cr) 

sample had good octahedral morphology, as shown in Fig. S4a, 

similar to that reported in the literature.
3
 Fig.S4b shows the SEM 

image of virgin pulp fibers, exhibiting flexible structure of the pulp 

fibers. Fig.S4c presents the SEM image of MIL-101(Cr)@PFs. It was 

observed that MIL-101(Cr) crystals had been evenly dispersed and 

anchored on the pulp fibers. Fig.S5 presents TGA Curves of MIL-

101(Cr)@PFs, MIL-101(Cr) and virgin pulp fiber. It was noticed that 

MIL-101(Cr)@PFs exhibited two significant weight drops, one 

starting at around 300 ℃, corresponding to the damages of PFs, 

and the other starting at around 350 ℃ , corresponding to 

decomposition of MIL-101(Cr) crystals.
38

 The TG analysis 

demonstrated the excellent thermal stability of MIL-101(Cr)@PFs.  

 

 

Fig. 5 N2 adsorption isotherms of MIL-101(Cr) and MIL-

101(Cr)@PFs at 77k 

Fig. 6 Benzene vapor adsorption isotherms of MIL-101(Cr) and 

MIL-101(Cr)@PFs at 298 K.(Points, experimental data; solid 

curves, model fitting by L-F equation.)

 

 
Fig. 4 Mechanical stability of 67MIL-101(Cr)@PFs evaluated by 

vibration experiment. 
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Fig.6 shows the isotherms of benzene vapor on MIL-

101(Cr)@PFs and the parent MIL-101(Cr). It can be seen that the 

equilibrium amounts adsorbed of benzene on these composites 

increased with the percentage of MIL-101(Cr) loaded on the PFs. 

These isotherms exhibited typical type I curves with second 

adsorptions in pressure range of 8 to 15 mbar due to the presence 

of two kinds of pore windows in the samples.
39

 The benzene uptake 

increased rapidly with pressure at low pressure region (P <15 

mbar), which can be attributed to the strong adsorption of benzene 

on the unsaturated metal centers and the micropore of MIL-

101(Cr).
13, 21

 Table S2 lists the benzene uptakes of MIL-101(Cr) and 

MIL-101(Cr)@PFs. Thereinto, the benzene uptake of 67MIL-

101(Cr)@PFs reached  10.29 mmol/g, being 62% of that (16.54 

mmol/g) of parent MIL-101(Cr) at 298K and 25 mbar, suggesting 

that the coating process had less impact on the adsorption 

performance of MIL-101(Cr) crytals.  

For comparison, Table 1 presents the benzene adsorption 

capacities of different adsorbents. The data in Table 1 indicated 

that the benzene equilibrium adsorption capacity of  67MIL-

101(Cr)@PFs achieved 10.29 mmo/g, much higher than those of 

conventional adsorbents. For example, the equilibrium adsorption 

capacity of 67MIL-101(Cr)@PFs for benzene was 12 times, 10 times, 

and 7.7 times as much as that of the SBA-15, Silicalite-1, H-ZSM-5, 

respectively. Furthermore, it was also higher than those of many 

metal organic frameworks such as HKUST-1, UIO-66 and MIL-

100(Cr). Therefore, 67MIL-101(Cr)@PFs will be a promising 

adsorbent for practical application of VOCs capture. 

Fig.7 presents the isotherms of CO2 on MIL-101(Cr)@PFs. It 

showed that the CO2 equilibrium uptakes of MIL-101(Cr)@PFs 

increased with the percentage of MIL-101(Cr) loadings, and thus 

that of 67 MIL-101(Cr)@PFs reached 2.13 mmol/g at 298 K and 1 

bar. Table S2 lists the CO2 adsorption capacities of MIL-101(Cr) and 

MIL-101(Cr)@PFs at 298 k and 1 bar. It was noted that that the CO2 

uptakes of MIL-101(Cr)@PFs were proportional to the amounts 

loaded of MIL-101(Cr) on the PFs, almost equivalent to the CO2 

uptake of MIL-101(Cr) loaded on the PFs. For example, 67MIL-

101(Cr)@PF demonstrated an CO2 uptake of 2.13 mmol/g, reaching 

65.7% as much as that of parent MIL-101(Cr). It suggested that MIL-

101(Cr) crystals loaded on the MIL-101(Cr)@PFs keep their 

unsaturated metal sites Cr(III) capable of capturing CO2 by Lewis 

acid-base interactions between the O of CO2 and Cr(III).
42

 It further 

indicated that the MIL-101(Cr) crystals loaded on the PFs still 

maintained their adsorption performance after the deposition and 

molding processes. Table S3 presents a comparison of CO2 

adsorption capacities of different adsorbents. It showed that 

67MIL-101(Cr)@PFs demonstrated a more excellent CO2 uptake of 

2.13 mmol/g in comparison to conventional adsorbents such as 

ZSM-5, zeolite-13X, MCM-41 and AC. Furthermore, it was worthy of 

mentioning that CO2 adsorption capacity of 67MIL-101(Cr)@PFs 

was higher than those of some MOFs crystals including ZIF-68, UIO-

66 and MOF-5. 

In order to describe the adsorption of benzene and CO2 on the 

MIL-101(Cr)@PFs quantificationally, the Langmuir–Freundlich (L–F) 

equation was applied to fit the experimental isotherm data of 

benzene and CO2, as shown in Fig.6 and Fig.7. L–F equation can be 

expressed as follows: 

1

c

c

bp
Q q

bp
=

+

                                              (1) 

Where, p (mbar or bar) is the pressure of the gas at equilibrium 

state; Q is the equilibrium uptake; q (mmol/g) is the saturation 

adsorption capacities; b (mbar
-1

 or bar
-1

) is the equilibrium constant 

of adsorption; c is the Langmuir–Freundlich coefficient. 

Table S4 and S5 list the fitting parameters of L-F model as well 

as their correlation coefficients (R
2
) for linear regression of data of 

benzene and CO2 adsorption on the samples MIL-101(Cr) and MIL-

101(Cr)@PFs at 298 K separately. The high regression coefficient R
2
 

up to 0.975 indicated that the L-F model gave a good fit to the 

experimental isotherms of benzene and CO2 on the samples. 

Figure S6 presents CO2 isotherms of each cycle of adsorption-

desorption on 50MIL-101(Cr)@PFs. These CO2 isotherms were 

nearly overlapping. The regeneration efficiency of 50MIL-

101(Cr)@PFs was up to 99% as shown in Figure S7, suggesting that 

50MIL-101(Cr)@PFs had excellent regeneration property. Thus, it 

can be concluded that CO2 adsorption on MIL-101(Cr)@PFs was 

stable and reversible.  

Table 1 Comparison of benzene adsorption capacities on 

different adsorbents. 

Adsorbent Equilibrium 

adsorption 

capacity 

(mmol/g) 

Temperature 

(K) 

Reference 

SBA-15 0.83 303 
13 

Silicalite-1 1 295 
13 

H-ZSM-5 1.3 303 
40 

Activated carbon ~7.5 303 
40 

ACC-963 4 303 
21

 

HKUST-1 10 298 
21

 

MOF-74 1.23 323 
41

 

67MIL-

101(Cr)@PFs 

10.29 298 This work 

MIL-101(Cr) 16.54 298 This work 
 

 

 

 

Fig. 7 CO2 isotherms of MIL-101(Cr) and MIL-101(Cr)@PFs at 

298 K.(Points, experimental data; solid curves, model fitting by 

L-F equation.) 
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Conclusions 

In summary, an novel method of immobilizing MIL-101(Cr) 

crystals on PFs was successfully developed for preparing sheet MIL-

101(Cr)@PFs. The as-prepared MIL-101(Cr)@PFs were flexible, 

which can be distorted up to 360° without damage. More 

importantly, mass retention rates of 67MIL-101(Cr)@PFs 

maintained up to 99.5% and 99.3% after vibration of 120 minutes at 

2HZ and 4HZ, respectively, suggesting the sheet composite is very 

stable. The surface area of MIL-101(Cr)@PFs increased with the 

amount loaded of MIL-101(Cr) crystals on the PFs, which can reach 

2174 m
2
/g when the amount loaded was of 67%. The benzene and 

CO2 uptake of 67MIL-101(Cr)@PFs reached 10.29 mmol/g(298K, 25 

mbar) and 2.13 mmol/g(298K, 1bar), respectively. Its adsorption 

performance is much better than many traditional adsorption 

materials. Its excellent flexibility and mechanical stability can make 

the composites be manufactured into various shapes to meet the 

different requirements of practical applications. It can be expected 

that the sheet MIL-101(Cr)@PFs would become a promising 

adsorption material for gas adsorption and purification, such as CO2 

and VOCs as well as toxic gases, in practical applications. In 

addition, the forming method of MOFs@PFs would be an effective 

way to prepare catalystic materials for gas purification purposes. 
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