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Radioactive iodine is one of the inevitable by-products of nuclear energy application. However, it is a great threat to public health
and the adsorbent needs to be adopted for removing the radioactive iodine. The iodine adsorbent needs to have some advantages,
such as simple preparation method, low cost, high absorption capacity, and recyclable utilization. In order to meet the above
requirements, the etched material of institute Lavoisier 101 (MIL-101) was prepared to absorb the gaseous iodine. After the
MIL-101 is etched, the iodine adsorption performance has been greatly improved. The iodine adsorption experiment of etched
MIL-101 with different etching time (1 h, 3 h, 4 h, and 6 h) was completed, the results show that the optimal etching time is 4
hours and the capture capacity of the etched MIL-101 is 371wt%, which is about 22% higher than that of original MIL-101.
The experiment results of XRD, FT-IR, and XPS prove that the components and structure of etched MIL-101 are accordable
with those of MIL-101. The surface roughness is introduced in this work. The pore roughness is also an important factor to
the adsorption capacity, and the related research also supports this conclusion. Furthermore, after iodine is absorbed, etched
MIL-101 can be treated by ethanol for iodine release, and the etched MIL-101 has satisfied recyclability within three cycles.
Compared with MIL-101, etched MIL-101 not only had good reversible adsorption of iodine but also can adsorb low-
concentration iodine. The etched MIL-101 has a broad application prospect in nuclear emergency response and radiation
detection.

1. Introduction

With the development of nuclear technology, the public health
threat of artificial radionuclide gradually increases. Especially
radioactive iodine, it has attracted great attention in the appli-
cation of nuclear energy and nuclear technology [1]. Radioac-
tive iodine usually exists in the form of iodine, which is easily
diffused. It will enter the human body through various media

such as air, water, and food, and then it is rapidly enriched by
the human thyroid gland, thereby causing various thyroid dis-
eases [2]. Currently, there are 37 known types of iodine isotope
and their mass numbers are ranging from 108 to 144.15 types
of radioiodine are produced by nuclear power plant. However,
the 129I and the 131I are the two most harmful to the humans
and the environment. The half-life of 129I is 1:57 × 107 years
[3]. Therefore, the 129I will cause continuous pollution to the
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ecosystem. The amount of release 131I is huge, hundreds of
times higher than released other radionuclides [4]. In order
to prevent radioiodine damage to humans and the environ-
ment, it needs to be enriched. Adsorption material is consid-
ered to be one of the most promising methods for
radioiodine removal [5]. Therefore, it is a challenge to develop
recycled adsorbents with high adsorption capacity, low cost,
and high stabilities [6].

In the world, some types of material actually have been
applied to the radioiodine adsorption, such as the activated
carbon and functionalized clay. However, these materials
do not have enough adsorption capacity [7].

The adsorbent with silver has been considered as the best
choice for radioactive iodine adsorption, and the reaction
mechanism is that silver and iodine were used to produce
silver iodide [8, 9]. Compared with activated carbon and
other traditional adsorbent, the silver containing material
has excellent adsorption performance. However, the high
cost and nonrecycling silver-based adsorbent hinder its wide
application.

The conjugated microporous polymers (CMPs) and
covalent organic frameworks have excellent gas adsorption
property and they have great potential in iodine adsorption
[10, 11]. However, the preparation of materials is compli-
cated and material synthesis is sensitive to temperature,
pressure, and reaction atmosphere. In addition, ligands used
in synthetic materials are difficult to obtain and expensive.
Therefore, the preparation process of material needs further
development.

The metal-organic frameworks (MOFs) have become
one of the potential adsorption materials for radioiodine
due to amounts of active adsorption sites, a high specific
area, and high porosity [12–14]. The MOFs are a kind of
porous material composed of organic ligands with metal
ions or metal clusters [15]. MOFs are also ideal materials
for gas storage and separation [16–20]. The preparation
method of MOFs is very simple and suitable for industrial
large-scale production, such as ZIF-8 and MIL-101. The zeo-
litic imidazolate framework-8 (ZIF-8) had been prepared to
capture radioactive iodine [21]. The ZIF-8 contained six-
membered-ring apertures with diameters of 3.4Å, which is
close to the diameter of iodine molecules (3.35Å). The
adsorption capacity of ZIF-8 is 125wt% for iodine vapor;
only 25% of the iodine was absorbed on the surface and
100% of the iodine was captured in the structure. However,
iodine can escape from the inside of ZIF-8 at 300°C, and it
has cyclic adsorption properties [22]. In addition to the
ZIF-8, the MIL-101 is also a kind of excellent MOFs mate-
rial. French scientist Ferey prepared MIL-101 in 2005, and
the MIL-101 has been widely used in catalysts, gas adsorp-
tion, sensors, and other fields [23]. The MIL-101 is formed
by the chromium ions and terephthalic acid. Due to high
specific area, excellent chemical and thermal stability, MIL-
101 is considered as one of the most promising iodine-
adsorbent materials [24]. Furthermore, MIL-101 could cap-
ture iodine (96.61%) at a faster kinetics.

Currently, more and more kinds of modified MIL-101
materials have been studied. There are two pathways to
increase the adsorption capacity of MIL-101, one of which

is to improve the porosity and the other is increasing the
adsorption point. Ahmed et al. prepared GO/MIL-101 com-
posite material with high porosity. A small amount of graph-
eme can improve the porosity of composite. However, as the
amount of GO increases, the porosity of composite begins to
decrease. The adsorption capacity of GO/MIL-101 for nitro-
gen containing compound (NCC) is far more than MIL-101
[25]. Zhou et al. synthesized bimetallic MIL-101 (Cr, Mg).
Due to the increased specific area of MIL-101, the adsorp-
tion capacity of CO2 was significantly improved and reach-
ing 3.28mmol/g for CO2 [26].

Montazerolghaem et al. successfully manufactured
Cu@MIL-101 and Ni@MIL-101 and studied the adsorption
properties of Cu@MIL-101 and Ni@MIL-101 for CO2. The
Ni nanoparticles are uniform in MIL-101 distribution than
Cu due to smaller size. Thus, Ni@MIL-101 absorbs CO2 bet-
ter than Cu@MIL-101 [27]. The adsorption properties of a
series of MIL-101 with different anions (Cl-, F-, and NO3

-)
to N2, H2, and CH4 have been studied by Berdonosova
et al. [28]. The results show that the Cl- doped MIL-101
has higher gas adsorption properties than the other anion-
modified materials.

The modified MIL-101 should have better performance
but modification process cannot be too complicated and
the cost of the modification reagents cannot be too high.
The etching method is a suitable modification method
[29]. To improve the absorption capacity and simplify prep-
aration method, the etched MIL-101 is thoroughly studied as
iodine adsorbent. The etched MIL-101 has some advantages
of simple preparation method, low cost, high absorption
capacity, and recyclable utilization. In this study, the
enhancement effect and mechanism for etching process are
deeply discussed. Through the research for adsorption
capacity of MIL-101 with different etching time, the impor-
tance of the pore surface roughness was found. This conclu-
sion is further confirmed by comparing the results of
previous studies. The specific surface area, pore roughness,
and adsorption site collectively influence the absorption
capacity of MOFs.

2. Experiments and Methods

2.1. Chemicals and Material. The chemicals including ter-
ephthalic acid (H2BDC), chromic nitrate nonahydrate
(Cr(NO3)3•9H2O), hydrofluoric acid (HF), deionized water
(H2O), iodine (I2), N,N-dimethyl formamide (DMF), etha-
nol(C2H6O), and glacial acetic acid (C2H4O2) were pur-
chased commercially. All reagents were of analytical grade,
which were used without further purification.

2.2. Synthesis of Etched MIL-101. The MIL-101 was manu-
factured according to the hydrothermal method [29], as
shown Figure 1. 4.00 g Cr(NO)3•9H2O and 1.66 g H2BDC
were weighed on by an electronic balance (METTLER
TOLEDO AL-104). These reagents and 50mL deionized
water were added in a 100mL beaker, and whisked it at
room temperature until dissolved. 12mL HF was poured
into the solution. Then, the mixture was ultrasonic shaking
for 15min and transferred to a 100mL Teflon liner of
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high-pressure reactor. After the reactor was fully tightened,
it was placed in an electric blast drying over (JingHong
DHG90A) at 220°C for 8 h. The produced precipitate was
separated and dried in vacuum at 100°C overnight (SuoPu
DZF-6050). The MIL-101 was successfully prepared.

The 400mg of MIL-101, 50mL of deionized water, and
5mL of glacial acetic acid were placed in a 100mL of reactor,
and stir quickly for 5min to disperse MIL-101 evenly. Then,
the reactor was moved to the drying incubator in 180°C for a
period of time. When the reactor is cooled to room temper-
ature, the mixture was centrifuged, and the etched MIL-101
was achieved [30].

2.3. Characterization. The crystallized phases of powder
were recorded by X-ray diffraction (XRD), and the measur-
ing instrument was D8 ADVANCE of Bruker (Cu Kα radia-
tion). The micromorphology and nanostructure were shown
by scanning electron microscopy (SEM, FEI Quant 250FEG,
USA) and transmission electron microscope (TEM, FEI Tec-
nai 20, USA). The test condition of SEM was 30 kV and the
sample needed to be treated by gold sputtering. Thermogra-
vimetric analysis (TGA) was used to thermal stability in air
with a heating rate of 10°Cmin−1 and the temperature range
is from 50 to 800°C. The infrared spectra (IR) spectroscopy
was obtained on a spectrometer meter by using KBr pellets
(Bruker VERTEX 70). The Brunauer-Emmett-Teller (BET,
Gold-APP V-Sorb2800P, China) specific area and pore size
distribution were measured based on the nitrogen adsorp-
tion/desorption analyses using surface area analyzer. Sam-
ples were vacuum desorbed at 160°C for 12h and then the
material was tested at 77 k for BET. The XPS spectra were
measured by using a PHI Quantera II electron spectrometer
with a monochromatic Al Kα radiation.

2.4. Adsorption Experiment. In order to determine the iodide
adsorption properties of samples, the capture experiment of
iodine was adsorption of gaseous iodine. Considering the
high harmfulness of radioactive iodine, the iodide experi-
ments were performed with nonradioactive 127I as alterna-
tive. The nonradioactive 127I is no harm to the
experimenter’s health. In addition, the radioactive 131I, 129I,
and nonradioactive 127I have the same physicochemical per-
formance for absorption experiments [4–6].

In the gaseous iodine capture experiment, the 20mg of
adsorption material was placed in a sealed container with solid
iodine at 350K and the normal pressure. The quality of the
solid iodine is 10, 50, 100, 200, 300, 400, and 500mg. After

8 h of adsorption, the container was opened quickly in the
draught cupboard for releasing the unabsorbed gaseous iodine.
The mass of adsorption material was weighed by the analytical
balance after cooling down to room temperature. The adsorp-
tion amount of iodine was calculated based on the mass differ-
ence before and after the capture. The calculation equation is
shown as follows:

m2 −m1
m1

× 100wt%, ð1Þ

where m1 and m2 are the mass of sample before and after
adsorption, respectively [31].

The procedure of iodine desorption is simple. Because I2
is soluble in organic solvents, such as ethanol, cyclohexane
,and acetone, the iodine desorption experiment can be com-
pleted by ethanol washing. The adsorbed sample was placed
in 10mL ethanol for 8 h, then they were dried for 12h in
vacuum at 160°C.

3. Results and Discussions

3.1. Characterization. The morphology of the MIL-101 and
the etched MIL-101 were monitored using a SEM. As pre-
sented in Figure 2(a), original MIL-101 showed a well-
defined octahedron shape structure with particle sizes of
~400nm and smooth surface. However, the surface of
etched MIL-101 became slightly rough; as the Figure 2(b)
shows, and the shape and size of the material did not change
anything. From the outer surface of the material, it can be
inferred that the inside of the pore also becomes very rough.
Some etched MIL-101 crystals were found that the hollow
structure was formed in the interior of the material, and
the inner surface of the pore is very rough, as shown in
Figure 2(c).

XRD pattern of etched MIL-101 and MIL-101 is shown
in Figure 3. The main characteristic peaks of MIL-101
appeared at 5.24°, 8.52°, and 9.13°, it is indicated that the
material was MIL-101 [32, 33]. Compared with the XRD
pattern of the MIL-101 that of etched MIL-101 does not
appear new characteristic peaks and just a slight change in
intensity for characteristic peaks. XRD patterns demonstrate
that the etching process has no effect on the crystal structure
of MIL-101. That is to say that the etched MIL-101 has the
same crystal structure as the MIL-101.

FT-IR spectrograms studies of the original MIL-101 and
etched MIL-101 have been performed and shown in

HF

Separate

Deionized water

H2BDCCr (NO3)3•9H2O
Etched MIL-101MIL-101

Etching
Glacial acetic acid220°C for 8 h

Figure 1: Schematic diagram of preparation process of the etched MIL-101.
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Figure 4(a). The FT-IR spectra for the material were
recorded in the range of 2000-500 cm-1 that displayed a
range of vibrational and binding modes. As depicted in
Figure 4(a), the absorption peaks at 1630 cm-1 and
1530 cm-1 should be attributed to the C=C and the aromatic
ring [34, 35]. The peak absorbance at 1420 cm-1 corresponds
to the telescopic vibration of the C-O. The characteristic
peaks of 1000-1250 cm-1 were generated by the chemical sin-
gle bonds, such as C-O, C-N, and C-F, and these peaks were
significantly attenuated. The results show that the etching
process damages a portion of bonds.

In contrast with the FT-IR spectrograms of MIL-101, the
characteristic peaks of MIL-101 did not significantly change
in the FT-IR spectrograms of etched MIL-101, and no new
characteristic absorption peaks appeared. It indicates that
the etching process does not change the structure of the
matrix material MIL-101.

Figure 4(b) is the TGA result of original MIL-101 and
etched MIL-101 in air. It is well depicted that etched MIL-
101 has a similar thermal stability to the original MIL-101.
There are three obvious weightlessness processes in the
TGA curves. The first weightlessness processes occurred at
50-100°C, mainly the water attached to the surface of the
material was evaporated in air. The second weightlessness
processes happened at 100-300°C, the primary reason was
a loss of water molecules and small molecules in the pore.
The third falling with the range of 300-350°C corresponded
to the elimination of OH/F groups and decomposition of
the framework. The TGA curve indicates that the etching
processes does not change the MIL-101 structure.

As shown in Table 1, the nitrogen adsorption-desorption
isotherms were measured to investigate the effect of different
etching times on porosity. The specific area and pore volume
of MIL-101 were calculated to be 3134m2g−1 and
1.52 cm3g−1, respectively. However, etching process changes
the specific area and pore volume, and the specific area of the
etched MIL-101 is decreased continuously with the increasing
etching time. In addition, the pore volume is increased contin-
uously with the increasing etching time. The curves of pore size
distribution were displayed in Figure 5(a), and pore size was
increased continuously with the increasing etching time. That

(a)

(a)

(b)

(b)

(c)

(c)

Figure 2: (a) The SEM photograph of the MIL-101. (b) The SEM photograph of the etched MIL-101. (c) The TEM photograph of the etched
MIL-101.
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Figure 3: The XRD results of etched MIL-101 and MIL-101.

4 Adsorption Science & Technology



means the surface of the pore is corroded away; however, the
structure of the pore does not collapse. The SEM images
showed that the outer surface of the material became very
rough, combinedwith the aperture change, the internal surface
of the pore should be very rough.

As shown in Figure 5(b), the curves of nitrogen
adsorption-desorption isotherms of and different etching
time MIL-101. According to the adsorption isotherm classi-
fication, the adsorption-desorption isotherm of etched MIL-
101 belongs to the Langmuir adsorption isotherm, which
indicates that the etching processes does not change the iso-
thermal adsorption type of the MIL-101.

3.2. Iodine Adsorption Study. To study the effect of the etch-
ing time on the adsorption properties of sample for gaseous
iodine, the capture experiment of gaseous iodine was com-
pleted and the experimental results are shown in Figure 6.
The saturation adsorption capacity of etching 1 h of MIL-
101 was 298wt%, it is close to that of the MIL-101. The sat-
uration adsorption capacity of MIL-101 with etching times
of 3 h, 4 h, and 6h were 352wt%, 371wt%, and 337wt%,
respectively, which were higher than that of the MIL-101
to gaseous iodine. It is clearly found that the saturation
adsorption capacity of etched MIL-101 for gaseous iodine

has increases firstly and decreases afterwards with the
increasing etching time. When the MIL-101 with etching
times of 4 h reaches maximum, the value is about 371wt%.
The saturation adsorption capacity of MIL-101 with 4 h
etching times is 1.23 times compared to that of MIL-101
for gaseous iodine. The experimental results indicated that
adjusting the MIL-101 pore structure by etching process
can improve the adsorption performance of MIL-101 for
gaseous iodine, although etching process reduced the spe-
cific area of the material. The reason is that the benzene ring
is exposed, and it can provide more adsorption sites.

Because of the optimal adsorption performance, MIL-
101 with 4 h etching was chosen to study the adsorption
capacity for different initial masses of iodine. The results
are shown in Figure 7(a). The adsorption capacity of
absorber for gaseous iodine increases rapidly with the initial
mass of iodine, and the saturation adsorption capacity reach
maximal value at 300mg. The saturated adsorption point of
etched MIL-101 (4 h) was reduced from 400mg of MIL-101
to 300mg. The experimental results indicate that the
increasing pore volume improved the adsorption perfor-
mance for low concentration iodine.

In order to research the adsorption rate of etched MIL-
101 for gaseous iodine, the adsorption kinetics of etched
MIL-101 was tested at 75°C and environmental pressure.
The adsorption rate for iodine is fast within the first 4 hours,
but the rate is decreased in the following time. The adsorp-
tion capacity reaches its limit after 8 h as shown in
Figure 7(b). The main reason is the more adsorption sites
were provided, the less iodine molecule was adsorbed. How-
ever, as the adsorption site is fully occupied, the adsorption
driving force gradually weakens until it completely disap-
pears. The higher adsorption capacity indicates that the spe-
cial structure after etching could have provided more space
to accommodate iodine. Table 2 summarizes some of these
adsorption values reported in the literature.

Before and after iodine adsorption, X-ray photoelectric
spectroscopy (XPS) was measured to research adsorption
mechanism, and the results are shown in Figure 8(a). As
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Figure 4: (a) FT-IR spectrograms of MIL-101 and etched MIL-101. (b) The TGA curves of MIL-101 and etched MIL-101.

Table 1: The specific area and pore volume of etched MIL-101.

Adsorbent
Specific area

(m2/g)
Pore volume

(cm3/g)
Pore size
(nm)

MIL-101 3134 1.52 2.23

1 h etched MIL-
101

3071 1.53 2.23

3 h etched MIL-
101

2902 1.58 2.23

4 h etched MIL-
101

2753 1.62 2.27

6 h etched MIL-
101

2524 1.67 2.29
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shown in Figure 8(a), the spectrum XPS was used to analyze
the state of the constituent elements after iodine adsorption
and it was corrected by C-1 s (284.8 eV). The etched MIL-
101 and MIL-101 contained elements, such as C, N, O,
and Cr. After iodine adsorption, I2 peaks appeared at
631.3 eV and 619.8 eV in the XPS spectrum of etched MIL-
101 [41, 42]. Combining with Figure 8(b), it is determined
that the surface adsorbed iodine of valence is zero. That is
to say that the iodine adsorption of etched MIL-101 belongs
to physical adsorption.

After I2 adsorption, the XRD spectrum of etched MIL-
101 is shown in Figure 9(a). It can be observed from
Figure 9 that the position of the characteristic peak of etched
MIL-101 does not change and the strength of the character-
istic peak is weakened, before and after adsorption. This

result showed that the crystal structure was still maintained.
Figure 9(b) is the FT-IR spectrum of the etched MIL-101
after adsorption iodine. Comparing FT-IR spectrum before
and after adsorption, no new characteristic peaks were
observed, indicating that the structure of etched MIL-101
does not change after adsorption, in other words, I2 does
not react with the etched MIL-101, it is just being adsorbed
onto the surface and pore through static electricity action.

3.3. AdsorptionMechanism Analysis. The reason that the etch-
ing process improves the adsorption capacity needs to be stud-
ied. Based on previous research results, the specific surface area
is the major factor for adsorption capacity. The larger the spe-
cific surface area is, the bigger the area contacted with the gas-
eous is. The specific surface areas of etched MIL-101 are
3134m2/g (0h etching time), 3071m2/g (1h etching time),
2902m2/g (3h etching time), 2753m2/g (4h etching time),
and 2524m2/g (6h etching time), respectively. According to
the specific surface area, the etching process should reduce
iodine adsorption properties. In order to seek the reasons, the
adsorption capacity per unit specific surface area is defined. It
represents the utilization efficiency per unit specific surface
and the calculation equation is shown as follows:

ε = m
s
, ð2Þ

where ε is the adsorption capacity per unit specific surface area
(wt%•g/m2), m is the mass of adsorption amount of iodine
(wt%), and s is the specific surface area (m2/g). The absorption
capacity of iodine unit surface area corresponds to
0.096wt%·g/m2 (0h etched MIL-101), 0.097wt%·g/m2 (1h
etched MIL-101), 0.127wt%•g/m2 (3h etched MIL-101),
0.135wt%·g/m2 (4h etched MIL-101), and 0.134wt%·g/m2

(6h etched MIL-101), respectively. As can be seen from the

2
–0.2

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0
2.2
2.4

3 4 5

2.0
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0
2.2
2.4
2.6

2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9

6 7 8 9
Diameter (nm)

Po
re

 v
ol

um
e (

cm
3 /g

)

10 11 12 13

MIL-101 
1 h ED/MIL-101 
3 h ED/MIL-101 

4 h ED/MIL-101 
6 h ED/MIL-101 

(a)

0.0

420

560

700

840

980

0.1 0.2 0.3 0.4 0.5 0.6
P/P0

0.7 0.8 0.9 1.0

Vo
lu

m
e (

cm
3 /g

)

MIL-101 
1 h ED/MIL-101 
3 h ED/MIL-101 

4 h ED/MIL-101 
6 h ED/MIL-101 

(b)

Figure 5: (a) The curves of aperture distribution; (b) nitrogen adsorption-desorption isotherms of etched MIL-101.
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Table 2: Comparison of iodine adsorption capacities of as-prepared etched MIL-101(4 h) with other adsorbents reported in the literature.

Adsorbent Equilibration time (h) Adsorption capacity (mg/g) Specific surface area (m2/g) Reference

Ag°-mordenite zeolite 130 110 109 [36]

SCMP-2 5 2220 855 [37]

ZIF-8 12 1250 2 643 [21]

Cu-BTC 12 1750 1850 [38]

MFM-300 12 1540 1250 [39]

ZIF-L 6 2637 1922 [40]

QTD-COF-1 10 4620 — [11]

TTMDATA 20 4490 456 [10]

Etched MIL-101(4 h) 8 3710 2753 This work
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Figure 8: X-ray photoelectric spectroscopy. (a) Full energy spectrum. (b) Local energy spectrum.
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iodine release time for etched MIL-101. (c) The absorbance curve of solutions with different iodine release time for MIL-101.
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results, the absorption capacity unit surface area of 4 h etched
MIL-101 is the highest. Compared with 3h etched MIL-101,
the total absorption amount of 6 h etched MIL-101 is worse.
However, the absorption capacity unit surface area of 6 h
etched MIL-101 is better than that of 3 h etched MIL-101.
The adsorption type is not changed, the material structure is
not changed, and no other material is added. The etching pro-
cess may be able to increase some adsorption sites [43]. How-
ever, 1 h or 3h of etching is not optimal. The reason is that
there are other factors besides the adsorption site. From the
experimental results, that is, the roughness of the inner surface
of the pore and previous research also confirms the conclusion.
There is a threshold for the roughness influence, and the
roughness will significantly improve the adsorption capacity
in a range. The results of SEM indicated that the roughness of
surface is increased.

The similar results also appear in the Cu nanoparticles
doped MIL-101, the previous study in our group needs to
be cited, Cu/MIL-101 was successfully synthesized for highly
efficient capture of iodine [44]. The Cu nanoparticles is
attached to the surface of pore, as the copper content gradu-
ally increases, more particles are deposited on the surface
pore. The absorption capacity unit surface area of Cu/MIL-
101 corresponds to 0.096wt%•g/m2 (0wt% Cu/MIL-101),
0.103wt%•g/m2 (0.5wt% Cu/MIL-101), 0.151wt%•g/
m2(1wt% Cu/MIL-101), and 0.143wt%•g/m2 (2wt% Cu/
MIL-101), respectively. The specific surface areas of Cu/
MIL-101 are 3134m2/g (0wt% Cu/MIL-101), 2802m2/g
(0.5wt% Cu/MIL-101), 2264m2/g (1wt% Cu/MIL-101),
and 1975m2/g (2wt% Cu/MIL-101). The general change of
specific surface areas also has been down. It indicates that
some of the pores are blocked by Cu particles. Compared
with MIL-101, all kinds of Cu/MIL-101 have stronger
adsorption capacity. The main reason is that nanoparticles
increase the absorption site and these Cu particles lead to
the pore of MIL-101 become rough. If it is simply an
increase in active sites, the 0.5wt% Cu/MIL-101 has
improved adsorption efficiency by 7%, compared with the

1wt% Cu/MIL-101, the adsorption efficiency has risen by
57%. Therefore, the surface roughness also significantly
improves the adsorption capacity in a range. The 1wt%Cu/
MIL-101 is optimal in all aspects of the pore roughness,
adsorption site, and specific surface area.

3.4. Adsorption Circulating Performance. The adsorbed sam-
ples were sunk in ethanol to release the adsorbed iodine. As
shown in Figure 10, the ethanol color gradually became dark
brown after releasing iodine. It indicates that the iodine
solved into ethanol from etched MIL-101. Compared with
MIL-101, the etched MIL-101 can release more iodine and
the solution is also dark-colored, as shown in Figures 10(b)
and 10(c). The absorbance curves of solutions with different
iodine release time are used to assess the iodine concentra-
tion. The iodine rapidly released from the etched MIL-101
as time goes on, and the release rate can reach 75% at 2 h,
about 85% at 4 h, about 92% at 8 h, about 96% at 12 h, and
about 98% at 24 h, as shown in Figure 10(a). The iodine
releasing rate of etched MIL-101 is more quick than that of
MIL-101. The reason is that the etching process makes the
material pore size bigger, and the solvent is easier to enter
[45, 46]. There is a huge gap for the amount of iodine
released in the first eight hours. The etched MIL-101 just
needs to be released for eight hours to achieve satisfactory
results. The results prove that the etched MIL-101 is recycla-
ble within three cycles and that is a very important property
in practical application, and the adsorbent can be used again
in an emergency.

In order to explore the circulating performance of etched
MIL-101, the adsorption circulating experiment of iodine
was accomplished. After disattachment, the gaseous iodine
was readsorbed according to the adsorption experiment,
and the results are shown in Figure 11. The etched MIL-
101 maintained 92% adsorption performance after the sec-
ond cycle, 81% after the third cycle, and 54% after five cycles.
It can be known from the measurement results that circulat-
ing performance of etched MIL-101 is consistent with that of
MIL-101, and the etching MIL-101 has excellent adsorption
performance within three cycles.

4. Conclusions

The MIL-101 was prepared by hydrothermal synthesis, and
then the etched MIL-101 was generated successfully by gla-
cial acetic acid etching. The etching process reduces the spe-
cific surface area, but it increases the adsorption capacity for
gaseous iodine. The SEM and TEM results of etched MIL-
101 show that material morphology remains unchanged,
but its crystal surface and pore inner surface became rough.
The curves of XRD, FT-IR, and XPS indicate that the crystal
structure and material composition does not any change.
The results of this experiment and previous related experi-
ments were analyzed. The roughness is also an important
factor for adsorption capacity. The roughness, adsorption
site, and specific surface area can affect the adsorption prop-
erties of adsorbent, and the application process can be opti-
mized through these three aspects. When MOF materials are
treated by etching process, it is necessary to optimize the
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Figure 11: The circulating performance of etched MIL-101 and
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etching time through preexperiment before application.
Compared with adsorption capacity of MIL-101(302wt%),
the optimal etching time is 4 h, and the saturated adsorption
capacity of etched MIL-101 (4 h) is 371wt%. The results
show that the adsorption capacity has risen by 22%. In addi-
tion, the adsorbed I2 does not react with adsorbent and the
adsorption process belongs to physical adsorption. There-
fore, the adsorbent can be reused through iodine release.
The method of desorption is ethanol washing and evapora-
tion drying. The iodine cycle experiment shows that the
etched MIL-101 has good cycle performance within three
times. The etched MIL-101 has advantages of simple prepa-
ration method, low cost, high absorption capacity, and recy-
clable utilization. In the future, the adsorbent can be used
within eight hours of a nuclear accident emergency, such
as the adsorption layer of the mask and enrichment material
for radioactive iodine activity monitoring.
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