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Abstract Recycling dysprosium (Dy) from an envi-
ronment can not only alleviate the industrial crisis,
but also reduce the ecological pollution caused by
Dy(II). The cost of the materials used to adsorb rare
earth ions is generally high, which is not conducive
to the wide application of adsorbents in the rare earth
industry. Herein, we developed an inexpensive adsor-
bent based on a three-dimensional network structure
consisting of carboxylated bacterial cellulose, atta-
pulgite, and gelatin to replace high-priced adsor-
bents. A low-cost and green I-APT-GT-OBC aero-
gel was prepared by a simple freeze-drying process.
To test the adsorption properties of the composite
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aerogel, we carried out a series of adsorption experi-
ments. The results showed that the saturated adsorp-
tion capacity of Dy(III) by the imprinted aerogel was
48.762 mg g~' when the pH value was 5.0, and the
adsorption process was spontaneous, endothermic
and entropy increasing. In the competitive adsorp-
tion experiment, the K; value of I-APT-GT-OBC
for Dy(III) was 4084.40 mL g~!, which was much
higher than that of other aerogels, showing excellent
selective adsorption. In conclusion, I-APT-GT-OBC
is expected to be a low-cost adsorbent that can effi-
ciently adsorb Dy(III) in water.

Keywords Bacterial cellulose - Attapulgite -
Aerogel - Ion imprinting technology - Dysprosium

Introduction

Dysprosium (Dy) is a moderately scarce element and
is widely used in NdFeB permanent magnets (Padhan
et al. 2017; Yadav et al. 2018) and has an irreplace-
able role in this industry. In recent years, China has
severely restricted the export of rare earths, which
has further exacerbated the shortage of Dy minerals
(Zheng et al. 2019). In addition, long-term exposure
of the environment to Dy will cause damage to the
water, soil and ecology, and may also affect human
health (Briao et al. 2021). Therefore, in order to meet
the dual needs of economy and ecology, humans
began to recycle Dy from discarded permanent
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magnets. Among various methods for recovering Dy,
many scholars have turned their attention to adsorp-
tion methods with high efficiency and simple opera-
tion. Devi (Devi and Mishra 2019) used cationic
surfactant-treated olive bark powder as a bio-sorbent
to adsorb Dy(IIl) in aqueous solutions. It was found
that the chemically modified bark powder was supe-
rior to the untreated bark powder, and the adsorption
efficiency of the treated bark was increased by about
90%. Kaneko (Kaneko et al. 2018) used surfactants
to prepare functionalized MPS materials with dif-
ferent pore sizes for the adsorption of Dy(IIl), and
finally determined an MPS material with a pore size
of 22 nm. However, there are not many reports of
Dy(IIl) isolating highly selectively from the mixed
solution, and ion imprinting technology can prepare
specific sites (Fu et al. 2015; Zheng et al. 2022a, b),
so ion imprinting technology is expected to achieve
this purpose.

In recent years, bacterial cellulose (BC) has
become a promising green biomass raw material due
to its excellent mechanical properties and biocom-
patibility (Oshima et al. 2008; Sakwises et al. 2017).
More importantly, the 3D network structure of BC
has a good pore structure, which can provide a good
basis for the adsorption behavior (Doineau et al.
2020). At the same time, a plenty of oxygen-contain-
ing groups on the surface of BC, especially hydroxyl
groups, provide the possibility for subsequent modi-
fication of the material, and carboxylation modifica-
tion can increase bonding strength between BC and
metal ions, thereby achieving efficient adsorption of
Dy(III). At present, BC has been widely used in vari-
ous industries, and many new BC based functional
materials have been developed, such as BC films (Xu
et al. 2020), BC emulsions (Kedzior et al. 2021), and
BC aerogels (Yan et al. 2022). Among them, aero-
gel with continuous 3D pores process high porosity
and large specific surface area, and is the lightest as
a solid material (Long et al. 2018; Salimian et al.
2018). Aerogel is a promising adsorption material,
and BC can be directly formed into aerogel by con-
ventional drying or freeze-drying. BC aerogel has
high mechanical stability and biocompatibility, and it
is a good material for adsorbing Dy(IIl) in water, but
there are still problems such as the poor adsorption
effect and the lack of adsorption selectivity (Hoshina
et al. 2020; Zhang et al. 2021). Therefore, it is signifi-
cant to modify BC aerogel to improve the adsorption
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effect of the material. Ion imprinting takes target
metal ions as templates and binds to the functional
groups of the precursor by complexation or coordina-
tion. The template ions were then filtered out of the
material with chemical reagents, and the retention
of specific recognition holes showed memory effects
on the shape, size and coordination geometry of the
target metal ions, so as to achieve selective adsorp-
tion of rare earth ions (Monier and Abdel-Latif 2013;
Hu et al. 2021). Therefore, ion imprinting technology
can effectively solve the problem of interfering ion
coexistence.

At present, there are many modified substances
that can improve the adsorption effect of adsorbents,
such as graphene oxide (Ashour et al. 2017; Li et al.
2021), carbon nanotubes (Pegier et al. 2019; Alguacil
et al. 2020) and so on, but these materials are gen-
erally expensive, and the prepared adsorbents are
not cost-effective. Therefore, our current goal is to
modify BC aerogel with low-cost raw materials to
reduce the preparation cost while maintaining the
high adsorption capacity of Dy(III) (Liao et al. 2018).
Attapulgite (APT) has a unique layer-chain structure
and appears as a rod-like crystal, which has a strong
adsorption capacity for metal ions (Liao et al. 2018;
Lin et al. 2021; Shang et al. 2021). At present, the
proven mineral reserves of APT in the world are about
1.4 billion tons, which is a natural biopolymer that
only second to cellulose. Therefore, APT is inherently
cheap and non-toxic (Lin et al. 2021). Gelatin (GT)
is a macromolecular hydrophilic colloid, and adding
GT can greatly improve the mechanical properties
of the material (Moradi et al. 2020; Marciano et al.
2021). In addition, GT can be made from raw materi-
als such as fish skin, chicken skin, fish scales and so
on. The raw materials are sufficient and cheap, which
meets our need to reduce the cost of adsorbents. In
summary, our goal is to use BC as the basic structure,
introduce APT and GT, and combine with the ion
imprinting technology to prepare low-cost imprinted
aerogel (I-APT-GT-OBC) with high selectivity and
high adsorption capacity for Dy(III).

Experimental section
We prepared a low-cost green I-APT-GT-OBC aero-

gel, as shown in Fig. 1. The specific steps are as
follows.
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Fig. 1 Synthesis of imprinted I-APT-GT-OBC aerogel

The synthesis of the BC aerogel

The BC aerogel was prepared after ultrasonic treat-
ment of the BC hydrogel for 30 min and freeze-dry-
ing for 24 h.

The synthesis of TEMPO-oxidized BC aerogel
(OBC)

1.13 g of NaClO, and 0.016 g of TEMPO were
put into a flask containing 90 mL of sodium
phosphate buffer solution (0.1 M, pH=6.8) and
mixed well. 16 g of BC wet gel was immersed in
the above mixed solution, the flask was shaken at
40 °C for 30 min, and 1 mL of NaClO was added,
and the bottle was immediately stoppered, and the
flask was shaken at 40 °C for 5 h. Then we added
5 mL of C,HsOH to stop the reaction and shaken
at room temperature for 30 min. Then we washed
the oxidized BC with deionized water. Finally, we
immersed the oxidized BC in 0.05 M NaOH solu-
tion and shook for 1 h, and we washed the oxidized

BC with deionized water until the washing solution
was neutral. The prepared OBC can be immersed in
deionized water for storage before use. Finally, the
OBC wet gel was freeze-dried to prepare aerogel.

The synthesis of APT-GT-OBC aerogel

5 g of OBC hydrogel was immersed in 100 mL of
a mixed solution of NaOH/urea/H,0O with a ratio
of 7:12:81 and stirred rapidly at — 12 °C. Then we
heated 0.2 g of gelatin and poured it into the mix-
ture, added 0.5 g of acidified and purified APT,
and sonicated for 30 min. The mixture was freeze-
thawed three times, with a freeze—thaw cycle of
12 h at — 20 °C and 4 h of room temperature thaw-
ing. After freezing and thawing, the complex was
repeatedly washed by distillation until the NaOH
and urea were removed and the washing solution
was neutral. Finally, freeze-drying was performed
to prepare the APT-GT-OBC aerogel.
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The synthesis of imprinted APT-GT-OBC aerogel
(I-APT-GT-OBC aerogel)

In the above mixture of OBC hydrogel, gelatin and
APT, we added 5 mg of Dy(NO;); and adjusted the
pH value of the solution to 5.0, then we sonicated
for 30 min and freezeed—thawed three times and
freezed—dried to prepare the aerogel. The aerogel was
transferred to the eluent with a volume ratio of gla-
cial acetic acid to water of 1:9 and soaked for 48 h
to remove the template. Finally, the imprinted I-APT-
GT-OBC aerogel was prepared by repeated washing
with distilled water to remove the residual glacial ace-
tic acid.

In parallel, the materials and equipment involved
in the preparation of the experiment, as well as the
characterization and adsorption experiments, are
described in the supplementary materials.

Results and discussion
Aerogel characterization
SEM

As shown in Fig. 2, the internal microscopic mor-
phologies of the four aerogels were captured by scan-
ning electron microscopy (SEM). Figure 2a showed
that the pure BC aerogel has amazing 3D filamentous
fibers, and many pores are formed between the fib-
ers. These pores could provide a certain guarantee
for the mechanical properties of the composite aero-
gel, and they also provide a good basis for adsorbing
Dy(IIl) in water. Compared with the pure BC aero-
gel, the fibers of the OBC aerogel in Fig. 2b were
slightly broken, but the original fiber network was
basically maintained. The microscopic morphologies
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Fig. 2 SEM images of BC (a), OBC (b), APT-GT-OBC (c) and I- APT-GT-OBC (d)
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of APT-GT-OBC aerogel and I-APT-GT-OBC aero-
gel were shown in Fig. 2c, d, and it could be seen that
there were a large number of slender rod APT adhered
to OBC and formed many tiny pores. Compared with
the non-imprinted aerogel, the APT on the surface of
the eluted imprinted aerogel was more uniform, but
the structure did not change significantly, indicating
the strong stability of the BC based aerogel.

BET

In order to study the pore structure of the aerogels,
the N, adsorption—desorption experiments were car-
ried out on four aerogels. The adsorption—desorption
isotherms and pore performance of the aerogels were
shown in Fig. 3 and Table 1. It could be seen that the
Sggr of the pure BC aerogel was 37.12 cm? g~'. The
pore diameter was enlarged, which was due to the
partial fracture of the BC fibers caused by carboxyla-
tion process, which made the pores of the aerogel col-
lapse to a certain extent. Combined with the data in
Table 1, APT adhered to many tiny pores formed on
OBC by GT, which increases the Sypr of imprinted
aerogel and decreases the average pore size. The aver-
age pore size of [-APT-GT-OBC was 12.77 nm, and
the Sgpr was 28.01 cm? g~!. Significantly smaller
than Sger and pores of non-imprinted aerogels, which
was believed to be due to the loss of APT in the mate-
rial and a certain degree of fiber breakage in the BC
caused by imprinting eluting and subsequent drying
process. Imprinting eluting may also lead to pore
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Fig. 3 N, adsorption—desorption isotherms of four aerogels

Table 1 The pore structure parameters of four aerogels

Sample Surface area (cm?>  Pore size (nm)
g

BC 37.12 13.81

OBC 13.6 15.65

APT-GT-OBC 41.55 16.98

I-APT-GT-OBC 28.01 12.77

collapse and pore volume reduction, resulting in pore
size reduction. At the same time, due to the collapse
of the hole, many particles may burn into one parti-
cle, and the specific surface area is relatively small.
These results were consistent with SEM. Therefore,
the introduction of APT could effectively increase the
Sger of the composite aerogel, which was beneficial
to the subsequent adsorption of Dy(II), while the car-
boxylation and elution process would have a certain
impact on the structural properties of the material.

FT-IR

We analyzed the FT-IR spectra of the materials in the
wave-number range of 4000 to 500 cm~!, as shown
in Fig. 4. It could be seen that the four aerogels all
showed the characteristic peaks of BC at 3342 cm™',
2883 cm™! and 1054 cm™, including -OH stretching
vibration related to intramolecular and intermolecu-
lar hydrogen bonds, as well as stretching vibration of
—CH, and C-O-C in cellulose glucose rings, respec-
tively. Compared with the pure BC, the infrared

I-APT-GT-OBC

APT-GT-OBC

Transmitance

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Fig. 4 FT-IR spectra of four aerogels
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spectra of OBC, APT-GT-OBC and I-APT-GT-OBC
all showed new a characteristic peak at 1654 cm”!,
this is mainly due to the anti-symmetrical stretch-
ing of —COOH in the carboxylate, indicating that
TEMPO oxidation can convert hydroxyl groups on
the surface of cellulose into carboxyl groups. Besides,
the carboxyl characteristic peaks of the APT-GT-
OBC and I-APT-GT-OBC aerogels were enhanced
compared with OBC, which was due to the addition
of GT. Against the spectrum of OBC, APT-GT-OBC
and I-APT-GT-OBC appeared at 975 cm™! with a new
characteristic peak due to the presence of Si—O-Si
(Song et al. 2020; Zhu et al. 2020) in APT. Therefore,
it is concluded that TEMPO can effectively modify
BC, APT and GT were successfully introduced into
the composite aerogels.

TGA

Thermal stability tests were carried out on four
aerogels under N,. The mass loss of the aerogels at
30-800 °C was shown in Fig. 5. It could be seen
that the mass loss of the four aerogels was relatively
small below 200 °C, indicating that the residual
water in the materials was very small. The BC and

OBC had obvious mass loss at 200-350 °C, which
decreased by about 80% and 55% respectively,
which may be due to the thermal decomposition of
the BC fiber structure. While APT-GT-OBC and
I-APT-GT-OBC had only lost about 20% at this
stage, which was due to the reduction of BC content
in composites. The material entered the carboniza-
tion stage, and the loss of the material tended to
stop after 450 °C. At this point the main component
of BC and OBC residues is carbon, and the residual
mass was 3.76% and 26.06%, respectively, while the
main components of APT-GT-OBC and I-APT-GT-
OBC residues were silicon and carbon. Therefore,
the residual mass of these two kinds of composite
aerogel were greatly improved compared with the
former two. In other words, the carboxylation of BC
and the addition of APT and GT can significantly
enhance the thermal stability of the composite aero-
gel. The siloxane contained in ATP makes silicon
and carbon still exist in the residue of composite
aerogel at high temperature, which significantly
reduces the mass loss of composite aerogels. Com-
pared with APT-GT-OBC, I-APT-GT-OBC had a
low total mass loss rate, which indicated that the
thermal stability of the imprinted aerogel is better.

Fig. 5 TG curves of four T T
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Fig. 6 Effect of pH on the adsorption properties of four aero-
gels

Analysis of adsorption results
Effect of pH on adsorption

We found the optimal adsorption pH by testing the
adsorption capacity of four aerogels to Dy(IIl) at
different pH values. Figure 6 showed the adsorption
properties of these aerogels. It could be seen that the
adsorption capacity of the pure BC, OBC, APT-GT-
OBC and I-APT-GT-OBC aerogel for Dy(III) were
gradually enhanced. Among them, the maximum
adsorption amount of imprinted aerogel reached
47.74 mg g~'. This demonstrated that carboxylation
and the introduction of APT and GT further increased
the active sites provided from the carboxyl groups,
thus improving the ability of composite aerogel selec-
tion and adsorption of Dy(III). With the increase of
pH value, the adsorption effect of aerogel changed
significantly. The adsorption effect of all four aero-
gels increased slowly when the pH value was below
5.0. This is because the protonated carboxyl group
will produce electrostatic repulsion with the Dy(III).
The -COOH on aerogel surface inhibits the interac-
tion between adsorbent and Dy(IIT). While when the
pH value was 5.0, the adsorption capacity increased
significantly. The protonation reaction of —COO™ is
weakened, and more active sites will coordinate with
Dy(IIl) in the adsorbent, so the adsorption effect of
aerogel is significantly improved. Especially for
I-APT-GT-OBC, the adsorption capacity was signifi-
cantly improved. Because of the imprinting process,

the imprinted sites with specific structures enhanced
the affinity of I-APT-GT-OBC for Dy(III). Therefore,
at pH 5, the improvement of the adsorption capacity
of I-APT-GT-OBC was greater than that of APT-GT-
OBC. When the pH continued to rise, the -COOH
on the surface of the aerogel continued to dissociate.
At this time, the adsorption capacity of the imprinted
material and the non-imprinted material still
increased slowly. Which might be due to the increase
rate of carboxyl dissociation decreased. The separa-
tion ability of the imprinted aerogel was measured by
imprinting factor (IF). When the value of pH was 5.0,
I-APT-GT-OBC showed a maximum IF value of 1.12.
This showed that the imprinted aerogel has the best
adsorption performance when pH=5.0, so we set the
pH to 5.0 in subsequent study of optimal conditions.

Adsorption dynamics

We tested the adsorption effects of four aerogels at
different contact times and fitted them with PFOKM
and PSOKM. Figure 7 and Table 2 were the adsorp-
tion data, the fitting curves and the related param-
eters, respectively. It is not difficult to see that the
conclusion was the same as the pH adsorption
experiment, the adsorption effect of APT-GT-
OBC and I-APT-GT-OBC composite aerogel on
Dy(IIl) was far superior to BC and OBC, which
further reflected the necessity of subsequent mate-
rial modification. In addition, the adsorption of the
four aerogels occurred rapidly and began to reach

45
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Fig. 7 Kinetic data and modeling for the adsorption of Dy(III)
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Table 2 Kinetic parameters

X Sorbents PFOKM PSOKM
for fitting curves of
PFOKM and PSOKM Q,(mgg™) Kk (min7h) R? Q,(mgeg™ k(g R?
mg_1 min~!)
BC 13.834 0.041 0.940 14.511 0.004 0.994
OBC 21.509 0.062 0915  22.463 0.004 0.993
APT-GT-OBC 36.656 0.072 0.908  38.251 0.003 0.996
I-APT-GT-OBC  38.772 0.087 0.905  40.279 0.004 0.994
Adsorption isotherm
50 -
We studied the influence of different initial concen-
4r trations on the adsorption effect of the aerogels, and
obtained the maximum theoretical adsorption capac-
": 30F ity and adsorption principle of aerogels by fitting
g adsorption data through Frundlich isothermal model
S0r s BC and Langmuir isothermal model. The fitting curves
® OBC and adsorption parameters were shown in Fig. 8 and
10F A APT-GT-OBC : :
v LAPT.GT.OBC Tl"gb.le 3, respectlyely. It CF)uld be seen that a hlgher
—— Langmuir fit initial concentration contributed to the adsorption of

= = Freundlich fit
L L L L AL L L AL L L

0 20 40 60 80 100 120 140 160 180
C.(mgL™)

Fig. 8 Adsorption isotherm of Dy(III) by four aerogels

equilibrium in about 100 min, suggesting that BC
itself was an excellent adsorbent for Dy(III). Com-
bined with the fitting curves in the Fig. 7 and the
correlation coefficient (R?) in the table, compared
with PFOKM, the fitting data of PSOKM is better,
R? is 0.993 to 0.996, it could be seen that the fitting
curves of the four aerogels were more consistent
with PSOKM, which meant that the adsorption pro-
cess of the prepared aerogels were mainly caused
by chemical action, while physical action played an
auxiliary role, and the adsorption occurs rapidly in
a very short time.

the aerogels. The closer the correlation parameter R>
is to 1, the better the model fits. It could be seen that
the isotherm data of the four aerogels and the Lang-
muir isotherm model had a better fitting effect, and
the R? is 0.993-0.999, which meant that the adsorp-
tion for Dy(IIT) of the BC aerogel was mainly due to
the monolecolar adsorption. In addition, through fit-
ting analysis, it could be concluded that the maximum
theoretical amount for Dy(III) of I-APT-GT-OBC was
48.762 mg g~', which was greatly improved com-
pared with the OBC, pure BC and APT-GT-OBC
aerogel.

Adsorption thermodynamics

We measured the ability of aerogels to adsorb Dy(III)
at different temperatures to study the thermodynamic
properties of these aerogels. Figure 9 showed the lin-
ear relationship between C, and In (Cs/C,), and the

Table 3 Adsorption

e Sorbents Langmuir Freundlich
equilibrium constants for
isotherm models Q,mgeghy K (Lmgl R Kp(mgg™) 1n R?
BC 30.597 0.026 0.995 3.648 0.381 0.932
OBC 34.298 0.074 0.999 9.587 0.243 0.933
APT-GT-OBC 43.650 0.246 0.993 20.388 0.155 0.805
I-APT-GT-OBC  48.762 0.455 0.994  25.778 0.134  0.773
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Fig. 9 Thermodynamic properties of aerogels at different temperatures: a plot of In(C/C,)

thermodynamic equilibrium constant K~ is the ver-
tical intercept value of the curve. Figure 10 showed
the linear relationship between 1/T and the thermo-
dynamic equilibrium constant K. Table 4 showed
the thermodynamic adsorption parameters such as
AH', AS" and AG". The AH’ value was less than zero,
which meant that the adsorption process of Dy(III)
by aerogel was an endothermic process, and a moder-
ate increase in temperature could promote the occur-
rence of the reaction, mainly because the increase in
temperature leaded to thermal diffusion of molecules,
thus increasing the contact area of the adsorption
reaction. The AS” value was greater than zero, which
meant that the process of adsorption was a chaotic
process. AG” values ranged from — 7.25 to — 4.75, all

of which were less than zero, it is explained that the
adsorption process of Dy(IIl) by aerogel was spon-
taneous. The value of AG" of the imprinted aerogel
was the minimum, which meant that the adsorption
of [-APT-GT-OBC aerogel was more spontaneous. In
conclusion, the adsorption process of imprinted aero-
gels is an endothermic, entropy-enhancing and spon-
taneous process.

Selective test
To demonstrate the adsorption selectivity of the
imprinted aerogel, we tested and compared the maxi-

mum adsorption effects of four aerogels when coex-
isting with Pr(Ill), Nd(IIT) and Dy(IIl) in a mixed

@ Springer



298

Cellulose (2023) 30:289-301

3.0
= BC
® OBC
28} A APT-GT-OBC
v I-APT-GT-OBC
26
o
224}
=
22
20
L L L L L

0.00315 0.00320 0.00325

1T (K"

0.00330 0.00335

Fig. 10 Thermodynamic properties of four aerogels at differ-
ent temperatures: InK~ degrees versus 1/T

solution, and the separation constant (K;) was used
to analyze whether it is selective adsorption. The
results were shown in Fig. 11 and Table 5. It could
be seen that the ion imprinting technology played
an advantage in competitive adsorption. Compared
with Nd(IIl) and Pr(III), I-APT-GT-OBC had a
higher separation constant for Dy(III), which was
4084.40 mL g~'. In other words, the Dy(IIl) was
the unique adsorption target for the I-APT-GT-OBC
aerogel. There were pores in the imprinted aerogel
that were specific for adsorption of Dy(III) and were
unable to absorb other rare earth ions, which the other
non-imprinted aerogels were unable to do. Through
the competitive adsorption experiments, it was

= BC
4000 F o OBC v
A APT-GT-OBC
v I-APT-GT-OBC
3000 | - = N
_'bl:
-
% 2000 |
)
1000 |
L] L] °
| | | -
0 1 1 L
Pr(11l) Nd(I1I) Dy(III)

Fig. 11 The K, values of different ions adsorbed by four aero-
gels

determined that I-APT-GT-OBC aerogel had a pref-
erence for Dy(IIl) during the adsorption process, and
Dy(II) could be preferentially separated from multi-
rare earth ionic solutions.

Repetitive experiment

In addition to the price of raw materials, the reus-
ability of adsorbents also greatly affects the cost of
the adsorption process. Recyclable adsorbents can
greatly reduce the cost of separation and recovery,
thus expanding the application range of adsorbents.
As shown in Fig. 12, in order to verify the reusabil-
ity of [-APT-GT-OBC aerogels, five adsorption—des-
orption experiments were performed on the aerogels,
and the adsorption capacity of each cycle was tested

Table 4 Thermodynamic Sorbents AH (W mol™) AS Umol™) T(XK) K  AG Imol™) R
parameters of four aerogels
BC 4.30 36.33 298.15 6.80 —4.75 0.999
308.15  8.00 —5.33
31815 9.19 -587
OBC 8.61 48.89 298.15 882 —5.40 0.998
308.15 1098 —6.14
318.15 13.16 —6.82
APT-GT-OBC 1577 71.00 298.15 11.08 —5.96 0.991
308.15 12.56 —6.48
318.15 13.78 —6.94
[-APT-GT-OBC  11.90 55.87 298.15 1390 —6.52 0.999
308.15 14.69 —6.88
318.15 1550 —7.25
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Table 5 The K, value of Dy(III) adsorbed by four aerogels in mixed solution
Cation BC OBC APT-GT-OBC I-APT-GT-OBC
CimgL™)  Ky(mLg™) Cp(mgL™) Ky(mLg™) Cr(mgLl™) K;(mLg™) CimgL™) Ky(mLg™)
Pr(I1I) 35911 392.33 28.292 767.28 12.993 2848.23 12.958 2858.62
NddI  35.873 393.81 28.253 769.72 12.898 2876.57 12.81 2903.20
Dyl 35.977 389.78 28.314 765.91 13.027 2838.18 9.834 4084.40
of characterization methods showed that the I-APT-
GT-OBC aerogel was successfully synthesized, and
5 the imprinted aerogel possessed many tiny pores for
BC the adsorption of Dy(IIl). The theoretical maximum
/‘::;3 GT-OBC adsorption capacity of I-APT-GT-OBC aerogel on
4 PP GT-ORG Dy(III) was 48.762 mg g~!, and the adsorption pro-
cess was mainly controlled by chemical adsorption.
i Competitive ions adsorption experiments and reusa-
_':: ble experiments showed that I-APT-GT-OBC aerogel
g had good selectivity and stability to Dy(III).
SIS
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0 . .
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Cycle

Fig. 12 Regeneration of four aerogels

respectively. It could be seen that the adsorption
capacities after five cycles of the pure BC, OBC,
APT-GT-OBC and I-APT-GT-OBC were 71.9%,
74.3%, 78.5% and 84.5% of the first adsorption,
respectively. The decrease of adsorption capacities
was mainly due to the destruction of pore structure
during the elution (SEM images of I-APT-GT-OBC
after five cycles are shown in support materials), but
all showed good stability. In other words, compared
with non-imprinted aerogel, the imprinted aerogel
showed stronger stability and reusability after multi-
ple adsorption cycles.

Conclusions

In this paper, a low-cost and reusable I-APT-GT-OBC
aerogel was prepared by the ion-imprinting technol-
ogy with BC as the basic structure, and two kinds of
cheap raw materials such as APT and GT were intro-
duced to maintain the efficient adsorption for Dy(III)
of aerogels while reducing adsorbent cost. A series
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