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Polyacrylic aerogels for water treatment:
Recycle and reuse of metal ions

SHI Wenda, OUYANG Yuxin, WANG Liangbing”
(State Key Laboratory for Powder Metallurgy, School of Materials Science and Engineering,

Central South University, Changsha, 410083, China)

Abstract: The adsorption and recovery of metal ions, especially noble metal ions, in aqueous solutions have
received increasing attention. Although polyacrylic acid is a promising adsorbent for metal ions, its solubility
in water limits its widespread application. This solubility problem can be solved by modifying polyacrylic
acid to facilitate the adsorption of metal ions in water. In this study, carbon nanotubes/chitosan/sodium
acrylate (CNTs/CS/PAA-Na) aerogels were successfully synthesized as efficient metal adsorbents in
aqueous solution. At room temperature, CNTs/CS/PAA-Na exhibited remarkable metal ion adsorption at
room temperature with an adsorption capacity of 27.6 mg/g for Cu(Il) and 30.4 mg/g for Pd(1l). In addition,
Cu(ll) and Pd(Il) absorbed on CNTs/CS/PAA-Na can catalyze the hydrogenation of p-nitrophenol. In this
one-step way, the recycle and reuse of noble metal ions have been realized, providing a novel strategy for
resource utilization of noble metal ions.
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Because of the growing emphasis on water inorganic anions, and organics, has attracted a large
environment management, the recovery of metal ions, amount of attention of researchers!'l. Due to the limited
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aqueous and organic solutions is economically
attractivel?). Various efforts, methods such as chemical
deposition, ion exchange, filtration, microbial
treatment and physical adsorption have been studied to
recover heavy metal ionsB-#l. Physical adsorption is a
relatively weak adsorption process, which is mainly
completed by Van Der Waals force® 1%, The adsorption
process is prompt, and the adsorption equilibrium can
be quickly reached, but the adsorption capacity is
relatively low. Chemisorption is a strong adsorption
process caused by an interface chemical reaction
between the adsorbent and the adsorbate, which creats
chemical bonds among them!!'"'4], Chemisorption has
much higher adsorption efficiency than physical
adsorption. As a result, grafting functional groups into
adsorbents is a more effective and common practice to
improve the adsorption performance of materials!'>l. As
one of most widely used material in the adsorption of
water pollutants!!®!7], polyacrylic acid (PAA) contains
a large number of carboxyl groups that form strong
coordinate bonds with metal ions!!8. Furthermore, the
carboxyl groups allow PAA to adsorb heavy metals at a
variety of conditions via geometric coordinate configu-
ration through the deprotonation processt'*?%l. On the
other hand, PAA is easily dissolved in water, thus
making it difficult to separate PAA and limiting the
further application of PAA[?!,

Aerogels receive tremendous interests in the
adsorption of pollutants due to their low density, free
diffusion[®?>23], and convenient surface functionali-
zation!?*2%], The aerogels are usually prepared through
polymerization reactions of specific molecular precur-
sors, thus providing the possibility to synthesize
composite aerogels?®l. The composite aerogels provide
desirable combinations of stable composite structure
and high exposure of reactive sites, resulting in
optimized mechanical properties and enhanced
adsorption performance.

Besides the adsorption performance, the sub-
sequent procedure after adsorption is also critical for
evaluating the adsorbent practical applications. Acids
are commonly used as eluents to achieve metal ion
desorption!?”). However, the use of acids may destroy

the structure of adsorbent and even pollute the environ-

ment[?®], Therefore, it is necessary to develop efficient
strategy for reusing adsorbed metal ions.

In this study, we successfully synthesized carbon
nanotubes/chitosan/sodium acrylate (CNTs/CS/PAA-
Na) composite aerogels as efficient adsorbents.
Specifically, the prepared CNTs/CS/PAA-Na aerogels
exhibited exceptional adsorption performance in
aqueous solution, achieving 27.6 mg/g enrichment
capacity for Cu(Il) and 30.4 mg/g enrichment capacity
for Pd(I) at 20 °C and 100 min. Furthermore, the
obtained aerogels after adsorption showed outstanding
catalytic activity in a hydrogenation reaction. The
adsorbed ions were first reduced and employed as
active sites, which contributed to the remarkable
catalytic activity. The synthesized CNTs/CS/PAA-Na
aerogels provide an integrated recycling/application
strategy for heavy metals and precious metals ions.

1 Materials and methods

1.1 Chemicals and materials

Chitosan ((CsH11NO4),, 99%), copper chloride
dihydrate  (CuCly-:2H20, 99%), glutaraldehyde
(CsHgO2, 25%), sodium hydroxide (NaOH, 96%), p-
nitrophenol (C¢HsNOs, 99.5%), sodium borohydride
(NaBH4, 98%), potassium persulfate (K2S>0s, 99.5%),
and potassium sodium tartrate (C4sH12KNaOjo, 99%)
were purchased from Sinopharm Chemical Reagent Co.
Ltd. Acrylic acid (C3H402, 99%), sodium diethyldithio-
carbamate (CsH1oNS2Na, 99%), ammonium hydroxide
(NH4«OH, 25%), and platinum(IV) chloride (PtCly,
Pt>57%) were obtained from Shanghai Macklin
Biochemical Co. Ltd. Soluble starch ((CsH1005)n, 99%)
was purchased from Aladdin Biochemical Technology
Co. Ltd. Silver nitrate (AgNOs3, 99.8%) was purchased
from Xilong Scientific Co. Ltd. Sodium tetrachloro-
palladate (Nax[PdCls], Pd>36%) was purchased from
Beijing Hwrk Chemical Co. Ltd. Carbon nanotubes
(CNTs, 97%) was purchased from Turing Evolution
Technology Co. Ltd. in Shenzhen. All chemicals were
of analytical grade, used as received, without further
purification. All experimental aqueous solutions were
prepared with deionized water and its resistivity was
18.2 MQ-cm.
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1.2 Preparation of aerogels

1) Preparation of CS/PAA aerogels. 1 mL of
acrylic acid and 30 mg of K»S,0Os were first mixed with
5 mL of deionized water in order to synthesize PAA,
followed by constantly stirring 0.5 h at 60 °C. 100 mg
of chitosan (CS) was dissolved in 5 mL of 4% acetic
acid aqueous solution to form CS solution. PAA was
then mixed with 5 mL CS solution, then add 0.4 mL of
glutaraldehyde cross-linking agent to obtain CS/PAA
hydrogels. Finally, CS/PAA hydrogels were freeze-
dried for 24 h to gain CS/PAA aerogels.

2) Preparation of CNTs/CS aerogels. CS solution
was first prepared by dissolving 100 mg of CS in 5 mL
of 4% acetic acid aqueous solution. 50 mg of carbon
nanotubes (CNTs) was mixed with 5 mL of CS solution.
Then 0.4 mL of glutaraldehyde cross-linking agent
were added into the mixture containing CS and CNTs
to form CNTs/CS hydrogels. The CNTs/CS aerogels
were obtained after freeze drying for 24 h.

3) Preparation of CNTs/CS/PAA aerogels. 1 mL
of acrylic acid, 50 mg of CNTs, and 30 mg of K>S>0g
were added into 5 mL of water, followed by heating at
60 °C for 0.5 h to form the mixture of PAA and CNTs.
CS solution was prepared by dissolving 100 mg of CS
in 5 mL of 4% acetic acid aqueous solution. After that,
the mixture containing PAA and CNTs was mixed with
5 mL of CS solution, then 0.4 mL of glutaraldehyde was
added to crosslink the whole system. The CNTs/CS/
PAA aerogels were finally obtained after freeze-drying
for 24 h.

4) Preparation of CNTs/CS/PAA-Na aerogels.
CS solution was first prepared by dissolving 100 mg of
CS in 5 mL of 4% acetic acid aqueous solution. 1 mL
of acrylic acid, 50 mg of CNTs, 1 mL of NaOH solution
(0.236 g'mL™"), and 30 mg of K,S,0s were added into
5 mL deionized water, followed by heating at 60 °C for
0.5 h to form CNTs/PAA-Na hydrogels. 5 mL of CS
solution was mixed with the CNTs/PAA-Na hydrogels,
then added 0.4 mL of glutaraldehyde. After freeze-
drying for 24 h, the CNTs/CS/PAA-Na aerogels were
obtained.

1.3 Adsorption experiments

The Cu(Il) aqueous solutions with different con-

centrations were prepared by dissolving CuCl,-2H>0 in

deionized water. All adsorption performance experi-
ments were performed in 250 mL beakers. In a typical
experiment, 450 mg of adsorbent was immersed in 100
mL of Cu(Il) aqueous solution (100 ppm) at 20 °C.
After 100 min of reaction, 3 mL of the supernatant was
extracted for a spectroscopic measurement. The
experiments at other concentrations were the same as
the mentioned-above method, except for changing the
concentration of Cu(Il) ion to 50 ppm, 150 ppm, 200
ppm, and 250 ppm. For pH experiments, the pH value
of Cu(Il) aqueous solution was defined by dropwise
adding either HCI (1 mmol/L) or NaOH (1 mmol/L)
solution. The adsorption performance was determined
at 30, 40, 50, and 60 °C. Other experimental conditions
were the same as that of the typical procedure. To test
the stability of CNTs/CS/PAA-Cuqr aerogels, the used
aerogels were collected and dropped into 1.0 mol/L
hydrochloric acid solution to desorb Cu(Il), then
proceed to the next cycle. In order to measure the
adsorption capacity of precious metals, the adsorption
tests of CNTs/CS/PAA were conducted in Pd(II),
Pt(IV), or Ag(I) ion solutions. The Pd(II), Pt(IV), Ag(I)
solutions with concentrations of 100 ppm were
prepared by dissolving Nay[PdCls], PtCls, AgNOs3 in
deionized water, respectively. The concentrations of
precious metal ions were measured by inductively
coupled plasma-optical emission spectrometry (ICP-
OES).
1.4 Spectroscopic measurement for copper ions

In order to establish the concentration-absorbance
standard relationship curve, 1.8 mL of standard Cu(Il)
solutions with concentrations of 0.2, 0.4, 0.6, 0.8, and 1
ppm were mixed with sodium diethyldithiocarbamate
(0.1 mL, 1.0 g/L), sodium potassium tartrate solution
(20 pL, 50.0 g/L), starch solution (20 pL, 2.5 g/L), and
ammonia solution (0.1 mL, 44.0 g/L). The above
mixtures were conducted to the ultraviolet-visible (UV-
Vis) absorbance measurement. In order to quantify the
adsorption rate of Cu(Il), 0.2 mL of the solution after
adsorption was diluted to 10 mL. Then 1.8 mL of the
diluted solution was taken out to mix with sodium
diethyldithiocarbamate (0.1 mL, 1.0 g/L), sodium
potassium tartrate solution (20 pL, 50.0 g/L), starch
solution (20 pL, 2.5 g/L), and ammonia solution (0.1



48 ]

45 %

mL, 44.0 g/L). The UV-Vis absorbance value of the
mixed solution at 435 nm was measured. According to
the obtained standard curve, the adsorption value of
Cu(Il) was obtained from the fitting curve. The
adsorption rate equation was shown as follows:
Adsorption rate = (Co — C.)/Co*100% (1)

where Cp and C. represent the initial concentration
of Cu(Il) and the concentration of Cu(Il) after
adsorption, respectively.
1.5 Catalytic tests

The CNTs/CS/PAA-Na aerogels were converted
into CNTs/CS/PAA-Cuqry aerogels after absorbing
Cu(Il). The CNTs/CS/PAA-Cuqn was firstly reduced
with 10 mL NaBH4 (42 mmol/L) to CNTs/CS/PAA-
Cug), then dried it at 40 °C for 2 h under vacuum
condition. In a typical hydrogenation of p-nitrophenol
reaction, 450 mg CNTs/CS/PAA-Cuyp) was added into
the beaker filled with 1 mL of 0.42 mol/L NaBH4
solution, freshly prepared 1 mL of 14 mmol/L p-
nitrophenol, and 8 mL deionized water. The catalytic
reaction was carried out in a 100 mL beaker with
stirring at 20 °C for 25 min. 0.2 mL of reaction solution
was then diluted to 2 mL to measure the absorbance at
400 nm by UV spectrophotometer. The catalytic perfor-
mance was carried out at 20, 30, 40, and 50 °C, and
other experimental conditions were similar to the
above-mentioned method. To test the stability of
CNTs/CS/PAA-Cu()
rounds were repeated according to the previous

aerogels, successive reaction
experimental conditions. For the catalytic activity of
aerogels after adsorbing precious metal ions, the
CNTs/CS/PAA-Na aerogels were converted into
CNTs/CS/PAA-Pdary aerogels after absorbing Pd(II).
The CNTs/CS/PAA- Pday was reduced with 10 mL
NaBH4 (42 mmol/L) to CNTs/CS/PAA-Pdp) and dried
it at 40 °C for 2 h under vacuum condition. The catalytic
experiments of CNTs/CS/PAA-Pd) were the same to
that of CNTs/CS/PAA-Cu).
1.6 Spectroscopic measurement of p-nitrophenol.
The correlation between concentration and
absorbance was fitted as a linear standard curve. To
determine the p-nitrophenol concentration in the
catalyzed reaction, 0.2 mL of the reaction solution was
diluted to 2 mL to measure the absorbance value by UV-

Vis. The conversion rate of the catalytic reaction was
determined by the UV-Vis absorbance value at 400 nm
according to the standard curve.
1.7 Instrumentations

The SEM images were recorded on a Quanta FEG
250 scanning electron microscopy. HAADF-STEM
images were acquired from a JEOL ARM-200F field-
emission transmission electron microscope operating at
200 kV accelerating voltage. XRD patterns were
collected by Cu-Ko radiation (A = 1.54178 A) from
Philips X’Pert Pro Super diffractometer. ICP-OES
(Atomscan Advantage, Thermo Jarrell Ash, USA) was
used to determine the concentration of metals. XPS
measurements were operated in Thermo Fisher
Scientific’s ESCALAB 250Xi. FT-IR experiments
were conducted with a Fourier transform infrared
spectrometer (Bruker TENSOR 1I).

2 Results and discussions

2.1 Synthesis and structural characterizations

The carbon nanotubes/chitosan/sodium acrylate
(CNTs/CS/PAA-Na) aerogels were prepared through
the copolymerization process as shown in Fig.1. In a
typical CNTs/CS/PAA-Na aerogel synthesis, NaOH
was first added to the acrylic acid (2:5 molar ratio of
NaOH to acrylic acid) to partially neutralize it and form
sodium acrylate. Carbon nanotubes and chitosan were
subsequently added. After copolymerization and
freeze-drying, CNTs/CS/PAA-Na aerogels were finally
obtained. Fig.2(a) showed the optical photograph of
ultralight CNTs/CS/PAA-Na aerogel. The obtained
CNTs/CS/PAA-Na aerogels were ultralight with the
density of 2.5 mg/cm? and could easily stand on the top
of dandelion floating seeds. SEM images of the CNTs/
CS/PAA-Na were shown in Fig.2(b) and Fig.2(c),
where a three-dimensional morphology with cross-
linked network was clearly observed. X-ray photoelec-
tron spectroscopy (XPS) measurements were carried
out to characterize the electronic property of CNTs/CS/
PAA-Na. Fig.3(a) displayed the C 15 XPS spectrum, the
main component centered at 284.8 eV which belongs to
C-H band, whereas the peaks at 286.3 and 288.8 eV
were indexed to C-O and O-C=0, respectively [2°-301,
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Fig.1 Schematic illustration of the synthetic procedure for CNTs/CS/PAA-Na aerogels
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Fig.2 Image of CNTs/CS/PAA-Na aerogels
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Fig.3 XPS spectra of CNTs/CS/PAA-Na aerogels
P 3 CNTs/CS/PAA-Na “HBEIR T X i 40t BT g1 (XPS)
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Fig.4 FTIR spectra of as-obtained aerogels
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As shown in Fig.3(b), the N 1s XPS spectrum of
CNTs/CS/PAA-Na was fitted with two peaks B,
corresponding to -NH> at 399.3 eV and -NH-CO- at
401.1 eV. As for O 1s XPS spectra 3%, two peaks at
531.7 and 533.1 eV were assigned to C=0 and C-O-C,

respectively as shown in Fig.3(c). In addition to

CNTs/CS/PAA-Na, CNTs/CS/PAA, CS/CNTs, and CS/
PAA aerogels were also prepared by copolymerization
and freeze-drying processes using various precursors.
Besides, the Fourier-transform infrared (FTIR) were
also use to confirm those chemical bonds (Fig.4). With
the introduction of the PAA, two peaks appeared at
2544 and 1744 cm! were corresponded to -OH bending
vibration and the C=O0 stretching vibration. In addition,
the peaks at 3514, 3291, 2955, 1589, and 1460 cm’!
were indexed to -NH,, -OH, -CH,, -HN-, and -CH3,
respectively. The results of FTIR were consistent with
the results of XPS.

2.2 Adsorption experiments

The adsorption properties of the as-obtained

aerogels were studied. Each experiment was carried out
in a 250 mL beaker containing 450 mg of aerogels and
100 mL of 100 ppm Cu(Il) aqueous solution at 20 °C
for 100 min’s adsorption. In a typical experiment, kept
pH=7. The concentration of Cu(Il) aqueous solution
was determined by spectroscopic method.
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Fig.5(a) showed that 63.7% of Cu(ll) was
adsorbed to CNTs/CS/PAA-Na, and 37.2%, 45.8% and
39.3% of Cu(Il) was adsorbed to CS/PAA, CNTs/CS,
and CNTs/CS/PAA,
adsorption properties of aerogels at different Cu(Il)

respectively. Besides, the

concentrations were also researched. As illustrated in
Fig.5(b), the adsorption rate of CNTs/CS/PAA-Na
reached up to 70.0% in 50 ppm Cu(Il) solution. The
adsorption rate was decreased from 69.96% to 49.74%
with increase of Cu(Il) concentration from 50 ppm to
250 ppm. But the adsorbing capacity of Cu(ll) was
increased from 7.77 mg/g to 27.63 mg/g when the
Cu(Il) concentration was increased to 250 ppm. The
adsorption capacity of CNTs/CS/PAA-Na reached 27.6
mg/g in 250 ppm Cu(Il) aqueous solution. Furthermore,
it was worth noting that pH value also had an effect on
adsorption performance. Fig.5(c) displayed the adsor-
ption efficiency of CNTs/CS/PAA-Na in 100 ppm
Cu(Il) aqueous solution at different pH values. When
the pH value of the solution increased from 2 to 9, the
adsorption rate of Cu(Il) was promoted from 61.6% to
67.8%. Moreover, the effect of temperature on the
adsorption performance were investigated at at various
Fig.5(d) showed that the removal
increased with temperature. The

temperatures.
efficiency was
adsorption rate was up to 83.2% at 50°C. Fig.5(e)
showed the absorption curve of Cu(Il) adsorption on
CNTs/CS/PAA-Na. The adsorption of Cu(Il) increased
with time within 50 min and then reached a stable value
of 65.6%. In order to test the stability of CNTs/CS/
PAA-Na, successive reaction rounds were performed
(Fig.5(f)). After one round, the CNTs/CS/PAA-Na
aerogel was added into 1.0 mol/L hydrochloric acid
solution to desorb Cu(Il). After four rounds, the
adsorption rate was 51.6%. In addition, the adsorption
performance of CNTs/CS/PAA-Na aerogels to precious
metals were investigated. The concentrations of
precious metal ions were measured by ICP-OES. The
stable adsorption rates of Pd(I), Pt(IV), and Ag(I) were
77.2%, 58%, and 52.8%, respectively.

After Cu(Il) was adsorbed to CNTs/CS/PAA-Na
aerogels, resulting innew aerogels, CNTs/CS/PAA-
Cuqr) aerogels. High-angle-annular-dark-field scanning
transmission electron microscopy (HAADF-STEM)

and corresponding energy dispersive X-ray (EDX)
elemental-mapping energy spectrum were used to
verify the adsorption of Cu(Il). As displayed in Fig.6,
CNTs and CS constituted the self-supporting skeletons
structure for the copolymer aerogels and chitosan and
sodium acrylate were wrapped around carbon
nanotubes. The EDX elemental mapping images of
CNTs/C S/PAA—CLI(H)
homogeneous distribution of C, N, O, and Cu elements,

aerogels demonstrated the
indicating the uniform adsorption of Cu(Il) (Fig.6). The
electronic property of CNTs/CS/PAA-Cuqr aerogels
was also studied. The C 1s, N s, and O 1s XPS signals
of CNTs/CS/PAA-Cuqr were the same as the signal of
CNTs/CS/PAA-Na, the XPS characteristic peak signals
were not affect by adsorption behavior, confirming the
CNTs/CS/PAA-Na aerogels kept the original state
(Fig.7). Besides, the self-supporting characteristics of
CNTs/CS/PAA-Na aerogels assisted to maintain their
stability. As shown in Fig.7, two peaks were fitted into
2p3n at 933.5 eV and Cu 2pip at 953.27 eV,
representing the existence of Cu(Il). Therefore,
CNTs/CS/PAA-Na aerogels were able to efficiently and
uniformly adsorb Cu(Il) in aqueous solution.
2.3 Catalytic performance tests

The hydrogenation reaction of p-nitrophenol was
chosen to evaluate the catalytic activity of synthesized
areogels. Before the catalytic hydrogenation reaction
test, the CNTs/CS/PAA-Cuay was
CNTs/CS/PAA-Cu() by using NaBH4 aqueous solution.
The hydrogenation reaction was carried out ina 100 mL

reduced to

beaker containing 450 mg aerogels, 1 mL p-nitrophenol
aqueous solution (14 mmol/L), 1 mL freshly prepared
NaBHs aqueous solution (0.42 mol/L) and 8 mL
deionized water. The specific reaction is as follows:

oH OH
4 @ <3 NaBH;—» 4 © ~3NaB0O,+2H,0 (2)
NO; NH;

The concentration of yellow p-nitrophenol
solution was proportional to its absorbance at 400 nm,
while the p-aminophenol product was colorless.
Therefore, the conversion rate of p-nitrophenol was
able to be qualified by measuring its absorption at 400
nm. The solution system without catalyst had no color
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Fig.6 HAADF-STEM images and corresponding EDX elemental mapping images
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Fig.7 XPS spectra of CNTs/CS/PAA-Cuq aerogels.
Fig.7 CNTs/CS/PAA-Cuqany LR 1) X S 266 s T etk

change and remained stable within 25 minutes which obtained. The catalytic hydrogenation reaction rate
can be used as blank control check. With the increased with temperature, and the conversion rate of
introduction of aerogels as catalysts, the dynamic p-nitrophenol reached up to 98.1% after 25 min at 20,
curves of the p-nitrophenol conversion curve were 30, 40 and 50 °C. The reaction kinetics was also
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studied. The concentration of NaBH4 greatly exceeds
the concentration of p-nitrophenol, implying that the
concentration of NaBH4 remains constant throughout
the reaction. It can also be calculated the profiles of In
(C/Cp) versus time, where C; and Cy represented
distinct and the initial concentrations of p-nitrophenol,
respectively. The reaction is controlled by a pseudo-
first-order kinetics according to the linear relationship
between In (C/Cp) and time. The calculated reaction
rate constants (k) were 5.33x102, 9.185x102, 0.106
and 0.132 min™! for the CNTs/CS/PAA-Cu) catalyst at
20, 30, 40 and 50 °C, respectively. It can be conclued a
linear fitting line of In k versus 1/T according to the
Arrhenius equation (3):
Ink=1InA-EJRT 3)
The calculated activation energy (E,) for CNTs/
CS/PAA-Cug) was 42.58 kJ/mol. In addition, in order
to evaluate the stability of the catalytic performance,
continuous reaction tests were carried out. It can be
confirmed from the cycle test that the catalytic

efficiency of CNTs/CS/PAA-Cu() aerogel was more
than 95% after four repeated tests, demonstrating the
excellent catalytic stability.

The CNTs/CS/PAA-Pdy acrogels were also used
to catalyze the hydrogenation reaction of p-nitrophenol.
After the CNTs/CS/PAA-Pdgr) was treated with NaBH4
solution, Pd(IT) was reduced to Pd(0) and the aerogel
existed as CNTs/CS/PAA-Pdp. As shown in Fig.8(a),
the conversion rate of p-nitrophenol reached 95.6%
after 30 min at 20 °C, and the reaction rate increased
with temperature. Fig.8(b) displayed the linear profiles
of In(C/Cyp) versus time. The calculated reaction rate
constants (k) were 7.19x1072, 8.42x102, 10.73x102,
and 13.91x102 min! at 20, 30, 40 and 50 °C,
respectively. The Arrhenius curve was fitted in Fig.8(c),
where the activation energy (E.) for CNTs/CS/PAA-
Pd) was 39.76 kJ/mol. Furthermore, CNTs/CS/PAA-
Pd) showed excellent recyclability, and it still has
93.5% of the initial catalytic efficiency after successive
reaction rounds as shown in Fig.8(d).
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3 Conclusion

The CNTs/CS/PAA-Na aerogels were successfully
synthesized as efficient adsorbents of metal ions. The
prepared CNTs/CS/PAA-Na aerogels exhibited 70.0%
adsorption rate for Cu(ll) ions and 77.2% adsorption
rate of Pd(II) ions at 20 °C during 100 min. Moreover,
the CNTs/CS/PAA-Na adsorbed Cu(Il) and Pd(II) can
catalyze the hydrogenation reaction. CNTs/CS/PAA-
Cu) and CNTs/CS/PAA-Pd) showed outstanding
activity in the catalytic hydrogenation reaction of p-
nitrophenol. This work presents a notably effective
CNTs/CS/PAA-Na adsorbent for recycling metal ions
in water by enrichment. Furthermore, it paves the way
for a new route to adsorption and catalysis, realizing the
reuse of noble metal resources.
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