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Abstract
A novel layered cobalt–magnesium double hydroxide composite (L-CMs) was successfully prepared using a simple one-
step co-precipitation method. Static adsorption experiments were conducted to examine the removal efficacy of U(VI) from 
aqueous solutions by the L-CMs and analyze the removal mechanism. L-CMs efficiently removed U(VI) from the aqueous 
solution under an adsorption time of 60 min, dosage of 0.4 g/L, and pH of 5.5 at room temperature, and the removal efficiency 
of U(VI) reached 94.59% with an initial U(VI) concentration of 10 mg/L. The adsorption process was fitted to the pseudo-
second-order kinetic and Langmuir models, indicating that monolayer chemical adsorption occurred primarily. The maxi-
mum adsorption capacity fitted using the Langmuir model was 105.49 mg/g. Thermodynamic analysis revealed that U(VI) 
adsorption by L-CMs was endothermic. Structural characterization results showed that the primary mechanism involved 
the complexation of U(VI) by –OH, CO3

2− and ion exchange by Mg2+ and the presence of layered Co(OH)2 in the L-CMs, 
which potentially facilitated ion exchange. The preparation of the composite materials was simple, and the synergistic effect 
between the materials enhanced the ion exchange of Mg2+ in the materials and enriched the content of functional groups, 
making it a potential candidate for the treatment of uranium-containing wastewater.
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1  Introduction

Uranium is considered as the “granary” of the nuclear 
industry, and the demand for uranium is increasing annually 
[1–3] with the rapid development of the nuclear industry. 
To satisfy this growing demand, uranium extraction must 
be intensified. However, the large amounts of radioactive 
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uranium-containing wastewater generated during uranium 
mining, smelting, and nuclear fuel element manufacturing 
[4, 5] pose risks to human health and the environment [6]. To 
ensure the rational use and recycling of uranium resources, 
minimize their ecological impact, and promote sustainable 
development in both the energy and environmental sectors, 
an efficient method of treating uranium-containing radioac-
tive wastewater is urgently required [7, 8].

Currently, treatment methods for uranium-containing 
wastewater primarily include chemical precipitation [9], 
membrane filtration [10], extraction [11, 12], photocata-
lytic reduction [13], and adsorption [14, 15]. The adsorp-
tion method has attracted attention because of its simplicity, 
high efficiency, and cost-effectiveness [16–18]. The common 
adsorbents include activated carbon [19], clay-based mate-
rials [20, 21], metal–organic framework [10], and double 
hydroxides [22]. In recent years, layered double hydroxides 
(LDHs) have been widely used to treat wastewater contain-
ing metal ions, because of their excellent adsorption abil-
ity, straightforward operational procedures, and economic 
advantages [23]. Compared to traditional magnesium–alu-
minum double hydroxides, new trends exist in the synthesis 
and application of hydroxides with different compositions 
[24–27]. Co(OH)2 has a special layered structure similar to 
that of hydrotalcite (LDHs), and the treatment of organic 
pollutants and heavy metal ions such as As3+ in water has 
been reported [28–32]. However, reports on the removal of 
U(VI) by Co(OH)2 are lacking. Mg(OH)2 has a white, hex-
agonal, and columnar crystal structure and is abundant in 
nature. Its environmental friendliness makes it an excellent 
choice for heavy metal removal [33, 34]. However, Mg(OH)2 
exhibits limitations in effectively removing metal pollutants 
from wastewater, and excessive dosages can potentially 
lead to reverse dissolution, thereby diminishing the pollut-
ant removal efficiency [35]. Previous studies have focused 
on modifying LDHs to treat uranium-containing radioac-
tive wastewater, which requires complex preparation meth-
ods and limits the research scope of bimetallic hydroxides. 
Moreover, certain modifiers may cause secondary environ-
mental pollution.

Therefore, to expand the application scope of bimetal-
lic hydroxides, simplify their preparation, solve the prob-
lem of self-dissolution caused by the excessive addition of 
Mg(OH)2, and fully utilize the unique structure of Co(OH)2, 
combined with previous literature reports [36, 37], the intro-
duction of Co2+ could strengthen the layered structure of 
Mg(OH)2, allow its complete exposure to the surface of the 
material, enhance the adsorption active sites, and accelerate 
the ion exchange between Mg2+ and U(VI). Consequently, 
the feasibility of further adding Co species to Mg(OH)2 
requires investigation and is significant for improving the 
removal performance of monomer materials. In addition, 
the composite material demonstrates a higher presence of 

adsorption functional groups than the monomeric material, 
which enhances the efficacy of U(VI) removal.

In this study, a novel layered cobalt–magnesium double 
hydroxide material (L-CMs) was synthesized by introducing 
Co2+ into Mg(OH)2 layers using a one-step co-precipitation 
method. To further investigate the removal performance 
and mechanism of the L-CMs on U(VI), analytical methods 
such as batch experiments, adsorption model fitting, and 
contemporary characterization techniques were adopted. 
The results indicated that unlike conventional LDHs, the 
L-CMs comprised Co2+ and Mg2+, and exhibited excellent 
removal performance for U(VI). Consequently, the L-CMs 
was identified as a promising adsorption material for ura-
nium-containing water owing to its distinctive properties.

2 � Materials and methods

2.1 � Materials

Experimental instrument: Inductively Coupled Plasma Opti-
cal Emission Spectrometer Agilent 5100 ICP-OES (Agilent, 
USA); THZ-C-1 full temperature oscillation box (Taicang 
Experimental Equipment Factory); CP124C electronic 
balance (Shanghai Ohaus instrument); 101-3Y constant 
temperature drying oven (Hangzhou Blue Sky Laboratory 
Instrument Factory); PHS-3C precision pH meter (Shang-
hai Zhiguang Instrumentation); 85–2 digital thermostatic 
magnetic stirrer (Shanghai Instrument Motor); TDL-40B 
Desktop Centrifuge (Shanghai Anting Scientific Instrument 
Factory); NC-B ultrapure water equipment (Nike (China)); 
ESCALAB250 Xi X-ray photoelectron spectroscopy ana-
lyzer (SEMALFY); D8-A25 X-ray diffractometer (Bruker, 
Germany); NNS-450 scanning electron microscope (Czech 
FEI).

Materials and reagents: UO2(NO3)2·6H2O (97% pure) 
was procured from Aladdin Biochemical Technology 
Co., Ltd., China, while hydrochloric acid (purity ≥ 99%), 
sodium hydroxide (purity ≥ 96.0%), and anhydrous ethanol 
(purity ≥ 99.7%) were obtained from Xilong Chemical Com-
pany, China. Magnesium chloride hexahydrate (≥ 98.0% 
purity) and cobalt chloride hexahydrate (purity ≥ 99.0%) 
were procured from Sinopharm, China.

2.2 � Preparation of L‑CMs

L-CMs was prepared using a simple one-step co-precipi-
tation method. Appropriate amounts of CoCl2·6H2O and 
MgCl2·6H2O were added to deionized water, and the solu-
tion pH was adjusted to 12.0. The resulting precipitate was 
washed, centrifuged, dried in an oven, and ground to obtain 
the L-CMs adsorbent (Fig. 1).
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2.3 � Removal experiments

A specific amount of L-CMs was added to the U(VI) solu-
tion, and the initial pH of the solution was adjusted using 
appropriate concentrations of NaOH and HCl. The reac-
tions were performed at different temperatures for specific 
durations. After filtration and centrifugation, the uranium 
content was determined using ICP-OES. The obtained data 
were used to calculate the removal rate (R) and adsorption 
capacity (Qe) using Eqs. (1) and (2):

where C0−U(VI), Ce, V, and m denote the initial concen-
tration (mg/L), concentration of U(VI) in the adsorption 
equilibrium (mg/L), volume of adsorption material (L), and 
amount of material (g), respectively.

2.4 � Characterization

The prepared L-CMs was characterized by TEM, 
SEM–EDS, XPS, XRD, and FTIR.

3 � Results and discussion

3.1 � Characterization analysis of materials

3.1.1 � Analysis of the morphology and composition 
of synthetic materials

The morphology and composition of synthetic materials 
were analyzed by TEM and SEM–EDS. Figure 2 shows that 

(1)R =
C0 − Ce

C0

× 100%,

(2)Qe =
(C0 − Ce)V

m
,

the L-CMs possesses a layered structure similar to that of 
hydrotalcite-like compounds, and the surface morphology 
predominantly consists of hexagonal flake-like substances 
[38]. Notably, the combination of Mg(OH)2 and Co(OH)2 
improved aggregation. The layered structure of the L-CMs 
changed significantly after U(VI) adsorption (Fig. S1 c) 
owing to the interaction between U(VI) and the L-CMs 
in the solution. EDS analysis revealed that before adsorp-
tion (Fig. S1 b, d), the material contained only Co and Mg. 
However, the presence of U was detected post-adsorption, 
thereby confirming successful uranium adsorption by the 
L-CMs.

3.1.2 � Elemental composition and fine analysis 
of the material

The elemental composition and fine spectrum of the mate-
rial were analyzed using XPS. The XPS spectra of the 
L-CMs before and after the adsorption of U(VI) are shown 
in Fig. 3a-e. The full XPS spectra before and after adsorp-
tion are shown in Fig. 3a. Before adsorption, the material 
primarily consists of Mg, Co, O, and C. After adsorption, a 
new characteristic peak of U4f appears, which is consistent 
with the EDS analysis. The fine spectrum of Co2p is shown 
in Fig. 3b. Before adsorption, the difference between the 
binding energies of the two main peaks is 15.82 eV, which 
belongs to the characteristic peak of Co2+ indicating that Co 
exists as Co2+. The Co2p spectrum after adsorption remains 
almost unchanged, remaining in the form of Co2+, and the 
peak exhibits no obvious change. Figure 3c shows the fine 
spectrum of Mg1s. The binding energy before adsorption 
is 1303.15 eV, indicating that Mg exists as Mg2+. The fine 
spectrum of Co suggests that the L-CMs consist of diva-
lent metals (Co2+ and Mg2+), which differs from previous 
reports indicating that LDHs are composed of trivalent and 
divalent metals. After adsorption, the intensity of the Mg2+ 

Fig. 1   (Color online) Flowchart 
for the preparation of L-CMs
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peak decreased significantly and the peak position shifted, 
which was attributed to the decrease in the Mg2+ content in 
the material and the removal of U(VI) by ion exchange. In 
the fine spectrum of O1s (Fig. 3d), the peak of OH appeared 
at 531.16 eV, and the peak position of -OH shifted after 
the reaction, which could be attributed to the complexation 
between -OH and UO2

2+. In the U4f fine spectrum (Fig. 3e), 
two main peaks appeared at 381.96 eV and 392.75 eV, indi-
cating the adsorption of U(VI). Therefore, the adsorption 
mechanism of uranium by the L-CMs may involve the com-
plexation of -OH and exchange of Mg2+.

3.1.3 � Phase composition analysis

XRD was performed to analyze the phase composition of 
the material. As shown in Fig. 3f, the phases of Co(OH)2 ( 
PDF # 74–1057) and Mg(OH)2 ( PDF # 44–1482) appeared 
before adsorption, indicating that the phase of the L-CMs 
composite primarily comprised Co(OH)2 and Mg(OH)2 of 
the monomer, and both Co and Mg were divalent. This is 

consistent with the results of the XPS characterization. After 
adsorption, the corresponding peak positions of Co(OH)2 
and Mg(OH)2 remained unchanged; however, their inten-
sities were significantly reduced, possibly because of the 
interaction between the L-CMs and U(VI).

3.1.4 � Material composition analysis

The material composition of the L-CMs was analyzed 
using FTIR. The FTIR spectra of the L-CMs before and 
after U(VI) adsorption are presented in Fig. S3 (g), which 
shows that the absorption peaks of the sample before 
adsorption appeared near 3654.03 cm–1 and 3456.23 cm–1, 
respectively, owing to the stretching vibration of the –OH 
bond in M(OH)2, where M represents Co or Mg. The 
peak at 479.64 cm–1 originated from the stretching vibra-
tion of the M–O bond in M(OH)2. The vibration peak of 
CO3

2– appeared near 1450 cm–1, which could be attributed 
to the absorption of CO2 in the air by metal hydroxides. 
After adsorption, CO3

2– was split into two vibration peaks 

Fig. 2   (Color online) Morphology of a Mg(OH)2 from left to right: 500  nm, 200  nm, and 100  nm, b Co(OH)2 from left to right: 500  nm, 
200 nm, and 100 nm, c L-CMs from left to right: 500 nm, 200 nm and 100 nm, d EDS of L-CMs-U
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near 1518 cm–1 and 1386 cm–1, indicating that CO3
2– com-

plexed with UO2
2+ during the reaction [39]. After adsorp-

tion, a characteristic peak belonging to UO2
2+ appeared at 

906.74 cm−1, which was related to the asymmetric stretching 
of UO2

2+ [40] and indicated that the L-CMs successfully 
adsorbed U(VI).

3.2 � Removal performance of U(VI) by the L‑CMs

3.2.1 � Effect of preparation condition, solution pH, 
and dosage of adsorbent

The effect of the cobalt–magnesium ratio on the removal 
efficiency was examined at a temperature of 25 °C, solution 
pH of 4.0, and duration of 60 min. The cobalt–magnesium 
ratio exhibited a discernible influence on the removal of 
U(VI) (Fig. 4a), and optimal removal efficacy was observed 
at a Co:Mg ratio of 2:1; hence, this ratio was selected for 
material synthesis. Notably, the removal efficiency of the 
composite materials surpassed those of the monomers 
Co(OH)2 and Mg(OH)2, indicating that the combination of 
the two enriched the functional groups for U(VI) removal.

The pH of the solution significantly influences the sur-
face charge of the L-CMs [41–43], which is significant 
for the removal efficiency. Figure 4b shows the effect of 
the solution pH on the removal of U(VI). The removal 

rate gradually increases with the solution pH; however, 
the removal rate decreases when the pH exceeds 5.5. 
Combined with the surface zeta potential of the L-CMs 
shown in Fig. 4c, the surface charges of the L-CMs were 
inferred to be positive at a pH of 2.5. Under these condi-
tions, most of the uranium existed in the form of UO2

2+, 
the L-CMs did not easily adsorb UO2

2+ because of elec-
trostatic repulsion and H+ competition. As the pH of the 
solution increased, the positive charge on the surface of 
the L-CMs gradually decreased, and the competition for 
H+ weakened, resulting in increased adsorption capac-
ity. When the solution pH exceeded 5.5, the adsorption 
capacity of UO2

2+ began to decrease, which may be due to 
the change in the morphological distribution of uranium. 
Under this condition, uranium mainly exists in the form of 
(UO2)3(OH)7– and UO2(OH)3–, which possess larger ionic 
radius and lower ion adsorption affinity than UO2

2+ [44], 
and an increase in the solution pH resulted in negative 
surface charge of the L-CMs. When a large amount of 
OH− and UO2

2+ are combined, steric hindrance to adsorp-
tion occurs [45] resulting in reduced removal efficiency. 
Therefore, 5.5 was selected as the pH of the solution.

Figure 4d illustrates the effect of adsorbent dosage on 
U(VI) removal. The removal rate of U(VI) by L-CMs 
increases gradually with the adsorbent dosage. When the 
adsorbent dosage reached 0.4 g/L, the removal rate and 

Fig. 3   (Color online) XPS of L-CMS before and after adsorption. a Full spectrum, b Co2p, c Mg1s, d O1s, € U4f, f XRD before and after 
adsorption
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adsorption capacity were 94.59% and 23.23 mg/g, respec-
tively. The removal rate increased slowly until the adsor-
bent dosage was 1 g/L, which corresponded to the highest 
removal rate; however, the adsorption capacity decreased 
to 9.62 mg/g. This may be because although more mate-
rials effectively increased the number of active sites, the 
number of unused active sites increased as well, resulting 
in a lowered unit adsorption capacity. Considering its cost-
effectiveness, an adsorbent dosage of 0.4 g/L was optimal.

3.2.2 � Effect of anions, cations and organic matter

Figure 5a and b shows the effects of the cations and anions 
on the removal efficiency of U(VI). Figure 5a shows that 
K+ and Na+ slightly affects the removal of U(VI), whereas 
Ca2+ significantly affects the removal efficiency. This may 
be attributed to the higher valence state and larger ion radius 

of Ca2+, which result in strong competitive adsorption with 
U(VI) and ion exchange with the adsorbed U(VI) [46, 47], 
thereby affecting the removal efficiency.

As shown in Fig. 5b, the anions had a certain effect 
on the removal. CO3

2− and SO4
2− combine with UO2

2+ 
in solution to form UO2(CO3)2

2− and UO2(SO4)2
2− com-

plexes, causing steric hindrance to uranium adsorption and 
resulting in a decrease in the removal rate [48, 49]. Com-
bined with the zeta potential, the material surface exhibits 
a weak positive potential, while NO3

− generates an elec-
trostatic attraction with the material, undergoes coordina-
tion exchange, occupies the active sites on the material 
surface, and lowers the removal rate [50, 51].

Humic acid was chosen to study the effect of organic 
matter on U(VI) removal by the L-CMs. As shown in 
Fig. 5c, humic acid significantly affects the removal of 
U(VI) from aqueous solutions during the entire reaction 

Fig. 4   (Color online) a Effect of the preparation conditions, b solution pH (T: 25 °C, t: 60 min, U(VI) concentration: 10 mg/L, dosage: 0.1 g/L), 
c Zeta potential characterization results, d Effect of dosage (T: 25 °C, t: 60 min, U(VI) concentration: 10 mg/L, solution pH: 5.5)
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period. This may be attributed to the abundant carboxyl 
and hydroxyl functional groups in humic acid, which form 
complexes with the metal ions in the material to cover the 
surface of the active sites of the L-CMs and hinder the 
reaction [52].

3.3 � Mechanism of U(VI) removal from solution 
by L‑CMs

3.3.1 � Adsorption kinetics

Kinetic adsorption studies provide important information 
regarding adsorption performance, rate of adsorption sys-
tems, and possible reaction mechanisms [53]. The effect 
of reaction times on adsorption is shown in Fig. 6a. The 
adsorption capacity is significantly affected by the reaction 
time. The adsorption capacity gradually increases with 
time; the adsorption trend is significant in the early stage 

and then slowly increased until equilibrium is attained. 
This is due to the higher U(VI) content in the solution in 
the early stage of the reaction, which facilitates the use of 
active sites on the surface of the material. The active sites 
on the surface of the L-CMs are then occupied, resulting 
in a slow increase in the removal rate until equilibrium. 
The pseudo-first-order, pseudo-second-order, and Elovich 
kinetic fitting analyses of the test results are presented in 
Fig. 6b and Table S1. According to the fitting results, the 
R2 of the pseudo-second-order adsorption kinetic model 
is better than those of the remaining kinetic models. Thus, 
the adsorption of U(VI) by the L-CMs is consistent with 
pseudo-second-order kinetics, indicating that chemical 
adsorption occurs primarily.

3.3.2 � Adsorption isotherm

The Langmuir, Freundlich, Temkin, and Redlich–Peterson 
(R–P) isothermal adsorption models were used to analyze 

Fig. 5   (Color online) Effect of a cation, b anion, c humic acid (t: 60 min; U(VI) concentration: 10 mg/L, dosage: 0.4 g/L, T: 25 °C)
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the adsorption of U(VI) by the L-CMs. Figure 6c shows the 
isothermal adsorption curves at different temperatures, while 
Fig. 6d shows the adsorption isotherm model fitting at room 
temperature (298 K). Figure 6d shows that the Langmuir 
model exhibits a high degree of fitting. The adsorption pro-
cess conformed to the Langmuir adsorption isotherm model, 
that is, the monolayer adsorption occurred, and the maxi-
mum adsorption capacity was 105.49 mg/g at room tempera-
ture. Moreover, when n = 1, the R–P model was simplified 
to the Langmuir model [54]. Table S2 shows that n = 0.99, 
confirming that the process conformed to the Langmuir 
adsorption isotherm model. The Temkin isotherm provided 
well-fitted data, with an R2 value of 0.938. In the Freundlich 
isotherm adsorption model, the 1/n value in Table S2 was 
less than 1, indicating that adsorption occurred easily.

3.3.3 � Thermodynamic investigation

Based on the experimental data obtained at different tem-
peratures and concentrations, a thermodynamic study of 
U(VI) adsorption by L-CMs was conducted, and the results 
are presented in Table S3. At different initial concentrations 
of U(VI), ΔH0 was positive, indicating that the adsorption 
of U(VI) in solution by the L-CMs was an endothermic 
process. ΔS0 was positive, indicating that the adsorption 
involved an irreversible reaction of disordered entropy 
increase, whereas ΔG0 was negative, indicating that the 
adsorption process was spontaneous.

According to Table S4, at constant reaction temperatures, 
the value of E value gradually decreased with the increas-
ing initial concentration of the solution within a certain 
concentration range. This is attributed to the fixed amount 
of the L-CMs added during the reaction, which fixed the 
number of active sites provided by the material. When the 

Fig. 6   (Color online) a Effect of contact time on the adsorption of U(VI) in solution, b adsorption kinetic models fitting, c adsorption isotherm, 
d adsorption isotherm models fitting
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concentration increased, U(VI) in the solution exceeded the 
number of available active sites, resulting in decreasing E 
values. When the initial concentration of U(VI) in the solu-
tion was constant, E gradually increased with temperature, 
further demonstrating that higher temperatures favored the 
removal of U(VI) by the L-CMs.

3.3.4 � Mechanism model

The adsorption of U(VI) by the L-CMs was influenced by 
several factors, with chemical and physical adsorption play-
ing primary and secondary roles, respectively. The adsorp-
tion mechanism is illustrated in Fig. 7, based on previously 
reported literature [55, 56] and the analysis presented in this 
paper.

XPS analysis showed that the peak position of elemental 
Co remained almost unchanged, whereas the peak area of 
Mg1s decreased and the peak position shifted, indicating 
an exchange between Mg2+ and UO2

2+. This exchange is 
represented by Eq. (3). Furthermore, the results of the XPS 
and FTIR analyses demonstrated complexation between the 

-OH and CO3
2− groups in the L-CMs material with UO2

2+, 
as depicted in Eqs. (4) and (5).

3.4 � Comparison of adsorption performance

Table 1 compares the adsorption capacity of the L-CMs 
for U(VI) with those of materials reported recently [20, 21, 
57–59]. Considering the low solution pH of uranium-con-
taining wastewater in practical engineering, the solution pH 
is an important factor that must be considered when evaluat-
ing the optimum adsorption capacity [8, 57]. Although the 
DTAB-B adsorbent achieved optimal removal performance 
at a solution pH of 4.0, it reached a maximum adsorption 

(3)≡ Mg
2+

+ UO
2+
2

→≡ UO
2+
2

+ Mg
2+

(4)A−O−H + UO
2+
2

→ A−O−UO+
2
+ H

+

(5)CO
2−
3

+ UO
2+
2

→ UO2CO3

Fig. 7   (Color online) Mecha-
nism model

Table 1   Comparison of the adsorption performance of the L-CMs with adsorbents in literatures

Adsorbent Solution pH Equilibrium 
time (min)

Qmax(mg/g) References

Silane coupling agent modified bentonite (KH550-B) 5.0 50 20.24 [54]
Cetyl trimethyl ammonium bromide/Chitosan composited modified ben-

tonite (CTAB/CTS-B)
7.0 120 20.84 [55]

Cetyl trimethyl ammonium bromide modified bentonite (CTAB-B) 6.9 355 27.25 [56]
Dodecyl trimethyl ammonium bromide modified bentonite (DTAB-B) 4.0 240 34.45 [58]
Ca-Al hydrotalcite (Ca-Al LDHs) – – 54.79 [59]
L-CMs 5.5 120 105.49 This work
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capacity of only 34.45 mg/g after prolonged adsorption at 
room temperature. KH550-B achieved the optimal removal 
performance at a pH of 5.0, and the adsorption time was 
short; however, its maximum adsorption capacity was only 
20.24 mg/g. The solution pH value for the best removal 
performance of the other adsorbents was close to neutral, 
which contradicted the actual application, and the maximum 
adsorption capacity was insignificant. Therefore, compared 
to other methods, the L-CMs exhibited a better removal 
performance.

4 � Conclusion

In this study, a novel L-CMs was successfully prepared 
by introducing Co2+ between Mg(OH)2 layers through a 
one-step co-precipitation method to remove U(VI) from 
radioactive wastewater. Characterizations of the structure 
and removal performance of the L-CMs demonstrated that 
the L-CMs possessed excellent U(VI) adsorption capacity. 
At room temperature and a solution pH of 5.5, the fitted 
maximum adsorption capacity was 105.49 mg/g. The U(VI) 
removal mechanism by the L-CMs may involve ion exchange 
between Mg2+ and UO2

2+, and the complexation of -OH 
and CO3

2− with UO2
2+ to remove U(VI) from aqueous solu-

tions. Both the Co and Mg in this work were divalent; unlike 
traditional bimetallic hydroxides composed of divalent and 
trivalent metals, the L-CMs synthesized from divalent met-
als demonstrated superior U(VI) adsorption ability, which 
could broaden the future research scope of metal hydroxides. 
Moreover, the L-CMs exhibited excellent reusability, pro-
viding a new perspective for the effective removal of U(VI) 
from aqueous solutions.
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