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A B S T R A C T

A water-stable metal-organic framework [Co3(tib)2(H2O)12](SO4)3 (BUC-17) with 2D graphene-like crystal
structure was tuned to produce ultrafine powder via the introduction of absolute ethanol. The BUC-17 powders
were further characterized by powder X-ray diffraction (PXRD), scanning electron microscopy (SEM), X-ray
photoelectron spectroscopy (XPS) and Zeta potential analysis. The BUC-17 ultrafine powder exhibited excellent
adsorption performance toward Cr(VI) from simulated wastewater, in which the maximum uptake capacity is
121mg g−1 at pH=4. The kinetics fitting results revealed that the adsorption process is more suitably described
by the pseudo-second-order kinetics model. The negative standard free energy change ΔG°, positive enthalpy
change ΔH°, and positive entropy change ΔS° of the adsorption process implied that the adsorption between
BUC-17 and Cr(VI) was spontaneous and endothermal. As well, the influencing factors of the adsorption process
like pH, adsorbent dosage, initial concentration and foreign ions were investigated. Finally, the adsorption
mechanism of BUC-17 toward Cr(VI) was proposed.

1. Introduction

Chromium exists frequently as the trivalent (Cr(III)) or hexavalent
(Cr(VI)) forms in aqueous systems. Chromium of different oxidation
states display different characteristics in terms of potential toxic impact
on human or biological organisms [1,2]. It is well known that Cr(VI) is
considerably more toxic than Cr(III) [3]. In fact, the Cr(III) is con-
sidered to be as an essential trace metal nutrient for human being,
whereas the Cr(VI) has been reported to be a primary contaminant to
humans and other species due to its carcinogenic and durable proper-
ties [4]. Most chromium in the environment is mainly discharged from
industrial procedures including but not limited to electroplating, lea-
ther, textile preservation, and metal processing [5]. Thus, National
Environmental Protection Agency of China has recommended that the
total chromium concentration should be below 1.5 m L−1 and the Cr
(VI) concentration should be below 0.5 m L−1 in integrated wastewater.
Up to now, many treatment methods have been introduced such as ion
exchange [6], chemical precipitation [7], electro-reduction [8], ad-
sorption [2], photocatalytic reduction [9,10] and so on [11–13].
Among them, the adsorption is widely adopted to remove heavy metal
ions from the wastewater, due to its low cost, ease operation and high
efficiency. Therefore, preparing efficient adsorbents with excellent

performance has become one of the principal challenges in the material
chemistry and crystal engineering field and focus of interest of many
researches.

Metal-organic framework (MOFs) have attracted considerable at-
tentions owing to their large specific surface area, regular size and
shape, abundant channel as well as excellent chemical and solvent
stabilities [14–18]. A highly stable graphene-like 2D metal-organic
framework (BUC-17) was synthesized under hydrothermal conditions
by our research group [19], which exhibited ultrahigh uptake efficiency
and capacity to Congo red (CR) due to its positive zeta potential. Based
on the excellent adsorption performance of BUC-17 toward anionic
species, in this study, BUC-17 was selected to accomplish adsorptive
removal toward anionic Cr(VI). The involved kinetic models, isotherm
models and the thermodynamic parameters were analyzed and calcu-
lated. Series experiments were designed to explore influencing factors
of the adsorption process. As well, the possible adsorption mechanism
was proposed, which was further affirmed by X-ray photoelectron
spectra (XPS), scanning electron microscopy (SEM) and Fourier
Transform infrared spectra (FTIR) analyses.
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2. Experimental

2.1. Materials and characterization

The reagent grade chemicals like cobaltous sulfate (CoSO4·7H2O),
1,3-adamantanedicarboxylic acid (H2adc), 1,3,5-tris(1-imidazolyl)ben-
zene (tib), potassium dichromate (K2Cr2O7) were commercially avail-
able and used directly without further purification.

Powder X-ray diffraction (PXRD) patterns of samples were assessed
using a Dandonghaoyuan DX-2700B diffractometer with Cu Kα radia-
tion, a step size of 0.02°, and a 2θ range of 5°–50°. Fourier Transform
infrared spectra (FTIR) were performed using a Nicolet 6700 FTIR
spectrophotometer in the region of 4000–400 cm−1 with KBr pellets.
The surface charges of BUC-17 at different pH values (4.0, 6.0, 8.0,
10.0) were recorded using the Malvern zeta sizer Nano ZS in the field
strength of 20 V cm−1. The pH value was adjusted using H2SO4 and
NaOH solution. X-ray photoelectron spectra (XPS) measurement was
carried out on a Thermo ESCALAB 250XI. A FEI Quanta 250 FEG
scanning electron microscope (SEM) equipped with Bruker XFlash 5010
Energy Dispersive Spectrometer (EDS) was used to assess the mor-
phology and the elemental mapping of BUC-17.

2.2. The preparation of [Co3(tib)2(H2O)12](SO4)3 (BUC-17) ultrafine
powder

The BUC-17 ultrafine powder was prepared according to the re-
ported solvothermal procedure reported by Wang et al. with a minor
modification [19]. A mixture of H2adc (0.3 mmol, 0.0673 g), Co-
SO4·7H2O (0.3 mmol, 0.0843 g) and tib (0.3 mmol, 0. 0828 g) was
sealed in a 25mL Teflon-lined stainless steel Parr bomb containing
deionized H2O (10mL) and absolute ethanol (5 mL), heated at 413 K
for 72 h, and then cooled down to room temperature. Red ultrafine
powders of BUC-17 were isolated and washed with deionized water and
ethanol. The stability of BUC-17 was examined by adding 20.0mg
BUC-17 into 60mL deionized water with various pH values from 4.0 to
10.0. The pH value was adjusted by using H2SO4 and NaOH solution
with suitable concentration. The resulted suspension was stirred with
150 rmin−1 at 298 K for 8 h. Finally, the solid sample was collected
after filtration and drying processes for XRD test.

2.3. Adsorption performance of BUC-17 toward Cr(VI)

The adsorption performance of BUC-17 was evaluated by the re-
moval efficiency of Cr(VI) from the simulated wastewater prepared by
adding 0.2829 g potassium dichromate of analytical grade to 1000mL
pure water. The experiments were conducted by adding certain dosages
(250.0 mg L−1) of BUC-17 into 200mL of 10m L−1 Cr(VI) solution and
stirring in water bath shaker with speed of 150 r min−1 at 298 K. During

the adsorption reaction, 3.0mL sample was extracted at regular inter-
vals and separated from the adsorbent by centrifugation at 5000 rpm
for 5min. The residual Cr(VI) concentration in the supernatant was
determined by dinitrodiphenyl carbazide spectrophotometric method
under a Laspec Alpha-1860 spectrometer at 540 nm [20]. The adsorp-
tion amount was estimated using Eq. (1):

= −q C C W( )V/e0 (1)

Where, q (mg g−1) is the adsorption amount; C0 and Ce (mg L−1) are
respectively the concentration of Cr(VI) at initial time and equilibrium
time; V (L) is the volume of the Cr(VI) solution and W (g) is the dosage
of adsorbent.

3. Results and discussion

3.1. Characterization of BUC-17

The powder XRD patterns of BUC-17 matched well with the simu-
lated ones from the single X-ray crystal structure date in Fig. 1(a),
implying that BUC-17 was in high purity. The PXRD patterns of BUC-17
after being immerse in pure water with various pH values from 4.0 to
10.0 up to 8 h also completely fit well with those of the as-prepared
BUC-17, indicating its excellent stability in acidic and alkaline en-
vironment. SEM images revealed that BUC-17 exhibits the stick-like
shape and regular morphology, as displayed in Fig. 1(b).

3.2. Adsorption performance

3.2.1. Adsorption kinetics
The adsorption kinetic experiment was performed by mixing certain

dosages (250.0 mg L−1) of BUC-17 and 200mL Cr(VI) solution with
pH=4.0 with concentrations ranging from 25mg L−1 to 35mg L−1

and stirring for 8 h in water bath shaker with speed of 150 r min-1 at
298 K. The pseudo-first-model [21] and pseudo-second-model [21]
expressed as Eqs. (2) and (3) were utilized to describe the adsorption
process in this study, respectively.

− = −q q q k tln( ) ln( )e t e 1 (2)

= +
t
q k q q

t1 1

t e e2
2 (3)

Where, qt and qe (mg g−1) are respectively the masses of Cr(VI) ad-
sorbed per unit mass of the sorbent at a certain time t and equilibrium
time; k1 (min−1) and k2 (g mg-1 min−1) represent the pseudo first-order
adsorption rate constant and the pseudo-first-order adsorption rate
constant, respectively (Table 1).

Furthermore, the data were also tested by Weber–Morris model
expressed as Eq. (4) [22] to investigate the existence of intra-particle
diffusion in the adsorption process.

Fig. 1. (a) PXRD patterns of BUC-17 before and after soaking, the simulated XRD pattern from single crystal structure of BUC-17 and after adsorption; (b) SEM image
of synthesized BUC-17.
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= +Q kt Ct
0.5 (4)

Where, k (mg g−1 min-0.5) is the rate constant of intra-particle diffusion.
The Cr(VI) adsorption process as a function of time was examined.

The results indicated that the Cr(VI) adsorbed amount increased with
the increase of contact time, and Cr(VI) was removed very fast in the
first 4 h and the Cr(VI) adsorption increased slowly until the equili-
brium time. The adsorption equilibrium was reached around 8 h and
the Cr(VI) adsorption capacity was attained 121mg g−1. Comparing to
some adsorbents as listed in Table 1, BUC-17 exhibited good adsorption
activity toward Cr(VI) in relatively short time [23]. In recent years,
adsorption kinetics included the pseudo-first-order model and the
pseudo-second-order model have been widely applied to the adsorption
mechanism of pollutants from aqueous solutions onto adsorbents [24].
From the kinetic parameters of the above-stated models in Table 2 , it
can be seen that the pseudo-second-order model was fitted well to the
kinetic data, implying that the rate-limiting step might be chemisorp-
tion [25]. Furthermore, the linear portion of plot is not passing through
the origin (Fig. S1 in the ESI), which indicates that the mechanism of Cr
(VI) adsorption on BUC-17 is complex procedure and intra-particle
diffusion is not the only control step in the adsorption process. It has
been found that surface adsorption as well as intra-particle diffusion
contributes to the rate determining step [26,27].

3.2.2. Adsorption isotherms
To study the effect of temperature, the adsorption isotherms ex-

periment was demonstrated by mixing certain dosages (250.0mg L−1)
of BUC-17 and 200mL Cr(VI) solution with pH=4.0 with initial
concentration of 20, 25, 30, 35, 40mg L−1. The mixtures were re-
spectively stirred in constant temperature water bath shaker with speed
of 150 r min−1 at different temperatures (293, 298 and 303 K).

The Langmuir, Freundlich, and Dubinin–Radushkevich (D-R) ad-
sorption isotherm models are widely used to describe the equilibrium
relationship between the adsorbent and the adsorbate, the affinity and
the adsorption capacity of the adsorbent.

The Langmuir isotherm model can be represented as Eq. (5) [34]:

= +C q K q C q/ 1/ /e e L emax max (5)

Where, qmax (mg g−1) is the maximum amount of adsorption with
complete monolayer coverage on the adsorbent surface; KL is the
Langmuir constant related to the energy of adsorption in Lmg−1.

The Freundlich isotherm model can be expressed as Eq. (6) [35]:

= +q K Clog log (1/n)loge f e (6)

Where, n represents the degree of nonlinearity between solution con-
centration and adsorption; Kf (mg g−1) is the Freundlich adsorption
isotherm constants which indicated the extent of the adsorption.

The Dubinin–Radushkevich (D-R) isotherm model is generally listed
in Eq. (7) [36]:

= −qlnq ln K εme DR
2 (7)

Where, qm (mol g−1) represents the theoretical saturation capacity, KDR

(mol2 J−2) is the activity coefficient related to mean sorption energy; ε
(J mol−1) and E (kJ mol−1) mean the potential and free energy of ad-
sorption, respectively. They can be respectively calculated using Eqs.
(8) and (9):

= +ε RT ln(1 1/C )e (8)

=E 1
2KDR (9)

To clarify the detailed adsorption mechanism of BUC-17 toward Cr
(VI), the adsorption isotherms were calculated as shown in Table 3. It
can be seen that the obtained R2 values for the Langmuir model are
above 0.99 at different temperatures, indicating the adsorption of BUC-
17 toward Cr(VI) was suitably fitted to the Langmuir model, similar to
BUC-17 in the previous reports [19]. Thus, the adsorption toward Cr
(VI) is chemisorption as well as monolayer sorption on a surface [37].
The amount of adsorbed Cr(VI) increased with temperatures, implying
that the adsorption of Cr(VI) as an endothermic reaction was favorable
at high temperatures. Moreover, the value of adsorption intensity de-
creasing from 0.0540 to 0.0388 is less than unity, which manifests fa-
vorable in the adsorption process [38].

3.2.3. Thermodynamic parameters
Thermodynamic parameters including standard free energy (ΔG°,

kJmol−1), change in enthalpy (ΔH°, kJ mol−1) and change in entropy
(ΔS°, J mol−1 K−1), were determined with the aid of date obtained
from Langmuir adsorption isotherm via Eqs. (10) and (11) [39]:

= − KΔG RT ln L
0 (10)

= −K S
R

H
RT

ln Δ Δ
L

0 0

(11)

Where, R (8.314 kJmol−1 K−1) is the universal gas constant and T (K)
is the absolute temperature, KL is equilibrium constant, which depends
on the temperature.

To further establish the thermodynamic function, the possible
driving forces and even the mechanism of the sorption process, the
standard free energy ΔG°, enthalpy ΔH°, and entropy ΔS° were calcu-
lated founded on the date obtained from the Langmuir adsorption iso-
therm, as illustrated in Table 4. Generally, the free energy ΔG° values
ranging from −20 to 0 kJ mol−1 signifies a physi-sorption process,
while ΔG° values between −80 and −400 kJmol−1 indicates that
chemisorption process is dominated [40]. In this study, the ΔG° values
between −37.90 and −39.50 kJmol−1, indicated that the adsorption
process was chiefly controlled by physical adsorption along with partial
chemical adsorption [40,41]. Moreover, the negative values of all ΔG°
implied that the sorption process was spontaneous in nature and fa-
vorable at higher temperature [42,43], which might also be confirmed
from the maximum adsorption capacity of BUC-17 increase from

Table 1
The adsorption capacity comparison of some typical adsorbents toward Cr(VI).

Adsorbents Adsorption capacity (mg g−1) Equilibrium time Refs.

IL-MIL-100(Fe) 285.7 5 h [28]
ZJU-101 245 10min [29]
MP@ZIF-8 136.56 16 h [30]
UiO-66-HA 129 NA [31]
MOF-867 53.4 12 h [29]
ZIF-67 15.43 60 min [32]
ZIF-8 0.15 60 min [33]
BUC-17 121 8 h This work

Table 2
Parameters of kinetic model of Cr(VI) with different concentration onto BUC-17 (298 K).

Pseudo-first-order Pseudo-second-order Experimental value (mg g−1)

C0 (mg L−1) k1 (min−1) qe (mg g−1) R2 K2 (g mg−1 min−1) qe (mg g−1) R2

35 0.0046 67.65 0.748 1.84× 10−4 97.09 0.970 92.59
30 0.0090 48.75 0.892 4.50× 10−4 74.63 0.999 71.17
25 0.0134 46.84 0.961 5.77× 10−3 68.03 0.999 64.36
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76.34mg g−1 at 293 K to 82.64mg g−1 at 303 K. On the other hand, the
average enthalpy ΔH° and entropy ΔS° of the process have been re-
spectively evaluated as 8.90 kJ mol−1 and 159.69 Jmol−1 K−1. The
positive value of ΔH° demonstrates that the endothermic nature of the
sorption process [44], while the positive value of ΔS° suggests the
randomness increased during the adsorption process [45].

3.3. Influencing factors

3.3.1. Influence of pH
The adsorption capacity of BUC-17 toward Cr(VI) at natural pH was

firstly investigated, certain dosages (250.0 mg L−1) of BUC-17 was
added to 200mL solutions containing 10mg L−1 of Cr(VI) solution with
various pH values. The initial pH values were adjusted from 4.0 to 10.0
using H2SO4 and NaOH aqueous solution with suitable concentration,
respectively. As shown in Fig. 2(a), it is evident that the adsorption
capacity of the adsorbent decreases from 47.4 to 0.5 mg g-1 as the pH
value increases from 4.0 to 10.0. It was revealed that the pH value plays
an important role in the removal of Cr(VI) in the solution [2,46]. In this
system, the sorbent is positively charged, which was confirmed by the
examined zeta potential ranging from 16.4 to 23.8 mV as the pH value
as illustrated in Fig. 2(b). Meanwhile, it is well known that the domi-
nant form of Cr(VI) in nature is anionic species like HCrO4-, CrO4

2- and
Cr2O7

2- [47–49]. Thus, its adsorption performance toward Cr(VI) might
be attributed to the electrostatic interactions between anionic Cr(VI)
species and positive surface of BUC-17. Cr(VI) exists mainly as HCrO4-
and Cr2O7

2- oxyanions under the condition of pH < 7; However, for
pH > 7, CrO4

2- was the primary species in the solution [48,50,51]. The
zeta potential of BUC-17 decreased with the further increase of pH,
which leads to the gradually decreased area occupied by the average

single Cr(VI) adsorption, and finally resulting in the much lower ad-
sorption performance. Under higher pH, the zeta potential of BUC-17
was further decreased and the formed CrO4

2- will occupy more active
area [51], which contributed to the declined adsorption performance
toward Cr(VI) [48,52]. On the other hand, the declined adsorption
activity as the increasing concentration of OH- may also be due to the
higher competition for the positively charged sites between OH- anions
and Cr(VI) [2,48].

3.3.2. Influence of adsorbent dosage and initial Cr(VI) concentration
The influence of Cr(VI) removal was affected by the adsorbent do-

sage and initial Cr(VI) ions concentration. Certain dosages
(150.0 mg L−1, 250.0 mg L−1, 350.0 mg L−1) of BUC-17 were agitated
with 200mL Cr(VI) solution with initial concentration of 5, 10, 15mg L-
1 with pH=4.0. As shown in Fig. 3a, when the adsorbent dosage in-
creased from 150.0 to 350.0 mg L−1, the adsorbed Cr(VI) amount de-
creased from 68.2mg g−1 to 41.2 mg g-1, which can be ascribed to the
active sites on the surface of the adsorbate could be occupied suffi-
ciently. The increase of initial Cr(VI) concentration led to significant
decrease of removal percentage (Fig. 3b). The blockage of adsorption
sites inside the MOF BUC-17 crystals were occupied by immediate
surface adsorption of Cr(VI) ions, thus preventing further access of the
Cr(VI) ions into the interior cages of the MOF BUC-17, which resulted
in the observed drop of Cr(VI) removal percentage while still main-
tained increased overall removal performance of Cr(VI) ions.

3.3.3. Influence of coexistence anion
The influence of coexisting anions on Cr(VI) adsorption was ex-

amined by adding certain dosages (350.0 mg L−1) of BUC-17 into
200mL of 15mg L−1 Cr(VI) solution with and without coexistent an-
ions (SO4

2-, NO3
-, Cl-, PO43

-). The concentration of each coexisting anion
was 1.5mmol L−1, and the concentration of all coexistent anions was
10 times higher than that of Cr(VI) ion. Generally, some co-existed
anions always exist in real industry waste water [53]. As shown in
Fig.4, the presence of inorganic anions (Cl-, NO3

-, SO4
2-, PO4

3-) has
negative effect on the process of adsorption of Cr(VI) by BUC-17, which
may be due to their competitive sorption based on the electrostatic
interaction. The effect of inorganic anions on adsorption is as follows:
Cl- <NO3

-< SO4
2-< PO4

3-. Moreover, the pH value is greatly in-
creased after adding PO4

3- to the solution (in the experiment, the

Table 3
Constants of Langmuir, Freundich, and D–R for Cr(VI) adsorption by BUC-17 at different temperatures.

T/K Langmuir Freundlich D-R

qmax(mg g−1) KL(L mg−1) R2 Kf (L g−1) 1/n R2 KDR E(KJmol−1) R2

293 76.34 11.9 0.998 6.62 0.0540 0.481 2×10−7 1.58 0.811
298 80.65 12.4 0.996 68.61 0.0697 0.483 1×10−7 2.24 0.816
303 82.64 13.4 0.999 75.44 0.0388 0.711 4×10−8 3.54 0.973

Table 4
Thermodynamic parameters for Cr(VI) adsorption by BUC-17 at different
temperatures.

T/K KL (L mg−1) ΔG° (kJ mol−1) ΔS° (J mol−1 K−1) ΔH° (kJ mol−1)

293 5715609 −37.90 159.69 8.90
298 5950760 −38.65
303 6449856 −39.50

Fig. 2. (a) The adsorption capacity of BUC-17 at different pHs; (b) the zeta potential of BUC-17.
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Fig. 3. (a) The adsorption capacity and (b) the removal percentage of BUC-17 at different adsorbent dosages and initial Cr(VI) concentrations.

Fig. 4. (a) The adsorption capacity and (b) the removal percentage of BUC-17 with addition of inorganic salts.

Fig. 5. (a) the FTIR spectra of potassium dichromate, BUC-17 before and after adsorption; (b) SEM of BUC-17 after adsorption; (c) Elemental mapping of BUC-17
before and after adsorption.
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addition of PO4
3- resulted in solution pH increases from 4.0 to 8.9),

which also leads to a decrease in the amount of adsorption.

3.4. Proposed adsorption mechanism

To verify the adsorption of Cr(VI) onto BUC-17, the FTIR spectra
and the mapping of BUC-17 were studied. As shown in Fig. 5(a) and (b),
in FTIR spectra, a new adsorption band at 2361 cm−1 of BUC-17 after
adsorption appeared, which confirmed the adsorption of Cr(VI) onto
BUC-17. The elemental mapping obtained from SEM verified that the
presence of Cr in BUC-17 after adsorbing Cr(VI) besides C, N,O, S and
Co in the as-prepared BUC-17 as demonstrated in Fig. 5(c) and (d).
Moreover, the adsorption of Cr(VI) onto BUC-17 was also confirmed by
XPS, in which the XPS spectra signals of Cr with binding energy of
578.2 (Cr 2p) could be detected [54], as shown in Fig. 6(b). Further-
more, both the SEM image and PXRD patterns of BUC-17 after ad-
sorption matched well with the corresponding ones of as-prepared
BUC-17, which further affirmed BUC-17 was stable during the ad-
sorption process, as depicted in Figs. 1 and 5.

According to previously reported the properties of BUC-17 by Li
et al. [19], BUC-17 was preferred to capture anionic dyes due to its
positive surface charge. Therefore, the uptake of Cr(VI) via BUC-17 as
absorbent was attributed to electrostatic interaction, as confirmed by an
overall positive surface charge of BUC-17 from pH=4 to pH=10 il-
lustrated in Fig. 2(b). Besides, the uncoordinated SO4

2− in the BUC-17
structure was proposed to be exchanged with the Cr(VI) ions during
sorption, which was confirmed by its adsorption performance toward Cr
(VI) in saturated aqueous Na2SO4 solution and in pure aqueous solu-
tion. These result revealed that the presence of SO4

2− obviously in-
hibited the adsorption Cr(VI) onto BUC-17, as evidenced by the ad-
sorption efficiency decrease from 40.3% (in pure aqueous solution) to
27.3% (in saturated aqueous Na2SO4 solution) within 8 h, as shown in
Fig. 6(e). To further illustrate the adsorption mechanism, XPS was used
for analysis of adsorption mechanism as illustrated in Fig. 6, in which
the S 2p peak of SO4

2− from BUC-17 disappeared and new Cr 2p
(578.2 eV and 587.3 eV) peaks belonging to Cr2O7

2- emerged after ad-
sorption [54,55], implying that ion-exchange interactions contribute to
Cr(VI) adsorption on BUC-17 [56,57]. Meanwhile, the elemental

Fig. 6. (a) Full range XPS spectra of BUC-17 before and after adsorption of Cr(VI); (b) XPS spectra of Cr 2p before and after adsorption of Cr(VI); (c) XPS spectra of O
1s before and after adsorption of Cr(VI); (d) XPS spectra of S 2p before and after adsorption of Cr(VI); (e) XPS spectra of Cr 2p before and after adsorption of Cr(VI);
(f) Adsorption of Cr(IV) in deionized water and in saturated Na2SO4 solution with BUC-17.
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mapping obtained from SEM revealed the existence of S and Co (the
characteristics element of BUC-17) made no change in oxidation state
occurred after adsorbing Cr(VI) [58].

4. Conclusion

In all, it is successful to produce BUC-17 ultrafine powder via the
introduction of absolute ethanol, which exhibited ultra-high adsorption
capacity towards Cr(VI) (121mg Cr(VI) per gram of BUC-17). The
adsorption capacity of BUC-17 towards Cr(VI) was much more than
most of the adsorbents reported previously. The adsorption process
fitted well with pseudo-second-order kinetic model as well as Langmuir
isotherms, which demonstrated that the corresponding adsorption
process was spontaneous, endothermic and the randomness increases.
The overall data presented in this study indicated that both electrostatic
and ion-exchange interactions contribute to Cr(VI) adsorption onto
BUC-17. Moreover, experimental data revealed that co-exiting anions
and pH played important roles in the adsorption process. It was ex-
pected to use BUC-17 as efficient adsorbent to remove anionic heavy
metals from wastewater.
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