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Abstract

Arsenic contamination is a great threat worldwide due to its toxicity and hardly degradable. The development of highly
efficient adsorbents is an essential challenge in the water treatment field. A 2D metal-organic framework [Co,(tib),(H,0),]
(50,); (BUC-17) has been synthesized by hydrothermal method, and was utilized as an efficient adsorbent to remove
As(V) from contaminated water. The results showed that BUC-17 have higher adsorption capacity toward As(V) than
most counterpart adsorbents, its maximum uptake capacity reached 129.2 mg g~' at 298 K. The adsorption kinetics and
isotherm behaviors were well fitted with pseudo-second-order and Langmuir model, respectively. The thermodynamic
parameters such as free energy change AG®, enthalpy change AH° and entropy change AS°® were both negative during the
sorption process, suggesting that the adsorption process of BUC-17 towards As(V) was spontaneous and exothermal. The
influence of pH and foreign ions on the adsorptive removal of As(V) using BUC-17 were investigated. The results showed
that pH values have significant influence while co-existed anions (unless phosphate) exert slight effect on adsorption
capacity. Finally, a corresponding adsorption mechanism was proposed and confirmed by scanning electron microscopy,
Fourier Transform infrared spectra (FTIR) and X-ray photoelectron spectroscopy analysis.
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1 Introduction

Arsenic is extensively distributed in the biosphere and
has been linked with toxic and carcinogenic effects [1].
The chronical exposure to arsenic leads to nausea, cancer,
muscular weakness, neurological disorder, appetite weak-
ness and impairments of the immune system [2-5]. Most
arsenic compounds in the environment are discharged
from coal combustion, production of industrial raw mate-
rials, arsenic pesticides, or volcano eruption [6, 7]. As a
result of their strong toxicity and widely distribution, over
140 million people all over the world, especially in India,
Bangladesh, Argentina, Vietnam and China, are facing the
tremendous threat of arsenic [8-10]. The World Health

Organization has regarded arsenic as a human carcino-
gen in drinking water and set a provisional standard of no
more than 10 pg L™' [11]. In natural waterbody, the arsenic
exists in both inorganic arsenic compounds like arsenate,
arsenite, and organic arsenic compounds like ASA (Arsan-
ilic, CgHgAsNO;) and ROX (Roxarsone, CgHgAsSNOy), in which
As(V) is the primary arsenic species [12]. The existence of
inorganic arsenic in natural water depends on the redox
conditions. For example, As(V) will be converted into As(lll)
in the presence of reductive substances [13]. As well, it was
well-recognized that the pre-oxidation of As(lll) into As(V)
is a necessary step for the efficiency of arsenic removal
[14, 15]. Inorganic arsenic can be methylated in human
body, which leads to the transformation from As(V) to
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As(lll), resulting in a great potential threat to human health
and environment [1, 16, 17]. Therefore, it is important to
remove As(V) from polluted water.

Up to now, there are various techniques for arsenic
removal like chemical precipitation, ion exchange, mem-
brane filtration, biological processes and adsorption [3,
18-20], in which the adsorption is widely used in waste-
water decontamination due to the advantages such as
low cost, high speed, high efficiency and easy operation
[21-23]. Traditional adsorbents including activated car-
bon [24], hydrotalcite [25], red mud [26] and activated
alumina [27] are facing problems like low adsorption
capacity. It was urgent and essential to develop new adsor-
bent materials with high efficiency to eliminate arsenic in
wastewater.

Metal-organic frameworks (MOFs) are unique porous
crystalline materials with large surface area, abundant
binding site, regular channel, and tunable morphology,
which are widely used in the fields of photocatalysis,
adsorption, gas storage and separation [28-32]. Adsorp-
tive removal of arsenic using MOFs have attracted exten-
sive attentions due to their outstanding adsorption capac-
ity, high removal efficiency, short reaction time and wide
range of suitable pH values [7, 12, 33, 34]. Furthermore,
MOFs possess abundant metal sites even unsaturated
coordination sites, which can be coordinated with arsenic
for enhanced adsorption ability [35, 36]. However, many
MOFs are not stable in water, which exerted great difficulty
to carry out reuse and recyclability [37].

A new 2D metal-organic framework [Cos(tib),(H,0),,]
(S0,); (BUC-17) has been synthesized from tib (1,3,5-tris(1-
imidazolyl)benzene) and Co** by hydrothermal methods,
which exhibited ultrahigh adsorption capacity towards
some organic dyes [38] as well as Cr(VI) [39]. Considering
that BUC-17 displayed preferential uptake to anionic mat-
ters, it was used to carry out adsorptive removal toward
As(V) in HAsNa,O,. Also, the corresponding kinetics,
isotherms and the thermodynamic parameters were fit-
ted and calculated. Finally, the adsorption mechanism
between BUC-17 and As(V) was proposed, and confirmed
by scanning electron microscopy (SEM), Fourier Transform
infrared spectra (FTIR) and X-ray photoelectron spectra
(XPS) analyses.

2 Materials and methods
2.1 Synthesis of BUC-17

All the chemicals were reagent grade and used without
further purification. BUC-17 was synthesized follow-
ing the reported method [38, 39] with minor modifi-
cation. Briefly, CoSO,-7H,0 (0.3 mmol, 0.0843 g) and
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1,3,5-tris(1-imidazolyl)benzene (tib) (0.3 mmol, 0.0828 g)
were mixed with 10 mL deionized water and then added
5 mL ethanol (99%) in a 25 mL Teflon-lined stainless steel
Parr bomb, and heated in a drying oven at 413 Kfor 72 h.
The pink powders are acquired by filtration, and then
washed three times using deionized water and ethanol
(99%) in turn to obtain pure BUC-17.

2.2 Characterization

The Fourier transform infrared (FTIR) spectra were used
to analyze the change of adsorbent throughout the
whole adsorption process by a Nicolet 6700 FTIR spec-
trometer with KBr pellets in the range of 4000-400 cm™".
The morphologies and the elemental mappings for
adsorbent BUC-17 before and after adsorption were
acquired on a FEI Quanta 250 FEG scanning electron
microscope (SEM) equipped with Bruker XFlash 5010
Energy Dispersive Spectrometer (EDS). The change of
crystalline structures and compositions of the before
and after adsorbed samples were characterized by
powder X-ray diffraction (PXRD) under Cu Ka radiation
in the 26 range of 5°-50° on Dandonghaoyuan DX-2700B
diffractometer. X-ray photoelectron spectra (XPS) meas-
urement was carried out on Thermo ESCALAB 250XI to
determine adsorbent with its chemical valence state and
composition.

2.3 Adsorption experiments

An aqueous stock solution of As(V) (500 mg L™") was
prepared by dissolving HAsNa,0,:7H,0 (SIGMA, 98%,
0.5206 g) in deionized water (250 mL), and then stored
in the dark at 277 K. The pH values of As(V) solution were
adjusted by using aqueous NaOH (0.1 M) or HCI (0.1 M)
solution. 40 mg BUC-17 samples were added to 200 mL
of As(V) solution with initial concentrations of 5 mg L™’
to 100 mg L™". The mixtures were placed on the constant
temperature shaker under speed of 170 r min™' at 298 K,
303 K, 308 K. During the shaking process, 5 mL samples
were drawn from the suspensions and then separated
by a 0.22 um membrane filter for further analysis. The
residual As(V) concentration was analyzed by ICP-OES
(ICP-5000, Focused Photonics (Hangzhou) Inc). The
adsorption capacity q (mg g~') was obtained by Eq. (1):

q=(C—CV/m m

where, C; and C, are the initial and equilibrium con-
centrations (mg L") of As(V), respectively; V is the solu-
tion volume (L) and m is the dosage of the adsorbent (g).
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3 Results and discussion
3.1 Adsorption kinetics

In order to determine the effect of contact time on adsorp-
tion process of As(V) by BUC-17, it was necessary to con-
duct series of experiments to study the adsorption kinet-
ics. 40 mg BUC-17 samples were added to 200 mL As(V)
solution with initial concentrations ranging from 5 mg L™
to 100 mg L™' (pH=10) at 298 K for 48 h. The relationships
between adsorption capacity and constant time are given
in Fig. 1. The maximum adsorption capacity of BUC-17
toward AS(V) was 129.2 mg g™, which was higher than
those of counterpart adsorbents like MIL-53(Al) [18], ZIF-8
[371 and other MOFs as listed in Table 1. For the initial As(V)
concentrations of 50 and 100 mg L™, 90% equilibrium
adsorption capacities were achieved within first 3 h, and
the adsorption equilibrium was accomplished for As(V)
solution with concentration of 50 and 100 mg L™ 'within
12 h. To analyze adsorption kinetics and describe the
adsorption behaviors, the pseudo first-order [27] and
pseudo second-order kinetic [12, 40] models (Egs. (2) and
(3)) were fitted to the kinetic data.

In (qe - qt) =In (qe) - K1t (2)

t/q. =1/(Kya) + t/q. 3)

where, g, and g, (mg g™') are the adsorption quantities
of As(V) at equilibrium time and at a sometime t, respec-
tively. K, (min~") and K, (g mg™" min~") are the adsorption
rate constants of the pseudo first-order and the pseudo-
second-order adsorption, respectively.

—&—5mg i

—e—10mg L'
—a—15mg L’
—v—20mg L
—<—25mg L
—>—50mg L
——100mg L

— 77— v v
0 10 20 30 40 50 60 70
Time(h)

Fig. 1 The adsorption capacities of BUC-17 toward As(V) with dif-
ferent initial concentrations (pH=10.0, T=298 K)

Table 1 The adsorption capacities of different adsorbents toward
As(V)

Adsorbents Adsorption Equilibrium time References
capacity
(mgg™)
ZIF-8 106.7 24 h [37]
ZIF-8 nanoparticles 60.03 24 h [36]
Hierarchical ZIF-8 ~ 90.92 NA [41]
MIL-53(Al) 105.6 48 h [18]
MIL-53(Fe) 21.27 NA [42]
UlO-66 68.21 20 min [34]
UiO-66(NH,) 71.13 NA [34]
MIL-88A microrods 145 12h [12]
RT-Zn-MOF-74 929 NA [43]
HT-Zn-MOF-74 48.7 NA [43]
NH,-MIL-88(Fe) 125 NA [33]
MOF-808 nanopar- 24.83 NA [44]
ticles
CoFe,0,@MIL- 114.8 24h [45]
100(Fe)
BUC-17 129.2 12h This work

From Fig. 2 and Table 2, it can be observed that the
adsorption process were better fitted in the pseudo-sec-
ond-order kinetic models, owing to higher correlation
coefficient and narrow difference between the experi-
mental and theoretical values of equilibrium adsorption
capacity. It indicated that the rate-limiting step might
be chemisorption [7]. Furthermore, to investigate the
effect of intraparticle diffusion and ensure the rate lim-
iting step, the Weber-Morris model [46] as represented
by Eq. (4) was used to process the kinetics data.

g, =Kt"? + C (4)

where, K (mg g~ min~""?) is the intraparticle diffusion

rate constant. The adsorption process could be mainly
divided into two sub-processes as shown in Fig. 3. Firstly,
the part of steeper slope with faster adsorption rate cor-
responds to external transfer step, in which the As(V) is
adsorbed onto the external surface of BUC-17. Secondly,
the adsorbed As(V) is further spread from the surface to
the internal active sites of BUC-17 until the adsorption
equilibrium is reached, which corresponds to the intra-
particle diffusion and equilibrium step. The second step
is generally slow evidenced by small adsorption rate [12].
It is worthy to note that the higher initial As(V) concen-
tration results into the faster adsorption rate of external
transfer step (first step), due to the fact that the higher
initial concentrations can enhance diffusion driving force
[12,36].
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Fig.2 a Pseudo-first-order kinetic and b pseudo-second-order kinetic models for adsorption process of BUC-17 towards As(V) at 298 K

Table 2 Kinetic parameters

Co(mgg™") Pseudo-first-order Pseudo-second-order Experimental
of pseudo-first-order and — — —— — value g (mg g~")
pseudo-second-order models K; (min™) g.(mgg™) R Ky;(gmg~ ' min™") g.(mgg™) R
for fitting kinetic data of As(V)
adsorption with different 5 0.1169 18.87 0.9892 0.0136 24.99 0.9879 23.65
concentration onto BUC-17 10 0.1466 29.35 0.9750 0.0131 45.35 0.9978 43.70
(298 K) 15 01885  32.11 0.8979 0.0145 5855 09981 5678
20 0.1794 33.58 0.9271 0.0166 74.57 0.9991 7290
25 0.1742 28.28 0.8415 0.0153 82.51 0.9986 80.80
50 0.4623 92.56 0.9197 0.0131 116.82 0.9992 114.45
100 0.1290 41.64 0.6587 0.0145 131.41 0.9992 129.20
180 . - - solution with various initial concentrations (5-100 mg
_— : i’)“g L ¥ damL  F Shmgl L") at pH=10. The suspensions were stirred at speed of
mg L <4 25mgL ¢ 100mgL .1 . .
o] & 1smgr 170r ml.n durl.r?g Fhe test in the shaker for 48 h to reach
) " . . . ® adsorption equilibrium at 298 K, 303 K and 308 K, respec-
120 - LS S > > " tively. The different isotherm models like Langmuir [47],
~ 100 ’:> g Freundlich [48] and Dubinin-Radushkevich [49] (D-R) were
o 80 > d " " d a adopted to explain the adsorption modes between adsor-
g 1 < : = v b b v bent BUC-17 and adsorbates As(V). The Langmuir, Freun-
s ¢34 & & W dlich and Dubinin-Radushkevich (D-R) isotherm models
404 : b . ® o ¢ - are demonstrated in Egs. (5), (6) and (7), respectively.
20-. x * ° i n " . =
0' . f. mun " Ce/qe = 1/KLqmax+Ce/qmax (5)
T T T — T T T
o 2 3 45 6 7 8% logq, =logk; + (1/n)logC, (6)
t”z(hour”z)
In de = In Armax — KDRéz (7)

Fig. 3 The Weber-Morris model for adsorption process of BUC-17
towards As(V) at 298 K

3.2 Adsorption isotherms

To explore the relationship between temperature and
adsorption capacity, series experiments were performed
by adding 40 mg BUC-17 samples to 200 mL As(V)

SN Applied Sciences

A SPRINGERNATURE journal

where, g, (Mg g 7') is the theoretical maximum
adsorption capacity toward As(V); K, is the Langmuir con-
stant, which is related to adsorption energy; g, (mg g™')
is the adsorption amount reaching adsorption equilib-
rium; C, (mg L") is the equilibrium As(V) concentration;
K:(mg g ~1) is the Freundlich constants, which indicates
the adsorption ability of adsorbent; n is a constant related
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to system degree for adsorption; Ky (mol® J=) is the D-R
constant related to average sorption energy; £ (J mol™")
and E (kJ mol™) represents the Polanyi potential and
adsorption free energy, respectively, which can be calcu-
lated by using Egs. (8) and (9).

£=RTIn(1+1/C,) 8)
E=1/(2Ks)"? 9)

To clarify the adsorption mechanism of BUC-17
toward As(V), the adsorption isotherms data were fitted

(a) 140

«*

1201

A
100 v
* 298K
A 303K

= -
& Y v 308K

9. (mgg")
L ]

60 &
404

0{ %

(c) 2.2 ]

lg(q,)
3
-

T T T

T
L0 05 0.0 0.5 1.0 15 2.0
Ia(e)

with three isotherm models as shown in Fig. 4. The
adsorption isotherm parameters are given in Table 3. It
is clearly that the adsorption process was suitably fitted
in Langmuir adsorption isotherm models with R? values
over 0.99, which are well consistent with the adsorption
process of BUC-17 towards organic dyes [38] and Cr(VI)
[39] as well as other adsorbents towards arsenic [7, 36],
suggesting that the adsorption process is monolayer
adsorption [43]. With the increase of temperature, the
maximum adsorption capacity and Langmuir constant
decreases continuously. Therefore, the adsorption pro-
cess is an exothermic process, which was favorable at
low temperature.

(b) 0.7 ]

0.6+
0.5+
0.4+

0.3+

1
C,/q,(8L7)

0.2+

0.1 1

0.0+

C, (mgL")

(d) 5.0

4.8+
4.6
4.4
4.2
4.0+
3.84
3.6
3.4+
3.24
3.01
2.8

pon’

= 298K

In(q,)

) T L A \J J T J L
0 500 1000 1500 2000 2500 3000 3500 4000

e’ (Fmol®)

Fig.4 The a Equilibrium data for As(V) adsorption by BUC-17 at different temperatures. b Langmuir, ¢ Freundlich, and d Dubinin-Radush-
evich (D-R) adsorption isotherm models for adsorption of As(V) onto BUC-17

Table 3 Constants of

. > T(K) Langmuir Freundlich D-R

Langmuir, Freundich, and D-R

for As(V) adsorption by BUC- K(Lmg™") g,(mgg™) R K(Lg™) 1/n R? Kor E(KJmol™") R?

17 at different temperatures
298 0.2515 134.96 0.9955 38.9466 0.3094 0.9727 3.98x10™* 0.0251 0.8222
303 0.1983 13245 0.9902 35.8162 0.3113 09772 4.13x10™* 0.0246 0.7941
308 0.1473 131.23 0.9967 26.2839 0.3948 0.9415 8.04x10™ 0.0176 0.8536
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3.3 Thermodynamic calculations

The thermodynamic parameters which include standard
Gibbs free energy (AG®, kJ mol™), entropy change (AS°,
Jmol™'K™") and enthalpy change (AH®, kJ mol™") were cal-
culated to get further insight into feasibility, favorability,
and spontaneity of the adsorption process. They can be
respectively calculated with the aid of data obtained from
Langmuir adsorption isotherm via Egs. (10) and (11) [50].

AG®° = —RTInK (10)

InK = AS°/R — AH° /RT (11)

where, T (K) is the Kelvin temperature, R
(8.314 kJ mol™" K™") is the universal gas constant and K is
equilibrium coefficient estimated by the Langmuir param-
eter (K;) [51] as Eq. (12):

K= KLCW (12)

where, C,, (1.01 x 10° mg L") represents the water
concentration.

All the calculated thermodynamic parameters are illus-
trated in Table 4. In general, the free energy (AG®) values
ranging from —20 to 0 kJ mol™" indicate that physi-sorption
process predominates. While, AG° values between —80 to
—400kJ mol™ suggest chemisorption process [52]. In this

Table 4 Thermodynamic parameters for As(V) adsorption via BUC-
17 at different temperatures

TK) K AG® (KJmol ™ AS°(Umol ' K™")  AH° (kJ mol™)
298 254,498 -30.84 -3332 -40.80
303 200,664 —30.76
308 149,054 -30.50
(a)
100 4 pH4
—e—pH5
~ 80- ——pH6
S —v—pH7
T: —— pH8
g 60 —<—pH9
& ——pH10
é 404
<
204
04 %
1') 1'0 2'0 SIO 4I0 SIO 6'0
Time (h)

study, the AG° values are —30.84 kJ mol™', —30.76 k) mol ™',
—30.50 kJ mol™" at 298 K, 303 K, 308 K, respectively, sug-
gesting that physi-sorption process dominates in parallel
with partial chemical sorption [52, 53]. Furthermore, the
negative AG° values indicated that the adsorption process
was a spontaneous process. The higher temperature led
to declining adsorption capacity, which was confirmed by
the maximum adsorption capacities of BUC-17 decreasing
from 134.96 mgg™' at 298 Kto 131.23 mg g at 308 K. The
value of AH°® (—40.80 kJ mol™") suggests that the adsorp-
tion reaction is exothermic, while the negative of AS°
value (—33.22 J mol™" K™') implies that the randomness
decreased after the adsorption process. All the thermo-
dynamic parameters reveal that the adsorption processes
are spontaneous and exothermic.

3.4 Influencing factors
3.4.1 Effect of pH

The pH value of As(V) solution is an extreme important fac-
tor to influence the adsorption process, because it deter-
mines the anionic species of arsenic along with the sur-
face changes and the ionization of adsorbents [54, 55]. The
effect of pH on the adsorption capacity was investigated in
the pH range of 4.0-10.0, in which 40.0 mg BUC-17 were
added to 200 mL As(V) solution with initial concentra-
tion of 10 mg L™ under 298 K. As shown in Fig. 5a, the
As(V) removal efficiency decrease dramatically from 10%
at pH=4.0 or 5.0 to 80% at pH=10.0, which can be con-
tributed to both the decreasing zeta potential of BUC-17
and the different anionic species of As(V) in solution. The
mainly anionic species of As(V) in solution under differ-
ent pH values are H;AsO, (pH < 2.3), H,AsO,” (3<pH<#6),
HAsO,* (8 <pH<10.5), AsO,>" (pH > 11) [56, 57]. With the
increase of pH from 4.0 to 10.0, the average number of

(b) 100
sl oneg 9829 9822

804

60 4

40

20 1

Adsorption capacity radio (%)

None NO, F cr so* PO~

Fig.5 aThe adsorption capacity of BUC-17 toward As(V) under various pH values; b The adsorption capacity of BUC-17 toward As(V) in the

presence of different coexisting anions
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negative charge of arsenate increases, which has positive
effect on electrostatic attraction [57, 58]. Meanwhile, the
zeta potential of BUC-17 decreases from 4.0 to 10.0 [39],
which leads to the gradually decreased area occupied by
the average single arsenate adsorption, and exerts nega-
tive effect on electrostatic attraction. Finally, the combina-
tion of the two interactions leads to an enhancement of
the adsorption capacity in total [43].

3.4.2 Effect of coexisting anions

It is generally known that the co-existing anions in solu-
tion like nitrate, chlorate and phosphate are important fac-
tors in estimating its practical applicability as adsorbent
[7]. To explore the effect of coexisting anions in As(V) solu-
tion, the experiment was demonstrated by adding 40 mg
BUC-17 into 200 mL solution containing 10 mg L™ of
As(V) solution (pH=10) with and without coexistent ani-
ons like NO;~, F~, CI, SO,>~, PO,>~ at 298 K. The concentra-
tion of all coexisting anions was 0.02 mol L™". The adsorp-
tion capacity ratio (%) are removal ratio without coexistent
anions divide by removal ratio with coexistent anions. As
shown in Fig. 5b, only 13.4% of the adsorption capacity
was maintained in the presence of PO43‘, which may be

due to phosphate and arsenate have similar adsorption
behavior [59] and phosphate is more competitive for bind-
ing sites of BUC-17 [37]. On the contrary, other co-existed
anions like NO5~, F~, CI7, SO42* exert no significant effect
on adsorption capacity, which indicates that BUC-17 dis-
played good adsorption efficiency in the presence of dif-
ferent anions unless phosphate.

3.5 Proposed adsorption mechanism

In order to confirm adsorption mechanism, the elemen-
tal mappings, FTIR spectra and XPS of BUC-17 were
obtained before and after As(V) adsorption. As shown
in Fig. 6, the elemental mapping obtained from SEM veri-
fied the presence of As in BUC-17 after adsorbing As(V)
besides Co, O, N, S and C. What’s more, the uptake of
As(V) onto BUC-17 can be also affirmed by FTIR spec-
tra in Fig. 7b as a new adsorption band appeared at
881 cm™' which corresponds to the stretching vibration
of As-O bond for BUC-17 after adsorption [7, 60]. Fur-
thermore, the main peaks of BUC-17 before and after
adsorption matched well in PXRD patterns as shown in
Fig. 7a, the peaks of As(V)-loaded BUC-17 were lower
than the pristine BUC-17, as a result of the surface

Fig. 6 Elemental mapping of BUC-17 before and after adsorption toward As(V)

(a)

after adsorption
before adsorption
— stimulated

Intensity (a.u.)

50
20 (degree)

(b) .
after adsorption
before adsorption
881 cm™
=
[
T T T T T T T T v T T T v T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm")

Fig. 7 aThe PXRD patterns of BUC-17 before and after adsorption toward As(V); b The FTIR spectra of BUC-17 before and after adsorption

toward As(V)
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Fig.8 a Full range XPS spectra of BUC-17 before and after As(V)
adsorption; b XPS spectra of As 2p before and after As(V) adsorp-
tion; ¢ XPS spectra of S 2p before and after As(V) adsorption; d XPS

of BUC-17 covered with the adsorbed As(V), which
affirmed a good stability of BUC-17 during the adsorp-
tion process [36].

The BET surface area of BUC-17 is 2.39 m? g~" and the
pore size of BUC-17 is ca. 2.36 nm [38], indicating that its
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highly efficient adsorption towards arsenate might not
be attributed to its porosity. As previously reported by Li
et al. and Guo et al., BUC-17 has an overall positive sur-
face charge from pH=4 to pH=10[38, 39], demonstrating
that electrostatic interaction contributed to the adsorption
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Fig. 9 Proposed interaction mechanism between As(V) and BUC-17

process of As(V) by BUC-17. In addition, the decrease of S
element accompanied with the increase As element after
adsorption were obtained from SEM indicated that ion-
exchange interactions exist in the adsorption process. The
experiment was conducted to study adsorption capac-
ity towards As(V) in saturated aqueous Na,SO, solution
and in pure aqueous solution. As illustrated in Fig. 8f, the
presence of 5042‘ obviously inhibited the As(V) adsorp-
tion onto BUC-17, as confirmed by the removal efficiency
decrease from 94.6% (without Na,SO, aqueous solu-
tion) to 79.8% (saturated Na,SO, aqueous solution) with
initial solution concentration of 5 mg L~". What’s more,
the decrease of the uncoordinated SO,*~ from BUC-17
was evidenced by XPS, in which the binding energy of
168.22 eV (S 2p) belonging to SO,>~ decreased sharply.
Meanwhile, a new As 2p (1326.74 eV) peaks of arsenate
emerged after adsorption, suggesting that ion-exchange
interactions played an important role in the adsorption
process [61, 62]. Therefore, the possible adsorption mecha-
nism of As(V) onto BUC-17 were ion-exchange interac-
tions and electrostatic interaction as illustrated in Fig. 9.

4 Conclusion

In this study, BUC-17 exhibited good adsorption perfor-
mance for the As(V) removal from wastewater; the adsorp-
tion kinetics and adsorption isotherm of As(V) on BUC-17
were suitably fitted by the pseudo-second-order kinetic

model, and Langmuir isotherm model, respectively, and
the maximum adsorption capacity was 129.2 mg g™,
higher than most reported adsorbents for As(V) removal.
The adsorption process was spontaneous, exothermic
and the randomness decreased as the result of negative
AG®, AH® and AS° values. The pH values and foreign ions
were also important influence factors during the whole
adsorption process. The possible adsorption mechanisms
in this study were proposed, including electrostatic and
ion-exchange interactions. With the good adsorption
performance towards As(V), BUC-17 could be potentially
applied in industrial wastewater treatment.
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