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ABSTRACT

The porous polymer materials have recently received considerable attention as a kind of highly effi-
cient adsorbents. In order to reach the high adsorption capacity, fast adsorption rate and easy of
separation, a novel monolithic porous polyaniline/polystyrene (PANI/PS) composite adsorbent was
prepared in this study by coating PANI onto the porous PS that was obtained by polymerizing the
continuous phase of W/O high internal phase emulsions (HIPEs). The FTIR analysis indicated that
the anilino group was loaded onto the porous PS. The SEM images revealed that the as-prepared
monolithic adsorbents possessed open-cellular framework structure and PANI was homogenously
dispersed onto the PS surface. Subsequently, the porous adsorbent was used to remove Sr** from
aqueous solution. The effects of pH, contact time and initial concentration on the adsorption perfor-
mance for Sr** were systematically studied. The results showed that PANI/PS composite can reach
equilibrium within 30 min and the maximal adsorption capacity was determined to be 58.85 mg/g.
Besides, the PANI/PS monolithic adsorbent showed no significant losses in sorption efficiency even

after six cycles of adsorption-desorption, were an indication of its excellent reusability.
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1. Introduction

Strontium (Sr) and its compounds are used in many
advanced technique field, such as tissue engineering [1],
pharmaceuticals [2], military stealth technique [3], electric
energy storage materials [4], catalysts [5] and so on. But
if the Sr** enter the environment, especially the major
radioactive isotopes, strontium (*°Sr), it will generate the
most negative effects for aquatic organisms and ultimately
cause harm to humans, which has similar properties to
calcium and can easily replace it in the human body to
induce cancer and some other diseases [6-8]. With the
concerns of environmental protection and the economic
efficiency, the extraction of Sr** from wastewater can not
only resolve the environmental problem, but also reap
significant economic rewards.

*Corresponding author.

The separation and removal of Sr** from aqueous
media by various methods has been previously introduced,
including solvent extraction [9], ion exchange [10] and
membrane process [11]. But these processes have several
disadvantages, including incomplete removal, low
selectivity, high operational cost and generation of a large
amount of toxic sludge. In addition to these methods,
adsorption by solid materials is regarded as the most
potential method, because of its simple operation, fast
response, relatively low cost and high efficiency [12].
In order to find the most effective Sr** adsorbent, many
inorganic materials (such as sericite [13], zeolite [14],
titanate nanotubes [15], manganese antimonate [16] etc.)
and organic inorganic hybrid materials (such as covalent
triazine polymer—Fe,O, nanocomposite [17], polypyrrole
coated nickel oxide nano-particles etc. [18]) have been
studied. Unfortunately, the application of functionalized
materials as adsorbents also encounter technique problem,
due to many of them have tiny particle size and superior
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dispersibility in solution. These problems will limit their
further utility in industrial processes. Alternatively, the
bottleneck of nanoparticle adsorbent can be overcame by
the development of monolithic porous adsorbent.

In the matrix of porous adsorbent, the small molecules
can be trapped within the mesopores and micropores by an
impregnation process, while the macropores are favorable
to mass transport process and the micropores make a
contribution to specific surface area [19]. Thus, a unique
porous structure is critical for rapid diffusion of target
molecules into internal surface of the porous adsorbent while
enabling efficient adsorption for removal or enrichment
the target adsorbate [20-22]. Among of the methods for
producing the porous materials with a well-defined porosity,
such as hydrothermal synthesis [23], porogenic solvent [24]
or sacrificial hard template [25], the emulsion templating is a
versatile technology [26]. The porous polymer is obtained by
polymerizing the continuous phase of high internal phase
emulsions (HIPEs) that contains more than 74.05% of internal
phase [27]. Recently, the porous adsorbents prepared from
HIPEs have been used to remove or enrich the heavy metals
[28-30], rare-earth metals [31], organic pollutants [32,33]
and so on, and the porous adsorbents display an excellent
adsorption performance.

Polyaniline (PANI), as one of the nitrogen-containing
conductive polymer, has been used as the adsorbent for
removal of organic and inorganic pollutants due to the
advantages of easy synthesis, good environmental stability,
and large amounts of amine and imine functional groups
[34-37]. However, the PANI is difficult to separate from the
treated water via traditional centrifugation and filtration
for recycling owing to the small size, as well as the time-
consuming and uneconomic process [38]. So the PANI
is usually coated onto other matrix material to obtain a
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composite adsorbent for removal and enrichment of heavy
metal, dye and so on [39-43].

In this study, a novel monolithic porous adsorbent for Sr**
removal was prepared by coating the PANI onto the porous
polystyrene (PS). The porous substrate of interconnected
macroporous sulfated polystyrene was constructed via the
W/O high internal-phase emulsions (HIPEs). In order to
increase the covering amount of PANI onto the porous PS,
the as-prepared porous PS was sulfated prior to the coating
process. The preparation process of porous adsorbent is
shown in Fig. 1. Then, the adsorption efficiency of monolithic
porous adsorbent for Sr** was systematically studied. Finally,
the reusability of this porous adsorbent was also evaluated.

2. Materials and methods
2.1. Materials

Aniline (ANI, A.R. grade), azodiisobutyronitrile (AIBN,
AR. grade), ammonium persulphate (APS, A.R. grade),
strontium chloride (SrCl,, A.R. grade) were received from
Sinopharm Chemical Reagent Co. Ltd (Shanghai, China).
Styrene (St, C.P. grade) and divinyl benzene (DVB, 80%)
were all purchased from Kemiou Chemical Reagent Co., Ltd
(Tianjin, China). Polyglycerol polyricinoleate (PGPR, B.C.
grade) was obtained from Shanghai Woo Industrial Co.,
Ltd. (Shanghai, China). Other reagents were all analytical
grade and all solutions were prepared with distilled water.

2.2. Preparation of porous PS

The porous PS was prepared via the W/O HIPEs.
Typically, 3 mL mixture of St and DVB (VS/V Hyp=2/1) and
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Fig. 1. Preparation of the porous PANI/PS for removal of the Sr*".
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2 g PGPR were stirred together in a 100 mL three-necked
flask, 9 mL of distilled water was added dropwise under
the vigorous stirring (700 rpm). Then the milky emulsion
was formed and the stirring at 700 rpm continued for 2 h,
followed by adding 0.1 g of AIBN and stirring for another
3 min at 20 rpm. The viscous emulsion was transferred
into plastic tank, sealed and immersed into 70°C water
bath and kept for 24 h. The resulting monolith was washed
with acetone for 24 h via Soxhlet extraction to remove the
surfactant and residual monomer. Afterward, the resulting
monolith was cut into slices and dried at 60°C for 12 h
under vacuum.

2.3. Preparation of PANI/PS porous adsorbent

The porous adsorbent of PANI/PS was formed by
coating PANI onto the porous substrate of PS. In order to
enhance the coating effect of PANI onto the porous PS,
the porous PS was sulfonated firstly in the concentrated
sulphuric acid. Briefly, 0.1 g of porous PS was immersed
into 40 mL of concentrated sulphuric acid and stirred
for 12 h at 40°C. The product was separated and washed
with distilled water for several times, and then dried at
60°C in an oven to the constant weight. After that, 0.3 g
of sulfonated porous PS was placed in a mixing solution
of alcohol and H,O solution (V, . /V, 10 = = 1/1) containing
an appropriate amount of aniline for 4 h to achieve the
complete adsorption process. Afterward, the oxidation
and polymerization of ANI was initiated by using APS
solution with APS/ANI molar ratio of 0.5/1. This process
was maintained for 20 h at room temperature. The resulting
green PANI/PS composite porous was washed thoroughly
with distilled water until the supernatant became colorless.
Finally, the product was washed with industrial alcohol and
dried at room temperature.

2.4. Characterization

The structures of PS and PANI/PS porous adsorbent
were analyzed by FTIR spectra (Nicolet NEXUS FTIR
spectrometer) in the wave number region of 4000400 cm™
using KBr pellets. The surface morphologies of monolithic
PS, sulfonated PS and PANI/PS were characterized by
Field Emission Scanning Electron Microscope (FE-SEM,
JSM-6701F, JEOL) after coating the samples with gold film.
The pore size distribution was estimated by counting 200
pores using Image Pro Plu as the software tool providing
the number distribution of pores. The X-ray photoelectron
spectroscopy (XPS) data was obtained with an
ESCALab220i-XL electron spectrometer from VG Scientific
using 300 W Al Ka radiation.

2.5. Batch adsorption studies

The adsorption experiment was performed by
contacting 25 mL of Sr** solution with 20 mg porous PANI/
PS in 50 mL of plastic bottle in the thermostatic oscillator
(SHA-C, Changzhou Guohua Co., Ltd., China) for a given
time at indoor temperature condition. Then the adsorbent
was filtered and the residual concentration of Sr** solution
was determined via the atomic absorption spectroscopy

(AAS, TAS-990 Super, Beijing Purkinje General Instrument
Co., Ltd). The effects of the initial concentration, contact
time, solution pH were all systematically analyzed. The
effect of the initial concentration on Sr** adsorption was
studied with the concentration range from 0 to 500 mg/L.
The adsorption rate was evaluated at different adsorption
time interval ranging from 5 min to 180 min. The effect of
pH on the adsorption capacity was analyzed in the Sr**
solution with the pH range from 1.0 to 10.0. The reusability
of PANI modified porous PS was investigated via six
consecutive adsorption-desorption cycles. The Sr**-loaded
PANI/PS porous adsorbent was desorbed using 0.5 mol/L
HCI solution and generated subsequently with 0.5 mol/L
NaOH solution. The adsorption capacity of the adsorbent
for Sr**(Q ) can be calculated by Eq. (1):

Q,=(C,-C)xV/m (1)

where C; and C, were the initial concentration and the
equilibrium concentration of Sr** (mg/L), V was the volume
of solution used (25 mL) and m was the mass of adsorbent
used (20 mg).

3. Results and discussion

3.1. Characterization of PANI/PS porous adsorbent

The porous PANI/PS adsorbent was prepared by coating
the PANI onto the surface of PS. The PANI layer was formed
in the PS by the in-situ free radical polymerization. In order
to verify the formation of porous PS, the sulfonation reaction
and the coating of the PANI, the FTIR spectra of PS, sulfonated
PS and the PANI/PS were given in Fig. 2. In the FTIR spectra
of PS, the peak at 3025 cm™ was the C-H stretching vibration
of benzene ring. The peaks at 1453 cm™, 1493 cm™, and 1601
cm™ were the characteristic bands of C-C stretching vibration
of benzene ring [44]. The peaks at 758 cm™ and 700 cm™ were
the bands of aromatic C-H out-of-plan bending vibration. The
peak at 2925 cm™ belonged to the C-H stretching vibration on
the main PS chain. For the sulfonated PS, the peak at the 3422
cm! was associated with the OH stretching vibration of H,O
[45]. The peak at 1033 cm™ was related to sulfuric acid group
(-SO,H) of PS layer. After the coating and polymerization
reaction, the new peaks located at 1127 cm™, 1297 cm™!, 1498
cm™ and 1597 cm™ were related to the vibration band of the
dopant anion (HCI-PANI), the C-N stretching mode in Ar-N
and the stretching vibration mode of C = C in quinoid rings,
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Fig. 2. FT-IR spectra of PS, sulfonated PS and PANI/PS.
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C = C in benzenoid rings of PANI appeared in the PANI/PS
[46,47]. All the above peaks suggested that the porous PS had
been successfully sulfonated and the PANI had been coated
onto the sulfonated porous PS.

The morphologies of porous PS and PANI/PS were
observed via the SEM (Fig. 3). The monolithic PS showed
a homogeneous pore structure, with the average pore
size of 7.38 um. The honeycombed monolith consisted of
abundant cellular macrospores and windows (smaller
interconnecting pores). The macrospore of open-cellular
porous structure was derived from the size of emulsion
droplets prior to polymerization and the window was
formed upon the rupture of polymer film at its thinnest
point. After the sulfonation reaction, the average pore size
decreased to 1.37 um. The pore size distribution became
narrow and some pores had been closed. It was caused by
the swelling of sulfonated PS in solution. When the ANI
molecules diffused into the pore structure of PS, the ANI
will be adsorbed onto the surface of porous PS due to the
electrostatic interaction between the anilino group and sulfo
group. After the polymerization reaction, the pore structure
still existed after the coating. The element distribution
proved that the sulfonation reaction was homogeneous and
the PANI was coated onto the PS evenly (Fig. 4).

3.2. The adsorption property of porous PANI/PS for Sr*
3.2.1. Theeffect of pH

The effect of pH on the adsorption capacity of Sr** was
studied in the pH range of 1.0-10.0 for Sr**, as shown in Fig.
5a. One can see that the adsorption of Sr* on porous PANI/

PS dramatically enhanced with increasing pH from 1.0 to
5.0, and then remained the high-level adsorption at pH >
5.0. It was reported that Sr** was the predominant species
within the pH range of 1.0-10.0 [48]. Therefore, the change of
adsorption capacity with increasing the pH can be inferred
as the change of the surface properties of porous PANI/
PS. The final pHs of the adsorption solution also had been
recorded after the adsorption process (Fig. 5a). We found
that the final pH increased with the increase of the pH from
1.0to 5.0 and remained in the range of 5.0-10.0. The essential
reason was the interaction of between the PANI and the H*.
It also can be evidenced by zeta potentials of porous PANI/
PS in different pH solution (Fig. 5b). Clearly, the PANI/
PS still had electronegativity in the measured range of pH,
and the zeta potential decreased gradually with increasing
the pH. At low pH (1.0-4.0), the porous PANI/PS had
less negative charge, because of the protonation reaction.
At high pH (5.0-10.0), the concentration of deprotonated
sites increased with increasing pH, because of the surface
deprotonation reaction. The deprotonated sites were more
available to retain the positively charged Sr*, and more
adsorption sites were available for binding Sr** on porous
PANI/PS, thus resulting in an increase of Sr** adsorption.

3.2.2. The effect of initial concentration

The effect of initial concentration on the adsorption
capacity is illustrated in Fig. 5c. Clearly, the adsorption
capacity rapidly increased with increasing the initial
concentration of Sr** in the range of 0-100 mg/L. The Sr*
uptake of the porous PANI/PS increased rapidly when the
concentration of Sr** was lower than 50 mg/L, and then

5 10 15 20
Pore diameter (um)

051.0 15 2.0 25 3.0
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Fig. 3. SEM of porous PS (A, a), sulfonated PS (B, b) and PANI/PS (C, c). The scale bars were 50 pm for A, B, C and 10 pm for a, b, ¢,

respectively.
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Fig. 4. The elements distribution of S in sulfonated PS and N in
porous PANI/PS.

remained a constant value when the Sr** concentration
exceeded 100 mg/L. At that time, the adsorption
equilibrium was reached and all the adsorption sites had
been occupied by Sr**. The reason was that the driving force
at the solid-liquid interface (ion exchange, electrostatic
attraction and chelation) was increased with increasing the
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initial ion concentration, which was benefit for enhancing
the adsorption holding and capacities of the adsorbent for
metal ions. The maximum adsorption capacity of the PANI/
PS was 58.85 mg/g, which was higher than the sulfonated
PS of 36.97 mg/g. It was indicated that the benzenoid
diamine nitrogen had strong affinity with Sr*".

In order to demonstrate the adsorption mechanism,
two isotherms models of Langmuir and Freundlich models
were used for the study of the adsorption mechanism.
Langmuir isotherm model was applicable for the monolayer
absorption and sorption occurred only on localized sites
and involves no interactions between adsorbed molecules.
Freundlich adsorption model was applied to adsorption
onto heterogeneous surfaces with a uniform energy
distribution. The linear equations are expressed as [49,50]:

Langmuir isotherm model:

C./q.=C./Q_ +1/(Q_xK) )
Freundlich isotherm model:
Log q,=1ogK,+1/n xlog C, 3)

where C, (mg/L) and q, (mg/g) were the equilibrium
concentration and equilibrium adsorption capacity at
certain initial concentration, respectively. Q _(mg/g)was the
maximum adsorption capacity. K, (L/mg) and K, (mg'"/"
L'/ g) were the isotherm constants for Langmuir isotherm

- b

Zeta potential (mv)
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Adsorption capacity (mg/g)
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Fig. 5. The effect of solution pH on the adsorption of Sr** (a), the zeta potential of porous PANI/PS in different pH solution (b), the
effect of the initial concentration (c) and the contact time (d) on the adsorption of Sr*". The interpolated images of in Figs. 4c and
4d were the fitting curve of the Langmuir isotherm model and pseudo-second-order model, respectively. Adsorption conditions:
sample dose: 20 mg/25 mL; initial concentration: 100 mg/L; temperature: 30°C.
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and Freundlich isotherm, which can be determined by linear
regression of the experimental data, and n (dimensionless)
was the constant depicting the adsorption intensity. The
estimated model parameters with correlation coefficient
(R?) are listed in Table 1.

Based on Table 1, it can be seen that the Langmuir
isotherm model was expected to be suitable for describing
the adsorption of porous PANI/PS for Sr**. In addition to
higher correlation coefficients (R), the adsorption capacity
calculated from the Langmuir isotherm model was closer to
the experimental data, suggesting that the sorption of Sr*
occurred on the surface of PANI/PS was monolayer and the
adsorption sites loaded on the porous PS was homogeneous.

Comparisons of adsorption capacity between the
referenced adsorbents and the porous adsorbent prepared
in this study are summarized in Table 2. The comparative
results demonstrated that this porous PANI/PS adsorbent
showed higher adsorption capacity than other adsorbents
reported for Sr**, except for the ordered mesoporous carbon.
The efficient adsorption property was attributed to the
sufficient porous structure and abundant functional groups
in the PANI/PS.

3.2.3. The effect of contact time

Equilibrium time was one of the important factors to
evaluate the application potential of a synthetic material in
water treatment. It was clear that the adsorption capacity
increased rapidly in the first 10 min, and the equilibrium
was achieved within 30 min (Fig. 5d). This illustrated that
the porous structure was favorable for the diffusion of Sr*
into the matrix of the porous PS. The Sr* in the aqueous
solution can easily enter into the pore channels and diffuse
quickly across the internal and external surface of PANI/
PS. In order to guarantee the adsorption of Sr** on porous
PANI/PS completely, 1 h was selected as the shaking time
in the following experiment.

The kinetic adsorption data were simulated with two
dynamic models of pseudo-first-order, pseudo-second-
order model to analyze the adsorption process. The
equation was expressed as:

Pseudo-first-order model:

log (g, q,) = log q,— (k,/2.303) x @)

Pseudo-second-order model:

t/q,=1/kg2+1t/q, ®)

Table 1

The constant parameters and correlation coefficients of
Langmuir model and Freundlich model for Sr** adsorption onto
the adsorbent

Deexp Langmuir isotherm Freundlich isotherm
(mg/g) model model
58.85 Q, (mg/g) 58.85 K, 49.77
K, (L/mg) 242x107" n 39.84
R? 0.9993 Rz 0.9262

Table 2
Comparison of Sr** adsorption among different adsorbents

Adsorbent Adsorption Adsorption  Reference

condition capacity
(mg/g)

Sericite m/v=20 2141 [51]
g/L, pH=3.0

Na-rectorite m/V=0.6 14.28 [52]
g/L

Alginate m/v =20 41.0 [53]

microsphere g/L

Grapheme m/V =20 22.3 [54]

oxide- g/L, pH=65

magnetite

Polyacrylamide m/V =0.2 27.84 [55]

modified g/L,pH=55

graphene oxide

composites

Ordered m/V=5g/L, 73 [56]

mesoporous pH=6.0

carbon

Green m/V=2g/L, 12.59 [57]

geopolymer/ pH =674

alginate hybrid

spheres

Porous PANI/ m/V =038 58.85 In this

PS g/L,pH=6.0 study

where g, (mg/g) was the amount adsorbed for Sr** at the
time , and the g, (mg/g) was the equilibrium absorption
capacity, k, (min™) and k, (g/mg-min) were the rate constant
of pseudo-first-order equation and pseudo-second-order
equation, respectively. The simulated results are listed in
Table 3. A comparison of the correlation coefficients (R?)
of pseudo-first-order and pseudo-second-order model,
the pseudo-second-order model simulated the kinetic data
better than pseudo-first-order model. It was indicated that
the adsorption of Sr** onto the porous PANI/PS may be
chemisorptions rather than mass transport.

3.2.4. Regeneration and reusability

The adsorbent with better regeneration capacity and
recovery capacity for metal ions was desirable from the
viewpoint of usage cost and recovery of value metals. The
reusability of magnetic porous PANI/PS was evaluated via
six consecutive adsorption-desorption cycles. As shown

Table 3
Estimated adsorption kinetic parameters for Sr** by pseudo-
first-order and pseudo-second-order model

q,0,(Mg/g) Pseudo-first-order Pseudo-second-order

58.85 9. (Mg/g) 271 . (Mg/g)  60.24
k,(min™) 391x10°  k(g/mgmin) 6.09x107
R? 00106  Rp? 0.9977
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in Fig. 6, the PANI/PS still kept the intact shape without
any breakage in the solution after six cycles (Fig. 6a), and
the PANI/PS can be separated easily from the solution by
using a tweezer (Figs. 6b,c), indicating that the PANI/PS
had strong mechanical strength. Besides, with increasing
the adsorption-desorption cycles, the adsorption capacity
of Sr** only showed a slightly decrease. And the adsorption
capacity still reached as high as 53.68 mg/g for Sr** after
six times of sorption, demonstrating that the as-prepared
porous PANI/PS monolith was recyclable adsorbents for
Sr** removal with high-performance (Fig. 6d).

3.3. The adsorption mechanism

The Sr* removal mechanism by porous PANI/PS
adsorbent was explored by FTIR spectra (Fig. 7). The dried
samples before and after adsorption of Sr** were compared.
The peaks at 1297 cm™ and 1124 c¢cm™ corresponding to
C-N stretching vibration and C=N stretching vibration
in the spectrum shifted to 1301 cm™ and 1127 cm™ after
sorption of Sr*, respectively. Besides, the peak at the 1597
cm™ assigned as C=C in benzenoid rings of PANI shifted to
1594 cm™. All these informations indicated that the amino
groups were involved in the sorption process.

The XPS was frequently used to distinguish the
different forms of the same element and explore the
adsorption mechanism. Fig. 8 showed the XPS spectra of
the porous PANI/PS before and after the adsorption. It
was obvious that the Sr 3d peak appeared in the spectra
of the porous PANI/PS after the adsorption, indicating
that the Sr** was adsorbed onto the porous PANI/PS. The
peaks of N 1s at 398.5 eV and 399.6 eV corresponded to
quinoid di-imine nitrogen (-N=) and benzenoid diamine

d

Fig. 6. The digital photograph of the PANI/PS in the solution (a)
or in a culture dish (b) after six adsorption-desorption cycles,
and pick up the PANI/PS by using tweezers (c), the amount ad-
sorbed for Sr** as a function of adsorption-desorption cycle (d).
Adsorption time: 1 h; adsorption dose: 20 mg/25 mL; desorp-
tion time: 1 h; 30°C/120 rpm.

Transmittance (a.u.)

Wavenumbers (cm-1)

Fig. 7. FTIR spectra of porous PANI/PS adsorbent before (a) and
after adsorption of Sr** (b).

nitrogen (-NH-), respectively. The peaks at 401.1 eV and
401.9 eV can be ascribed to positive charged nitrogen:
oxidized amine and protonated imine, respectively [58].
Compared the peaks of N 1s before and after adsorption,
the original PANI/PS had a higher proportion of positive
charged nitrogen. The reason may be caused by the acidic
reaction environment during the preparation process of
PANI/PS. When the PANI/PS was used to adsorb the Sr*
in the solution, the deprotonation reaction accelerated
due to the facts that the pH of Sr** solution was close to
neutralization (pH = 6). Besides, the peak of benzenoid

a C1s
O1s
Sr3d N1s before
_iyu_u | ‘ after [~
P B T
0 400 800 1200
B.E. (eV)

135 140

B.E.(eV)

125 130

Fig. 8. XPS spectra, Sr 3d and N 1s spectra of the porous PANI/
PS before (c) and after (d) adsorption of Sr*.
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c -NH- N1s
(399.4)

N’ (401.9)

Ne (401.1)

(398.5)

396 398 400 402 404 406

B.E.(eV)

394 396 398 400 402 404 406 408
B.E.(eV)

Fig. 8. XPS spectra, Sr 3d and N 1s spectra of the porous PANI/
PS before (c) and after (d) adsorption of Sr**.

diamine nitrogen (-NH-) slightly shifted from 399.4 to
399.9 eV after the adsorption process, confirming that
the benzenoid diamine nitrogen could form surface
complexes with Sr?*.

4. Conclusions

The porous PS with sufficient pore structure was firstly
prepared from the W/O HIPEs and then a novel monolithic
porous adsorbent of PANI/PS was prepared by coating the
PANI onto the surface of porous PS. The FTIR and SEM
analysis results showed that the porous morphology of
PANI/PS changed obviously as compared with the porous
PS. The as-prepared porous adsorbent had fast adsorption
kinetics and stronger adsorption ability for Sr** in the pH
range of 5.0-10.0. The adsorption process was reasonably
correlated with the pseudo second-order model and the
Langmuir isotherm model. Six consecutive adsorption-
desorption processes demonstrated that the adsorbent
showed excellent desorption performance and reusability
for Sr**. Hence, the prepared porous PANI/PS showed
a promising potential for Sr** recovery from the relative
wastewater resources.
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