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ABSTRACT

Sulfonated polyimide (SPI) was synthesized by polycondensation and then coated to be the mem-
brane for adsorption of Cu?*. The chemical structure before and after adsorption was characterized
by using FT-IR spectra. The morphology and element of SPI membrane surface were scanned by
using SEM-EDX. The thermal stability was demonstrated by using TGA. Effects of initial pH value
and concentration of the feed liquid together with adsorption time and temperature on the adsorp-
tion of Cu? have been studied respectively. The optimum pH value for adsorption of Cu?* onto SPI
membrane is 4.7. The adsorption capacity firstly increases with initial concentration of feed liquid,
and then the adsorption equilibrium is gradually achieved when the initial concentration rises to
be 40 mg L. The adsorption of Cu?*" onto SPI membrane is in accordance with Langmuir isotherm
model. Under the optimum adsorption conditions, Cu** adsorption capacity onto SPI membrane
achieves 23.46 mg g™. When the adsorption time is controlled to be around 2 h, the adsorption kinetic
equilibrium can be reached, and the adsorption process is consistent with the pseudo-first-order
kinetic model. Besides, the washout rate of Cu?* from SPI membrane after four-time adsorption-de-
sorption recycle maintains as high as around 90%. As a result, SPI membrane is potential to treat the
wastewater containing low concentration of Cu*.
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1. Introduction

With the rapid development of metal processing indus-
try, more and more copper ions go into water environment
to produce the industrial wastewater. The existence of
excessive amounts of copper ions in water may cause seri-
ous problems for local flora and fauna, and excessive intake
of copper ions by humans may lead to the damage of stom-
ach, liver or kidney, even cancer [1-3]. Therefore, it is neces-
sary to remove exceeded copper ions in water environment.

At present, there are many methods to treat wastewater
containing copper ions, such as ion exchange [4-7], chem-
ical precipitation [8-11], membrane separation [12-14] and
adsorption [15-19]. Among these methods, the adsorption
process has attracted more and more attention due to its
simple operation, cost-effective, easy maintenance and high
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efficiency, etc. In general, the adsorption resins are used to
study the adsorption of copper ions. For an instance, the
polymer derivations of poly (styrene-alt-maleic anhydride)
were reported to be efficient for removal of Cu** [20]. How-
ever, most adsorption resins are prepared as powders or
granulars, inevitably leading to some disadvantages such
as the compaction and recycling difficulty. One of the effec-
tive strategies to overcome such problems is membrane
adsorption. That is, to prepare the adsorbent as membrane.
Thus, the subsequent recovery and re-use of the membrane
adsorbent are very convenient. For example, hybrid poly-
mer membranes with embedded functional nanoadsorbent
particles showed marked ability to adsorb Cu**, Ag* and
Pb* [21]. A novel porous membrane adsorbent polyeth-
yleneimine/sodium alginate (PEI/SA) by immobilizing
PEI with SA was reported to be promising for removal of
Cu? [22]. These results indicate that the membrane adsorp-
tion method does have a great potential in the treatment of
wastewater containing low concentration of Cu*".

1944-3994 / 1944-3986 © 2017 Desalination Publications. All rights reserved.



152 S. Xuan et al. / Desalination and Water Treatment 100 (2017) 151-159

Sulfonated polyimide (SPI) has good membrane-form-
ing property, high mechanical strength, excellent thermal
and chemical stability [23-26]. SPI membrane has been
widely used in all vanadium redox flow battery [27,28],
hydrogen-oxygen fuel cell [29,30] and direct methanol
fuel cell [31,32]. However, application of SPI membrane
in the treatment of wastewater containing heavy metal
ions has not been reported yet to the best of our knowl-
edge. The advantages of SPI membrane are as the fol-
lowing: Firstly, there is a large number of -SO,H groups
in SPI membrane, causing copper ions to be removed
through the ion exchange accordingly. Secondly, sulfon-
ated diamine was used as a monomer to synthesize SPI
and the complex post-sulfonation process is avoided, and
the degree of sulfonation can be controlled easily. Thirdly,
compared with the porous membrane reported by Lin et
al. [33], the preparation process of SPI membrane is sim-
ple, fast and green. In addition, the price of SPI mem-
brane is cheaper than the adsorption resin reported by
Cui et al. [34].

Consequently, in this work, SPI membrane with the
degree of sulfonation of 50% was prepared and character-
ized firstly, and then it was used as an adsorbent to treat
the simulated wastewater containing low concentration of
Cu?. Effects of initial concentration and pH value of the
feed liquid together with adsorption temperature and time
were investigated respectively to obtain the optimum oper-
ation parameters. In addition, the desorption experiments
were also conducted to verify the recyclability of as-pre-
pared SPI membrane adsorbent.

2. Materials and methods
2.1. Materials

CuSO,'5H,0 was purchased from Guangdong Guang-
hua Chem. Co., China. 1, 4, 5, 8-naphthalenetetra-carboxylic
dianhydride (NTDA) was bought from Beijing Multi. Tech.
Co., China. 4, 4’-oxydianiline (ODA) was purchased from
Beshine Chem. Co., China. m-cresol was purchased from
Shanghai Kefeng Chem. Co., China. 4, 4’-diamino-biphenyl
2,2’-disulphonic acid (BDSA) was commercially obtained
from Quzhou Rainful Chem. Co., China. 2-(4-amino-
phenyl)-5-aminobenzimidazole (APABI) was purchased
from Shanghai Jingrui Industry and Trade. Co., China. Tri-
ethylamine (TEA) and other reagents were obtained from
Chengdu Kelong Chem. Reagent Co., China. All chemical
regents were used as received.

2.2. Preparation of SPI membrane

The TEA-type SPI was prepared from NTDA, BDSA,
ODA and APABI according to the polycondensation
method as presented by Zhang et al. [35]. The typical prepa-
ration process was as follows: Put 2.80 g of BDSA, 5.2 mL
of TEA and 110 mL of m-cresol in a three-necked flask with
temperature controlling device, magnetic stirring and con-
denser pipe under the protection of high purity N,. Add
0.90 g of APABI, 0.80 g of ODA, 4.32 g of NTDA as well as
3.92 g of benzoic acid and stir them vigorously. Keep the
reaction for 4 h at 80°C, and then maintain the reaction for
20 h at 180°C. Subsequently, cool down to 80°C, add 5.0 mL

of m-cresol and continue to stir about five minutes, then the
TEA-type SPI was obtained after pouring them into ace-
tone. Wash TEA-type SPI several times using acetone and
dry it at 40°C in the vacuum chamber. The TEA-type SPI
membrane was prepared by coating its m-cresol solutions
(7 % w/V) onto a clean glass plate evenly and drying it at
60°C for 24 h, then peel off the membrane. Later, the TEA-
type SPI membrane was immersed into 1.0 mol L™ H,SO,
for 24 h until the TEA-type SPI membrane was protonated.
Then the H-type SPI membrane, namely, SPI membrane in
this work, was washed several times with deionized water
to remove the excessive sulfuric acid and dried at 40°C in a
vacuum chamber. The synthesis schematic of SPI is shown
in Fig. 1.

2.3. Characterization of SPI membrane

Nicolet-6700 FT-IR spectrometer (Thermoelectric Instru-
ment Co., USA) at the wavenumber of 4000-600 cm™ and
over the resolution of 8 cm™ was used to analysis the struc-
ture of SPI membrane. SEM-EDX system (Ultra55, Zeiss
Instrument Co., Germany) was utilized to observe the mor-
phology and the element at the surface of SPI membrane.
Thermogravimetic analysis (TGA) (STA449C, Netzsch
Instrument Co., Germany) was used to analyze the thermal
stability at the heating temperature of 25-700°C and heating
rate of 10°C min™ in nitrogen atmosphere.

2.4. Adsorption processes

Add 50 mL of aqueous Cu** solution and 0.050 g of SPI
membrane into a 50 mL beaker. Several adsorption experi-
ments were conducted as below:

In order to study the effect of initial pH value of the feed
liquid, fix the concentration of Cu?" as 40 mg L, adjust the
initial pH value of feed liquid to be 2.0, 2.9, 3.8, 4.7 and 5.6
with sodium hydroxide (1.0 mol L) and sulfuric acid (1.0
mol L) solutions. The adsorption was carried out at 30°C,
and the adsorption time was set as 2 h.

In order to study the effect of initial concentration of the
feed liquid, fix the initial pH value as 4.7, change the initial
Cu? concentration to be 4, 8, 12, 16, 20, 24, 32, 40, 55, 70, 85
and 100 mg L™ respectively. The adsorption was carried out
at 30°C, and the adsorption time was set as 2 h.

In order to study the effect of adsorption time, fix the
initial pH and concentration of the feed liquid as 4.7 and 40
mg L respectively, change the adsorption time to be 10, 20,
30, 40, 50, 60, 120 and 240 min individually. The adsorption
was carried out at 30°C.

In order to study the effect of adsorption temperature,
fix the initial pH and concentration of the feed liquid as 4.7
and 40 mg L respectively, and the adsorption time was set
to be 2 h, then change the adsorption temperature to be 20,
25, 30, 35 and 40°C individually.

Both the adsorption capacity and the removal percent-
age of Cu** are important indexes to estimate the adsorp-
tion performance. The adsorption capacity g4 (mg g™) is
calculated using Eq. (1).
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Fig. 1. Synthesis of SPI membrane.

where m (g) is the mass of SPI membrane, V (L) is the vol-
ume of feed liquid containing Cu*, C and C_ (mg L) are the
concentration of Cu** measured by using atomic adsorption
spectrophotometer (AA700, PerkinElmer Inc., USA) at the
beginning and equilibrium of adsorption, respectively.

To reduce the experimental error, all experiments
were performed three times and the average values were
adopted, and the maximum error was less than +5%.

The constant of adsorption equilibrium K is calculated
by using Eq. (2):

AS AH

InKe=22_ A0
=R TRT @)

where R is the constant of ideal gas (8.314 ] K mol™), and
T is Kelvin temperature (K). AH is the molar adsorption
enthalpy change (k] mol™) and AS is the molar adsorption
entropy change (J K™ mol™), both of which can be evaluated
by the slope and intercept from the line related InK, and
1/T (K™) respectively.

The molar adsorption Gibbs free energy change AG (k]
mol™) is calculated by using Eq. (3):

AG =AH - TAS 3)

During the desorption process, the sulfuric acid solu-
tion (1.0 mol L) was used as an eluent. The SPI membrane
reaching adsorption equilibrium was eluted several times.
Then the concentration of Cu?* in the eluent was measured.

The elution rate D (%) is computed by using Eq. (4) as the
following:

Cpx Vb
qem

D= % 100% (4)

where g, (mg g™) is the equilibrium adsorption capacity of
Cu* onto SPI membrane, C, (mg L) is the concentration of
Cu* in the filtrate after elution, and V(L) is the volume of
eluted liquid.

3. Results and discussion
3.1. FT-IR analysis

The chemical structure of SPI membrane before and
after adsorption was studied by using FT-IR spectra, and
the results are shown in Fig. 2. For SPI membrane before
adsorption, the symmetrical stretching vibration and asym-
metric stretching vibration of C=0O at 1670 cm™ and 1711
cm™ are observed, respectively. The peak at 1346 cm™ is
attributed to the asymmetric stretching vibration of C-N-C.
Peaks at 1031, 1099 and 1249 cm™ are the stretching vibra-
tion of -SO,H. The adsorption peak at 1197 cm™is the char-
acteristic peak of —O-. As expected, the peak at around 1780
cm™ ascribed to polyamic acid is not detected, verifying the
complete imidization of SPI. These results demonstrate that
SPI membrane has been synthesized and prepared success-
fully. In addition, the characteristic peak of -SO,H has a lit-
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Fig. 2. FTIR spectra of SPI membrane: a) before and b) after ad-
sorption.

tle shift for SPI membrane after adsorption, which may be
caused by the ion exchange between H* in SPI membrane
and Cu?*in the solution during the adsorption process [36].

3.2. SEM-EDX analysis

The SEM images and EDX spectra of the surfaces of
initial and Cu*" adsorbed SPI membrane are shown in
Figs. 3a, b and Figs. 4a, b respectively. As can be seen from
Figs. 3a, b, the initial SPI membrane surface is smooth and
homogeneous even at 3.00 K magnification. In comparison,
some light spots less than 1.0 ym exist in the SEM image
of the surface of Cu? adsorbed SPI membrane, which are
probably ascribed to the morphology of adsorbed Cu*.
And such a deduction is demonstrated by the EDX spectra
of SPI membrane after adsorption in Fig. 4b, where Cu ele-
ment can be apparently observed. But Cu element can’t be
detected at the surface of SPI membrane before adsorption
in Fig. 4a. Thus, it can be inferred that SPI membrane has
the ability to adsorb Cu?*, which is in agreement with the
above-presented FT-IR results.

3.3. Thermal analysis

Both TGA and DTG curves of SPI membrane before and
after adsorption are showed in Figs. 5a, b. Similarly with
what was reported in the literature [35], there are three
weight loss steps of SPI membrane (see Fig. 5a). The first
stage is ranged from 25°C to 150°C because of the evapora-
tion of water. In the second stage, the SPI membrane shows
an obvious mass loss in the temperature range of 300-450°C,
which is attributed to the decomposition of sulfonic acid
groups. The third weight loss is observed beyond 550°C,
which is considered to be the decomposition of the back-
bone of SPI membrane. Fig. 5b shows that the degradation
temperature of sulfonic groups is above 300°C and the deg-
radation temperature of the main chain of SPI membrane
is higher than 550°C. As can be seen from Figs. 5a,b, the
degradation temperature of sulfonic groups in SPI mem-
brane after adsorption is lower than that before adsorption.
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Mag= 3.00KX

Date :13 Sep 2016
Time :10:39:20
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Time :23:55:13

Fig. 3. SEM image of the surface of SPI membrane: a) before and
b) after adsorption.
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Fig. 4. EDX spectra of the surface of SPI membrane: a) before and
b) after adsorption.

This is because that the interaction between H* and (-5O,)
is the covalent bond, but the interaction between Cu* and
(-S0,)" is the ionic bond, and the energy of covalent bond
is higher than that of ionic bond. Apparently, the degrada-
tion temperature of the main chain of SPI membrane after
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Fig. 5. a) TGA and b) DTG curves of SPI membrane before and
after adsorption.

adsorption is higher than that before adsorption, the rea-
son is possibly that the adsorption of Cu** in SPI membrane
increases the interaction of the backbone of SPI membrane.
All in all, the thermal stability of SPI membrane is mainly
dependent on its sulfonic groups, and the sulfonic groups
decompose above 300°C in this work, which is much higher
than the adsorption temperature. Accordingly, the SPI
membrane has extremely thermal stability to apply to the
treatment of wastewater containing Cu?".

3.4. Effect of initial pH of the feed liquid

Fig. 6 shows the effect of initial pH value on the adsorp-
tion capacity. The adsorption capacity of SPI membrane
increases with rising initial pH of the feed liquid when the
initial pH ranges from 2.0 to 4.7, and the maximum adsorp-
tion capacity is about 23.46 mg g™, which is higher than the
membrane adsorbents as reported by Ghaee et al. [37]. The
reason may be that -SO,H groups in SPI membrane can
improve the adsorbing capacity. However, the adsorption
capacity of SPI membrane decreases with the increase of
initial pH when the pH is larger than 4.7, and the adsorp-
tion capacity reaches the minimum when the pH is equal
to around 5.8. The reasons are as follows: The acidity of the
solution to be adsorbed is very high at low pH, and there
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Fig. 6. Effect of initial pH value of the feed liquid on the adsorp-
tion capacity.

are large quantities of H* and H,O" in the solution. These
ions compete with Cu*, which leads to the reduction of
adsorption capacity of Cu* onto SPI membrane. Such a
competitive effect is weakened and the adsorption capacity
increases with rising pH, and then the adsorption capac-
ity reaches the highest when the pH is 4.7. Afterwards, the
gradually increased OH"is disadvantageous to the adsorp-
tion of Cu** when the pH is higher than 4.7, resulting in the
reduction of adsorption capacity. When the initial pH value
is equal to or larger than 5.8, the product of the activity of
Cu? and the square of the activity of OH" is larger than the
solubility product constant of Cu(OH),, so the participation
Cu(OH), is produced considering the concentration of Cu*
is 40 mg L. As a result, the adsorption experiment is ended
at around 5.8 of initial pH value of the feed liquid.

3.5. Effect of initial concentration of the feed liquid

The adsorption of Cu* onto SPI membrane at the ini-
tial concentration ranged from 4 to 100 mg L™ under initial
pH of 4.7 was studied, and the results are shown in Fig. 7.
As expected, the adsorption capacity firstly rises sharply
and then changes little when increasing the initial concen-
tration. The adsorption capacity gradually approaches its
equilibrium value when the initial concentration is larger
than 40 mg L. This is because that Cu* has occupied the
active site of SPI membrane gradually at higher initial con-
centration, approaching the adsorption equilibrium and
constant adsorption consequently.

The experimental data were fitted by both Freundlich
and Langmuir adsorption models as reported by Zhang et
al. [38], and the results are shown in Figs. 8a, b. The param-
eters calculated from the fitting graphs by using Langmuir
and Freundlich isotherms are listed in Table 1. As a correla-
tion index of the adsorption isotherm, R? calculated by using
Langmuir isotherm model is close to 1.0, which is much
larger than that calculated by using Freundlich isotherm
model. Therefore, Langmuir adsorption isotherm model
is more suitable to express the adsorption behavior of Cu*
onto SPI membrane. This means that the adsorption of Cu*
onto SPI membrane is dominated by monolayer adsorp-
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tion. In addition, the g_ which is the theoretical single-layer
saturated adsorption capacity of Cu?** onto SPI membrane
is fitted to be 23.42 mg g™, and it is very close to above g,
which is the actual single-layer saturated adsorption capac-
ity of SPI membrane. Such a result verifies again that Lang-

Table 1
Isothermal fitting parameters of the adsorption

Parameter Freundlich Langmuir
q,, (mgg) 2342

n 6.02

K, (mg'™L"g™) 13.04

K, (Lmg™) 1.87

R? 0.65 0.99

muir adsorption isotherm model is suitable to describe the
adsorption of Cu?** onto SPI membrane.

3.6. Effect of adsorption time

The adsorption time has a great influence in the adsorp-
tion process. The dependency of adsorption time on the
adsorption capacity is shown in Fig. 9. The adsorption
capacity of Cu** onto SPI membrane increases rapidly as the
elapsed time, then it rises slowly and reaches the adsorp-
tion equilibrium when the adsorption time is close to 120
min. This is because that the concentration of Cu® in the
solution decreases gradually with the time extended, and
the difference of concentration of Cu®* in the adsorbent
and liquid phase also reduces increasingly. This leads to
the decrease of driving force of the adsorption, and the
adsorption rate is slowed down until the system reaches
the adsorption equilibrium. Based on such results, 120 min
is chosen as the optimum adsorption time in subsequent
adsorption experiments. The required time for Cu** adsorp-
tion onto SPI membrane to reach adsorption equilibrium in
this work is shorter than Cu** adsorption in other reported
adsorbents [39,40]. This may be the presence of a large num-
ber of vacant surface sites in SPI membrane for adsorption.
To further analyze the kinetic adsorption behavior of Cu?*
onto SPI membrane, both pseudo-first-order and pseu-
do-second-order kinetic equations were used to fit the data
of adsorption test as reported by Demiral and Giingor [41],
and the results are shown in Figs. 10a, b and Table 2 respec-
tively. It can be seen from Fig. 10 that the pseudo-second-or-
der kinetic equation is more suitable to fit the experimental
data in this work. Moreover, results in Table 2 show that
the measured equilibrium adsorption capacity is close to
that calculated by using pseudo-second-order kinetic equa-
tion, and the linear correlation coefficient achieves as high
as close to 1.0. Therefore, the pseudo-second-order kinetic
equation can fit the adsorption kinetics of Cu?** onto SPI
membrane well. In other words, both the adsorption time
and the initial concentration of Cu** have some influences
on the residue concentration of Cu?* in the solution. Above
kinetic adsorption results also indicate that the chemical
adsorption plays a dominant role in the adsorption process.

3.7. Effect of adsorption temperature

Fig. 11 shows the effect of temperature on the adsorp-
tion of Cu** onto SPI membrane. As can be observed from
Fig. 11, the adsorption capacity increases with rising tem-
perature. That is, the elevated temperature can promote
the adsorption of Cu** onto SPI membrane. It is probable



S. Xuan et al. / Desalination and Water Treatment 100 (2017) 151-159 157

28 -

24

—
—a—

20

q,(mgg’)

16

12

v T T T T v T v T
0 50 100 150 200 250
Time (min)

Fig. 9. Effect of adsorption time on the adsorption capacity.

24 a 4
y=1.56664-0.019x
b R’=0.91569
04
¥
o
E
24
-3 4
1 & 1 = T - 1 M 1] M L
0 50 100 150 200 250
Time (min)
12
{b
10 4 y=0.17631+0.04184x
o R?=0.99977
6 -
s

b T b T o T o T
0 50 100 150 200 250

Time (min)

Fig. 10. Linear fitting by using the kinetic model: a) Pseu-
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that the increase of temperature can increase the number
of active sites on the surface of adsorbent [42]. This indi-
cates that the adsorption process is an endothermic process.
However, in order to save the operation cost and increase
the actual economic benefit, the adsorption process is sug-

Table 2
Kinetic fitting parameters of the adsorption

Parameter Pseudo-first-order ~Pseudo-second-order
Geep (M 8™ 2346
Toca (MG &7) 479 23.90
K, (min™) 0.02
K, (g mg™ min”) 0.01
R? 092 0.99
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Fig. 11. Effect of temperature of the feed liquid on the adsorp-
tion capacity.

gested to be conducted at 30°C in the practical application,
because the difference of the adsorption capacity at various
temperature is very small when the temperature is higher
than 30°C.

To further investigate the thermodynamic process of
adsorption behavior, the following thermodynamic param-
eters were calculated according to Egs. (3), (4) respectively:
AH (k] mol™), AS (J K™' mol™) and AG (k] mol™). The results
are shown in Fig. 12, and the corresponding thermody-
namic parameters are listed in Table 3. As shown in Table 3,
the adsorption of Cu** onto SPI membrane is an endother-
mic and entropy-increased process. Such an adsorption can
occur spontaneously under the laboratory condition since
the molar Gibbs free energy is less than zero. Because the
absolute value of molar Gibbs free energy increases with
temperature, high temperature is beneficial to the increase
of adsorption capacity and removal percentage of Cu*.

3.8. Desorption and recycle of SPI membrane

To research the reuse performance of SPI membrane
as an adsorbent, several desorption experiments were car-
ried out. It is found that the elution rate of Cu?* can achieve
higher than 90% when the eluent is sulfuric acid solution.
The reason is as below: when the eluent is strong acid, there
are a large quantity of H*in the elution liquid, and H* in the
eluent exchanges with adsorbed Cu* onto SPI membrane
during the elution process. Thus, the desorption effect is
excellent when the eluent is sulfuric acid solution. As a
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Table 3
Thermodynamic parameters of the adsorption
Temperature AG AH AS
(K) (kJ mol™) (kJ mol™) (J K'mol™)
293.15 -0.40
298.15 -0.69
303.15 -0.99 16.90 58.88
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Fig. 13. Desorption performance of SPI membrane for adsorbing
Cu?*: a) adsorption capacity; b) elution capacity.

result, the sulfuric acid solution is chosen as the eluent to
be used in subsequent repetitive desorption experiments.
Similar adsorption-desorption experiments were
repeated four times, and the adsorption capacity and elu-
tion capacity were illustrated in Figs. 13a, b. Apparently, the
adsorption capacity can reach 68% of that in the first time
after four-time adsorption-desorption processes, and the
elution rate maintains around 90%. These results demon-
strate that SPI membrane has stable adsorption property,

and it can be recycled as a consequence. But compared with
other Cu** adsorbents such as novel ligand immobilized
facial composite adsorbent [43], the regeneration perfor-
mance of SPI membrane still needs to be improved, and this
is under way in our lab.

4. Conclusions

In this work, SPI membrane was synthesized and
prepared by using NTDA, BDSA, ODA and APABI as
monomers. FT-IR spectra verify the success preparation
of SPI membrane. SEM images illustrate the morpholog-
ical integrity of as-prepared SPI membrane. EDX results
demonstrate the adsorption of Cu** onto SPI membrane
adsorbent. Various parameters including initial pH and
concentration, adsorption time and temperature were
studied individually. The optimum pH value is 4.7, and
the adsorption equilibrium is reached when the adsorp-
tion time is 120 min. The adsorption capacity reaches satu-
ration when the concentration of Cu?* is equal to or higher
than 40 mg L. Results of adsorption isotherms show
that the adsorption of Cu* onto SPI membrane belongs
to monolayer adsorption in accordance with Langmuir
model, and the theoretical monolayer adsorption capacity
is 23.42 mg g'. The results of kinetic adsorption studies
show that the adsorption of Cu** onto SPI membrane is
in agreement with the pseudo-first-order kinetic equation,
and the equilibrium adsorption capacity is consistent with
the calculated value. The thermodynamic results show
that the adsorption of Cu®* onto SPI membrane is a spon-
taneous and endothermic process.

Elution experiments with sulfuric acid as the elu-
ent show that the elution rate can reach up to 90%, and
the repeated adsorption can be realized. All experimental
results demonstrate that the as-prepared SPI membrane is
very potential to be applied as an adsorbent for Cu?'.

Next, we will design and optimize the structure and per-
formance of SPI membrane to increase its cost performance.
For example, design and optimize the species and structure
of monomers to synthesize novel SPI membrane, introduce
the porous structure to increase the specific surface area and
improve the adsorption performance, and so on.
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