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Abstract: Hydrophilic-hydrophobic macroporous crosslinked poly(methyl acryloyl

diethylenetriamine)/poly(divinylbenzene) (PMADETA/PDVB) interpenetrating polymer
networks (IPNs) were prepared, characterized and evaluated for adsorption of salicylic acid

from aqueous solution. PMADETA/PDVB IPNs were prepared by filling PDVB networks in

the pores of PGMA networks according to a IPNs technology and an amination reaction of
PGMA/PDVB IPNs with diethylenetriamine (DETA). The structure of PMADETA/PDVB

IPNs was characterized by Fourier transform infrared spectroscopy (FT-IR), N

adsorption-desorption isotherms and chemical analysis. PMADETA/PDVB IPNs had a very

large equilibrium adsorption capacity to salicylic acid and the equilibrium adsorption capacity

was measured to be 196.4 mg/g at an equilibrium concentration of 100 mg/L. The Freundlich

model was more appropriate for fitting the equilibrium data than the Langmuir model and the

adsorption was shown to be an exothermic and spontaneous process. The adsorption reached

equilibrium within 200 min and the pseudo-second-order rate equation characterized the kinetic

data better than the pseudo-first-order rate equation. At an initial concentration of 1035 mg/L
and a flow rate of 84 mL/h, the breakthrough and saturated capacities were 75.02 and 159.53

mg/mL wet resin, respectively, and the resin column could be completely regenerated and
repeatedly by 0.01 mol/L of NaOH (w/v) and 20% of ethanol (v/v).

Keywords: Interpenetrating polymer networks (IPNs); poly(methyl acryloyl diethylenetriamine)

(PMADETA); poly(divinylbenzene) (PDVB); adsorption; salicylic acid
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1. Introduction

Salicylic acid is a popular ingredient in many over-the-counter products. It is frequently
found in lotions and creams, cleansers, medicated treatment pads and solutions. In particular,
salicylic acid is widely used as an important pharmaceutical intermediate for production of
medicine (aspirin), and it can be applied for preservation of food, preservatives of glue and
brightener of cosmetic, hence production amount of salicylic acid is very huge [1, 2]. However,
salicylic acid can cause stinging, burning, skin irritation and serious environmental problems
[3-5]. Even if with a low concentration to 10™* M, it will affect the natural growth of plants [6].
Recently, wastewater containing salicylic acid has been identified as a water pollutant for its
ecotoxicity in water, which originates mainly from manufacturing activities of salicylic acid
[7]. Generally, the pharmaceutical concentrations of salicylic acid from the effluents were in
the range of 10-1000 ng/L, the detected concentration of salicylic acid was about 2098 ng/L in
the river of Chu Chiang Delta region in China [8]. As a result, efficient removal of salicylic
acid from aqueous solution has received many attentions in recent years.

A lot of methods and technologies including catalysis, membrane separation, oxidation,
extraction and adsorption have been developed for removal of aromatic compounds [9-15],
among which adsorption is proved to the most simple and efficient method [16-18]. With
respect to activated carbon, synthetic resins are increasingly employed for efficient removal
and recovery of aromatic compounds from wastewater due to their stable physicochemical
structure, diverse chemical structure, controllable pore structure and feasible regeneration
property, and development of novel synthetic resins aimed at the molecular structure of the
adsorbate remains a high priority and has attracted many interests in recent years [19-21]. In
consideration of its molecular structure, salicylic acid has a hydrophobic benzene ring as well
as hydrophilic phenolic hydroxyl and carboxyl groups. Moreover, there exists an

intramolecular hydrogen bonding between the phenolic hydroxyl group and the carboxyl
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group, which constitutes a planar hexatomic ring. Moreover, the newly formed planar
hexatomic ring is relatively hydrophobic, making salicylic acid a well-balanced molecule with
both of hydrophobic portion and hydrophilic portion. In 1970s, interpenetrating polymer
networks (IPNs) were developed as a kind of novel polymeric materials for adsorption, and one
of the important characteristics of IPNs is the force compatibility effect [22-24]. The chains of
one polymer networks in the IPNs are physically tangled with another chains of the other
polymer networks [25-27]. In addition to mutual physical entanglements, not any new
chemical bond is formed between the two polymer networks in the IPNs. The strong phase
separation liability will present between the hydrophobic and the hydrophilic polymer
networks, and hence the hydrophobicity or the hydrophilicity of the two polymer networks
composed of the I[PNs is similar [28-30]. Moreover, it is a great challenge to prepare typical
IPNs which contains both hydrophobic and hydrophilic polymer networks, and we have
obtained hydrophobic-hydrophilic IPNs composed of polydivinylbenzene (PDVB) and
polyacryl diethylenetriamine (PADETA) by filling polymethylacrylate (PMA) networks in the
pores of PDVB networks according to a IPNs technology and a further amination reaction of
PDVB/PMAIPNs [17, 18, 31], and it is proposed that the PDVB/PADETA IPNs is typical IPNs
with both of hydrophobic networks and hydrophilic networks. They possess superior swelling
and adsorption properties in hydrophobic-hydrophilic solvent (like benzyl alcohol) and the
adsorbate (salicylic acid and anthranilic acid).

In this study, we developed a novel hydrophilic-hydrophobic IPNs composed of
hydrophilic PMADETA and hydrophobic PDVB and used this novel IPNs for adsorption of
salicylic acid from aqueous solution. For this purpose, firstly hydrophobic-hydrophobic
macroporous crosslinked poly(glycidyl methacrylate)/poly(divinylbenzene) (PGMA/PDVB)
IPNs was prepared by a typical IPNs technology. Then the first hydrophobic PGMA networks

were transformed to the hydrophilic poly(methyl acryloyl diethylenetriamine) (PMADETA)
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networks by an amination reaction, and hence the macroporous crosslinked
hydrophilic-hydrophobic PMADETA/PDVB IPNs were achieved. After characterization of
PMADETA/PDVB IPNs by Fourier transform infrared (FT-IR) spectroscopy, N
adsorption-desorption isotherms and other chemical analysis, the adsorption performance of

PMADETA/PDVB IPNs toward salicylic acid were investigated in detail.

2. Experimental
2.1 Materials

GMA and DVB were used as the monomer in the polymerization, and they were firstly
washed by 5% of NaOH (w/v) for three times and followed by de-ionized water. After the
washing process, GMA and DVB were dried by anhydrous calcium chloride and kept in the
refrigerator for 24 h before use. Benzoyl peroxide (BPO) employed as the initiator in the
polymerization was refined by methanol before use. Salicylic acid, toluene, n-heptane,
triallyisocyanurate (TAIC) and diethylenetriamine (DETA) were all analytical reagents and
used without further purification.
2.2 Preparation of macroporous crosslinked PMADETA/PDVB IPNs

As shown in Scheme 1, macroporous crosslinked PMADETA/PDVB IPNs were prepared
from macroporous crosslinked PGMA/PDVB IPNs by an amination reaction with DETA and
the PGMA/PDVB IPNs was obtained by interpenetration of PDVB networks in PGMA
networks. The macroporous crosslinked PGMA polymeric beads were prepared by a typical
suspension polymerization of GMA and TAIC using toluene and n-heptane as the porogens.
Toluene and n-heptane were 200% relative to the monomers (w/w) and the mass ratio between
toluene and n-heptane was defined as 4:1. The obtained PGMA beads were swollen in the
mixtures of DVB, BPO, toluene and n-heptane for 24 h and the mass ratio of PGMA to DVB

was determined as 1:1. The swollen PGMA beads were filtered and added into 0.05% of
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polyvinyl alcohol (PVA) aqueous solution (w/v). At a moderate stirring speed (190 rpm), the
temperature of the reaction mixture was risen to 358 K and kept at this temperature for 12 h.
The resultant PGMA/PDVB IPNs were chemically transformed to macroporous crosslinked
PMADETA/PDVB IPNs by an amination reaction of PGMA/PDVB IPNs with DETA at 393 K
for 15 h.
(Scheme 1 can be inserted here)

2.3 Characterization

FT-IR spectra of the resins were recorded on a Nicolet 510P Fourier transform infrared
instrument in 500-4000 cm™ with a resolution of 1.0 cm™. The Brunauer-Emmett-Teller (BET)
surface area, pore volume and pore diameter distribution of the resins were determined by N,
adsorption-desorption isotherms at 77 K using a Micromeritics Tristar 3000 surface area and
porosity analyzer. The weak basic exchange capacity of the resins was measured according to
the Ref [32].
2.4 Equilibrium and kinetic adsorption

The resins (about 0.1000 g) were mixed with 50 mL of salicylic acid at different initial
concentrations. The initial concentrations of salicylic acid were pre-set to be 200.5, 401.0,
601.5, 802.0 and 1002.5 mg/L, respectively. The mixtures were then continuously shaken at a
desired temperature (298, 308 and 318 K, respectively) for 8 h until equilibrium. To determine
the equilibrium concentration of salicylic acid in aqueous solution, the working curve of the
standard salicylic acid solution with different known concentrations was firstly measured by
UV absorbency at a wavelength of 296.5 nm on a UV 2450 spectrophotometer, and a well
fitted regression equation, A=0.02528C+0.0096, was obtained with a correlation coefficient R*
0f'0.9997. The absorbency of the residual salicylic acid solution adsorbed by the resin was then
measured and the equilibrium concentration of salicylic acid, C. (mg/L), was calculated based

on the working curve, and the equilibrium adsorption capacity of salicylic acid on the resins
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were calculated by conducting a mass balance of salicylic acid on the resins before and after the
equilibrium. The kinetic curves for the adsorption of salicylic acid on the resins were similar to
the equilibrium adsorption except that the adsorption capacity was determined in real time until
equilibrium. The initial concentration of salicylic acid was pre-set to be 613.5 mg/L and the
temperature was 298 K, respectively.
2.5 Dynamic adsorption and desorption

The resins were fully immersed in de-ionized water for 24 h and 8.6 mL (1 BV) wet resins
were packed densely in a glass column to assemble a resin column. The salicylic acid at an
initial concentration of 1035 mg/L was passed through the resin column at a fixed flow rate of
9.8 BV/h and the residual concentration of salicylic acid from the effluent was dynamically
recorded until it reached the initial concentration. 0.01 mol/LL of NaOH (w/v) and 20% of
ethanol (v/v) was applied as the desorption solvent for the dynamic desorption. At a flow rate of

3.5 BV/h, the concentration of salicylic acid from the effluent was tested until it was about zero.

3. Results and discussion
3.1 Characterization of macroporous crosslinked PMADETA/PDVB IPNs

As shown in Table 1, after interpenetration of PDVB networks in PGMA networks, the
particle size of the polymer remains to be 0.4-0.6 mm, while the BET surface area and pore
volume increase from 64.00 m*/g and 0.3587 cm’/g (PGMA) to 271.3 m*/g and 0.7249 cm’/g
(PGMA/PDVB IPNs), respectively, which may be from the fact that the pores of the PGMA
networks are supported and filled by the PDVB networks. After the amination reaction of
PGMA/PDVB IPNs with DETA, the BET surface area and pore volume further increase to
290.3 cm’/g and 0.8780 cm?/g, which may be resulted from the crosslinking of DETA between
the PGMA chains.

(Table 1 can be inserted here)
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Fig. 1 displays the FT-IR spectra of PGMA, PDVB, PMADETA, PGMA/PDVB IPNs and
PMADETA/PDVB IPNs, respectively. It indicates that the FT-IR spectrum of PGMA/PDVB
IPNs is completely superimposed by that of PGMA and PDVB. The strong vibrational band
with frequency at 1728 cm™ [33], which can be assigned to the C=O stretching of the ester
carbonyl groups of PGMA, is emerged in the corresponding FT-IR spectrum of PGMA/PDVB
IPNs. Additionally, the strong absorption bands at 1600, 1496 and 1448 cm™, which are related
to the C=C stretching of benzene ring of PDVB [34, 35], are also observed in the FT-IR
spectrum of PGMA/PDVB IPNs. These results reveal that, in addition to mutual physical
entanglements between the PGMA and PDVB networks, not any new chemical bonds are
formed and the obtained polymer complex PGMA/PDVB is typical IPNs. After the amination
of PGMA/PDVB IPNs with DETA, the strong vibrational band at 1728 cm™ is sharply
weakened, whereas a new moderate band appears at 1651 cm™ in the FT-IR spectrum of
PMADETA/PDVB IPNs, and this strong band may be concerned with the C=0 stretching of
the amide carbonyl groups [33]. Additionally, another new broad and strong vibration with
frequency at 3429 cm’ is also appeared in the FT-IR spectrum of PMADETA/PDVB IPNs, and
this vibration may be assigned to the N-H stretching of the -NH-/-NH, groups or the O-H
stretching of the hydroxyl groups [36-39]. Moreover, these related vibrational bands of the
amide carbonyl groups appear in the FT-IR spectrum of PMADETA. The weak basic exchange
capacity of PMADETA/PDVB IPNs was measured to be 3.479 mmol/g (Table 1), whereas
those of PGMA and PGMA/PDVB IPNs were determined to be 0, which suggested that the
PGMA networks of PGMA/PDVB IPNs were transformed to PMADETA networks and
macroporous crosslinked PMADETA/PDVB IPNs was synthesized successfully.

(Fig. I can be inserted here)
3.2 Equilibrium adsorption

PMADETA/PDVB IPNs contain hydrophilic PMADETA networks as well as
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hydrophobic PDVB networks in the polymer chains, which leads it to be both hydrophilic and
hydrophobic, and it should have a relatively high adsorption affinity to the adsorbate with both
of hydrophilic and hydrophobic portion. As a result, it is proposed that the adsorption of
salicylic acid on PMADETA/PDVB IPNs should be very efficient as compared with the
hydrophilic PMADETA as well as the hydrophobic PDVB.

The equilibrium adsorption isotherms of salicylic acid on PMADETA/PDVB IPNs were
measured in comparison with PGMA, PGMA/PDVB IPNs as well as PMADETA and the
results are displayed in Fig. 2. The equilibrium adsorption capacity of salicylic acid on
PMADETA/PDVB IPNs was measured to be 232.4 mg/g, much larger than PGMA,
PGMA/PDVB IPNs and PMADETA. As compared the equilibrium adsorption capacity of
salicylic acid on synthetic resins with that on activated carbon, it was found that the equilibrium
adsorption capacity of salicylic on synthetic resins was shown to be relatively smaller than that
on activated carbon which was reported to be 351.0 mg/g [40] comparative with the
crosslinked resins reported in Ref. [17] (230.7 mg/g), Ref. [31] (215.0 mg/g) and Ref. [41]
(85.1 mg/g). However, activated carbon can not be used repeatedly, and the strength of
activated carbon was weakened after using, which is much inferior to synthetic resins. In
addition, PMADETA/PDVB IPNs possessed a greater BET surface area than PGMA and
PGMA/PDVB IPNs, inducing a larger equilibrium adsorption capacity. In fact, the great
superiority was perfectly embodied for the adsorption of salicylic acid on PMADETA/PDVB
IPNs due to the perfect polarity matching between PMADETA/PDVB IPNs and salicylic acid.
The hydrophilic PMADETA networks were inclined to approach the hydrophilic portion of
salicylic acid (the phenolic hydroxyl and carboxyl groups) by static interaction or hydrogen
bonding [42-45], the hydrophobic PDVB networks had a relative strong adsorption affinity to
the hydrophobic portion of salicylic acid (the benzene ring and the newly formed hexatomic

ring between the phenolic hydroxyl and carboxyl groups) via hydrophobic interaction or n-7t
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stacking [46-49]. Therefore, PMADETA/PDVB IPNs held a highly efficient adsorption to
salicylic acid.
(Fig. 2 can be inserted here)

Fig. 3 is the equilibrium adsorption isotherms of salicylic acid on PMADETA/PDVB IPNs
from aqueous solution with the temperature at 298, 308 and 318 K, respectively. It can be
observed that the equilibrium adsorption capacity of salicylic acid PMADETA/PDVB IPNs
increased with increasing of the equilibrium concentration, the temperature was unfavorable for
the adsorption and a higher temperature induced a lower equilibrium adsorption capacity.
Langmuir and Freundlich models were frequently adopted to describe the equilibrium

adsorption process [50, 51], they can be arranged as:

. K, Cq
Langmuir model: =L -edm Eq. 1
g 9%=T1; K.C (Eq. 1)
Freundlich model: ¢, = K,C"" (Eq. 2)

where ¢, and g,, are the equilibrium and the maximum capacity of the adsorbates (mg/g), C, is
the equilibrium concentration of the adsorbates (mg/L), K; is the Langmuir constant
(L/mg), Kr([(mg/ g)(L/mg)l/ "]) and n is the Freundlich constant.

(Fig. 3 can be inserted here)

Both of the Langmuir and Freundlich models were applied for characterization of the
equilibrium data and the corresponding characteristic parameters, ¢,, K;, Kr and n were
summarized in Table 2. Table 2 indicated that the Freundlich model was more appropriate for
characterizing the equilibrium data than the Langmuir model due to the much higher
correlation coefficients (R>>0.99). In addition, the n values for the adsorption was greater than
1, implying that the adsorption was a favorable process. The Ky values decreasd with
increasing of the temperature, suggesting that the adsorption affinity of salicylic acid on

PMADETA/PDVB IPNs was less at a higher temperature.

10
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(Table 2 can be inserted here)
As the equilibrium data could be correlated by the Freundlich model, the thermodynamic

parameters for the adsorption can be obtained according to Eq. 3-Eq. 5 as follows [47, 52]:

dinC, AH
e Eq. 3
dT RT? (Eq.3)
AG =—nRT (Eq. 4)
AS = AH}AG (Eq. 5)

here AH is the isosteric adsorption enthalpy (kJ/mol), 7 is the temperature (K), R is the gas
constant (8.314 J/(mol K)), AG is the adsorption free energy (kJ/mol), AS is the adsorption
entropy (J/(mol-K)) and # is the Freundlich constant.

All the thermodynamic parameters such as AH, AG and AS were calculated and the results
were summarized in Table 3. In addition, the AH of PMADETA/PDVB IPNs was calculated to
be -53.11 kJ/mol with the temperature at 298 K and the value is larger than some other resins
reported in Ref. [17] (-11.80 kJ/mol) and Ref. [31] (-14.60 kJ/mol).

(Table 3 can be inserted here)

3.3 Kinetic adsorption

Fig. 4 (a) displays the kinetic curves for the adsorption of salicylic acid on PGMA,
PGMA/PDVB IPNs and PMADETA/PDVB IPNs from aqueous solution, and the initial
concentration of salicylic acid was set to be 613.5 mg/L and the temperature was 298 K,
respectively. It was found that the adsorption capacity of salicylic acid on the three resins
increased rapidly with increasing of the adsorption time, and the adsorption reached over 85%
of the equilibrium in one hour. All of the adsorption could reach equilibrium within 200
minutes, suggesting that the adsorption was a fast process. Moreover, the adsorption on PGMA
could reach equilibrium in one hour, while 120 minutes were required for the adsorption on

PGMA/PDVB IPNs, 180 minutes were necessary for the adsorption on PMADETA/PDVB

11
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IPNs, suggesting that the diffusion rate of salicylic acid in the pores of PMADETA/PDVB IPNs
was much slower than those of PGMA and PGMA/PDVB IPNs.
(Fig. 4 can be inserted here)
Pseudo-first-order and pseudo-second-order rate equations were applied for fitting the
kinetic data [53, 54]. They can be given as:

Pseudo-first-order rate equation: In(q,—q,)=Inq, -kt (Eq. 6)

Pseudo-second-order rate equation: t/q =1/(k,q’)+t/q, (Eq. 7)

where ¢, and ¢, (mg/g) are the equilibrium adsorption capacity and the adsorption capacity at a
given time ¢ (min), k; (min') and k; (g/(mg'min)) are the pseudo-first-order and
pseudo-second-order rate constants, respectively.

Table 4 summarizes the corresponding parameters according to the pseudo-first-order and
pseudo-second-order rate equations. The adsorption on PGMA could only be fitted by the
pseudo-second-order rate equation while those on PGMA/PDVB IPNs and PMADETA/PDVB
IPNs could be fitted by both of the two equations due to the high correlation coefficients
(R*>0.98). In particular, the k, values on PGMA, PGMA/PDVB IPNs and PMADETA/PDVB
IPNs were measured to be 0.0066, 0.0011, 0.0003 g/(mg-min), accordant with the observed
experimental fact that the adsorption on PGMA was the fastest while that on
PMADETA/PDVB IPNs was the slowest.

(Table 4 can be inserted here)

In the adsorption of aromatic compounds on porous resin, the intra-particle diffusion

process is frequently the rate-limiting step [55]. The intra-particle diffusion model can be

expressed as:
q,= /’cpto'5 (Eq. 8)
where £, is the intra-particle diffusion rate parameter.

By employing the intra-particle diffusion model to fit the kinetic data and Fig. 4 (b) is the
12
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plotting of the ¢, versus . The plotting showed similar characters having two linear segments
followed by a plateau. In the first stage, plotting of ¢, versus ¢/ gived a straight line and the
straight line passes through the origin, which suggested that the intra-particle diffusion was the
only rate-limited step. In particular, the k&, on PGMA, PGMA/PDVB IPNs and
PMADETA/PDVB IPNs were linearly fitted to be 6.35, 7.02 and 17.01, respectively, which
was different from the average k; values in Table 4.

3.4 Dynamic adsorption and desorption

Fig. 5 displays the dynamic curves for the adsorption and desorption of salicylic acid on
PMADETA/PDVB IPNs resin column. Here C/Cy=0.05 (where C is the concentration of
salicylic acid from the effluent, mg/L) is defined as the breakthrough point and the volume of
the effluent to reach this point is identified as V,. The volume of the effluent to reach the
saturated point is identified as Vs and C/Cy=0.95 is defined as the saturated adsorption point.
Fig. 5 indicates that V, and Vs were measured to be 72.42 and 154.0 BV at an initial
concentration of 1035 mg/L and a flow rate of 9.8 BV/h, and the corresponding adsorption
capacities the breakthrough point and the saturated adsorption point could be calculated to be
75.02 and 159.53 mg/mL wet resin, respectively.

(Fig. 5 can be inserted here)

After the dynamic adsorption, different solvents were selected for the desorption process,
and the desorption ratios of PMADETA/PDVB IPNs resin column by different solvents are
displayed in Fig. 6 (a). It is evident that water can hardly desorb salicylic acid from the resin
column and only 29.71% of salicylic acid was desorbed from the resin column as water was
applied as the desorption solvent. Meanwhile, NaOH aqueous solution was effective for
desorption of salicylic acid from the resin column and 96.2% of salicylic acid coule be
recovered by 0.01 mol/L of NaOH (w/v). Moreover, adding some quantities of ethanol in 0.01

mol/L of NaOH (w/v) could favorably increase the desorption ratio, and a mixed desorption

13
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solvent containing 0.01 mol/L of NaOH (w/v) and 20% of ethanol (v/v) could completely
desorb salicylic acid from the resin column, and the desorption ratio reached 99.6%. Hence,
0.01 mol/L of NaOH (w/v) and 20% of ethanol (v/v) was applied as the desorption solvent in
the dynamic desorption process. At a flow rate of 3.5 BV/h, only 27.0 BV of the desorption
solvent was shown to be enough for complete regeneration of the resin column, and the
dynamic desorption capacity was calculated to be 820.6 mg, which was excellently coincident
with the dynamic capacity (826.9 mg). PMADETA/PDVB IPNs were repeatedly used for five
cycles of continuous adsorption-desorption process, and the result indicated that
PMADETA/PDVB IPNs exhibit good reusability with remarkable regeneration behaviors (Fig.
6 (b)).

(Fig. 6 can be inserted here)

4. Conclusions

We synthesized macroporous crosslinked PMADETA/PDVB IPNs by filling PDVB
networks in the pores of PGMA networks and following by an amination reaction of the
obtained macroporous crosslinked PGMA/PDVB IPNs with DETA. The synthesized
PMADETA/PDVB IPNs was both hydrophilic and hydrophobic, which led a very large
equilibrium adsorption capacity to salicylic acid containing hydrophilic and hydrophobic
portion. The equilibrium adsorption capacity of salicylic acid on PMADETA/PDVB IPNs was
196.4 mg/g at an equilibrium concentration of 100 mg/L and 298 K, the Freundlich model was
more appropriate for fitting the equilibrium data than the Langmuir model and the
thermodynamic parameters were all negative. The pseudo-second-order rate equation was
more suitable for characterizing the kinetic data than the pseudo-first-order rate equation and
the adsorption in the first process could be fitted by the intra-particle diffusion model. The

breakthrough and saturated dynamic adsorption capacities were measured to be 75.02 and

14
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159.53 mg/mL wet resin at an initial concentration of 1035 mg/L and a flow rate of 9.8 BV/h,

and the resin column could be completely regenerated by 0.01 mol/L of NaOH (w/v) and 20%

of ethanol (v/v).
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Table 1 Main structural parameters of PGMA, PMADETA, PGMA/PDVB IPNs and

PMADETA/PDVB IPNs, respectively.

PGMA/PDVB PMADETA/PDVB
PGMA PMADETA

IPNs IPNs
BET surface area / (cm®/g) 64.00 39.63 271.3 290.3
Pore volume / (cm’/g) 0.3587 0.2456 0.7249 0.8780
Particle size / (mm) 0.4-0.6 0.4-0.6 0.4-0.6 0.4-0.6
Average pore diameter / (nm) 12.06 11.11 8.896 10.32
Weak exchange capacity /
— 2.898 — 3.479

(mmol/g)
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Table 2 Correlative parameters of equilibrium data of salicylic acid on PMADETA/PDVB IPNs from aqueous solution according to the Langmuir

and Freundlich models.

Langmuir model Freundlich model
Standard Standard Standard Standard
qm /(mg/g) K; /(L/mg) R K /([(mg/g)(L/mg)""]) n R
Error Error Error Error
298 K 232.4 14.31 0.2808 0.1400 0.9299 87.08 1.449 5.631 0.0980 0.9997
308 K 232.4 14.50 0.1209 0.0566  0.9375 73.71 1.706 4992  0.1058  0.9995

318 K 238.3 13.20 0.0674 0.0248  0.9585 66.32 3.622  4.623 0.2131 0.9977
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Table 3 Thermodynamics parameters for the adsorption of salicylic acid on PMADETA/PDVB IPNs from aqueous solution.

AG /(kJ/mol) AS /(J/mol-K)
q./(mg/g) AH /(kJ/mol) Errors

298 K Errors 308 K Errors 318 K Errors 298 K FErrors 308 K Error 318 K Errors

80 -53.11 +£0.5 -1395 +03 -12.78 03 -1222 +0.3 -131.3  +1.5 -1309 +£1.5 -1285 =15
120 -36.97 +0.5 -1395 +03 -12.78 03 -1222 +03 -77.22  +1.5 -7851 1.5 -77.80 =£1.5
160 -25.51 0.5 -1395 +03 -12.78 03 -1222 +0.3 -38.79 +1.5 -4132 1.5 -41.78 =15

200 -16.63 +0.5 -1395 +03 -12.78 03 -1222 +0.3 -8.970 1.5 -12.47 +£1.5 -13.85 =15

24



Page 25 of 32 RSC Advances

Table 4 Correlative parameters of kinetic data of salicylic acid on PGMA, PGMA/PDVB IPNs and PMADETA/PDVB IPNs from aqueous solution

according to the pseudo-first-order and pseudo-second-order rate equations.

Pseudo-first-order Pseudo-second-order

qm Standard ki Standard qm Standard k> Standard
R’ R’
/(mg/g) Error /(min™) Error /(mg/g) Error /(g/(mg-min)) Error
PGMA 29.11 0.4649 0.1293 0.0107 0.9724 31.21 0.2525 0.0066 3.769x10" 0.9952
PGMA/PDVB IPNs 52.36 0.3252 0.0484 0.0011 0.9974 58.85 1.041 0.0011 9.710x10° 0.9875
PMADETA/PDVB
137.7 1.517 0.0385 0.0016  0.9895 155.9 0.7732 0.0003 7.927x10°  0.9988
IPNs
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Scheme 1 Synthetic procedure of PMADETA/PDVB IPNs.
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Fig. 1 FT-IR spectra of PGMA, PDVB, PMADETA, PGMA/PDVB IPNs and

PMADETA/PDVB IPNs, respectively.
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Fig. 2 Equilibrium isotherms of salicylic acid on PGMA, PMADETA, PGMA/PDVB IPNs

and PMADETA/PDVB IPNs from aqueous solution with the temperature at 298 K.
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Fig. 3 Equilibrium isotherms of salicylic acid on PMADETA/PDVB IPNs from aqueous

solution with the temperature at 298, 308 and 318 K, respectively.
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Fig. 4 (a) Kinetic adsorption curves of salicylic acid on PGMA, PGMA/PDVB IPNs and

PMADETA/PDVB IPNs from aqueous solution with the temperature at 298 K and the initial

concentration at 613.5 mg/L, respectively; (b) Intra-particle diffusion fitting curves of salicylic

acid on PGMA, PGMA/PDVB IPNs and PMADETA/PDVB IPNs from aqueous solutions,

respectively.
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Fig. 5 Dynamic adsorption and desorption curves of salicylic acid on PMADETA/PDVB IPNs

resin column from aqueous solution.
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Fig. 6 (a) Static desorption ratios of salicylic acid on PMADETA/PDVB IPNs from aqueous
solution. (A: deionized water; B: 20% of ethanol (v/v); C: 50% of ethanol (v/v); D: 0.01 mol/L
of NaOH (w/v); E: 0.01 mol/L of NaOH (w/v) and 20% of ethanol (v/v); F: 0.01 mol/L of
NaOH (w/v) and 50% of ethanol (v/v)); (b) Regeneration of the adsorption of salicylic acid on

PMADETA/PDVB IPNs within five cycles.
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