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Abstract

Poly (cyclotriphosphazene-co-4,4'-diaminodiphenyl sulfone) (PZD) microspheres were prepared by precipitation polymeriza-
tion with simple scheme and convenient operation, and used as a special effect adsorbent for adsorbing cationic dye, which is
methylene blue (MB) in water. The synthesized PZD microspheres were characterized by SEM, TEM and XPS techniques.
The influences of temperature, adsorption time, pH initial MB solution concentration and adsorbent dosage on MB adsorp-
tion were studied. The experimental results show that the adsorption of MB dye by PZD microspheres is more in line with
the pseudo-second-order kinetics model than the pseudo-first-order kinetic model. In addition, the adsorption process was
further resolved using Weber’s intraparticle diffusion model. Thermodynamic experiments show that the adsorption process
is spontaneously carried out by endotherm. The mechanism of adsorption of MB dye by PZD microspheres may be related
to the existence of a lot of electron-rich atoms N, P, S in the adsorbent, the electrostatic attraction and n—r stacking effect

between PZD microspheres and MB dye.
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1 Introduction

With the rapid speedy development of modern industry, dyes
are widely applied to textiles, food, cosmetics, printing and
other industries [1, 2]. However, the illegal discharge of dye
wastewater will cause serious water pollution problems, and
endanger human health and the entire ecological environ-
ment. This is a matter of concern. So, it has been widely
concerned by scholars in China at home [3, 4] and elsewhere
abroad [5, 6]. Because these dyes contain aniline organic
compounds and they are characterized by complex compo-
sition, difficult biochemical degradation, and high biologi-
cal toxicity [7, 8], the direct discharge of dyes will reduce
dissolved oxygen in water and affect the normal growth of
aquatic organisms [9, 10]. What’s worse is that excessive
intake of dyes can damage the body’s digestive system and
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central nervous system [11], and cause mutations [12] and
cancer [13]. Therefore, printing and dyeing wastewater must
be treated through certain means and techniques.

At present, many methods for treating methylene blue
(MB) have been developed, such as adsorption method
[14-17], chemical oxidation method [18, 19], membrane
separation method [20], ultrasonic catalytic degradation
method [21] and biodegradation method [22], etc. Among
them, the adsorption method has attracted the attention of
researchers because of its low cost, low energy consumption,
simple operation and good treatment effect [23]. The most
common adsorbents are activated carbon [24], zeolite [25],
agricultural waste [24], nanohybrid materials [26], etc., but
these adsorbent materials generally have shortcomings such
as low adsorption capacity and poor adsorption efficiency.
They cannot meet the actual needs of people. In recent years,
with the continuous expansion and application of nanotech-
nology to various fields, an increasing number of people
are working on the preparation of functional polyphospha-
zene nanomaterials. The material is an organic—inorganic
hybrid polymer composed of a lot of electron-rich N, P, and
S atoms. Due to its designability of chemical structure and
diversity of side groups, the new polyphosphazene materials
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have shown incomparable advantages over traditional poly-
mers [27]. Therefore, the new polyphosphazene materials
have wider applications in the fields of batteries, tissue engi-
neering, drug carriers, new flame retardant materials, and
new adsorbents. The PZS nanotubes prepared by Wang can
effectively remove RhB dye in water in a short time and it is
a highly efficient cationic adsorbent [28]. The heteroatom-
containing porous carbon microspheres prepared by Fu et al.
[29, 30] have high hydrogen storage capacity. Chen et al.
[31] prepared a new flame retardant through the synthetic
flame retardant surface modifier, which can effectively flame
retard. It can be seen that the new polyphosphazene material
is a very promising raw material.

Recently, we have prepared a new poly
(cyclotriphosphazene-co-4,4'-diaminodiphenyl sulfone)
microsphere (PZD), which is an organic—inorganic hybrid
polymer being rich in multiple Heteroatoms (N, P, S, etc.).
PZD is obtained by hexachlorocyclotriphosphazene (HCCP)
and 4,4-diaminodiphenyl sulfone (DDS) as comonomers,
with triethylamine (TEA) as an acid binding agent. The
product, which is precipitated and undergoes polymer-
ized under mild conditions. Per the unique morphology of
PZD, was shown to be our group used it as a high-efficiency
adsorbent to wipe off cationic dyes in aqueous solution. The
adsorption capacity for methylene blue under the conditions
of pH, initial concentration of methylene blue, temperature,
a quantity of adsorbents and time of action were exam-
ined. The influence of the amount and the in-depth study
on the adsorption kinetics and adsorption thermodynamics
mechanism are so. According to the experimental results,
PZD microspheres can be used as a highly efficient special
adsorbent.

2 Experimental Materials

Hexachlorocyclotriphosphazene (HCCP) and 4,4'-diami-
nodiphenyl sulfone (DDS) were purchased from Shanghai
Aladdin Biochemical Technology Co., Ltd. Triethylamine
(TEA) was bought from Tianjin Tianli Chemical Reagent
Co., Ltd. Ethanol and methylene blue dyes are all analytical
grade reagents, purchased from Tianjin Kemiou Chemical
Reagent Co., Ltd. Methylene blue powder and deionized
water were used as raw materials to prepare different con-
centrations of methylene blue solution (1 g/L) according to
a certain ratio.

3 Synthesis of the PZD Microspheres

The research group adopted a self-developed program to
prepare polyphosphazene microspheres. Typically, 1.65 g of
HCCP (4.75 mmol) and 4.78 g of DDS (19.25 mmol) were

dissolved in 200 mL of acetonitrile, shaken to complete dis-
solution, and then 12 mL of triethylamine (TEA) was added.
The molar ratio of 4,4'-diaminodiphenyl sulfone (DDS) to
HCCP is about 4:1 (4,4'-diaminodiphenyl sulfone (DDS)
exceeds HCCP). Then, it was stirred at 50 °C for 12 h, and
then ultrasonicated (100 W, 40 kHz) for 12 h, and it was
repeated three times. The entire reaction was carried out
under the protection of nitrogen. At the end of the reaction,
the product was separated by a centrifuge (rotation speed:
3500 r/min, time: 5 min) to obtain a precipitate, then the
precipitated product was washed alternately with ethanol
and deionized water, and repeated twice. The washed prod-
uct was again dried in a vacuum oven (60 °C) to obtain
a poly(cyclotriphosphazene-4,4'-diaminodiphenylsulfone)
microsphere material in the form of a white powder.

4 Adsorption Experiments

The adsorption performance of poly(cyclotriphosphazene-
4,4'-diaminodiphenyl sulfone) microspheres adsorbent on
MB dye was studied by batch adsorption method.

For this experiment, 5 mg of microspheres were added
to a 20 mL glass vial and 10 mL (50 mg/L) of methylene
blue aqueous solution was added for ultrasonic dispersion.
Then, the glass bottle was fixed in a constant temperature
water bath shaker to oscillate. Adsorption experiments under
different pH conditions (3, 5,7, 9, 11, 12, 13, 14) were car-
ried out at room temperature for 14 h. The supernatant was
taken, and the concentration of methylene blue (MB) after
adsorption was measured by a visible spectrophotometer.
The adsorption amount(q) of methylene blue per unit mass
of the microspheres and the removal rate(R) of methylene
blue in the solution were calculated according to the Egs.
(A.1) and (A.2), respectively:

V(C, - C,
q=(0T) (A.D
R=M (A2)

Co

V represents the volume of the MB solution (L). C, is the
initial concentration of MB in aqueous solution (mg/L). C, is
the concentration after adsorption (mg/L). In the equation, m
represents the amount of addition of the microspheres (mg).

In the kinetic experiment, 10 mL (50 mg/L) aqueous
solution of methylene blue was added to the glass bottle,
and then 5 mg of microspheres were added. After ultrasonic
dispersion, the glass bottle was shaken in a constant tem-
perature water bath oscillator, and the shaking time was 1 h,
2 h,3h,4h,5h, 6 h. By changing the number of micro-
spheres which are used (2, 3, 4, 5 and 6 mg), the ultrasonic
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dispersion was shaken for 5 h. Besides we have studied the
relationship between the amount of adsorbent added and
the adsorption capacity, and the relationship between the
amount of adsorbent added and the adsorption rate. Subse-
quent experiments used the same procedure to investigate
the effect of PZD microspheres on the adsorption of meth-
ylene blue at different initial concentrations (40, 50, 60, 70
and 80 mg/L) and at different adsorption temperatures (25,
35, 45, 55 and 65 °C).

5 Characterization

Scanning electron microscopy (SEM) with a JEOL JSM-
7401Ffield-emission microscope was used to observe the
size and morphology of PZD microspheres. And the accel-
eration voltage of Tecnai-G20 field emission microscope
is 2.0 kV. The microstructure of the PZD microspheres
was observed clearly by transmission electron microscopy
(TEM). Fourier transform infrared spectroscopy (FT-IR) of
PZD microspheres was measured on a Shimadu IR Pres-
tige-21 infrared spectrometer manufactured by Shimadzu
Infrared. The X-ray photoelectron spectroscopy of PZD
microspheres was measured by Escalab 250 xi X-ray pho-
toelectron spectroscopy, and its chemical composition was
analyzed. According to measurement of methylene blue
residual concentration in supernatant after adsorption using
a visible spectrophotometer (Shanghai INESA Scientific
Instruments Co., Ltd., Ltd., 751G), the maximum absorption
wavelength of the MB dye was 665 nm. Before the start of
the adsorption experiment, a certain concentration gradient
of methylene blue solution (0-45 mg/L) should be config-
ured to determine the standard curve of the methylene blue
solution. The pH value of the methylene blue solution was
measured using a pHS-25 pH meter (Shanghai INESA Sci-
entific Instruments Co., Ltd.).

6 Results and Discussion
6.1 Characterization of the Adsorbent

The SEM and TEM images of PZD microspheres prepared
by precipitation polymerization using HCCP and DDS as
raw materials are shown in Fig. 1a, b. And the images show
that most of the microspheres exhibit a nearly regular spheri-
cal structure. The microspheres has a micro-sized spherical
outer surface, which can achieve rapid mass diffusion of the
MB dye and rapid action of the adsorbent and the adsorbate
[32, 33].

Figure 2a shows the FT-IR of monomeric DDS, HCCP
and PZD microspheres. The absorption bands at 3361 cm™!
and 3215 cm™! were designated as tensile vibrations of
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Fig.1 SEM (a) and TEM (b) images of PZD microspheres

the -NH, band. Two strong absorption peaks of 1593 and
1500 cm™! were designated as C=C double bonds of the
aromatic ring. 1300 and 1103 cm™" are O=S=0 telescoping
vibration characteristic absorption peaks of sulfonydiphenol
groups. 1143 cm™! is the characteristic absorption peak of
P=N stretching vibration. 880 cm™! (the telescoping vibra-
tion of P-N) and 931 cm™" (the telescoping vibration of
Ar—P-N) demonstrate that the PZD microspheres are PZD
microspheres are the product of precipitation polymerization
of HCCP and DDS. The composition of the compound was
analyzed by XPS. Figure 2b shows the XPS scans spectrum
of the microspheres. The results show that the surface of the
microspheres consists of C, N, O, P, and S elements, wherein
the N,P, and S elements account for 17.45,9.76, and 5.42%,
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Fig.2 a FTIR spectra of monomeric DDS, HCCP and PZD microspheres. b XPS spectrum of PZD microspheres. ¢ Structure of highly
crosslinked PZD microspheres formed by polycondensation of HCCP and DDS

respectively. Since the molar proportion of N, P and S
accords with the theoretical value of the highly-crosslinked
microspheres, it is indicated that the PZD microspheres are
successfully prepared. Figure 2¢ shows the formation of
highly crosslinked PZD microspheres by the condensation
of HCCP and DDS as comonomers.

6.2 Effect of pH Value of Initial MB Dye
on Adsorption Performance

The initial pH of the solution affects the binding site, surface
charge and spatial structure of the dye on the surface of the
adsorbent. The effect of adsorption of MB dye by micro-
spheres was investigated by setting different pH values. As
shown in Fig. 3, when the pH varies between 3 and 11, the

adsorption amount of the microspheres and the removal rate
of the MB dye slowly increase as the amount of the adsor-
bent increases. When the pH value varies between 11 and
13, the removal rate of MB increases, and the adsorption
reaches the maximum value (the removal rate and q, reach
96. 55% (96. 548 mg/g) respectively. There was no signifi-
cant change in the adsorption of PZD microspheres when
the pH increases from 13 to 14. At a certain H" concen-
tration, H* in the solution causes protonation of the amino
group, which results in positive charges on the surface of
the adsorbents. The positive charge is the main reason for
the weakening of the adsorption effect. At the same time,
the H" and MB cationic dyes in the solution are adsorption
competition relationships. With the reduction of H" concen-
tration, the degree of protonation of amino group decreases,
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Fig. 3 Effect of different pH on the adsorption of MB dye by PZD
microspheres. Experimental conditions: the amount of adsorbent was
5 mg, the concentration of MB dye was 50 mg/L, and the shaking
time was 5 h at room temperature

and the competitive adsorption of H* to MB dye weakens,
so that the adsorption effect of PZD microspheres on MB
dye is enhanced. In the interval of pH values 11-13, the
removal rate of MB dye increases, indicating that the MB
dye neutralizes the positive charge carried by the adsorbents,
thereby reducing the Coulomb repulsion on the surface of
the microspheres and the adsorption effect was enhanced.
In conclusion, when the pH is raises, the concentration of
OH" is increases, and the degree of neutralization of the
protonated amino group is maximizes, so that the removal
rate reaches a stable value and the optimum pH is selected
to be 13.

6.3 Influence of Initial MB Concentration
on Adsorption

The trend of the removal rate of the final MB solution for
different MB concentrations is shown in Fig. 4. To deter-
mining the optimal adsorption pH of the solution (close to
13), the concentration of the MB solution increases from 30
to 70 mg/L, and its concentration effect was studied in the
greenhouse. As the concentration of MB dye increases, the
removal rate decreases rapidly. The results indicate that the
adsorbent of a certain quantities of microspheres (5 mg) has
reached the optimum adsorption amount. However, at low
concentrations, the adsorbent exhibits a rapid increase in
adsorption capacity. At the initial concentration of 50 mg/L,
the adsorption capacity reaches a maximum (92 mg/g). The
experimental results show that the microspheres can be
in a full contact with the high concentration of MB solu-
tion, while at high concentrations it exhibits a tendency to
increase slowly. Considering the aboving two factors, the
adsorption ratio of 50 mg/L is selected by comparing with
the adsorption capacity of different concentrations. It is
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MB dye by PZD microspheres. b Photo comparison of MB solution
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tions: The amount of adsorbent was 5 mg, the pH value was close to
13 and the shaking time was 5 h at room temperature

determined that 50 mg/L is the best adsorption condition,
and the pattern before and after the adsorption is selected for
comparison. Figure 4a shows a picture of the MB adsorp-
tion protocol and Fig. 4b shows the control of the micro-
spheres before and after adsorption. The solution after MB
adsorption in Fig. 4b almost becomes clear and transparent,
thus indicating that PZD microspheres are a highly efficient
adsorbent for MB.

6.4 Influence of Adsorbent Quality on Adsorption
of MB Dyes

The initial concentration of MB solution is set at 50 mg/L,
of which the pH value is 13 or so. The effect of the quantities
of adsorbents on the adsorption effect of MB dye is shown in
Fig. 5. As the quantitiy of microspheres increases from 2 to
6 mg, the adsorption rate of PZD to MB increases from 56.32
to 95.58%, indicating that PZD microspheres are a highly effi-
cient adsorbent. It can be seen from the figure that when the
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Fig.5 Effect of the amount of PZD microspheres on the adsorption
of MB dye on PZD microspheres. Experimental conditions: The con-
centration of MB dye was 50 mg/L, the pH value (close to 13), and
the shaking time was 5 h at room temperature

quantitiy of microspheres is 5 mg, the removal rate of MB dye
(50 mg/L) can reach a maximum value, but the adsorption
capacity shows a downward trend. The reason is that when the
mass of the microspheres is more than 5 mg, the driving force
generated by the MB dye molecules in the solution cannot
offset the repulsive force generated by the large amount of MB
molecules adsorbed by the adsorbent. That is, the optimum
amount of adsorbent is 5 mg, and the removal rate of MB
reaches a maximum now. Therefore, in order to obtain the
maximum removal rate without adding more adsorbents, in
the experiment of other influencing factors, the best dosage of
5 mg as the adsorbent is selected.

6.5 Kinetic Studies

The effect of PZD microspheres on MB adsorption at differ-
ent times was investigated by studying the adsorption kinet-
ics, as shown in Fig. 6a. The experimental results show that
after about 5 h, the MB removal rate reaches a maximum
(the removal rate reaches 93.43%), and remains basically
unchanged, which can be regarded as the adsorption equilib-
rium. This paper simulates a quasi-first-order dynamic model
and a quasi-second-order dynamic model. The pseudo first-
order kinetic model and the pseudo second-order kinetic model
can be expressed by the linear formal Egs. (B.1), (B.2), as
follows:

Kl
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Fig.6 Effect of oscillating time on the adsorption of MB by PZD
microspheres. Experimental conditions: The concentration of MB dye
was 50 mg/L, the amount of adsorbent was 5 mg, The graph repre-
sents the three separate experiments (a), the pseudo first-order kinet-
ics (b) and pseudo second-order kinetics (c) of adsorbed MB dyes on
PZD microspheres

In the equation, g, and q, (mg g~') are the adsorption amount
at times(h) and the adsorption equilibrium value, respec-
tively. K, (g mg~' h™!) and K, are expressed as the rate con-
stants of the quasi-first-order model and the rate constants of
the quasi-second-order model, respectively. The first-order
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kinetics and second-order kinetic fit curves are shown in
Fig. 6b, c. The experimental results show that, as shown in
Table 1, the theoretical value g, of the two models is close
to the actual experimental measured value q.. However, the
correlation coefficient of the quasi-second-order dynamic
model is R, =0.9994, which is larger than the pseudo-first-
order dynamic model. This indicates that the quasi-second-
order model is better than the first-order adsorption dynamic
model in explaining the adsorption kinetics, which provides
a theoretical basis for further exploration and identification
of the adsorption process of PZD microspheres for methyl-
ene solution.

Simultaneously, Weber’s intraparticle diffusion model has
a good effect on describing the adsorption process, which is
expressed by Eq. (C.1) [33], as follows:

g =Ki'24c €1
In the formula, K; (mg g~! h™''?) represents the intraparti-
cle diffusion rate; ¢ (mg/g) is expressed as a constant. The
parameters of Weber’s intraparticle diffusion model are also
given in Table 2.

From Fig. 7, we can see that the graph exhibits multi-
plicity, indicating the existence of two adsorption stages.
The first stage is the diffusion of MB molecules through
the solution onto the surface of the adsorbent PZD micro-
spheres. The second stage is intraparticle diffusion from MB
dye molecules through a large number of inter-crosslinked
PZD microspheres voids. It is easy to find from Table 2 that
the MB dye diffusion rate K, (mg g~' h'?) in the first stage
is 12 times larger than the second stage, which fully demon-
strates that the internal diffusion of MB dyes is progressive.
However, the linear equation of Fig. 7 does not pass through
the origin, suggesting that the internal diffusion process of
the dye molecules is not a quick-control step, and that other
factors are likely to affect the diffusion rate as well. In addi-
tion, intraparticle diffusion and film diffusion may also occur
simultaneously.

6.6 Influence of Solution Reaction Temperature
on Adsorption Effect

Adsorption includes physical adsorption and chemical
adsorption. Physical adsorption relies on the van der Waals

Table 1 Kinetic data sheet

Model Data R,

Quasi-first-order dynamics q.=97.50 mg g~ 0.9755
K,=1.1833gmg ' h!

Quasi-second-order dynamics g, =100. 00 mg g~ 0. 9994

K,=0.0270 g mg~' h~!

@ Springer

Table 2 Intraparticle diffusion model parameters for the adsorption of
MB

K, (gmg™! C, R? K, (gmg™! C, R?
h™") (mgg™) h™h (mgg™)
23.301 49.638 0.9997 2.108 88. 561 0. 8428

force between the adsorbent and the adsorbate molecules.
There is no selective adsorption, and the adsorption heat
is low about 20—-40 kJ/mol. Besides the adsorption is less
affected by temperature. The chemical adsorption relies on
the chemical bond between the molecules, and the heat of
adsorption is close to the heat of reaction, which is about
40-400 kJ/mol. Under normal circumstances, when the
temperature raises, the amount of physical adsorption will
decrease. Nevertheless the chemical adsorption is difficult
to reach equilibrium, because the adsorption equilibrium
will reach the maximum value firstly during the heating
process and the adsorption effect will decrease as the tem-
perature increases. As shown in Fig. 8a, when the tempera-
ture is lower than room temperature (298.15 K), the removal
rate of MB dye decreases as the temperature decreases. At
room temperature (298. 15 K), PZD has the best adsorption
effect on MB, and the removal rate reaches the maximum
(about 96.55%). At temperatures above room temperature
(298.15 K), the removal rate of methylene blue decreases
with increasing temperature. This is consistent with previ-
ous kinetic studies.

For further study to determine whether the adsorption
reaction proceeds spontaneously, Fig. 8 and Table 3 are the
results of thermodynamic analysis of the adsorption process.
The calculation formulas of each thermodynamic parameter

100
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Fig. 7 Intraparticle diffusion plots for the adsorption of MB onto the
PZD microspheres
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Table 3 The relative parameters of thermodynamics function in the
adsorption process

T (K) AG, (kImol™)  AH, (kImol™) AS, (kI mol~! K1)
208.15 —10.4938

308.15  —9.8138

318.15  —9.1338 —30. 768 —0.068

328.15  —8.4518

338.15  —7.7738

(AG,, AH,, and AS,) are Egs. (D.1), (D.2) and (D.3) as
follows:

CO - Ce V

K, = X —
d Co M (D.1)

AS AH

In K;=— - —
nKy=—+ %7 (D.2)
AG=-RT In K, (D.3)

It can be seen from Table 3 that AG, <0 at different tem-
peratures the adsorption of MB by the microspheres is a
spontaneous irreversible process. When the temperature is
298.15 K, the absolute value of AGy is the largest, signify-
ing that the adsorption driving force reaches the maximum
at this temperature. Concequently, in order to obtain the best
adsorption effect and reduce the energy consumption of the
adsorption process, the adsorption experiment needed to be
carried out at room temperature (298.15 K). The AH,, result
is a negative value, indicating that the adsorption reaction is
an exothermic reaction. And that the elevated temperature
has an adverse effect on the reaction. AS is a negative value
as well. In that the MB dye ion changes from the free move-
ment in the solution before adsorption to the two-dimen-
sional movement on the surface of the PZD microspheres
after adsorption, resulting in the degree of freedom after
the adsorption reaction occurs and making the system less
chaotic.

6.7 Adsorption Mechanism

Through the analysis of the chemical structure of PZD under
the above different conditions, the adsorption mechanism
of MB dye on PZD microspheres for optimal adsorption
was proposed, as shown in Fig. 9. The cationic dye MB is a
planar molecule owing an aromatic backbone [34]. A large
number of amino groups in the PZD compound synthesized
by our team (confirmed by infrared spectroscopy), Fig. 2, It
can be easily protonated in a solution with a high hydrogen
ion content, and the deprotonation process can be completed
under alkaline conditions. Therefore, in the alkaline case,
the amino group can provide an adsorption site which can
be electrostatically bonded to the cation of the MB dye [35].
As the adsorption reaction proceeds, there may be the exist-
ence of n—x stacking between the aromatic ring of the PZD
microspheres and the aromatic ring of the MB dye molecule.
Additionally, PZD microspheres contain a large number of
electron-rich atoms such as N, S, and P. These multi-elec-
tron-rich atoms facilitate the adsorption of MB dyes and can
be used as their basic reaction center [36].

7 Conclusions

In summary, in this experiment, microspheres materials
containing N, P, S atoms and multiple amino groups were
prepared by precipitation polymerization. The PZD micro-
spheres is an high-efficiency adsorbent for adsorption of
MB dye solution. The experimental results showed that the
maximum adsorption capacity of PZD microspheres can be
as high as 96.548 mg/g. That is, the removal rate is 96. 55%
at a pH of 13 and a temperature of 25 °C. Under alkaline
conditions, the amino functional groups in the microspheres
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Fig.9 Schematic diagram of the possible interactions between PZD and MB: a electrostatic attraction and b n—x stacking

are prone to deprotonation, providing an adsorption site that
allows the PZD microspheres to combine with the cationic
dye (methylene blue) by electrostatic interaction to achieve
adsorption removal. Experiments showed that the quantitiy
of adsorbents, pH, contact time, temperature and initial
concentration of MB have an important effect on MB in
PZD adsorption solution, and its shows that the substance
is a novel adsorbent capable of effectively separating MB
dye from an aqueous solution. The results of kinetic experi-
ments show that the adsorption of adsorbed MB dye by PZD
microspheres can better conform to the quasi-second-order
dynamic model. In the further analysis under the Weber par-
ticle diffusion model, the process of adsorbing MB dye by
PZD microspheres can be divided into intraparticle diffusion
and film diffusion. Besides, The model also shows that the
main step in the rate of adsorption is not intramolecular dif-
fusion. Thermodynamic experiments show that the adsorp-
tion of MB on PZD microspheres is spontaneously carried
out by endotherm. Numerous N, P, S atoms are contained
in PZD microspheres. As well as the electrostatic attraction
and n—x stacking between PZD microspheres and MB dyes
are the main reasons for efficient adsorption. The new PZD
microspheres synthesized in this project are expected to be
used for the treatment of cationic dyes in wastewater.
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