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Abstract

In the present study, we prepared a newly adsorbent, Chitosan (CTS) and sodium lignosulphonate (SLS) were added as
monomers for the copolymerization of acrylic acid (AA), then ammonium persulfate (APS) bisacrylamide (NMBA) as a
cross-linking agent, under the premise of ultrasound mixed uniformly prepared lignin-based hydrogel. The hydrogel samples
were characterized by SEM, FT-IR and TG analysis. Finally, the samples were applied to the adsorption of heavy metal ions
Cu* and Co®*. The influences of external environmental factors such as pH value, adsorption time, adsorbent dosage and
initial concentration of heavy metal ions on the adsorption process were discussed. It was found that the optimum pH value
for the adsorption of two heavy metal ions was close to 6, and the adsorption kinetics was found to fit the pseudo-second-
order model and the isotherm model was fitted to the Freundlich model. Among them, the adsorption capacity of Co*" is

385 mg g~! and Cu?* is 290 mg g~ ".
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1 Introduction

Heavy metal ions themselves have high toxicity, it will dena-
ture the protein, causing great harm to the health of plants
and animals [1-4]. Heavy metal ions are non-biodegradable
and have a cumulative effect, which causes great harm to the
environment and human health. Through the enrichment of
the food chain, heavy metal ions eventually reach the human
body, destroying the activity of proteins and enzymes, affect-
ing their function and causing diseases in humans. Studies
have shown that serious diseases such as cancer, leukemia,
dementia and even death can result even in low concentra-
tions [5—10]. Therefore, the removal of heavy metal ions
in wastewaters has become one of the major problems in
the management of the environment in the world today. Its
importance and necessity are unspeakable. Today there are
many ways to remove heavy metal ions, such as chemical
precipitation [11], ion exchange [12], membrane separation
[13] and adsorption [14-20]. The above method to remove
ions is still good, but most methods also exist a big flaw.
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There are secondary pollution, energy consumption, and
complex operation. Adsorption is currently considered one
of the best ways to treat heavy metal ions because of its
low cost, ease of operation, and environmental friendliness,
and high efficiency even at low concentrations. It is widely
used to remove heavy metal ions from aqueous solutions.
Adsorption of heavy metals wastewaters treatment, adsorp-
tion materials mainly concentrated in zeolite and diatomite
and other inorganic adsorbents, functionalized porous mate-
rials, fibers and resins and other organic adsorbents and acti-
vated carbon and ash and other carbonaceous adsorbents
[21]. However, the experimental cost is high, the separation
is difficult, the reaction speed is slow, and the adsorption
capacity of water samples with extremely high or very low
concentration is limited [22, 23]. As a new type of polymer
material with three-dimensional network structure, hydrogel
have good water permeability, biocompatibility and degra-
dability due to their ability to sense and respond to changes
in environment, and can introduce different chelating groups
as needed. Has been widely used in agriculture, forestry,
horticulture, industry, agriculture, biomedicine, pharmacy
and other fields [24-26]. As a new environmentally friendly
adsorbent, hydrogel provide a new way to solve the prob-
lem of heavy metal ions pollution in water. As a highly
effective absorbent gelling resin, preparation methods and
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adsorption properties of acrylic acid-acrylamide hydrogels
have received much attention. However, the influence of
external environment on their adsorption properties is still
lack of systematic research. Temperature, pH, ionic strength
and other external conditions can affect the hydrogel adsorp-
tion of heavy metal ions [27]. The reticular structure shows
some excellent properties, which provides a convenient way
to change the properties of natural polymer based materials
[28, 29]. There are many ways to synthesize superabsorbent
polymers, such as free radical solution polymerization [30],
electrospinning [31] and reverse phase suspension polym-
erization [32]. Ultrasound synthesis with the advantages
of being fast, simple and convenient to manipulate is con-
sidered an important and effective technique over other
methods. Due to the advantages of the ultrasound synthesis
method, more and more studies have been reported [33, 34].
At present, superabsorbent polymers have been widely used
in various fields such as hygiene products [35], agriculture
[36] and drug delivery systems [37, 38] and wastewater
treatment [39, 40]. The aim of this experiment was to pre-
pare excellent hydrogel by the excellent properties of sodium
lignosulphonate, using a supra-assisted approach and by
orthogonal optimization. Discussing the hydrogel swelling
properties, including pH sensitivity, water retention and so
on. In addition, to broaden the field of application, hydrogel
serves as adsorbents for the adsorption of cobalt ions and
copper ions and evaluates the adsorption effect as a function
of contact time, solution pH and initial concentration.

2 Experimental
2.1 Materials

Chitosan (CTS, Hubei Yuancheng Pharmaceutical Co.,
Ltd.) was dissolved by magnetic stirring at 60 °C. Sodium
lignosulfonate (SLS, Shanghai Tingruo Chemical Co., Ltd.)
and acrylic acid (AA, Tianjin Dingshengxin Chemical Co.,
Ltd.) were polymers monomer. Ammonium persulfate
(APS, Shanghai Suran Chemical Reagent Co., Ltd.) was as
an initiator. N'N-Methylenebisacrylamide (NMBA, Sinop-
harm Chemical Reagent Co., Ltd, Shanghai, China) was as
a cross-linking agent. The other agents in the experiment
were purchased from Nanjing Chemical reagent Co., Ltd,
such as Sodium hydroxide, Ethanol. All aqueous solutions
used for polymerization reactions, swelling and adsorption
study were prepared with deionized water.

2.2 Preparation of the Hydrogels
Ultrasound-assisted synthesis of hydrogels in this experi-

ment: Weighing NaOH into the beaker in an ice-water bath
and neutralize it by dropping AA, while the glass rod was
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Table 1 The 4-element 3-level orthogonal experiment design

L9(43) Factors

A) B) © D)

CTS/g Initiator/g Cross-linker/g SLS/AA/%
1 A; 0.1 B, 0.0087 C, 0.0011 D, 4
2 A; 0.1 B, 0.0145 C,0.0017 D, 6
3 A; 0.1 B; 0.0203 C;0.0023 D; 8
4 A, 0.2 B, 0.0087 C, 0.0017 D58
5 A,0.2 B, 0.0145 C;0.0023 D, 4
6 A, 0.2 B; 0.0206 C, 0.0011 D, 6
7 A;03 B, 0.0087 C;0.0023 D, 6
8 A;03 B, 0.0145 C, 0.0011 D58
9 A;0.3 B; 0.0203 C, 0.002 D, 4

ammonium persulfate
stir Chitosan

sodium lignin N,N-methylenebisacrylamide
sulfonate

l ultrasound 333K 3h

hydrogels ————» ﬁ

Fig. 1 Hydrogel synthesis schematic

constantly agitated in the process. Then CTS, SLS, NMBA
and APS followed by adding to the solution, the full mixing.
The mixture was then placed in a sonicator and the tempera-
ture was adjusted to 65 °C and the reaction was completed
by sonication for 3 h. Finally, the resulting hydrogel was
soaked in absolute ethanol for 24 h to remove unreacted
monomers. The sample was dried to constant weight in a
vacuum oven at 80 °C, and the dried sample was completely
crushed to obtain the size of the object in the range of 40-60
mesh. The amounts of the above reagents were arranged
according to the following orthogonal design Table 1. Fig-
ure 1 shows a schematic diagram of hydrogel synthesis.

2.3 Measurement of Swelling Properties
of the Hydrogel

A certain quality of the dry sample was immersed in aqueous
solution such as deionized water until the swelling behavior
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was achieved a balance at room temperature. The swollen
sample was then filtered through a 120-mesh nylon tea bag
to take carefully out the unabsorbed water, which next was
stood for 10 min to ensure that the weight of hydrogel was
unconverted. The water absorbency of hydrogels were cal-
culated by the following equation:

my —nmy

0, = T €))
where m; (g) and m, (g) represent the weight of the dry
sample and swollen sample, respectively. Q, (g g™!) was
calculated as grams of water per gram of sample. Measure-
ments were carried out three times for all samples and the
average results were shown in the paper.

2.4 Measurement of Adsorption Properties
of the Hydrogel

A certain amount of dry sample was added to 50 ml
250 mg/L Co?* solution and 50 ml 250 mg/L Cu?* solu-
tion, respectively, which had been prepared. Then placed
in a thermostatic shaker until adsorption equilibrium was
reached absolutely. The residual Co*" concentration and
Cu®* concentration in the solution were measured with a
TAS-986 atomic absorption spectrophotometer. The hydro-
gel adsorption capacity was calculated by the following
equation:

(c,-c)v

2
I @)

9. =

C, (mg L™ and C. (mg LY represent the initial concen-
tration and equilibrium concentration of heavy metal ions in
the solution, q, (mg g~!) is the adsorption capacity of heavy
metal ions on the adsorbent, the volume of solution and the
weight of adsorbent were used for M (g).

2.5 Characterization of the PVA-P (AA-co-AM)

The Fourier-transform Infrared(FT-IR)spectra of samples
were measured using a Nicolet Nexus 470 spectrometer
(Nicolet, USA) in the wavenumber range of 400-4000 cm™!
by the KBr-disk method that a quality of samples were thor-
oughly ground with dried KBr (mass ratio~ 1:100) .

The micro-morphology analysis of samples were studied
using a field emission Scanning Electron Microscope (SEM)
JSM-7001F (Jeol Ltd, Japan). The dried samples were cov-
ered with a layer gold and imaged at an accelerating voltage
of 15.0 kV.

The thermogravimetric analysis (TGA) of samples were
evaluated using an STA 449C integrated thermal analyzer
(Netzsch, Germany) with a heating rate of 5 °C min~! from
20 °C to 800 °C in a nitrogen atmosphere.

Table 2 The results of Ly (4%) experiment

L9(43) Factors Water absorbent rate (g g’l)
A B C D Deionized water/Q,
1 A, B, C D, 986
2 A B, C, D, 643
3 A B, C; D, 418
4 A, B, C, D, 818
5 A, B, C; D, 607
6 A, B, C, D, 770
7 Ay B, C; D, 750
8 Ay B, C, D, 527
9 As B; C D, 405

Table 3 The range analysis of the L (4°) experimental results

Analysis A B C D

k, 682.33 851.33 761 666

k, 731.67 592.33 622 721

ks 560.67 531 591.67 587.67
R 171 320.33 169.33 133.33
Optimal level A, B, C, D,

3 Results and Discussion

3.1 Results and Range Analysis of Orthogonal
Experiments

In the experiment, it is the use of ultrasound to accelerate
the collision between liquid molecules and the cavitation
effect of the free radical to synthesize the reaction. By
orthogonal design to optimize the experimental condi-
tions, resulting in the best performance of the hydrogels.
The results of the orthogonal experiments were shown in
Table 2, where each Q, is the average of the experiments.
Table 3 for the orthogonal test results of the intuitive
analysis, it can be drawn from Table 3, the main impact
of the size of the relationship between factors: amount of
initiator > amount of linker > amount of CTS > SLS / AA
mass ratio. Therefore, the optimal ratio of A,B,C,D, was
obtained, thus a new sample was synthesized, and its mag-
nification of absorbing deionized water was 1120 g g~!.

3.2 Characterization Analysis of the Hydrogel

3.2.1 SEM

As shown in Fig. 2, the different parts of the experi-
mental hydrated samples were observed under different
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Fig.2 Lignin-based hydrogel scanning electron micrograph

magnifications scanning electron microscope. From
the figure we can clearly see that the surface of sample
has holes of different sizes, uneven distribution and the
depths of the hydrogels are also different. It can also be
observed from Fig. 2a and c that the surface of the hydro-
gel has folds. The surface structure of all the folds and
holes determines the large specific surface area and the
effective contact area of the hydrogels so that the hydro-
gels adhesive greatly enhance the adsorption capacity. In
summary, it shows that the experiment has successfully
obtained hydrogel.

3.2.2 FT-IR

Figure 3 shows infrared spectra of lignin-based hydrogel (a),
chitosan (b) and sodium lignosulfonate (c). In the infrared
spectrum of chitosan (b), the peak of —OH absorption at
3580 cm™!, the stretching vibration of -NH, at 2908 cm™!,
the bending vibration peak of -NH, at 1683 cm™", the peak
at 1509 cm™"' And 1057 cm™! ether bond absorption band,
770 cm™! at a typical C-H bending vibration peak; sodium
lignosulfonate (c) the main characteristic absorption peaks
are: 3414 cm™! at the hydroxyl O—H stretching vibration
peak at 2927 cm™! for the C—H stretching vibration band, the
two strong absorption peaks at 1586 cm™' and 1239 cm™!
are typical aromatic ring absorption vibration peaks at
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Fig.3 FT-IR image of lignin-based hydrogel (a), chitosan (b) and
sodiumlignosulfonate (c)

1109 cm™! S=0 antisymmetric Stretching vibration peak,
the strong absorption peak at 1039 cm™! is —SO;™ asymmet-
ric stretching vibration peak at 900 cm™! is the S-O absorp-
tion vibration peak; curve a, lignin-based hydrogel samples
at 3614 cm™! A strong absorption peak of ~OH appeared at
2944 cm~! and 1735 cm™!, respectively. The aromatic ring
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absorption peak at 1474 cm™~! show aromatic ring structure
at 1374 cm™!, 1135 cm™" and 814 cm™! at the sulfonic acid
group characteristic absorption peak. In summary, experi-
ments using chitosan and sodium lignosulfonate have been
successfully prepared lignin-based hydrogel.

3.2.3 TG/DTG

Figure 4 shows the thermogravimetric plot of sodium ligno-
sulphonate, chitosanand the hydrogels prepared experimen-
tally, where TG is the thermogravimetric curve and DTG
is the differential thermogravimetric analysis curve for the
corresponding TG. The thermal decomposition of sodium
lignosulfonate mainly consists of three stages, the first stage
(43.3 °C-149.9 °C), from the figure we can see that this
stage pyrolysis rate is slower, mainly free water and com-
bined water evaporation; the second stage occurs between
149.9 °C and 241.1 °C. This stage is mainly the process
of depolymerization of sodium lignosulfonate with weight-
lessness and vitrification. The third stage occurs between
241.1 °C and 442.3 °C. Within this temperature range, the
lignin sulfonate heat loss is the most obvious, at 272.5 °C,
the rate of weight loss reach the highest, at this time the
volatiles account for about 45% of its total amount, is the
most important phase of lignin sulfonate pyrolysis. The
thermogravimetric analysis of chitosan showed that when
the temperature reached 55.1 °C, the chitosan begin to lose
weight and take the water off. Under the temperature range
of 260.3 °C-343.7 °C, the weight loss of chitosan was the
most obvious. At 308.3 °C, the thermal decomposition rate
of chitosan reached the maximum. Thermal analysis of the
hydrogel samples showed that the hydrogel begin to lose

DTG(%/min)

TG (%)

20 0 50 50
TCC)

Fig.4 Thermogravimetric analysis of sodium lignosulfonate (a), chi-
tosan (b) and lignin based hydrogel (c)

moisture at 86.7 °C, and the weight loss rate was relatively
slow. When the temperature reached 454 °C, the weight loss
rate reached the maximum. It can be shown that compared
with sodium lignosulphonate and chitosan, lignin-based
hydrogels synthesized from them have higher thermal
stability.

3.3 Study on the Properties of Hydrogel
3.3.1 Effect of pH on the Absorption Capacity of Hydrogel

As can be seen in Fig. 5, the pH of the solution is in the
range of 1-6. As the pH increasing, the amount of metal ions
also increases. From this, it can be seen that under acidic
conditions, supramolecular hydrogel adsorption capacity is
stronger. This is due to the following balance in solution:

R - NH;* & R—NH, + H*

R — NH, + Me** & R - NH,Me

Lignin-based hydrogels contain -NH,, which under
acidic conditions, combines with H* in solution to form a
cationic group, -NH;", hindering similarly charged metal
ions from moving closer to the molecular chain, while H*
also competes with heavy metal ions adsorption site, result-
ing in reduced hydrogel adsorption capacity.

3.3.2 Effect of Reaction Time on the Adsorption Capacity
of Hydrogel

Figure 6 shows that when the reaction time is within
0-60 min, the adsorption capacity of hydrogel rapidly
increases with the increase of reaction time. When the reac-
tion time is between 60—80 min, the adsorption capacity of
hydrogel to Co** gradually increased with the reaction time
and tended to balance. While the adsorption amount of Cu*

400
—re— Cu*"
—v— Co*"
300
_I‘UD
on A
é 200
=
100
0F
1 2 3 4 5 6

Fig.5 Amount of metal ions adsorbed by hydrogels at different pH
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Fig.6 Amount of metal ions adsorbed by hydrogels at different reac-
tion times

no longer changed, it indicates that the adsorption of Cu**
has reached saturation. When the reaction time reached more
than 80 min, the adsorption capacity of Co** also basically
no longer change, indicating that the adsorption of Co** also
has reached saturation.

3.3.3 Effect of Adsorbent Dosage on the Adsorption
Capacity of Hydrogel

As shown in Fig. 7 in other conditions remain unchanged,
when the amount of adsorbent in the range of 0-0.015 g, the
increase in the amount of adsorbent solution is conducive
to the adsorption of hydrogel. Within this range, the adsor-
bent will provide more sites for adsorption as the amount of
adsorbent increases, resulting in an increase in the amount of
adsorbed hydrogel. When the amount of adsorbent exceeds

° —— Cu™|
360 —e—Co™’
~ 300}
—'cn *
o0
)
& 240}
180 |

0.00 0.01 0.02 0.03 0.04 0.05
Adsorbent dose

Fig.7 Amount of metal ions adsorbed by hydrogels at different
adsorbent loadings
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0.015 g, the amount of adsorbed hydrogel decreases with
the increase of the amount of adsorbent, which is probably
because the amount of adsorbent is very high, however, the
concentration of metal ions is still unchanged, resulting in
many of the adsorption sites in the hydrogel because there
is not enough metal ions combined with them in an unsatu-
rated state. At the same time, the solution containing high
levels of adsorbent cause the role of aggregation between
them, resulting in a large number of empty adsorption sites,
resulting in the adsorption of hydrogel decreased. It can
also be observed from the figure that the adsorption capac-
ity of hydrogel is the best when the adsorbent dosage is up to
0.015 g, no matter Cu>* or Co?*. Among them, the adsorp-
tion capacity of Co?* is 385 mg g~! and Cu®** is 290 mg g~ .

3.3.4 Effect of Initial Concentration of Metal lons
on the Absorption Capacity of Hydrogel

Figure 8 shows that the adsorption of both ions by the lignin-
based hydrogel increases with the initial concentration of
metal ions within the experimental range when the other
reaction conditions are not changed, and its adsorption
capacity for Co?* better than Cu®*. The results show that
the amount of the hydrogel adsorbed in a concentration-
dependent manner. When the concentration of metal ions
increases, the mass transfer power such as ion exchange and
electrostatic attraction between solid and liquid phases also
increases, which makes the adsorption of metal ions are
more likely to overcome resistance.

3.4 Adsorption Kinetics on Co?* lons and Cu?* lons

Figures 9a and 10a show the effect of contact time on the
adsorption capacity of hydrogels to Co*" ions or Cu" ions.

500 |
—w—Co™"
—~— Cu?"
400 |
300 |
200 |
0 300 600 900 1200

Co(mg L)

Fig.8 Amount of adsorbed hydrogels at different initial concentra-
tions of metal ions
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Fig.9 a Effect of contact time on the Co?* ions adsorption. b Pseudo-first-order kinetic model. ¢ Pseudo-second-order kinetic model
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Fig. 10 a Effect of contact time on the Cu?* ions adsorption. b Pseudo-first-order kinetic model. ¢ Pseudo-second-order kinetic model
It can be concluded from the figure that the adsorption  Table4 Adsorption kinetic parameters-Co?* ions
speed at the begmmng 18 Yery hlg.h,. and the adsorption rate Pseudo-first-order kinetic model ~Pseudo-second-order kinetic
decreases gradually with time until it reaches a steady state. model
The reason for this phenomenon is that as the time increases, — S
the adsorption site gradually decreases, the resistance of <1 (min _)1 003252 k(g mg_l min~") 0.000256
heavy metal ions entering the hydrogel begins to increase, ~ 9 (M€ 315.06 qe (mgg™) 413.22
o : g R? 0.9609 R? 0.99582
resulting in a decrease in speed. Adsorption kinetics model : :
is usually used to describe the adsorption rate, in this experi-
ment it was used two kinetic models: pseudo-first-order and
pseudo-second-order. The adsorption mechanism of hydro-  Table5 Adsorption kinetic parameters-Cu®* ions
gels on heavy H?etal' ions adsorption was dls'cussed by ‘?ata Pseudo-first-order kinetic model ~ Pseudo-second-order kinetic
processing of kinetic model. The data obtained from time model
were plotted in the pseudo-first-order and pseudo-second- — —
order kinetic models b and c in Figs. 9 and 10, respectively. X1 (min )1 002835  k,(gmg 1 min™") 0.00324
The equations for the two kinetic models are: q. (mgg™) 108.78 q. (mgg™) 308.64
R? 0.89828  R? 0.99793

In(g, — q,) =Ingq, — k;t 3)
t_ 1t A
4q; k2q§ qe ( )

where g, represents the adsorption capacity at equilibrium,
q, represents the amount of heavy metal ions adsorbed at
time t, k; and k, are the rate constants for the pseudo-first-
order and pseudo-second-order kinetic models, respectively,
and two ion adsorption kinetics fitting parameters powers are

listed in Tables 4 and 5. It can be concluded from the results
that the correlation coefficient (R?) of the pseudo-second-
order kinetic model is higher than that of the pseudo-first-
order kinetic model (R?). In addition, the theoretical maxi-
mum adsorption (q.) calculated by the pseudo-second-order
kinetic model is closer to the experimental results than the
pseudo-first-order kinetic model. Therefore, the adsorption

@ Springer



2552

Journal of Inorganic and Organometallic Polymers and Materials (2018) 28:2545-2553

process is more in line with the pseudo-second-order kinetic
model. It shows that the adsorption of heavy metal ions on
the hydrogel is chemisorption.

3.5 Adsorption Isotherm on Co?* lons and Cu?* lons

Figures 11a and 12a respectively show the influence of the
initial concentration on the adsorption of hydrogel on Co**
ions and Cu** ions. Both plots show that as the initial con-
centration increases, the amount of adsorption increases.
This also explains that the concentration gradient increases
with increasing initial concentration. The isotherm model
was used to analyze the interaction between the molecules
and the adsorbent surface. Two common adsorption iso-
therm models (Langmuir and Freundlich adsorption iso-
therm models) were used to analyze the adsorption of both
ions. Use the two models to draw a curve with the initial
concentration as the independent variable. Figure 11b and

¢ are two adsorption models of Co®* ions, and Fig. 12b and
¢ are two adsorption models of Cu®** ions. The equations
for these two adsorption models are as follows:

CE 1 Ce

KiGw  Gn )

1
Ing, _anf+;lnce 6)
q. (mg g7 and C, (mg L™!) are the adsorption amount
and concentration of metal ions in solution at equilibrium,
respectively. q,, (mg g~!) is the theoretical maximum adsorp-
tion capacity. K; and K; are the constants of the Langmuir
and Freundlich isotherm models, respectively, and n is the
heterogeneity factor. The parameters for the Langmuir and
Freundlich isotherms were listed in Table 6. It can be con-
cluded from the data in Table 6 that the Freundlich isotherm

525
2.0
» b 6.2 c
450
15l Langmuir
) 6ol Freundlich
"o 375 2
g § 1o g
= = 58}
3001 05
5.6
v
225 1 1 1 0'0 1 1 1 1 1
0 300 600 900 1200 200 400 600 800 1000 L L L L L
-1 4.0 . 5.6 6.4 72
Cy(mg L) Ce(mgL™) InCe
Fig. 11 a Effect of initial concentration on the Co** ions adsorption; b Langmuir isotherm model. ¢ Freundlich isotherm model
6.0
315t a 3 b ¢
58}
Langmuir
~  300f . 2f Freundlich
“on %- § 5.6
g © -
= saf
2251 1+
52}
v
150 L L L 0 L L L L L L L L L
0 300 600 900 1200 0 300 600 900 1200 40 48 56 64 72
Comg L) Ce(mg L) InCe
Fig. 12 a Effect of initial concentration on the Cu* ions adsorption; b Langmuir isotherm model. ¢ Freundlich isotherm model
Table6 Adsorption isotherms Isotherm models Langmuir model Freundlich model
parameters
Parameters q, (mg g_l) K (L mg") R? Kg (L g_l) I/n R?
Cu?* 401.6 0.00750 0.99016 54.59 0.2746 0.99899
Co* 529.1 0.00959 0.98838 103.2 0.2248 0.99502
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model is closer to the ion adsorption process, whereas the
Langmuir isotherm model is difficult to describe the ion
adsorption process. This shows that the process of hydrogel
adsorption of two heavy metal ions is multi-layer adsorption.

4 Conclusion

In this paper, we successfully prepared high-performance
hydrogel by ultrasonic assisted method and optimized the
optimal hydrogel by orthogonal design. Hydrogel has excel-
lent swelling properties, reaching 1120 g g™! in deionized
water. The results show that the hydrogel has good adsorp-
tion properties for cobalt ions and copper ions. At pH 6, the
amount of adsorbent was 0.015 g, the adsorption was about
80 min, and the higher the initial concentration of heavy
metal ions, the stronger the adsorption ability of hydrogel.
Adsorption process is used for chemical adsorption, to meet
the multi-layer adsorption. In conclusion, hydrogels with
many excellent properties will have great application pros-
pects in wastewaters and heavy metal pollution treatment.
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