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Abstract. Dimethylaminoethyl methacrylate maleate (DMAEMA–MA) polymerizable ionic liquid was synthesized
from 2-(dimethylamino)ethyl methacrylate and maleic acid and characterized by 1HNMR and FTIR. IC-P hydrogel was
prepared by hydrothermal synthesis method using 2-acrylamide-2-methylpropane sulphonic acid and acrylamide as
monomers, DMAEMA–MA as crosslinker and potassium peroxodisulphate as initiator. BIS-P hydrogel was prepared by
using N,N0 -methylene bisacrylamide (BIS) as non-ionic crosslinker, and the performances of BIS-P and IC-P hydrogels
were compared. The results showed that IC-P hydrogel had a pore structure similar to BIS-P. When the dosage of
DMAEMA–MA was 1.6% (based on the total mass of monomers), the swelling rate of the prepared IC1.6 hydrogel in
water can reach 235.97%, the conductivity was 58.8 lS cm-1, and the derusting effect of Q235 low carbon steel with rust
grade C could reach grade A. Moreover, DMAEMA–MA could improve the thermal stability of IC-P hydrogel.
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Introduction

Metal materials play a pivotal role in various industries, and
their easy rust characteristics limit their applications [1–4].
Commonly used derusting methods include mechanical
derusting [5], chemical derusting [6,7] and electrochemical
derusting [8]. However, these methods are not only difficult
to handle complex equipments, but also corrode the
equipment itself and cause environmental pollution [9,10].
The emerging technology of hydrogel rust removal can
overcome the above shortcomings of rust removal. However, traditional hydrogels are difficult to meet the needs of
rust removal in terms of adsorption performance, thermal
stability, viscosity and application.
At present, hydrogel rust removal is mainly used for
the cleaning of cultural relics [11–13]. In 1992, Wolbers
[14] found that polyacrylic acid can remove dust and
coating on oil painting surface. Since then, hydrogel has
been developed in the field of bronze rust removal.
Although the compound carbomer hydrogel can remove
the rust marks on the bronzes, it has a complex composition and can form less hydrogen bond sites, resulting in
the loosening of the hydrogel and residual secondary
pollution on the metal surface [15]. Miguel [16] used
N,N0 -methylene-bisacrylamide (BIS) as a crosslinking
agent and acrylic acid and itaconic acid as monomers to
synthesize a hydrogel with excellent liquid absorption

properties, which is resistant to rust and copper has a
good rust removal effect. However, due to poor adsorption performance, this kind of hydrogel cannot rely on its
own rust removal. It needs to absorb acidic aqueous
solution first, and rely on the water retention capacity of
the hydrogel to dissolve the rust, which will cause
environmental pollution. The existing hydrogel has limited rust removal range and complex operating conditions,
and it is urgent to develop a rust removal hydrogel with
strong adsorption performance, high viscosity, simple
operation and universal applicability.
The crosslinking principle of ionic liquids is that the
reactive functional groups contained in the ionic liquid
anion and cations, such as carbon–carbon double bonds,
hydroxyl groups, etc. react with the reactive functional
groups on the monomer to achieve crosslinking. The ionic
liquid crosslinking agent will transfer the advantages of the
ionic liquid itself, such as conductivity [17–19], low
volatility [20–22], thermal stability [23–25], etc., to the
crosslinked polymer, and at the same time, it will increase
the hydrogen bond sites in the crosslinked polymer. It is
beneficial to improve the swelling rate and mechanical
properties of the hydrogel. The disadvantage is that the cost
of ionic liquid crosslinking agent is high, and it is not easy
to degrade in normal environment (especially imidazole
base) [26–28], which will bring environmental protection
pressure.
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This article intends to synthesize an ionic liquid
dimethylaminoethyl methacrylate maleate (DMAEMA–
MA) crosslinking agent, using the intramolecular hydrogen
bond, anion and cation formed by the double bond, carboxyl
group and ester group in the molecule. The electrostatic
interaction between 2-acrylamide-2-methylpropanesulphonic acid (AMPS) and acrylamide (AM) was carried out
to prepare the IC-P hydrogel (AMPS-co-AM) with different
DMAEMA–MA content. The characterization of IC-P was
carried out, discussed the performance difference between it
and the BIS-P hydrogel (AMPS-co-AM) synthesized by BIS
as a crosslinking agent, and investigated the effect of different DMAEMA–MA dosage on IC-P and BIS-P. The
influence of Q235 low carbon steel on the rust removal
performance aims to provide new research ideas for the
application of hydrogel rust removal.

2.
2.1

Experimental
Reagents and instruments

Maleic acid (MA), dimethylaminoethyl methacrylate
(DMAEMA), AM, AMPS, BIS, potassium persulphate
(KPS) were purchased from Energy Chemical.
Avance III 400M NMR spectrometer, Bruker, Switzerland; JSM-6490LV scanning electron microscope (SEM),
Japan Electronics Co. Ltd; Nicolet 6700 Fourier transform
infrared spectrometer (FTIR), Thermo Fisher Scientific;
STA449F3 synchronous thermal analyzer, Germany Netzsch Instrument Manufacturing Co. Ltd; HPS5108 precision
multi-channel resistance tester, Changzhou Haierpa Electronic Technology Co. Ltd; HMLB-400A capillary
rheometer, Jilin Province Huayang Instrument Equipment
Co. Ltd. were used.

2.2

Experimental methods

2.2a Preparation of ionic liquid DMAEMA–MA: DMA
EMA–MA was synthesized according to the step shown in
scheme 1.
Under N2 protection, 6.29 g (0.04 mol) of DMAEMA and
10.00 g of methanol were added to a 100 ml three-necked
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flask, and stirred until all DMAEMA is dissolved, then 2.32
g (0.02 mol) of MA was added, and kept at 40°C for 2 h.
After the completion of the reaction, the reaction solution
was transferred to a beaker, cooled and crystallized at low
temperature for 2 h, and the reaction solution was filtered
under reduced pressure and the filter cake was washed three
times with methanol. The filter cake was dried at 50°C for 3
h to obtain white needle-like crystal powder DMAEMA–
MA with a yield of 86%. 1HNMR (400 MHz, CDCl3), d:
1.95 (s, 6H), 2.90 (s, 12H), 3.44 (t, J = 4.0 Hz, 4H), 4.54 (t,
J = 4.0 Hz, 4H), 5.66 (m, 2H), 6.16 (s, 2H), 6.27 (s, 2H).
2.2b Preparation of hydrogel: Under N2 protection, 1.2
g (0.0058 mol) AMPS, 2.8 g (0.0394 mol) AM, 10 mg KPS
(dissolved in 1 ml H2O) and 0.064 g ionic liquid crosslinker
DMAEMA–MA were added in 6.0 g of deionized water
(dosage accounts for 1.6% of the total monomer mass, the
same as below) and mix well. After reacting to 60°C for 3 h,
an elastic and transparent IC-P hydrogel was obtained,
which was recorded as IC1.6.
The preparation methods of other hydrogels are the same
as IC1.6, just change in the dosage of ionic liquid
crosslinking agent DMAEMA–MA, and the dosage of
DMAEMA–MA is 0, 0.2, 0.4 and 0.8%. The products are
named as IC0, IC0.2, IC0.4 and IC0.8. To compare the performance of IC-P using 0.4% of the total monomer mass of
BIS instead of DMAEMA–MA as the crosslinking agent,
the same method was used to synthesize the BIS-P hydrogel, named BIS0.4, and the amount of BIS continued to
increase. It has little effect on the performance of the
hydrogel, so, BIS0.4 was chosen as the control sample.

2.3

Testing and characterization

SEM: Surface of the sample is sprayed with gold before the
test, and the test voltage is 20 kV. FTIR: the dried block
hydrogel was placed into the agate, ground and crushed,
passed through a 60-mesh sieve, and then performed the
KBr tableting method with a scanning range of 4000–500
cm-1. TGA: tested under a nitrogen atmosphere at a heating
rate of 10°C min-1, and the test temperature 40–450°C.
Swelling performance test: Accurately weighed a dry
sample of a certain quality and the liquid in water is
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absorbed to saturation. The remaining liquid on the surface
of the gel was wiped quickly with filter paper and weighed.
The swelling rate is calculated according to equation (1)
[29,30].
Ws  Wd
SR ¼
 100% ;
ð1Þ
Wd
where SR is the swelling rate, %; Ws the mass of the sample
when it absorbs water to a saturated state, g; and Wd the
mass of the dried sample, g.
Conductivity test: The dried sample is made into a rectangular parallelepiped of certain specifications. The two
electrodes of the resistance meter are in contact with both
sides of the copper sheet, and the copper sheet is closely
attached to both sides of the sample to determine the indicator number of the resistance meter, and the conductivity is
calculated according to equation (2).
r¼

l
;
RA

ð2Þ

where r is the conductivity, lS cm-1; l the length of the
sample, cm; R the resistance, mX; and A is the cross-sectional area, cm2.

2.4

Derusting experiment of hydrogel

According to GB-8923-88 method [31], make the Q235
low-carbon steel plate with the size of 2.5 cm 9 2.5 cm 9
0.1 cm rust. First, coarse sandpaper is used to remove the
oxide layer and impurities on the surface of the steel plate.
Then, wet the metal surface with a small amount of NaCl
(mass fraction of 1%) to make the surface of the steel plate
rust, and repeated the above operation for every 8 h, repeated for 3 d, so that the corrosion level of the steel plate
reaches the C level.
The rust removal performance of the above-synthesized
six hydrogels, namely, IC0, IC0.2, IC0.4, IC0.8, IC1.6 and
BIS0.4 were investigated, respectively. The operation process is as follows: first, the six synthetic hydrogels were
washed three times with distilled water to remove unreacted
monomers and impurities on the surface of the hydrogel; the
washed hydrogel was spread on the surface of the rusty steel
sheet, and compacted to make the surface of the hydrogel to
contact completely with the iron sheet; then, the iron sheet
covering the hydrogel was dried at 40°C for 4 h; finally, the
hydrogel was removed from the iron sheet to observe the
rust removal effect of different hydrogels.

were obtained, and the hydrogel shear viscosity values were
obtained after the addition of different crosslinking agents.

3.
3.1

Shear viscosity test of hydrogel

Rheology test: first, the hydrogel was cut into several small
particles; then, the hydrogel was placed into the bucket of
rheometer to heat and melt. The shear viscosity test was
started at 180°C, and the viscosity and displacement curves

Results and discussion
Structural characterization of hydrogel

3.1a FTIR analysis of hydrogel: FTIR spectra of AM,
AMPS, DMAEMA–MA, BIS0.4, IC0 and IC1.6 are shown in
figure 1. It can be seen from figure 1 that IC0, BIS0.4 and
IC1.6 have the amide N–H stretching vibration absorption
peak at 3425–3180 cm-1. Among them, the absorption peak
at 3239 cm-1 is the stretching vibration peak of the
secondary amide N–H on AM, and the absorption peaks at
3359 and 3180 cm-1 are attributed to the antisymmetric and
symmetric stretching vibrations of the primary amide N–H
on AMPS, respectively [32]. At the same time, at 1135 and
1050 cm-1 on IC0, BIS0.4 and IC1.6, AMPS –SO3- group
antisymmetric and symmetric vibrational adsorption peaks
appeared [33]. In addition, the C=C group of AM and
AMPS at 1670 cm-1 disappeared in the spectra of IC0,
BIS0.4 and IC1.6. The absorption peaks at 3425 and 1722
cm-1 can be attributed to the amino N–H stretching
vibration peak and the ester group C=O stretching
vibration absorption peak of DMAEMA–MA [33],
respectively. These peaks also appear in IC1.6. It is not
found on the spectrum of IC0 and BIS0.4. At the same time,
the absorption peak of DMAEMA–MA alkenyl group
disappeared in the IC1.6 spectrum. In summary, the IC0,
IC1.6 and BIS0.4 hydrogels have been successfully
synthesized.
3.1b SEM analysis of hydrogel: SEM test results of each
group of hydrogels are shown in figure 2. It can be seen
from figure 2 that when the amount of DMAEMA–MA is
zero, the synthesized hydrogel has non-specific structures,
the surface shows a faulted structure, and there are no pores,
indicating that the polymer molecules are linearly arranged
(figure 2a). When the dosage of DMAEMA–MA was
increased to 0.2%, the morphology of the hydrogel IC0.2
changed significantly, a three-dimensional channel structure
appeared, but there were still faults (figure 2b), indicating
that the addition of DMAEMA–MA can make the hydrogel
to form cross-links inside the molecules, and thus, a pore
structure appears in the topography.

3.2
2.5

183

Performance analysis of hydrogel

3.2a Swelling analysis of hydrogel: After swelling to
saturation in water, the appearance of IC-P hydrogel has a
certain change. Figure 3 is a comparison diagram of IC1.6
before and after swelling to saturation in water. It can be
seen from figure 3 that after fully absorbing water, the IC-P
hydrogel presents a transparent gel state, the volume is
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Figure 1.

FTIR spectra of AM, AMPS, DMAEMA–MA, BIS0.4, and IC–IC1.6.

obviously swelled, and becomes soft, but it can maintain a
certain shape.
The swelling rate (SR) of IC0, IC0.2, IC0.4, IC0.8, IC1.6 and
BIS0.4 hydrogels in water are shown in table 1. It can be
seen from table 2 that when the amount of DMAEMA–MA
increased from 0 to 1.6%, the SR of the IC-P hydrogel
increased from 115.78 to 235.97%. The results show that
DMAEMA–MA as a crosslinking agent, and has a certain
effect on the swelling performance of the IC-P hydrogel. As
shown in figure 2 and table 1, when the content of
DMAEMA–MA increases, the pore structure inside the ICP hydrogel becomes more obvious. A lot of water can enter
its interior through the pores. It is worth noting that the SR
of BIS0.4 is only 46.67% which is significantly lower than
that of IC0.4. This is because the ionic crosslinking weakens
the mechanical properties of the cross-linked structure [34],
making it easier for water to be absorbed into the IC-P
hydrogel through the rapid swelling of the pores, greatly
improving its swelling performance. Therefore, the ionic
bond cross-linked structure can greatly improve the swelling performance of the cross-linked polymer.
It is found that the IC-P hydrogel not only has swelling
properties in aqueous solutions, but also has a certain
swelling ability in some organic solvents, and this swelling
ability has nothing to do with the dielectric coefficient of
organic solvents, as shown in table 3. When comparing the
swelling ability of BIS0.4 and IC0.4 hydrogels in different
organic solvents, it is found that the BIS0.4 hydrogel cannot
swell in organic solvents, while IC0.4 can swell in organic
solvents, such as acetic acid and tetrahydrofuran. This is

because the cross-linked DMAEMA–MA in the IC-P
hydrogel is in a certain ionization state, and it can be dissolved in acetic acid or tetrahydrofuran, causing it to be
cross-linked in the polymer skeleton, so that the polymer
backbone will react to these organic solvents resulting in the
enhanced affinity [35,36].
Generally, the swelling behaviour of hydrogels has a
certain pH response. By changing the pH value of aqueous
solution, the swelling capacity of different IC-P hydrogel
samples under different pH conditions was studied, as
shown in figure 4. In acidic environment (pH = 1), with the
increase in ionic liquid content, the SR value gradually
increases, but the SR value is very low, only about 50%; in
an alkaline environment (pH = 14), with the increase in the
amount of ionic liquid added, although the SR value is
greater than that under acidic conditions, the SR value is
still lower than that in a neutral environment. This is due to
the formation of hydrogen bonds in the cross-linked network of the IC-P hydrogel in an acidic environment. The
existence of hydrogen bonds limits the movement or
relaxation of the cross-linked structure [37], thereby
inhibiting the swelling performance in water, causes SR to
drop. In an alkaline environment, the –COO- and Na?
provided by DMAEMA–MA form sodium maleate [38],
which enhances the osmotic pressure of the IC-P hydrogel,
making the SR under alkaline conditions stronger than
acidic conditions. It is worth noting that the SR of the
hydrogel at pH = 7–8 is higher than that of acid or alkali.
This may be due to the fact that there is neither hydrogen
bond restriction nor external osmotic pressure inside the
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Figure 2. SEM images of the samples. (a) IC0; (b) IC0.2; (c) IC0.4; (d) IC0.8; (e) IC1.6; and
(f) BIS0.4.

hydrogel, and the internal osmotic pressure caused by
sodium maleate in the alkaline condition counteracts the
external osmotic pressure, so that the water absorption
capacity of the material under alkaline condition is slightly
lower than that of the neutral condition.
The swelling rate of the hydrogel in aqueous solutions at
different temperatures is shown in figure 5. It can be seen
from figure 5 that temperature changes have almost no
effect on the swelling performance of BIS0.4, while the
swelling capacity of IC0.4 and IC1.6 hydrogels will increase
with the increase in temperature, and the temperature
response of IC1.6 hydrogel was more obvious. This is
because the affinity of DMAEMA–MA polymer for water
itself is affected by temperature. The higher the temperature, the stronger the hydrophilicity of DMAEMA–MA
[39]. When DMAEMA–MA is used as a crosslinking agent,
the IC-P hydrogel also has corresponding temperature
responsiveness.

3.2b Thermal stability analysis of hydrogels: TGA
curves of IC0, IC0.2, IC0.4, IC0.8, IC1.6 and BIS0.4
hydrogels are shown in figure 6. It can be seen from
figure 6 that the thermal decomposition of all samples can
be divided into three stages. In the first stage (40–180°C),
the main cause of weight loss is the rupture of hydrogen
bonds in the polymer molecule due to the evaporation of
bound water. The difference in weight loss at this stage can
be attributed to the different contents of hydrogen bonds in
the polymer. In the second stage (200–330°C), the weight
loss is mainly due to the thermal decomposition of the main
chain of polymer molecules. The hydroxyl groups in AMPS
are removed in the form of water molecules, and finally, the
hydrogel becomes nearly stable intermediate compounds.
However, the higher weight loss of IC0 can be attributed to
the lack of cross-linked structure inside the polymer
skeleton, and the main chain molecules decompose more
violently under heat. The third stage (300–450°C) is mainly
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Figure 3. Comparison of IC1.6 hydrogel before and after water absorption. (a) Dry sample before water absorption
and (b) samples swelled by water saturation.
Table 1. Effect of crosslinking agent addition on the pores of
hydrogel.
Hydrogel

Swelling rate (%)

Number of channels

IC0
IC0.2
IC0.4
IC0.8
IC1.6

Table 2.

Table 3. Swelling ratio of BIS0.4 and IC0.4 hydrogels in different
organic solvents.

Solvent

0
6
10
15
34

Swelling rate of hydrogels in water.

Sample

Wd (g)

Ws (g)

SR (%)

IC0
IC0.2
IC0.4
IC0.8
IC1.6
BIS0.4

2.6733
5.2213
4.2884
4.4591
3.5266
1.7571

5.7685
12.5406
10.7545
11.7296
11.8483
2.5736

115.78
140.18
153.74
163.05
235.97
46.47

caused by the complete decomposition of the hydrogel,
which mainly includes the decomposition of the
intermediate compounds and cross-linked structure of the
hydrogel. The slight weight loss of IC0.2, IC0.4, IC0.8, IC1.6
and BIS0.4 hydrogels at 300–375°C, may be caused by the
decomposition of the cross-linking unit. The results show
that using DMAEMA–MA as a crosslinking agent can
improve the thermal stability of the IC-P hydrogel and
increase the possibility of its use in a high-temperature
environment.

Methanol
Ethanol
Acetone
Formic acid
Acetic acid
Tetrahydrofuran
Acetonitrile
Dimethyl sulfoxide
N-butylamine
Toluene

Dielectric coefficient (e)

BIS0.4

IC0.4

32.7
24.5
20.7
58.5
6.2
7.6
37.5
46.7
4.7
2.4

0
0
0
0
0
0
0
0
0
0

0
0
0
32.8
42.7
13.5
0
8.5
0
0

3.2c Conductivity analysis of hydrogels: Electrical
conductivity is an important indicator for studying
hydrogel materials [40]. The resistance of IC0, IC0.2,
IC0.4, IC0.8, IC1.6 and BIS0.4 hydrogels (all dry samples)
was measured with a resistance tester, and the conductivity
was calculated using equation (2). The data are listed in
table 4, and the conductivity curve is shown in figure 7. The
results show that the addition of ionic liquid has a certain
effect on the conductivity of the hydrogel material. As the
content of DMAEMA–MA increases, the resistance of the
IC-P hydrogel decreases and the conductivity increases.
However, the conductivity of the IC-P hydrogel crosslinked
by DMAEMA–MA is not very high, which is similar to the
results of OHNO [37]. This phenomenon is due to the fact
that both cations and anions are polymerized to the polymer
backbone. Therefore, there is no carrier fluid for charge
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Table 4. Conductivity calculation parameters of IC0, IC0.2, IC0.4,
IC0.8, IC1.6 and BIS0.4.

pH=7
pH=1
pH=14

200

SR/(%)

(2021) 44:183

150
100

Sample

L (cm)

A (cm2)

R (mX)

r (lS cm-1)

IC0
IC0.2
IC0.4
IC0.8
IC1.6
BIS0.4

0.28
0.30
0.31
0.25
0.26
0.35

9.45
9.45
9.46
9.45
9.45
9.45

n.d.
1.638
1.316
0.689
0.468
n.d.

0
19.4
24.6
38.4
58.8
0

50
0
-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
IC-P with different amounts of ionic liquid/(%)

flow in the IC-P hydrogel. Since IC0 and BIS0.4 have high
electrical resistance, their electrical conductivity was not
observed, indicating that the ionic crosslinking structure can
effectively reduce the electrical resistance of the hydrogel.

Figure 4. Swelling rate of IC-P hydrogel samples at different pH
conditions.
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Figure 5. Swelling rates of BIS0.4, IC0.4 and IC1.6 in aqueous
solution at different temperatures.

Research on the mechanism of hydrogel rust removal

The hydrogel prepared above is applied to the rust removal
of Q235 low carbon steel with a rust grade of C. The photos
of the steel sheet before and after rust removal are shown in
figure 8. It can be seen from figure 8 that the rust removal
effect of IC0 and BIS0.4 hydrogels is not obvious (figure 8b
and c), which may be due to the formation of hydrogen
bonds and metal coordination in these two hydrogels. There
are fewer sites, resulting in a decrease in the viscosity and
adsorption capacity of the hydrogel. When the ionic liquid
DMAEMA–MA is used as the crosslinking agent, with the
increase in DMAEMA–MA content (figure 8 d–g), IC1.6 has
the best rust removal effect, and the corrosion level of the
steel sheet after rust removal can reach A level. The results
show that the structure of the crosslinking agent affects the
rust removal ability of the hydrogel. The ionic liquid

110
100
90

TG/(%)

80
70
IC0
IC0.2
IC0.4
IC0.8
IC1.6
BIS0.4

60
50
40
30
20

0

50 100 150 200 250 300 350 400 450 500
Temperature/(oC)

Figure 6. TGA curves of IC0, IC0.2, IC0.4, IC0.8, IC1.6 and BIS0.4.

Figure 7. Conductivity and resistances curves of IC0, IC0.2,
IC0.4, IC0.8 and IC1.6.
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Figure 8. Pictures of Q235 low carbon steel before and after derusting. (a) Original
corrosion carbon steel; (b) IC0; (c) BIS0.4; (d) IC0.2; (e) IC0.4; (f) IC0.8; and (g) IC1.6.

Figure 9.

Schematic diagram of derusting IC1.6 hydrogel.

crosslinking agent enables the hydrogel to have more
coordination functional groups (such as –COO-) that
enhance the adsorption capacity, and at the same time
enhances the ability to form hydrogen bonds in the hydrogel
molecule, and the viscosity of the hydrogel increases, so the
rust and the metal surface are easier to separate and fall off

[41]. The rust removal principal diagram of IC1.6 hydrogel
is shown in figure 9, and the shear viscosity test of hydrogel
is shown in table 5.

Shear viscosity test of IC0, IC0.2, IC0.4, IC0.8, IC1.6 and

(1) A cross-linked hydrogel with ionic liquid DMAEMA–
MA as the crosslinking agent and AMPS and AM as the
substrates were synthesized. Through SEM analysis, the
morphology of IC-P hydrogel is similar to that of BIS-P
when the amount of different crosslinking agents is the
same. When the amount of DMAEMA–MA increased from
0 to 1.6%, the SR of the IC-P hydrogel increased from
115.78 to 235.97%, and it had a certain pH and temperature
responsivenesses.
(2) The IC-P hydrogel has good thermal stability and
electrical conductivity. The dosage of DMAEMA–MA has

Table 5.
BIS0.4.
Sample

Viscosity (Pa s-1)

IC0
IC0.2
IC0.4
IC0.8
IC1.6
BIS0.4

20.2
32.3
35.7
38.6
50.4
25.8

4.

Conclusions

Bull. Mater. Sci.

(2021) 44:183

a significant effect on the conductivity of the IC-P hydrogel,
and the conductivity of the IC1.6 hydrogel can reach 58.8 lS
cm-1.
(3) The rust removal effect of hydrogel is gradually
enhanced with the increase in the dosage of DMAEMA–
MA. When the dosage is 1.6%, the rust grade of Q235 low
carbon steel of C grade can reach A grade after rust
removal, which is expected to replace the acidic rust
remover that pollutes the environment.
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Leal J P 2020 Thermochim. Acta 684 178482
[25] Williams M L, Holahan S P, McCorkill M E, Dickmann J S
and Kiran E 2018 Thermochim. Acta 669 126
[26] Neumann J, Grundmann O, Thöming J, Schulte M and Stolte
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