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A B S T R A C T

To study the application of superabsorbent resin (SAR) in preventing water evaporation in soil, hydroxymethyl
cellulose sodium-g-poly (acrylic acid-co-2- acrylamido-2-methyl-1-propanesulfonic acid)/laterite (NaHMC-g-P
(AA-co-AMPS)/ laterite) was prepared by radical polymerization. The structure and morphology of SAR were
characterized by FTIR, SEM and TGA. The factors affecting the water absorbency of SAR were studied and the
water absorption of the resin under the optimum synthetic conditions reached the equilibrium at 15min in
distilled water, and the optimum water absorption of SAR was 1329 g/g, 269 g/g and 140 g/g in distilled water,
tap water and 0.9 wt% NaCl solution, respectively. The swelling kinetic mechanism of the SAR was explained by
the pseudo-second-order swelling kinetics model and Ritger-Peppas model. The effects of soil type, particle size
and content of SAR on water evaporation rate in soil were studied.

1. Introduction

Superabsorbent resin (SAR) is a kind of functional polymer material
with strong hydrophilic groups (Cheng, Liu, Yang, & Zhang, 2018) and
three-dimensional network structure (Adair, Kaesaman, & Klinpituksa,
2017). It not only has excellent water absorption performance, but also
has good water retention performance. Therefore, it is widely used in
medicine and health (Demeter et al., 2017), food industry, water
treatment (Li, Lu, Xiao, Gao, & Diao, 2013; Zhu, Bai, & Hou, 2017),
agriculture and forestry (Cheng et al., 2018), urea fertilizer (He et al.,
2017; Zhang, Liang, Yang, Liu, & Yao, 2014) and drug sustained release,
chemical industry (Mechtcherine et al., 2018; Wang, Yang, Cheng, Wu,
& Liang, 2015) and other fields. However, its application in preventing
water evaporation in soil has been reported rarely.

Water evaporation in soil is a process in which water is transferred
from liquid to gaseous to atmosphere. It is related to external meteor-
ological conditions, such as temperature, humidity, wind speed and
rainfall. Excessive or insufficient water in soil has certain effects on
plants and microorganisms. (Guilherme et al., 2015) The irregular
three-dimensional network structure of superabsorbent resin makes it
has strong water absorption ability. It can repeatedly absorb hundreds
or even thousands of times of water than its own weight (Hosseinzadeh
& Ramin, 2016; Kang, Hong, & Moon, 2017). After water absorption, it
expands into hydrogel and slowly releases water for crop absorption

and utilization. It is an excellent drought-resistant and water-saving
material. If the evaporation loss of water in soil can be restrained,
especially in arid areas, it is of great significance to restrain evapora-
tion, prolong the time of water in soil and improve the effective utili-
zation of water. The use of superabsorbent resin is an important mean
to achieve this goal.

Jun-Ping Zhang et al. studied recycling waste polyethylene film for
amphoteric superabsorbent resin synthesis (Zhang and Zhang, 2018a).
Graphene oxide/poly(acrylic acid-co-acrylamide) super-absorbent hy-
drogel nanocomposites was prepared by Yiwan Huang et al. (Huang
et al., 2012). Shixin Fang et al. synthesized superabsorbent polymers
based on chitosan derivative graft acrylic acid-co-acrylamide (Fang
et al., 2019). Zhimin Wang et al. studied synthesis and swelling beha-
viors of carboxymethyl cellulose-based superabsorbent resin hybridized
with graphene oxide (Wang et al., 2017). However, superabsorbent
resin has some disadvantages, such as high production cost, poor de-
gradability (Olad, Gharekhani, Mirmohseni, & Bybordi, 2017) and poor
salt resistance. In addition, with the increase consumption of oil, coal
(Qin et al., 2017) and other mineral resources, and the aggravation of
environmental pollution, the preparation of low-cost, environmentally
friendly and salt-resistant superabsorbent resins has become a hot topic
for researchers.

The number of hydrophilic groups, three-dimensional network
structure, gel strength, etc. in the superabsorbent resin all have an
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influence on the water absorption property, and the swelling absorption
process is mainly controlled by chemical absorption. As an inorganic
mineral, the introduction of laterite into superabsorbent resin, which
can not only reduce the production cost, but also improve its swelling
capacity, thermal stability and gel strength (Salmawi, El-Naggar, &
Ibrahim, 2018). Cellulose, as a natural macromolecule compound,
which has the advantages of low toxicity (Hosseinzadeh & Ramin,
2016), low cost, biodegradability, biocompatibility (Peng, Hu et al.,
2016; Peng, Wang et al., 2016), etc. Moreover, it contains more active
groups of molecular structure (e.g., hydroxyl group, ether bond, etc.),
and many derivatives can be obtained by chemical reaction. Cellulose
derivatives have many different functional groups and are more soluble
in water (Bao, Ma, & Sun, 2012). Therefore, the introduction of cellu-
lose derivatives can improve the water absorption and biodegradability
of superabsorbent resins. At present, there are many reports about
carboxymethyl cellulose (Capanema et al., 2018; Wang et al., 2017),
but less information about other cellulose derivatives. The introduction
of 2-acrylamide-2-methyl-1-propanesulfonic acid into the synthesis of
superabsorbent resin can improve its salt tolerance (Zhu et al., 2017).
Therefore, organic-inorganic composites containing cellulose deriva-
tives and inorganic materials have broad development prospects.

In this paper, hydroxymethyl cellulose sodium (NaHMC), laterite
and 2-acrylamide-2-methyl-1-propionicsulfonic acid were used as raw
materials to prepare organic-inorganic composite superabsorbent resin
by free radical copolymerization. And the swelling mechanism of the
prepared product is also explained by the pseudo-second-order kinetics
model and Ritger-Peppas model. In addition, superabsorbent resin was
used to prevent water evaporation in soil. The effect of soil type, par-
ticle size and content of superabsorbent resin on evaporation perfor-
mance in soil was investigated.

2. Experimental

2.1. Materials

Hydroxymethyl Cellulose Sodium (NaHMC, AR)was obtained from
Shanghai Macklin Biochemical Co., Ltd., 2-Acrylamido-2-methyl-1-
propanesulfonic acid (AMPS, AR) was obtained from Aladdin Reagent
(Shanghai) Co., Ltd., acrylic acid (AA, AR) was obtained from Tianjin
Damao Chemical Reagent Factory, sodium hydroxide (NaOH, AR) was
obtained from Tianjin Yiwanda Chemical Co., Ltd., N,N-methylene-bis-
acrylamide (MBA,CP) was obtained from Chinese Drug Group Chemical
Reagent Co., Ltd., ammonium persulfate (APS, 98%) was obtained from
Yantai Shuangshuang Chemical Co., Ltd. and secondary distilled water.

2.2. Preparation of NaHMC-g-P (AA-co-AMPS)/laterite SAR

Dispersion solution was prepared by adding 30mL distilled water
and NaHMC to 250mL four-port flask with mechanical agitator. In
continuous stirring, the solution was heated to 70 ℃ for 45min. The
reactant was cooled to 50 ℃ and 5mL the aqueous solution of APS was
added. After 10min, the mixture containing partially neutralized ac-
rylic acid, AMPS, cross-linker MBA and laterite was dripped into the
above system. Then the temperature was slowly raised to 70 ℃, and the
reaction for 3 h at constant temperature. Nitrogen was used to
throughout the whole experimental process. After reaction, the product
was soaked in absolute ethanol for 1 h, then washed with distilled water
for 3 times. Then the product was put into the blast drying chamber and
dried to constant weight at 60 ℃, then crushed and passed through
sieve. The particle size of all resins used for testing is about 50 meshes.

The preparation of NaHMC-g-P (AA-co-AMPS) superabsorbent resin
was in accordance with the above process except without laterite . The
structure of Hydroxymethyl Cellulose Sodium and the reaction me-
chanism for synthesis of NaHMC-g-P (AA-co-AMPS)/laterite were
shown in Schemes 1 and 2.

2.3. Preparation of anti-evaporation material for clay-based superabsorbent
resin

Put 700 g sand (Its function is to simulate the desertification area)
into plastic boxes with the same specifications (20.5*13.2*6.5 cm),
make the sand level in the plastic boxes, add 120 g distilled water, make
the sand wet evenly. Then, 150 g clay (laterite, kaolin, attapulgite) or
loess, and added 5wt% straw powder of clay or loess and super-
absorbent resin of different quality, 170 g distilled water was added,
respectively. The mixture was stirred evenly at the rotational speed of
300～400 r/min, and then spread in the plastic box, respectively.

2.4. Characterization

The infrared spectra of NaHMC and prepared samples were re-
corded by using Digilab FTS-3000 Fourier-transform Infrared
Spectrometer in the range of 4000-400 cm−1. The solid sample and KBr
were mixed and ground into powder with the mass ratio of 1:100 and
transparent sheet was formed by pressing method.

The morphological changes of the samples were observed by Zeiss
ULTRA plus thermal field emission scanning electron microscopy
(SEM).

Thermal stability analysis (TGA) was carried out with Shimadzu
Thermal Analyzer Japan. Under nitrogen atmosphere, the temperature
range was 30–800 ℃ and the heating rate was 10 ℃/min.

2.5. Performance test of superabsorbent resin

2.5.1. Measurement of swelling behavior
In the experiment, 0.10 g sample was immersed in excessive dis-

tilled water, tap water and 0.9 wt% sodium chloride solution at room
temperature for 4 h to achieve expansion equilibrium, respectively.
Then the expanded sample was filtered through a 100 meshes sieve,
separated from the unabsorbed water and weighed. Each data is the
average of three measurements. Water absorption Qeq (g/g) was cal-
culated according to the following formula:

Qeq= (M-M0)∕M0 (1)

where M0 (g) and M (g) are the weights of the dry and swollen sample,
respectively (Ashkani, Bouhendi, Kabiri, & Rostami, 2019). Qeq was
calculated as grams of water per gram of sample.

2.5.2. Measurement of swelling kinetics
The swelling kinetics of NaHMC-g-P (AA-co-AMPS)/laterite in dis-

tilled water was determined by following procedures: 0.10 g samples
were immersed in 500mL distilled water at a set time interval (3, 5, 10,
15, 30, 45, 60, 75, 90, 120, 150, 180, 210 and 240min) (Chen et al.,
2016). The water absorption rate of SAR was calculated according to
formula (1).

Scheme 1. Structure of Hydroxymethyl Cellulose Sodium.
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2.5.3. Determination of water retention at different temperatures
The 60 g swollen absorbent gel was placed at the bottom of the

beaker and placed in a constant temperature blower drying chamber for
25 ℃, 35 ℃, 45 ℃ and 60 ℃ for a certain time (Zhang & Zhang, 2018b).
The determination of water retention is based on the functional re-
lationship between mass and time. The formula for calculating water
retention of superabsorbent resin is as follows:

Wr(%)=Wi∕W0×100% (2)

where W0 is the quality of completely swollen absorbent gel, and Wi is
the quality of gel after a certain time at different temperatures.

2.5.4. Repeated swelling capacity test
Accurately weigh 0.1 g of dried sample and place it in 250mL

beaker. Add 200mL distilled water (Varaprasad, Jayaramudu, &
Sadiku, 2017). Stay at room temperature for 4 h to achieve swelling
equilibrium. Then the fully swollen gel was placed in a 60 ℃ oven until
the gel dried completely. Then, the same amount of distilled water was
added to make it re-swell. The above process was repeated for several
cycles, and the swelling rate was determined for each time. The cal-
culation method is the same as 2.5.1.

2.6. The water evaporation performance test of superabsorbent resin in soil

Under natural conditions, the mass of the anti-evaporation material
was weighed every 2～4 h, and data were recorded. The calculation
formula of evaporation rate is as follows:

Evaporation rate = (M1-M2)∕M3×100% (3)

in which M1 is the total mass of the anti-evaporation material, M2 is
the mass of the anti-evaporation material when t, and M3 is the total
mass of water in the anti-evaporation material.

3. Results and discussion

3.1. FTIR results

The FTIR spectra of the NaHMC (see Fig. 1a), the absorption peaks
of 1128 cm−1 and 1031 cm−1 were the CeOH bond stretching vibra-
tion (Peng, Hu et al., 2016; Peng, Wang et al., 2016), which basically
disappeared after the polymerization reaction, indicating that CeOH in
NaHMC was involved in chemical reaction. In the FTIR spectrum (see
Fig. 1b) of AMPS, the stretching vibration absorption peak of C]O of
amide group was at 1663 cm−1 (Huang et al., 2012), and the peak of
sulfonic acid group was at 1083 cm−1. The intensity of these absorption
peaks decreased the FTIR spectra of the NaHMC-g-P (AA-co-AMPS), and

Scheme 2. The reaction mechanism for synthesis of NaHMC-g-P (AA-co-AMPS)/laterite SAR.
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NaHMC-g-P (AA-co-AMPS)/laterite (2 wt%) (see Fig. 1c and d). The
absorption peak of -CN in the amide group at 1236 cm−1 basically
disappeared after polymerization. The stretching vibration peak of O]
S of sulfonic at 632 cm−1 shifted after polymerization (Singh & Singh,
2017). This indicated that NaHMC grafted AMPS successfully. In the
Fig. 1c and d, the asymmetric stretching vibration peaks of −COO− at
1456 cm−1 and 1411 cm

−1 were observed respectively, indicating that
the acrylic acid chain had grafted to the NaHMC skeleton. Compared
with the peak at 3435 cm−1 in Fig. 1c, the intensity of the broad peak of
OeH at 3433 cm−1 (Anirudhan, Tharun, & Rejeena, 2011) in Fig. 1d
increased. In addition, we found the bending vibration peak of SiO−Si
at 465 cm−1 in the laterite, which indicated that the laterite partici-
pated in the graft copolymerization.

3.2. SEM results

SEM images of NaHMC, NaHMC-g-P (AA-co-AMPS) and NaHMC-g-P
(AA-co-AMPS)/laterite (2 wt%) was observed and shown in Fig. 2. As
can be seen from the Fig. 2, NaHMC had a smooth, tight surface and
without pore structure (Yang & Cranston, 2014). The surface of
NaHMC-g-P (AA-co-AMPS) and NaHMC-g-P (AA-co-AMPS)/laterite
(2 wt%) showed a relatively coarse and loose structure. NaHMC-g-P
(AA-co-AMPS) superabsorbent resin had partial pore structure. After
the addition of laterite, the surface morphology of the superabsorbent
resin has changed significantly, and the surface presented a relatively
uniform pore structure, which was conducive to water penetrating into
the superabsorbent resin particles rapidly (Alam & Christopher, 2018;
Cuadri, Romero, Bengoechea, & Guerrero, 2017), so that the water
absorption performance of the superabsorbent resin was significantly
improved (Li et al., 2013).

3.3. TGA results

TGA curves of (a) NaHMC-g-P (AA-co-AMPS) and (b) NaHMC-g-P
(AA-co- AMPS)/laterite (2 wt%) were shown in Fig. 3. From it could be
found that the two superabsorbent resins showed four stages of de-
gradation (Xiao et al., 2017). Stage first stage: at 30～230 ℃, the
sample weight lost about 13% of its weight, which was caused by the
dehydration of the sugar ring on the NaHMC chain (Sadat Hosseini,
Hemmati, & Ghaemy, 2016). Stage second stage occurred between 230
and 330 ℃, samples (a) and (b) lost 10% and 8% respectively, possibly
because small molecules of the resin began to decompose. At the third
stage, the weight loss of samples about 33% in the range of 330～510
℃, are ascribed to the polymer began to decompose (Kollár et al., 2016)
and the three-dimensional network structure is destroyed (Zhang,
Cheng et al., 2014). Stage fourth stage ranged from 510 to 800 ℃,
samples (a) and (b) lost 16% and 13%, respectively, which was due to
the elimination of SO2 molecules (Shah et al., 2018). By analyzing the
weight loss of the two samples, we can draw a conclusion that the in-
troduction of laterite during the polymerization process could improve
the thermal stability of the resin, and also proved that laterite was in-
volved in the reaction.

3.4. The effects of synthesis conditions on water (salt) absorbency of SAR

3.4.1. Effect of weight ratios of NaHMC to AA on water (salt) absorbency
of SAR

AA monomer was used as a reference for the convenience of re-
search. As can be seen from the Fig. 4(a), with the increase of NaHMC
content from 8 to 20 wt% the water (salt) absorbency increased first
and then decreased. The main reason was that when the content of
NaHMC was less than 12wt%, the molecular weight of the polymer was
lower, the water solubility was increased. It is difficult for the resin to

Fig. 1. FTIR spectra of (a) NaHMC, (b) AMPS, (c) NaHMC-g-P (AA-co-AMPS)
and (d) NaHMC-g-P (AA-co-AMPS)/laterite (2 wt%).

Fig. 2. Scanning electron micrographs of (a) NaHMC, (b) NaHMC-g-P (AA-co-AMPS) and (c) NaHMC-g-P (AA-co-AMPS)/laterite (2 wt%).

Fig. 3. Weight loss curves of (a) NaHMC-g-P (AA-co-AMPS) and (b) NaHMC-g-P
(AA-co-AMPS)/laterite (2 wt%).
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Fig. 4. The effects of synthesis conditions on water (salt) absorbency of SAR: Effect of (a) NaHMC content; (b) AMPS content; (c) APS content; (d) MBA content; (e)
neutralization degree (ND) of AA; (f) reaction time and (g) laterite content on water (salt) absorbency of SAR.
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form an effective network structure, which was not conducive to en-
hance the water (salt) absorption ability. Further increasing the content
of NaHMC, the viscosity of the reaction system increased, which could
hinder the collision between monomers and free radicals, reduced the
reaction speed. The shortening of the branch chain was not conducive
to the formation of an effective network structure, and the water (salt)
absorbency of the resin showed a downward trend. Therefore, the ad-
dition of appropriate NaHMC effectively increased the molecular
weight of SAR, which was conducive to enhance water (salt) absor-
bency of SAR (Agnihotri & Singhal, 2018). The good ductility and semi-
rigidity of NaHMC main chain could further improve the expansion
performance of the three-dimensional network of resins, enhance the
network space, the water (salt) absorbency capacity of the resin was
further increased.

3.4.2. Effect of weight ratios of AMPS to AA on water (salt) absorbency of
SAR

The effect of AMPS content on the water (salt) absorbency of SAR
was shown in Fig. 4(b). The results showed that the water (salt) ab-
sorbency of the resin increased first and then decreased with the in-
crease of the content of AMPS. The main reason was that AMPS con-
tains strong hydrophilic groups such as amide group and sulfonic group
(Yang, Wang, Liu, Liu, & Hu, 2019). When an appropriate amount of
AMPS was added to the reaction system, the hydrophilic groups in the
polymer network increased, which improved the water (salt) absor-
bency ability of the resin. However, when AMPS was excessive, the
steric hindrance of the reaction system increased, the reaction was in-
complete, the molecular weight of SAR was reduced, and the soluble
resin increased, which impeded the formation of effective network
structure, and decreased the water (salt) absorbency of the product (Liu
et al., 2013). When the AMPS content was 30 wt%, the resin formed a
better network structure and the water (salt) absorption was the best
(Fang et al., 2019).

3.4.3. Effect of initiator content on water (salt) absorbency of SAR
The effect of APS content on water (salt) absorbency was shown in

Fig. 4(c). The water (salt) absorbency of superabsorbent resin varies
with the increase of APS content, which was related to the relationship
between the average chain length of initiator and the concentration of
initiator in the process of polymerization (Liu et al., 2013). When the
content of initiator was less than 0.8 wt%, the cellulose molecular
skeleton could not generate free radicals sufficiently, resulted in less
grafting points and less grafting monomers in the reaction system (Fang
et al., 2018). Therefore, it was impossible to form a three-dimensional
polymer network structure effectively, which might result in low water
(salt) absorbency. As initiator content increased, more graft copoly-
merization took place between AA and NaHMC, which was conducive
to form a stable network structure and improve water absorbency.
However, excess initiator resulted in more free radicals and accelerated
polymerization reaction between cellulose molecules, the length of the
main chain was shortened. Therefore, the water (salt) absorbency of
resin decreased.

3.4.4. Effect of cross-linker content on water (salt) absorbency of SAR
In theory, the cross-linking density is the main factor affecting the

water (salt) absorbency of superabsorbent resin. The effect of MBA
content, as cross-linking agent, on the water (salt) absorbency of SAR
was shown in Fig. 4(d). It can be seen that increasing the content of
MBA from 0.02wt% to 0.10 wt%, the water (salt) absorbency first in-
creased and then decreased. This result was observed that the cross-
linking density increased with the increase of MBA content. When MBA
content was lower than 0.08 wt%, the cross-linking density was lower,
SAR would become water soluble resin after water absorbed, which led
to water (salt) absorbency decreased (Huang, Liu, Fang, & Zhang,
2013). As the cross-linking density increased, more three-dimensional
polymer networks with small pore size were formed, which would

conducive to improve the water (salt) absorbency of SAR (Qiao et al.,
2016). However, higher the concentration of MBA resulted in the cross-
linking density was too high, the pore size of the three-dimensional
network became smaller, and the elasticity of the resin decreased,
which was responsible for the decrease of water (salt) absorbency.

3.4.5. Effect of neutralization degree of AA on water (salt) absorbency of
SAR

The neutralization degree (ND) of AA is also an important factor
affecting the water absorbency performance of SAR. Fig. 4(e) showed
that the effect of ND of AA, neutralized with sodium hydroxide, on
water (salt) absorbency. The results showed that the water (salt) ab-
sorbency of SAR increased gradually with the ND of AA from 50 to 70%,
and then decreased with the ND further increasing to 90%. When ND
was lower, the acidity of aqueous phase was higher and the poly-
merization reaction was completed quickly (Zhang & Zhang, 2018b),
resulted in the formation of highly cross-linked polymers and lower
water absorbency. With the increase of ND, the increase of the hydro-
philic groups and Na+ content in the composite chain, which led to the
increase of the ionic strength and internal osmotic pressure of the cross-
linking network, which was helpful to improve water (salt) absorbency.
However, when the ND exceeded 70%, the concentration of Na+ ions in
the polymer network increased, more Na+ ions react with COO−

groups, and the repulsion was weakened, which resulted in the water
(salt) absorbency dropped (Behrouzi & Moghadam, 2018).

3.4.6. The effect of reaction time on water (salt) absorbency of SAR
As shown in Fig. 4(f), the effect of reaction time on the water (salt)

absorbency of SAR was studied by changing time in the range of 1–4 h.
It was found that the optimum reaction time was 3 h. These results were
in accordance with the free radical reaction rule, which declared that
when the reaction time was shorter, graft polymerization was in-
complete and resulted in lower molecular mass of the resin and the size
of network after swelling was smaller, so the water (salt) absorbency
was lower (Cheng et al., 2018). As the time increasing, more cross-
linking reaction happened, which promoted the formation of network
structure. However, overlong reaction time could produce a lot of
branched chains in the network structure, which would interweave
with each other and hinder the expansion of the network structure of
the resin (Huang et al., 2013). Therefore, the water (salt) absorbency of
SAR decreased.

3.4.7. Effect of laterite content on water (salt) absorbency of SAR
The effect of laterite content on water (salt) absorbency was shown

in Fig. 4(g). It is obvious that when the laterite content was 2 wt%, the
swelling ratio of SAR was the highest, reaching 1329 g/g, 269 g/g and
140 g/g in distilled water, in tap water and in 0.9 wt% NaCl solution,
respectively. When the laterite content was 8 wt%, the water absor-
bency of the resin was lower than the SAR without laterite. This phe-
nomenon is mainly due to the fact that −OH in laterite could cross-link
with polymer chains and participate in the construction of three-di-
mensional polymer network. The introduction of rigid laterite particles
could reduce the winding of the grafted polymer network chain,
weaken the hydrogen bond interaction between carboxyl groups in the
polymer, thus reduced the degree of physical cross-linking in order to
improve the polymer network (Feng, Ma, Wu, Wang, & Lei, 2014).
However, when the laterite content increased from 2wt% to 8wt%, the
water (salt) absorbency of SAR decreased gradually. This may be due to
the addition of extra laterite particles increased the degree of cross-
linking, and resulted in the permeability space of water molecule and
water (salt) absorbency decreased. On the other hand, the superfluous
laterite particles were filled in the polymer network space in the form of
physical filling, which reduced the proportion of hydrophilic groups per
unit volume and the swelling ratio of the material. According to the
above results, the composite with laterite content of 2 wt% composite
was selected to test other performances.

S. Cheng, et al. Carbohydrate Polymers 225 (2019) 115214

6



3.5. Performance tests of SAR

3.5.1. Water retention property of SAR at different temperatures
As a new type of superabsorbent resin, the water retention property

at different temperatures has a great impact on its application in var-
ious fields. Therefore, the water retention property of SAR at 25, 35, 45
and 60 ℃ was investigated (Feng et al., 2014). The water retention
curves were shown in Fig. 5(a). It can be seen that the water retention
rate of fully swollen resin decreased with time at 25, 35, 45 and 60 ℃.
The water retention curve of the resin at 25 ℃ was gentler than at
higher temperature, 73.17% of water was maintained after being
placed for 12 h (Zhu et al., 2012); at 35 ℃ and 45 ℃, the water re-
tention rate was 49.5% and 33.33%, respectively; at 60 ℃, the water
retention rate could reach 7.83% after 12 h. These results indicated that
the composite resin has a high water retention property and can be used
in practical applications.

3.5.2. Reswelling capability of SAR in distilled water
As shown in Fig. 5(b), the superabsorbent resin still had a good

swelling ability after repeated use. As reswelling times increased, the
water absorbency of the resin decreased, but the trend of decline slowed
down, and the water absorbency could still reach about 47% of the
initial value after five times of swelling-deswelling cycle (Zhang &
Zhang, 2018a). This result showed that the material could be used as a
material of repeated water absorption and low cost. At the same time, it
also showed that the material could prolong utilization periods of the
hydrogels (Gharekhani, Olad, Mirmohseni, & Bybordi, 2017).

3.5.3. Swelling kinetics of SAR in distilled water
The swelling kinetics is a crucial characteristic to describe the water

absorption. The water absorption rate curve of SAR with 2 wt% laterite
in distilled water was shown in Fig. 5(c) and (d). As can be seen from
the Fig. 5(c), the water absorption rate of the resin was faster within

15min and the swelling equilibrium was reached at 15min, and it
tended to be stable after 15min (Huang et al., 2012). Based on previous
reports, the swelling behavior of SAR in distilled water were evaluated
by the pseudo-second-order swelling kinetics model and Ritger-Peppas
model:

t∕qt= 1∕k2qe2+t∕qe (4)

F= qt∕qe = k×tn (5)

Taking the natural logarithm of Equation:

ln F= ln qt – ln qe = ln k+n lnt (6)

Where qe (g/g) and qt (g/g) are the water absorbency of the product at
equilibrium and time t, respectively. k2 (g∙mg−1 min

−1) is the rate
constant of the pseudo-second order model. F is the fractional uptake at
time t, k is the structural parameter and n is the swelling exponent
which determines the type of diffusion.

According to Fig. 5(c), the relation curve between t/qt and t could
be well linear, and the linear correlation coefficient (R2= 0.99952) is
very close to 1. It showed that the pseudo-second-order swelling ki-
netics model had made a considerable fitting result for the swelling
behavior of SAR (He et al., 2017), and the swelling kinetics of the
prepared SAR was more consistent with the pseudo-second-order re-
lationship, and had a higher correlation coefficient compared with the
Ritger-Peppas model (Zhang & Zhang, 2018a). Because the pseudo-
second-order kinetic model is based on chemisorption, this result in-
dicated that the water absorption process was mainly controlled by
chemical absorptions (Thakur, Pandey, & Arotiba, 2016).

For swollen hydrogel systems, the water diffusion mechanisms have
been classified into five types according to the relative diffusion rate of
water into polymer matrix and rate of polymer chain relaxation,
n<0.5, n= 0.5, 0.5 < n < 1, n=1 and n>1 indicate pseudo-
Fickian diffusion, Fickian diffusion, non-Fickian diffusion, Case II
transport diffusion and relaxation diffusion, respectively (Lan et al.,

Fig. 5. (a) Water retention at different temperatures, (b) Reswelling capability, (c) and (d) Swelling kinetics of SAR (2 wt% laterite) in distilled water.
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2019). This equation was applied to the initial stages of swelling. As
shown in Fig. 5(d), in the beginning 15min of swelling, 0.5 < n < 1;
both chain looseness and the diffusion of small molecule play a role in
swelling. In non-Fickian diffusion, the diffusion and relaxation are said
to be isochronally effective. 15～240min, n<0.5, the water molecule
diffusion become main factor of swelling (Zhang, Wang, Li, & He,
2010).

3.5.4. Prevent water evaporation performance of SAR in soil
Fig. 6(a) showed the effect of four types of soil on the evaporation

rate of the SAR. It can be seen that among the four soils, kaolin and
attapulgite had lower evaporation rate, and kaolin had the best result
on the whole. Therefore, we selected kaolin for subsequent experi-
ments.

Fig. 6(b) showed the effect of particle size of the superabsorbent
resin on the evaporation rate. It can be observed that the evaporation
rate was relatively low when the particle size is 187.5～375 and 75～
187.5 μm, and the evaporation rate is slightly lower when the particle
size is 187.5～375 μm than 75～187.5 μm. Therefore, the super-
absorbent resin with particle size of 187.5～375 μm was selected for
follow-up experiments.

Fig. 6(c) and (d) showed the effect of the content of the super-
absorbent resin on water evaporation rate in the soil. It can be seen that
when the content of superabsorbent resin from 0.010% to 0.10%, the
evaporation rate of the anti-evaporation material of kaolin-based su-
perabsorbent resin decreased gradually compared with the neat soil
(Essawy, Ghazy, El-Hai, & Mohamed, 2016). However, compared with
the anti-evaporation material with content of 0.10% of resin, the eva-
poration rate increased with the resin content further increasing to
0.20%. And the evaporation rate of the anti-evaporation material with
content of 0.10% of superabsorbent resin decreased by 9.49% when
placed for 60.5 h under natural conditions.

In generally, we can draw the following conclusions: kaolin is

selected as the type of soil, the particle size of the superabsorbent resin
is 187.5～375 μm, and the material with content of 0.10% had the best
anti-evaporation effect.

4. Conclusions

A series of NaHMC-g-P (AA-co-AMPS)/laterite superabsorbent re-
sins were prepared by free radical graft copolymerization. The results
showed that the optimum reaction conditions of the superabsorbent
resin were that the mass of NaHMC, AMPS, APS, MBA and laterite were
12 wt%, 30 wt%, 0.8 wt%, 0.08 wt% and 2wt% of AA, respectively. The
reaction time was 3 h and the ND of AA was 70%. The maximum water
absorption were 1329 g/g, 269 g/g and 140 g/g in distilled water, tap
water and 0.9 wt% NaCl solution, respectively. The polymerization was
confirmed by FTIR, SEM and TGA. The swelling mechanism of SAR is
explained by pseudo-second-order swelling kinetics model and Ritger-
Peppas model. The results showed that the swelling process of SAR is
more consistent with the former. We prepared clay-based anti-eva-
poration materials and studied the factors affecting the water eva-
poration rate in soil. The results showed that when the soil type was
kaolin and the particle size of the superabsorbent resin was 187.5～
375 μm and the content was 0.10%, the effect of the anti-evaporation
material was the best, and the evaporation rate was 9.49% lower than
the neat soil. The effect of superabsorbent resin on preventing water
evaporation in soil was studied in this paper, the aim is to develop new
application field of superabsorbent resin.
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