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Abstract
Most superabsorbent polymers (SAP) are fully based on synthetic polymer (from petroleum resources)
but costly, nondegradable, and environment-unfriendly. To overcome these disadvantages, biodegradable
and renewable natural materials are suggested to be added into SAP. In this article, a new kind of SAP
composites was synthesized by using AA, AM, α-cellulose, and modi�ed-zeolite (MZE) as raw materials.
The prepared novel SAP composite was analyzed by FTIR, XRD, SEM and TGA. Then, its water
absorbency and water retention capacity were evaluated. The AA and AM were successfully grafted on α-
cellulose chains and the introduction of MZE as an inorganic �ller which is uniformly dispersed in the
SAP composite matrix, both resulting in more undulant and coarser surface with abundant hydrophilic
groups for novel SAP composites. By contrast with poly(AA-co-AM), the water absorbency of prepared
novel SAP composites is increased by 93.88% in distilled water and 89.58% in 0.9 wt.% NaCl solution,
respectively. Meanwhile, the retained water time of these SAP composites is 11.2 hs evaluated at 50 °C,
increasing the water retention capacity by 71.79%. Moreover, both Tonset and Tpeak of prepared novel SAP
composites are slightly increased compared with α-cellulose-poly(AA-co-AM), showing the introduction of
MZE can slightly improve the thermal stability of novel SAP composites. The excellent water absorbency
and retention capacity of novel SAP composites show it can be used as a water-keeping material for
agricultural and horticulture applications.

Introduction
As a soft material, superabsorbent polymer (SAP) can absorb vast amounts of water and maintain the
absorbed water under some pressure (Islam et al. 2015). It has some potential applications in hygiene
(Wu et al. 2008), horticulture (Khan et al. 2009), agriculture (Seki et al. 2014), biological and tissue
engineering (Divakaran et al. 2015). However, most SAP are fully based on synthetic polymers (from
petroleum resources), and they are costly, nondegradable, and environment-unfriendly (Guilherme et al.
2015; Wang et al. 2010). To overcome these disadvantages, various kinds of biodegradable and
renewable natural materials have been suggested to be added into SAP by many researchers (Feng et al.
2014; Dong et al. 2008).

Cellulose, a natural polysaccharide, presents in the world as the most abundant renewable biomasses,
and it has drawn much attention in the preparation of SAP (Nogi et al. 2008; Pourjavadi et al. 2014).
There are a high number of active hydroxyl groups on the surface of cellulose, which allows them to be
easily grafted with acrylic acid (AA) and acrylamide (AM), and further improves water absorbency of
cellulose-based SAP (Li et al. 2013). Moreover, cellulose-based SAP has some excellent performance,
such as better biocompatibility, low toxicity, and excellent biodegradability (Wu et al. 2012; Marcì et al.
2006). In spite of these advantages, the improper swelling behavior and lower gel strength of these SAP
strength strictly limit their application (Haraguchi et al. 2005).

Recently, the introduction of clay material has been proved to be an available method to make SAP
achieve better swelling behavior, higher gel strength and lower production cost (Chen et al. 2016; Lu et al.
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2015; Darder et al. 2017; Zhang et al. 2007). Different clays, such as diatomite, rectorite, and sepiolite,
have been used in the preparation of SAP with excellent water absorbency and gel strength. Nevertheless,
there is few researches about the incorporation of zeolite in the SAP composites. Zeolite is one of the
well-known clay minerals (inorganic �ller) (Saghir et al. 2021), and it has many unique advantages,
including lower cost and higher thermal stability (Yadav et al. 2012; Anbusagar et al. 2014; Saghir et al.
2020). After modi�ed by NaOH solution, modi�ed-zeolite (MZE) has a larger surface area, stronger
adsorption capacity, and more reactive hydroxide radical group on the surface, thus it could react with AA
and AM to prepare SAP (Fu et al. 2016). Meanwhile, MZE has strong interfacial interactions with polymer
in the SAP composites, which could lead to better water absorbency, appropriate swelling behavior and
higher thermal stability. Therefore, the introduction of cellulose and/or MZE is an important way to
prepare SAP composites with higher performance.

In this work, a new kind of superabsorbent polymer (SAP) composites was prepared by using AA, AM, α-
cellulose, and MZE as raw materials. Cellulose and MZE are both introduced to traditional SAP matrix.
The prepared novel SAP composite was analyzed by Fourier transform infrared spectrum (FTIR), X-ray
diffraction (XRD), scanning electron microscopy (SEM) and thermal gravimetric analysis (TGA). The
water absorbency of SAP composites was investigated in 0.9% NaCl solution and distilled water,
respectively. Also, the swelling kinetics and water retention capacity of these SAP composites were
studied. As expected, the obtained novel SAP composite exhibits outstanding water absorbency and
water retention capacity.

Experimental Section
Materials

The Acrylamide (AM, 99%), Acrylic acid (AA, 99%), Hydrochloric acid (HCl, 36–38%), Sodium hydroxide
(NaOH, 96%), Potassium persulfate (KPS, 99.5%), N, N′-methylenebisacrylamide (MBA, 99 %) and zeolite
(ZE) were purchased from Aladdin Industrial Corporation. The inhibitor in AA was removed by reduced
pressure distillation before use. The cellulose powder (α-cellulose, 25 µm of average particle diameter)
was supplied by Shanghai Mackin Biochemical Co., Ltd. All other chemicals were of analytical grade and
used without puri�cation.

Pretreatment of Modi�ed-zeolite (MZE)

To prepare modi�ed zeolite (MZE), 10 g ZE was placed in a vacuum oven for 20 hs at 100°C. After that ZE
with 100 ml NaOH solution was mixed in a dried �ask with magnetic stirring bar. Then the mixture was
heated at 80°C for 4 hs and washed six times with deionized water. Finally, MZE was grounded and
sieved through a 140-mesh sieve, with 5 µm average particle diameter, and saved in a desiccator for
further use.

Preparation of novel SAP composites (α-cellulose-g-poly(AA-co-AM)/MZE)
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5 g AA was neutralized with 50 ml NaOH solution in an ice-water bath. 1.5 g AM and a certain amount of
MZE were ultrasonically dispersed in a mixture solution for 20 mins. Meanwhile, about 0.35 g α-cellulose
was dispersed in 100 ml distilled water at 75°C for 4 hs to make α-cellulose swelling. To remove dissolved
oxygen, the AM, AA, and MZE mixture solution was transferred into the swollen α-cellulose to premix at
40°C for 90 min under the N2 atmosphere. The mixture was heated to 55°C, and then 0.02 g KPS was
added into it. After 20 mins, 0.0025 g cross-linking agent MBA was added into the former mixture. Then,
the mixture was heated up to 65°C for 4 hs under N2 atmosphere, then it was repeatedly washed with
deionized water. The product was dried at 50°C for 100 hs. Finally, dry SAP composites were cut for
further characterization. All drying treatments were occurred in the vacuum environment.

Characterizations

The samples were analyzed by FTIR (Nicolet iS10) using KBr disk method (Saghir et al. 2020) and the
wavenumber range was 4000 − 500 cm− 1. 32 scans with a resolution of 4 cm− 1 were averaged to obtain
each spectrum.

The morphology of samples was observed by SEM (Hitachi S-4800). The glass slides containing samples
were covered with a layer of gold, making them conductive under the electron beam.

The crystal form of samples was analyzed in the range of 2θ = 5°-50° (interval of 0.05°) by XRD (Bruker
D8) through Cu Kα radiation.

The thermal stability of samples was estimated by TGA (PerkinElmer SDTQ600). The samples were
heated under N2 atmosphere from 50°C to 600°C at a heating rate of 10°C/min.

Water absorbency experiment

0.1 g SAP composites were immersed in the solution at room temperature to reach swelling equilibrium.
Then, SAP composites were extracted from the solution, and the water absorbency (Q) of SAP
composites was measured with Eq. (1).

Where Mt and Md are the weight of the swollen and dry SAP composites, respectively.

Water retention study

The water retention capacity of SAP composites was evaluated at 50°C by the auto mass measurement
experiment developed by our group (Chen et al. 2016). The water retention (WR) of SAP composites was

calculated by Eq. (2).
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Where Wi and W0 are the weight of SAP composites at time t (min) during water retention test and
swollen SAP composites, respectively.

Results And Discussion
Novel SAP composites formation mechanism

The proposed reaction mechanism of novel SAP composites is shown in Fig. 1. First, the α-cellulose is
swollen in the distilled water. KPS, a free radical initial agent, forms sulphate anion-radicals which can
cleave H+ from the hydroxyl group of α-cellulose to form alkoxy radicals. The alkoxy radicals initiate the
polymerization of AA and AM, leading to a graft copolymer of poly(AA-co-AM) onto α-cellulose chains.
During the graft polymerization, the cross-linker (MBA) forms a cross-linked network between the growing
polymer chains by the end vinyl groups. At the same time, modi�ed-zeolite (MZE) has a highly active
silanol (Si-OH) group, and it reacts with the carboxylic acid (-COOH) group to promote MZE particles into
the composite network. Moreover, MZE serves as a cross-linked point to increase the intensity of the
cross-linked network. In general, novel SAP composites were prepared by grafting copolymerization of AA
and AM onto α-cellulose chains and the introduction of MZE as an inorganic �ller, and similar reaction
mechanism has also been illustrated in previous studies (Pourjavadi et al. 2007; Mukerabigwi et al. 2015;
Dai et al. 2017).

FTIR analysis

Figure 2 displays the FTIR results of prepared samples. For MZE, the absorption peak at 970 cm− 1 is
attributed to the stretching vibration of the Si-O-Si group, and the absorption peak at 522 cm− 1 is
attributed to the bending vibration of Si-O-Al (Zhang et al. 2007). For α-cellulose, the stretching vibration
of C-H and C-O-C groups appear at 2850 cm− 1 and 1032 cm− 1, respectively. The absorption peaks at
around 3372 cm− 1 and 1310 cm− 1 are attributed to the bending and stretching vibration of –OH group
(Saghir et al. 2021). The absorption peak at 1053 cm− 1 is related to β-(1,4) glycosidic bonds of cellulose.
For poly(AA-co-AM), the absorption peak at 2941 cm− 1 is ascribed to the stretching vibration of the C-H
group. The absorption peaks at around 1541 cm− 1 and 1415 cm− 1 appear due to the asymmetrical and
symmetrical stretching vibration of the –COO− group. The absorption peak at 1669 cm− 1 is ascribed to
carboxamide (Bao et al. 2011).

Compared curve (d) with the curve (a-c) in Fig. 2, the characteristic absorption peaks of MZE, α-cellulose,
and poly(AA-co-AM) all appear in the spectra of novel SAP composites. The absorption peaks at 1550
cm− 1 and 1404 cm− 1 are strengthened, attributing to the asymmetric stretching vibration of a large
amount of C = O groups. Additionally, the absorption peak at 1670 cm− 1 is obviously strengthened,
attributing to the reaction between the –COOH group of α-cellulose-poly(AA-co-AM) and -OH group of
MZE (Bao et al. 2011). The results suggest the desired product (novel SAP composites) is successfully
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synthesized. Moreover, the broad characteristic peak at 3450 − 3310 cm− 1 is ascribed to vibration
stretching of abundant hydrophilic groups on novel SAP composites.

XRD analysis

The crystalline pattern of prepared samples was performed with XRD. The α-cellulose displays obvious
peaks at 15.3° and 22.9°, which are related to cellulose I in nature (French 2014). These peaks of α-
cellulose in the patterns of α-cellulose-g-poly(AA-co-AM) disappear, indicating that the original crystal
structure of α-cellulose is destroyed in the process of graft polymerization, so α-cellulose forms an
amorphous state to achieve better water absorbency. For SAP composites, the weak diffraction peak at
21.9°-24.1° is attributed to the change of crystalline phase (Mukerabigwi et al. 2015). Moreover, the
characteristic diffraction peaks of MZE disappear in the novel SAP composite, indicating that the MZE is
uniformly dispersed in the SAP composite matrix (Dai et al. 2017).

SEM Analysis

The surface morphology of ZE, MZE, α-cellulose, α-cellulose-g-poly(AA-co-AM), and novel SAP composites
is shown in Fig. 4. As can be seen from Fig. 4(a-b), MZE has a rougher and looser surface with a high
speci�c surface area compared with ZE. It also has clear layered structure with gaps which are conducive
to the absorption of water molecules. The α-cellulose shows long-strip structure, which is used as target
macromolecules to be grafted and copolymerized with monomers under the action of the initiator.
Compared with Fig. 4(a-d), novel SAP composites present a more comparatively coarser and undulant
surface, attributing to the introduction of MZE into its surface. The coarser and undulant surface shows
that novel SAP composites have a larger super�cial area, which can enhance the water absorbency.

Water absorbency

The water absorbency of samples was measured in distilled water and 0.9 wt.% NaCl solution and the
results are displayed in Fig. 5. As seen from Fig. 5, the water absorbency of novel SAP composites is
better than that of other samples in distilled water and 0.9 wt.% NaCl solution, respectively. It is obviously
observed that the water absorbency of samples in 0.9 wt.% NaCl solution is apparently lower than that of
distilled water. Na+ mainly causes this phenomenon in the solution (the penetration of Na+ into cross-
linked network decreases the water absorbency of these samples). After the introduction of MZE and α-
cellulose, the water absorbency of novel SAP composites is increased by 93.88% (from 350.28 ± 3.16 g/g
to 679.13 ± 5.49 g/g) in distilled water, while it is increased by 89.58% (from 46.65 ± 1.78 g/g to 88.46 ± 
2.36 g/g) in 0.9 wt.% NaCl solution compared with poly(AA-co-AM). Combined with SEM, it is found that
novel SAP composites have larger super�cial area after the introduction of MZE and α-cellulose, which is
able to improve the surface adsorption (Zhang et al. 2007). Moreover, both MZE and α-cellulose have
large amounts of hydrophilic groups. In summary, the water absorbency of novel SAP composites is
obviously improved after the introduction of MZE and α-cellulose.
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Figure 6 shows the water absorbency of novel SAP composites with different MZE contents. The water
absorbency of novel SAP composites is �rst increased and then decreased as the MZE content is
increased, as displayed in Fig. 6. The highest water absorbency of these SAP composites in distilled
water and in 0.9 wt.% NaCl solution was achieved almost synchronously when the MZE content is 6 wt.%.
A large number of pores in MZE accommodate more water molecules with the increase of the internal
pore volume. Moreover, MZE can serve as a cross-linked point, which promotes formation of cross-linked
network to enhanced water absorbency (Li et al. 2015). When the content of MZE increases beyond the
optimal value, MZE may exist in the form of physical �lling, and it produces agglomeration, which will
form steric hindrance between polymer chains to make it di�cult for the reaction raw materials to evenly
disperse in the novel SAP composite (Liang et al. 2009). The results show the optimal addition content of
MZE in the novel SAP composite is 6 wt.%, which can obviously enhance the water absorbency.
Therefore, novel SAP composites when the addition content of MZE is 6 wt.% were prepared which used
for further investigation on swelling kinetic, water retention capacity and TG analysis.

Swelling kinetics

Figure 7 shows the swelling process of prepared samples in distilled water, respectively. It is obviously
observed that the time needed to reach swelling equilibrium of novel SAP composites is shorter than that
of poly(AA-co-AM) and α-cellulose-g-poly(AA-co-AM). The swelling rate of novel SAP composites is
rapidly increased within the �rst 30 min and then slowly increased to 679.13 g·g− 1 until reaching its
equilibrium (55 min). Moreover, the swelling rate of novel SAP composites is remarkably increased
compared with α-cellulose-g-poly(AA-co-AM) (440.23 g·g− 1 at 55 min) and poly(AA-co-AM) (350.60 g·g− 1

at 55 min). The results show the addition of MZE and α-cellulose affects the swelling kinetics of SAP
composites (it is related to surface area and swelling ability (Zhang et al. 2006)). The combination of α-
cellulose and MZE into the polymer network can enhance swelling rate due to the –OH groups, increasing
the a�nity of novel SAP composites to water molecules. MZE also strengthens the cross-linked network
of novel SAP composites and it provides more free volume to allow water molecules to penetrate novel
SAP composites.

The swelling kinetics can be calculated by Eq. (3), which is based on the Voigt-based viscoelastic model
(Kabiri et al. 2003; Irani et al. 2013).

where St (g·g− 1) is the swelling property of SAP composites at some moment, P (g·g− 1) is the power
parameter, and r (min) is the rate parameter (the time required for the sample to reach 63% of its �nal
swelling).

As shown in Fig. 7, the �tted curves of swollen samples are consistent with experimental results. The r is
9.57 min, and P for novel SAP composites is 681.16 g·g− 1, the r is 17.22 min, and P is 465.34 g·g− 1 for α-
cellulose-g-poly(AA-co-AM), and r and P for poly(AA-co-AM) are 23.79 min and 397.1 g·g− 1, respectively.
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The P-value re�ects better water absorbency, and the r value re�ects the swelling rates (Wang et al. 2009).
It is observed that the r is the minimum and the P is the maximum for novel SAP composites. The results
indicate that novel SAP composites can provide a better water absorbency and a greater swelling rate
after the introduction of MZE and α-cellulose.

Water retention capacity

The water retention capacity of samples was evaluated at 50°C by using the auto mass measurement
experiment, displayed in Fig. 8. It is obviously noticed that the absorbed water is gradually decreased as
the time is increasing. Moreover, novel SAP composites signi�cantly maintain more water compared with
the other two samples at the same time. At 5 hs, the weight loss of water in swollen novel SAP
composites is about 51.1% while α-cellulose-g-poly(AA-co-AM) is about 73.9% and poly(AA-co-AM) is
about 92.8%. By contrast with poly(AA-co-AM), the retained water time of novel SAP composites is
increased from 6.5 hs to 11.2 hs, increasing the retained water time by 71.79%. Results show the water
retention capacity of novel SAP composites is evidently improved. The introduction of MZE and α-
cellulose can resist shrinkage of SAP composite matrix as dried. Moreover, more absorbed water is �xed
in the cross-linked network of novel SAP composites, and the release of this water needs more energy,
contributing to the enhanced water retention capacity (Li et al. 2004).

Thermal behavior analysis

The effect of the introduction of MZE on the thermal performance of novel SAP composites was further
examined by TGA, and the analysis is represented in Fig. 9 and Table 1.

For α-cellulose-g-poly(AA-co-AM), four mass loss stages are observed. The �rst stage in a temperature
range of 55–105°C with about 12% mass loss is ascribed to the evaporation of water moisture (Seki et al.
2014). The second loss stage between 105°C and 346°C is attributed by decomposition of α-cellulose (Fu
et al. 2016; Etminani-Isfahani et al. 2020). The third mass loss stage between 346°C and 410°C is
attributed by the decomposition of some short or straight chains of α-cellulose-g-poly(AA-co-AM) (Liang
et al. 2009). The fourth mass loss stage between 410°C and 510°C is ascribed to the degradation of
grafted chains in the cross-linked network (Bee et al. 2014). The TG curve of novel SAP composites
contains four similar stages compared with α-cellulose-g-poly(AA-co-AM). However, Tonset of novel SAP
composites is increased from 63.5°C to 63.8°C, and the residual rate is increased from 32.9–34.5%.

It is obviously observed in Table 1 that the T10%, T50% and Tpeak (the temperatures at a maximum
decomposition rate of each step) of novel SAP composites are increased compared with α-cellulose-g-
poly(AA-co-AM), respectively. The above results indicate that the addition of MZE can slightly improve the
thermal stability of novel SAP composites. MZE has higher thermal stability which can serve as a cross-
linked point to enhance the intensity of cross-linked networks which delays the thermal decomposition of
novel SAP composites, and it has strong interactions with polymers in the novel SAP composites (Li et al.
2015; Etminani-Isfahani et al. 2020), both resulting in improvement of thermal stability. However, the
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addition content of MZE is only 6 wt.% now and its effect on the thermal stability of novel SAP
composites is not signi�cant yet.

 
Table 1

Different characteristic temperatures in TG and DTG experiments
Samples TG DTG

Tonset/
°C

T10%/
°C

T50%/
°C

Residual
rate/%

Tpeak /°C

α-cellulose-g-poly(AA-co-
AM)

63.5 75.1 461.8 32.9 64 318 369 439

novel SAP composites 63.8 77.2 476.7 34.5 63 330 372 450

Conclusion
A new kind of SAP composites was successfully synthesized by grafting AA and AM onto α-cellulose
chains and the introducing of MZE as an inorganic �ller. By contrast with poly(AA-co-AM), the prepared
novel SAP composites have an undulant and coarse surface with abundant hydrophilic groups, and its
water absorbency is increased by 93.88% (from 350.28 ± 3.16 g/g to 679.13 ± 5.49 g/g) in distilled water
while it is increased by 89.58% (from 46.65 ± 1.78 g/g to 88.46 ± 2.36 g/g) in 0.9 wt.% NaCl solution. The
swelling kinetic mechanism of novel SAP composites agrees with Voigt-based viscoelastic model, and
the results show that it has a greater swelling rate. Meanwhile, the retained water time of novel SAP
composites is increased from 6.5 hs to 11.2 hs, indicating its water retention capacity is increased by
71.79%. Moreover, the addition of MZE can slightly improve the thermal stability of novel SAP
composites. The excellent water absorbency and water retention capacity of novel SAP composites show
that this method for α-cellulose-g-poly(AA-co-AM)/MZE can be applicable to a variety of other inorganic
�llers and polymer composite systems for preparing more SAP composites.
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Figure 1

A proposed schematic of the synthesis of novel SAP composites
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Figure 2

FTIR spectrum of (a) MZE, (b) α-cellulose, (c) poly(AA-co-AM), (d) novel SAP composites
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Figure 3

XRD patterns of MZE, α-cellulose, α-cellulose-g-poly(AA-co-AM) and novel SAP composites
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Figure 4

SEM pictures of (a) ZE, (b) MZE (c) α-cellulose, (d) α-cellulose-g-poly(AA-co-AM), (e) novel SAP
composites
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Figure 5

Water absorbency of poly(AA-co-AM), α-cellulose-g-poly(AA-co-AM), and novel SAP composites

Figure 6
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Water absorbency of novel SAP composites with different MZE contents Swelling kinetics

Figure 7

Swelling kinetic curves of (a) poly(AA-co-AM), (b) α-cellulose-g-poly(AA-co-AM), (c) novel SAP composites
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Figure 8

Water retention capacity of poly(AA-co-AM), α-cellulose-g-poly(AA-co-AM) and novel SAP composites

Figure 9

TG and DTG curves of α-cellulose-g-poly(AA-co-AM) and novel SAP composites


