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UV polymerization and property analysis of maleacylated methyl cellulose 
acrylic acid absorbent resin
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In this paper, maleic anhydride (MA) was grafted onto methyl cellulose (MC) and then reacted with acrylic acid 
to synthesize a high gel strength and fast water absorption resin (AA-co-MC-g-MA) by UV polymerization. The 
reaction conditions of maleylated methylcellulose (MC-g-MA) were investigated, including the ratio of MC to MA, 
reaction time and catalyst amount. In addition, the reaction conditions for the synthesis of super absorbent resin 
were as follows: the amount of MC-g-MA, the degree of substitution of MC-g-MA, polymerization time, and the 
amount of initiator. Under optimal conditions, the maximum water absorption volume of synthetic resin was 2116 
g/g, and the maximum salt absorption rate was 139 g/g. The water absorption resin prepared this time had high 
water absorption, water retention, excellent pH sensitivity, etc. It was hoped that it will have a good application 
prospect in the fi eld of industrial production and agriculture in the future.
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INTRODUCTION

                   China is rich in fresh water resources, but the per capita 
amount of fresh water resources is small, accounting 
for only 1/4 of the world per capita1, and the distribu-
tion of China’s fresh water resources is very uneven in 
the region2. Located in northwest China, Xinjiang is 
China’s largest province in terms of land area, and its 
water resources are even scarce. It is not only for hu-
man needs, but also for agriculture3. Water retention 
agent in agricultural production can be used for sowing, 
seedling and transplanting, soil improvement, ground 
cover, etc. It is found that it can reduce the death rate 
of plants, accelerate the growth of crops, enhance soil 
fertility and reduce the loss of irrigation water. Water 
retention agent can slow down the release rate of fertil-
izer and pesticide, and increase the utilization rate and 
effectiveness of fertilizer and pesticide4.

  Absorbent resin as a polymer material with special 
functions was introduced in the United States in 1961. 
Super absorbent resin is a kind of polymer material 
with three-dimensional network structure5, 6, which is 
composed of hydrophilic groups such as hydroxyl, car-
boxyl7, 8, amide, sulfonic acid and organic carbon chain, 
and  can absorb hundreds or even thousands of times of 
its own mass of water9, 10. It was widely used in environ-
ment, agriculture and forestry, medicine, petrochemical, 
waste water treatment, communication cable, coal dew 
treatment, aircraft fuel treatment, food, construction and 
personal care and other fi elds11–16.

Super absorbent resin can be roughly divided into 
the following types: starch resin, fi ber resin, synthetic 
resin and other natural polymer17. Among them, meth-
ylcellulose is a very abundant polymer material and 
a water-absorbing material that is often used   18, 19. 
Therefore, it has great potential to be synthesized into 
an environment-friendly high-water-absorbing material 
by virtue of its characteristics of renewable, low price 
and environmental friendliness, which can reduce costs 
and recycle wastes and become an environment-friendly 
high-water-absorbing material.   Maleic anhydride contains 

unsaturated double bond and acid anhydride structure, 
which can occur acylation, amidation, decarboxylation, 
polymerization and other reactions20. The use of maleic 
anhydride to modify cellulose21 and its derivatives and its 
application to the preparation of superabsorbent resins 
can introduce hydrophilic groups such as carbon-carbon 
double bonds and carboxyl groups into the macromolecu-
lar chain of superabsorbent resins, which can improved 
the crosslink density of the resin and the initial water 
absorption rate. In addition, UV polymerization is 
a simple, low-cost, short reaction time, clean and effi cient 
initiation method that has developed rapidly in recent 
years. It has some advantages that cannot be compared 
with traditional thermal initiation or redox initiation 
systems. More importantly, it has the advantage of low 
cost. Therefore, this research group uses this method to 
synthesize a kind of super absorbent resin22.

Recent studies on super absorbent resins related to 
acrylic acid are reported as follows: Dongdong Cheng 
et al.23 synthesized acrylic acid, urea, potassium persul-
fate and acrylamide through chemical synthesis to make 
a super absorbent resin that can absorb water up to 909 
g/g.  Hisham A. Essawy et al.24 prepared high-absorbent 
hydrogel by graft polymerization of chitosa-cellulose 
hybrid acrylic acid, and the water absorption of the 
obtained structure in distilled water and normal saline 
was 390 g/g and 39.5 g/g (0.9 wt%), respectively. Qi Shi 
et al.25 used calcium carbonate modifi ed polymeriza-
tion to produce (acrylic ester/sodium acrylate) water 
absorbent resin, the water absorbent of the modifi ed 
resin is 676.6 times of the dry weight. The lignin supra-
molecular crosslinked polyacrylic acid absorbent resin 
with high water absorption (2137 g/g) was prepared by 
Haonan Zhang et al.26. Shuojun Qu27 synthesized ma-
leic anhydride-acrylic acid salt resistant super absorbent 
resin in deionized water and 0.9% normal saline water 
absorption rate of 1476 g/g and 126 g/g, respectively. The 
absorbent capacity of maleylated cellulose-g-poly(acrylic 
acid) high-performance absorbent resin synthesized by 
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Amatjan Sawut et al.28 was 1125 g/g in distilled water 
and 126 g/g in 0.9 wt% NaCl solution.

In this study, the high yield cotton stalk in Xinjiang 
was used as raw material to extract cellulose, which was 
then methylated and combined with maleic anhydride, 
and then grafted with acrylic acid. In the experiment, 
super absorbent resin was synthesized by UV light polym-
erization with clean, high effi ciency, low cost and short 
reaction time28, 29. The optimum conditions of synthesis 
were determined by single factor, the water absorption 
rate and gel strength of the synthetic resin were studied, 
and the structure and properties of the super absorbent 
resin were tested.

EXPERIMENTAL

Materials and instruments
Cotton stalks were from Kashgar, Xinjiang, China. 

Acrylic acid (analytical pure) was supplied by Tianjin Da 
MAO chemical reagent factory, China. Sodium hydroxi-
de (analytical pure) was produced by Tianjin Hongyan 
chemical reagent factory. Sodium chloride (analytical 
pure) came from Tianjin benchmark chemical reagent 
co., LTD. Ammonium persulfate and pyridine (analytical 
purity) was provided by Tianxin fi ne chemical develop-
ment center, Tianjin, China. Maleic anhydride (analytical 
pure) was purchased from Tianjin Shengao chemical 
reagent factory in China. Acetone (analytical pure) was 
provided by Tianjin Zhiyuan chemical reagent co., LTD.

Self-designed Ultraviolet Light Device (Patent no-
.ZL201510549926.0) (Fig. 1). The pressurized device 
used in the test was also made by our laboratory. Fourier 
transform infrared spectrometer (EQUINOX-55) was 
purchased from Bruker, Germany. The thermogravi-
metric analyzer (netzschsta-449c) was also provided by 
Germany. Scanning electron microscope (LEO1450VP) 
was from reo, Germany. The frozen drying oven is made 
in Yuyao, Zhejiang province, China.

vely. The fi nal product was adjusted to neutral with 10% 
acetic acid, washed with acetone and dried for later use.

Synthesis of MC grafted with MA
Firstly, an appropriate amount of treated MC was we-

ighed, which was poured into a three-mouth bottle and 
dissolved in 40 mL water. Secondly, appropriate amount 
of MA was dissolved in 60 mL acetone and poured into 
the same three-mouth bottle. Under magnetic stirring, 
MC and MA were continuously stirred to mix evenly. 
Then the reaction took place in an oil bath of 60oC for 
several hours with a few drops of pyridine added as 
catalyst. At the end of the reaction, the products were 
washed with acetone and distilled water for several times 
and centrifuged. After centrifugation, the products were 
dried in a vacuum drying box and broken into powder 
for later use.

Synthesis of AA-co-MC-g-MA 
Appropriate amount of MC-g-MA was weighed and 

fully swelled in 10 mL distilled water. A certain amount 
of ammonium persulfate was dissolved in 2 mL distilled 
water in a small beaker and poured into a petri dish 
that was swollen with MC-g-MA.A small beaker was 
washed with 2 mL distilled water, 5 mL acrylic acid was 
added, and the neutralization degree was adjusted with 
5M NaOH solution. All the reactants in the petri dish 
were mixed evenly and placed under a 1000 W ultraviolet 
lamp at temperature of 8–12oC. Then a magnetic stirrer 
was used to stir the reactants for a certain amount of 
time. The AA-co-MC-g-MA resin needed for the test 
was obtained.

Post treatment of resin
The AA-co-MC-g-MA was swollen in 5% acetone-

-aqueous solution, and the acetone concentration was 
gradually increased until the white agglomerate appe-
ared31. The white precipitate was fi ltered and dried, 
and set aside. 

Analysis
1H-NMR was used to determine the chemical structure 

of resins. An appropriate amount of the dried resin po-
wder was sieved with a 100 mesh sieve, fully expanded in 
a nuclear magnetic tube containing D2O, and spectra were 
obtained in an NMR instrument (VARIANINOVA-400). 
The FTIR of the resin was measured on the BRUKER 
EQUINOX-55 infrared spectrometer. Before the test, 
AA-co-MC-g-MA was pressed into slices with KBr, and 
the spectrum range was 4000–500 cm–1. Hitachi STA7300 
TGA was used to measure the temperature range of 
30–800oC, nitrogen atmosphere, nitrogen fl ow of 30 mL/
min and heating rate of 5oC /min. The appearance of 
the resin was determined by electron microscope scanner 
(JSM-5600LV), and the acceleration voltage was 20 kV. 
Before the test, after AA-co-MC-g-MA was fully swollen 
in distilled water, freezing it in liquid nitrogen, and then 
vacuum drying on the freeze dryer for 48 h.    

   Measurement of water absorption28, 32

   Tests conducted in an experimental environment with 
a relative humidity of 25%: 0.1 g resin particles (through 
40–60 mesh sieve) were soaked in 600 mL distilled water 

Figure 1. Diagram of ultraviolet device

Preparation of MC30

Waste cotton stalks were crushed through 40-mesh 
sieve, and cellulose was extracted by alkaline hydrogen 
peroxide method at room temperature. Then 1.0 g of 
extracted cellulose was soaked in 20 ml 50% sodium 
hydroxide solution at room temperature for 1h, and 
the excess sodium hydroxide solution was fi ltered out. 
Acetone was used as a solvent, and dimethyl sulfate was 
added to it drop by drop. The reaction was carried out 
at 50oC for 1h, and then acetone and dimethyl sulfate 
were added in the same proportion for 5 cycles successi-
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or 0.9% NaCl solution to measure its swelling equilibrium 
and water absorption rate. Measure the water absorption 
of the resin at different times within 3 h to determine 
the time to reach the swelling equilibrium. Within 1–30 
min., the average suction rate in different time periods 
was measured at a time interval of 5 min.. The absorbent 
resin was fi ltered with 100 purpose gauze bags (weighed 
after wetting) and hung for 15 min. before weighing to 
remove excess moisture. The swelling   equilibrium (Q) 
and the absorption rate (υ) within a certain time were 
calculated according to the following two formulas:                       

 (1)

 (2)

Where, m1 and m2 are the mass of resin before and 
after absorption, respectively. Q is the amount of water 
absorbed per gram of resin sample. υ is the amount of 
water absorbed per gram of resin per minute.

Determination of absorbency of resin under pressure33 
Tests conducted in an experimental environment with 

a relative humidity of 25%: fi rstly, the porous glass fi lter 
plate (d = 80 mm, h = 12 mm) was placed in the petri 
dish (d = 160 mm, h = 22 mm). The bottom of the 
glass cylinder was closed with nylon gauze (d = 60 mm, 
h = 50 mm, weighed) and placed on the porous glass 
fi lter plate. Secondly, the 0.1 g sample is evenly placed 
on the surface of nylon gauze. The sample was loaded 
with plastic tank (d = 56 mm, h = 70 mm) which could 
slide up and down freely in the glass cylinder. The re-
quired loads (weighed of different weights) were placed 
in the tank. Finally, distilled water or salt water was 
poured into the height of the porous glass fi lter plate 
and weighed at different intervals. As can be seen in 
Fig. 2, the suction volume (AUL) under pressure, the 
suction rate (ARUL) and the approximate pressure P 
of the weight per unit area were calculated according 
to the following three formulas:

 (3)

 (4)

 (5)

Where m1, m2 and m are the mass before and after 
the resin suction and the weight, 5 min is the suction 

Figure 3. (a), (b) and (c) are the 1H NMR spectra of maleic anhydride, methyl cellulose and modifi ed cellulose respectively

Figure 2. A device for measuring liquid absorption under 
pressurized conditions

time, g is the gravity acceleration, and its value is 9.8 
kg/m2, S is the contact area between the weight and the 
cylinder plastic pipe, and the unit is m–2.

Determination of pH sensitivity of AA-co-MC-g-MA
Solutions with different pH values were prepared by 

sodium hydroxide and hydrochloric acid. A series of 
AA-co-MC-g-MA with the same weight and the same 
quality were soaked in 600 mL solutions with different 
pH values, and the liquid absorption rate was measured 
after 5 min. The calculation method of suction rate was 
the same as formula (1).

Comparison with domestic and foreign resin for diaper
The AA-co-MC-g-MA under the optimal conditions 

was fully expanded with 5% acetone-water mixture. 
Then acetone was added to the soluble part to dissolve 
completely and form white aggregates. It was dried 
in a drying oven for 48 h, crushed and screened, and 
compared with the uric diapers used by the American 
diaper Pampers and used by the domestic diaper Baken 
(the uric diaper was removed before the experiment and 
the resin inside was taken out). The water absorption 
rate and gel strength were measured and compared 
simultaneously.

RESULTS AND DISCUSSION 

1H-NMR Analysis of MC-g-MA
Comp ared with Fig. 3 (a) and (b), proton peaks cor-

responding to each other appeared in (c). Proton peak 
3.21–4.94 ppm shown in spectral diagram (c) corre-
sponded to protons of C2, C3, C4, C5 and C6. Proton 
peak 5.77 ppm corresponded to the proton of C1 in the 
pyranose ring. These peaks indicated the presence of 
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MC. Proton peak 6.47–7.38 ppm corresponded to protons 
on C7 and C8 in MA. These results indicated that the 
cellulose had been successfully modifi ed. 

IR Analysis of AA-co-MC-g-MA
Fig. 4(a) described that the characteristic absorption 

peaks of MC at 1056 cm–1 and 1158 cm–1 in the infrared 
diagram of (MC) appeared in the infrared spectrum of 
(MC-g-MA) graft copolymer. Compared with the two 
spectra, the new characteristic peaks appeared in the 
spectra of MC-g-MA, namely, 1732 cm–1 (-COOR), 1716 
cm–1 (-COOH) and 1635 cm–1 (>C=C<). This indicated 
that MA was successfully grafted onto MC.

TG analysis of AA-co-MC-g-MA
Thermogravimetric analysis (TG) of AA-co-MC-g-MA 

resin was shown in Fig. 4 (b). It can be seen from the 
fi gure that AA-co-MC-g-MA lost about 3% of its weight 
below 170oC, which was due to the fact that water does 
not completely evaporate in the drying process. From 
170oC to 190oC, the resin lost about 22.4% of its weight 
at this stage, which may be due to carboxyl removal on 
the side chain of the polymer and the break of the methyl 
cellulose chain. Finally, from 390oC to 500oC, the mass 
loss of the resin decreased sharply, with a weight loss of 
about 27.3%, which meant that the cross-linked struc-
ture of the polymer was destroyed and the main chain 

disintegrated, and the AA-co-MC-g-MA resin basically 
disintegrated completely28, 29, 34, 35. This was suffi cient to 
show that the prepared resin had good thermal stability 
at less than 500oC. 

SEM Analysis of the AA-co-MC-g-MA
Fig. 4(c) described the external surface morphology 

of AA-co-MC-g-MA. The picture portrayed that the 
AA-co-MC-g-MA had a porous, multi-layer structure, 
which was conducive to the rapid absorption of water. 
Its structure presented an obvious spatial multi-layer 
network structure, and the resin skeleton was bonded by 
hydrogen bonds, resulting in the internal water loss. There 
were also a number of interrelated irregular sized pores 
distributing in the gel matrix. This porous microstructure 
increased the resin’s surface area and capillary effect, 
which led to easier transport of water into the polymer. 
There were also large open pores in the resin that acted 
like small reservoirs stored water, making it easier and 
faster for the liquid to spread through the resin. 

Determination of modifi cation conditions of MC-g-MA
The modifi cation conditions of MC-g-MA were de-

termined according to the degree of substitution of 
hydroxyl group in MC replaced by MA and the water 
absorption rate of acrylic resin grafted by MC-g-MA. 
In Table 1, (MC: MA) = 1:3 was determined and 4 h 
was determined as the modifi cation time. The amount 
of catalyst was investigated. 4 h was determined as the 
modifi cation time and 1% was determined as the amount 
of catalyst. The ratio of (MC: MA) was investigated. 
The (MC: MA) = 1:3 was determined and 1% was 
determined as the dosage of catalyst. The modifi cation 
time was investigated. Combined with Fig. 5(a), when the 
water absorption rate of AA-co-MC-g-MA resin was at 
its maximum, the optimal degree of substitution of MC-
-g-MA was 0.568. The optimal conditions for this result 
were (MC: MA) =1:3, the modifi cation time was 4 h, 
and the amount of catalyst was 1% of methyl cellulose. 

Figure 4. (a), (b) and (c) are the infrared spectrum of modifi ed 
methyl cellulos and methyl cellulos, TGA diagram of 
the resin and SEM diagram of the resin respectively

Table 1. Determination of modifi cation condition of methyl-
cellulose

Infl uence of substitution degree of MC-g-MA
The effect of the degree of substitution of MC-g-MA 

on the water absorption performance of AA-co-MC-g-MA 
was shown in Fig. 5(a).The substitution degree of modi-
fi ed resin was too low, which led to the low crosslinking 
density of polymer and the low water absorption rate. 
Too high degree of substitution produced more cross-
-connection points on the polymer chain, increasing the 
degree of cross-linking of the polymer network, resulting 
in a rigid structure, which made the resin diffi cult to 
expand and unable to absorb water quickly. When the 
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degree of substitution of Mc-g-MA was 0.568, the AA-
-co-MC-g-MA had the highest water absorption.

Infl uence of MC-g-MA dosage 
Fig. 5(b) depicted that when the MC-g-MA content 

was less than 12%, the water absorption rate of resin 
increased with the increase of MC-g-MA content, but 
decreased when the MC-g-MA content was more than 
12%. The increase in MC-g-MA content meant the 
increase in the amount of maleyl in the mixed system, 
which reacted easily with monomers and facilitated 
crosslinking of polymer chains; when the content of MC-
-g-MA was more than 12%, some insoluble components 
increased, and the outer layer of the liquid was diffi cult 
to be penetrated by ultraviolet light, leading to its slow 
or incomplete graft polymerization, which led to the 
reduction of the absorption rate of resin. Therefore, the 
MC-g-MA dosage was12 %.

The eff ect of aggregation time 
Fig. 5(c) depicted the effect of polymerization time on 

the absorption rate of resin, which increased with the 
increase of exposure time in the previous time period. 
When the irradiation time was 50 minutes, the absorp-
tion rate was the fastest. And then when the exposure 
time increased, the absorption rate decreased. When the 
polymerization time increased appropriately, free radicals 

were produced continuously, which were benefi cial to the 
chain growth reaction and the formation of three-dimen-
sional network structure. However, excessive exposure 
time led to an increase in the crosslinking density of the 
synthetic resin, which blocked the pore structure of the 
resin and slowed down the absorption rate of the resin. 
Therefore, the optimal polymerization time was 50 min.

Eff ect of initiator dosage 
Fig. 5(d) depicted that when the amount of initiator 

was less than 0.4%, the water absorption rate of resin 
increased with the increase of the amount of initiator, 
and the water absorption rate reached the maximum 
when the amount of initiator was 0.4%. When the 
amount of initiator was increased within the range of 
0.2% to 0.4%, the chain radical increased continuously, 
accelerating the monomer conversion rate and formed 
an appropriate cross-linked network structure, thus 
accelerating the water absorption rate of resin. When 
the initiator dosage exceeded 0.4%, more free radicals 
were produced, which accelerated the chain termination 
reaction, leading to the formation of homopolymers 
rather than graft copolymers. 

Determination of swelling equilibrium of resin28,29

The swelling equilibrium and water absorption rate 
curve of AA-co-MC-g-MA were shown in the Fig. 6(a) 

Figure 5. Curves (a), (b), (c) and (d) respectively show the infl uence of substitution degree of modifi ed methyl cellulose, the 
infl uence of modifi ed methyl cellulose, polymerization time and initiator amount on the water absorption rate of the 
synthesized resin
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and (b). The water absorption rate of AA-co-MC-g-MA in 
distilled water and brine was very fast at fi rst, especially 
in the fi rst 5 min., and then decreased with the increase 
of water absorption time. This was because at the begin-
ning of the resin surface had more pore structure, so 
that the physical adsorption was faster. After absorbing 
water for a period of time, the pores on the surface of 
the resin were blocked, and the water absorption rate 
started to slow down. The water absorption rate of resin 
in distilled water was higher than that in brine because the 
osmotic pressure in distilled water was higher than that 
in brine. Finally, at about 60 min, the water absorption 
of the resin reached the equilibrium of swelling. As can 
be seen in the fi gure, when the resin was in equilibrium, 
the water absorption in distilled water was 2116 g/g and 
the water absorption in brine was 139 g/g. In fi gure 
(b), the maximum water absorption rate of the resin in 
distilled water was 157 g/ g.min, and that of brine was 
18 g/g.min within the fi rst 5 minutes.

Determination of water absorption of resin under pressure
Fig. 6(c) port  rayed that the water absorption rate of 

the resin in both solutions decreased with the increase 
of pressure, which was because the load of the ballast 
resin fl attened the pore structure of the resin and the 
water absorption rate of the resin was hindered. Com-

pared with distilled water, the absorption rate of resin 
in normal saline was less affected by load, and within 
the range of 2000–8000 Pa, the absorption rate of resin 
in saline was narrower. Even if the pressure increased 
to 8000 Pa, the resin synthesized in this experiment also 
had a fairly high absorption rate, that is, it could reach 
8 g/ g.min in distilled water and 3 g/g.min in 0.9 wt% 
NaCl solution. 

Determination of pH sensitivity of AA-co-MC-g-MA
As can be seen from Fig. 6(d), the AA-co-MC-g-MA 

had a high liquid absorption rate within the range of 
pH = 1–13.When the pH of solution was 1, the absorption 
rate of resin was 25 g/g.min. When the solution pH was 
13, the resin absorption rate was 33 g/g.min. However, it 
was obvious that the solution pH value was too low or 
too high to affect the resin absorption rate. When the pH 
value of the solution was within the range of 1–7, AA-
co-MC-g-MA resin existed in relatively acidic conditions, 
a large number of COO– existed in the form of COOH 
on the network chain, charged particles were reduced, 
and the corresponding amount of Na+ charge inside 
the network was also reduced, resulting in a decrease in 
the osmotic pressure difference between the inside and 
outside of the resin, and the liquid absorption rate of 
the resin was also reduced. When the pH value of the 

Figure 6. (a), (b), (c) and (d) are the swelling equilibrium in distilled water and 0.9 wt%NaCl solution, the water absorption rate 
in distilled water and 0.9 wt%NaCl solution, the water absorption rate of the resin under pressure and the pH sensitivity 
of the resin respectively
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solution was within the range of 7–13, the resin existed 
in the alkaline environment, the carboxyl groups on the 
network chain mainly existed as carboxyl ions, and the 
corresponding number of Na+ inside the network chain 
also increased, so that the osmotic pressure inside and 
outside the resin was greatly reduced, and the absorp-
tion rate of AA-co-MC-g-MA was sharply reduced36–38. 
The high performance water absorbing resin had strong 
acid and alkali resistance and was expected to be used 
as soil water retaining agent in agriculture.

Comparison with domestic and foreign resin for diaper
The water absorption of the synthetic resin was compa-

red with that of the resin used in China’s Baken nappies 
and the America’s Pampers nappies, as shown in Table 2. 
The resin synthesized in the experiment had a higher 
water absorption rate in distilled water and 0.9 wt% 
NaCl solution than the resin used in Pampers diapers. 
As can be seen from the table, the resin synthesized 
in the experiment had a higher water absorption rate 
in distilled water and 0.9 wt% NaCl solution than the 
resin used in Pampers, which was similar to that used 
in Baken. However, AA-co-MC-g-MA used in this expe-
riment had a wide range of raw materials, the purpose 
of the experiment was waste utilization, and the use of 
UV synthesis was simple and clean, water absorption 
was also comparable to commercial supplies.

CONCLUSIONS 

In this work, AA-co-MC-g-MA fast absorbent resin was 
prepared by etherifi cation, modifi cation of methyl cellu-
lose and grafting of acrylic acid. The optimum synthesis 
conditions of Mc-g-MA were determined as follows: MC: 
MA was 1:3, reaction time was 4h, and catalyst amount 
was 1% of methyl cellulose. In addition, the optimal 
reaction conditions of synthetic resin were as follows: 
the degree of substitution of MC-g-MA was 0.568, the 
dosage of Mc-g-MA was 12% of MC, the polymerization 
time was 50 min., and the dosage of initiator was 0.4 % 
of MC. By FTIR and NMR characterization, MC-g-MA 
and fast absorbent resin were successfully synthesized. 
SEM showed that the prepared water absorbent resin 
has multi-void network structure. Moreover, it can be 
seen from the TGA diagram that AA-co-MC-g-MA has 
certain thermal stability. 

Under the best conditions, the water absorption capac-
ity of water absorption resin after acetone treatment was 
2116 g/g, and the salt absorption capacity was 139 g/g. 
The water absorption rate and salt absorption rate per 
minute were 157 g/g.min and 18 g/g.min. The synthetic 
absorbent resin also had good pH sensitivity. Based on 
the above excellent properties, the fast water-absorbing 
resin prepared and synthesized in this work will certainly 
be developed in industry and agriculture. 

ACKNOWLEDGMENT

The author(s) disclosed receipt of the following fi -
nancial support for the research, authorship, and/or 
publication of this article: The fi nancial support provided 
by National Natural Science Foundation of China (no. 
21764013)

LITERATURE CITED 
1. Shen, Y., Oki, T., Kanae, S., Hanasaki, N., Utsumi, N. & 

Kiguchi, M. (2014). Projection of future world water resources 
under sres scenarios: an integrated assessment. Hydrolog.. Sci. 
J. 59(10), 1775–1793. DOI: 10.1080/02626667.2013. 862338.

2. Jiang, Y.L., Chen, Y.S., Younos, T. , Huang, H.Q. & He, 
J.P. (2010). Urban water resources quota management: the 
core strategy for water demand management in china. Ambio. 
39(7), 467–475. DOI: 10.1007/s13280-010-0080-x.

3. Zhang, W., Zhou, J., Feng, G., Weindorf, D.C., Hu, G. 
& Sheng, J. (2015). Characteristics of water erosion and con-
servation practice in arid regions of Central Asia: Xinjiang 
Province, China as an example. J. Soil. Water. Conserw. 3(2), 
S2095633915300617. DOI: 10.1016/j.iswcr.2015.06.002.

4. Wang, C.F., Li, X.F., Zhang, X.L., Ma, X.L. & Feng, M.X. 
(2019). Research progress on application of water retention 
agent in agricultural production. Modern Agric. Sci. Technol. 
12. DOI: not given.

5. Huo, Q., Liu, D., Zhao, J., Li, J., Chen, R. & Liu, S. 
(2017). Construction and water absorption capacity of a 3D 
network-structure starch-g-poly (sodium acrylate)/PVP semi-
-IPN superabsorbent resin. Starch. 69, 11–12. DOI: 10.1002/
star. 201700091.

6. Chen, Y., Liu, Y.F., Tan, H.M. & Jiang, J.X. (2009).
Synthesis and characterization of a novel superabsorbent po-
lymer of N, O - carboxymethyl chitosan graft copolymer- ized 
with vinyl monomers. Carbohydr. Polym.75(2), 287–292. DOI: 
10.1016/j.car bpo l.2008.07.022.

7. Bao, Y., Ma, J. & Li, N. (2011). Synthesis and swelling 
behaviors of sodium carboxymethyl cellulose-g-poly(AA-co-AM-
-co-AMPS)/MMT superabsorbent hydro- gel. Carbohydr. Polym. 
84(1), 76–82. DOI: 10.1016/j.carbpol.2010.10.061.

8. Lan, GH., Zhang, M., Liu, YQ., Qiu, H., Xue, S., Zhang, 
T. & Xu, Q. (2019). Synthesis and Swelling Behavior of Su-
per-Absorbent Soluble Starch-g-poly (AM-co-NaAMC 14 S) 
Through Graft Copolymerization and Hydrolysis. Starch. 71, 
1800272. DOI: 10.1002/star.201800272.

9. Huacai, G., Wan, P. & Dengke, L. (2006). Graft copo-
lymerization of chitosan with acrylic acid under microwave 
irradiation and its water absorbency. Carbohydr. Polym. 66(3), 
372–378. DOI: 10.1016/j.carbpol.2006.03.017.

10. Jian, Q., Marie, R.S., Niemeyer, M.J., Schueler, K.R., 
Hurley, S.M. & Sawyer, L.H. (2003). Patent No. EP1622654. 
Publ. of Application without search report – European Patent 
Offi ce.

11. Tang, Y., Wang, X. & Zhu, L. (2013). Removal of methyl 
orange from aqueous solutions with poly(acrylic acid-co-acryla-
mide) superabsorbent resin. Polym. Bull. 70(3), 905–918. DOI: 
10.1007/s00289-013-0910-7.

12. Li, J., Zhang, K., Zhang, M., Fang, Y., Chu, X. & Xu, 
Lu. (2017). Fabrication of a fast:welling superabsorbent resin 
by inverse suspension polymerization. J. Appl. Polym. Sci. 135, 
46142. DOI: 10.1002/app.46142.

Table 2. Comparison of water absorption rate with domestic and foreign diaper resin



  Pol. J. Chem. Tech., Vol. 22, No. 2, 2020 41

13. Rashidzadeh, A. & Olad, A. (2014).Slow-released NPK 
fertilizer encapsulated by NaAlg -g- poly(AA- co -AAm)/MMT 
superabsorbent nanocomposite. Carbohydr. Polym.114, 269–278. 
DOI: 10.1016/j.carbpol.2014.08.010.

14. Gawande, N. & Mungray, A.A. (2015). Superabsorbent 
polymer (sap) hydrogels for protein enrichment. Sep. Purif. 
Technol. 150, 86–94. DOI: 10.1016/j.seppur.2015. 04.024.

15. Lee, H.X.D., Wong, H.S. & Buenfeld, NR. (2016). 
Self-sealing of cracks in conc- rete using superabsorbent po-
lymers. Cement. Concrete. Res. 79, 194–208. DOI: 10.1016/j.
cemconres.2015.09.008.

16. Peng, N., Wang, Y., Ye, Q., Liang, L., An, Y., Li, Q. & 
Chang, C. (2016). Biocompatible cellulose-based superabsorbent 
hydrogels with antimicrobial activity. Carbohydr. Polym. 137, 
59–64. DOI: 10.1016/j.carbpol.2015.10.057.

17. Ganhui, H., Qianhui, G.U. & Zhenyu, G.U. (2012). 
Optimization on preparation technology of super absorbent 
resin polymerized by microwave with gelatinized starch from 
canna edulis ker and acrylic acid through response surface 
methodology. Food Sci. 33(10), 124–130.DOI: not given.

18. Blaker, J.J., Lee, K.Y. & Bismarck, A. (2011). Hierar-
chical composites made en- tirely from renewable resources. J. 
Biobased Mater. Bio. 5(1), 1–16. DOI: 10.1166/jbmb.2011.1113.

19. Lam, Y.C., Joshi, S.C. & Tan, B.K. (2007). Thermodyna-
mic charact- eristics of gelation for methyl-cellulose hydrogel 
S. J. Therm. Anal. Cal. 87(2), 475–482. DOI: 10.1007/s10973-
006-772 2-z. 

20. Fang, Z., Zhang, X., Xia, M., Luo, W., Hu, H.,Wang, Z., 
He, P. & Zhang, Y. (2018). The role of synthetic P (MMA- 
co- MAH) as compatibilizer in the preparation of chlorinated 
polyethylene/polysodium acrylate water- swelling rubber. Adv. 
Polym. Tech. 37, 3650–3658. DOI: 10.1002/adv.22149.

21. Roy, D., Semsarilar, M., Guthrie, J. & Perrier, S. (2009). 
Cellulose modifi cation by polymer grafting: a review. Chem. 
Soc. Rev. 38(7), 2046–2064. DOI: 10.1039/ b 808639g.

22. Yimit, M., Sawut, A., Nurulla, I., Shi, Q.D. & Xu, 
W.T. (2016). UV polymerization and characterization of self-
crosslinking polyacrylic acid super- absorbent. J. Funct. Mater. 
4(47), 04182–04186. DOI: 10.3969/j.issn.100-9731. 2016.04.037.

23. Cheng, D.D., Liu, Y., Yang, G.T. & Zhang, A.P. (2018). 
Water- and Fertilizer-In- tegrated Hydrogel Derived from the 
Polymerization of Acrylic Acid and Urea as a Slow-Release N 
Fertilizer and Water Retention in Agriculture. J. Agric. Food 
Chem. 66, 5762−5769. DOI: 10.1021/acs.jafc.8b00872.

24. Hisham A., E., Ghazy, M.B.M., Mohamed, M.F. & El-Hai, 
F.A. (2016). Super- absorbent hydrogels via graft polymerization 
of acrylic acid from chitosan-cellulose hybrid and their poten-
tial in controlled release of soil nutrients. Internat. J. Biolog. 
Macromolec. 89, 144–151. DOI: 10.1016/j.ijbiomac.2016.04.071..

25. Shi, Q., Meng, Q.L. & Wang, N. (2014). The Preparation 
of Calcium Carbonate Modifi ed High Water-Absorbing Resin. 
Adv. Mater. Res. 1035, 296–302. DOI: 10.4028/www.scientifi c.
net/amr.1035.296.

26. Zhang, H.N., Ren, H., Qian, S. & Zhai, H. (2019). Effects 
of different lignins on absorption properties and pore structure 
of polyacrylic acid resin. Wood Sci. Technol. 53, 1001–1014. 
DOI: 10.1007/s00226-019-01116-w.

27. OU, S.J. (2014). The synthesis of maleic anhydride-acrylic 
salt tolerance of sup- er water-absorbent resin. Appl. Chem. Ind. 
43(4), 670–672. DOI: 10. 16581/j.cnki.issn1671-3206.2014.04.025.

28. Sawut, A., Yimit, M., Wanfu, S. & Nurulla, I. (2014).
Photopolymerisation and characterization of maleylatedcellu-
lose-g-poly(acrylic acid) superabsorbent polymer. Carbohydr. 
Polym. 101, 231–239. DOI: 10.1016/j.carbpol.2013.09.054.

29. Liu, L., Sawut, A., Abliz, S., Nurulla, I., Dolat, B. & 
Yimit, M. (2016). Ultraviolet-induced polymerization of super-
absorbent composites based on sodium humate and its urea 
release behavior. RSC. Adv. 6, 101123–101132. DOI: 10.1039/
c6 ra21911j.

30. de Carvalho Oliveira, G., Filho, G.R., Vieira, J.G., De 
Assunção, R.M.N., da Silva Meireles, C., Cerqueira, D.A., de 
Oliveira, R.J., Silva, W.G. & de Castro Motta, L.A. (2010). 
Synthesis and application of methylcellulose extracted from 
waste newspaper in cpv-ari portland cement mortars. J. Appl. 
Polym. Sci. 118(3), 1380–1385. DOI: 10.1002/app.32477.

31. Li, L., Chu, L.K., Huang, W.H., Yue, L. & Yang, Z.S. 
(2014). Radiation synthesis and the post-processing of a new 
salt resistance SAR. Nuclear Techniques. 37(7), 070301. DOI: 
10.11889/j.0253-3219.2014.hjs.37.070301.

32. Song, X.F., Zhang, D. & He, T.S.(2012).Synthesis and 
Characterization of Water Absorbent Resin of Poly(AA-AANa-
-AM) with Redox Initiation System. J. Building Mater. 15(4), 
0494–0497. DOI: 10.3969/j. issn.1007-9629.2012. 04.011.

33. Dolat, B., Sawut, A., Yimit, M. & Nurulla, I. (2015). Ul-
traviolet photopolymeri-zation and performances of fast-water 
absorbing sodium polyacrylate. J. Appl. Polym. Sci. 132(46), 
1–6. DOI: 10.1002/app.42787.

34. Tian, Y.C., Zhao, M.Q., Mi, H.Y., Li, G.Y. & Nurulla, 
I. (2012). Synthesis of acrylic acid-polyethylene glycol-humic 
acid composite water absorbent resin. China Synthetic Resin 
Plastics, 29(6),71–76. DOI: not given.

35. Bao, Y., Ma, J.Z. & Li, N.(2010). Synthesis and swelling 
behaviors of sodium carboxymethyl cellulose-g-poly(AA-co-
-AM-co-AMPS)/MMT superabsorbent hydro- gel. Carbohydr. 
Polym. 84 (2011) ,76–82. DOI: 10.1016/j.carbpol.2010.10.061.

36. Zhang, P., Liang, J.F., Xie, J.J. & Liu, X.R. (2007). The 
infl uence of pH value on the absorbent property of super ab-
sorbent resin (acrylate – acrylamide). Natural Sci. J. Xiangtan 
Univ. 29(4), 63–66. DOI: 10.13715/j.cnki. nsjxu. 2007.04.010.

37. Tian, Y.C., Li, G.Y. & Nurulla, I.(2013). Synthesis of 
acrylic acid-starch-humic acid absorbent resin. China Synthetic 
Resin Plastics, 30(2), 42–47. DOI: not given.

38. Rashidzadeh, A., Olad, A., Salari, D. & Reyhanitabar, 
A. (2014). On the prepara- tion and swelling properties of 
hydrogel nanocomposite based on Sodium alginate-g-Poly(a-
crylic acid-co-acrylamide)/Clinoptilolite and its application as 
slow release fertilizer. J. Polym. Res. 21, 344. DOI: 10.1007/
s10965-013-0344-9.


