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Abstract: A novel hydrogel slow-release nitrogen fer-

tilizer based on sawdust with water absorbency was 

prepared using grafting copolymerization. Urea was 

incorporated as nitrogen source in a hydrogel fertili-

zer. Potassium persulfate (KPS) and N,N᾽-methylenebis 

acrylamide (MBA) were used as the initiator and cross-

linker, respectively. The structure and properties of the 

samples were characterized by XPS, EDS, SEM, XRD and 

FTIR. The effects of various salt solutions, ionic strength 

and pH on swelling behavior were discussed. The results 

showed that the largest water absorbency of the sample 

reached 210 g/g in distilled water. In addition, the 

sample had the good nitrogen release property. Thus, 

the novel environmentally friendly hydrogel fertilizer 

may be widely applied to agricultural and horticultural 

fields.

Keywords: sawdust; slow-release nitrogen fertilizer; water 

absorbency; swelling behavior; release behavior

1  Introduction

With the increase of the population, the world’s population 

has reached 7.5 billion by 2017 [1]. The insufficient food 

has become a major problem for humanity, the most 

effective way to solve this problem is to increase grain 

production. Fertilizer and water are the most important 
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factors affecting agricultural production, so it is very 

important to improve utilization of fertilizer nutrient 

and water resources [2-4]. Urea is the most widely used 

nitrogen fertilizer which has a high nitrogen content and 

low production cost. However, urea released rapidly in a 

short time in soil [5-7]. Volatilization, leaching, and runoff 

of nutrients caused waste of fertilizers and contamination 

of water [8]. With the reduction of freshwater resources, 

irrigation water sources also are deficient. Therefore, it 

was very important to establish a reasonable water and 

fertilizer system.

The hydrogel is a superabsorbent polymer with a 

three-dimensional network structure. Hydrogel can 

absorb large amounts of liquids, which can weigh dozens 

or even hundreds of times their own weight [9]. Because 

of the strong water absorbency of hydrogel, it have been 

widely used to be water-retaining materials  [10,11]. The 

hydrogel slow-release fertilizer (HSRF) is a multifunctional 

fertilizer, which can not only improve the utilization rate 

of fertilizer, and reduce the harm to the environment, but 

also maintain the soil moisture [12]. HSRF has excellent 

water retention, and effectively reduces irrigation 

frequency and production costs. At the same time, based 

on the slow release characteristics of HSRF, the mortality 

of plants reduced and the utilization rate of fertilizer 

was improved [13,14]. Fertilizer can be loaded into the 

hydrogel by many techniques, two methods were most 

commonly used: one is that the fertilizers are directly 

grafted on the hydrogel polymer chains, and the other 

one is that the hydrogel is first synthesized, and then 

the hydrogel is immersed in the fertilizers solution until 

it is saturated [14]. However, the application of hydrogel 

has encountered some problems in agricultural fields. 

Traditional hydrogel was synthesized from acrylic acid 

(AA) and acrylamide (AM). AA and AM were expensive 

and had poor degradation performance, which was 

not suitable for the sustainable development of green 

agriculture [15]. Therefore, some researchers have 

proposed to use bio-materials to synthesize hydrogel, such 

as starch [16,17], wheat straw [13,17,18], pineapple peel [19], 

leftover rice [20], corncob [8], flax yarn waste [9], chicken 

gelatin [21], yeast [22], methyl chitosan [23], cotton stalk 
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[4,8], mulberry branch [24], cellulose acetate [25] and so 

on. Sawdust is a renewable and environmentally friendly 

biomass resource, which contain 61.2% cellulose [26-28]. 

However, most of sawdust was burnt, and the residual 

value of sawdust cannot be fully utilized [29]. As far as 

we know, there were no reports with the application of 

sawdust in hydrogel fertilizers fields. Therefore, we tried 

to use sawdust to prepare HSRF, thereby improving 

water absorption and fertilizer utilization to develop the 

environment-friendly agriculture.

The aim of this work is to synthesize a HSRF based on 

sawdust, AA, AM, and urea. The structure and properties 

of HSRF were characterized by using FTIR, XRD, SEM, XPS, 

EDS and TGA. In addition, water holding capacity, water 

absorbency capacity, nitrogen release behavior, swelling 

kinetics and release kinetics of the sample were also 

investigated systematically.

2  Materials and methods

2.1  Materials 

Sawdust was provided by Sanyou Furniture Factory. 

Sodium hydroxide, N,N᾽-methylenebis acrylamide (MBA), 

potassium persulfate (KPS), hydrochloric  acid and ethyl 

alcohol were obtained from Kaitong Chemical Reagent 

Co., Ltd. (Tianjin, China). Acrylic acid monomer (AA) and 

acrylamide (AM) were purchased from Macklin Chemical 

Reagents Co., Ltd. (Shanghai, China). Urea particles 

were obtained from Lanhua Coal Mining Group Co., Ltd. 

(Shanxi, China). Deionized water was used throughout 

the experiment. All reagents were of analytical reagent 

grade or commercial purity and were easily obtained from 

commercial sources.

2.2  Preparation of sawdust cellulose (SC)

First of all, the sawdust was washed and dried, then 

crushed and sieved (100 mesh). The sawdust powder 

was immersed in 10 wt% ammonia solution for 48 h and 

the mass ratio of sawdust powder to 10 wt% ammonia 

solution was 1:12, then the sawdust powder was filtered 

and washed with deionized water until the washing 

water was clean. Then, the sawdust powder was dried 

at 70°C in a drying oven. Next, the sawdust powder was 

put in 1 mol/L nitric acid and boiled for 45 min, and 

the mass ratio of sawdust to nitric acid was 1:12. And 

the sawdust powder was filtered and washed by using 

the same method until the pH of washing water was 7. 

After the samples were dried, the sawdust cellulose were 

obtained [17].

2.3  Preparation of HSRF

2 g sodium hydroxide was dissolved in 30 mL deionized 

water and the mixed solution was added to a 250 mL flask 

equipped with a mechanical stirrer. The flask was put in a 

water bath to make sure constant condition of 70°C. Then, 

6 g AA, 3 g AM, 2 g urea and 0.07 g MBA were added to 

the flask. Next, flask was purged with nitrogen until the 

reaction completed. After stirring for 15 min, the mixed 

solutions (30 mL deionized water, 1 g sawdust cellulose 

and 0.15 g KPS) were added into the above-mentioned flask. 

The water bath was kept at 70°C and stirred continuously 

for 4 h to complete the polymerization process. After 

the polymerization reaction completed, the sample was 

washed with ethanol to remove unreacted parts. At last, 

the HSRF was cut into small pieces (2 × 2 mm) and placed 

in a drying oven at 70°C to constant weight and stored 

for future use. The mechanism of the polymerization is 

shown in Scheme 1. The preparation process of SC-g-PAA/

PAM/Urea is shown in Scheme 2.

2.4  Characterization

The FTIR spectra of samples were analyzed by singusing 

a Nicolet 380 FTIR spectrometer. The samples were 

subjected to wave numbers within the range of 500 to 

4000 cm−1 at a resolution of 4 cm−1. The thermal stability of 

the various samples were evaluated under N
2
 circumstance 

by thermo-gravimetric analysis (TGA, DTG60A, Japan), 

the temperature was heated from 20°C to 800°C at a rate 

of 10°C/min. The morphologies of samples were analyzed 

by scanning electron microscopy (SEM, JSM-5800, Japan). 

The surface elemental composition and distribution 

of the samples were observed by X-ray photoelectron 

spectrometer (XPS, Escalab 250Xi, America) and Energy 

dispersive spectrometer (EDS). The X-ray diffracion(XRD) 

measurements were couducted by an X-ray diffractometer 

(XRD, D8 Advance, Germany).

2.5  Swelling capacity and kinetics

0.2 g of the dried sample was immersed in 150 mL of 

deionized water and NaCl solution (1.0 wt%), respectively, 

which were allowed to absorb solution until swelling 
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equilibrium was obtained. Then, the swollen samples 

were quickly separated from the solution and measured 

the weight of the HSRF. The equilibrium water absorbency 

Q
eq

 (g/g) was calculated using Eq. 1:

 

=Q
W W

W

–

eq

1 0

0

 (1)

where W
1 
(g) and W

0
 (g) represented the weight of swollen 

and dried samples, respectively. Q
eq

 (g/g) indicated the 

weight of absorbed solution.

In order to study the effect of pH on the water 

absorbency of samples, the different pH solutions were 

used as soaking media. Various pH solutions were 

prepared by NaOH (0.1 mol/L) and HCl (0.1 mol/L) aqueous 

solutions. The Q
eq

 of samples in different pH solutions was 

determined by the same method.

To study the swelling kinetics of samples in various 

saline solutions, 10 mmol/L NaCl, CaCl
2
, KCl, MgCl

2
, and 

NH
4
Cl solutions were prepared, respectively. Specific steps 

were as follows: 0.5 g of dried samples were put in nylon 

bags, which were immersed in the different salt solutions. 

Scheme 1: The preparation scheme of SC-g-PAA/PAM/Urea.
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The bags were separated from the solutions and weighed 

at prescribed time intervals (1, 3, 5, 10, 15, 20, 30, 45, 60, 

90, 120, 180, 240, 360, 480, and 600 min). The Q
t
 (the water 

absorbency of samples at time t) can be calculated by the 

mentioned equation. 

In order to further study the swelling kinetics of 

samples in water, schott’s second-order swelling kinetics 

model can be indicated by the following equation:

 

t

Q

l

K

l

Q
t

t is m

= =  (2)

where Q
t 
(g/g) was the water absorbency at any time t; 

Q
m

 (g/g) was the theoretical equilibrium water absorbency; 

K
is
 was the swelling rate constant.

2.6   Measurement of the water-holding 
of SC-g-PAA/PAM/Urea in soil

1, 2, 3, 4 g SC-g-PAA/PAM/Urea were mixed with 200 g of dry 

soil (20 mesh, the ratio of soil to sand was approximately 

9:1) and placed in a 4.5 cm diameter polyvinyl chloride 

(PVC) tube, respectively. The bottom of the tube was sealed 

with nylon mesh and weighed (W
0
). The tap water was 

poured slowly into the soil from the top of the tube until 

the water seeped out from the bottom and weighed (W
1
). 

A  control experiment without the SC-g-PAA/PAM/Urea 

was prepared by the same method. The water holding 

(WH%) in the soil was calculated using the following 

equation:

 

WH
W W

W
%

–

100
1 0

0

= ×  (3)

2.7   Release behavior and kinetics 
of SC-g-PAA/PAM/Urea in water

1 g of SC-g-PAA/PAM/Urea was placed in a nylon mesh 

bag and immersed in 200 mL of deionized water. The bags 

were removed from the glass bottle within the specified 

time intervals (1, 3, 5, 10, 15, 20, 30, 45, 60, 90, 120, 180, 

240, 360, and 480 min). Approximately 2 mL of solution 

was drawn out from the glass bottle to detect the nutrient 

release of nitrogen using a UV-2450 spectrophotometer. 

All samples were measured in triplicate, and the results 

were the average value for each sample.

The N contentration was calculated using the para-

dimethyl-amino-benzaldehyde colorimetry. First, 2  mL 

fertilizer extract solution was placed in a 25 mL colorimetric 

tube. Then, 20 mL of the 20 g/L para-dimethyl-amino-

benzaldehyde solution and 2 mL of the 2  mol/L H
2
SO

4
 

solution were added. At last, 1 mL deionized water was 

added into the solution. The colorimetric tube was shaken 

to make solution even, and allow to stand for 15 min using 

Scheme 2: Diagram of the fabrication process of SC-g-PAA/PAM/Urea.
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the spectrophotometer at 422 nm wavelength to determine 

N contentration [18].

In order to further study the release kinetics and 

mechanism of HSRF in water, Ritger-Peppas release model 

was employed.

 

M

M
Ktt n

=

∞

 (4)

where M
t 
and M

∞
 were the cumulative fertilizer nutrients 

release at time t and infinite time, K was the release rate 

constant, t was the release time and n was the diffusional 

exponent. When n ≤ 0.45, the release mechanism belongs 

to Fick diffusion; when 0.45 < n < 0.89, for anomalous 

transport; when n ≥ 0.89, it indicates the Case II release 

mechanism, erosion mechanism for the skeleton [8,30,31]. 

The equation is suitable for the first 60% of the fractional 

nutrient release curves [32].

3  Results and discussion

3.1  FTIR spectra

The FTIR spectra of the SC, AA, AM, urea and SC-g-PAA/

PAM/Urea were displayed in Figure 1. For the spectrum of 

SC, the characteristic peaks at 3426 and 2923 cm−1 were 

contributed to the –OH and C–H stretching vibration, 

respectively. And the peaks at 1386 and 1039 cm−1 were 

attributed to C–C and C–O–C stretching vibration. For 

the spectrum of AA, the intense bands were observed at 

1715 and 1627 cm−1, corresponding to the C=O stretching 

of –COOH and C=C groups, respectively. And there was 

a peak at 1434 cm−1, which was assigned to symmetric 

stretching vibration of –COO− groups [33,34]. The peaks at 

1289 and 1238 cm−1 were due to in plane bending vibration 

of C–H, while 982 and 812 cm−1 were due to out of plane 

bending vibration of C–H. For urea, the peaks at 3440 

and 3342  cm−1 were due to asymmetric and symmetric 

stretching vibration of –NH
2
 in –CONH

2
, respectively. The 

peaks at 1678 and 562 cm−1 were ascribed to the stretching 

vibration of –C=O in –CONH
2
 and bending vibration of  

N–CO–N, respectively. For AM, the peaks at 3360, 3176 

and 1678 cm−1, which can assigned to the stretching of the  

–NH
2
 and C=O groups. The peaks at 1272 and 1135 cm−1 

were stretching vibration of –C–N, and 965 and 812 cm−1 

were out of plane bending vibration of C–H.

In the FTIR spectrum of SC-g-PAA/PAM/Urea, the 

absorption peaks at 3614 cm−1 (stretching vibration of  

–OH), 1551 cm−1 (asymmetric stretching vibration of –COO− 

groups), 1410 cm−1 (symmetric stretching vibration of –COO− 

groups), 1067 cm−1 (stretching vibration of C–O–C groups) 

were observed. Moreover, the C=O stretching of urea and 

Figure 1: FTIR spectra of SC (a), AA (b), urea (c), AM (d) and SC-g-PAA/PAM/Urea (e).
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AM at 1678 cm−1 and the C=O stretching of –COOH groups 

of AA at 1715 cm−1 shifted to 1683 cm−1 in the FTIR spectrum 

of SC-g-PAA/PAM/Urea, signifying that intermolecular 

hydrogen-bonding interactions were created between  

–COOH and C=O groups during the polymerization process 

[8,23,35]. In addition, the characteristic urea bands 

at 3180  cm−1 with slight shifts, which is the stretching 

vibration  of −NH
2
 in −CONH

2
, and 570 cm−1 (bending 

vibration of N–CO–N) were visible, suggesting the 

involvement of urea in the SC-g-PAA/PAM/Urea [20,24,36]. 

The above analysis of FTIR information concluded that 

SC-g-PAA/PAM/Urea hydrogel fertilizer was successfully 

synthesized by using simple reactive methods.

3.2  X-ray diffraction analysis

X-ray diffraction analysis was intensively applied as a 

technique for quantifying the crystalline structure of 

polymer. Figure 2 exhibits the XRD patterns of SC-g-PAA/

PAM/Urea, SC and urea. For the SC, the peaks at 2θ = 15.8°, 

22.3° and 2θ = 34.6°, corresponded to the characteristic 

crystalline peaks of cellulose I in nature [19]. The urea 

XRD patterns showed many characteristic reflections at 

2θ = 22.3°, 24.6°, 29.4°, 31.7°, 35.5°, and 2θ = 37.1°, indicating 

that urea had a crystalline structure [20]. However, unlike 

urea and SC, SC-g-PAA/PAM/Urea exhibits a broader 

and larger peak. The absence of characteristic peaks of 

urea and SC for the SC-g-PAA/PAM/Urea, indicated that 

urea and SC had a amorphous structure in the hydrogel 

fertilizer [20,37] Additionally, the hydrogel fertilizer formed 

a amorphous structure by crosslinking of SC and urea. 

Therefore, SC and urea were successfully incorporated 

in the hydrogel fertilizer. Similar phenomena have been 

observed by wen et al. that reported the corncob-based 

hydrogel fertilizers [8].

3.3  XPS analysis

The chemical environment of carbon, nitrogen and 

oxygen atoms in urea and SC-g-PAA/PAM/Urea were 

studied by XPS. The O 1s (532.71 eV), N 1s (397.93 eV) and C 

1s (284.65 eV) on the XPS spectrum of SC-g-PAA/PAM/Urea 

can be observed in subfigures A1-A3 of Figure 3. The O 1s 

(529.78 eV), N 1s (399.83 eV) and C 1s (286.89 eV) on the 

XPS spectrum of urea can be observed in subfigures B1-B3 

of Figure 3. The C1s spectra can be fitted with four peaks 

at banding energies of 284.72, 286.14, 287.91 and 288.83 eV. 

The four peaks originated from C–C, C–N, C=O and O–C=O 

groups, respectively. Compared with the XPS spectrum 

of SC-g-PAA/PAM/Urea, the C1s of urea can be fitted 

to three peaks (subfigure B2 of Figure 3). The peaks at 

284.73, 286.66 and 288.78 eV were attributed to C–C, C–N 

and C=O, respectively. The binding energy and atomic 

percentage were depicted in Table 1. Notably, the carbon 

Figure 2: X-ray diffraction patterns of SC-g-PAA/PAM/Urea (a), SC (b) and urea (c).
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atomic concentration and oxygen atomic concentration 

was increased significantly in the SC-g-PAA/PAM/Urea 

compared with urea. This change was attributed to the 

large amount of oxygen atoms and carbon atoms in the 

sawdust cellulose, and sawdust cellulose was successfully 

incorporated into the SC-g-PAA/PAM/Urea system.

3.4  Micro-morphology

The surface elemental composition and distribution of 

SC-g-PAA/PAM/Urea were displayed in the EDS spectra 

(Figure 4a) and map (Figure 4c). Table 2 displays the 

quantitative analysis of the elements present in the EDS 

Figure 3: XPS survey spectra of SC-g-PAA/PAM/Urea (A1) and urea (B1), C1s of SC-g-PAA/PAM/Urea (A2), C1s of urea (B2), O1s of SC-g-PAA/

PAM/Urea (A3), O1s of urea (B3).
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map. For the surfaces of SC-g-PAA/PAM/Urea, the uniform 

distributions of C, N, O, Na, K and P elements can be 

clearly observed. Furthermore, the abundant elements 

included by the SC-g-PAA/PAM/Urea could be applied to 

soil and then promoted to improve soil fertility and plant 

growth [8].

The surface microscopic morphology of SC and 

SC-g-PAA/PAM/Urea were observed in Figure 5. The SC 

exhibits block or rod-like morphology. Compared with 

that of SC, the coarse and fluffy surface was observed 

in the micrograph of SC-g-PAA/PAM/Urea. Additionally, 

few urea crystals (white spot) were dispersed on 

the surface of SC-g-PAA/PAM/Urea in Figure 5b. 

Similar phenomena have been reported by other  

researchers [20,34].

3.5  TGA analysis 

TGA was conducted in order to evaluate the thermal 

stability property of different hydrogel fertilizers in 

Figure  6. TGA curves of different hydrogel fertilizers 

exhibit the obvious differences at elevated temperature. 

The TGA curves of SC-g-PAA/PAM/Urea shows three 

main thermal degradation stages. The first stage from 

200°C to 320°C, it corresponded to the disintegration 

of branches or side chain groups of the polymer 

[36,38,39]. The second weight loss occurred within 

320-520°C, it could be attributed to the decomposition 

of main chains of graft copolymer. Finally, the weight 

loss took place in the range of 520-800°C, it may  

be the further decomposition of residual organic 

matter  [38,39]. SC-g-PAA/PAM, SC-g-PAA/Urea and 

PAA/PAM/Urea shows  four main thermal degradation 

stages, respectively. Notably, the SC-g-PAA/PAM/Urea 

Table 1: XPS analysis of urea and SC-g-PAA/PAM/Urea.

SC-g-PAA/PAM/Urea Urea

Linkage Binding 

energy 

(eV)

Atomic 

%

Linkage Binding 

energy 

(eV)

Atomic 

%

C-C 284.72 26.23 C-C 284.73 7.78

C-N 286.14 18.37 C-N 286.66 8.96

C-O 287.91 11.22 C=O 288.78 12.25

O-C=O 288.83 3.23

N-C 399.47 8.26 N-C 399.42 47.16

O=C 531.05 10.73 O=C 531.42 23.85

O-C 532.31 14.31

O=C-O 532.96 7.65

Figure 4: EDS spectra (a) and EDS maps (c) corresponding to the SEM image (b) for surface elemental composition and distribution 

of SC-g-PAA/PAM/Urea.
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had higher thermal stability than SC-g-PAA/PAM, SC-g-

PAA/Urea and PAA/PAM/Urea. When the temperature 

was 550°C, the mass ratios of PAA/PAM/Urea, SC-g-

PAA/Urea, SC-g-PAA/PAM and SC-g-PAA/PAM/Urea 

were 10.3%, 26.7%, 37.7%, 41.2%, respectively. Similar 

phenomena have been reported by Wen et al. [8]. Table 3 

exhibits the main thermal properties for SC-g-PAA/PAM/

Urea and SC-g-PAA/PAM, SC-g-PAA/Urea and PAA/PAM/

Urea. It was noted that the 5% weight loss temperature 

(T
5%

), T
20%

 and T
50%

 in the SC-g-PAA/PAM/Urea had 

higher values than those of SC-g-PAA/PAM, SC-g-PAA/

Urea and PAA/PAM/Urea. Due to the introducing of SC, 

AA, urea, and AM in hydrogel system, chemical reactions 

among the molecular chains leaded to the formation of 

the highly dense network structure in hydrogel, then 

improving the thermal property of SC-g-PAA/PAM/Urea.

3.6   Water-holding capacity of soil 
with SC-g-PAA/PAM/Urea

The water-holding capacity of soil with SC-g-PAA/PAM/

Urea was displayed in Figure 7. For the soils mixed with 

different contents SC-g-PAA/PAM/Urea, soil mixed 

with 4  g samples had the largest water-holding ratios 

(161.2%), which was higher 122.5% than that of the soil 

without hydrogel sample (38.7%). It indicated that SC-g-

PAA/PAM/Urea had excellent water-holding capacity. 

The reason can be that the SC, AA and AM formed 

skeleton structure by polymerization [40,41]. And the 

introduction of the SC added the reactive molecular 

chains length, then increasing water absorption. 

Simultaneously, the incorporation of SC increased 

reactive nodes, easily forming skeleton structure. 

Therefore, the addition of SC can improve water-holding 

capacity of sample. Furthermore, It was observed that 

the maximum water-holding capacity would increase 

with the increase of SC-g-PAA/PAM/Urea dosage in the 

soil. The higher water-holding capacity can be attributed 

to the presence of a lot of hydrophilic groups in  

SC-g-PAA/PAM/Urea  [8,41]. Therefore, the SC-g-PAA/

PAM/Urea was applied to the soil, the soil can hold a 

lot of water during irrigation or rain periods [40]. As 

a result, application of SC-g-PAA/PAM/Urea fertilizer 

can effectively reduce irrigation times and improve 

soil moisture. Additionally, SC-g-PAA/PAM/Urea also 

releases nutrients and increases crop yields.

3.7   Effect of salt solution on water 
 absorbency of SC-g-PAA/PAM/Urea

The swelling curves of SC-g-PAA/PAM/Urea was displayed 

Figure 8. As can be seen from the figure, the water 

absorbency of SC-g-PAA/PAM/Urea in 0.01 mol/L NaCl 

was 108 g/g. However, the water absorbency of the SC-g-

PAA/PAM/Urea in 0.50 mol/L NaCl was only 19.4 g/g. 

Table 2: Weight percent and atomic percentage of each element 

in SC-g-PAA/PAM/Urea.

Element wt% at%

CK 40.92 50.31

KK

NaK

NK

01.24

18.41

08.36

00.47

11.82

08.82

OK 30.84 28.47

PK 00.23 00.11

Figure 5: SEM images of SC (a) and SC-g-PAA/PAM/Urea (b).
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As evident, the water absorbency of the SC-g-PAA/PAM/

Urea was inversely proportional to the concentration of 

the sodium chloride solution. This result was attributed to 

the decreased osmotic pressure difference with increasing 

saline solution concentration [8,38,42]. The osmotic 

pressure difference acted as a driving force at water 

absorbency stage of SC-g-PAA/PAM/Urea [42]. The higher 

concentration of solution would lead to a lower water 

absorbency driving force [38]. Therefore, SC-g-PAA/PAM/

Urea has strong water absorbency in low concentration 

NaCl solution.

3.8  Swelling capacity and kinetics

The effects of different saline solutions on the water 

absorbency of the SC-g-PAA/PAM/Urea were illustrated 

in Figure 9a. As shown in Figure 9a, the SC-g-PAA/PAM/

Urea had the highest water absorbency in NaCl solution 

and the lowest water absorbency in CaCl
2
 solution. As 

evident, in the same concentration of salt solution, the 

water absorbency of the SC-g-PAA/PAM/Urea decreased 

with the increase of cationic charges. The result was 

similar to that of LR-PAA/MMT/Urea reported by Zhou 

et al. [20]. The water absorbency of the SC-g-PAA/PAM/

Urea in 0.01 mol/L saline solutions was in the order of 

Na+ > K+ > NH
4

+ > Mg2+ > Ca2+. This result was attributed 

to the formation of complexs by the –COO− groups with 

multivalent cations, which increased the crosslink 

density of the hydrogel network [20]. In  addition, 

multivalent cations have higher ionic strength than 

monovalent cations, so hydrogels had low water 

absorbency in multivalent cations solutions. Moreover, 

the smaller radius of the cations were corresponded to 

the stronger water absorbency capacity of the hydrogel 

(Na+ > K+ > Mg2+ > Ca2+).

Figure 9b shows the swelling kinetics of the 

sample. The Q
m

 and K
is
, and the correlation coefficients 

(R2) were listed in Table 4. The plots revealed lines 

with good linear correlation coefficient, the Q
m

 of the 

swelling kinetics model was close to the experimental 

value, it was indicated that the Schott’s second-order-

kinetic model can be applied for the swelling process 

of the SC-g-PAA/PAM/Urea [17,20,32]. It can be seen 

from the  figure that the less the water absorbency, the 

less the Q
m

 value. The swelling rate of the sample was 

mainly related to the osmotic pressure of the immersed 

medium and the relaxation rate of the chain segments 

in the network.

3.9   Effect of pH on water absorbency 
of SC-g-PAA/PAM/Urea

The swelling behavior of the SC-g-PAA/PAM/Urea was 

investigated in various solutions with different pH  

Figure 6: TGA curves of SC-g-PAA/PAM/Urea, SC-g-PAA/PAM,  

SC-g-PAA/Urea and PAA/PAM/Urea.

Table 3: Summary of thermal properties of SC-g-PAA/PAM/Urea, 

SC-g-PAA/PAM, SC-g-PAA /Urea and PAA/PAM/Urea.

Samples T
5%

 

(°C)

T
20%

 

(°C)

T
50%

 

(°C)

Residue mass 

at 800°C (%)

SC-g-PAA/PAM/

Urea

222.1 337.1 457.2 28.3

SC-g-PAA/PAM 68.7 244.1 396.5 19.7

SC-g-PAA/Urea 71.2 275.4 434.2 21.5

PAA/PAM/Urea 82.6 301.7 464.5 9.7

Figure 7: The largest Water-holding ratios of soil samples dosed 

with different amounts of SC-g-PAA/PAM/Urea.
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values ranging from 2 to 12. Figure 10 shows the effect 

of pH on water absorbency of SC-g-PAA/PAM/Urea. The 

water absorbency of SC-g-PAA/PAM/Urea increased 

with the pH from 2 to 7. In the case of a solution with  

a strong acidity most –COO− was protonated and 

converted to –COOH. In addition, the hydrogen bonds 

between –COOH was strengthened by the protonation 

of –COO−. These results restrained the anion-anion 

electrostatic repulsion, so decreased the swelling capacity 

of SC-g-PAA/PAM/Urea at the acidic pH [8,17,33]. With the 

pH of the solution increased, some –COOH groups were 

ionized and converted to –COO− [8]. At the same time, 

the hydrogen bonds between –COOH was weakened, the 

electrostatic repulsion between –COO− was enhanced, 

and the water absorbency was increased. At a pH of 7,  

the water absorbency reached a maximum [8,17,33]. The 

water absorbency of the SC-g-PAA/PAM/Urea decreased 

with the pH from 8 to 12. This result was attributed to 

the Na+ screening effect. The anion-anion electrostatic 

repulsion was decreased with the alkalinity of the solution 

increase and the concentration increase of Na+  [43,44]. 

Therefore, the water absorbency of the SC-g-PAA/PAM/

Urea was reduced.

Figure 8: Effect of salt solution on water absorbency of  

SC-g-PAA/PAM/Urea.

Figure 9: The swelling capacity (a) and kinetics (b) of SC-g-PAA/PAM/Urea in different saline solution.

Table 4: Swelling kinetic parameters of SC-g-PAA/PAM/Urea  

in different salt solutions.

Salt solutions K
is

Q
m

R2

0.01 mol/L NaCl 0.0125 131.2505 0.9200

0.01 mol/L KCl 0.0147 125.8703 0.9710

0.01 mol/L NH
4
Cl 0.0168 114.9425 0.9248

0.01 mol/L MgCl
2

0.0106 71.7943 0.9598

0.01 mol/L CaCl
2

0.0098 39.4015 0.9108

Figure 10: Effect of pH on water absorbency of  

SC-g-PAA/PAM/Urea.
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3.10   Release behavior and kinetics 
of SC-g-PAA/PAM/Urea in water

Figure 11a indicates nutrient release ability of SC-g-PAA/

PAM/Urea at 25°C in water. The cumulative nutrient 

release of SC-g-PAA/PAM/Urea was 2.6%, 8.6%, and 82.4% 

within 10, 30, and 480 min, respectively. It could be found 

that the initial release rate of nitrogen was slow, and then 

gradually increased. Finally, the nutrient release rate tends 

to be gentle. This phenomenon could be related with the 

gel strength of hydrogel network. With the decrease of gel 

strength, the nutrient release rate gradually increased. 

Figure 11b shows the release kinetics of SC-g-PAA/PAM/

Urea in water. As can be seen from Table 5, the n value 

in the release model was 1.3214, indicating the Case II 

release, erosion mechanism for the skeleton. In addition, 

the curve has a high goodness of fit, indicating that the 

Ritger-Peppas release model was applicable to explain the 

diffusional process [8,30,31]. The release mechanism was 

characterized by slow release in the early stage, fast release 

in the middle stage and slow release in the late stag, which 

was in line with the growth requirements of the crop.

4  Conclusions 

Through the method of grafting copolymerization, a 

novel slow-release hydrogel fertilizer based on sawdust 

cellulose was successfully prepared. The AA, AM and 

sawdust cellulose participated in the formation of 

hydrogel networks in this process, significantly improved 

the mechanical strength of the hydrogel networks. The 

effect of reaction variables on the swelling behavior 

was analyzed. The reaction conditions were optimized 

to obtain the maximum water absorbency of 210 g/g 

in deionized water. In addition, the influences of salt 

solutions, ionic strength and solution pH on the swelling 

of the SC-g-PAA/PAM/Urea were investigated. SC-g-PAA/

PAM/Urea can absorb more water in the pH range 7-10. 

Compared to other salt solutions, SC-g-PAA/PAM/Urea 

was able to absorb more water in NaCl solution. The 

release behavior of fertilizer was analyzed using the 

Ritger-Peppas release model. The addition of SC-g-PAA/

PAM/Urea into soil could improve the water-retaining 

ability and reduce nutrient release ability. Therefore, the 

fertilizer has broad application prospects in agricultural 

production.
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