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Abstract: The insecticidal ingredient in a biogas solution being fully utilized by cation exchange resin
to produce slow-release insecticide is of great social value. In this work, the feasibility of ammonia
nitrogen in a biogas slurry loaded on resin as a slow-release insecticide was evaluated by studying the
effect of adsorption and the slow release of ammonia nitrogen by resin. The effects of the ammonia
nitrogen concentration, resin dosage, adsorption time and pH value on the ammonia nitrogen
adsorption by the resin were studied. The results showed that the ion exchange resin had a good
adsorption effect on the ammonia nitrogen. With the increase of the resin dosage, time and ammonia
nitrogen concentration, the adsorption capacity increased at first and then stabilized. The ammonia
nitrogen adsorption capacity reached its maximum value (1.13 mg) when the pH value was 7. The
adsorption process can be fitted well by the Langmuir isothermal adsorption equation and quasi-
second-order kinetic model. Additionally, the release rate of the ammonia nitrogen increased with
the increasing sodium chloride concentration. The adsorption capacity of ammonia nitrogen by the
D113 (resin type) resin decreased by 15.8% compared with the ammonium chloride solution. The
report shows that the ion exchange resin has a good adsorption effect on ammonia nitrogen, which
is of guiding significance for expanding the raw materials for slow-release insecticides, improving
the utilization rate of biogas slurry and cleaner production of slow-release insecticides from biogas
slurry. Additionally, all variables showed statistical differences (p < 0.05).

Keywords: biogas slurry; ion exchange resin; ammonia nitrogen; adsorption; slow release

1. Introduction

Agriculture is a basic industry for national development, and it concerns the funda-
mental interests of the people [1]. Since the twentieth century, pesticides have been used
in pursuit of crop yield, which has made great contributions to agricultural production,
yet many of its shortcomings have been found in the process of use, such as causing the
serious destruction of the ecological environment [2], the deterioration of soil properties [3],
the pollution of water resources, the increase in pest resistance [4] and the damage to the
health of people [5]. In the meantime, 90% of pesticides are lost due to osmotic action [6],
resulting in a significant reduction of the pesticide utilization rate. It is extremely important
to solve these problems in the development of agriculture, and the search for economical,
environmentally friendly and highly effective insecticides has attracted more attention [7].
Recently, the insecticidal effect of biogas slurry has been studied.
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Biogas slurry is the residue tail liquid after anaerobic fermentation of biomass, which
has the function of promoting the growth and reproduction of animals and plants [8]
and killing insects because it is rich in a variety of nutrients and ammonia nitrogen [9].
Biogas slurry has a remarkable effect on the control of aphids and red spiders in fruits
and vegetables [10]. The full and rational utilization of biogas slurry can produce huge
economic benefits. Until now, many areas have begun to directly use clean and low-cost
biogas slurry to kill insects, which results in wasting some nutrients and is less efficient
than other synthetic pesticides [11]. The common practice is to mix biogas slurry with
other pesticides to further improve insecticidal efficiency [12]. This still does not solve
the problem of nutrient waste. Slow-release pesticides are currently the more popular
method [13] to improve the utilization efficiency of pesticides and reduce the pollution
to the environment via reducing pesticide dosages, pesticide spraying frequency and
prolonging the effective duration [14]. The combination of biogas slurry and slow-release
technology is an interesting research direction, and there have been no such reports yet.
To date, a variety of slow-release types have been developed, including microcapsule,
inclusion, homogeneous and adsorption [15]. Among these, adsorption is widely used
because of its low cost and easy operation.

A lot of slow-release carriers have been developed, such as nanoparticles [16], polymer
material [17], bentonite and zeolite. Cation exchange resin can effectively adsorb cations
from a solution and slowly release the adsorbed substances under certain conditions as
a common adsorbent [18]. Chen et al. found that the maximum exchange capacity of
lead (II) adsorbed by lignin-based cation exchange resin was 2.26 mmol/g [19], which
was comparable to a phenol cation exchange resin. Daisuke et al. found a new method to
remove Se(IV) using an Fe3+ ion exchange resin [20], and the Se was effectively removed
using a column packed with 12.8 g (10.4 cm3) of adsorbent. Leng et al. used a cation
exchange resin to remove iron from phosphoric acid and determined that the quasi-second-
order kinetic model perfectly described the adsorption process [21]. Goutham R. et al.
developed a polymer matrix film loaded with a combination of free diclofenac sodium
and an ion exchange resin complex to achieve an immediate and slow release [22]. Atyabi
et al. developed an effective sustained release system in which bicarbonate and other drugs
are loaded on ion exchange resins [23], and the cation exchange resin can also efficiently
adsorb ammonia nitrogen such that the efficiency is more than 90% [24]. To sum up, cation
exchange resin has great potential for adsorbing ammonia nitrogen from biogas slurry to
produce sustained release insecticides due to the high-efficiency adsorption of ammonia
nitrogen.

In this study, D113 (resin type) macroporous weak acid acrylic cation exchange resin
was selected, which is easier to regenerate than strongly acidic cation exchange resin and
has good ion exchange performance (the schematic diagram of adsorption and release is
shown in Figure 1). The adsorption capacity of the resin for ammonia nitrogen under dif-
ferent conditions was studied by the static adsorption method. The adsorption process and
type were determined by fitting, and the effects of adsorption of ammonia nitrogen in the
ammonium chloride solution and biogas slurry were compared. Slow-release studies were
carried out. These revealed the correlation between the resin dosage, ammonia nitrogen
concentration, adsorption time, adsorption temperature, pH value and ammonia nitrogen
adsorption capacity and the characteristics of a slow release. The adsorption process pa-
rameters of the D113 macroporous weak acid acrylic cation exchange resin were optimized,
which could provide scientific reference for the further research and development of tech-
nologies of efficient and environmentally friendly slow-release ecological insect repellent.
The experimental results provide technical support for the harmless treatment of biogas
slurry, and the use of pesticides will be reduced in the process of agricultural production,
which is beneficial to the clean production of green agriculture and the health of humans
and livestock.
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Figure 1. (a) Adsorption process. (b) Slow-release process.

2. Material and Methods
2.1. Experimental Materials

The D113 macroporous weak acid acrylic cation exchange resin (Shanxi Lanshen
Special Resin Co. Ltd., Xian, China) was selected for this study, and the molecular structure
diagram is shown in Figure 2. The resin was soaked in a 1.8 mol/L NaCl solution for 24 h
and washed with ammonia-free water. Then, the resin was soaked in a 0.5 mol/L HCl
solution for 10 h to remove inorganic impurities and repeatedly washed with ammonia-free
water to neutrality. After being soaked in a 1 mol/L NaOH solution for 10 h to remove
organic impurities, the resin was washed repeatedly with ammonia-free water to neutrality
and dried in a drying oven (Beijing Zhongxi Yuanda Technology Co., Ltd., Shenyang,
China) at 55 ◦C for use.
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Figure 2. Schematic diagram of the molecular structure of the D113 resin.

The biogas slurry was obtained from the anaerobic reactor using straw and pig manure
as raw materials, and the ammonia nitrogen concentration was 432.43 mg/L.

2.2. Standard Curve Drawing

The colorimetric tubes were filled with different volumes of an ammonia nitrogen
standard solution (0 mL, 0.5 mL, 1 mL, 2 mL, 4 mL, 6 mL, 8 mL, and 10 mL) and ammonia-
free water to 50 mL. a potassium sodium tartrate solution (Tianjin Yongda Chemical
Reagent Company Limited, Tianjin, China) (1 mL) and Nessler’s reagent (Merck KGaA,
Darmstadt, Germany) (1 mL) were added and then shaken well. The absorbance was
measured at 420 nm with a spectrophotometer after developing color for 15 min. The
standard curve regression equation was observed. As shown in Figure 3.
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Figure 3. Standard curve.

2.3. Experimental Scheme
2.3.1. Resin Static Adsorption Test

In order to study the effects of the resin addition, ammonia nitrogen concentration,
time, temperature and pH value on the ammonia nitrogen adsorption, a certain quality
of ammonium chloride (Tianjin Kemiou Chemical Reagent Co., Ltd., Tianjin, China) was
weighed with an electronic balance according to the experimental requirements (100, 500,
1000, 1500, 2000, 2500, and 3000 mg/L) and placed in a 100-mL Erlenmeyer flask. Ammonia-
free water (50 mL) was added to fully dissolve it. The pH value of the solution was adjusted
as required by the experiment (4, 5, 6, 7, 8, 9, and 10), and the required resin (0.1, 0.2, 0.3,
0.4, 0.5, 0.6, and 0.7 g) was weighed into the Erlenmeyer flask. After being sealed with a
rubber stopper, the Erlenmeyer flask was shaken at 150 r/min in a constant temperature
shaker (Shanghai Changken Test Equipment Co., Ltd., Shanghai, China) with different
temperatures (20, 30, 40, 50, and 60 ◦C) and adsorption times (5, 10, 15, 20, 25, 30, 35, 40, 45,
50, 55, and 60 min).

2.3.2. Effect of Different NaCl Concentrations on the Slow Release of Ammonia Nitrogen

A sodium chloride solution (200 mg/L, 1000 mg/L, 2000 mg/L, 4000 mg/L, and
10,000 mg/L; 50 mL) was added to 100-mL Erlenmeyer flasks, and then 0.5 g of resin
containing ammonia nitrogen (10 mg / g) was put into the Erlenmeyer flasks. All reactors
remained still under room temperature. Samples were taken at 10 min, 30 min, 60 min,
120 min, 180 min, 240 min, 300 min, 360 min, 420 min, 480 min, 540 min, and 600 min,
respectively, and the absorbance was measured.

2.3.3. Adsorption of Ammonia Nitrogen from the Biogas Slurry by the Resin

The biogas slurry was centrifuged, and the concentration of ammonia nitrogen without
adsorption was measured. The supernatant (50 mL) was taken into the Erlenmeyer flask,
and another Erlenmeyer flask contained the ammonium chloride solution (50 mL) with the
same concentration of ammonia nitrogen as the biogas slurry. The adsorption experiments
were conducted at a resin addition amount of 0.5 g, adsorption temperature of 30 ◦C,
adsorption pH value of 7 and shaker speed of 150 r/min. Samples were taken at 5, 10, 15,
20, 25, 30, 35, 40, 45, and 50 min. The absorbance was measured. All experiments were
performed in triplicate, and the average value of the experimental data was used as the
result. The experimental procedures are shown in Figure 4.
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2.4. Determination of Ammonia Nitrogen by Nessler’s Reagent Spectrophotometer

The supernatant of the ammonium chloride solution adsorbed by the resin was
put into a 50-mL colorimetric tube by a liquid transfer gun. Ammonia-free water was
added to 50 mL to dilute the solution. A potassium sodium tartrate solution (1 mL)
and Nessler’s reagent (1 mL) were added to the colorimetric tube and then shaken well.
Ammonia nitrogen would react with Nessler’s reagent to form a reddish complex. After
developing color for 15 min, the absorbance of the solution was measured at 420 nm with a
spectrophotometer, and the ammonia nitrogen concentration was calculated.

2.5. Isotherm Curve Fitting

The Langmuir and Freundlich adsorption isotherm equations [25] (Equations (1)
and (2)) were used to simulate the data of ammonia nitrogen adsorption at different
temperatures:

Ce

Qe
=

1
KbQm

+
Ce

Qm
(1)

where Qe is the adsorption capacity of the resin at equilibrium in mg/g, Qm is the theoretical
maximum adsorption capacity of the ion exchange resin in mg/g, Ce is the ammonia
nitrogen concentration at the adsorption equilibrium in mg/mL and Kb is the equilibrium
constant:

lnQe = lnK f +
1
n

lnCe (2)

where Qe is the adsorption capacity of the resin at equilibrium in mg/g, Ce is the ammonia
nitrogen concentration at the adsorption equilibrium in mg/mL, Kf is the Freundlich
constant and n is the empirical constant.

2.6. Adsorption Kinetic Model Fitting

Two kinetic equations (Equations (3) and (4)) were used to fit the data of the ammonia
nitrogen adsorption under different adsorption times:

ln(Qe − Qt) = lnQe − K1t (3)

(quasi-first-order kinetic equation)
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where Qe is the adsorption capacity of the resin at equilibrium in mg/g, Qt is the adsorption
capacity of the resin at moment t in mg/g and K1 is the quasi-first-order kinetic rate
constant:

t
Qt

=
1

K2Q2
e
+

t
Qe

(4)

(quasi-second-order kinetic equation) where Qe is the ammonia nitrogen adsorption capac-
ity by the resin at equilibrium in mg/g, Qt is the ammonia nitrogen adsorption capacity by
the resin at moment t in mg/g and K2 is the quasi-second-order kinetic rate constant.

2.7. Statistical Analysis

The experimental data were analyzed by ANOVA (α = 0.05) using Mintab19 software
(Mintab19, Pennsylvania State University, State College, PA, USA, 2019).

3. Results and Discussion
3.1. Effect of Resin Addition on Ammonia Nitrogen Adsorption

The adsorption test was performed with resin addition amounts of 0.05 g, 0.1 g, 0.2 g,
0.3 g, 0.4 g, 0.5 g, and 0.6 g under an ammonium chloride concentration of 100 mg/L,
adsorption time of 30 min, adsorption temperature of 30 ◦C, pH value of 7 and shaker speed
of 150 r/min. The absorbance was measured using the Nessler’s reagent spectrophotometer
method, and then the adsorption capacity of ammonia nitrogen and resin unit adsorption
capacity were calculated. The results are shown in Figure 5a.
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As shown in Figure 5a, the ammonia nitrogen adsorption capacity increased with the
increase in the resin addition, but the unit adsorption capacity decreased. When 0.1 g of
resin was added, a total of 0.79 mg of ammonia nitrogen was adsorbed, accounting for
61% of the total ammonia nitrogen, and the unit adsorption capacity of the resin reached
its highest value (7.98 mg/g). The efficiency was higher than those of other slow-release
carriers [26]. When the resin addition increased to 0.4 g, 1.22 mg of ammonia nitrogen
was adsorbed, accounting for 94% of the total ammonia nitrogen, which reached a higher
value, but the unit adsorption capacity dropped to 3.07 mg/g. When the amount of resin
continued to increase, the adsorption effect slowed down significantly. At the resin addition
amount of 0.6 g, 1.28 mg of ammonia nitrogen was adsorbed, accounting for 98% of the
total ammonia nitrogen. However, the unit adsorption capacity decreased to 2.13 mg/g.
The unit adsorption capacity decreased to 1.79 mg/g when the resin addition was 0.7 g.
This adsorption law was consistent with the research results by Zhuang [27]. This may be
due to the number of ammonia nitrogen exchange sites increasing with the increasing resin
amount [28], and the unit utilization efficiency of the resin decreased with the increase in
the resin content, which may have been due to the fact that the ammonia nitrogen could
not completely contact the resin. After comprehensive consideration, the amount of resin
selected was 0.5 g, which showed a significant (p < 0.05) difference from the other addition
amounts.

3.2. Effect of the Ammonia Nitrogen Concentration on Ammonia Nitrogen Adsorption by the Resin
at Different Temperatures

The ammonium chloride solution concentration was set to 100 mg/L, 500 mg/L,
100 mg/L, 1500 mg/L, 2000 mg/ L, 2500 mg/L, and 3000 mg/L, and the adsorption tests
were performed at 20 ◦C, 30 ◦C, 40 ◦C, 50 ◦C, and 60 ◦C, respectively, under a resin addition
amount of 0.5 g, adsorption time of 30 min, pH value of 7 and shaker speed 150 r/min.
The absorbance was measured, and then the ammonia nitrogen adsorption capacity and
adsorption ratio were calculated. The results are shown in Figure 5b,c.

As shown in Figure 5b, when the concentration of ammonium chloride was 100 mg/L,
the adsorption capacity of the resin reached its minimum value. The adsorption capacity
increased gradually and then tended to be stable with the increase in the ammonium
chloride concentration because the number of adsorption sites of the resin was constant [29].
As the concentration of the ammonia nitrogen increased, the adsorption sites decreased
and finally reached saturation and adsorption equilibrium. When the temperature was
20 ◦C, the resin had the lowest adsorption capacity, and the maximum adsorption capacity
was 5.67 mg. The adsorption capacities at 30 ◦C, 40 ◦C, 50 ◦C and 60 ◦C were very close; the
maximum adsorption capacities were 7.80 mg, 8.04 mg, 8.34 mg and 7.89 mg, respectively.
There was a significant (p < 0.05) difference was observed between 20 ◦C and the other
temperatures. Because the resin adsorption process is an endothermic reaction [30], when
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the temperature increases, the adsorption capacity of the resin increases and finally tends
to be stable. According to Figure 5c, the adsorption rate fell off gradually from 88% to 19%
with the increase in the ammonia nitrogen concentration at 30 ◦C.

3.3. Effect of the pH Value on Ammonia Nitrogen Adsorption

The adsorption test was performed at pH values of 4, 5, 6, 7, 8, 9 and 10 with the con-
dition of a resin addition amount of 0.5 g, ammonium chloride concentration of 100 mg/L,
adsorption time of 30 min, adsorption temperature of 30 ◦C and shaker speed of 150 r/min.
The absorbance was measured using the Nessler’s reagent spectrophotometer method, and
the adsorption capacity was calculated. The results are shown in Figure 5d.

As shown in Figure 5d, the ammonia nitrogen adsorption capacity by the resin in-
creased first and then decreased with the increase in the pH value. The initial pH value
had a significant influence (p < 0.05) on the ammonia nitrogen adsorption capacity. The
ammonia nitrogen adsorption capacity reached its maximum value (1.13 mg) when the
pH value was 7. This was because when the solution was acidic, the concentration of H+

increased, which competed with NH4
+ for the adsorption sites on the resin. The higher the

concentration of the H+ was, the fiercer the competition with the NH4
+ was, resulting in a

reduction of the ammonia nitrogen adsorption capacity. When the solution was alkaline,
NH4

+ would combine with OH− to become free ammonia [NH3]. The method of resin
adsorption became physical adsorption, and the adsorption capacity was weak. Hence,
with the increase in the pH value, free ammonia [NH3] would increase, leading to a lower
ammonia nitrogen adsorption capacity for the resin [31]. The optimal pH value of the resin
for ammonia nitrogen adsorption was seven.

3.4. Effect of the Adsorption Time on Ammonia Nitrogen Adsorption

The adsorption experiment was carried out under the condition of a resin addition
amount of 0.5 g, ammonium chloride concentration of 100 mg/L, adsorption temperature
of 30 ◦C, pH value of 7 and shaker speed of 150 r/min. Samples were taken at 5, 10, 15,
20, 25, 30, 35, 40, 45 50, 55 and 60 min. After the absorbance was measured using the
Nessler’s reagent spectrophotometer method, the ammonia nitrogen adsorption capacity
was calculated. The results are shown in Figure 5e.

As shown in Figure 5e, when the time increased, the adsorption capacity gradually
increased within 5–20 min. The maximum adsorption capacity reached 0.96 mg at 20 min,
and the adsorption capacity was in a dynamic equilibrium at 20–60 min. This result from
our study was consistent with the result of Zhu [32]. This may be because the number of
adsorption sites decreased when the time increased, and the concentration of Na+ gradually
increased. After 20 min, the NH4

+ and Na+ competed with each other for adsorption, which
caused the ammonia nitrogen concentration to form a stable fluctuation phenomenon. In
order to ensure that the adsorption capacity reached the maximum, 30 min was selected as
the adsorption time.

3.5. Adsorption Isotherm

The data from the experiment of the effect of the ammonia nitrogen concentration on
the ammonia nitrogen adsorption at different temperatures were fitted by the Langmuir
and Freundlich adsorption isotherm equations (Equations (1) and (2)) [33]. The isotherm
adsorption curve was drawn, and the relevant parameters were calculated. The results are
shown in Figure 6 and Table 1.
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Table 1. Fitting parameters of the adsorption isotherm.

Temperature (K)
Langmuir Freundlich

Qm
(mg/g)

Kb
(mL/mg) R2 Kf n R2

293 11.1732 21.8292 0.9704 10.9091 2.9121 0.9182
303 15.5521 49.4615 0.9932 22.1447 2.8066 0.8836
313 16.5563 36.5294 0.9949 21.1915 3.2041 0.9462
323 16.7224 22.1482 0.9856 16.0691 2.9630 0.9605
333 16.7224 16.1622 0.9811 21.6932 2.3629 0.9682

According to Figure 6 and Table 1, the correlation coefficients R2 of the Langmuir
isothermal equation fitting at temperatures of 293 K, 303 K, 313 K, 323 K and 333 K were
0.9704, 0.9932, 0.9949, 0.9856 and 0.9811, respectively, and the correlation coefficients R2 of
the Freundlich isothermal equation fitting were 0.9182, 0.8836, 0.9462, 0.9605 and 0.9682,
respectively. The Langmuir isothermal equation was more suitable for describing the
adsorption process, which was single-molecule layer adsorption.
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3.6. Adsorption Kinetics

According to the data obtained from the test of the effect of the adsorption time
on ammonia nitrogen adsorption, two kinetic equations were used for the fitting curve
(Equations (3) and (4)) [34]. Then, the fitting curve was drawn, and the relevant parameters
were calculated. The results are shown in Figure 7 and Table 2.
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Table 2. Fitting parameters of the kinetic equations.

Quasi-First Order Kinetic Equation Quasi-Second-Order Kinetic Equation

Qe
mg/g

K1
min−1 R2 Qe

mg/g
K2

g/(mg·min) R2

2.1578 0.0981 0.2325 2.4510 0.03699 0.9496

According to Figure 7 and Table 2, the correlation coefficient R2 fitted by the quasi-
first-order kinetic equation was 0.2325, and the correlation coefficient R2 fitted by the
quasi-second-order kinetic equation was 0.9496. The ammonia nitrogen adsorption process
by the resin was more in line with the quasi-second-order kinetic equation.
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3.7. Effect of Different NaCl Concentrations on the Slow Release of Ammonia Nitrogen

The adsorption test was performed under the conditions of a resin addition amount
of 3 g, ammonium chloride concentration of 1500 mg/L, adsorption temperature of 30 ◦C,
adsorption pH value of 7, adsorption time of 30 min and shaker speed of 150 r/min.
After the adsorption was completed, the resin was separated by filtration. The resin was
placed in a drying box for drying to prepare a resin loaded with ammonia nitrogen. The
NaCl solutions with concentrations of 200 mg/L, 1000 mg/L, 2000 mg/L, 4000 mg/L and
10,000 mg/L (50 mL) were configured in Erlenmeyer flasks of 100 mL. The resin loaded
with ammonia nitrogen (0.5 g) was placed in an Erlenmeyer flask and remained still.
Samples were taken at 10 min, 30 min, 60 min, 120 min, 180 min, 240 min, 300 min, 360 min,
420 min, 480 min, 540 min and 600 min, respectively. The absorbance was measured by the
Nessler’s reagent spectrophotometer method before the ammonia nitrogen slow-release
amount was calculated. The results are shown in Figure 8.
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Figure 8 shows that when the concentration of the NaCl solution was 200 mg/L, the
slow-release amount of the resin was the lowest, reaching 2 mg in the stable stage and
accounting for 40% of the total. At 10,000 mg/L, the slow-release amount of the resin
reached 4 mg at the stable stage and accounted for 80% of the total. The slow-release
amount had a significant difference (p < 0.05) between each concentration. The slow-release
amount increased with the increase in concentration of the NaCl solution. In the initial
stage of slow release, the efficiency was the highest, and then it gradually decreased to
a stabilized value. The reason for this was that during the initial stage of slow release,
more Na+ could be exchanged with the NH4

+ on the resin. As the exchange continued,
the exchange sites continued to decrease, and the exchange rate gradually slowed down.
The concentration of the NaCl solution was flexibly adjusted according to the specific
slow-release requirements and the salinity tolerance of the crops to achieve better results.

3.8. Comparison of the Adsorption Ammonium Nitrogen Effect of Resin from Biogas Slurry and the
Ammonia Chloride Solution

The biogas slurry was centrifuged before 50 mL of supernatant was taken. Then, the
ammonia nitrogen concentration without adsorption was scaled. The other Erlenmeyer
flask contained 50 mL of the ammonium chloride solution with the same concentration
of ammonia nitrogen as the biogas slurry. The adsorption test was performed under the
conditions of a resin addition amount of 0.5 g, adsorption temperature of 30 ◦C, adsorption
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pH value of 7 and shaker speed of 150 r/min. Samples were taken at 5, 10, 15, 20, 25,
30, 35, 40, 45 and 50 min. After the absorbance was measured by Nessler’s reagent
spectrophotometer method, the ammonia nitrogen adsorption capacity was calculated.
The results are shown in Figure 9.
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Figure 9 shows that the maximum adsorption capacity by the resin from the biogas
slurry was 4.8 mg, and the maximum adsorption capacity in the ammonia chloride solution
was 5.5 mg. There was a significant difference (p < 0.05) in the adsorption capacity. The
ability of resin to adsorb ammonia nitrogen from the biogas slurry significantly reduced.
In the process of adsorption of ammonia nitrogen in biogas slurry, the ammonia nitrogen
concentration fluctuated greatly in the later period. This was because the biogas slurry
contained a large number of interfering ions such as K ions, which would preempt the
exchange site with NH4

+, resulting in a decrease in the adsorption capacity of ammonia
nitrogen [35]. When the ammonia nitrogen concentration in the solution dropped to a
certain value, the relative concentration of K+ increased, and the exchange capacity of K+

was better than that of NH4
+. The ammonia nitrogen adsorbed by the resin was exchanged,

resulting in an increase of the ammonia nitrogen concentration. Then, the adsorption
capacity of the resin for NH4

+ was better than K+ again, and from there, the concentration
of ammonia nitrogen entered a state of fluctuation.

4. Conclusions

The effects and characteristics of adsorption and the slow release of ammonia nitrogen
by D113 resin under different conditions were studied. The results showed that increasing
the initial ammonia concentration, resin addition amount, temperature and time could
improve the adsorption capacity of ammonia nitrogen, and the optimum conditions for ad-
sorption were comprehensively analyzed. Under acidic conditions, hydrogen ions would
compete with ammonium ions for adsorption sites, and under alkaline conditions, hydrox-
ide ions would combine with ammonium ions in the solution to form free nitrogen, which
greatly affected the adsorption capacity of the resin for ammonia nitrogen. Therefore, the
optimal pH value is seven. The adsorption process for ammonia nitrogen is an endothermic
process. The adsorption capacity will increase with the increase in temperature and become
stable after reaching 30 ◦C.
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The process of ammonia nitrogen adsorption was in accordance with the Langmuir
isothermal curve and the quasi-second-order kinetic model. The process of adsorbing
ammonia nitrogen is monolayer adsorption and a combination of multiple diffusions.
The composition of biogas slurry is very complex, containing a large amount of organic
matter and some metal ions, which will affect the adsorption process. Thus, the adsorption
efficiency and adsorption capacity of resin for ammonia nitrogen in biogas slurry were
lower than those in the NH4Cl solution. Aside from that, the release of ammonia nitrogen
can be controlled by adjusting the solubility of the sodium chloride solution. In the process
of application, the concentration of the sodium chloride solution can be selected according
to the actual situation and the properties of the crop itself. The aim of this study was to
solve the problem of a low utilization rate of biogas slurry. The results provide theoretical
and practical support for the harmless treatment of biogas slurry and agricultural safety
production. The focus of the next research is to further improve the adsorption efficiency
of the resin for ammonia nitrogen in biogas slurry and to optimize the slow-release effect
of slow-release insecticides.
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