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photolysis lignin-based dispersant
and its application in pesticide suspension
concentrate

Ruifen Peng,a Yuxia Pang,a Xueqing Qiu, ab Yong Qiana and Mingsong Zhou*a

In the formulation of pesticide Suspension Concentrate (SC), some photosensitive pesticides are easily

decomposed in the preparation. In this study, a hindered amine modified lignosulfonate (SL-Temp) with

anti-photolysis function was synthesized using 4-amino-2,2,6,6-tetramethylpiperidine (Temp) and

Sodium Lignosulfonate (SL) to solve this problem. The obtained SL-Temp was used as a dispersant to

prepare 5% SC of avermectin, which shows good physical stability. The decomposition rate of the

avermectin in SC after accelerating hot storage is 0%, which is much lower than 6.1% when SL was used

as the dispersant. After being exposed to UV irradiation for 60 hours, the highest retention rate of

avermectin is 87.1% when SL-Temp was used as the dispersant, which is much higher than 73.6% when

SL was used as the dispersant, and also higher than 76.3% when a small molecule antioxidant (BHT) was

added to the formulation. QCM-D studies revealed that the SL-Temp adsorption layer on avermectin

particles can compete to absorb partial ultraviolet rays, hinder the penetration of ultraviolet light, and

scavenge the free radicals produced by photooxidation, so as to protect avermectin from degradation.
1. Introduction

The photochemical reaction of pesticides is one of the main
ways to degrade pesticides in the atmosphere, and surface
water, and on the soil surface and plant surface. Pesticides can
be transformed into other non-toxic or less toxic substances by
photooxidation, photoreduction, photohydrolysis, molecular
rearrangement and isomerization.1 However, for some photo-
sensitive pesticides, too fast photolysis on the target will lead to
a signicant decrease in efficacy, which is not conducive to crop
protection.2 Therefore, the photolysis of pesticides has been
perplexing the pesticide preparation industry.

Studies have shown that the photolysis of pesticides is
hindered by some natural polymer organic compounds. For
example, humic acid can reduce the photodegradation rate of
pronil in water, which may be due to the competitive absorp-
tion of light by humic acid.3 Natural compounds such as b-
carotene have a photostabilizing effect on pyrethroids pesti-
cides with the mechanism of oxygen consumption competition
and photoabsorption competition. The former is that b-caro-
tene is oxidized by dissolved oxygen in solution so that pyre-
throid can be protected, and the latter is that b-carotene absorbs
incident light and shields pyrethroids.4 Tea polyphenols have
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a dual mechanism of photosensitizers and inhibitors on
chlorpyrifos pesticide. The former is caused by the external
environment to stimulate the production of their own hydroxyl
radicals and promote the photolysis of chlorpyrifos. The latter
may be due to quenching/antioxidant reduction or hindrance to
the photolysis of chlorpyrifos.5,6 The small molecule antioxidant
2,6-di-tert-butyl-4-methylphenol (BHT) has the effect of photo-
stability on avermectin, which may be related to the fact that
oxidation is the main photolysis mechanism of avermectin.7

Therefore, it can be seen that natural polymers containing some
chromogenic or reducing groups are benecial in inhibiting the
photolysis of pesticides.

Lignin, as the natural polymer containing polyphenol
structure and various chromogenic groups, has the function of
scavenging free radicals and antioxidant property.8 It has been
used as a potential antioxidant in polymer, pesticide and other
elds.9,10 Li et al. used modied lignin as drug-loaded material,
which has a good photostable effect on avermectin. Its action
mechanism is that phenolic hydroxyl groups and conjugated
carbonyl groups of lignin have scavenging effect on free radicals
excited by ultraviolet light and protect avermectin.11 Yu et al.
used a one-step hydrothermal esterication reaction to prepare
lignin-modied titanium dioxide composite nanoparticles
(LS@TiO2), which were applied as the sole active in the pure
sunscreen cream. The results show that the sun protection
factor (SPF) values of the creams containing 5, 10, and 20 wt%
LS@TiO2 are 16, 26, and 48, which are 30–60% higher than
those of the creams containing the same amount of TiO2.12

Deng et al. used lignin azo polymer to encapsulate avermectin
This journal is © The Royal Society of Chemistry 2020
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and the encapsulation efficiency of colloidal spheres to aver-
mectin is up to 61.49%. The decomposition rate of avermectin
is less than 41% even aer 72 hours of UV irradiation.13 Qian
et al. used lignin colloidal spheres and pure skin cream via
physical blending to develop lignin-based sunscreen cream.
The results show that the creams blended with lignin colloidal
spheres have better sunscreen performance than those blended
with original lignin, and the SPF value of the creams decreases
with the particle size of lignin colloidal spheres.14 However,
from the previous studies, it is also found that the phenolic
hydroxyl group content of lignin is limited and the antioxidant
activity is weak, so it is not an efficient photostable
compound.15–17

Pesticide Suspension Concentrate (SC) is a kind of water-
based environmental protection formulation obtained by wet
grinding of water-insoluble solid pesticides and dispersing
agents, stabilizer and other auxiliaries with water as dispersion
medium. It is a fashionable formulation in accordance with the
concept of environmental protection.18,19 However, compared to
Emulsiable Concentrate (EC) formulation and solid formula-
tions (e.g., wettable powder and water dispersible granule), due
to the presence of water in the formulation, SC is more easily
decomposed by photooxidation during storage and application,
and the chemical stability of the formulation is more difficult to
maintain.

In this study, Sodium Lignosulfonate (SL) was used as raw
material to prepare an anti-photolysis lignin-based dispersant
by introducing tetramethylpiperidine (Temp) into SL molecule,
and it was used in the preparation of 5% avermectin SC.
Furthermore, its photostabilization and relatedmechanism was
studied in detail.

2. Experimental
2.1. Materials

SL is a puried product from poplar acid pulping effluent,
provided by Shixian Paper-making Co., Ltd. (Jilin, China). The
original avermectin powder (95.5% purity) is provided by the
Noposion Agrochemical Co., Ltd (Shenzhen, China), the struc-
ture is shown in Fig. 1. The xanthan gum is provided by Zhiyuan
Chemical products Co., Ltd. (Henan, China). The magnesium
aluminum silicate is provided by Boshuo Technology Co., Ltd.
(Anhui, China). The other chemicals including formaldehyde
Fig. 1 The chemical structure of avermectin.

This journal is © The Royal Society of Chemistry 2020
(36% purity), 4-amion-2,2,6,6-tetramentylniperidine, BHT,
ethanol, ethylene glycol, Nekal BX are all analytical grades,
provided by Aladdin chemical reagents Co., Ltd. (Shanghai,
China). The experiment water is deionized water.
2.2. Preparation of SL-Temp

Firstly, 10 g SL was dissolved in 40 g deionized water, and the
pH of SL solution was adjusted to 10–12 using NaOH solution
(30%, w/w). Then, a certain amount of Temp was added to the
SL aqueous solution and kept stirring for 15 minutes at 70 �C.
Finally, the diluted formaldehyde solution (10%, themolar ratio
of formaldehyde to Temp was 1.1 : 1) was dripped into the
mixture at a uniform rate in 30 minutes, and reacted at 85 �C for
3 hours. Aer cooling down to room temperature, excess
ethanol was added to the mixture and the product was precip-
itated. The precipitated solid products were washed with
ethanol for three times, then dried at 45 �C for 24 hours. The
obtained dry product is described as SL-Temp. The molecular
design and reaction process of SL-Temp is shown in Fig. 2.
2.3. Characterizations of SL-Temp

Elemental analyses of the samples were performed on an
elemental analyzer (vario EL cube, Germany).

FTIR spectra of the samples were measured on a Vector 333
FT-IR spectrometer (Bruker, Germany). The tested samples were
prepared by mixing 1 mg dried samples with 50 mg KBr and
then was pressed under 8 MPa for 30 seconds.

1H-NMR spectra of the samples were performed by an
Advance Digital 400 MHz NMR spectrometer (Bruker, Ger-
many). The tested samples were prepared by dissolving 30 mg
dried samples in 0.5 mL DMSO-d6, the obtained solutions were
used for 1H-NMR characterization.

Electron Paramagnetic Resonance (EPR) spectra of samples
were recorded by ELEXSYS-II E500 spectrometer (Bruker, Ger-
many). The range of the test magnetic eld is 2000–5000 mT,
the test frequency band is X-band, and the test power is 2 mW.
2.4. Preparation of SC

The 5% avermectin SC was prepared by wet grinding with
a vertical bead mill (B06334, Shenyang Institute of Chemical
Industry, China) and some zirconium balls with a diameter of
0.3 mm. The materials were prepared according to the formu-
lation in Table 1, and the 5% avermectin SC was obtained by
Fig. 2 The molecular design and reaction process of SL-Temp.
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Table 1 The formula of 5% avermectin SCa

Component Reagent Dosage (%)

Pure drug Avermectin (purity 92.2%) 5.3
Dispersant SL or SL-Temp 3.0
Wetting agent Nekal BX 0.5
Static stabilizer Magnesium aluminium silicate solution 40.0

Xanthan gum solution 8.0
Antifreeze agent Ethylene glycol 3.0
Defoamer Organic silicon 0.5
Medium Water Add to 100

a Before grinding, the magnesium silicate and xanthan gum should be dissolved in water to obtain 2.5% swelling solution for use.
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grinding at room temperature for 2 hours. The pH value of the
SC was adjusted to 7 by adding HCl/NaOH (0.1 mol L�1).
2.5. Determination of performance of SC

The zeta potential on the surface of pesticide particles in SC was
measured by zeta potential tester (ZS Nano S, Brookhaven,
American). The SC was diluted in deionized water to prepare 1 g
L�1 solution, then the average value was obtained aer three
parallel measurements.

The particle size distribution of SC was tested by an MS2000
laser diffraction particle size analyzer equipped with a Hydro
SM wet dispersion unit (Malvern Instruments, U.K.). 0.1 g SC
was dispersed in 50 mL deionized water, then tested at
2000 rpm, and the average value was obtained aer three
parallel measurements.

The stability of SC was tested through an accelerated test of
hot storage. The SC was sealed in clean brown vials in a UNE400
incubator (Memmert, Germany) and placed at 55 �1 �C for 14
days, then the particle size distribution and the effective aver-
mectin content of the samples were determined aer hot
storage.

The suspension rate of avermectin SC was performed
according to Chinese National Standard Method GB/T14825-
2006. The content of active ingredient in the SC was tested by
a high-performance liquid chromatography (HPLC, LC-20A,
Japan). 1.0 g SC was dispersed into 250 mL plug cylinder with
standard hard water. According to the national standard, the
mass of the active ingredient in the 25 mL suspension at the
bottom of the cylinder was determined, the average value was
obtained aer three parallel measurements, and the suspen-
sion rate A (%) was calculated by formula (1).

A ¼ 10 � (M1 � M2)/(9 � M1) � 100% (1)

Among them, M1 is the mass of the active ingredient in the
sample (g) and M2 is the mass of the active ingredient in the
25 mL suspension at the bottom of the cylinder.
2.6. Photodegradation study

The anti-photolysis performance of avermectin SC was evalu-
ated by lm method. First, 1.0 g SC was diluted into a 100 mL
volumetric ask. Then, extracted 400 mL diluent and evenly
13832 | RSC Adv., 2020, 10, 13830–13837
spread on a 3.5 cm diameter glass Petri dish and dried into
a thin lm at the room temperature. These lms were exposed
to UV light (30 W, 310 nm) for 0, 10, 20, 30, 40, 50, 60, 70 hours.
The remaining avermectin in each lm was dissolved by using
5 mL methanol and then was detected by HPLC.
2.7. Determination of adsorption property

The adsorption property of SL and SL-Temp on gold-coated
quartz crystal (QCgold, the fundamental frequency is 5 MHZ)
treated with a coated layer of avermectin was determined by
means of a quartz crystal microbalance instrument (Q-SenseE1,
Q-Sense AB Corp., Sweden). Prior to the adsorption of SL and SL-
Temp, the QCgold was immersed in a 5 : 1 : 1 mixture of water,
H2O2 (30%), and NH4OH (25%) for 5 minutes and rinsed with
ethanol for 10 minutes, then dried under N2 stream. Subse-
quently, the avermectin ethanol solution (0.1 mg mL�1) was
uniformly coated on the QCgold by a spin coater (AC200, Jiatu
Technology Co., Ltd, China) and kept in a cool place to evapo-
rate solvent. Then the coated QCgold was embedded in the
instrument for measurement. The concentration of sample
solutions was 500 mg L�1, and the pH value was adjusted to 7.
The QCgold was initially rinsed in deionized water until a stable
baseline was established before rinsing in sample solutions.
The velocity of the peristaltic pump was maintained at 0.15
mL min�1, and the frequency changes (Df) and dissipation (DD)
of QCgold were monitored.
3. Results and discussion
3.1. Characterizations of SL-Temp

In the Mannich gra reaction of lignin, the graing amount of
the Temp group in the product can be directly affected by the
amount of hindered amine monomer.20 The SL-Temps with
different Temp group contents were obtained by changing the
mass ratio of Temp to SL (Temp/SL ¼ 10, 20, 30 wt%), and the
products are described as SL-Temp1, SL-Temp2 and SL-Temp3,
respectively. The elemental analysis of different SL-Temp
samples are shown in Table 2.

Because N element is the characteristic element of Temp
functional group, and the content of N element in SL is very low,
the content of Temp group in the modied product can be
calculated from the content of N element. As shown in Table 2,
This journal is © The Royal Society of Chemistry 2020
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Table 2 Elemental analysis of different SL-Temp samples

Samples

Elemental Content
(%) Temp Content (%)

Sulfonation degree
(mmol g�1)

Graing efficieny
(%)N S wt% mmol g�1

SL 0.11 5.55 — — 1.73 —
SL-Temp1 1.84 5.01 7.29 0.62 1.57 78.63
SL-Temp2 2.36 4.90 12.48 0.80 1.53 71.30
SL-Temp3 3.35 4.38 17.97 1.16 1.37 73.02
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with the increasing amount of hindered amine monomer, the
content of N element increases gradually from 0.11% of SL to
1.84%, 2.36%, and 3.35%. It can be calculated that the content
of Temp group in SL-Temp is 0.62mmol g�1, 0.80 mmol g�1 and
1.16 mmol g�1, respectively. In addition, the sulfonic group
content of SL-Temp can be calculated by the content of S
element in SL-Temp. It is found that the sulfonic group content
in SL decreases slightly with the increase of the Temp graing
rate in SL.

The SL-Temp3 with the highest graing rate was character-
ized by infrared spectroscopy, and the results are shown in
Fig. 3.

As can be seen from Fig. 3, the peak shape of SL-Temp3 is
similar to that of SL, but a new absorption peak appears at
1388 cm�1, which is the symmetric bending vibration peak of
methyl caused by the vibration coupling of two methyl groups
connected to the same carbon atom in Temp. In addition, since
Temp contains more methyl and methylene, the symmetric
stretching vibration peaks of methylene (C–H) near 2853 cm�1

and antisymmetric stretching vibration peaks of methyl (C–H)
near 2942 cm�1 of SL-Temp3 are enhanced, respectively. From
the results of infrared spectroscopy, it can be preliminarily
judged that Temp has been successfully graing into SL.

SL-Temp3 was further characterized by 1H-NMR spectra. The
results are shown in Fig. 4.

From Fig. 4, the peak at 6.48–7.25 ppm can be attributed to
the proton peak on benzene ring, and the signal intensity of SL-
Temp3 is weaker than that of SL. It indicates that the H atom on
the benzene ring is reduced, which is caused by the substitution
Fig. 3 FT-IR spectra of SL and SL-Temp3.

This journal is © The Royal Society of Chemistry 2020
reaction of Temp at the ortho position of the phenolic hydroxyl
group on the benzene ring. Besides, since Temp contains more
methyl and methylene, the peak at 1.0–1.6 ppm, which is
attributed to the a-H signal of methyl(–CH3) and methylene(–
CH2–), is observed in SL-Temp3. The analysis results of

1H-NMR
spectra further prove that there are a large number of Temp
groups in SL-Temp.

In the presence of ultraviolet irradiation and oxygen, the
Temp group introduced into SL is easily converted into
a piperidine nitroxide radical (Tempo), which can be detected
by electron parammagnetic resonance (EPR).21 The powder
samples of SL and SL-Temp3 were dried and characterized by
EPR. The results are shown in Fig. 5.

From Fig. 5, compared with SL, the EPR spectrum of SL-
Temp3 has changed obviously. There is an asymmetric dual
peak of SL-Temp near g ¼ 2.00253, which has the characteristic
of typical double radicals.22 In addition, SL-Temp3 has
a stronger signal intensity, which means that more stable
Tempo is produced by SL-Temp. This is benecial to promote
the cycle process of scavenging alkyl free radicals.23 Therefore,
the introduction of the Temp group can improve the anti-
photolysis ability of SL, and the obtained SL-Temp is a func-
tional polymeric surfactant which can inhibit
photodegradation.

The obtained SL-Temps were used as functional dispersant
in the preparation of 5% avermectin SC, and the related prop-
erties of SC were studied.
3.2. Effects of SL-Temps with different Temp contents on
particle size and zeta potential of SC

The smaller the particle size of SC is, the more benecial it is to
improve the suspension rate and efficacy.24 According to
national standards, the average particle size (D50) of SC is
usually 2–5 mm.25 The 5% avermectin SC was prepared using the
SL-Temps with different Temp contents as dispersant, and the
effects of Temp group content on the particle size and zeta
potential of SC were studied. The results are shown in Table 3.

From Table 3, the D50 of 5% avermectin SCs prepared by SL-
Temps with different Temp contents are all less than 5 mm,
which meets the requirements of national standard. The abso-
lute value of zeta potential of the pesticide particles is reduced
by SL-Temp, which is intensied with the increasing Temp
group content. It is considered that the Temp contains amino
group and forms cationic group aer ionization in water, which
RSC Adv., 2020, 10, 13830–13837 | 13833
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Table 3 Zeta potential and average particle size (D50) of 5% aver-
mectin SC with different dispersants

Samples D50/mm Zeta potential/mv

SL 3.01 �49.7 � 0.1
SL-Temp1 2.94 �43.0 � 3.4
SL-Temp2 2.96 �39.3 � 1.9
SL-Temp3 3.14 �36.4 � 1.1

Fig. 4 1H-NMR spectra of SL and SL-Temp3.
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neutralizes the anion charge of some sulfonic groups. There-
fore, the absolute value of zeta potential of particles turns
slightly smaller, but this does not affect the dispersion perfor-
mance of SL-Temp.
3.3. Effect of SL-Temps with different Temp contents on hot
storage stability of SC

The stability of pesticide SC is of great signicance for its long-
term storage, including physical stability and chemical stability.
The physical stability is mainly characterized by the changes of
the particle size and suspension rate, and the chemical stability
is characterized by the decomposition rate of the effective
ingredient. The avermectin SCs prepared using SL-Temps with
different Temp contents as dispersant were stored at 55 �C for
14 days. The hot storage stability is evaluated by the decom-
position rate of the effective ingredient, the suspension rate and
the particle size change. The results are shown in Table 4.

As is shown in Table 4, the D50 of the SCs prepared by SL and
the SL-Temps with different Temp group contents remains
unchanged aer hot storage, and the suspension rates are all
above 99%. This shows that the four dispersants have good
dispersing ability to 5% avermectin SC, and the physical
stability of the SC is excellent. However, the effective avermectin
contents in the SC prepared by SL and the SL-Temps with
different Temp contents are quite different before and aer hot
Fig. 5 EPR spectra of SL and SL-Temp3.

13834 | RSC Adv., 2020, 10, 13830–13837
storage. The decomposition rates of avermectin in the SC
prepared by SL and SL-Temp1 are 6.1% and 5.9%, respectively,
while avermectin in the SC prepared by SL-Temp2 and SL-Temp3
does not decompose obviously aer hot storage, and the
decomposition rates are 0%. This indicates that the introduc-
tion of Temp functional group into SL molecule is benecial to
inhibit the decomposition of avermectin from oxidation during
hot storage, and the higher the content of Temp group is, the
more signicant the inhibitory effect is.
3.4. Effect of Temp contents on adsorption property of SL-
Temps on pesticide particles

Quartz crystal microbalance combined with dissipation moni-
toring (QCM-D), as a tool for quantitative real-time analysis of
interface behavior, can monitor the adsorption kinetics and
molecular conformation of the dispersant at the interface, and
study the adsorption characteristics of dispersant on the surface
of pesticide particles. In this study, QCM-D was used to detect
the curves of the resonance frequency F and the energy dissi-
pation factor D caused by the adsorption behavior of the SL-
Temps with different Temp contents on the surface of aver-
mectin particles. For thin adsorption layers, changes in the
resonance frequency (Df) represent the adsorption amounts on
QCgold, the absolute values of which are positively correlated
with mass uptake or release at the sensor surface, and changes
in the dissipation factor (DD) represent the viscoelasticity of the
adsorption layer. The experiment was carried out at 25 �C, and
the results are shown in Fig. 6.

From Fig. 6(a), according to the absolute values of Df, the
adsorption amounts of SL-Temp onto QCgold increase with
increasing content of the Temp group in SL-Temp. It is
considered that the increase of Temp content can enhance the
adsorption force between SL-Temp and hydrophobic pesticide
surface, which leads to the increase of adsorption capacity.
From Fig. 6(b), with the increase of Temp content in SL-Temp,
DD increases gradually, so the viscoelasticity of the adsorption
lm is strengthened, which indicates that the adsorption lm of
SL-Temp on the avermectin surface is more compact and the
adsorption strength is higher. The curves of Df and DD show
that the increase of Temp group content is benecial to increase
the adsorption amounts of SL-Temp on avermectin surface and
the compactness of the adsorption layer, which is benecial to
the improvement of the dispersing performance of SL-Temp.
Meanwhile, the SL-Temp adsorption layer, which is tightly
covered on the surface of avermectin particles, can protect
avermectin particles from decomposition by hindering the
This journal is © The Royal Society of Chemistry 2020
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Table 4 Hot storage stability of 5% avermectin SC with different dispersants

Dispersant

Before hot storage Aer hot storage

Decomposition rate
of avermectin/%

Active ingredient
content/% Suspensibilty/% Particle size D50/mm

Active ingredient
content/% Suspensibilty/% Particle size D50/mm

SL 4.9 � 0.01 99.2 � 0.46 3.06 4.6 � 0.01 99.3 � 0.28 2.83 6.1
SL-Temp1 5.1 � 0.08 100.0 � 0.99 3.00 4.8 � 0.06 99.6 � 1.38 2.83 5.9
SL-Temp2 4.7 � 0.03 99.5 � 0.31 3.00 4.7 � 0.02 99.8 � 0.60 3.00 0.0
SL-Temp3 4.7 � 0.01 99.5 � 0.02 3.17 4.7 � 0.02 99.2 � 0.21 3.11 0.0
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penetration of ultraviolet light and scavenging the free radicals
generated as much as possible.
3.5. Effect of SL-Temps with different Temp contents on
anti-photolysis performance of SC

During the spraying process of avermectin SC, the pesticide
lm sprayed on the leaf surface of the crop is directly
exposed to the sun. Without the protection of the light
stabilizer, avermectin will be decomposed rapidly by
photooxidation, resulting in a signicant decrease in effi-
cacy. In order to reduce the photolysis loss of avermectin SC,
the formulation engineers usually add a small number of
antioxidants, such as small molecule antioxidant BHT, to SC
preparations to reduce the photooxidative decomposition of
avermectin.

In order to compare the difference of anti-photolysis
performance between SL-Temp and BHT, the diluents of the
Fig. 6 (a) Df adsorption curves of different dispersants on avermectin;
(b) DD adsorption curves of different dispersants on avermectin.

This journal is © The Royal Society of Chemistry 2020
avermectin SC prepared by SL-Temps with different Temp
contents were dried into lm in the dark, then irradiated under
UV light to study the anti-photolysis performance. Meanwhile,
the 5% avermectin SC prepared by grinding with BHT (addition
amount ¼ 3%) and a phosphate type dispersant 601-P without
anti-photolysis ability was used as a control. The results are
shown in Fig. 7.

As can be seen from Fig. 7, aer 60 hours of ultraviolet light,
the effective avermectin contents in SC all decrease, among
which the retention rate of avermectin in the SC prepared by SL
is the lowest (73.6%). The retention rate of avermectin in the SC
with 601P and BHT as additives is 76.3%, which is only slightly
higher than that of the SC with SL. Besides, the retention rates
of avermectin in the SC with SL-Temps as dispersant increase
with the increasing Temp group content. Among them, the
retention rate of avermectin in the SC with SL-Temp3 is the
highest (87.1%). It shows that SL-Temp can effectively protect
the effective avermectin in SC and has obvious anti-photolysis
performance, compared with SL. Therefore, the introduction
of Temp groups can signicantly improve the anti-photolysis
performance of lignin-based dispersant. Although the antioxi-
dant component BHT was added to the SC prepared by 601P
dispersant, the effect is not so ideal, which is only slightly better
than that of the unmodied SL.

At the same addition amount of 3%, why the photostability
of SL-Temp for avermectin SC is much better than that of small
molecule antioxidant BHT. The photostabilization mechanism
of avermectin by SL-Temp is expounded from the point of view
of liquid/solid interface adsorption.
Fig. 7 UV degradation curves of avermectin in the SC with different
additives.
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Fig. 8 The anti-photolysis model diagram of the avermectin SC with
SL-Temp and BHT additives.
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3.6. Anti-photolysis mechanism of SL-Temp to avermectin
SC

From Fig. 6, in SC, SL-Temp is adsorbed on the surface of
avermectin particles in molecular state and the adsorption
amounts as well as the compactness of the adsorption layer are
greater than SL. However, in the SC prepared by 601-P and BHT,
BHT is not soluble in water, but is ground into small particles
(D50 ¼ 5–7 mm) and uniformly dispersed in the SC with aver-
mectin particles. Therefore, the protective forms of SL-Temp
and BHT on avermectin particles in SC are different, and the
model diagram of their interaction with avermectin particles is
shown in Fig. 8.

As is shown in Fig. 8, in avermectin SC, SL-Temp is tightly
adsorbed on the surface of avermectin particles in molecular
state, forming a compact adsorption layer. When the SC diluent
is sprayed on the target surface, SL-Temp molecules containing
antioxidant and light-stabilizing groups are tightly wrapped on
the surface of pesticide particles. The phenolic hydroxyl groups,
conjugated carbonyl groups and Temp groups in SL-Temp
molecules interact with each other when the sun light is irra-
diated on the surface of the pesticide particles. On the one
hand, they compete to absorb most of the incident light to
shield the photodegradation, on the other hand, they scavenge
the active free radicals generated by photooxidation, thus pro-
tecting the internal avermectin particles.

However, in avermectin SC, BHT is uniformly mixed with
avermectin particles in the form of particles, and the size of
BHT particles is not signicantly different from that of aver-
mectin particles, so it is difficult to adsorb closely on the surface
of avermectin particles. When SC diluent is sprayed on the
target surface, BHT particles do not absorb ultraviolet light, and
only partially scavenge the active free radicals produced by
photooxidation, thus realizing the weakly protecting effect on
avermectin particles. Besides, due to the large size of BHT
particles. Therefore, the protecting effect of BHT on avermectin
in SC formulation is weaker than that of anti-photolysis polymer
dispersant SL-Temp.

4. Conclusions

The functional dispersant SL-Temp was prepared using SL and
hindered amine monomer. The elemental analysis, FT-IR
13836 | RSC Adv., 2020, 10, 13830–13837
spectra and 1H-NMR spectra prove that the hindered amine
monomer has been successfully graing into SL. The EPR
spectrum indicates the obtained SL-Temp is a functional poly-
meric surfactant which can inhibit photodegradation. The SL-
Temp was used as dispersant to prepare 5% SC of avermectin.
Aer 14 days of accelerated experiment of hot storage, the
particle size of the SC remains unchanged and the suspension
rates are both higher than 99% before and aer hot storage,
which mean that the physical stability of the SC is good.
Meanwhile, the decomposition rate of the avermectin in SC
aer hot storage is 0%, which is much lower than 6.1% when SL
was used as dispersant, indicating that the chemical stability of
the SC is good. QCM-D studies show that the introduction of
Temp group is benecial to increase the adsorption amount of
SL-Temp on avermectin surface and the compactness of the
adsorption layer. The SL-Temp adsorption layer tightly covered
on the surface of avermectin particles can protect avermectin
particles from decomposition by hindering the penetration of
ultraviolet light and scavenging the free radicals generated.
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