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Patents
Water-based graphene oxide nano pesticide and preparation method and application thereof
Abstract
The invention belongs to the �eld of nanotechnology, and particularly relates to a water-based
graphene oxide nano pesticide for preventing and controlling fungal diseases of crops, and a
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preparation method and application thereof. The bactericide in the water-based graphene oxide
nano pesticide is adhered to the surface of graphene oxide through pi-pi conjugation effect,
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hydrogen bonding effect and electrostatic adsorption effect, fungal cells are damaged through the
graphene oxide, and then the medicine is accurately released, so that e�cient utilization of the
medicine is realized, and the graphene oxide and the pesticide show an excellent synergistic
mechanism. When the water-based graphene oxide nano pesticide prepared by the emulsi�cationfreeze drying method is applied to prevention and control of plant fungal diseases, the drift problem
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of the nano pesticide is relieved. And the water-soluble nano pesticide has good water solubility and
anti-drift performance, and is a novel water-based nano pesticide.
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1. A preparation method of a water-based graphene oxide nano pesticide is characterized by comprising the following steps:
(1) dissolving graphene oxide in water, and violently stirring to form a graphene oxide aqueous dispersion; dissolving the bactericide in dimethyl sulfoxide, N-N
dimethylformamide or methanol to form an organic phase bactericide solution;
the concentration of the graphene oxide aqueous dispersion is 0.5-1 g/L;
the concentration of the bactericide solution is 1.25: 1-3.75: 1;
(2) dropwise adding the bactericide solution into the graphene oxide aqueous dispersion under vigorous stirring, and vigorously stirring for 24-48 hours from the dropwise
adding to obtain a mixed solution, removing free pesticide molecules by dialysis or reaction liquid cleaning, removing supernatant by high-speed centrifugation, and freezedrying to obtain a product, namely the solid water-based graphene oxide nano pesticide;
the mass ratio of the bactericide to the graphene oxide in the mixed solution is 2: 1-2: 3;
(3) dispersing the solid water-based graphene oxide nano pesticide into an aqueous solution according to the proportion of 1: 100-1000, adding 1% of Tween 80, and oscillating
to obtain an emulsion, namely the water-based graphene oxide nano pesticide.
2. The preparation method of the water-based graphene oxide nano pesticide as claimed in claim 1, characterized in that: the bactericide is carbendazim or
epoxiconazole.
3. The preparation method of the water-based graphene oxide nano pesticide as claimed in claim 2, characterized in that: the rotating speed of the high-speed
centrifugation is 10000 rpm.
4. The preparation method of the water-based graphene oxide nano pesticide as claimed in claim 3, characterized in that: the dialysis time period is 6 h.
5. The preparation method of the water-based graphene oxide nano pesticide as claimed in claim 4, wherein the preparation method comprises the following steps: the
number of washing with the reaction solution was 3.
6. A water-based graphene oxide nano pesticide is characterized in that: the preparation method of any one of claims 1 to 5.
7. The application of the water-based graphene oxide nano pesticide as claimed in claim 6, is characterized in that: the water-based graphene oxide nano pesticide is
used for preventing and controlling fungal diseases of crops.
8. The application of the water-based graphene oxide nano pesticide as claimed in claim 7, wherein the water-based graphene oxide nano pesticide is characterized in
that: the fungal diseases of the crops comprise rice blast, banded sclerotial blight, powdery mildew, damping off, anthracnose or leaf spot.

Description
Water-based graphene oxide nano pesticide and preparation method and application thereof
Technical Field
The invention belongs to the �eld of nanotechnology, and particularly relates to a water-based graphene oxide nano pesticide for preventing and controlling fungal
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diseases of crops, and a preparation method and application thereof.
Background
The traditional pesticide has the problems of poor dispersibility, poor stability, low biological activity, low degradation rate and the like due to the fact that drug-loaded
particles of the traditional pesticide are large, the utilization rate of target crops is less than 30%, and the dosage of harmful organisms is less than 0.1%. The data show
that the pesticide can be sprayed in the �eld, and the loss of the pesticide caused by dropping, dust drift, rain wash and the like can reach more than 70%. The use of a
large amount of pesticides causes serious environmental pollution and overproof pesticide residues, and seriously threatens the physical and psychological health of
human beings. The nanotechnology can effectively relieve pesticide residue pollution and improve the effective utilization rate of the pesticide. In addition, the nano drug
delivery system has the advantages of improving the dispersibility, stability and utilization rate of the pesticide, prolonging the lasting period, reducing the residual
quantity and the like.
Graphene is a two-dimensional nanomaterial composed of a single layer of carbon atoms �rst discovered by british scientists Novoselov and gemm et al in 2004.
Graphene oxide is a derivative belonging to graphene, and has a surface rich in oxygen-containing functional groups, so that the graphene oxide shows good water
solubility and stability. Meanwhile, the graphene oxide also has the capacity of loading the medicine with the structure similar to a benzene ring through pi-pi
accumulation, hydrophobic effect and hydrogen bond effect, so that the graphene oxide is widely applied to the �eld of biological medicine. The edge blade of the
graphene oxide nano-material two-dimensional slice is called as a nano-knife and can cut cell membranes of bacterial cells. Normal metabolism of the bacterial cells can
be affected by an oxidative stress mechanism, thereby causing cell death. In addition, when a large amount of graphene oxide nano-sheets are adsorbed on the surfaces
of bacterial cells, the bacteria can be completely wrapped, so that the bacteria are physically isolated from the surrounding environment, and the microorganisms slowly
die. The sterilization mechanism shows that the two-dimensional graphene oxide can be used as a drug carrier to play an antibacterial synergistic effect.
The invention patent application with application number of 201310550703.7 discloses a preparation method of thiophanate methyl nano pesticide, which reduces the
dosage and improves the pesticide effect. However, the existing patents on nano pesticides are mainly studied on the synergy of nano pesticides, and the drift problem of
nano pesticides cannot be solved.
Disclosure of Invention
In order to overcome the defects of the traditional pesticide and solve the environmental and social problems caused by the traditional pesticide, the invention mainly
aims to provide a preparation method of a water-based graphene oxide nano pesticide for preventing and controlling fungal diseases of crops.
The invention also aims to provide the water-based graphene oxide nano pesticide prepared by the preparation method. The nano pesticide has good water solubility and
anti-drift performance, can obviously improve the sterilization capability of the pesticide, and realizes the reduction and the synergism of the pesticide.
The invention further aims to provide application of the water-based graphene oxide nano pesticide.
In order to achieve the purpose, the technical scheme adopted by the invention is as follows:
a preparation method of a water-based graphene oxide nano pesticide comprises the following steps:
(1) dissolving graphene oxide in water, and violently stirring to form a graphene oxide aqueous dispersion; dissolving the bactericide in dimethyl sulfoxide, N-N
dimethylformamide or methanol to form an organic phase bactericide solution;
the concentration of the graphene oxide aqueous dispersion is 0.5-1 g/L;
the concentration of the bactericide solution is 1.25: 1-3.75: 1;
(2) dropwise adding the bactericide solution into the graphene oxide aqueous dispersion under vigorous stirring, and vigorously stirring for 24-48 hours from the dropwise
adding to obtain a mixed solution, removing free pesticide molecules by dialysis or reaction liquid cleaning, removing supernatant by high-speed centrifugation, and
freeze-drying to obtain a product, namely the solid water-based graphene oxide nano pesticide;
the mass ratio of the bactericide to the graphene oxide in the mixed solution is 2: 1-2: 3;
(3) dispersing the solid water-based graphene oxide nano pesticide into an aqueous solution according to the proportion of 1: 100-1000, adding 1% of Tween 80, and
oscillating to obtain an emulsion, namely the water-based graphene oxide nano pesticide.
Preferably, the bactericide is carbendazim or epoxiconazole and is suitable for preventing and treating fungal diseases.
Preferably, the dialysis time period is 6 h.
Preferably, the number of washing with the reaction solution is 3.
Preferably, the rotation speed of the high-speed centrifugation is 10000 rpm.
The invention further provides the water-based graphene oxide nano pesticide prepared by the preparation method.
The invention further provides application of the water-based graphene oxide nano pesticide in the prevention and control of fungal diseases of crops, wherein the fungal
diseases of the crops comprise rice blast, banded sclerotial blight, powdery mildew, damping off, anthracnose or leaf spot.
Compared with the prior art, the invention has the following advantages and bene�cial effects:
the bactericide in the water-based graphene oxide nano pesticide (GO-Carbendazim) prepared by the invention is adhered to the surface of graphene oxide through pi-pi
conjugation effect, hydrogen bonding effect and electrostatic adsorption effect, and the graphene oxide damages fungal cells, so that the medicine is accurately
released, the e�cient utilization of the medicine is realized, and the graphene oxide and the pesticide show an excellent synergistic mechanism. When the water-based
graphene oxide nano pesticide prepared by the emulsi�cation-freeze drying method is applied to prevention and control of fungal diseases of plants, the hydrophobic
surface of the two-dimensional sheet structure of the graphene oxide is easy to attach to plant leaves, so that the carried nano pesticide is easy to attach to the surface
of the plants, and the drift problem of the nano pesticide is relieved.
Detailed Description
The present invention will be described in further detail with reference to examples, but the embodiments of the present invention are not limited thereto. For process
parameters not speci�cally noted, reference may be made to conventional techniques.
Example 1
The embodiment provides a water-based graphene oxide-carbendazim nano pesticide and a preparation method thereof.
Weighing 20mg of graphene oxide powder, placing the graphene oxide powder in 40mL of deionized water, and violently stirring to form a graphene oxide dispersion
liquid. 10mg of carbendazim raw drug is weighed and dissolved in 8mL of N-N dimethylformamide to prepare a carbendazim solution. Slowly dropwise adding the
carbendazim solution into the graphene oxide water dispersion liquid under the condition of vigorous stirring, vigorously stirring for 48 hours, dialyzing for 6 hours to
remove free carbendazim, centrifuging for 10 minutes at 10000rpm, removing supernatant, freeze-drying, dispersing the solid water-based graphene oxide nano pesticide
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into an aqueous solution according to the proportion of 1:100, adding 1% of tween 80, and oscillating to obtain emulsion, namely the water-based graphene oxide nano
pesticide.
Example 2
The embodiment provides a water-based graphene oxide-carbendazim nano pesticide and a preparation method thereof.
Weighing 20mg of graphene oxide powder, placing the graphene oxide powder in 40mL of deionized water, and violently stirring to form a graphene oxide dispersion
liquid. 30mg of carbendazim raw drug is weighed and dissolved in 8mL of N-N dimethylformamide to prepare a carbendazim solution. Slowly dropwise adding the
carbendazim solution into the graphene oxide water dispersion liquid under the condition of vigorous stirring, vigorously stirring for 48 hours, dialyzing for 6 hours to
remove free carbendazim, centrifuging for 10 minutes at 10000rpm, removing supernatant, freeze-drying, dispersing the solid water-based graphene oxide nano pesticide
into an aqueous solution according to the proportion of 1:1000, adding 1% of Tween 80, and oscillating to obtain emulsion, namely the water-based graphene oxide nano
pesticide.
Example 3
The embodiment provides a water-based graphene oxide-carbendazim nano pesticide and a preparation method thereof.
Weighing 20mg of graphene oxide powder, placing the graphene oxide powder in 40mL of deionized water, and violently stirring to form a graphene oxide dispersion
liquid. 20mg of carbendazim raw medicine is weighed and dissolved in 8mL of N-N dimethylformamide to prepare a carbendazim solution. Slowly dropwise adding the
carbendazim solution into the graphene oxide water dispersion liquid under the condition of vigorous stirring, vigorously stirring for 48 hours, dialyzing for 6 hours to
remove free carbendazim molecules, centrifuging for 10 minutes at 10000rpm, removing supernatant, freeze-drying, dispersing the solid water-based graphene oxide
nano pesticide into an aqueous solution according to the proportion of 1:500, adding 1% of tween 80, and oscillating to obtain emulsion, namely the water-based
graphene oxide nano pesticide.
Example 4
The embodiment provides a water-based graphene oxide-carbendazim nano pesticide and a preparation method thereof.
Weighing 20mg of graphene oxide powder, placing the graphene oxide powder in 40mL of deionized water, and violently stirring to form a graphene oxide dispersion
liquid. 20mg of carbendazim raw medicine is weighed and dissolved in 8mL of N-N dimethylformamide to prepare a carbendazim solution. Slowly dropwise adding the
carbendazim solution into the graphene oxide aqueous dispersion under vigorous stirring, vigorously stirring for 48 hours, centrifuging, and adding DMF: washing the
reaction solution with water at a ratio of 1:5 for 3 times, removing free carbendazim molecules, centrifuging at 10000rpm for 10min, removing supernatant, freeze-drying,
dispersing the solid water-based graphene oxide nano pesticide in an aqueous solution at a ratio of 1:600, adding 1% of tween 80, and shaking to obtain emulsion,
namely the water-based graphene oxide nano pesticide.
Example 5
The embodiment provides a water-based graphene oxide-carbendazim nano pesticide and a preparation method thereof.
Weighing 20mg of graphene oxide powder, placing the graphene oxide powder in 20mL of deionized water, and violently stirring to form a graphene oxide dispersion
liquid. 20mg of carbendazim raw medicine is weighed and dissolved in 8mL of N-N dimethylformamide to prepare a carbendazim solution. Slowly dropwise adding the
carbendazim solution into the graphene oxide aqueous dispersion under vigorous stirring, vigorously stirring for 48 hours, centrifuging, and adding DMF: washing the
reaction solution with water at a ratio of 1:5 for 3 times, removing free carbendazim molecules, centrifuging at 10000rpm for 10min, removing supernatant, freeze-drying,
dispersing the solid water-based graphene oxide nano pesticide in an aqueous solution at a ratio of 1:1000, adding 1% of tween 80, and shaking to obtain emulsion,
namely the water-based graphene oxide nano pesticide.
Example 6
The embodiment provides a water-based graphene oxide-epoxiconazole nano pesticide and a preparation method thereof.
Weighing 20mg of graphene oxide powder, placing the graphene oxide powder in 40mL of deionized water, and violently stirring to form a graphene oxide dispersion
liquid. 30mg of epoxiconazole raw drug is weighed and dissolved in 8mL of methanol to prepare epoxiconazole solution. Slowly dropwise adding the epoxiconazole
solution into the graphene oxide aqueous dispersion under the condition of vigorous stirring, vigorously stirring for 48 hours, centrifuging, and adding methanol: washing
the reaction solution with water at a ratio of 1:5 for 3 times, removing free epoxiconazole molecules, centrifuging at 10000rpm for 10min, removing supernatant, freezedrying, dispersing the solid water-based graphene oxide nano pesticide in an aqueous solution at a ratio of 1:1000, adding 1% of tween 80, and shaking to obtain
emulsion, namely the water-based graphene oxide nano pesticide.
Example 7
The embodiment provides application of the water-based graphene oxide-carbendazim nano pesticide obtained in the embodiment 4 in the aspect of inhibiting rice blast
fungi.
Speci�cally, the effect of the nano pesticide on inhibiting rice blast fungi is measured by a plate method. 50mL PDA culture media containing carbendazim and graphene
oxide-carbendazim (GO-carbendazim) with concentration gradients of 0.2, 0.4, 0.6, 0.8 and 1 mu g/mL are prepared respectively. Under aseptic condition, opening the
pre-dissolved sterilization culture medium beside an alcohol burner according to test treatment, adding the pre-prepared sterilization liquid medicine, and shaking up fully.
Then pouring the mixture into more than 3 culture dishes with the diameter of 9cm in equal amount to prepare the drug-containing plates with corresponding
concentrations.
The test requires a blank with no agent treatment, not less than 3 replicates per treatment.
And (3) cutting the cultured rice blast fungus pathogenic fungi from the edges of bacterial colonies by using a sterilization puncher with the diameter of 5mm under the
aseptic condition, inoculating the fungus cakes to the center of the poured drug-containing �at plate by using an inoculating ring, enabling the hypha surface to face
upwards, covering a dish cover, sealing by using a sealing �lm, and placing the dish cover in an incubator with proper temperature and humidity for culturing.
After 9 days of incubation, the colony diameter was measured in millimeters (mm) with a ruler. The diameter of each colony was measured perpendicularly by the cross
method once and averaged. And (5) investigating the growth condition of the hyphae of the rice blast fungi according to the growth condition of the fungi in the blank
control culture dish.
The experimental results show that: under the same drug concentration, the graphene oxide-carbendazim nano pesticide has a more obvious inhibition effect on rice
blast fungi.
Table 1 shows the inhibition effect of water-based graphene oxide-carbendazim nano pesticide on rice blast fungus
Example 8
The embodiment provides application of the water-based graphene oxide-carbendazim nano pesticide obtained in the embodiment 4 in the aspect of inhibiting rice
sheath blight.
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Speci�cally, the effect of the nano pesticide on inhibiting rice sheath blight is measured by a plate method. 50mL PDA culture media containing carbendazim and
graphene oxide-carbendazim (GO-carbendazim) with the concentration gradients of 0.1, 0.2, 0.3, 0.4 and 0.5 mu g/L are prepared respectively. Under aseptic condition,
opening the pre-dissolved sterilization culture medium beside an alcohol burner according to test treatment, adding the pre-prepared sterilization liquid medicine, and
shaking up fully. Then pouring the mixture into more than 3 culture dishes with the diameter of 9cm in equal amount to prepare the drug-containing plates with
corresponding concentrations.
The test requires a blank with no agent treatment, not less than 3 replicates per treatment.
Cutting the cultured rhizoctonia solani pathogenic fungi from the edge of a bacterial colony by using a sterilization puncher with the diameter of 5mm under the aseptic
condition, inoculating the bacterial cake to the center of a poured drug-containing �at plate by using an inoculating ring, enabling the hypha surface to face upwards,
covering a dish cover, sealing by using a sealing �lm, and placing the dish cover in an incubator at a proper temperature and humidity for culturing.
After 2-3 days of incubation, the colony diameter was measured in millimeters (mm) with a caliper. The diameter of each colony was measured perpendicularly by the
cross method once and averaged. And (4) investigating the growth condition of rhizoctonia solani hyphae according to the growth condition of the bacteria in the blank
control culture dish.
The experimental results show that: under the condition of equal dosage, the water-based nano pesticide has better effect on rhizoctonia solani, and the nano pesticide
with the concentration of 0.4 mu g/mL can completely inhibit the growth of the rhizoctonia solani.
Table 2 shows the effect of water-based graphene oxide-carbendazim nano pesticide on inhibiting rhizoctonia solani
Example 9
The embodiment provides application of the water-based graphene oxide-epoxiconazole nano pesticide obtained in the embodiment 5 in the aspect of inhibiting rice
blast fungi.
Speci�cally, the effect of the nano pesticide on inhibiting rice blast fungi is measured by a plate method. 50mL of �uorine-containing epoxiconazole and graphene oxideepoxiconazole (GO-epoxiconazole) PDA culture medium with concentration gradients of 0.1, 0.2, 0.3, 0.4 and 0.5 mu g/mL are prepared respectively. Under aseptic
condition, opening the pre-dissolved sterilization culture medium beside an alcohol burner according to test treatment, adding the pre-prepared sterilization liquid
medicine, and shaking up fully. Then pouring the mixture into more than 3 culture dishes with the diameter of 9cm in equal amount to prepare the drug-containing plates
with corresponding concentrations.
The test requires a blank with no agent treatment, not less than 3 replicates per treatment.
And (3) cutting the cultured rice blast fungus pathogenic fungi from the edges of bacterial colonies by using a sterilization puncher with the diameter of 5mm under the
aseptic condition, inoculating the fungus cakes to the center of the poured drug-containing �at plate by using an inoculating ring, enabling the hypha surface to face
upwards, covering a dish cover, sealing by using a sealing �lm, and placing the dish cover in an incubator with proper temperature and humidity for culturing.
After 9 days of incubation, the colony diameter was measured in millimeters (mm) with a caliper. The diameter of each colony was measured perpendicularly by the
cross method once and averaged. And (5) investigating the growth condition of the hyphae of the rice blast fungi according to the growth condition of the fungi in the
blank control culture dish.
Table 3 shows the inhibition effect of water-based graphene oxide-epoxiconazole nano pesticide on rice blast fungus
The experimental results show that: compared with the original epoxiconazole, the water-based nano pesticide has more obvious inhibition effect on rice blast fungi
under the same drug concentration.
The above embodiments are preferred embodiments of the present invention, but the present invention is not limited to the above embodiments, and any other changes,
modi�cations, substitutions, combinations, and simpli�cations which do not depart from the spirit and principle of the present invention should be construed as
equivalents thereof, and all such changes, modi�cations, substitutions, combinations, and simpli�cations are intended to be included in the scope of the present
invention.
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