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ABSTRACT

In this study, through optimizing the 5% abamediwW formulation, stable formulation was determinéuk
optimum formula of 5% abamectin EW were as followsamectin TC 5%, toluene 9%, cyclohexanone 6%l By -
7%, NP-10-P 1.34%, thickening agent (xanthan gur@b%, anti freeze agent (ethylene glycol) 5%, dmiog
agent 0.1%, distilled water or deionized water waade up of 100%. The product had good cold storhget
storage and stability with time, was in conformitith the EW quality standard.
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INTRODUCTION

Emulsion in Water, also known as Concentrate Emn|sis a liquid preparation of tiny oil dropletsspersed in
water [1-3]. The solid TC or liquid TC dissolvedweak- polar solvents as oil phase, with vigordirsiisg process,
the oil phase dispersed in water by suitable effireisthen add preparation antifreeze agent, staibnd the e EW
formulation is prepared, wherein the aqueous plesentinuous phase, oil phase is dispersed ghdse In the

control of production cost, with water instead afjanic solvent, reduces production cost, improves water
emulsion products economic benefits and competiggs [6]. At present, the EW as a pesticide fortinria has

been extensive research and promotion at homelaondda|[7].

Abamectin is a macrocyclic lactone derived from slod bacterium Streptomyces avermitilis that cansprayed
onto the leaf surface or applied to the f&Jil As biological insecticidal, acaricidal, nenwaties, abamectin have
stomach toxicity and contact toxicity, it is widalged in agriculture and forestry on controlingdeptera, diptera,
homoptera pests and mites with the characterigtichigh efficiency, low toxicity, no pollution, l&dsg drug
efficacy.

Currently, the main formulation of abamectin are, §anule and low content of water emulsion, Sieh.8%, 2%
abamectin EC and 0.5% abamectin GR and 1.8%, 3%hextimn EW etc. but there are few research workkigh
concentration of abamectin EW, for the above-maetibreasons, the formulation of 5% abamectin EWstadied
in this paper.

EXTERIMENTAL SECTION

Experimental materials

Pesticide: Abamectin (96%) was provided by Jinglgno&dhemicals Technology Co., Ltd. Solvents: tolyetwyéene,
acetone, cyclohexanone were Chemically pure. Pgbthiylene sorbitan ester: Tween-20, Tween-60;
polyoxyethylene castor oil ether: By-125, EL-40;epkilethyl phenol polyoxyethylene polyoxypropylenines:
1601; nonylphenol polyoxyethylene ether phosphidfe:10-P. antifreezes: ethylene glycol, propylengeall, urea,
ammonium sulfate; thickeners: xanthan gum, carbetigm cellulose sodium, polyvinyl alcohol; defoamiagents:
n-octyl alcohol, silicone.
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Experimental instruments

JA5003N electronic balance (Shanghai precisionnsifie instruments co., Ltd.); BME shear emulsifgimixer
(Jiangsu Qidong Ludao metallurgy Petrochemical Ntamly Co.,Ltd.), BT-9300H laser particle size dkaftion
analyzer (Bettersize Instruments LTD.), LC-10AT thjgerformance liquid chromatograph (Shimadzu Catan),
ZK-82 B electrothermal vacuum drying oven (Shanghesting Instrument Factory Co., Ltd.). NDJ-1 rimtaal
viscometer (Shanghai Changji Geological Instruntmt Ltd.).

Preparation method of abamectin EW

5% abamectin EW was prepared with phase inversiethad. the weighed abamectin dissolved in apprtgpria
solvent, adding suitable emulsifier, and After mixievenly as oil phase; at the same time, takernaitdi freeze
agent, and defoaming agent to mix as an aqueowsephbder the conditions of shear speed of 2500-300in,
the aqueous phase was slowly poured into the ais@hthe O/W of 5% abamectin EW product was obdaivién
methods of phase inversion.

Method for determination of water emulsion perfor mances

The EW was stored at controlled temperatures ierola evaluate their stability over the time. Tlaesesis rate of
samples were inspected after storage at 54°C faoupt days, and the experimental method of thestabhge
stability refers to the national standard GB / TL38-2003. The emulsion stability of samples wereected after
stored at 0°C for up to 14 days, and the experiateneéthod of cold storage stability refer to nagibstandard GB /
T 19137 — 2003.

Emulsion stability test

Method for determination of emulsion stability nete national standard GB / T 1 603--2001. Dilutglieous
pesticide were prepared by mixing the pesticidehv@ibllaborative International Pesticides Analyti€aduncil
(CIPAC) standard waters of 342. The diluted aqugmsticide were then stored at 30°C to evaluateethelsion
stability of the diluted samples over time.

Method of determination particle size of the EW
The particle size of EW was determined by BT-9308s¢er particle size distribution analyzer. The iplatsize of

sample of formulation was reflected iRgD Dgg, D1pand span. The formulation of span is as follow:
Span =(D90_ DlO) /D50

Method of determination the thermal stability of 5% abamectin EW

5% abamectin EW were firstly stored at (54 +'@)for 14d, then the decomposition rate of EW sasplere
determined by high performance liquid chromatogyaphll samples were measured three times in expatm
period and take the mean to eradicate any disceggmrChromatographic conditions: the mobile phasetonitrile
/ water =70:30 (V/V), reagent with ultrasonic degjag filter, flow rate: 0.7ml/min, column temperegu 25C,
injection volume: 2QuL, the detection wavelength: 245nm, column: Lun® @versed-phase colurj8j.

RESULTSAND DISCUSSION

The establishment of the solvent system
The dissolving capacity of abamectin in toluenelewg, acetone, cyclohexanone were determined. The
experimental effects were showed that the betteponind solvent was toluene and cyclohexanone.

The mass ratio of TC and the compound solvent nesdaiinchanged, stored a€0for 7d, the solution of TC were
tested by adjusting the ratio of toluene and cyekaimone, the results showed that mixed solventoapletely
dissolve TC when the solvent composition was 6, e mixed solvent can make preparations to i@airiong
stability for moderate polarity. At the same timmeding amount of mixed solvents were determinesllte showed
when the amount of solvents was 13%-16%, raw nadsedould be dissolved and the viscosity of emalsi@as
moderate, therefore, the compound solvents of B#mectin EW were toluene and cyclohexanone (volume
ratio=6:4), and the amount of compound solventevi&%-16%.

Deter mination of the emulsifier

The determination of emulsifier is the key of EWrfmlation. In the EW formulation, The oil phase veasulsified

into tiny droplets and dispersed in the aqueousely emulsifier to reduce surface and interfagiation, at the
same time, Emulsifier by forming electric doublgdaon the surface of the dispersed phase and s$terdrance
effect of interfacial film to keep stability of ension. In this study, the optimum emulsifiers wetetermined
through a series of tests.
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(1) Determination of the single emulsifier

Fixed amount of emulsifier was 8%, the emulsifisueh as T-60, T-20, BY-1251601#, 602#, EI-40, OPaEDe
selected, results as shown in table 1.

As shown in table 1, after cold storage, emulsioorgtaining T-60 or BY-125 had low water separatingportion,
when T-20 or EI-40 acted as emulsifier, the emulsippeared few layered. However, when 1601# or G2 as
emulsifier, water separating proportion was too muthe emulsifier OP-10 had serious oil-water safam

phenomenon. Comprehensive analysis of the redhi¢és, T-60, BY-125, T-20 and EI-40 were selected fes t
emulsifier to further screening.

Table 1 Screening results of single emulsifier

emulsifier  dispersion properties emulsifying prdjgsr  cold storage stability

T-60 good better separate water 7.94%
T-20 good good stratification

BY-125 better good separate water 8.3%
1601# good good separate water and oil
602# good better separate water ,63.3%
El-40 good good stratification
op-10 poor poor separate oil 10%

(2) Determination of compound emulsifiers

There are some reports that most of anionic enmilsfan cause water emulsion instability, while theger

molecular weight of phosphate ester emulsifiersaféettively control coalescence and flocculatitvepomenon of
EWTJ10]. In this study, took the nonionic emulsifidP-10-P and the above determined emulsifiers tq the mass
ratio of two kind of emulsifier was 1:3, the tothount of emulsifiers was 8%. The results are shiowmable 2.

The results showed that the combination of BY-128& WP-10-P was in accordance with the requiremefités cold

storage and hot storage, and was the best emutsifiebination in all combinations.

Table 2 screening results of emulsifiers

emulsifier  Storage T-60 T-20 EL-40 BY-125
(0-2)C stratification  stratification precipitation  good
NP-10-P  (54+2yC  oil separating oil separating oil separating water separating

Table 3 showed that the determination of stabditydifferent combinations of BY-125 and NP-10-Pwihermal

storage and cold storage. the results showed wWigeratio of emulsifier BY-125:NP-10-P was 7:1, BEMY has good
stability.

Table 3 Optimization of emulsifiers

test sample the proportion of emulsifier  heat gjergb4+2) 1 cold storage (0-2)
A BY-125:NP-10-P=2:1 oil separating,4.6% precipitatio

B BY-125:NP-10-P=4:1 oil separating,3.9% precipitatio

C BY-125:NP-10-P=5:1 water separating, 5.3% présijoin

D BY-125:NP-10-P=6:1 water separating, 4.7% no ipretion

E BY-125:NP-10-P=7:1 up to standard no precipitatio
F BY-125:NP-10-P=9:1 no oil and water separating prezipitation

By optimizing the amount of BY-125 and NP-10-P, e&n see from table 4, emulsion water has excellent
emulsifying and stability of hot storage when tlatent of emulsifiers was 8%.

Table 4 determined of the amount of emulsifiers

Test sample the amount of emulsifiers  emulsifyingpprties heat storage (54+%)

A 4% good oil separating
B 5% good oil separating
C 6% good oil separating
D 7% better up to standard
E 8% excellent up to standard
F 9% better up to standard

Deter mination of antifreeze

Experiment showed that the ethylene glycol, propglglycol and urea had good antifreezing effed, @thylene
glycol can not only act as antifreeze, but also lngiser auxiliary surface activity function, andethesult of the
experiment suggested that ethylene glycol as aptiff was the best with the dosage of 5%.
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Deter mination of thickener

Appropriate amount of thickening agent can imprtive storage stability of the EW. In this experimehD5%
xanthan gum, polyvinyl alcohol and carboxymethylidese sodium were added, and the observed reaudts
shown in Table 5. The results indicated that xamtam as thickener of EW could significantly impeothe
stability of the emulsion.

Table5 screening results of thickener

thickener mass percentages emulsion stability — digpbty heat storage (54+%)
xanthan gum 0.05% up to standard better no sepgrati
polyvinyl alcohol 0.05% up to standard better epparating
CcMC 0.05% up to standard good oil separating
CK 0 up to standard good water separating

Deter mination of defoaming agent

In order to eliminate the bubbles in water emulgioocess, it is need to add a certain amount afaeing agent,
the test results proved that the compatibility efodming agent and water emulsion was good, sonosjj&con
defoaming agent was chose and the dosage of defgament is 0.1%.

Optimized for mulation by orthogonal test

On the base of the preliminary screening of variadslitives, the proportion and quantity of addiivweere
optimized by orthogonal test. According to expenal purpose, experimental factors are chosertentkvel of
the factors is decided, experiment factors andsea® shown in table 6.

Table 6 Factor and level of orthogonal test Lo(37)

Factor level
A(By-125) 6.66% 6.86% 7.00%
B(NP-10-P) 1.00% 1.14% 1.34%

C(xanthan gum) 0.03% 0.05% 0.07%

The table 7 showed result of orthogonal test, dneddptimized result of formulation was A3B1C2, whiwere
contained xanthan gum 0.05%, NP-10-P 1.34% andZ8y7100%.

Table 7 Orthogonal test

B C o .

sample  Blank column BY-125/% NP-10-P/% Xanthan gum /%Emulsﬁymg properties  Spamh
Test1 0 6.66 1.34 0.03 ++ 4.15
Test 2 0 6.86 1.14 0.05 + 541
Test 3 0 7.00 1.00 0.07 + 1.41
Test 4 0 6.66 1.14 0.07 + 6.96
Test5 0 6.86 1.00 0.03 + 7.39
Test 6 0 7.00 1.34 0.05 + 1.07
Test7 0 6.66 1.00 0.05 + 4.62
Test 8 0 6.86 1.34 0.07 ++ 6.41
Test9 0 7.00 1.14 0.03 +++ 0.96

Ky - 15.73 11.63 12.50 - -

K2 - 19.21 13.33 11.10 - -

Ks - 3.44 13.42 14.78 - -

k1 - 5.24 3.88 4.17 - -

k2 - 6.40 4.44 3.70 - -

ks - 1.15 4.47 4.93 - -
18 R - 5.26 0.60 1.23 - -

Note: ‘+'is ‘good’, ‘++’ is better, ‘+++' is excellent.

Thetest results of 5% abamectin EW stability

According to the GB/T1603-2001 standard, the stghilf 5% abamectin EW was tested. Figure 1shwed tihe
emulsion dilution of 5% abamectin EW had no prdaaimn and oil slicks, the stability of dilution mis the
requirements of the standard.
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Figl the dilution stability of the 5% abamectin EW

Deter mination of heat storage stability

The stability of heat storage of 5% abamectin EWeweharacterized with decomposition rate of abaimeatd
emulsifying properties. The decomposition rate daraectin was determined by high performance liquid
chromatography. Table 8 showed that the decompasitf three parallel tests of EW samples were fleas 5%
and the thermal stability of sample meet the regménts.

Table 8 Heat storage stability of 5% abamectin EW

sample Before heat storage heat storage for 14d Decomposition
The content of abamectin %  Emulsion stability  Thetent of abamectin %  Emulsion stability %
1 5.05 up to standard 4.90 up to standard 2.97%
2 5.04 up to standard 4.87 up to standard 3.37%
3 5.01 up to standard 4.83 up to standard 3.36%
CONCIUSION

EW is a kind of water-based formulation of envire@mtal and security because it uses water to repihoe most
organic solvents, improves the safety of prepamatamd greatly reduces the cost of production. Hewnebecause
EW is unstable system of thermodynamic, so stglilintrol of EW is the key to the development anodpction
of EW formulation. Screening and optimization oéparation is the foundation to guarantee the #aluif EW
system. In this study, stable formulation of 5% rabetin EW was obtained through the orthogonal dgttion
method. The obtained product has good cold stotaeg, storage and stability with time, is in confdy with the
EW quality standard.
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