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Preparation technology of 1% emamectin benzoate microcapsule suspensions
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Abstract: In order to promote the industrial production of emamectin benzoate microcapsule
suspension, 1% emamectin benzoate microcapsule suspensions was prepared via in-situ polymerization
process, using urea-formaldehyde resin as the wall material. The influence of solvent selection,
emulsifier and its dosage, stirring rate, acidification time, curing temperature and the amount of
substance ratio of prepolymer formaldehyde and urea on the performance of microcapsules was studied.
Emamectin benzoate microcapsule with preferable encapsulation rate (83.8%) and average particle size
(2.3 um) was formed under the optimal conditions, when the compound emulsifier (m (603" ) : m (500* )=
5:1) dosage was 2.4% mass fraction, the stirring rate was 300 r/min, the acidification time was
120 min, the curing temperature was 70 ‘C, the amount of substance ratio of prepolymer formaldehyde

and urea was 3 : 1, and the mass fraction was 20%. HPLC analysis showed that emamectin benzoate
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microcapsule had a favorable slow release performance, which can achieve 17-day sustained-release

under test conditions. At the same time, bioassay experiments targeting the 3rd instar larvae of Plutella

xylostella showed that the microcapsule suspension had good sustained-release bioactivity. And the

duration was longer than the control agent.

Keywords: abamectin; emamectin benzoate; microcapsule suspensions; slow-release formulation; urea-

formaldehyde resin; in-situ polymerization; Plutella xylostella
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Table 1 Screening of solvent for the preparation of emamectin benzoate microcapsule suspensions

WERRZE 150" R
Solvent type 1507 solvent oil

2007 V& 713 BRI
200" solvent 0il  Ricinoleic acid

Soybean oil

m (Z.=FF) - m (150°)
m (ethylene) : m (1507)
3:7

S ST L O
Corn oil Ethylene glycol Cyclohexanone

T fRYE

Solubility + - - i S +
W R 7 FORIANE, 7 FOREWER, 7 BRERBEM, T RRTEREWR.
Note: “—” in the table indicates almost insoluable, “+” indicates partial soluable, “++” indicates almost soluable, and “-+++” indicates complete
soluable.
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Fig. 1 Appearance of microcapsules prepared with different compound emulsifiers
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Table 2 The influences of emulsifier dosage and stirring rate

on the size of core particle
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Rotate speed/ Dosage of
> K-
(r/min) emulsifier/% De/um P55 Span index
500 1.20 7.5 6.5
1.80 2.9 3.1
2.40 1.8 2.5
3.00 1.7 2.6
300 1.20 9.3 6.3
1.80 3 3.6
2.40 1.9 2.6
3.00 1.9 2.6
200 1.20 — —
1.80 — —
2.40 5.6 3.8
3.00 4.3 3.9
e R 7 ROORIEATR .
Note: “—” in the table indicated that no detection was performed.
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Fig. 2 Microcapsule encapsulation rate under the different
amount of substance ratio of prepolymer
formaldehyde and urea
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Fig. 3 Morphologies of prepared microcapsules under different curing temperature
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Fig. 4 Microcapsule encapsulation rate under different
curing temperature
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Fig. 5 Morphologies of prepared microcapsules under different acidification time
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Fig. 6 Microcapsule encapsulation rate under different
acidification time
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Table 3 Microcapsule encapsulation rate under different determination methods

LRI DR FEIME nliRITR PRz 95% BEIFIX [A]
Detection method Average/% Standard deviation/% Standard error/% 95% confidence interval/%

T 1 PP A BRI 85.63 0.008 6 0.005 0 83.49 87.78
Free emamectin benzoate detection method
T 83.8 0.0155 0.009 0 79.94 87.66
Damaging microcapsule detection method
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ML T HalE Y, B A% B R 4 2 R ROEFEPRAS, TIBEE 2R AW, PR
FITEVIRE R, 2 R R Wi L, & FESENNARARAR S, W R iR E T
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Wiz P4 Eh R A& — B E B . 5 AT 70 |
FUAH L, A ) % 1) R 4E S B AE WSR2 s o0 |
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PR 7] 20 Tl 2 R P TS AN B A L R s E 0 2 4 6 8 10 12 14 16 18 20
R pif 8 L V2 2 H B SN St i 1] Time/d
R AE AT R B E, 3 R

R A \DE?% M7 FEANENR RGNS
I, JURZIESE T 5 5 F 20 i 7L 75 22 D 4 Fig. 7 Cumulative release curve of emamectin benzoate

3 10.3%, RIMWE —ERARRSCE; 5,

microcapsule
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*4 ZTREFERERLIRENEMNBHNETRERIELTE (5 mg/l)

Table 4 The influence of formulations of emamectin benzoate on larvae mortality and corrected mortality of P. xylostella (5 mg/L)

R 2 SRR L P 2 Eh T R
W24 5 s i ] emamectin benzoate ME emamectin benzoate CS
Time after treatment/d PR REEA T PR REEAET %
Mortality/% Corrected mortality/% Mortality/% Corrected mortality/%
1 96.7 96.6 66.7 65.5
3 88.3 87.9 78.3 77.6
7 63.3 62.1 83.3 82.8
14 36.7 34.5 75.0 74.1
28 11.7 8.6 41.7 39.7

RIZGIRTLE 82.76%, ZBZJEH 9 Rk, K7y e BT FIE R UE SR . &K 25 R RN I [R] B
Y BVRETEORN 43 fif ik B0 F-47, BT R ey, B W REFENEZ WA MR 2, sl i, B
JEATFUREWT T R, HLT B 3 4 31 L ) BEFHA RHE T

BRIk EE; R 14 R, F4EE IR E

X /NS A RS IE SR T AT AT ik 74.1%, A X 2E Hk (Reference):

HSEAS T 24575 R RE R
TEFTERGH [1] SALHL. b R A0 e R R T FIT). K24,

3 g:é:i@ 2018, 8(1): 44-47.
WU K M. Development direction of crop pest control science and
TEILA 5T R AL T G 12 ) & H 4 R T 3 57 1) technology in China[J]. J Agric Sci, 2018, 8(1): 44-47.
i, ERR AR R R Hop, [2] XIZE, I B, 26, 25 JLAH 7k SRR 5K 0 10 2 D005 % S
S AU IR SR UAEE R FANH] T T A 2 A e, WA P[], B PRS2, 2014, 35(8): 1615-1618.
/ﬂ\:)gﬁ % a ﬁﬁ ES‘%?UE‘E% BE FEIJ ; ﬁzﬁ%ﬂa EFI @%[13],{/]5 y\j LIU K, TANG L D, LI P, et al. Toxocity and synergistic effect of the
%*{»’E’}??fﬂ ETJ_ IJ_I\IJ XE U\BZ% , )?\ mﬁ%% EE ﬂ:‘ Eﬁ E% E‘J complex formulation of several insecticides to Megalurothrips

usitatus (Bagnall)[J]. Chin J Tropical Crops, 2014, 35(8): 1615-1618.
[3] S0, xIBW], 3E38. JURP R AN R 77 AR 45 2k H 1 B ) 24524
RIG[I). AR, 2012, 43(7): 961-964.

IKIEVERCR, e LAY Aa E O FLIR,  H A A
WAy 64.7 °C, AEINFAE LI RE T AE A L A B

}%\ ° % E.@H ‘ri}ﬁ %%' /T'_E ’ {% ){—i %j 155 C ’ EF' % ﬁ Al HJ, LIU Z M, HUANG J L. Field control efficacy trials of several
‘Ié ’ E.Xj‘ EFI éﬁ%:’i /E\‘ % E ﬁ?l“ El"] {ﬁﬁﬁ:‘l‘i ’ JH:Z'KEﬂ 7'7% nematicides on southern root-knot nematode[J]. J. South Agric, 2012,
AR OO EHR, SRR Sk, DU 43(7): 961-964.

BEREHG N EEME, Fr e TSR, MR RMTE (4] B, EE A e, TR S B K T B K AR
MR TGS SR 22, W R TE R N ) — e Sk (0. AL ARNE, 2009, 37(27): 13211-13213.

Jﬁ?—} T Eﬁﬁ&’fjﬁ’f{. , Eﬁ /:\E T ﬁ;ﬂ%ﬁﬁ%”%ﬁ% ) j_JF QIAN J, HUA R M, TANG F. Study on photochemical degradation

of emamectin benzoate[J]. J Anhui Agric Sci, 2009, 37(27): 13211-

KA RIBETT . ) %15 2 B 8 0L 83.8%,
SRR 2.3 nm ) R YE SRR, SR T i%05 s

13213.

1 ARR, AR, FY R I A4 ] 2 R R DGR T TT S )], R
AT 74, 2003, 42(10): 5-8.
Zfﬁﬁﬁ%ﬁ{)ﬂﬂi T %Hﬂ'ﬁt'f’tﬁ%%”% E(J EF' é&ﬁ'ﬂ XU H, XU F B. The study and progress on photodegredation of
IBERIRBECERE, 5 jﬁj{[]z] H FH A SR B R 2 emamectin benzoate[J]. Pesticides, 2003, 42(10): 5-8.
M ZB A, ASHIF 78 BT ) 4% [ B 48 5 15 38 By FE [6] I, ST, #ATR, 4. BIUMBURIEM SR AR AR ). h
VIR LGB, TR S 5~9 K BE LA X Be 2k, RS, 20070122733 2755
%% 10 %Eﬂ_, V‘ﬁ%ﬁ@%ﬁ’ﬁ%%%j—t*a ]ﬁ,l . E Ij\] ZHAO D, HAN Z R, DU Y C, et al. Preparation of chlorpyrifos

microcapsules and its controlled release characteristics[J]. Scientia

élsz% {)I_\IU % ﬁﬁgﬁ Hj Efm ’ —275 E gﬁ 3 % ’ F‘ﬁ ﬁj:lj %’ il ZE Agricultura Sinica, 2007(12): 2753-2758.

i %’%& % =S 7 ﬁu Xﬂ‘ /J\ % m}k Zj] EE E(J *Q IEET $ 5 % [7] BOLIMOWSKI P A, KOZERA R, BOCZKOWSKA A. Poly (urea-
1 %*E ttﬁiﬁﬁi%ﬁ ’ E‘Exd‘ﬂﬁ éﬁﬁu H ZEE&%JZ?L%U formaldehyde) microcapsules-synthesis and influence of stirring
E]':] %EE Eﬁ \E'z éﬁ /J\ ° 2% Eﬁ zlgﬁﬂ: ?H‘EFE trE"J %’ EK] Eﬁ éﬁ%ﬁ%ﬂ speed on capsules size[J]. Polimery, 2018, 63(5): 339-346.

fa—



522 KoY ¥R Vol. 20
[8] SARKAR S, KIM B. Synthesis of graphene oxide-epoxy resin [15] B, 228, RRIT, 5 . 2 % R0 4 18 22 28 F R SR ALl
encapsulated urea-formaldehyde microcapsule by in situ T RCB E 4 BT D). BRI B2, 2007, 35(32): 10206, 10241,
polymerization process[J]. Polym Compos, 2018, 39(3): 636-644. KANG Z H, LI X, PANG M H, et al. Analysis for 2% emamectin
[9] WUBY, YEL,LIU Y L, et al. Intercalation structure and toughening benzoate microemulsion by HPLC[J]. J Anhui Agric Sci, 2007,
mechanism of graphene/urea-formaldehyde nanocomposites prepared 35(32): 10206, 10241.
via in situ polymerization[J]. Polym Int, 2018, 67(3): 330-339. [16] AT, [ 24k 5 22 R A SR B2 () 4 . 24 S ME AR I SE [D].
[10] FEEEF, A, HAEE, 45 LU R G o R At F s i i e Fede: A fel 22, 2008.
Bl SRALLT]. KB TP F 4], 2018, 37(2): 43-48. HAN Z R. Preparation characterization and performance
WANG J P, HE R H, TIAN H L, et al. Fabrication and measurement of avermectins urea-formaldehyde resin
characterization of pirimiphos-methyl microcapsules with melamine microcapsules[D]. Taian: Shandong Agric Univ, 2008.
resin as wall materials[J]. J Tianjin Polytech Univ, 2018, 37(2): 43- [17] AR, F G G 2 2% 26 P R /K 3L 00 s 5 B 3 o 1
48. . M S SEY;
FHLELHRT FC[D]. AR : AR AR E, 2009.
1] HERG, X%, U8R, 45, S AURIO0 B A 4 44 1T BT A
(1] HEERR, U, e, 5. 2t U B A0 A R R A FAN F Y. Preparation of emamectin benzoate emulsion in water and
T2 H R R Z 224, 2012, 34(5): 540-544.
# D] SHRALRFEFR S its forming mechanism of physical stable system[D]. Fuzhou: Fujian
QU G X, LIU X, LI X F, et al. Optimized formulation of emamectin . . .
Agric and Forestry University, 2009.
benzoate microcapsule using central composite design[J]. J Jilin Agric - ) P o - N
(18] Bitd K, 7k, BUARYR, 4. 0T 370 il 46 AP s P 4 1 3 %
Univ, 2012, 34(5): 540-544. .
o ) ) L R ER AR FLAI[T]. R, 2015, 37(3): 48-50.
[12] Z=fh:, BRARLE, Fh52hs, 5. PR R 20 B 2 8% R Eh IR BE ) ) o5
. CHEN F L, ZHANG L, JIA W N, et al. Application of polymer
SRAE]. ML, 2010, 27(12): 1381-1385.
emulsifier in emamectin benzoate EW[J]. World Pestic, 2015, 37(3):
LI W, LUF S, GUO W T, et al. Preparation and characterization of
48-50.
emamectin benzoate microcapsules[J]. Chin J Appl Chem, 2010,
19] HBILRE, T M, FEDUE, 5. BURZEAATIE ] 2 AR B D], B
27(12); 1381-1385. [19] *BILHE, J5 36T, TEDUHE, 5. UL A s Al 25 KREEAR]]
USSR . ; N ; FEE, 2004, 21(2): 200-202.
[13] 2500, 027, B, L3R 4200 4 A AL O TR BT 1), o @
RIS (ARRERR), 2005, 23(2): 111-114. ZHENG L H, FANG M H, CHENG S Q, et al. Preparation and
LI J C, FENG Y H, LI Q. Study on emamectin BI benzoate thermal properties of microencapsulated paraffin[J]. Chin J Appl
microcapsules by in-situ polymerization method[J]. Nat Sci J Hainan Chem, 2004, 21(2): 200-202.
il 2 . = g s FR oy 7 DL 2
Univ, 2005, 23(2): 111-114. [20] XIE B = R AT ) 6 B SRR 0 B AL [D). F5e:
[14] NG, g, 5512, 2. HESEIR WORERLIT A 10 46 B TR AL A PO B AR R, 2006: 26-28.

R[] A 252244, 2006, 8(1): 77-82.
ZHAO D, LIU F, MU W, et al. Preparation of chlorpyrifos aqueous
capsule suspension and optimization of encapsulation conditions[J].

Chin J Pestic Sci, 2006, 8(1): 77-82.

LIU Y L. Preparation and release kinetic of pendimethalin

microcapsule[D]. Taian: Shandong Agric Univ, 2006: 26-28.

(FriE% 3. & %)



