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Preparation and properties of bifenthrin microcapsules for controlling termite
MA Ying-Jian', SUN Jin-Nuo’, QIAN Kun'®, XU Wei', LV Pei’, FENG Jian-Guo'" (1. School of
Horticulture and Plant Protection, Yangzhou University, Yangzhou 225009, Jiangsu Province, China; 2.
College of Resources and Environment, Anhui Agricultural University, Hefei 230036, China)

Abstract; In view of poor safety and short duration of traditional formulations of bifenthrin for controling
termite, the preparation technology of bifenthrin microcapsule by solvent evaporation method was explored.
The optimal core-wall ratio, emulsifier dosage and shear time were screened by particle size, appearance,
encapsulation rate and drug loading, and the physicochemical properties and release properties of the
microcapsules were characterized. Meanwhile, the control efficiency and long effective duration of the
microcapsules against termites were investigated. The results showed that the bifenthrin microcapsule was
prepared with a core-wall ratio of 1: 1.5, an emulsifier of 7% , and a shear time of 6 min, which had a
moderate particle size (97.6 wm), a encapsulation rate of up to 70. 5% , and a good sustained-release
performance. The obtained bifenthrin microcapsules in this study provide a technical means for safe and
efficient termite control.
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BT OEREELE O U BERAR RN (A) Al
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Fig. 1 Influence of core wall ratio on microcapsule

particle size (A) and appearance morphology (B)
Heoa, BSBEH 115 b, BELLH 1:1.25; ¢, WNEELL
F1:1.5; d, ANEEHLN 1:1.75; e, iNBEHL N 12,
Note; a, core-wall ratio of 1:1; b, core-wall ratio of 1:
1.25; ¢, core-wall ratio of 1:1.5; d, core-wall ratio of 1:

1.75; e, core-wall ratio of 1:2.

235 pwm JE/NEN97. 6 wm, FEHEM 1. 90 y/hE] 1. 73
(Fl2-A), Fl2-Bg5FREN, LML
(3% ) W, WHMRBERARBR, o hidE, 0
JEE S IR, LA T R 7% ), TR
WEHMNERIE, REOLHE, PR AR/, Hor
fie7E, X 5RAENESR -2, JEKTEEEIL
B, FLAR o+ Jovk 8 A8 1 W
R, 755 0 BLWR G I 28 K LLROR HORG % 1 B
%, MR Z0A R T FL AR 7 7 7 K A
TERCECR W, AT PR UE VR 24 50 A3 B, AR AR
BN (ELHAE, 2018), I, i
FLALFIH =R 7% o
2.1.3 BT E]G RS BE 5

5 YT ] 2 5 M LR W i A R e i) A
2, MR A ER 8 S5 R R AR KN K WL
B VIFE (BIHSE, 2019) , L5087 1)
R N 12 000 r/min, X 574 I ] #5475 1% .

B2 SRR BRI RN (A)
MSNIIESL (B) AR
Fig. 2 Influence of emulsifier dosage on microcapsule
particle size (A) and appearance morphology (B)
TE: a, FLALFIH N 3%; b, ALK H &N 5% ;
c, FLIEFIHE N 7% , Note: a, emulsifier dosage of 3% ;

b, emulsifier dosage of 5% ; ¢, emulsifier dosage of 7% .

K3 BYIR R SRR RN (A)
FSMIES (B) RY52
Fig. 3 Influence of shear time on microcapsule
particle size (A) and appearance morphology (B)
. oa, BYYINIECA 4 ming b, BYPIRFEN 6 min; ¢, 55
YIFFE] 4 8 min, Note: a, shear time of 4 min; b, shear time

of 6 min; c, shear time of 8 min.
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LEARIAR RN AMIE 5 L) I A B R A 2 2Y
EA LR, WEELL R 1015, FLAEFIHE R
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R1 FAEIZHENREREMRENEHENHHLE

Table 1 Encapsulation rate and drug loading of bifenthrin microcapsules prepared by different processes

Besh L Tween80 I (%)  BYUIRHN] (min) AL (%) WG (% )
Sample Ratio of core to wall Dosage of Tween-80 Shear time Encapsulation rate Drug loading

1 1:1 7 6 35.5 42.6

2 1:1.25 7 6 50. 1 40.3

3 1:1.5 7 6 70.5 41.2

4 1:1.75 7 6 72.1 37.7

5 1:2 7 6 74.2 35.3

6 1:1.5 3 6 38.7 33.1

7 1:1.5 5 6 60.2 38.2

8 1:1.5 7 4 42.4 37.1

9 1:1.5 7 8 38.5 38.7

2.3 RHREMNRUIER

TS 20 30 T 11 200 235 40 R 0% 5% ) 8 ) T
B, EVEM R R P AR RE A B e b (S
5 2011), Sesdii i SEM Wi 4 T 253548

IR 5 M U B S MBS T %%, S5 2R AP 4
PR o SR BN, /N5, Ky e 4,
X W T T AR — 2, #E— 2K
RAFEONEE (W4 D), BRSO 2 ik
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K4 BRAERPUK AR SEM IR R
Fig. 4 SEM photographs of bifenthrin microcapsules

MR, HRWMILE L, XA FIF IR B i R
B, DT AR AR B0 8 28 KRR
2.4 OHMRES R

WM IR 2, LT g K BE IR
2+ CERARERIBEY . WO TERE S L0561
W5, BRAR MR ZY (a) FMOHLGYER (b)
AHIAE 1 150 em™ (C—0) kLA 3 452 em™!
(—OH) b fFFEFRAE ML Wil , XS TEIR A (c)
R RRE (d) TRBLHR, B4R IR 24 75
1750 em ~'AbHFHRIE (C=0) {hZ5 R 3him =4
PRI 0, 2T AMGTE K B, IR A W TE L AR 77
TR S8 U, (L ol g 0 A A I A Y WA R e g
TEAZSE . W R AR 55, 1 B I A A R IR 24 1k ik
R (FH2ER %, 2010)

K5 FERBIZLAMEIE R
Fig.5 Infrared spectrogram of the samples
e oa, WORAERIEZ; b, AR, o, WIRHNER
JRZG + CHLFHEZRIR G d, WRABEHTE . Note:
a, technical bifenthrin; b, ethyl cellulose; ¢, technical
bifenthrin + ethyl cellulose mixture; d, microcapsule

sample.
2.5 WERERRELE
e A T 25 AR AT B TR I 2 TR Tl e 4 A L 2y
TR BT (B - KA 1:1) iy Rt

B ILIE 6, SRR L, IR A TR UK e R
AR RERE, Dt TR ) ) Rl
— 2 B J)2 A | Higuchi LAY Ritger-peppas f5
RIEATS S A (W 2), ZREY. U
AR B = ) J& Ritger-peppas LA (1gQ = gk +
nlgt) , =, Q MALEN ARG k R
HIIFSEG ¢ HRTE]; n 2B EER AL
n (B R/ 25 W) A ) B9 R e pL il (e g I 4
2017), % n<0.43 i}, F %4 Fickian ?)H;fiﬂ[, e
0.43 <n <0.85 I, £f& Non-Fickian ¥ #f, Bl
ORI 2R 10 2 M E ISR B 4555 n=0.85 i,
FERNHRBEWAEN, #E— 2R 53 0 =0.52,
AbF0.43 <n <0.85, T LLHE A 45 Wi U BE7E &
Pt — KW B T Non — Fickian §7HL,

Bl6 AR BRI S 5 IR 2 7E R B P Y
SRR i £
Fig. 6 Cumulative release curve of bifenthrin microcapsule

and technical bifenthrin in release medium

K2 ARAPHNEFRBBEER
Table 2 Fitting results of different kinetic models

i esit] /sy

R
Release the model Formula
TRz )y
Q=0Q, +kt 0. 8895
Zero order dynamic model
— ) R
InQ =1nQ, — kt 0. 9754
First order dynamic model
Higuchi model Q=0Q, +kt'"? 0. 9786
Ritger — peppas model 1gQ =1gk + nlgt 0.9971
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2.6 EHNE
2.6.1 FHJE

AT B B R 45 T L o R B, 3 o 2
W RE B AR B T2 ARAS Y B 2 TR o e 28 %) 559
FLHBARE ST, AR 25 IR 2k 4 ik 24 h )5,

25 o/L Wk 2 44 T FL I X &0 2L A B0 Ley, R
144.2 mg/L, BARAGMERHIL IR LCs, N 174.9 mg/L,
P 65 1 S Y R BOCRAN Y, i8] LSD
FWRFNT, LM SMREL REEER (P>
0.05) (#£3).

R3 BEFHEAHHFNETIAOWUMRENNHEHRE

Table 3 Lethal concentration of bifenthrin formulations against Coptotermes formosanus Shiraki

GEAIEES

Types of formulations

FHEHTRE (y=ax+b)

FLil Emulsifiable concentrate

y =1.5189x + 1. 7208

T % Microcapsule y =1.4759x + 1. 6900

LCsfH (mg/L) 95% FAFHR LIPS
Toxicity regression equation Lethal concentration 50 95% confidence limit Coefficient of association
144.2 120.7 ~172.2 0. 9896
174.9 145.7 ~209.9 0. 9939

2.6.2 FRRchESLE

30 3 PR A 700 % 15 7 L T A R AR M S G 4
RHFE (E7), MLERO0 M15d, —HHRK
BORMZEARZ, E5ZLMA L, Ok % 0 R0
FR, 255 30 d 7E 5 FE L B A O,
24 h JEFEIBETRA A 78. 9% , W E = T X IR
FLIMAL S HF BT 3 (57.8% ), T2 )5 45 d
Je, FLIMAFE S B FIOE TS R R FEE] 50% LT,
TR 28 AL 3 ()~ -3 56 T 24157 70% LA L

P 7 SRR A T A o ol 300 15 725 2L 1 IR 5 2
Fig. 7 Long-lasting effect of bifenthrin formulations against

Coptotermes formosanus Shiraki

3 RSt

HBCEMER el 2Rz —, &
AT AR PR T MR R A A RN AT RE T, L
dATT B AT R A A, e TR
ol Tt A o B — 2 FRE L U T ™

FINEREZ —, Hh 40% KA 4016 (MR,
2015) , AR, WA FBCE Sh B AW YK,
HOF A PR AR U o R E I B, AT,
FHIT 6 7k R BB BTG . A Y BTG ik
EBIAAE ., LA IEEAEE R . R B
BAS B GRS, A2 B iR = B i6 e A
R At (CRIBEER b E1E | 2019) , Uk 2020 4F
8 H, iAol AR B T B I6 A A
A AD EZAFE IR 4G 0, MLk, SR NS R B
FEMREAE o IR 4G R = 1B IR 1) 32 T 24 )
(K B AN A%, 2017 ), B R0 T 5 AU Sk B
(254, KFLF (13 4>), ol (12 4), K
(74) FHFD (34, (RN RS
PP i ) AR R P 22 R 500 e A IR, e Ak,
IR A A TR VR 7E 114 25 0 ' B R0 Xof 7K A R B v AN 7T
P2 BIRRE, AR5G0 I TR ME AT BR X e i
B A7 A Ao BE A X A 25 RO o R AT
B, BA WA R R R, 218 R,
FER PR, BRARXT AR S AR A W TR PR L 3, 4%
A, K, A, RN AR S (&
ARG D4R, 2012 RHIME, 2013) , SR YT
FE IS A AT e B R g A, A
S5 E LR A LR A R AN, X B
BRI AL, HEEER TN
R, = O S AR IRANE S, X —
FERRRE b PR TR A B R A B IR T R T
i AR SCOR FH 725 i T il 28 1 10 R 44 i
e, ShEFLmE R, WEXGEAA
WO R AR, PO B B L = Rk, A
Wh | AR IR T EARTF B, okl
TR 2 AR HE T — W BIR S % |
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