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Preparation and properties of carboxymethyl chitosan-castor oil-based
polyurethane pesticide sustained-release microspheres

FAN Yanxiang, ZHOU Hongjun, ZHOU Xinhua, HUANG Xue"
( College of Chemistry and Chemical Engineering, Zhongkai University of Agriculture and Engineering, Guangzhou
510225, Guangdong, China )

Abstract: Carboxymethyl chitosan (CMCS)-castor oil (CO)-based polyurethane (PU) microspheres
(CO-CMCS-PU) were prepared from self-emulsification of CMCS, CO and isophorone diisocyanate (IPDI),
and avermectin (AVM) drug-loaded microspheres (CO-CMCS-PU@AVM) were obtained by molecular
self-assembly. The structure and morphology of the products obtained were characterized by FTIR, 'HNMR,
SEM and TGA, while the encapsulation efficiency, slow-release performance, anti-ultraviolet performance,
leaf contact angle and adhesion performance of drug-loaded microspheres with different drug doasage were
explored. The results showed that, compared with AVM dispersion, AVM-loaded microspheres solutions
exhibited good ultraviolet resistance with an increased AVM retention rate of over 43% after ultraviolet
irradiation, good adhesion and wettability on cucumber leaves with a decrease in the contact angle on
cucumber leave by >21% and an increase in retention capacity by >40%, and good slow-release and
pH-responsive release performance with the encapsulation efficiency >82%. The drug release behavior
conformed to the First-order kinetic model and Korsmeyer Peppas model, while the drug release was
controlled by Fickian diffusion.
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Fig.2 'HNMR spectra of CMCS, CO and CO-CMCS-PU
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SRIREE R 265 °C, VAN THEREENT S, TEfH K0
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CMCS-PU Fl CO-CMCS-PU@AVM ( Lk CO-CMCS-
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(195~268 °C) B/NpFH 5ER . FRARIE LY A
CMCS W53, KRER53HH 20.82%F 20.78%;
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B i, 3 & T CO-CMCS-PU H & 8 s 7K/ il
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PR Ol HAR AL 5 2 0 A Y CO-CMCS-PU
B B R E T
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S

H 60t

oo

K 40t
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S

(=]
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Fig. 3 TGA curves (a) and DTG curves (b) of CMCS, CO,
CO-CMCS-PU and CO-CMCS-PU@AVM

2.4 SEM. Hi{2# Zeta AL 54T

CO-CMCS-PU Fll CO-CMCS-PU@AVM f) SEM
EIVLE 4, HIE 4a ATH, K#ZhHY CO-CMCS-PU
R ERIE , gl TEmE I E T,
CO-CMCS-PU P45 S8 1 FH B A FH T I) 265 &5 44 il
HREDIBARIRIE, A 4b~d W1, 22
Ji CO-CMCS-PU@AVM NHFERIE, X I&R =+
KB AVM AL T80, 3K 1 2y CO-CMCS-PU
Fl CO-CMCS-PU@AVM [AIAEFI Zeta LA, FIFE 1
A[HT, CO-CMCS-PU HYKL4E H(4.116+1.64) pum,
CO-CMCS-PU@AVM Hif&7E 1~2 um Z[0], HF#HE
RN, CO-CMCS-PU@AVM KiA% % i I
AN, XATREEF N AVM 1E A1 CO-CMCS-PU
TERBL K AE TG 38, B R 46 T8 SR /N ER0R
H IR AR I8N, X 5 SEM & v 38 25 kR 48 K /e
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FAW G o B ZZG RGN, Zeta HLA A 45X (B
WA B K, B CO-CMCS-PU@AVM 7E 7K H )
FeE A ks

El 4 CO-CMCS-PU (a), CO-CMCS-PU@AVM-3 (b),
CO-CMCS-PU@AVM-4 ( ¢ ) F1 CO-CMCS-PU@
AVM-5 (d) ) SEM Kl

Fig. 4 SEM images of CO-CMCS-PU (a), CO-CMCS-

PU@AVM-3 (b), CO-CMCS-PU@AVM-4 (c) and
CO-CMCS-PU@AVM-5 (d)

#* 1 CO-CMCS-PU@AVM #lI CO-CMCS-PU [#ki 4% Fl

Zeta HL{if
Table 1 Particle size and Zeta potential of CO-CMCS-PU@
AVM and CO-CMCS-PU

i i/ um Zeta HL{i7/mV
CO-CMCS-PU 4.116+1.64 —38.26+0.45
CO-CMCS-PU@AVM-3 1.964+0.31 -38.41+0.18
CO-CMCS-PU@AVM-4 1.427+0.97 —38.46+0.09
CO-CMCS-PU@AVM-5 1.077+0.76 —38.54+0.05

25 MEEmmnEEENEsH

TENRAE SRR 25 2530 b 2 — o 38 ad A A
FE it A3 VR I VR AR B I e ) f A A e T
B Ok RAE AR 25 IR . AVM A HOR AT CO-
CMCS-PU@AVM ¥ ik 7F B¢ I T L 110 422 fipke 3 1
B LE 5, MK Sa mlal, S5XTREL4L AVM SR
Fb , A B MR FE Y CO-CMCS-PU@AVM 7 # -
T F Al A BIREAR T 21.16%. 23.97%. 21.49%,
BREMR T 21%LL -, Hf CO-CMCS-PU@AVM-4
BB f /N, M 59.37°+0.58°, Bl /NT AVM 43
WO . AT W, CO-CMCS-PU@AVM ¥ 575 114 78 15
PRI T AVM 4380, X2 CO-CMCS-PU Rl
ABEAR TR R 5K Ty, R T W AEn 18 s
&, BRARE T AVM 1EM AR

VL PR 25 %R 2 A BN e 3% T8I 1) 26 B
BE, 45K 5b, tE 5b Al A, 5 xR AVM 4
TR L, AH N BT 59K 2 1Y) CO-CMCS-PU@AVM 7E
B 83 B BT 3 N T 46.73% . 54.03%.

40.61%, HIEINT 40%LI L, XiiHH CO-CMCS-PU@
AVM B A K35 B PE RE .3 J& B2 CO-CMCS-PU
AR —NH, . —COO—3L A 5 & )N M- 1) —
OH. —COOH., —CHO [l i S s A s /R
BN TR0 S 2 TR A R PO BT eMCS B A
F1R) 27 7K 35 [T R LA 88 AR 80 7 - T L % v sk 1

VNl AR, IO T R . 2 AVM Y gk
BbmE, TTRESIN N CO-CMCS-PU@AVM  Kif2 4%
K& AR 251R V% ; 24 AVM sk k), 40
BN AVM SR 25 RE i 5 ks K, ASF]
F CO-CMCS-PU@AVM R4 fE ., mLrl s, k5
CO-CMCS-PU@AVM-4 # KM B B T B AR 4% ik
f, GO A, RS RATEM R LR,
A 3 X AR 24 B 3 A

100

90+
g0 | 7717190

a

78.09+0.16 78.33+0.36

60.84+0.42 50.3740.58 61.50+1.12

el A0

16+ 14.60+0.59

1
1
1

13.57£1.13

11.08+0.88

7.88+0.87

W B B /(mg/cm?)

FES  AVM 4FBOR R CO-CMCS-PU@AVM 7 i 7 % I
I _F Ry (a) ARG (D)
Contact angle (a) and retention (b) of AVM

dispersion and CO-CMCS-PU@AVM solutions on
cucumber leaves surface

2.6 PLEIMERES T

ANTA]J5 e e B ) AVM 200 . AVM FL i 431
WA CO-CMCS-PU@AVM i AVM T 28 AM: fig L
6,

Fig. 5
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