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ABSTRACT: The work aims to prepare the microcapsule antifouling agent embedding cuprous oxide to prolong the antifouling
period and reduce environmental pollution. The PEG-Cu,O microcapsule was prepared by single coacervation to coat the cu-
prous oxide with polyethylene glycol based on the synthesis of cuprous oxide by reduction of glucose. Characterization and

composition of microcapsules were investigated with SEM, TEM and FT-IR. Particle size distribution and embedding rate of the
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PEG-Cu,0 microcapsules were determined by PSA and TGA. The release property of microcapsules was explored based on the
determination experiment of copper-ion release rate. The effects of PEG addition method, coagulant addition method, reaction
temperature and agitation speed on microcapsules were discussed by single factor optimization analysis experiment and SEM
topography test. PEG-Cu,O microcapsules with uniform participle size was prepared successfully. The average particle size was
1.66 um, the average thickness of the capsule wall was 200 nm and the embedding rate was 78.1%. Compared with Cu,O anti-
foulant, the release properties of microcapsules were more obvious. More ideal microcapsules could be obtained when the ex-
perimental method of premixing PEG with copper chloride was adopted, coagulant solution was added drop by drop, reaction
temperature was 70 ‘C, mixing speed was 200~300 r/min. The microcapsules can effectively control the releasing speed of an-
tifoulant, reduce the pollution and prolong the antifouling period. The simple method is easy and accorded with the concepts of
atomic economics and green chemistry and has certain application values in the field of marine antifouling.

KEY WORDS: single coacervation; cuprous oxide; polyethylene glycol; microcapsules; antifouling agent; single factor ex-
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Fig.1 Chemical reactions during the
preparation of microcapsules
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e AFE S A TR
1.3.4 HMRESERSHT

W T ( TGA ) XU 48 () s g Pk kA7
FAF, BEAh, 3 B il A T LA 25 3R 0 s 2 1)
AR AN K v - B 5~10 mg U HERE S
TH A, WA E S ( B, RZY-2P) AR
M 500 mm/min, LR E R 50~600 °C, FHE#
B 20 C/min, FFHMHEALE R A (1) TR U 1)

Kb E VR (% ); m NI =)
Fiim (g); MBS TS Cu,O Jlie (g), HERHT
AN ATHE T W, o TGA 38 Cu,0 5
FESB R E S, R E LT,

1.3.5 RHEERMIEE MK

Bivs kb g Cu,0 BB KR, &5 I
ZiE W — MK ENY, A ARRE, S0k
rF B v A R PR SRR R Cu® T, DR T AR AR B
HH SO RAE By 15 79 (4 T T 1 B o A B 14 i Tt i 0y 1!
53 ) 24 B G 2 1977 T s ek A A 3 A A I e B 9 U Rk
PIFIREAR , 45 B0 R 1 s o 5 BEAR ] 40
S 1 2VF GB/T 6824—1986, FI 466 ( I
7, UV-6100 %) MiE Cu® e, @it (2) i+&
B 75 R LUZ IR E] AR R | 3B R R YL
AERZ ] Cu* (135 R AR I 2k, RAE By 15 70 R B
PERE

cxVx24h
R= Sxt @)

X RIFAEFBHER (pgem™>d™), c il

(bR . . .
W 530 Cu® BRI (pg/mL ), V 38 HRAF (mL ),
E-— £ x100% (1)  sHBHEM (em®), t RMLKEFE (h),
x1 FAHBEREERAOR ST
Tab.1 Ingredients of the two antifouling coating samples
Amount (phr)
Sample

E20 PEG-Cu,O Cu,0 ZnO SiO, KH550 BAC 593
100 20 0 10 3 1 50 30
2 100 0 20 10 3 1 50 30

2 GR5H®

21 WREMEBESEN

2 7R T XS0 BT i £ 1 U e 31T SEM A
TEM 4558 . HE 2a 1) SEM Jl3R4h 5 a] 40,

a SEM

TR e JUAE 73 BRSO, FUR G, B A A ™ B 1) TSR B
4, HERWLBOLH, KAKR/NA 1.7 pm 24 .
Kl 2b. 2¢ Fr7s B9 TEM PR SR AT, BR8N
Y, HAWRAea i, Sh R — = e
&, W—EEZE, HAFRHRED 200 nm, LMK
R R

K2 Us4ER) SEM Fil TEM &
Fig.2 SEM and TEM images of the prepared microcapsules
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622.84 cm™ Kb T Cu,O ) Cu—O 45 HR sh W ik
W, 55 A1 3386.32 cm™ A b I A0S 7 2% S TR i o
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Fig.3 FT-IR spectra of PEG, MC and pure Cu,O
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Fig.4 Particle diameter of the prepared microcapsules

100

100 200 300 400 500 600
t/°C
Bl 5 gk E 2k

Fig.5 Thermogravimetric curve of the prepared microcapsules
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Fig.6 Copper-ion release rate of two antifouling coating samples
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Fig.7 Effects of addition method of PEG on PEG-Cu,O:
a) mode a; b) mode b
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Fig.8 Effects of addition method of coagulating agent on microcapsules:
a) addition at one time; b) addition by 3 times; c) addition by drop
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Fig.9 Effects of reaction temperature on microcapsules
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Fig.10 Effects of agitation speed on microcapsules
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