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Preparation, Characterization and Application of Hollow Microspheres
Assembled with Nanocrystals of Iron Oxides

CAO Shao-Wen, ZHU Ying-Jie, WANG Ke-Wei, CHEN Feng, CHENG Guo-Feng, HUANG Yue-Hong

(Shanghai Institute of Ceramics, Chinese Academy of Sciences, Shanghai 200050, China)

Abstract: Nanostructured hollow microspheres of iron oxides are promising for the applications in the fields of
magnetic storage media, catalysis, pigments, adsorbents, biomedicine, sensors, efc., due to their low toxicity, excel-
lent magnetic properties, chemical stability, biocompatibility, corrosion resistance, low density and high specific
surface area. The investigation on hollow microspheres assembled with nanocrystals of iron oxides is of especially
scientific interest and technological importance. Herein, we briefly review several novel methods that have been
developed in recent years for the preparation of nanostructured hollow microspheres of iron oxides constructed by
self-assembly with different building blocks, sizes and hollow interiors. And the potential applications of the
as-prepared iron oxide hollow microspheres in the fields of drug delivery, adsorption and photocatalysis are also
discussed.
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Fig. 1 SEM ((a), (b)) and TEM (c) images of the precursor microspheres assembled with nanosheets prepared by

microwave-solvothermal method at 200°C 2!
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Fig. 2 SEM images of Fe;04 ((a), (b)) and y-Fe,O3 ((¢), (d)) microspheres assembled with nanosheets prepared by thermal
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Fig. 3 SEM ((a), (b)) and TEM (c) images of the precursor hollow core/shell hierarchical microspheres
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F4 ((a) (b)y-Fe,05 Fl((c)s (d)) FesO4 BRI 2 YK 45 W% 7 25 O ER ) SEMRT TEM i 124
Fig. 4 SEM and TEM images of the as-prepared hollow core/shell hierarchical microspheres of iron oxides
((a), (b)) v-Fe;0s; ((¢), (d)) Fe;0454
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Fig. 5 SEM and TEM images of a-FeOOH hollow microspheres®!
(a) SEM image; (b) TEM image, inset of (b) is SAED pattern of an individual hollow microsphere; (c¢) HRTEM image
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Fig. 6 (a) SEM images of a-Fe,05 hollow microspheres; SEM(b) and TEM(c) images of Fe;O4 hollow microspheres
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Fig. 7 (a) UV-Vis absorption spectra: (1) the hexane solution containing ibuprofen before ibuprofen loading in hollow micro-
spheres, (2) the hexane solution containing ibuprofen after ibuprofen loading in PEG-coated Fe;O,4 hierarchically nanostructured
hollow microspheres assembled by nanosheets, and (3) the hexane solution containing ibuprofen after ibuprofen loading in
PEG-coated y-Fe,03 hierarchically nanostructured hollow microspheres assembled by nanosheets; (b) Ibuprofen release curve from
ibuprofen-PEG-coated Fe;O4 hollow microspheres in simulated body fluid (c) Ibuprofen release curve from ibuprofen-PEG-coated
y-Fe,0; hollow microspheres in simulated body fluid**!
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—OH LRI 9 25 F 11 1) -COOH ik [ n] e FE &
B, MITRELE T 2990 00 T IRE . AR 45T T
2~72 h 2 [A) 1A 24 4 e TS MR T )~ 7 AR 2 TR 1)
KER, R BEMRR, KU XM IT
h AR RIS v T e A

[E] IR RIESE T BT 45 1 a-Fe,Os 40K i H 41 2%
25 OMER RE AL PERE, T — 40 R B
20mg A~ [R] PIRE S 2 AN 2 50 mL ¥ 20mg/L
K MR, B TR S R TOG L B
i, SIS A R, MO a-Fe,05 41K
i 1RO TIERIN, BEAE 58 A IS R] 1R
IR R R B TR T B A XS EE, H a-Fe,Os B4R
AR BRL YRS a-Fe 05 40K B 1 4185 25 Do ER A
H AT, a-FerOs 42K i 1H 42 Do Bk (1) Dl i
A1k R AL T IR GO ORL, X U B 4K 4
B 1) 22 9K &5 P 23 DV R IX — S5 MR IE AT 35 T 04
# a-Fe,O5 MG MEAL 1 RE.

I HVPE T a-FeoOs 2K il 413 5 O fkEkont
ALY L) I B R, 3 R R I — il R AT AL
Vo e ke AT I AR B FE A AN W B A 3R R
a-FeaOs GHK i [ 2 205 2% 00 Rt FEF 688 10 R B 2R
7 60 min PYIEFIZ) 50%. %W FHPERE R gL T
FERE 53 R0 Lo A Rk e T PR e S R R BT, Ay
W a-FeaOs 492K il H 4135 A5 OofBR 16 T 1 248 A1)
PE, B2 — ARG IR G0 a-Fe,O5 FF 5L E T8
o 400°CHERE 2 h, SR JE HIBGE G IR B AT 55 — IR
W Bt S8, I AR 0 7 AT 17 38 = W BRI 21
IR, a-FeaOs 40K i 21 25 25 U fle s vt P R )
W B 2R 7 5 — DA RGCER — IR R ER AT n] Ak 21 45%
H 43%. %45 BRI FTHISM a-FeO5 4K i 41
eSO IER T LA 52 RN WL G R B R, 9
A I AR X e i RS R 7 G B ATk B
IFIH.

AN E T Fes04 Fl y-Fe, 03 2 g K 45 1)
W7 2 O PER (L RERY, Fes04 F y-Fe,05 2 4020
KA R 5 D AR s T B IR RE R I, e AT
AL Z 5y 5] 50.1 Fll 34.4 A-m?/kg.

FIH PEG X Fes04 2 YK L5 H 1% 50 25 D1k
HEATSOME, IR R ) FesO4 2 24K 4 k%5t
O IRERAE A BARTIEAT T 29 e AR L 5. AE
Joxtbt, AR A BT T AH PEG Btk FesO4
Z PR G FIAZ 5T A5 O T ER 1) 2 W) 2 SR R R S
A 263 nm ALIIEOGHAG B A7 7% 55 IE AR
ke B Ar ikt £k, TH5E43 %] PEG 51 FesOq
FIAR S Fes04 2 AR L 52 2 O R 1 2K
i 643 1 657Tmg/g, XANEE R B8 T EA
VEN 23 BRI = 3 2 B8 )5 33X — B (it L AT o)
T I¥ y-Fe 03 Ml Fe;O4 AEAZ 76 25 Do iR 11 2 25 2 v AR
2. XS0 45 AT LU N A i 25 IE OB ik
B M 40 mg/mL #2552 7 100 mg/mL, 55— J7 [fl /&
F AT O P ER AR AA ) Ll R T AN B L AR 5 2 0
BRI be 2R AR KT — 1.

SR T FesOy 2 YK &5 Myl 58 25 o ER
RGBT P 2R 2P X+ PEG &%
PEJG 1) FesOq i 72 3 DR 2 R 48, 24 43 % AT
WISAE 6 h BBk, 4 78 % 7E 24 h Bk, 4R
I IR IR R AR, JF FLLE 48 h A i S5 R il
5] 87%. X T AN PEG ihtEf) FesO4 K74 0y
IR R, HAYREBOR R S, 29 S3% WA
WISAE 6 h BB oK, 40 77 % AR 25 AE 12 h B
kK, RIG MR BUE R PR, 1E 24 h B A i SR BRI
HIAF] 86%. X AEZ T PEG MK -OH Al
¥ 555 T —COOH JE A B, MIiikeE T PEG
UM G ) FesO4 5825 OV BR324 R 4 1 2 W B¢
JROE A, Al 25 v R Ot 26 B oR P R 2T
8h P SE AR k. T LGk AR, T
AR K S K 25 ¢ TS B (1)

KU WIS T a-Fe,O5 2 Zhah K 45 H %
7o U B ERAE SR A FE S K R N < 1y 1) e i
A IR se ot 4 R o, BB A e T T A 48
IR R IR B TG R %, E 75min B AR R 2
it 60%. 0-Fe,05 2 9K S5 ki 52 25 Do TR VR Al
AL, 7ERAN e B 18]y 360min I, 2K} (1)
B R IAF) 60%. fEXFELSL Y, A M4
A IR 2R Ty 1) [ A 9 R AE 120min LARGAH 422108, 1M
120 min LG A FFLREWBEAE, 76 360 min Hf, H[F
fRFAIER] 29%. X o-Fe,03 2 K S5 HI1%
7 D AR B AT R RO A R R
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