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Recent Advances in Fabrication and Sustained/Controlled-release Application
of Hollow Silica Microspheres

BAO Yan, WANG Tong

(College of Bioresources Chemistry and Materials Engineering, Shaanxi University of Science and Technology, Xi'an 710021, China)

Abstract: Hollow silica (SiO,) microspheres with special interior spaces, excellent adsorption and permeability,
and controllability of material deliveries are suitable for loading and releasing guest molecules of various function-
alities such as drug, fragrances, dyes, bacteria, etc. More importantly, hollow silica (SiO,) microspheres have at-
tracted much attention due to their tremendous applications in sustained drug release, medical imaging, environ-
mental protection, and cosmetics industry. In this paper, different preparation methods of hollow silica microspheres
are reviewed and compared. Besides, the persistence and efficiency of hollow silica microspheres employed as de-
livery carriers and superiority of functionalized organic/inorganic hybrid microspheres are emphatically summa-
rized. Meanwhile, the vast potential for future development of hollow silica microspheres as a novel type of sus-
tained/controlled release carriers is prospected.

Key words: hollow silica microspheres; traditional template method; self-template method; sustained release; re-

sponsive controlled release; review
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Fig. 1 A schematic of the process for hollow silica micro-
spheres preparation via traditional templating method*®!
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Fig. 2 A schematic of the process for mesoporous hollow
silica microspheres preparation via PS templatel*®!

i T Sio, Mk e/, HAA AN,
AL AR R T — M1 Si0, KT I & Tk A H1 2R - %F
XX Bl %, Suhendi 2R Bl 48 (K 7 v il 4%
T HI R 1 h 48 Si0, sk, HAIH 2 A fE T E£BR PS
BB AT SE %) Si0, sk EAT TS UTAR o st 45 &
B, S8 AR AR PS BRIK RS . HIE ) i DL AL
I AA PR3 FE W] LAt 23 SO, TR 1) SR AR R U

HELNAES R, BR(C) K ER LR & %
FRHE . RIARYY L RS AR A A A A b
ERIGBEA . 11 Chen 25MOTLUBR (C) g K Bk A BREAR,
KA« =O0E7 IR Z A A GUORER . 1 5E LU
ZBE N ISR BB A K BR, AR S AR LR T 3 5 Bk
HARHK 5 nm FHEPHIKER, FLL TEOS AT,
CTAB JyfLAR, 152 Si0, 7 i) Pd/C Bk, #)n il
HHBRE 6 C 9KERFN CTAB S5 0L, 4155
f2k Pd QKR AL 2 Si0, B Ak

fH ERTRAE H, C g KERAE N BB R AR
Oy HCELS, B BRI RRI K B R AR e, AR
B A SiO, R R A A B L 58 )= SR A el . DRI,
TS HOE R RN B 5T 2 BRI AR
TR . T, S A S i R 2 g it
It Wi (P VP ) FH I IR —80 X RE A% 24 30 nm 745 [ 4 AL
BE(ZnO)EAT ek, FF LA IR, 708 7 R g
PEFIVE R R, 3k TEOS J5UAL /K il il 45 k% /5% 10
Zn0/Si0,
FIh % T RAR R 47 nm A AT TS SiO, fek, H
FEJE RN 12 nm, S EELARA 23 nm, AR T
R R
1.1.2 IEWRE

BBAGE TR 3 T HUR S T AE, R
T TR T S AT R ot AR oA A5 D A, ) FH T R Y
FGyFAE R e SR AT U 2 2, 3k i 15 2
ik b, DL Ik T R R A R LR
h R B A DL, LR p o FH AR /D B AT K BRI

EIER, RJa AR SRR P R ZnO K%,

VR TR K g, TR) A AR A4 2R 1 T A RRT &5 44
195 1 Jst A P 2R,

ff s 25 44 P BH B 1 2 0 M R N Bk =
H L VR AL B2 (CTAB) T BT IR R A, TEOS Fi
y-R N K = LR R (KH-550) 4 TR S REUE, &K
AT & T LSRRI 2 Si0, fEk,
3@, MWK 3(b. o) LLEH, R IhIkE T
SERIRNEE RAR o AT ¥ 5 BLAT IR A3 £5 H 1K 10,
R

A5 DL T P 570 T 3 10 Jsg o A ASE A 1) 3o 7
LA A K Wi o5 J A 1 JE R R L BT J 1 A £L
Mo 550 30 P 2 T M R AR L, O 2 TS T A
BAHGMREZAL . IABRARREAC RARETE
SRR S BT, I R T E
T35 P 500 A A, T e 7 P o i 001 3 THD 9% 2 )
SN B )2 B SRR, A R
TR R TR, IR R R D AR
BI5). HARL A250 nmff LI ERAK . TEMR it
— D RUIXLEER PR H S N M), FEE RS
50 nm 5 (1) [ 44 Si0, 76 A0 [l (135 5 2 1%

DA SR Ay R 1) BB R 2 ANASAE il 46 B AT 56 4
B EE RN Si0, R FRAT e, S
T SiO, Tl Bk E AR — I o B8 TAE G il 2% 7 VA 1)
SRk DR S R R e P B PR AR B, W 510
TEPEA T8 TR A R TS TR A AR, R — il
2% T 4 PR i) 2 RIS T aE Si0, Tk .
Xl A T e Ak A R AR T A 5 2 R T A ik
WEBPIR, JFH 582 GE68 A7 R0 B Bk 1 R 2R
AR IXAEALE . ORI BE 2 A AU AT K
(7 W T 5%

1999 £, Jafelicci 24517V i 47 i ek R 44 76 R J5t -
AOT-/K AHBUFLIE P R A N, il 2% T /v

(a)

Ethanol ° A
phase LS TEOS JETer
. . — QLI

Aqueous «— = | L
phase s Vs
Micelle Solubilizing micelle =
Kli-ssol |--
HN A~ NH,

I

h O_) Washing {. vX:
i 5 ~.:
: NH, b

B3 (@) Bl &5 o Sio, ik IHLELE, 25 Sio, 1)
Bk 11)(6)SEM Hi(c)TEM i} 144

Fig. 3 (a) A schematic of the process for hollow silica micro-
spheres preparation via soft-templating method; (b) SEM and
(¢)TEM images of hollow silica microspheres**
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Fig. 4 TEM images of (a) Au/SiO, yolk/shell hollow silica
microspheres, (b) Si0,/SiO, yolk/shell hollow silica micro-
spheres and (c) SiO,/SiO, multilayer shell hollow silica mi-
crospheres*®!
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Fig. 5 Formation mechanism of vinyl silica hollow spheres'®”)
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Fig. 6 (a) TEM image of solid silica spheres, (b) TEM and (c,

d) SEM images of mesoporous hollow silica nanorattles, (e)

TEM image of mesoporous hollow silica microspheres>®!
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Table 1 Characteristics and limitations of various preparation methods

Method Characteristic Limitation
W Adjustable particle size; @ Difficult to remove the templates
Hard (2 Well-defined structure;
. @ The shell easy to collapse;
template ® Uniform product morphology; (® Time-consuming and money-consumin,
@ Foreseeable and high repetition rate g Y &
P tructural stability and di ity;
O Easy to prepare and remove the templates O Poor structural stability an . monodispersity;
Soft . @ Not easy to control shell thickness;
@ Simple technology; . . R
template ® Time-savin ® Wide particle size distribution;
& @ Low efficiency
(D No additional template;
Self @ Simple step and time-saving synthetic; ® Various and complex influence factors;
template (® High repetition rate; @ Large dependability on environment

@ Controllable morphology
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Fig. 8 Controlled release curve under different pH of hollow
mesoporous silica microspheres®*
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