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MCM-41 AT A B 2225 SRR 19 F-EAT T
TS RARA RGP T 4% — @
CTAB. ZEW/KMARMMNTEMRE, B F TS
80 ‘C, ARJGWUGE TN TEOS & MPTMS. 4k &4
P2 b, BreihE, PeEk, HETEIAS MCM-41 R
BMCM-S,). ¥ i3 MCM-S, FH HI I RTUR 3h 198 1 Vi
BWIHIER 24 h, PEEAALPAVEIE MCM-
41(MSN).
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FREC— 2 B VB G 19 MSN, 23T pH6.83 [ H
K IR TRE Gl R AP HE 24 h, B, WRITH
Wby RBE T, ok EE R EAE =R, RIS Hix
P, 0AE HMS. VRt Hesess, HAH MCM-41 3
KL 10 °C -min™' (R THE S 550 CRERE 6 h B %
W5 MSN-550 C 181,

2.4 HMS R ok % SRRk AE I i

TR Y 2RO T K, B TR, Rt
IRLGK ] 5 mmol - L™ NaOH ¥ BUAE A i 7513 Al 5 H
Wysk. FREC 10 mg R Y 4E, L 10 mL 5 mmol-L™"
NaOH ¥R J5, T 100 mL ()28 I 28 18K
EZE. KEERL 10.0. 6.0. 2.0, 1.6 1.2, 0.8, 0.4
0.2 mL & T 50 mL HEEHICRRINIRE, /57
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e GG RL A I Sk A R IR A A DL, A FEAR AR A4
Ty A8, I SO o s AR PR B AR e R R R, [
TN} HE S5

(1) ¥ &N HMS Ji#E 280 °CJ5 Higi A
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(2) F—EEN HMS i 25 5 1 3R ) 2k
W, I B ET(-0.1 Mpa) FHEHE 2 h 5k ik
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(3) ¥ A HMS I B3 & W iy 25
W, BERE L 100 C RSN T 24 h K E
TEAbEE.
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Bl . B 1(a)F(b) A& MSN 7EA A JEORA% B N 1035
BB . B 1@ b)) 4, 2 BR BT G
MSN HA R Rl g, 5+ BAE 1(b)Frr L
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K] 3(a) 73l 45 T =R R NG W R - I3 B 508
2. IWEIWTLUE H, =21 i e 38 Hh I AS [ R 2 11 i o
PRI S, MSN-550°C H T B0k th B3 43 45 44 4,
HACIE BT I A MISN B i, HMIS 7 i AU s 7 INE i
IRFEK, UL EA Sk L K FLAEAE, B2 s 4 20,
] 3(b) & MSN.MSN-550°C F1 HMS (K FL4% 5047 Hth 2%,
AT LA o A, PSRl 1.21,
1.93,2.33 nm. % 1 %]t} T MSN.MSN-550C fl HMS
LR AR RN ILE. NEF A LLE
B S R i L SR T AR S I F LA MSN K, 1]
AEst MSN PN B A7 A3 BT, HBe 3 BN 3R
SYEERIRE T HMS HAa a5 e ghif, WL s
0.85mL-g .

T2 A EE R I AETE A AL, AR T
MR AL T T e O A s R P B AR R i
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0.0 02 0.4 06 0.8 1.0
Relative pressure (P/P,)
10F ® % —=—MSN
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08} —4—HMS
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T 06}
S
= L
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0 5 1|0 1|5 2I0 25
Pore diameter (nm)

B3 () kR e 273 K1 N, IR fl B AR 2k (b) 0 FE b

SR {LAR 53 A7 i 2. MSN(m); HMS(a); MSN-550"C (o)

R FESh N - 3 #r 45

Samples S (m?-g™h R (nm) V(mL-g™)
MSN 740.89 1.21 0.45
MSN-550C 471.26 1.93 0.32
HMS 728.38 2.33 0.85

AR R FE S FREE UL, AT AE Gk o 7 2E NS .
2 T ARG TR F B2t HMS &z b
BN SR & T /N W = N A S RO e T = ]
BP AR EORPEIRE PR EMRA RN KT
FEWHE BT, LR Y 4 2 B S B TRER
Ji iy, JLRE A

Bl 4 25 T AR B AT s AR
WIS R IO R k. B 4 112k (a) b GeRHEE BT
NI BARBEI, BEOE AR, 2 h ' 54%(1) 7 F iy
SERECHI R, 5 h BT 80%. 4 HhZk(b)(c)
(&), InAGURH kL 73 0 48 W R SR A R I
¥R 2 h DLRCH i R N R ER I ), AIX =4
M vl DLE WA DL, 2 iX =My ik ab B )G, GerH
FECH B AR H IR, 7E 10 h A4 B 50%H)



RERE: 4% 20104F 405 E 4

K2 AFBEBELAETYRE HMS RZE T )1 32 8 2 i

Initial concentration Residual concentration

Samples (meg/mL) (mg/mL) Embedding rate (%) Mass of samples (mg) Dye loading (ng/mg)
24 h adsorbed 1.00 0.73 24.00 45 5.33
2 h vacuum 1.00 0.63 33.23 40 8.31
heat 1.00 0.77 20.88 40 5.22
24 h vacuum torrefaction 1.00 0.64 32.05 40 8.01
ol R B T e o E B R B AS B 7R R

80

60

(a)—=— bromocresol green only
(b)—e— heat

(6)—a— 2 h vacuum

(d) —v— 24 h vacuum torrefaction
(e)—e— 24 h adsorbed

s

20

Cumulative release rate (%)

SIO 160 12|0 1&0 150
Time (h)
B 4 ARREEESML NYORAE HMS %N R B2k, i
BRI Ak (m); 553 K In# HMS 5 I\ 21 = 35 e Rh i i
HH(e); JeRHFT HMS JB A 0.1 Mpa #2335t 2 h(a); 373 K F
B THIRA W 24 h(v); 24 h BRI (»)

0 20 40 60

Jukl, 75 25 h ZEA BT IR IRT 80%. X = Fhi i
5 H 6 ekl T35 M 4% o I DA B A mT DUR B,
FeRHRORE ORI Wk gz, KZYIRNE T 4~5 6%, Ui
Gk 1% A M7 O ks P 5 ) AN B TLAN A 2%
BEhokm. B4 k@R 100 CHEZ T4 24 h
W2y fa e R th 2, 0 A A3, BEIK 55% 5 4 34 h,
B 80% M THEEZ) 70 h. AR 4 fhsk(d) S sk
(b)(c)(e), BT 4 k() ik rt)s, oriE
25U AR PR S N 8 P A A I 2 e AR IRATT
ARG B, 20 B n T PR U R, (R ER AR T
IR GRL EE Ar AZ BE E e, X R, ek S AE N

T (R A LIE 9 AN BBR TR A 23 Jl . AR 1] 4(b)~(e)
VORI, FATIA A & 4 {2 (b)(c) R (e) Jrhf i i)
ThEkrR, GeRl 3 SR AR ST R R M AT P ALIE W,
KHE, BeRHIRE TS 75— 28, Tl 4 ek (d)pr
X5 NIRRT, GOREY B 2 o Al TR 1 P9 A
i, R JSON R T S 5 = A e ALaE, A
LG S kAT g, IR Ak et e AE U B
WE, Bk 7R IR 2R BB L AC I, A7
Fe g6 R T e, IR K IR U 24 fiE ) L R A
fE, a0 i SRR RS Y T 2 T Y
AL,

4 4iig

ASCRIATRBGE, fEA M MCM-41 I FE A
PO SEIR BB SR, AT 5 1S e sl ol L e o HE AR,
SERNIRES T 9K B & 5 73, LRIk, A
AR TLER, T £ e b AT A L 7 J2 10 28
Gk S ACRERER. AT AR H Y axAE O H A2y
Y, 2 LR D R A, T I AN R 25 P ke Jm
BEATINA, G5 A BRI TR A PR i e
A I RREROR, R TE AR 25 B e Tk
IR P s 2 R O M IR AR b
SR
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Fabrication and sustained release properties of porous hollow silica
nanoparticles

XU HongTao, WANG XinShou, TAO LeiMing & WU SiXin

Key Laboratory for Special Functional Materials of Ministry of Education, Henan University, Kaifeng 475004, China

Abstract: MCM-41-type mesoporous silica nanospheres (MSN) have been prepared using n-cetyltrimethyl-
ammonium bromide (CTAB) as a soft template. The pseudo-moire” rotational pattern inside the MSN results in many
interior defects. Hollow mesoporous silica (HMS) spheres were synthesized by solvent extraction of the template
from MSN. The morphology and structure of MSN and HMS were studied by TEM, XRD and nitrogen sorption
techniques. A model drug, bromocresol green dye, was packed inside different regions of HMS through impregnation
at different pressures and temperatures, and the drug release performance of the resulting materials was compared.
The results showed that vacuum evaporation of solvent can greatly enhance the controlled release properties.

Keywords: pseudo-moire’ rotational pattern, hollow, silica, release
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