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Controllable synthesis of hollow silica spheres and their adsorption to VOCs
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Abstract: Hollow silica spheres (HSSs) are synthesized with tetraethyl orthosilicate as silicon source, polyacrylic
acid as template and ammonia solution as catalyst.A series of uniform HSSs samples with adjustable pore diameters and
wall thickness are obtained through adjusting amounts of polyacrylic acid, tetraethyl orthosilicate and ethanol.The samples
are determined by transmission electron microscopy, showing that the samples are uniform, with controllable pore inner
diameter of 25-100 nm and wall thickness of 7-40 nm.Samples are characterized by N, adsorption/desorption after
removing template and it is found that the adsorption performance and stability of the synthesized HSSs are higher than

that of commercial activated carbon and silica gel,and they can be used for removal of volatile organic compounds.
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AR s PR PAA FE EtOH H () B i e B2 (P PPA
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(1) FAb 3 . 77 100°C H.25 454~ i4b 3 2 h LA
k-2 4 B BRF £ 7K - R R A2 FLHP A WL I
(2) VAR B A% B AR R IE b 2s SR A AR
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HSSs, HEl 1(a) TLLE 1,24 TEOS H&# 4 0.5 mL
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FTHERTAE S B B, PAA FEAR R
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(b) BSR4 A R
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M4 A RSN, B - 2R %
R AAE A7 B
I 7EE 4 (a) H, Pw P350,P450 F1 PS50 A 5 4 51 i) 7%
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P550 43 A% BE 1] FSFFS 0. 04.,0.08.,0. 12 em®/g 1 0. 16 em® /g,

AAZS DERFE AR Y FLESH SRR 1 B,
R1 FAEZEOHKERNILERSH
HRERY LA/ plot BALERBY  -plot BAL%/

A

(m*+g™") (em’-g™") (m*-g™) (em®+g™")
Pa 194 0.30 77 0.038
Pw 158 0.25 54 0. 026
P350 299 0.33 135 0. 067
P450 206 0.26 63 0.029
P550 117 0.26 32 0.015

MFE 1 T UE PR LA e mi A AL
FMFLAE, XSERER R, P350 R A FIFLA ik
(43904 299 m*/g F10.33 em®/g) ,Pw HLE A L
/N, 9 158 m2/g F10.55 em®/g, VLWL AT
PIBERAEE S LA S LR AL
2.2 HSSs BB ERE

FE it % TE O o8 R I A I B 25t R A AR
TN 2 FR,

2 TLIE H, Pw IEC KA VOCs W B 25
AIXFHA (0. 310,0. 309 g/g) . HLER PAA AT DL IS
PRI BR 25, {0 HSSs 52 1 1f 3% 1 6 3 2% i 2000 vk
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x2 ECEMBSHSBSREENBRNE
IEE RS AR (g g7h)
YL 1w $2 W FIW FAR 5K

Pa 0.416 0.417 0.419 0. 427 0. 431

Pw 0. 307 0.311 0.313 0.310 0.313
P350 0. 600 0. 602 0.618 0.616 0. 623
P450 0. 586 0.589 0. 600 0. 601 0.617
P550 0.535 0. 542 0. 545 0. 546 0. 537
SG 0. 450 0. 428 0.438 0.429 0.418
AC 0.619 0. 457 0.451 0.433 0.430
MAREWHAER (g g7")
wEC Lk B2l 3R B4l HISK

Pa 0. 364 0.371 0. 360 0.363 0. 360

Pw 0.307 0.308 0.310 0.313 0.306
P350 0. 455 0.451 0. 461 0. 466 0. 469
P450 0.454 0.463 0. 460 0. 457 0. 461
P550 0.411 0.414 0.413 0. 421 0. 407

SG 0. 434 0.421 0.432 0. 426 0. 441
AC 0. 669 0. 360 0. 365 0. 367 0. 367
IEC LS i8R %
WE I M2l 3k B4R HisK
Pa 100. 0 98. 4 100. 1 100. 1 100. 86
Pw 99. 8 99.7 100. 5 100. 2 99. 82
P350 99. 8 98.9 98.4 99. 8 98. 36
P450 99.7 100.7 100. 4 100. 7 99. 43
P550 98.4 99. 4 99.9 98.5 99. 89
SG 99.7 100.7 100. 4 100. 7 99. 43
AC 72.4 99. 4 99.9 98.5 99. 89
MBS FRACE %
WEC FIk 2k H3IR O F4KR OBSK
Pa 100. 2 98.7 99.3 99.7 99.5
Pw 101. 4 99.2 99.9 99.4 99.6
P350 101.0 100. 1 99. 8 99.3 98.9
P450 100. 4 100.9 99. 4 98.6 99. 1
P550 100.3 99. 4 99. 8 99.9 99.6
SG 94. 4 99.7 99. 1 99.5 99.5
AC 56.5 92.7 9.8 95.3 97.3

GRAGFEAZ, 5 Pw I, BB 5 315 B FE &
AT UEAT B A IE O B I VOCs W% JfF 25 i, 4 P350
(43514 0.611 g/g F1 0.460 o/g) . Bl B b
H T+, P450 1 P550 1 1E CLBE ., VOCs LU B K 78R
W B 25 1 35 S BT o 34, 3 PR Oy e v i A e
3 T EST R MR B BT 0 0 7%, DA i 4 v L i /K o
TPERE ., BLAM, JBRR IR i B2 o 2 R IR & b R i
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AC B R IEASE 4 X 2™ s L 55 1
AR VOCs T B 285 5 1] LU, P350 # f VOCs
W B — AR R A, PR B AR E
2.3 HSSs N7 B fE R 14 AE

FESZ B I FH Y IR R 18 7K 2 A T R Ay
AR, KZEST LS VOCs 354 W [, S8 H bR
VI 0 2 ) W I 25 0/ ) ] s WO o 280y g 2 A 4 T DA
A LB G B0 K 28 W PR RE . A TRl
TR AR SRS R BT 25 1 B L 55 R THT Ak R B M G
Foralange 3 fE 5 s, &3 LB 5 ATLLAE
th,P350 Y 7K 28 W B 75 1 (0. 482 g/g) IK T Pw
(0.604 g/g) , HXT N [ 2 1] ik 72 35 2% BE RN 2. 43 %
10%°/g WL F] 1. 90x10% /g, Bl M be i BE A3
IKZE WL I EE JTREAR, P550 7K 28 S W I B T B 1%
(0.340 g/g) , VLB S A R REFEIENiITE . M
s mT LA AN R B R G 7K 26 SO0 B 25 o 5 R T
FRIL R BE ARG

®3 TRARBAKESHEEMIEXR

FE Pa  Pw P350 P450 P550 SG  AC

KRS TR 0.356 0.601 0.482 0.431 0.340 0.445 0.604
B/ (gegh)

Ing
»

g
=)
T

—_
N
T

—
N

REFRIEERE/(10%-g™)

[°P5 . N . .
0.35 0.40 0.45 0.50 0.55 0.60 0.65
Wk AR/ (g g7

K5 ZUAETEGRABEEX A

P350 # 5 HA B R HARE I VOCs MRk,
R it 5 AC F1 SG AR b He AfF 77 H: 5 25 0% i
AE. JHHAE 0 2R I (RDER G Sl A B 25 i
K, P350 AC 1 SG W ZE B R an &l 6 Fiow, 3
B L5 4 BN,

H& 4 AT LA, P350 ,AC Fl SG B 1 K%
A 43500 9 38 .38 min 1 12 min, I4M, P350 %f
IECVGE 2R M KIS ) i e 3 st (1B 6) |, iX R R
& HIBURL B A% BTBH 18/ o A, SG R IE O bE 2 %
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WA P 1% o 4 38 e 9%, % W) HCA% J5 B 0 A R
K1 RSN A B, P350(0.637 g/g) >
AC(0.471 g/¢)>SG(0.326 g/¢)

1.0

20 40 60 80 100 120
B} 8] /min

1—P350;2—AC;3—SG
B 6 P350.SG #1 AC B9 % 1 RIE MK
B A B R A
#4 P350,AC 71 SG ECIRHTWMER
SHENE, PR PR R, R

B i

min 5} 8]/ min (g-g_] ) R/ Y%
P350-1st 38 78 0. 637 99.3
AC-1st 38 50 0.471 78.6
AC-2nd 24 38 0.371 97.3
AC-3rd 22 36 0.368 97.6
SG—1st 12 46 0. 326 94.7

M 4 AT LLF H P350 FT SG R EfERaE
P350 Fl SG Y B UK i W 8 4 Bl b 99. 3% Fi
94. 7%, FEF 1 DIEHH, AC 1Y ff W R R AL R
78. 6% , 3 HLTEER 2 AN P v 2 37 B 18] A0 8l 25 - i
W 25 o J 5 AR, 3k 5 L A I B 25 SR 2L, AR
JE Ji7 4 25 375 sF [] 11 20 25 ST A W B 25 4 435314 36 miin
H10.368 g/g, MBI 4R AT LA Y, P350 L
AC F1 SG BA LT A8 R FHPERE .

3 #ig

(1)L E T R A WM PAA 5% TEOS FH 3k
¥ — H RS FLA FIREJE AT 5 1 HSSs,,

(2) I FH A R B 52 30 25 45 T B X A W ff
PERE B9 52 i, 45 SR K B, P350 HLOA B IE C b
(0.611 g/g) FM“<(0. 460 g/g) WM %, LT SG
5 AC,

(3) BhASIL B S B0 25 BRI, P350 1 3l 245 WL
25 (0. 637 g/g) MAZEMERAL T SC 5 AC, FHHl
F IR VOCs W FHEBE
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