Vol.39 BEFREALFE FIR No.11
2018 4F 11 H CHEMICAL JOURNAL OF CHINESE UNIVERSITIES 2550~2555

doi; 10.7503/¢jcu20180433

LR R S AR R iR

HRFB,E M, HEE B K
(PUZH T REFM BRI 5 TS, 794 710048)

TEE 7 Stober Pl £ MR % FHEER i (RE) ORISR, A R P A e vl LAk fosk k. LA
RF SRR, JF45 6 MR Ve BRBEAR 09 5 s, W45 T — R 50 10 B A W 800K 45 14 19 vh 25 — S0 Ak Rk ek
(h-Si0,) ; BEEFFERRIWRE, RNt mk R m =g kek, B h-sio, M RSFREE =S eadom A& r3m
MRV, HEERRMBEE AT, XS g LR, S b gmin A B T RF AR LB, AR T
% B = LU AR TR ). SR XA I8 T LA £ 4 KR 3R h s A REROR (Au@ h-Si0,) , 7E
T AL B Y L5 9 S 7 R A .

KB MR, CRARE, Aok, AR, B

FESHES 0632.772; 0648. 1 XHEARER A

73 ZAAABREROKR (h-Si0,) B T BARRE VL | AR IIARR S TCRE M BRAFAFIE SN, JLN i 28 I

W] DL R Z R DR R AR, I, Thas Si0, KTV BT T AL | IR BRI A s 24 S 4
WU HRT, h-Si0, WA Ty vk 3 A ORI AR . e G R 3 T A AT
RGN R G W A AR A BRI T R0 2% BRARAE 5 D5 8, (E 45 0 52 9 790 B e JBE 25 R R IR 0K
1117 EL AR AR AR 9 P A Bl A, AN TR R i . RS, BERSAR 3 SR T TR A9 M s 7 5
Si0, fEHRMEAER, Froe R MUR , Mk Bebe | 20 ik sl i i 2 7 vk 5 BRI BEACAR A4 ]S AIE 30
W LRATSO T AR E PR, RS A AR h-Si0, MR AR /N

Si0, BRI T Ko7 J2 B4 B8 R H Stober 125, 07 AR, 7 H395], HArEUMESF . i
iE, Liu 557V R Stober Bt # 17 A RAFSMHOE Y [RIE - EERS I (RF) Sk, 8 L34 2 Ry kA0
254, NI T R A B i M RERY Si0, Hhas phkk 51

W, TERRPESRE TR R SOREA =g Bkabiy, MBI HRMRbe bR 25051 (et
FEAEHT, 7 Z ARG, JFA D) U™ R4S, A1 KB Stober 11 % (1) RF 3Kk AT LA
S BRUE U RR 25, 158 h-Si0,. ASCHESE 1 AP R IR A = S AL ERXS h-Si0, S5 52, 1205 6 RERE J7
Al 427 0 08 RO N KRR BN ROR ) FISR ISR (MOLH R BRI ERIR 0w ) . oh, FIAZTT
R T SRR 573K Si0, 2 MER (Au@ h-Si0, ) , HERBH RAFAAEILPERE. AR S0 3k R
e, SR, R FRIR R RIZ YR S SO A VTR R
1

N

1.1 RXF 5B

NKEEAER . AR MTER . R (JREE36%) | IEFEFR R (TEOS) | [BI2K 1y . HVEE (i
HITE3T%) . BOK (TR 25%) MK OB, rbral, E25ERE 250 A BRA |l 525 Ko 22
BT,

JEOL JSM-6700F ZU 494 7 W {5 (SEM) , H A Tk 24k, JEOL-2010 #9355 5 v 7 5 1%

Wk H T 2018-06-13. W14 H fi H 3 ;. 2018-09-22.
HETH ., ERARPEES (S . 51502241) B2 H).
BRNGAN: @RS, 5, W, Jh, RS MR EHUA PG AR T T AYBFSE. E-mail: menggn@ xaut.edu.cn



No.11 FHRFE . ZRALRE T S HOR A R &R L MR 2551

(TEM) , HZARHF#E24E; Nicolet Avatar 360 HIZT AN (FTIR) AL, 3£ PerkinElmer 23 7 ; 7600MC
FIEE R ] WO (UV-Vis) A%, 7§ BILON /A7) ; Siemens D-5005 % X & A7 5 (XRD) 41X, 7 Bruker
/v )3 Micromeritics ASAP 2010M %Y L R LR 43 A4, & B Micromeritics /A F]; DTG-60AH #l #
SIHT(TCGAY AL, H A HA .
1.2 X
1.2.1 RF #ak ey 4 &  —E R ERL (0. 17, 0.34 10.51 mmol ) ¥ T 15 mL H,0 1 12 mL 2./
ARG, FHZUKIATTHW pH (A2 10, SRJGIA 0.2 ¢ MIZE A1 0. 28 mL S, KR G Wit
10 h; P& BLOArES L KBE, HIFS RF 0K
1.2.2  h-Si0, W # & B—ERRFERL (0. 17, 0.34 f10.51 mmol ) IE T 15 mL H,0 Fl 12 mL ZJEfY
RAVEWR, FHE/KIET AR pH [ 10, SREMA 0.2 g [AIZE A1 0. 28 mL RS, HiiFE 10 h; 4k%E
TERZR P 40 mL Jo/K 21, 0.8 mL Z/KH1 0. 75 mL iIFRERR 1, $E4E 10 hy K= . JH HCl
VSR (pH=1) BEE™ W 4 IR, SRJG /K VERRIR , 13 B AP R B 508 T Hl4#9 h-Si0, , 184Eh-Si0,-
n(Hrn=0.17, 0.34 1 0. 51, {CFFBERAYEE KRB .
1.2.3 7% FeClLL##Z T h-Si0, By #l & [FEEFBERRIEH 0.34 mmol, [ AIA— & 7 FeCl,(0. 1,
0.5 1 1.0 mmol) , ¥ T 15 mL H,0 1 12 mL Jo/K LR AR, HE/KEAR pH (52 10, K5
A 0.2 g [A1 2 @y Al 0.28 mL H RS, HiifE 10 h J5, MK R P 4k4ehn A 40 mL Jo/K & B,
0.8 mL Z/KF1 0. 75 mL IERERR T, HiFE 10 hy B0, FH HCLIW (pH=1) BE& ) 4 Ik, 7K
VERRIR , 152 A[R FeCl, #BRHE 1Y h-Si0, , iC4F h-Si0,-0. 34-m(Htf m=0.1, 0.5 i1 1.0, ft5% FeCl, i
JEE IR .
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5 mL PIFFIERRENIA W (38. 8 mmol/L) , FiHE BRI A LI )5, ASREH; MEHI AL Au 44
KRTEL, EHTHE RF BEERE T, MG 0 RF RB4E . Si0, 7¢)2 008 KBRS AR 5414 h-Si0,-
0. 34 B AHRA].
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R DIRAE A LM RE.
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FRAYHES] 0. 51 mmol B, RF SORAYRSFIAR] 1.3 pm 24 [ B 1(C) ], XFh NG FR0T, Fraem ik B i
=, il es RF SOER0G RS RR K. DF98 R B, A G 0 52 55 G A% 5 1 I A B v 1 558 35 s T ol 3
B TATERR A 3 MR, BRI E A, Rt R R R R I R YA RF EREE
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Fig.1 SEM images of RF particles prepared with citric acid
n( citric acid) /mmol; (A)0.17; (B)0.34; (C) 0.51.
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Fig.2 TEM images of the silica coated RF particles with different amounts of citric acid( A—C) and
the corresponding hollow silica particles(D—F)
n(citric acid)/mmol: (A, D) 0.17; (B, E) 0.34; (C, F) 0.51. Inset: a broken particle can be clearly seen.
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HYJRREST 1 20, 50 F1 55 nm. HeAk, BEEAFGEIRE AN, h-Si0, ROFRBIE R, 5 RF BT R
AL gl L, AR RE ORGSR DA AT IR, AT LUA RO RF ORI RS,
4] h-Si0, FYFR/IN. il & 1™ ) 22 i BAT SRR R A B R S5 40, 7E R TH B K IR 2 A 22, K 2 88
SRR LA VA
2.2 FeClLAISN

N T WG Fe® YREE ISR, B SER AT IR R A VS I et 51 22 4 0. 34 mmol. =S BRIY AT AL A4
UUHE (PR pH HIAZAREAE 10, FeCLANINEEZ M 1.0 mmol ). FHIEI 3(A) AT L, 47 RF R il 4 14
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Fig.3 TEM images of h-SiO,-0. 34-0. 1(A) , h-SiO,-0. 34-0. 5(B) and h-SiO,-0. 34-1. 0( C)
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Fig.4 FTIR spectra(A), TGA curves(B) and photographs of h-SiO,-0. 34-1.0(a, C) and
h-Si0,-0. 34(b, D)

AT UESEIX —4518, X} h-Si0,-0. 34 Fil h-Si0,-0. 34-0. 1 #£47 T TGA FAE. HE 4(B) "L, 200 C
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k. T WL AERERI N VAL, KW 2 FhMERIIFALENFLEAE ™. h-Si0,-0. 34-0. 1 Fl h-Si0,-0. 34 KL
U5k 553.2 m*/g 163,13 m*/g, MFLIARFRS 500 0. 81 em®/g F10. 08 em’/g. FREIAMN Fe™ B F
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Fig.5 N, adsorption-desorption isotherms and the corresponding pore size distribution curves of

the h-Si0,-0. 34-0. 1(A) and h-SiO,-0.34(B) , respectively
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Fig.6 TEM image(A) and UV-Vis spectrum(B) of the Au nanoparticles
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Fig.7 TEM image of Au@h-SiO,(A) and catalytic performance of Au@ h-SiO, for MB decoloration(B)
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FGF BN s R ARREROER. BEAh, XS A R RN, FeCL A BI T RF Bt A LBR, AFT
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Facile Synthesis of Hollow Silica Particles and
Fine Tuning Their Structures’

MENG Qingnan” , WANG Kai, TANG Yufei, ZHAO Kang
(School of Material Science & Engineering, Xi'an University of Technology, Xi'an 710048, China)

Abstract First, by adjusting the dosages of citric acid, resorcinol formaldehyde resin ( RF) particles with
different sizes were prepared. Then, hollow silica particles ( h-Si0,) with raspberry-like morphologies were
synthesized using the RF particles as acid-dissolvable templates. If the citric acid concentration was fixed,
smaller h-Si0O, with smoother surface were produced as more FeCl; was added. In addition, the Fe ions also
facilitated the removal of the RF templates, leading to formation of the h-SiO, with larger surface areas. Along
this way, Au nanoparticles loaded h-SiO,( Au@ h-SiO, ) had also been produced, which showed good catalytic
performance in MB reduction. Therefore, a facile and flexible method was provided here to construct the
h-Si0, with different structures, which may find potential applications in many fields.

Keywords Resorcinol-formaldehyde resin; Silica; Hollow particle; Structure control; Template synthesis
(Ed.. W, 7)
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