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Preparation and catalytic performance of Fe3O4@SiO2@mTiO2-Au composites

MA Shu-ting, ZHENG Jin-li, ZHANG Ning-qi, GUO Shao-bo", JI Xiao-hui*, LIU Zhi-feng
(School of Chemistry and Environmental Science, Shaanxi University of Technology, Hanzhong 723000, Shaanxi, China)

Abstract: The core-shell nano-Fe;04@Si02@mTiO2-Au composites were prepared by loading SiO» on
the surface of magnetic Fe3O4 as the core and coating it with mesoporous TiO2 (mTiO;), which was
modified with 3-aminopropyl trimethoxysilane to uniformly load gold nanoparticles on the surface of
mesoporous TiO,. The samples were characterized by transmission electron microscopy (TEM), vibrating
sample magnetometer (VSM), X-ray photoelectron spectroscopy (XPS) and X-ray diffraction (XRD). The
existence of core-shell structure was confirmed, and gold nanoparticles with a size of about 3 nm were
loaded on the surface. The catalytic activity test results showed that the degradation rates of p-nitrophenol
and potassium ferricyanate were 83% within 25 min and 84% within 30 min, respectively.
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Fig.1 TEM images of serial samples
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Fig.2 UV-Vis absorption spectra of serial samples
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Fig.3 Magnetization curves of serial samples

24 FRETGRABRKEMNMES ST

NT R MR R AR KN A, X
Fe3;04@Si0@mTiOx-Au Ff (T XPS 737, 45
WKl 4 fior. XPS B R R AL FIZRTHAZAE Tis Sis
O fil Au Jo % - H & 4(a)%1, Fe;04@Si02@mTiO2-Au
I Feu O N. C. Si Al Au HIFFAEIE26-27], Fe(2p)
IRy 723.5 eV (2p1/2)~ 709.9 eV(2p3/2), O(1s)f)
ZEGREN 530.05 eV, N(1s)Z5 & fEN 400.55 eV,
C(ls)45 & fRE N 284.34 eV, SiQ2p)fiEft N 101.05
eV, Au(4Hi&sr 7N 86.05 eV (4£7/2)F1 83.14eV
(415/2). F 4(b. c)NEI FeQp), BTSN, 45
HHETE 723.5 eV, 709.9 eV AAFAEF NI, 43 5%t
N Fe3* i) 2p1/2 F1 2p3/2, ESE T Fe;O4 HITEAE. 2K
Uk, P& 40 Si i) 2p B, 7E 101.05 eV AAFE—
AR E, ESE TSIt FIIAAER, B 4(c)
tO(1s) 45 & REN 530.05 eV, KT TiO, fks 1)
Ti-O JEHR71, & 4(g) 41 4f XEDLRE K, HAE
86.05 eV Fll 83.14 eV AW AIE, 4 7lHET
Audf7/2 Fl Audfs/2, ESE T & UNEN ST,
B EME Fe:04@Si0@mTiOs-Au 14 A #1671,

£ XPS Juilrh RIAAE T A K 5, TiO,
1 TIAV)IERAIRAE T ER. BT Au MFKEEH
(—5.5 eV)Lt TiO, FI KB (—4.4 eV)IK, Ti(IV)Z5
AREIER AT IFAF TiO-Au HIRIH T M TiO,
] Au F5FR2 261, X ff TiO, R IEHE, Kk,
TiO>-Au GPKEEMEHH TiRp) R A E &ML S
e, T4 G TIEED Audf7/2 il Audfs/2 kA
TH#, R TiO-Au YRE AR &40k T
T 3K FL T RFAERT,



EiPE R LS

P

Fe304@Si02@mTiO2-Au & & MLl £ S AL 1 RERF 5L

Intensity/(a.u.)

Ols

Ti2p
Fe2p

Nis si2p

w oW
& A

T
<

[
<
T

w
@
T

)
b¢]
T

w

T T T
800 600 400

Binding Energy/(eV)

Intensity / (1000cps)
r
7
>

Intensity / (1000¢ps)

Audf
0
13 HD Nis
Z12F //
[
o
[\
S0 \
= /
of J
— B W s W e

L L L L
740 735 730 725 720 715

Binding energy / (eV)

R U S S T S TP R S |
544 542 540 538 536 534 532 530 528 526

Binding energy / (eV)

3 " :
410 408 406 404 402 400 398 396 394 392
Binding energy / (eV)

24
(e) Cls
/

20 /
= | /
g /
sler /
= L /
> /
B2 F
: /
g /

%
T
\
\
N

o~
T

=)

®

Tntensity / (1000cps)

o

(@ AuL572
w72 \

5
T
>
——

Intensity / (1000cps)

S
/
l
!
(
S

Binding energy / (eV)

L .
295 290 285

L L L L
106 104 102 100

Binding energy / (eV)

96 95 90 &35 80
Binding energy / (eV)

(). Fe30,@8i0,@mTiOz-Au sample; (b). Fe(2p); (c). O (Is); (d). N(1s); (e). C(1s); (D). Si(2p); (). Au(4)

2.5 XRD 43#7

] 5 RGBSR XRD B, K S 4k (a) "
AW, FesO47E 30.1°, 35.5°, 43.4°, 57.2°%1 62.6°
[ 20 FT9H&, 55417 FesO4 (PDF65-3107)FxifE I
WAEE A8, R
RNREFAT Fes040 ME 5 18 2E (b)FI ()il 1] LLE
FHIFEA B ARRT FesOq IRFIEATH G, R I BH 2. 2%
g, FKIUIRLE FesO4 YUKFRILR T 1 SiO,
TiO: 76 & MU R 555 2 (Al R R AR5 27281, 1
Kl 5 B ()FTR, PORSRHEEARE, X&hmT

ke, TP R i

& 4 Fe3:04@SiO:@mTiO2-Au BB XPS it
Fig.4 XPS map of Fe;04@SiO>@mTiO2-Au

" A
il

il
'Wn‘wy

. (¢) Fe,0,@Si0,@mTiO,
ik, “M#‘,\l,. ’ 5 34
(LT PRI P LMY L W AN
oy \ b)Fe.O,@SiO,
Wby, it (b)Fe,0,@5:0,

A

a1z 12

(d) Fe,0,@Si0,@mTiO,-Au

N g "
MM gt it e e LTIV R YO

A
b i sl i

TR BBk ERERRIRN, s>, HAEE »
PRER AL TR B HOIRAS (AR <5 T S 06 58
JEIST 290, RAGHIN B HAFAEAT S e Z55 1 SC XPS

g, @0 @D E @reo,
Wmmmm] M Wi
40 50 60 70 80 90
26/(°)

& 5 PR XRD i
Fig.5 XRD patterns of the samples



6 it R

43 %

A TEM ZpHréi R, Ui IR SRR R I, &A%
MIEAAOE R, Hil& 9K SRR AR
r A, HAURA 1 W I R A A AR T < AL B
HBNIRRET,

0 min (a)
5 min

10 min

15 min

25 min v

Abs

It 1 1 1 1 "
300 400 500 600 700 800
Wavelength / nm

2.6 FEAGLRFEARE MERRA

DA BLARL0T i 25 2Ry T AL G bk U iR B
HARIG 3, MR T Fe;04@Si0@mTiO,-Au # i
AR, W 6. B 7 B,

2.0
0 min ®
5 min
10 min
1.5+ Fa\ 15 min
i A\ 20 min
25 min ¥
2 10} | M\
] / \
< \
H El e
0.5 -\ o~ NN
Ao f )
\
0.0 M Ml K
300 400 500 600 700 800

Wavelength / nm

(a). TEfE1LF(Without catalyst); (b). Fe;04@SiO,@mTiO,-Au 4t (Catalyzed by Fe;04@SiO,@mTiO,-Au)
B 6 XWHERD-TISALAIRIE SN AT W6 bE A R 2R Ak

Fig.6 UV-Vis spectra of p-nitrophenol-sodium borohydride over time
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Fig.7 UV-Vis spectra of potassium ferricyanate-sodium thiosulfate with time
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