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Preparation and catalytic performance of gold magnetic particles
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Abstract ; In this experiment, the Fe;0, nanoparticles were prepared using hydrothermal method. The gold magnetic particles
(Fe;0,@ Au) were formed by the Fe; O, nanoparticles combined with gold nanoparticles using self—assembly method based on
the surface amino groups. Fe; O, @ Au was characterized based on the optimization of process. The results showed that gold
nanoparticles prepared by grape skin extract with 1% concentration and the average particle size were 7 nm.The Fe;0,
functionalized with amino groups could be loaded with gold nanoparticles, the optimum process combination was as follows ; the
addition of Fe,O, suspension was 2 mL, the temperature was 60 °C , and the time was 60 min.Fe,;0, @ Au, whose saturation
magnetization was 61 emu/g,showed strong catalytic properties.
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1.2 LWH*E

1.2.1 Fe,O, gk F il £ o 1.35 g 19 FeCl, -
6H,0 T 40 mL 2, - K UINA 3.6 g B NaAc-
3H,0 5 1.0 g ) PEG—-4000 , JIZ 1% 34 2] 155 Wi 5 R4 1
30 min, R S5 K E W AFI A 50 mL K N 28
200 CAAFF 8 h, R ARG E =R, iR a
PR R ZEAE K AU 3

1.22  &YURRLF Il O 100 g 445 iR T
200 mL .80 CHEHEF/KF, HRBR M B =R, iz
WL T 4000 r/min 25441, B0 3 min, B35 W AE
B o T 25 B T AR B R R 43 il AR A ik B Sy
W 50% 20% 10% 1% B 7545 iz TAE# 200 mlL,
TUKFE 4 C &M FIRAF (R 2 d) . |RAAMHT,
KRG 4 CHIR Y 20 mL W& RIEW (1% ,w/v) B
F R, FEBERE ) P PR R IR AN 3,2 min Ji5 , iR
HANA 20% 1145725 B2 TAEWR 5 mL, [ BT £% 20 €4, 1)
A4k, BV B A A R 0 AR TR 2T 64, M R R B4
HYBRPG £T o i), i 3 R $ T, 20 min J5 85 90 N,
PR N T 4 C &1 T e,

123 ZHHAk Fe,0, B4  HL10 g &R Fe,0,
QKT S 43 BOAE 50 mL 1Y 20% £ BE K B W
LB FE BT DA 5 mL 4 APTES JF , FL7E
FEFHERE 10 h(FRIR o), /W 45 38 5 15 2 e s
€07 40 f Uk 1)k YV, R I S ) AE 20 % £
IKE W TP RE ST B WU 3 IR, ESA T 4R 70 °C
THE 4 h J5 15 B AL Fe, 0, B0 8 b
R XLZE K BE ] B e BE 2 100 mg/mL S FE AL 44 K
Fe, O, B .

1.2.4  PADESL

1.2.41 ZHAk Fe,O, IR BRI N LR TE Y
HRLEE 40 °C JKUEETA] 60 min Z54F R8s — 8 fm Ay TR A
W (0.1.0.25 0.5 1.2 mL) il A B 2 mL £=44 Kb %
W, FHREEK AN AR R PRUE SR R S 4 mL, KA
SRR, AR IR BN G — k. B 8 2 min, SR
JHREDNG Fe, O, @ Au [ 52 76 B 03 IS B, B 75
Wi 3 mL, LAXNGE K A 25 X R, I 52 540 nm ARG
JE LRI 3 K, RAROGEAEAE S s AR v, #R N
HhT, et =K 5 IER SL i k.

1.242 REEEEE B 1 mL 234k Fe, 0, 1R BN
AE| 2 mL E9OKRRLTF IR AR IE SR RS 4 mL,
TR BN A ZR 5 B AR TR R (30,40 .50 .60 .70 C)
KBRS T, KB TE] 60 min , K G T F2 v, 45404 i
FMElEE—yk . BURFHE 2 min, SR RGO Fe,0,@ Au
B S TE B O ISR, W 35 3 mL, DAXNGE K R 25
P R, U 540 nm bW G B 90 3 IR LA
SGCEEAEAE BT B AR A, BN PR =K S
TEAEsEg it

1.2.4.3 W B Bs) 1] 356 48

2 o1 E0m

Fr 1 mL IR B W A F

WR ST

2 mL SRR T, AR AIE A 5 4 mL, PR
FCWAR ZTHCE T 40 CoKyE s i, K AN [/l [a] (30
40,50 .60 F1 70 min) , 7K 5 i B, 53 e it R0 R 5
— o BUNFFE 2 min, RIWEZRG Fe;0,@ Au [E5E
TEBLOE NGB, IR EIEW 3 mL, LIXLZE /K R 25 X
A8 M AE 540 nm ZROSEE A SIS 3 R PANDGE
{EAE R i AR UE , BN e = A KPF 2 5 IESS
g

1.2.5 GERZSEE LA dl A T L MRPRIE s Btk
Pt Ly (3%) IE SR S5, LU Fe, O, W B WS It i
BE WA Dy SR EE, L 525 nm R B % EE N T
TEPREATIEAS S50 . 20 il i & AN [F Y Fe,0,@ Au,
NS S ) O o U3 B SIS - AU D VN
WL Ko AT 3k 7 58 , SR FHAR 28 43 B 1 4 2 PR 38 R A%

SRR E

x1 HEKFE

Table 1  Factors and levels table
SES
K A Fe,O, {REW B I C I} []
AN (ml) (C) (min)
1 0.5 50 50
2 1 60 60
3 2 70 70

1.2.6  SREkitEREIIRAE 5l £ 1 R MR A Ry
AKE T 100 mL ZE1EIK 1,40 kHz MEF5 PR /=142
S, SR IE RO B A3 A ASORS: I s 428 1 R /N K 4
FlEN . SR N, WRfE BET 2000 52 A4 19 b 22 1 R,
I, 7 30 ( TEM ) ¢ A4 K} 19 T 25 FRL
%, TAEHJEH7 80 kV, Fe,0,@ Au [/ #5241 e s A
PRBBEERITAE IR T I &
1.2.7 &kt fbregetrsy SR AMLIb)E 69 &4
P& LR . T & W8 WOk v in AXZEKTR 5T,
[ R e S W DA Y oot R s B B O 7 A U1 ) = IR i
i o ) A ZE K C i e BE Sl 100 mg/ mlL S0k IR
B MES Z 0y 5 mL B XY 3 2K 5 S W (2.5 x
107" mol/L) , 435I A [) ¥ JBE 1) 4o W fiohor TR A2 Uk
(0.04.06.08.1.0.12 .14 .1.6 1.8 mL, {4 Z 228 FH XX
ZE7K AN F1 1 mL FECHIAY NaBH, (0.025 mol/L) , {4
FIRA) G EE 10 min, 78 BAKR R, B BUR WY K
I mL, MA@ A, FA 2 mL 287K, IRE
Y5y )a , R B A= 0T WG4 566 =500, J R
PAA ZR 1 IO i (250 ~450 nm) , W% 300 nm FI
400 nm P AR IR IEAR AL .
2 ZERE5HW
2.1 Fe,O, KA FHIRAE

Fe; O, 4T i 5 B F BB E WA 1, B
B 1(a) aTLAE Y, il 45 14 Fe, O, 94 K07 F £ Bk
&, FEIRIAR L 130 nm, 5 [R A, #8500 T FR 45
E— , AR RIS, WWE 1(b) . X2 FrirEg
KewrF RSFE/)N, bR AR, B = LR R,
hr - [] AR B B AR A (3R 2[RI 5 5 2 A R4, LU
VRN L FR T A o A e 1 AU E Fe, O, 44
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Fig.1 TEM images of magnetic nanoparticles
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J JCPDS 79— 419 H{ AR WA XT N , e T JS B, AH IV 4 53
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HEMIZE (Oe =79.578 A/m) 45T fS, 44K Fe, O, i

W P, AR AR BEAEL (M) 2y 66 emu/g,
311

220 440
400 S
422
10 20 30 40 50 60 70 80
260(degree)

K2 Fe; O, ZIKHKTH) XRD K%
Fig.2 XRD spectra of Fe; O, nanoparticles
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Ak 2 10 T 1 B B 4 4 Kk T, 78 AR 52 8
PRAE L AR R T LI B 4, SN I TR B
S0 PR g P 2T (5, UL WA G A0 KR T A2 . 7
2 g VL R Y e S, S () e R i 7 g 95 14 Y
P B AN KO TV B B A T WA VL 1 % VR R B A A
iz ¥k U Y B0, N R 0, 10% Y B (1) 15 Y S P91 £ 30T
e fn W B Mt 20% VR RS T IR

T b - AT LI G S BT, A5 SN 3 T
T o DU R 04 4 765 1z 15 Y VT A 45 14 G KR T
TEPE K 530~569 nm 5 [l P EL A BT I 109 % i e, H 415
W2 S AR A0 25 S W, BB AR A T A A ko 1.
1% 10% Fi1 20% 5 1 BT il 7 B9 4 9 KORE T+, 16 I
K 540 nm BRI B T4 AE W Y e, (HL R, PEBE
TR VL YRR SR B BN, WAL T R L U T 4 4N K ks
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DD i R L Rl T A il SO () 7 i L S D -3 SO [
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Fig.3 UV Vis absorption spectra of gold nanoparticles

prepared by different concentrations of grape skin extract
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1 %0 YR B 352 U YR ) 45 11 B9 < 9 RO 1 0 HSORE B e
LA VAT AL T 10% F1 20% ¥ 3 11492 90 I T 41 45
H Y B N KRz T 52 I H R R R B i SR 4R, oK
BT RN O AE T KRBT iR EE. ok
o A 2 45 3R AT 0, 1 % W R R v W T i A D e 4
QAL TP BEPRiAR 22 7 nm5 10% ¥ 75 1 7% 9 il
A Y A YKL TP HPRLAR 24 2 10 nm 520% M iR
WLV T i 45 HE B KR TP RIAR 28 8 nm, 25
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Fig4 Transmission electron scanning microscope images
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23 HEZRIE
2.3.1 AL Fe, O, IR BB IS LUIAR
P B AN KO T 5 i B D R A D B 5 < Ok
(Fe,0,@ Auv) MR R I HE bR o 24 8 94 KOk 7o 2
W, BEBH R IE AL Fe, O, WA <5 2 KORL 548 Jin, B =5 ¢
AN =TT ULE I T 540 nm PR AR (gl KR T
AR IR ) (B B D i

G, HEAAIEL Fe, O, TRER AU XT I B
RS . HE S A5, B 7E 0.1~0.25 mL {1
F1 LIS, RS 00 e F 39 0 A e R A S PR T R 3
BIAINEETE 0.25~0.5 mL 1 | NN, W' B (R AL T~ 22 18
TEEETBL, dehnigiEd 1 mL s, OG22 18 52
TR HE AT, SRR Y R RE Fe, O, 1R 2
HEREDREAY) LR = RS ) NT(TR: < o NS P |- i ST o W L A 3
W, Fe O, FUBSITERHL 0.5 1.2 mL 8365 o
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Fig.5 Effect of amination Fe;0, addition
on the adsorption system
232 REMEE HE 6 nTH, HiE A 30~
40 C YU B, W 6 5 22T 4,40~ 50 °C 3 [l Y,
T REERAT /N Bl 2 R N W T R s E] 50 C RS,
5 VR (= N R 5T < AR = i O 1 P PS T3 o € SR e
FE] PN 4 0 KR 14 W I il 7 R B 1) v T - R
Zi BTk, % 50 .60.70 °C =4k 2 51EL 3G
A5 .
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Fig.6 Effect of temperature on the adsorption system
2.3.3  WEBEFEIAGERE G5 RANIE T B, BEAE R
HSf 6] B AN TR 00, MR G BB S AN BT T B i 3 I 1)
TE 30~40 min B, W ' BE AR P B B 3] 78 40 ~
50 min W, WG REE T BT R T0 W e A8 4 5 1) 9] 7R
50~ 60 min i, W 56 B A T R R 3G R fE 60 ~
70 min B}, WO ARG T B, 45 R R AT, 50 min 2

4 orrEEa0m

WR ST

JEREGE P S AR RPN AN )4 N P N P oW S W Ry
TSI Y A e I B AsF ] 2 50 .60 .70 min
0.251
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%0.15—
X
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Fig.7 Effect of time on the adsorption system
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M IEAZ UG 45 R 3R 2 AT AN, HEATAR 28 0 M AT A 3],
ST 6 - PR 28 X0 4 9 KL 1 e BRI 22 52 1) 32 RO A
A >B>C, R Fe,0, IREM G N > WHIREE > W% j
] o S AAR 280 e IR L 7 R A& 4 : A B, G,
B Fe, O, IRAMAS IR 2 mL, )% 60 °C,B[H] 60 min,
TR A4 T HEA T = U AT IS, 7597 S W SC RE(E
70.008, ZEG FiRSTHT, Fe, O, TR 197 N &5
i) < 294 KA R BRI % 1149 T2 DRI 3R, TR o Itk 8 T [
IS B0 %o 1B oA 5 oA AR I B 520

K2 EASEREIR

Table 2 Results of orthogonal experiment

LET A B el C e (E
1 1 1 1 1 0.254
2 1 2 2 2 0.169
3 1 3 3 3 0.134
4 2 1 2 3 0.089
5 2 2 3 1 0.013
6 2 3 1 2 0.048
7 3 1 3 2 0.010
8 3 2 1 3 0.008
9 3 3 2 1 0.055

K, 0.557 0.353 0.310 0.322
K, 0.150 0.190 0.313 0.227
K, 0.073 0.237 0.157 0.231
k, 0.1857 0.1177 0.1033  0.1073
k, 0.0500 0.0633 0.1043 0.0757
k, 0.0243  0.0790 0.5230 0.0770
R 0.1613  0.0543 0.0520 0.0468

2.5 SRR

K VEAR 5 B9 5 325 1 45 4 g OB, I %o FL kAT
JEAS AL, 5 5 i 7 0 MBS 45 S 18 8 TR . Fe, O,
AL T %) 2 T W2 R A 955 42 110 G A KokE T, 4 R 3
HH G2 Ak g M At TIT L 1 3 4 KoL . R P R
BIRE SR BE TR T 43 Sk x  THOIRE 16 B T Tl 2 2H s
P G RE ORI AL R B2 61 emu/g, BAWI (L7 Au
B e T 2 S B MO 14 A R RE 1 B TR AR AR
A R P P TR AR 2 3 T Ko b 2255 75 1) 4 R Tk
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Fig.8 TEM image of Fe;0,@ Au nanoparticles
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A — Fil§ R 2 P R0 2 5 1y 5 A — T UL OGO 1 A2 Ak
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i A Py 1) A A I 5 B s S I, 7E B 1 300 nm &b
PAR GIREALE R AL T g IR TR D) | AN DR 7 A 1 € A2 S
WARAL T SN A ERE o >4 <5 Rk SO TR 8 T O TS i
AN, AP 400 nm Kb f6 I IACIE 55 58 7 i T
F2,300 nm Azb fi%) IR WA g i 2 328 T 44 54 , AR A SN 328 T
o U X i A 1 ) 5 v 2 T X A 1 Y
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o L P ) e R B AL, 34 USO8 AR 58
S, Tk B T i) 5 ) < o B AT R A AR T PR
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Fig.9 Catalytic activity of gold magnetic particles
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