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Preparation and Properties of Magnetic Solid Superacid SO./Zr0,-Al,0:-Fe;0,

WANG Jun' FAN Mei-Qing" YANG Piao-Ping' JING Xiao-Yan' ZHANG Mi-Lin™!
("College of Material Science and Chemical Engineering,Harbin Engineering University ,Harbin 150001)
(College of Chemical Engineering Jilin Technelogy Institute of Industry, Jilin 132001)

Abstract: Magnetic SO7Zr0,-Al,05-Fe;0, solid superacids were prepared by introduction of Al,O; and magnetic
substrates via the chemical co-precipitation method. The physicochemical properties of the materials were
characterized by XRD, Raman, TG-DSC, Méssbauer, TEM, and HRTEM. The results indicate that the
introduction of magnetic substrates endows the material with the superparamagnetism property. Additionally, the
introduced Al,O;and Fe;0, are finely dispersed throughout the matrix of the ZrO,, which plays an important role
in hampering the development of diffusion mass transfer and movement of the grain boundaries. Furthermore, the
introduction of Al,Os; and Fe;0, also delays the phase transition from tetragonal zirconia to monoclinic zirconia,
which improves the sintering temperature. The TEM image indicates that the samples show well-defined
crystallographic faces with average size of 32 nm. The HRTEM shows that the interplanar spacing is d o=
0.29 nm. The sample calcined at 600 °C is estimated to have H,<-13.8, which is stronger than that of H,SO,
(H,=-11.93). Furthermore, the introduction of magnetic field improves the conversion of citric acid in the

synthesis of tributyl citrate over magnetic SO,*/Zr0,-Al,05-Fe;0, solid superacids.
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a: SZAF-50-50-300; b: SZAF-50-50-450; ¢ : SZAF-50-50-600;
d: SZAF-50-50-700; e: SZAF-50-50-800; f: SZAF-50-50-900;
g: SZAF-50-50-1000; h: SZAF-50-50-1200; i: SZ-450; j: SZA-
50-450; k: SZA-50-600
B ARSI 2 XRD K
Fig.1 XRD patterns of the products calcined at

different temperatures
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Fig.2 Raman spectra of the product calcined at

different temperatures
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Fig.3  TG-DSC of products
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Fig.4 Mohssbauer spectra of SZAF-50-50
calcined at 600 C
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Table 1 Maossbauer specta data of SZAF-50-50 calcined at 600 °C
IS/ (mm-s™) QS / (mm-s™) Hin / kOe HWHM / (mm-s™) Area ratio / %
Doublet line 0.14+0.06 0.54+0.09 0.23+0.04 3.8
Sextet(1) 0.32+0 0.04+0.01 488.2+0.5 0.25+0 54.0
Sextet(2) 0.28+0.02 0.07+0.04 452.2+1 0.45+0.01 422
25 TEM & #f
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0.29 nm, 5137 M2 5] ) 23 (8] 2 XRD 45 SR AH

&5 g [ AR R R SZAF-50-50-600 1 TEM
T B A S A8 4

Fig.5 TEM and Fourier diffractogram images of

SZAF-50-50-600
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Fig.6. HRTEM and Fourier diffractogram images
of SZAF-50-50-600
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Table 2 Acid strength of SZAF-50-50 magnetic solid acid

Temperature / °C~ H=-114 H=-120 H=-127 H=-13.8
300 B - - -
450
500
600
700
800
900
1000
1200

oo+ o+
I+

HoOH R+ + o+

+ + o+ 4+ o+ o+ 4+ o+

+:Color changed ;- :not changed; :color changed unclearly
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FEALRN 80.4%, TF SZ At L5 A ALO, J& il £ 1)
SZA-50-600 F ity | MR 545 AL 28 86.8% , T Bk
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X Ry AR IR B e AL R AL R b, T L Fes04 S ALO,
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e m kg | 0 Ay U4 B 1 TORE P A AR i B
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Table 3 Conversion and recovery rate of butyl citrate

synthesized over the solid acid catalyst (n=5)

Conversion / Recovery / %(for n=>5)

Sample

% Average SD RSD
SZ-600 80.4 88.2 1.5 0.7
SZA-50-600 86.8 88.5 2.1 0.9
SZAF-50-50-600 89.1 97.3 1.9 0.8

2.8 WHMITEB=TEEWK R NELERNZN
% 4 N SZAF-50-50-600 1 1] 1A 2 16 A4 JC
57 R I AR A AR e A U TR =T T P e
R BE R BT LUE SN e w9 ) | Fr s
R NS B/ 7 7LD NN E 2 L S WR 377k ¢ i
B = Tl & ot fe bR 2 TR SEER] . X AT RE
J2 DR Ay g M A A R A S e 2 B9 A T e A i
A BENE  TERES IAE TR 20 R b ) AT 7 1A &
BT PN IR, B MG e e il
PEGIOKL A2 Bl R/ NI 7 A I8 AR 25 1 A WA e |
FCREH) 53§ AN W sz B0 Sh Al VAR S A 5
PEBOBRFEA i 1E 71 NTIA A T 1E T BE R A%
FR B E T AEARAT IR B 5 AL R P v
% 4 SZAF-50-50-600 %14 Bl AR E A T HEF T L
AR EBR=TRNELE
Table 4 Conversion of butyl citrate synthesized by
magnetic solid acid catalyst SZAF-50-50-600

with and without magnetic field

Rection condition

Conversion / % SD(n=5)/ % RSD / %

With magnetic field 91.5 2.1 1.1
Without magnetic field 89.1 1.9 0.8
LN
3 &
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(2) R FE T 5 IR > 17 14 12 LA IR A
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