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Abstract: A novel magnetic solid superacid SO;/ZrO,/Fe;0,/Al,O; was prepared by a co-precipitation method. The
physiochemical properties of the materials were characterized by XRD, IR, TG-DSC, TEM, and HRTEM techniques.
The results indicated that the crystallization temperature of the materials shifted to higher temperature with the increase
of Al,O; and Fe;O, content. The introduction of Al,O; and Fe;O, increased the temperature corresponding to the phase
transformation, Fe;O, also endowed this solid superacid a super-paramagnetic feature. TEM results indicated that the
crystal grew along [101] direction of ZrOu(t). The superacid SZA-20-200-800 has a maximum acid strength (H,<—13.8)
measured by Hammett indicator method, indicating that it is a stronger acid than concentrated H,SO, (H=-11.9).
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Fig.1 XRD patterns of magnetic solid acids
(a) the SCFZ(SO7/Zr0,/Fe;0,) series with different amounts of Fe;0, calcined at 600 C; (b) the product of SZ (SO;7/Zr0,) .SCFZ-200(SO;/Zr0,/
Fe;0,-200) and SZA-50-200 (SO;/ZrOy/Fe,0,-Al,0:-50-200) calcined at 800 C; (c) the SZA (SO;/ZrOy/Fe;0/Al,0;) series with different amounts of
Fe;0, calcined at 800 C; (d) the SZA series with different amounts of Al,O; calcined at 800 C
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Fig.2 (a.b) TEM and (c) HRTEM images of samples
(a) pure ZrO,; (b) the magnetic solid superacids SZA-50-200-800;
(c) the magnetic solid superacids SZA-50-200-800, the inset in Fig.2c is Fourier diffractogram images.
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Fig.3 IR profiles of SZA-50-200 calcined at different
temperatures
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Fig.4 TG-DSC profiles of magnetic solid acids (A) with different amounts of Al,0; and
(B) with different amounts of Fe;0,
(a) SZA-20-200, (b) SZA-50-200, (¢) SZ (Zr0y); (a") SZA-50-25, (b") SZA-50-50, (c') SZA-50-100, (d") SZA-50-200



No.4 F B4 .S0/Zr0y/Fe,0,/AlO, BE I WA 5 AR 10 1 45 5 F=AIE 599

~151
bo
E 10+
Eﬁ 5 -
1 1 O L 1

—4000 —2000 0 2000 4000
_H H/Oe

_10 -

—_15L

Bl 5 SZA-50-200-800 1% 4B Rk i [E1 4%
Fig.5 The hystersis loop of the magnetic solid acid
SZA-50-200-800
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W4 22, ZrOu(t) AW AR ORI 5E 35, 1 R 5t 5 A7 i 384,
TE = I AR IR B e Z2 6 (B b SZA-20-200-
800) iR i Ji fie ik, Ry Ho<—13.8, B M K T Wk i R
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W RE B
Table 1 Effect of introduction of Fe;0, and
calcination temperature on saturation magnetization

Samples M,/ (emu-g™) H./ Oe
magnetic substrate 38.4 0
SZA-50-25-0 7.7 0
SZA-50-50-0 8.1 0
SZA-50-100-0 10.5 0
SZA-50-200-0 12.5 0
SZA-50-200-400 12.3 0
SZA-50-200-500 11.1 0
SZA-50-200-600 10.6 0
SZA-50-200-700 9.5 0
SZA-50-200-800 8.3 0
SZ.A-50-200-900 7.5 320

M;: saturation magnetization; H.: coercivity

* 2 EFBEELTIRER R EHIE
Table 2 Acid strengths of solid superacid catalysts

Samples H=-114 H=-12.0 H=-12.7 H=-13.8
SZ-800 — — - -
SZA-50-25-800 + - - -
SZA-50-50-800 + + - -
SZ.A-50-100-800 + + + -
SZ.A-50-200-800 + + + +
SZA-35-200-800 + + + +
SZA-20-200-800 + + + +

+: color changed; —: not changed; +: color changed unclearly.
H,: Hammett acidity function

3 &

(1) —E = Fe,0, & ALO, 5] AJER T ik
WEE, Ml T ZrO i ZrO(v) o] FRLAR} f AR ZrO(m) %%
A R T ZeOs() R E M, ARG T SR A
K, 8 T AR ER A AL R A R R

(2) TEM J¢ HRTEM %55 W /R A S 50k7 240 /) B
I3 A A, R AE A U] T ZrOo() ) (101) Fh T .

(3) FE b Fe,O, BBAIR T A5 A, {5 [ 14 4 5
R HL25 1 B IR E .

(4) F£ i SZA-20-200-800 PR i [ 5, A Hy<
-13.8, IRV R TR (H=—11.9).
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