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Development of new catalysts using an unique crystal structure in metastable iron-ba
sed mixed oxides

Hosokawa, Saburo
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Rare-earth-iron mixed oxides with hexagonal structure (h-REFe03) are metastable an
d the synthesis of h-REFe03 is usually difficult. In this work, the crystallization process of the precurs
ors obtained by co-precipitation and Pechini methods was investigated in detail to synthesize h-REFe03. It
was found that the crystallization from amorphous to hexagonal phase and the phase transition from hexago
nal to orthorhombic phase occurred at a similar temperature range. Single-phase h-REFe03 was obtained by a
djusting heating time during calcination process.
To develop highly active catalysts for C3H8 combustion, we investigated the solvothermal synthesis of trad
ition metal-modified h-YbFe03. The activity of Mn-modified h-YbFeO3 samples showed much higher activity th
an those of h-YbFeO3 modified by other transition metal cations such as Ni, Co or Cu ions. The catalyst wa
s found to show excellent activity for the combustion of C3H8 that exceeds the activity of Pd/Al203.
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Fig. 2 TEM images of: (a), CP(Yb-800)
calcined for 30 min; (b), CP(Yb-800) calcined

@ for 12 h.
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Fig. 1 XRD patterns of: (a), CP(Yb-700) THLRE 0-YbFeO; MRS 5 = & AvHII L
calcined for 30 min; (b), CP(Yb-800) calcined 7=(Fig. 2). Z#UiE, h-YbFeO; 75 o-YbFeOs
for 30 min; (c), CP(Yb-800) calcined for 12 h. ~OFIEFE L = 5 BFE T, 0-YbFeO; DA%

CP 1EIZ X W &Rk L7= Yb-Fe RDOHTERAED EEAZ OV AR= R I A VAV B A e s Lf::‘&
TG-DTA I E %47 - 7= L = 5, 100200 Ciz | ZTRLTND. S5I2, ZOfERIL, L
BN TR RE K O BB S B R — ERHRERIED X D BB 2 & bt
LA RO SHER TR, E7z, 800 CIfE | FHETRIETIL o-YbReO DG G AkIA ki
WCEED Z DR VWERAE — 7 RRBD 5 THEHELWZ AR L TND.

NI, 2T, FeamiRiEs LORepgc | CP RIS S UTPCIRIC & U g LAk &
BERk U 72 3KBkD XRD i 517 5 72 (Fig. 1). | AT 30 min BEAR L CHE O AV AR
700 °C CHERK U 7= 3 EHI IR C d o 72 78, Y O eafR % Table 1 127”79, La, Nd D L 5

o KB | - A ; . AT RN RE A TR E VW
800 °C BERK L 73541, PRIRKEE % 30 iz T . ;
F5E hybFeOs RIETHM CHO LD | FAITLEMIKAT o-REFO; #kEM{L L T
SLT, (HRRFIE 12 h1CT 5 L hoybFeo, | BV, A AR 1.02-106 A OFEIHICH
L 0-YbFeO, DIRMAE B, Dl ko | 2 Od Tb, Dy ZAVEREI 800°C £
Mb>, FERENG h-YbFeOs ~DiEAL, & L THH T 0-REFeO; DAL LTZ. S5
LT h-YbFeO; 75 0-YbFeO; ~DAHEER KﬁéW4ﬁV#§§§0ﬁiﬁE$%%
800 °C HE IR UIREEILCHEAT L, fRIEIER] | 2 &, 800 °C THRAEMTH S h-REFeO;
%FIET 5 = L T h-REFeO; & 0-REFeO, % | AL 5 2 a8 o, i, CP

Table 1 Phases™” formed by calcination at various temperatures for 30 min.

Tonic Co-precipitation method i Pechini method
RE elements radius Calcination temperature (°C) ! Calcination temperature (°C)

(A) 400 500 600 700 800 i 400 500 600 700 800
Y 1.019 - - - amo hex ! - - - Y,03 hex
Lu 0977 - - - amo hex | - - - Lu,05 hex
Yb 0985 - - - amo hex i - - - Yb,05 hex
Tm 0.994 - - - amo hex E - - - Tm,03 hex
Er 1.004 - - - amo hex E - - - Er O3 hex
Ho 1.015 - - - amo orth i - - - Ho,05 hex, orth
Dy 1.027 - - - amo orth i - - - Dy»05 orth
Tb 1.040 - - - amo orth i - - - Tb,03 orth
Gd 1.053 - - - amo orth ! - - amo, orth  amo, orth orth
Sm 1.079 - - - amo orth ! - amo, orth  orth orth orth
Nd 1.109 - - amo orth orth ! - amo, orth  orth orth orth
La 1.160 unk orth orth orth orth amo,orth  orth orth orth orth

a) Phases were identified from XRD patterns.
b) Abbreviation: amo, amorphous phase; orth, orthorhombic phase; hex, hexagonal phase; unk, unknown phase.
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Fig. 3 C3Hg combustion activities of: &,
h-YbFeOs;;%, h-YbFe, gNij,05; @,
h-YbFe)3Cuy,05; A, i-YbFe;3C0g,03; m,
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Fig. 4 C3Hg combustion activities of: e,
h-YbFe()_SMno_503; ‘, Pd/A1203, A , LaCOO3;
V., LaMnO;; m, LaFeO;; x, Mn/Al,O5.
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Table 2 Catalytic activity, BET surface area and

crystallite size of 4-YbFe; Mn,Os.

a Crystallite

Method X To Dot size / nm f)Dsno

°C m’g! Dsy Dyga 0
ST 0 407 26 47 18 2.6
ST 0.2 293 62 25 5 5.0
ST 0.4 239 78 15 3 5.0
ST 0.5 230 86
ST 0.6 262 56 - - -
ST-Im” 04 234 33 44 15 2.9
PC 0 382 21 20 15 1.3
PC 0.2 357 26 17 16 1.1
PC 0.4 341 25 18 14 1.3

PC-Im» 0.4 257 18 18 14 1.3

» Temperature at which the catalyst attained 50 % conversion
of C;Hj.

b The catalyst was prepared by the impregnation method
using an ethyl acetate solution of Mn(acac);, and the
resulting powder was calcined in air at 500 °C for 30 min.
The Mn loading was adjusted at Mn/Fe = 0.4 as molar ratio.



40 nm

Fig. 5 TEM images of h-YbFe,sMng,0;
synthesized by ST method.
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