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Abstract: Due to the oxygen storage and release properties, cerium zirconium mixed oxides are recognized as the key
material in automotive three-way catalysts. To reveal the effects of co-precipitation temperature on structure, physical
and chemical properties of multi-doped cerium zirconium mixed oxides, a series of La and Y doped cerium zirconium
mixed oxides (CZLYs) were synthesized via a co-precipitation method, and the physical and chemical properties of
CZLYs were systemically characterized by XRD, N, adsorption—desorption, TEM, XPS, oxygen storage capacity
(OSC) and hydrogen temperature programmed reduction (H,-TPR). The results show that co-precipitation temperature
is an important parameter to influence the crystal size, oxygen storage capacity and thermal stability of CZLYs. When
the co-precipitation temperature was 60 °C, the best redox properties and thermal stability of CZLY's were obtained.
After thermal treatment at 1100 °C for 10 h, the specific surface area and oxygen storage capacity of the corresponding
aged sample were 15.42 m%/g and 497.7 umol/g, respectively. In addition, a mechanism was proposed to reveal the
effects of co-precipitation temperature on the structure and properties of CZLYs.

Key words: La and Y doping; cerium zirconium mixed oxides; co-precipitation temperature; crystal size; thermal
stability

physical and chemical properties [2,3]. However,

1 Introduction

Nowadays, much attention has been paid to
reducing the automobile exhaust because of the
serious air pollution. To abate the air pollution, the
automotive  emission standards have been
continuously tightening [1], and the three-way
catalyst 1is
purification. As the key washcoat material of

used for the automobile exhaust
automotive catalyst, cerium zirconium mixed
oxides (CZs) can effectively improve the catalytic
performance of catalysts because of their unique

the performance of pure cerium zirconium mixed
oxides deteriorates due to the particle sintering
under high working temperature. Therefore, it has
been a great challenge to improve the thermal
stability and redox performance of CZs for many
years.

Compared to sol—gel, hydrothermal, micro-
emulsion, and template methods, co-precipitation
method has been widely used to prepare CZs
in industry because it is controllable and easy to
operate [4—9]. Concluding from Refs.[10—15],
the structure and properties of CZs prepared by
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co-precipitation method are influenced by
preparation conditions, including types of raw
materials, addition of complexing agents, speed of
feeding, stirring intensity, pH of
co-precipitation, temperature of the co-precipitation
reaction, and so on. Co-precipitation temperature is
undoubtedly a key factor because it has significant
impact on the viscosity and supersaturation, the
reaction rate, and the reaction equilibrium. Previous
research [15—17] showed that, during the process of
co-precipitation, an appropriate co-precipitation
temperature promoted the growth of crystal grains
and the formation of high crystallinity precipitates,
which led to high thermal stability of the prepared
material. CUI et al [15] also investigated the effects
of co-precipitation temperature on CZs in reverse
feeding method. With the increase of
co-precipitation temperature, the growth of crystal
grains was promoted and the redox and oxygen
storage capacity (OSC) performances were
enhanced. In addition, the modification of rare earth
elements is an effective approach to improve the
thermal stability of CZs, and much attention has
been paid to rare earth elements doped CZs. Thus,
the effects of the co-precipitation temperature on
the nano/multi-doped CZs remain to be clarified, as
the precipitation behavior of doping elements
would be influenced by the precipitation
temperature, which would further affect the
physical and chemical properties of rare earth
elements doped CZs.

Considering  that the  co-precipitation
temperature is an important parameter to influence
the properties of RE-doped CZs, therefore, in this
work, a series CZLYs were prepared at different
co-precipitation temperatures via co-precipitation
method. The chemical and physical properties of
the obtained CZLYs were characterized by X-ray
diffraction (XRD), N, adsorption—desorption,
transmission electron microscope (TEM), X-ray
photoelectron spectroscopy (XPS), oxygen storage
capacity (OSC) and hydrogen temperature
programmed reduction (H,-TPR), and the effects of
co-precipitation temperature on the structure,
thermal stability and redox properties of CZLYs
were studied systematically. At last, a mechanism
was proposed to effects of
co-precipitation temperature on the structure and
properties of CZLYs.

solution

reveal the

2 Experimental

2.1 Materials preparation

All CZs were prepared by a co-precipitation
method. To prepare the precursor of CZLY's (molar
ratio of Ce/Zr/(La+Y) being 33:57:10), the
ammonia solution was added dropwise to the
mixed solution of Ce(NH4),(NOj)s, ZrO(NOs),,
La(NO;); and Y(NOs); at different co-precipitation
temperatures of 20, 40, 60 and 80 °C, respectively.
After washing, the obtained precipitates were dried
overnight at 60 °C, and the dried samples were
marked as CZLY-X-d (X=20, 40, 60, 80) where X
stands for the co-precipitation temperature. Then,
the fresh samples were obtained by calcining the
dried samples at 800 °C for 3 h. Fresh samples
prepared at different co-precipitation temperatures
were marked as CZLY-X-f (X=20, 40, 60, 80). The
fresh samples were further calcined at 1100 °C for
10 h, and the corresponding aged samples were
obtained and marked as CZLY-X-a (X=20, 40, 60,
80).

2.2 Characterization techniques

The phase structures of fresh and aged samples
were analyzed by an X'Pert PRO MRD
diffractometer equipped with a Cu K, radiation
(4=0.15418 nm). The samples were
measured at a step size of 0.02° in the 26 range of
10° to 90° and the working voltage and current of
the instrument were 40 kV and 25 mA, respectively.
The microscopic morphology and structure of the
samples were observed using a Tecnai G2 F20
transmission  electron  microscope with an
accelerating voltage of 200 kV. XPS measurements
were carried out on a ESCALAB 250Xi
photoelectron  spectrometer equipped with a
monochromatic Al K, radiation source. The step
size of XPS measurements was 0.05 eV, and the
electron binding energy value of each element was
calibrated with the standard C 1s (284.8 eV).

The specific surface area and pore size
distribution of the samples were analyzed by a
Quadrasorb SI-KR/4MP automatic specific surface
area and pore size analyzer at —196 °C, and the
samples were degassed at 280 °C for 3 h before
testing. The OSC and H,-TPR of the samples were
tested by a Chembet PULSAR TPR/TPD chemical
adsorption instrument. For the OSC test, 10 vol.%

source
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H,/Ar was first introduced to reduce the samples at
800 °C for 1 h, and then O, pulse titration was used
at 500 °C to calculate the OSC value of the samples.
For the H,-TPR test, the samples were first oxidized
by 5 vol.% O,/Ar at 500 °C for 1 h, after that the
gas was switched to helium until the temperature
dropped below 30 °C, and then 10 vol.% H,/Ar was
input for H,-TPR. The temperature was increased to
950 °C at a rate of 5 °C/min.

3 Results and discussion

3.1 Crystal structure

Figure 1(a) shows the XRD patterns of
CZLY-X-f (X=20, 40, 60, 80). In Fig. 1(a), all
CZLY-X-f (X=20, 40, 60, 80) have four obvious
diffraction peaks, in which 26 centered at around
29.4°, 34.1°, 49.0° and 58.1°, indexing to the (111),
(200), (220) and (311) planes of Ces5Z.50, (ICDD
PDF No. 04-005-9597, cubic phase), respectively.
Clearly, the peak positions of all samples are similar,
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Fig. 1 XRD patterns of CZLY-X-f (X=20, 40, 60, 80) (a)
and CZLY-X-a (X=20, 40, 60, 80) (b)

which means that the crystal structure is not altered
when the co-precipitation temperature is changed.
The diffraction peaks of CZLY-20-f are broader
than those of other samples, indicating that it has
smaller crystal size and lower crystallinity. With the
increase of co-precipitation temperature, the
diffraction peaks of fresh samples become narrower,
which means that the crystal size and crystallinity
are enlarged and improved, respectively [18].
Figure 1(b) shows the XRD patterns of CZLY-X-a
(X=20, 40, 60, 80). Compared with the fresh
samples, the positions and symmetry of main
diffraction peaks of CZLY-X-a (X=20, 40, 60, 80)
are basically unchanged without new diffraction
peaks, which indicates that no phase separation
However, the
diffraction peaks become sharper after thermal
treatment, revealing that the size of crystal grains
becomes larger. It should be noted that the intensity
of diffraction peak of CZLY-20-a and CZLY-80-a is
stronger than those of the other two samples. The
results show that CZLY-20-a and CZLY-80-a have
larger crystal sizes.

Table 1 shows the structural parameters
of CZLY-X-f and CZLY-X-a (X=20, 40, 60, 80)
calculated according to the Scherrer formula and
Bragg equation. It can be observed that the (111)

occurs after thermal treatment.

crystal plane spacing of all samples is around
0.303 nm. With increasing the co-precipitation
temperature, the crystal size of CZLY-X-f (X=20,
40, 60, 80) increases from 6.1 to 7.3 nm. After
thermal treatment, the grain growth of all samples
occurred to some degree. In particular, CZLY-20-f

Table 1 Structural parameters of CZLY-X-f and
CZLY-X-a (X=20, 40, 60, 80)

Samle 20) 1 g szenm %
CZLY-20-f 29.42 0.304 6.1 -
CZLY-40-f 29.40 0.304 6.8 -
CZLY-60-f 29.43 0.303 7.1 -
CZLY-80-f 29.42 0.304 7.3 -
CZLY-20-a 29.48 0.303 513 741
CZLY-40-a 29.42 0.304 382 462
CZLY-60-a 29.45 0.303 37.3 425
CZLY-80-a 29.45 0.303 495 578

AD represents the increment rate of crystal size after thermal
treatment at 1100 °C for 10 h
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was sintered seriously after treatment at 1100 °C for
10 h, with the largest crystal size of 51.3 nm in aged
samples. Clearly, CZLY-60-f shows the best thermal
stability, with the smallest crystal size (37.3 nm)
and smallest AD (425%) of aged samples. Thus, it
can be concluded that the thermal stability of
CZLY-X-f (X=20,40,60) can be improved by
appropriately  increasing the co-precipitation
temperature. However, the thermal stability of
CZLY-80-a decreased again, with a large AD of
578%, which is higher than 425% of CZLY-60-a.
This implies that excessive co-precipitation
temperature has negative effect on the thermal
stability of CZLYs [15].

The HRTEM images of CZLY-X-f (X=20, 40,
60, 80) are listed in Fig. 2. As seen from Fig. 2,
the interplane spacings of all samples are
approximately 0.310 nm, which can be indexed to
the (111) plane of the Ce(s5Zrys0, (ICDD PDF No.
04-005-9597), agreeing with the interplane spacings
calculated by XRD results.

3.2 Surficial chemical environment

The surficial chemical environment of samples
was further analyzed by X-ray photoelectron
spectroscopy. It can be seen that the Ce 3d XPS
spectrum can be deconvoluted to eight peaks
(Fig. 3(a)). The peaks located at u (901.0-901.4 eV),
u’ (904.0-904.3 eV), u” (907.4-907.7 eV) and u"”’
(916.7-916.9 eV) are related to Ce 3ds», and the
peaks labeled v (882.5-882.8¢V), v’ (885.5—
885.8eV), v” (889.0-889.3¢V) and v" (898.3—
898.6 e¢V) correspond to Ce 3ds, [19,20]. The bands
labeled u’ and v’ represent the Ce’* species, while
the other peaks represent the Ce*" species. The
proportion of Ce’* on the surface can be calculated
by the peak area ratio of (u'+v’)/ (u+u'+u”+
u"+v+v'+v'+v'"[21], and the results are listed
in Table 2. The O 1s XPS peaks for fresh samples
are shown in Fig.3(b), the two bands at

531.6—532.0 and 529.6—530.1 eV represent the
chemisorbed oxygen (O,4s) and lattice oxygen (Oyyy),
respectively [22].

Fig. 2 HRTEM images of CZLY-20-f (a), CZLY-40-f (b), CZLY-60-f (c), and CZLY-80-f (d)

_
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Table 2 shows the surficial element
compositions and molar ratios of the CZLY-X-f and
CZLY-X-a (X=20, 40, 60, 80). For CZLY-20-f, the
surficial compositions of Ce, Zr and La+Y elements
are 29.610%, 55.850% and 14.540%, respectively.
With the increase of co-precipitation temperature,
the surficial element composition shows no obvious
change. However, the surface molar ratio of Ce’"
shows an increase trend for fresh samples from
0.226 (CZLY-20-f) to 0.258 (CZLY-60-f). More
Ce’™ in CZLY-60-f would endow it with more
defects, which is beneficial to the improvement of
redox performance. On the contrary, the surface
element contents of CZLYs have been changed
significantly after thermal treatment. Generally, the
content of Ce element on the surface decreased,
while the contents of La and Y elements increased
after thermal treatment. Especially for CZLY-20-f,
the surface content of Ce decreased from 29.610%
to 17.992%, and the content of La + Y elements
increased from 14.540% to 28.529%. These mean
that thermal treatment would lead to the surface

element rearrangement, with the Ce element
migrating from the surface to the bulk and the
enrichment of La and Y elements on the surface.
And the severe element rearrangement of
CZLY-20-a results in inhomogeneous distribution of
elements. Among aged samples, the surface
composition of CZLY-60-a had the minimal change
which benefited from its homogeneous distribution
of elements and structural stability. Furthermore,
the Ce’” and adsorbed oxygen contents on the
surface of all samples decreased after thermal
treatment, which may be caused by the large crystal
size of aged samples, leading to the reduction of the
surface oxygen vacancies.

3.3 Textural properties

Figure 4 shows the N, adsorption—desorption
isotherms of CZLY-X-f and CZLY-X-a (X=20, 40,
60, 80), with the pore size distribution showing in
the inserts in Figs. 4(a) and (b), respectively. The
isotherms correspond to type IV with a type H2
hysteresis loop [15]. For CZLY-X-f (X=20, 40, 60,

(a)
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Fig. 3 XPS spectra of Ce 3d (a) and O 1s (b) for CZLY-X-f (X=20, 40, 60, 80) samples

Table 2 Surficial element compositions of CZLY-X-f and CZLY-X-a (X=20, 40, 60, 80)

Element composition/at.% Ce*"/Ce 0,45/Olae
Sample Ce 7r La+Y molar ratio molar ratio
CZLY-20-f 29.610 55.850 14.540 0.226 1.178
CZLY-40-f 30.245 55.786 13.970 0.231 1.086
CZLY-60-f 30.332 54.909 14.760 0.258 1.134
CZLY-80-f 30.339 55.614 14.047 0.254 1.082
CZLY-20-a 17.992 53.479 28.529 0.176 0.985
CZLY-40-a 25.773 55.017 19.211 0.148 0.868
CZLY-60-a 24.905 55.333 19.762 0.158 0.930
CZLY-80-a 24.716 54.261 21.023 0.152 0.992
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Fig. 4 N, adsorption—desorption isotherms and pore size
distribution (insert) of CZLY-X-f (a) and CZLY-X-a (b)
(X=20, 40, 60, 80)

80), the pore size distribution is mainly in the
range of 2-50nm. With the increase of the
co-precipitation temperature, the most probable
aperture for fresh samples shifts to the large size. As
the crystal sizes of CZLY-X-f (X=20, 40, 60, 80)
increase, we consider that the large crystal size has
a positive effect on the formation of large pores.
When the co-precipitation temperature reaches
60 °C, the largest probable aperture is obtained.
After thermal treatment, the pore size distribution
of samples changes a lot and shifts to large sizes,
which is due to the migration and sintering of
crystal grains during calcination. It can be observed
that the total pore volume and average pore
diameter of the CZLY-20-a are the smallest, which
may be explained by serious sintering because of
small crystal size. As co-precipitation temperature
increases, the average crystal size is enlarged, thus,
the thermal stability of the sample is promoted.
Notably, the pore size change of CZLY-60-a is the

smallest among the aged samples, indicating its
good thermal stability.

Table 3 shows the specific surface area (Sggr),
the total pore volume and the average pore diameter
of CZLY-X-f and CZLY-X-a (X=20, 40, 60, 80). As
seen, all CZLY-X-f (X=20, 40, 60, 80) have large
specific surface area higher than 100 m%*/g. When
the co-precipitation temperature increases from 20
to 60 °C, the specific surface area of fresh samples
increases from 102.24 (CZLY-20-f) to 112.12 m?¥/g
(CZLY-60-f). The total pore volume and average
pore size of CZLY-60-f are the largest, i.e.
0.48 cm’/g and 16.93 nm, respectively. Compared
with CZLY-X-f (X=20, 40, 60, 80), the specific
surface area and total pore volume of CZLY-X-a
(X=20, 40, 60, 80) are decreased seriously, which is
caused by the collapse of pore structure and the
sintering of the particles after thermal treatment.
Among all aged samples, CZLY-60-a has the largest
specific surface area of 15.42 m*/g and the largest
total pore volume of 0.09 cm’/g. As described in
Ref. [15], the accumulation state and size of crystal
grains impact the thermal stability of CZs. Thus, it
is concluded that the large crystal size and long
migration distance of grains of CZLY-60-f are
responsible for its high thermal stability.

Table 3 Specific surface areas and pore structures of
CZLY-X-f and CZLY-X-a (X=20, 40, 60, 80)

Sample SEETL Total poge B A?/erage pore

(m™g ") volume/(cm’ g ') diameter/nm
CZLY-20-f 102.24 0.25 9.88
CZLY-40-f 109.33 0.34 12.59
CZLY-60-f 112.12 0.48 16.93
CZLY-80-f 111.35 0.44 15.65
CZLY-20-a  8.92 0.03 14.38
CZLY-40-a  11.58 0.07 23.17
CZLY-60-a 15.42 0.09 22.80
CZLY-80-a 13.25 0.08 24.26

Figure 5 shows the TEM images of CZLY-
X-d, CZLY-X-f and CZLY-X-a (X=20, 40, 60, 80).
As seen, the CZLY-X-d (X=20, 40, 60, 80) are
composed of crystals with a size in the range of
2—5 nm, which have low crystallinity and indistinct
grain boundaries. The CZLY-X-f (X=20, 40, 60, 80)
are composed of many polyhedral crystals with
a size in the range of 5—10nm. With the co-
precipitation temperature increasing from 20 to
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Fig. 5 TEM images of CZLY-20-d (a), CZLY-40-d (b), CZLY-60-d (c), CZLY-80-d (d), CZLY-20-f (), CZLY-40-f (f),
CZLY-60-f (g), CZLY-80-f (h), CZLY-20-a (i), CZLY-40-a (j), CZLY-60-a (k), and CZLY-80-a (1)

60 °C, the dispersion of grains of CZLY-X-f (X=20,
40, 60) is improved and the grain boundaries
become clear. Further, a certain amount of crystal
grains of CZLY-X-d and CZLY-X-f (X=20, 40, 60,
80) are selected for the statistics of crystal size, and
the results are shown in Fig. 6. The average crystal
sizes of CZLY-20-d, CZLY-40-d, CZLY-60-d
and CZLY-80-d are 3.2, 3.4, 3.6, and 3.4 nm,
respectively, demonstrating that properly increasing
the co-precipitation temperature could promote the
growth of grains. Meanwhile, the average crystal
sizes of CZLY-X-f (X=20,40,60) show an
increasing trend from 7.3 to 7.7 nm, which is
consistent with the results of XRD. After thermal
treatment, the grains of CZLY-X-a (X=20, 40, 60,
80) become larger. As the crystal sizes of aged
samples are too large and heterogenous, the crystal
size distribution of CZLY-X-a (X=20, 40, 60, 80) is
difficult to obtain due to agglomeration. CZLY-60-a
has the smallest crystal size among the aged
samples, revealing the best thermal stability.

3.4 Redox properties
Figure 7 shows the H,-TPR curves of

CZLY-X-f and CZLY-Y-a (X=20, 40, 60, 80). All
fresh samples display a broad reduction feature
centered at 560 °C, which corresponds to the
reduction of bulk Ce*" species [23]. After thermal
treatment, the reduction temperature of bulk Ce*"
increases, which is due to the structure deterioration
and the collapse of pores caused by high
temperature [24]. It should be noted that, the bulk
Ce*" reduction temperature of CZLY-20-a increases
from 560 to 830 °C, which can be attributed to the
inhomogeneous element distribution and crystal
particles sintering. As to CZLY-60-a, the bulk Ce**
reduction temperature only increases from 560 to
620 °C. This reveals that CZLY-60-a has good
redox properties.

Figure 8 shows the OSC values of CZLY-X-f
and CZLY-X-a (X=20, 40, 60, 80). For CZLY-X-f
(X=20, 40, 60, 80), the OSC values of CZLY-40-f,
CZLY-60-f and CZLY-80-f are all higher than
490.0 umol/g. However, the OSC value of
CZLY-20-f is lower than 400.0 umol/g. This may be
attributed to the low content of active Ce element
and surficial Ce’" species. Among the aged samples,
the OSC value of CZLY-20-a is also the smallest,



J
(]

Lian-jie ZHANG, et al/Trans. Nonferrous Met. Soc. China 32(2022) 618—628

(@)

(=)
(e}
T

N
o
T

Frequency/%
WA
S S

N
S
T

Mean size: 3.2 nm

’

—_—
(==}
T

(e

/

/

g
o

2.5

~
(==}

3.0 3.5
Crystallite size/nm

4.0 4.5

(©)

Frequency/%
38} W B W [oN)
[w=] S S S S
T T T T T

—
S
T

(=]

Mean size: 3.6 nm
A~

\

/|

g
=

2.5

(o))
S

3.0 3.5
Crystallite size/nm

4.0 4.5

(e)

D
(==}
T

~
=)
T

Mean size: 7.3 nm

AN

Frequency/%
W
(e}

[\
(==}
T

/

\

10F / \
0
5 6 7 8 9 10
Crystallite size/nm
60
(2) Mean size: 7.7 nm
50 A\
N
e 40F
=
Q
g 301
53
L
= 20
10
/ NS
0
5 6 7 8 9 10

Crystallite size/nm

70

625

60 -

W
=)
T

Frequency/%
AN
[e]

(b)

Mean size: 3.4 nm

/D

301
20
10} AVL \
0
2.0 2.5 3.0 35 4.0 4.5
Crystallite size/nm
70 -
(d) Mean size: 3.4 nm
60 -
o S0 /\
< \
2 40
Q
&
o 301
|88}
20
\
0
2.0 2.5 3.0 3.5 4.0 4.5
Crystallite size/nm
60
() Mean size: 7.5 nm
50

Frequency/%
N W AN
o (e} (e}

—_
(e
T

/|

/

AN
N

(e

6 7 8 9
Crystallite size/nm

(o))
(=]

(h)

Frequency/%
[\e] (9%} P [
(e [e=] (e (e
T T T T

—
(=]
T

/

Mean size: 7.5 nm

AN
7 N
AN

7

6 7 8 9
Crystallite size/nm

10

Fig. 6 Crystal size distribution statistics of CZLY-20-d (a), CZLY-40-d (b), CZLY-60-d (c), CZLY-80-d (d), CZLY-20-f
(e), CZLY-40-f (), CZLY-60-f (g), and CZLY-80-f (h)



626 Lian-jie ZHANG, et al/Trans. Nonferrous Met. Soc. China 32(2022) 618—628

(@

CZLY-80-f

CZLY-60-f

CZLY-40-f
CZLY-20-f

450 600 750 900

7/°C

150 300

(b)

CZLY-20-a

1 !
(I8 )

150 300 450 600 750 900
7/°C

Fig. 7 H,-TPR curves of CZLY-X-f (a) and CZLY-X-a (b)
(X=20, 40, 60, 80)

which can be explained by the serious sintering of
particles and the rearrangement of element. When
the co-precipitation temperature is higher than
20 °C, the OSC values of CZLY-X-a (X=40, 60, 80)
show little change, all of which are larger than
450.0 umol/g, and CZLY-60-a has the highest OSC
value of 497.7 pumol/g.

T;D w : /% / CZ/L/Y-X-a
%300% Z é /
000

A0

7/°C
Fig. 8 OSC values of CZLY-X-f and CZLY-X-a (X=20,
40, 60, 80)

3.5 Influencing mechanism of co-precipitation
temperature on structure and properties of
CZLYs
A mechanism that the co-precipitation

temperature influences the structure and properties

of CZLYs is proposed based on the above results.

As an important reaction thermodynamic parameter,

the co-precipitation temperature has significant

effects on the viscosity of the system, the mass
transfer rate, and the nucleation and growth of
crystal grains [25,26]. The influencing mechanism
of co-precipitation temperature on structure and
properties of CZLYs [27] is shown in Fig. 9. When
the co-precipitation temperature is low, the
nucleation rate of crystal grains is faster than the
growth rate, resulting in small-sized crystal grains.

To reduce the high surface energy, the small crystal

grains tend to assemble and accumulate, leading

to poor thermal stability. On the other hand, the

Zr-rich Ce-rich
PN

Aging treatment

.
k}\g:.

o

"
\ I

Aging treatment
—_ >

Reduction temperatur:
of bulk Ce**

620 °C

Fig. 9 Influencing mechanism of co-precipitation temperature on structure and properties of CZLY's
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microscopic homogeneity of the precursor is also
unsatisfactory because of the low mass transfer rate
at low co-precipitation temperature, which causes
inhomogeneous element distribution of CZLYs,
probably with Ce-rich and Zr-rich components.
When the temperature of preparation system
increases to a proper value, the increased growth
rate promotes the growth of crystal grains, with the
improved uniformity of the precursor because of the
promoted mass transfer rate, leading to good
element distribution of the samples [28]. However,
continuing to increase the co-precipitation
temperature may restrain the growth of crystal
grains by promoting the nucleation rate larger than
the growth rate [15]. In summary, a proper
co-precipitation temperature 1is a necessary
condition for obtaining CZLYs with good thermal
stability and redox properties.

4 Conclusions

(1) A series of CZLYs with cubic phase
structure were synthesized by co-precipitation
method. After thermal treatment at 1100 °C for 10 h,
the Ce element migrated from the surface to the
bulk and the enrichment of La and Y elements on
the surface happened. With the increase of
co-precipitation temperature, the growth of grains is
promoted, and the material has good dispersion and
uniformity of grains, which leads to good thermal
stability and redox properties.

(2) When the co-precipitation temperature is
60 °C, the prepared CZLY-60 material shows the
best thermal stability and redox properties. After
treatment at 1100 °C for 10 h, CZLY-60-a has the
largest total specific surface area of 15.42 m*/g and
the largest total pore volume of 0.09 cm’/g.
Meanwhile, it also has the best redox property with
the lowest bulk Ce* reduction temperature of
620 °C and high OSC of 497.7 pmol/g.
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