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Abstract: A mesoporous La/Ce/Zr composite oxide catalyst is prepared,in whichγ-Al2 O3 works as the main modification
component to replace different mass percent of Ce/Zr solid solution matrix. The structures and performances of the composite oxide
catalyst powder are characterized by ICP analyzer, scanning electron micro-scope(SEM),specific surface analyzer, laser particle size
analyzer, thermal gravimetric analyzer(TGA) and other characterization techniques. The results show thatγ-Al2 O3 adjunction
significantly improves the sintering degree of the surface of the catalyst powder under high service temperature, increases the
thermal stability and anti-aging performance of the catalyst, and simultaneously helps to improve NOx reduction rate and CO2
generation rate of the catalyst. The results of this study have an important value in an engineering application for the simultaneous
removal of marine diesel engine exhaust pollutants of PM and NOx.
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disordered crystal phase like spinel structure, structural flaws

Introduction

and crystal aluminum vacancies, while it has small particle size,

Under normal conditions, the ignition temperature of

large specific surface area, strong adsorption ability to different

carbon particles (PM) of marine diesel engine is high and NOx is

reactant and large catalytic reaction temperature range. So it can

difficult to be reduced, so the simultaneous catalytic removal of

be used as catalyst or catalytic agent. For example, firstly

PM and NOx for diesel engine has become one of the hot topics

γ-Al2O3 is coated on the surface of the honeycomb ceramic filter,

[4] [5][6]

in the research field

. At present, the previous use of rare

earth catalyst has effectively reduced PM ignition temperature

then the catalyst is impregnated in the ceramic filter, for instance,
the triple-effect gasoline purification filters.

and improved the reduction rate of NOx .However, because of

γ-Al2O3 has some characteristics of high melting point and

its poor thermal stability and anti-aging performance, the

high specific surface area, which are used to modify the

technology of the simultaneous catalytic removal of diesel

lanthanum cerium zirconium composite oxide in order to prepare

engine PM and NOx is not widely used in marine engineering

a mesoporous lanthanum cerium zirconium aluminum composite

[1]

practice, and should be studied further later.

oxide[10]. Then its effect is studied on catalytic performances of

The catalytic property is mainly influenced by the

engine PM and NOx[11].Finally, the purpose of this paper is

microstructure properties of the catalyst[2]. The distribution state,

achieved, that is to improve the thermal stability of rare-earth

powder surface contact state and acid-base properties of loaded

catalyst and aging resistance, to improve the production rate of

carriers of the active components have significant influence on

CO2 and the reduction rate of NOx, and to meet the needs in

[3]

the catalytic properties . At the present stage, the research of the

engineering practice of marine diesel engine.

catalyst, especially the supported catalyst, in changing the

In this paper, two mass fractions of γ-Al2O3 are used to

substrate surface coating, substrate surface acidity and

modify lanthanum cerium zirconium composite oxide. There are

morphology is to change the mobility and distribution of the

two kinds of experimental schemes.

. In

The first scheme is to use 60%γ-Al2O3 instead of Ce/Zr to

substrate coating material, activated alumina has been more

obtain the mesoporous lanthanum cerium zirconium aluminum

[7][8][9]

active catalyst component on the substrate surface
researched and applied.

Activated alumina with certain catalytic redox ability has a

composite oxide, which is La0.05Ce0.24Zr0.11O2/ (γ-Al2O3)

0.6,

hereinafter referred to as LCZA60.
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The second scheme is to use 76%γ-Al2O3 instead of

deionized water with the concentration of NH4HCO3solution

Ce/Zrto get the mesoporous lanthanum cerium zirconium

being1mol/L. Two solutions are magnetically stirred to be fully

aluminum composite oxide, which is

La0.04Ce0.15Zr0.05O2/

(Al2O3) 0.76, hereinafter referred to as LCZA76.

dissolved at room temperature.
Ammonia is used to adjust PH value of NH4HCO3 solution
to around 8.5. Alumina nanoparticles of the corresponding

1. Preparation for the experiment

quality are put into the rare-earth nitrate solution and are evenly

In the preparation process of the mesoporous lanthanum

dispersed in the solution by ultrasonic dispersion, then are stirred

cerium zirconium aluminum composite oxide powder, the

by magnetic mixer under the constant temperature. Under 70℃

process parameters of the solution concentration, pH, precursor

constant temperature, the excessive rare-earth ion solution is

.Only a partial

slowly titrated into NH4HCO3 solution to control pH value

content of component is changed to be able to greatly change the

between 8-8.5 with continuous magnetic stir. After a period of

physicochemical properties of the catalyst, such as specific

constant temperature mixing reaction, the reaction production is

surface area, the formation of the composite crystalline phase

filtrated and precipitated, and is washed by deionized water two

[12]

and calcination temperature are the same

. This experiment still uses

times and then by absolute ethanol. After being dried about one

rare-earth nitrate as rare-earth source, NH4HCO3 as precipitant,

hour at 100℃, the reaction production is put into the high

and sixteen alkyl three methyl bromide as a cationic surfactant

temperature resistance furnace and is roasted for about four

[13]

and catalytic properties, and so on

[14]

dispersant

.The composite powder is prepared by dispersing
[15]

active suspended Al2O3 nanoparticles in liquid

hours at 800℃, finally two powder catalysts of La/Ce/Zr/Al
composite oxides can be obtained respectively, which are

.

According to the two experimental schemes, the mass
fraction ratio of each component for required catalyst powder is
respectively as follows: (La2O3): (CeO2): (ZrO2): (Al2O3)
=5:24:11:60, (La2O3): (CeO2): (ZrO2): (Al2O3) =4:15:5:76. The
needed qualities of La (NO3) 3·6H2O, Ce (NO3) 3·6H2O, Zr (NO3)

LCZA60 and LCZA76.
2.

Characterization

and

analysis

of

physical

performances for catalyst
The characterization and analysis instrument of catalyst

4·5H2O, NH4HCO3 and sixteen alkyl three methyl bromide and

physical and chemical properties in this paper are as follows:

activated alumina powder are calculated and weighed.

Coulter LS-230；ASAP2100； JSM-7500F；XPert Powder，

Rare-earth nitrate and sixteen-alkyl three-methyl bromide are

Hitachi TG/DTA7200.

dissolved in deionized water with the total concentration of

2.1 ICP analysis

rare-earth ions being0.5mol/L. NH4HCO3is dissolved in
Table.1 Quantitative analysis of chemical composition for LCZA60

Chemical composition

Actual content (%)

Design content (%)

Error (%)

La2O3

5.08

5

1.6

CeO2

23.71

24

-1.2

ZrO2

11.13

11

1.2

Al2O3

59.95

60

-0.001

LCZA60

99.87

100

-0.13

Table.2 Quantitative analysis table of chemical composition for LCZA76

Chemical composition

Actual content (%)

Design content (%)

Error (%)

La2O3

4.08

4

0.08

CeO2

14.55

15

-0.45

ZrO2

5.05

5

0.5

Al2O3

75.60

76

-0.4

LCZA76

99.28

100

-0.72

The deviation between the measured value and the design
value of the chemical composition in Table 1 and table 2 is less
than 2%. Because of small deviation, the chemical composition

can meet the experimental requirements.
2.2 BET and SEM analysis
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Table.3 Particle size and specific surface area of fresh catalyzer

Parameter
Catalyzer

D10

D50

D90

Average particle size reduction rate

Specific surface area

Specific surface area increase rate

(μm)

(μm)

(μm)

(%)

(m2/g)

(%)

γ-Al2O3

0.13

0.22

0.45

0

130.3

0

La0.05Ce0.65Zr0.3O2

0.91

2.96

6.43

0

67.4

0

LCZA60

1.23

2.71

7.60

8.5

120.2

78.4

LCZA76

1.25

2.70

7.61

8.8

125.52

86.3

γ-Al2O3 used in the experiment is purchased from the market, with its data provided by the merchant.

（a）Fresh state

（b）Thermal aging state
Fig.1 SEM image of LCZA60

（a）Fresh state

（b）Thermal aging state
Fig.2 SEM image of LCZA76

Compared with Fig 1 (a), the size of individual particles in

the La/Ce/Zr component so as to reduce the adhesion between

Fig 2 (a) is larger, but its distribution is more uniformed. The

the grains and prevent the occurrence of sintering agglomeration.

result shows that the addition ofγ-Al2O3 promotes the dispersion
of La so as to evenly distribute refinement effect of La.
Compared with Fig 1 (b), although sintering agglomeration
in Fig 2 (b) occurs in a few areas, the grain size and the adhesion
degree are lower, the grain size in other regions is relatively
smaller and its distribution is more uniformed. The result shows
that addition ofγ-Al2O3 has the effect of dispersing and isolating

Although the addition of γ-Al2O3 does not lead to the
significant increase of the specific surface area, the thermal
stability and anti-aging performance are significantly improved,
and the occurrence of agglomeration is decreased.
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2.3 Anti-aging performance
Table.4 The specific surface area of thermal aging catalyzer

Parameter

Aging temperature

Specific surface area

Specific surface area change rate after aging

(℃)

(m2/g)

(%)

Catalyzer
La0.05Ce0.65Zr0.3O2

1000（4h）

25.07

0

La0.05Ce0.25Zr0.1O2/(Al2O3)60

1000（4h）

82.23

-31.6

La0.04Ce0.15Zr0.05O2/(Al2O3)76

1000（4h）

105.51

-15.9

Data of table 4 fully shows that the sintering degree for the

temperature of LCZA76 are reduced and its maximum

active component on surface of LCZA76 is smaller. The reason

production rate of CO2 and maximum reduction rate of NO are

is due to the good thermal stability ofγ-Al2O3. Although the

increased.

grain has a certain degree of growth，because of the effect
ofγ-Al2O3 on the dispersion of the active component, ,the
La/Ce/Zr grains are separated byγ-Al2O3 to prevent the
occurrence of sintering. Therefore, the addition ofγ-Al2O3 can
maintain a good surface structure of catalyst powder under high
temperature condition, and make the grain size more uniform
distribution, then effectively inhibit the sintering of the active
component.
2.4 TPR catalytic experiment
3mg PM is fully mixed with 8mg LCZA60 and LCZA76
respectively in the thermogravimetric analyzer. TPR experiment

Fig. 3 TPR curves of LCZA60under

is carried out by passing the mixture gas of NO and O2, where
the NO concentration is 1000ppm.
It is TPR curves of catalyst LCZA60 under NO and O2
atmosphere, as shown in figure 3. The results show that the
ignition temperature of engine PM is about 305℃ and the
highest oxidation catalytic activity temperature is about 510℃.
The maximum production rate of CO2 is 77.5%and the
maximum reduction rate of NO is 21.8%.
It is TPR curves of catalyst LCZA76 under NO and O2
atmosphere, as shown in figure 4. The results show that the
ignition temperature of engine PM is about 290℃ and the

Fig.4 TPR curves of LCZA76 under NO and O2

highest oxidation catalytic activity temperature is about 480℃.
The maximum production rate of CO2 is 83.3% and the

According to Figure 3 and Figure 4, the experimental

maximum reduction rate of NO is 22.8%.Compared with

contrastive results of LCZA60 and LCZA76 under NO and O2

LCZA60, both the ignition temperature and maximum active

atmosphere are shown in Table 5.

Table.5 Comparison of experimental results

Before catalysis

After LCZA 60

After LCZA 76
290

The ignition temperature of PM (℃)

490

305

The highest active temperature of PM (℃)

650

510

480

Maximum production rate of CO2 (%)

0

77.5

83.3

Maximal reduction rate of NO (%)

0

21.8

22.8

To sum up, addition of γ-Al2O3 promotes the dispersion on
the surface of La/Ce/Zr composite component, increases surface
structure defects, and enhances the activation adsorption
capacity of NO catalyst and migration of lattice oxygen, then

improves the catalytic complex on La/Ce/Zr NO removal
performance.
3. Concluding remarks
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Because activated γ-Al2O3 has active component dispersion
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simultaneous

removal

of

NOx

and

diesel

soot

effect and heat stable structure. Addition of activity γ-Al2O3

particulates[J].Applied Catalysis B-Environmental. 2001, 34(1):

improves the surface sintering degree under high temperature,

73-78.

enhances the thermal stability of the catalyst, and improves the

[7] Shangguan, W. F., Teraoka, Y., Kagawa, S. Simultaneous

anti-aging performance, meanwhile improves the LCZA76

catalytic removal of NOx and diesel soot particulates over ternary

surface dispersion, the specific surface area and the catalytic

AB2O4 spinel-type oxides[J]. Applied Catalysis B-Environmental.

performance, and then CO2 production rate and NO reduction

1996, 8(2): 217-227.

rate. However, it also reduces ignition temperature of PM.

[8] Hong, S. S., Lee, G. D. Simultaneous removal of NO and carbon

At the present stage, properties of LCZA76 catalyst have
basically met some processing requirements of the marine diesel
engine exhaust pollutants.

particulates over lanthanoidperovskite-type catalysts[J]. Catalysis
Today.2000, 63: 397-404.
[9] Shibata, K., Oi, T., Otsuka, A.etc. Properties of DPF system
using perovskite catalysts supported on ZrO2/SiC fibers[J].

-------------------------------------------------------------------

Journal of the Ceramic Society of Japan. 2003, 111(11):852-856.
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