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ADbstract : TheDeNO, performance of catalystsis akey

part in the selective catalytic reduction process. In this study,
CeOQ,/TiO, catalysts were prepared by the impregnation
method and the sol-gel method, and the DeNO, performance
of the catalysts was tested on a self-built experimental sys-
tem. The efficiency difference dueto thetwo preparation meth-
ods was analyzed by X-ray diffraction technology and
Brunauer-Emmett-Teller method. The experimenta results
showed that CeO,/TiO, catalysts prepared by the sol-gel
method had alarger surface area and the DeNO, activity was

INTRODUCTION

The emission of nitrogen oxides during coal
combustionisgreat harmful to theenvironment™3. As
animportant part of nitrogen oxidesremova technology,
selective catalytic reduction (SCR) has been adopted
in many power plants*9. In SCR technology, the
performanceof the catdystsisthefocusfor researchers.
Vanadiumtitanium catayst hasreceived al ot of etention
and been widely used in SCR technology, whilethe
common method is to load V,0, on TiO, and add
different amounts of WO, or MoO,["*%. In addition,
other metal oxides, such asFe, Cu, Cr, and Mn, have
beenwiddy studied asactiveingredients'3, Feng Gao
et al. studied the reaction kinetics of Cu-SSZ-13
catdystswith various Culoadings*. Theadhesionand
surface characteristics of monolithic Cr-V/TiO,/
cordierite catalysts were investigated for low-
temperature NH-SCR reactions by Hai-feng Huang
et al.l™,

Although the research for the effect of different

higher than the catalysts prepared by the impregnation
method, when the temperature was below 350 °C. For CeO,/
TiO, catalysts prepared by theimpregnation method, the crys-
tal form of CeO, could be seen, when CeO, content was 10%.
However, if CeO, content was more than 3%, the catalyst had

relative high activity suitable for industrial application.
© Trade ScienceInc.
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loadings on SCR catalysts has been carried out for
years, littlework has been doneto study the effect of
preparation methods onthe DeNOX efficiency. Inthis
study, CeQO,/TiO, catalysts were prepared by the
impregnation (IM) method and thesol-gel (SG) method,
and different amounts of CeO, wereloadedin TiO, to
determine the optimal loading amount of active
substance. The microstructure of the catalysts was
investigated to explore thereasonsfor the differences
of DeNOXx performance by X-ray diffraction (XRD)
technology and Brunauer-Emmett-Te ler (BET) method.

EXPERIMENTAL SECTION

Experimental system

Theexperimental systemisasshowninFigurel.
In the experiments, themixed gasof NO, O,and N,
was simulated flue gas, NH,, was used as areducing
agent, whereinthe NO content was 500 ppm, the same
asNH.. O, content was about 4%, and N, was used
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Figurel: Experimental system

as the balance gas. There were three parts in the
experimenta system: thegassupply system, thereection
system and the measurement system.

Thegassupply system provided smulated fluegas
and reducing agent, and the gasflow was controlled by
mass flow meter. The reaction system contained the
reactor and temperature controller. Asone-dimensiona
tube furnace, the reactor was madefrom quartz glass,
filled with cotton insulation. The catalysts loaded in the
reactor and were fixed by mullite asbestos in the
position, inwhich athermocouplewas set to monitor
temperature. The measurement system was mainly
composed of flue gas analyzer (GASMET FTIR
Dx4000), whichwasappliedto record the concentration
of NO and NH,,.

Catalyst preparation

Themethodsof catdyst preparationinthelaboratory
aremainly sol-gel method, precipitation method, ion
exchange method and impregnation method. By
Isometric impregnation method solution can just
immerseall carrier particlesto avoidtherecovery steps
of filtering and impregnating solution. In thiswork,
CeQ,/TiO, catalysts was prepared by IM method.
Preparation process of granular CeO,/TiO, cataystsis
showninFigure2.

Step-by-step SG preparation method isasfollows:
(1) Take appropriate amount of butyl titanate and

anhydrous ethanol (volumeratiois4:1), then mix
and dtir fully to giveauniformand transparent light
yellow solution, whichisdenoted by solutionA.

(2) Takeasuitableamount of delonized water, ethanal,
nitric acid (volumeratiois1:1:0.2) and weigh a
certainamount of ceriumnitrate. Thenmix theabove
solution, dissolveceriumnitrateand tir sufficiently
to giveasolution, which isdenoted by solution B.
And then different amounts of cerium nitrate can
producedifferent CeO,/TiO, catalysts supporting
different amount of CeO,

(3) Placesolution B inawater bath of magnetic stirrer
and control acertain water bath temperature and
stirring speed, at the sametimedrip the solution A
through the burette slowly into the solution B to
form amixed solution that can hydrolyze. After
drippingthesolutionA, stirringiscontinued for a
period of timeto giveapal eyelow transparent sol
andfinally becomewet gel.

(4) Putwet gel indrying ovenunder 110°C for 24 h,
calcineinthemufflefurnacefor 5hunder 500°C
and fresh CeOQ,/TiO, catalystisprepared. Findly,
the catalyst is milled to 40 to 60 mesh to test its
DeNOx efficiency.

The catalysts was named Cex/Ti(IM) or Cex/

Ti(SG) inthisstudy, and x meansthe mass percentage

of CeO, inthecatayst.
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Figure2: Preparation processof granular CeO,/TiO, catalystsby IM method

RESULTSAND DISCUSSION

DeNOx of CeO,/TiO, catalysts

Figure 3 showsthat DeNOx efficiency of CeO,/
TiO, catalysts prepared by IM method versus
temperature. As can be seen from the Figure 3, when
CeQ, content was between 0.5% and 2%, the DeNOXx
efficiency of CeO,/TiO, catalystswasrel atively low.
When CeO, content was 5% and 10%, CeO,/TiO,
catalyst DeNOx efficiency wassignificantly high, and
under 250 °C the DeNOXx efficiency reached morethan
93.4%. When CeO, content was 0.5%, in the
temperaturerange of 200-300°C the DeNOXx efficiency
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Figure3: DeNOx efficiency of CeO,/TiO, catalyst prepared

by IM method

wasvery low (between 9.7%-14.9%); under 350 °C
and 400 °C the DeNOx efficiency was significantly
increased to 48.1% and 98.9%. When CeO, content
was 1%, the DeNOXx efficiency had the sameruleswith
Ce0.5/Ti (IM), the DeNOx efficiency increased dightly.
Thus, the CeO,/TiO, catalysts DeNOx efficiency had
agreat relationship with CeO, content.

Figure 4 shows that DeNOX efficiency of CeO,/
TiO, catalysts prepared by SG method versus
temperature. As can be seen from Figure 4, compared
with Ce0.5/Ti-4 (IM), the DeNOx efficiency of CeO,/
TiO, catdystswas generaly low when CeO, content is
0.5% below 400°C. But whenthetemperatureishigher
than 400 °C, the efficiency greatly improved, and the
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Figure4: DeNOx efficiency of CeO,/TiO, catalyst prepar ed
by SG method
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efficiency is82.1%. When CeQ, content continued to
increase, the catalyst activity under low temperature
continued to grow, but the catalyst DeNOx efficiency
from different CeO, content decreased in the
temperature range of 350-450 °C and both efficiency
remained above 76.2%.

Microscopic propertiesof catalysts

The catal ystswith different cerium contentswere
prepared in the experiments, by IM method and SG
method. The specific surface area, porevolume, and
pore diameter werelisted in detail in TABLE 1. We
can find that by SG method Ce3/Ti(SG) hasahigher
specific surfaceareaof 97.211m?/g, while Ce3/Ti(IM)
has specific surface areaof 74.520 m?/g.

TABLE 1: Microscopicpropertiesof catalysts

Specific Pore Pore
catalyst surface volume diameter
area (m?/g) (ml/g) (nm)
Ce3/Ti(IM) 74.520 0.017 18.194
Ce3/Ti(SG) 97.211 0.027 19.237

Figure5 showsthat threekindsof XRD patternsof
CeO,/TiO,(IM) catalysts, of which CeO, accounted
for 0.5%, 3% and 10%. Ascan beseen fromthefigure,
if the CeO, content increased from 0.5% to 3%, the
diffraction peak position onthe XRD patternsdid not
change significantly. However, the intensity of the
characteristic pesk becamedightly smaller, indicating
inCeO,/TiO,(IM) CeO, and TiO, werebetter together
and TiO, grains of catalysts were smaller. All the
catalysts only appeared anatase TiO, characteristic
pesks, and no CeO, crysta phasg, indicatingthat when
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Figure5: XRD pattern of CeO,/TiO, catalystsprepared by
IM method
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CeQ, content was less than 3%, cerium was well
dispersed onthesurface. Therewas CeO, characteristic
diffraction peaks (20=28.555°, 33.082°) in Cel0/Ti-4
(IM), indicating CeQO, grains appeared in the catal yst
and CeO, loading exceeded the saturation value of
CeQ, intheTiO, surface. CeO, grainisnot activefor
SCR reaction, soit should beavoidedinthe preparation
Process.

Figure 6 showsthat threekindsof XRD patternsof
CeO,/TiO,(SG), of which CeO, accounted for 0.5%,
3% and 10%. As can be seen from thefigure, when
CeQ, content was 0.5%, we can observe obvious
anatase TIO, characterigtic peaks, rutile TiO, diffraction
peaks (20=27.508°, 36.159°) and brookite TiO,
characteristic peaks, indicating that when catalyst was
prepared by SG method, the TiO, appeared more
changing. When CeO, content was 3%, the pesk shape
of anatase TiO, becameincompl ete, broad and diffuse.
When CeO, content increased to 10%, the pesk shape
was more broad and low, indi cating that the el ectronic
interaction between CeO, and TiO, strengthened, and
CeO, wasdissolvedin TiO, with highly dispersed or
amorphous state. Meanwhile, rutile TiO, peaks
disappeared, but brookite TiO, still existed withlower
intensity. All theseindicated theincreaseof CeO, content
suppressed the transformation from anatase TiO, to
rutileTiO,.
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Figure6: XRD pattern of CeO,/TiO, catalystsprepared by
SG method

CONCLUSIONS

The specific surface area is an key factor that
affected the DeNOXx efficiency. The catalystsbased on
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CeO,/TiO, madeby SG method have greater specific
surfacearea. XRD showsthat therutileand broolnte
typeof TiO, appeared in the catalysts prepared by SG
method and the crystal form of CeO, did not show up.
Thecrystal form of CeO, ppeared asthe concentration
of CeO,was 10% in the catalysts prepared by IM
method. It demonstrated that CeO, was not well
dispersed onthe surface of the carrier.

TheCeQ,/TiO, catal ysts prepared by IM method
have relatively high DeNOx efficiency when the
concentration of CeO, was 3% and that activity will
not declinewithin atemperature range of 350-400°C.
The DeNOxefficiency of CeO,/TiO, catalysts prepared
by SG method turned out a litthle higher than that
prepared by IM method when the temperature was
below 350 °C.
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