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Abstract : Inthisresearch, the DeNOx efficiency of
V,O/TiO, catalystswas measured in aself-designed
lab-scale experimental system. TheV,O,/TiO, cata-
lystswere prepared under different cal cining conditions,
including cal cining temperature and calcining time.
Moreover, the Brunauer-Emmett-Teller method, the X -
ray diffraction technol ogy, and the scanning el ectron
microscope technol ogy were applied to analyze the
microstructure propertiesof catalysts. The experimen-
tal results show that the efficiency of catalystsall in-
creased asthereaction temperature rosefrom 200 °C

INTRODUCTION

Thepollutionresulting from theburning of fossil fu-
elsserioudy hurtsthegloba environment, especidly the
recent decades™. The NOx (NO and NO,) emissions
generated during the combustion processesin indus-
triesand transportation engines(car, train, aircraft, etc.)
not only do harm to human’s health, but lead to urban
smog, acid precipitation and other environmenta prob-
lemd?3. Therefore, selectivecataytic reduction (SCR)
isworldwidely adopted to control the NOx emissions,
and the catal ysts used in the SCR processdraw more
and moreattention of expertsand researchersall over

to 400°C, but it decreased when thetemperature ex-
ceeded 400°C. The catalyst calcined under 500°C
performed greater DeNOXx efficiency than others. The
influenceof caciningtimeonthe DeNOXxefficiency was
lessthanthat of calcining temperature.
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theworl di*€l,

In coal boilersand automobileengines, V/Ti cata-
lysts are the most widely used catalysts. Generally
speaking, V.0, isloaded on TiO, and different amounts
of WO, or MoO, are often added to improve the
efficiency of cataysts™9. Moreover, different carriers
suchasAlO,, SiO,, ZrO, and so on have also been
tested to explore new types of catalysts**?, Feng Gao
et al. studied thereaction kinetics of Cu-SSZ-13 cata
lystswith various Cu loadings*¥. The adhesion and
surface characteristicsof monolithic Cr-V/TiO,/cordi-
erite catalystswereinvestigated for low-temperature
NH_-SCR reactions by Hai-feng Huang et al .1*9.
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Although many studi es have been conducted on V/
Ti catalystsin recent years, little work has been pub-
lished ontheeffect of cacining conditionsonthe DENOX
efficiency of V/Ti catalysts. In the research described
here, theinfluencethe cal cining temperatureand the
calciningtimeon the DeNOx efficiency of V/Ti cata-
lystswasexplored by experiments, and the character-
ization methods of Brunauer-Emmett-Teller (BET)
method, the X-ray diffraction (XRD) technol ogy, and
the scanning el ectron microscope (SEM) technol ogy
were applied to research the microscopic properties
and anayzethe causesfor thedifferent performance.

EXPERIMENTAL

Experimental setup

Theexperimentd ingalationisasshownin Figure
landitismadeup of agasfeeding system, agasreac-
tion system and agasanaysissystem. Puregasesfrom
gascylindersare dosed with massflow controllersand
arefed into thereactor. In the experiments, the total
gasflow ratewaskept 1 L/min (STP, the samebel ow),
which contains 4% O,, 500 ppm NH_ and 500 ppm
NO with the balance N,,. The gas reaction systemis
composed of aone-dimensional quartz tubefurnace
and atemperature controller. The exhausted gas after
DeNOx reaction flew into a gas analyzer through a
PTFE pipe, whichwas heated to 105°C. Thefluegas
anayzer (GASMET FTIR Dx4000) measuresthe con-
centration of gases(NO, NO,, N,O, etc.) tobeaslow
as 0.2 ppm, with the measurement accuracy of £2%.

Catalyst preparation

The preparation procedureof granular V,O,/TiO,
cadystisasshownin Figure 2. Appropriate amount of
NH,V O, and COOH-COOH was accurately weighed
and mixed with proper deionized water, whichwasthen
heated in 40°C water bath until the color of the solu-
tion turned from yellow to dark blue.

Appropriate amount of dry TiO, powder was
gradually impregnated with NH,V O,/COOH-COOH
water solution (TiO,:solution=1g:1.1 ml) and stirred
congtantly, and thenthe catal yst after impregnation was
oscillated inaultrasonic oscillator for 30 minutes. Let
standfor 24 hoursat 25°C, the catalyst wasthendried
for 12 hoursat 110°Cinadryingoven and calcinedin
amufflefurnace at specific temperature (x °C) for spe-
cifictime(y hours). Finally, the prepared catalyst was
ground to 40-65 mesh particlesand weighed 1.0 g ev-
ery timefor theefficiency test.

TheV O, content of the catalysts prepared inthis
research was stable 1%. Cataysts prepared under dif-
ferent calcining conditionsweremarked asV U/Ti-x-y,
wherex and y respectively represented the calcining
temperature (°C) and thecaciningtime (h).

RESULTSAND DISCUSSION

Influenceof calcining temper atureand calcining
time on the DeNOXx efficiency

Figure 3 showsthe DeNOx efficiency changing
trend of catdysts cd cined at different temperature (300
°C, 400°C, 500°C, 600°C, and 700°C) withthereac-
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Figure3: DeNOXx efficiency of catalystscalcined at different temperature

tion temperature varying from 200°C to 450°C. As
showninFigure3, the DeNOx efficiency of catalysts
prepared at different cal cining temperature showed the
same variation tendency, and they all firstly increased
asthereaction temperaturerose but fell off whenthe
reaction temperature was above 400°C. At 200°C, dl
thecatdyss performed smilar DeNOx efficiency. How-
ever, asthereaction temperatureincreased, the cata-
lyst V1/Ti-500-5 performed thehighest efficiency. When
the reaction temperature was higher than 400 °C, the
efficiency of V 1/Ti-600-5 and V 1/Ti-700-5 declined

dightly, whiletheefficiency of VI/Ti-300-5andV 1/Ti-
400-5 decreased more obvioudly.

Figure4 showstheinfluence of calciningtime (3
hours, 5 hours, and 7 hours) on the DeNOx efficiency
of catalystscalcined at 500°C. From it we could see,
the changing trend of the efficiency did not differ too
much from Figure 3, and therestill existed an optimum
temperature window for the DeNOx reaction. Of al
thecataysts, theefficiency of V1/Ti-500-3and V 1/Ti-
500-7 wasbasicaly thesame, and it wassmilar tothe
efficiency of V 1/Ti-500-5 when the reaction tempera-
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turewas below 250°C. However, when thereaction
temperature rose above 250°C, both VV1/Ti-500-3 and
V 1/Ti-500-7 performed alittle poorly than V 1/ Ti-500-
5. But obvioudy, theinfluence of calciningtimeonthe
DeNOx efficiency was weaker than that of calcining
temperature.

Microscopic propertiesof catalysts

The XRD map of catalystsisshownin Figure5,
fromwhichwecould seethat for different typesof cata-
lysts, therewereonly diffraction pesksof TiO, foundin
themap but not VV.,O,.. Therefore, thesedataimply that
theV O, loadingonTiO, existedinthestateof equiaxed
aggregate, which was beneficial to the DeNOx effi-
ciency of catalysts. From Figure 5 wecould also con-
cludethat asthe calcining temperatureincreased, the
intensity of thediffraction peaksof TiO, rose signifi-
cantly. Moreover, therewere morediffraction peaksin
the XRD map of V1/Ti-700-5, and thecrystal form of
TiO, becamemuch sharper and moreobviously. These

FULL PAPER

findings confirm that asthe cal cining temperaturein-
creased from 300°C to 700°C, thecrystalinegrain of
TiO, gradually grew up and it becamemuch easier to
besintered. Asiswell knowntousdl, if the SCR cata
lystissintered, the DeNOXx efficiency would decrease
greatly and the catalyst would | oseitsefficiency, sowe
must avoidit carefully inindustries. By comparing the
XRD map of V 1/Ti-500-5with themap of V 1/Ti-500-
7,it could befound that therewaslittle difference be-
tween them, which suggeststhat thecrystd formof V1/
Ti-500-5 and V 1/Ti-500-7 did not differ much at the
same calcining temperature of 500°C. Therefore, we
could concludethat theeffect of calciningtimeonthe
crystal form of catal ystswas much weaker than that of
calcining temperature, which could explainwhy thein-
fluenceof calciningtimeon the DeNOx efficiency was
not asobviousasthat of ca cining temperature.
Toexplorethevariation of thecatalyst grain sizes
at different cacining temperature quantificationdly, the
grain sizesof V1/Ti-300-5, V1/Ti-500-5 and V 1/Ti-

TABLE 1: Grain sizeof catalysts

Catalyst V1/Ti-300-5

V1/Ti-500-5 V UTi-700-5

Grain d9ze (nm) 211

235 31.9

A: VI/Ti-300-5 B: VI/Ti-500-5 C:
Figure6: SEM photographsof catalystscalcined at different conditions

VUTi-500-7  D: VI/Ti-7T00-5
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700-5 were cal culated according to the Scherrer for-
mula*® and theresultsarelistedin TABLE 1. Asthe
calcining temperature rose, the grain size increased
gradually andthegrain sizeof V 1/Ti-700-5wasmuch
larger than that of V 1/Ti-500-5.

The SEM photographsof catalystsV 1/Ti-300-5,
V UTi-500-5, V1/Ti-700-5and V 1/Ti-500-7 are shown
inFigure6, and themagnification of the SEM is10000.
From Figure 6 it could be seen that the catalyst par-
ticlesof V1/Ti-300-5 were evenly distributed but the
particlesizewaslarge. That was mainly becausethe
precursor compound of vanadium in the catalyst was
not completely decomposed at the cal cining tempera:
ture of 300°C, and there was only part of the total
vanadium playing therole of the active center. From
Figure 6 we could also seethat the particlesof V1/Ti-
500-5 weretiny and evenly distributed, which showed
that vanadium well dispersed inthecatalyst and it ben-
efited the process of the DeNOx reaction. Resulting
from thelong calcining time, the catalyst particles of
V1/Ti-500-7 becamelarger, which led to the decrease
of the DeNOx efficiency. Seenfrom the XRD mapin
Figure5, TiO, in V1/Ti-700-5 did not change from
anatase typeto rutile type, but the diffraction peaks
obvioudy became much sharper. Combined with the
SEM photograph, it could befound that the particles
ontheV 1/Ti-700-5 surface already reunited and the
specific surface areadecreased, which resulted inthe
reduction of the DeNOx efficiency.

CONCLUSION

The DeNOx efficiency of cataysts prepared under
different cal cining conditionswastested and analyzed
inthisresearch. The experimenta resultsshow that the
efficiency of the catal ysts prepared under different cal-
ciningtemperatureal increased with thereactiontem-
perature, but it dropped when thereaction temperature
exceeded 400°C. Theparticlesof V 1/Ti-500-5 were
tiny and evenly distributed, soit performed greater effi-
ciency than others. Theinfluenceof calciningtimeon
the DeNOx efficiency of V,O,/TiO, was|essthan that
of caciningtemperaure, whichwasmainly becausethat
theeffect of caciningtimeonthe crystal form of cata-
lystswasmuch weaker.
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