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ABSTRACT

This study is on the reduction of nitrogen monoxide with CuZSM-5 cata-
lyst of copper oxide compounds modified with zeolite of asilicaconcentra-
tion of 1.5% in mass. The reactions of NO with catalysts composed of
mordenites (0.75% CM, 1.5% CuM and 2.2% CuM) were studied and the
result showed that these compounds are not active. The reaction of NO
with CuO and CuO/y-Al, O, compounds was also studied. The reduction of
CuO was observed at all temperatures of the experiment. An increase in
CuO concentration in the CuO/y-Al,O, catalyst of 0.5 to 1.5% by mass
increased its activity. The rate of reaction of NO with CuZSM-5 catalyst
was higher than that with the CuO/y-Al,O, catalyst. Results obtained
showed that the CuZSM-5 modified catalyst is more active and therefore
can be useful for the purification of the emissions of nitrogen monoxide.
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Thiswork can contribute to the fight against environmental pollution.
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INTRODUCTION

One of the most serious problems of our timeis
that of environmental protection. Wastefrom manufac-
turingindugtries, emissonsfrom energy plantsandtrans-
portation result in aconsiderable pollution of the envi-
ronment!¥, Toxic el ements contained in gaseousemis-
sionsthat act very rapidly are made up of nitrogen ox-
idesmainly. Severd methodsare used in reducing the
concentration of NO in gaseous emissions. Oneof the
simplest of these methods, whichiscarried out indus-
tridly, isthe catalytic reduction of nitrogen oxide. The
product of thisreactionisN,, anon-toxic el ement. CO,

whichisequally atoxic compound, occupiesaprivi-
leged position among these reducing agents. There-
duction of NO by CO resultsinthe s multaneouselimi-
nation of two toxic elements, that is, NO_and CO.
Catdystsof themonoxidereduction reactionwerefirst
of al oxidesof precious metalsand of complex sys-
temd3. Their low mechanical stability, their variable
composition aswell ashigh cost gaveriseto the use of
copper oxides compound catalysts. Thedrop in the
activity withtimeof these copper oxidescatdyssinthe
process makesthe search for better catalystsaneces-
sity and wasthe basisof our search.

Thesystematic study of ZSM-5wascarried out by
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Figure1 : Diffractogram of the CuZSM-5 catalyst. (a) after

calcination at 500°C ; () after it has been used; (b) after
reduction by theCO

Sao et d.® and lwamoto®. Gazan-Zadeh et d . stud-
ied theactivation conditionsof Y typezeolitic cataysts
containing Ni, Cu, Coand Cr trangtionelements. They
showed that these catal ystsdisplayed various activities
intheir reactions at temperaturesranging from 100to
450°C. The introduction of the second transition ele-
ment into the zeolites caused asignificant increasein
the catalytic activity. Chipiro® showed that zeolite
samples could be classified according to their activity
(for 1 g of catayst) inthe order: Ru> Rh > CoNi >
CuNi » CrNi> Co > Cu » Cr >Ni.

The CuY zeoliteismoreactivein CO oxidation
with O, thaninthereaction with NO. Among the ox-
ides of transition metal s of the 4" period, the most ac-
tive in the nitrogen monoxide reduction reaction is
CuO™, Iwamoto et al.® reported that it ispossibleto
usethe CuZSM-5 catayst to render the exhaust gases
of diesdl enginesnon toxic and comparetheactivity of
this zeolite with the CuO/y-Al O, catalyst. They
showed that at temperaturesrangesof 164 to 300°C;
CuZSM-5 zeolite showed ahigh activity leve that it
maintained even at high voluminal speeds(>10.000 hr
1. Inthe presence of oxygen, the NO reduction speed
increased. It was supposed that this was due to the
formation of NO, whose reduction speed ishigher than
that of NO. At low temperatures (300-500°C), all the
above cited zeolitesundergo partia or total deactiva
tion.

Theaim of the present study isthe catal ytic reduc-

—— Fyll Peper

TABLE 1 : Concentration of the reagents and products of the
reaction of NO with the different zeolitesat the exit of the
reactor (mol %); 1g of zeolite; 4.45 mol NO

. Reagents and Temperature®C
Type of zeolite
products  100-500 100-400 440
NO 4.45
0.75 % CuM N, 0
O, 0
NO 4.45
1.5% CuM N, 0
O, 0
NO 4.45
2.2 % CuM N, 0.10
O; 0
NO 445 365
CuzZsMm-5 N, 0 040
O; 0 0

tion of nitrogen monoxidewith CO usingaCuzZSM-5
catdyst of copper oxide compoundsmodified with zeo-
liteof aglicaconcentration of 1.5%inmass. Thissys-
temisaninteresting system and isdistinguished by a
high stability inthe NO reduction process. It possesses
moreover, ahigh mechanica resistancewith adistinct
advantage of easy preparation.

MATERIALSAND METHODS

The cataytic reduction of nitrogen monoxidewas
studied inthelaboratory using aquartz reactor (20mm
wideand 180 mm long). Analysisof raw materia and
reaction productswas donewith an LXM-8MD chro-
matograph equipped with aheat conductibility detec-
tor. Two chromatographic columnswere used for the
anaysis. Thefirgt one (3 mmwideand 1 mlong) used
intheanalysisof O,, N, NO and CO wasfilled with
CaA zeolite (0.25-0.5 mmfraction). Activation of the
adsorbentswasdone at temperatures of 400 to 450°C
for 4 hoursinthe open (air) and then inahelium bath
for onehour at 250°C. The second column (3 mm wide
and 2 m long) used in the analysis of N,O, NO, and
CO, was, ontheother hand, filled with activated SKT
charcoal (0.25-0.5 mm fraction). Activation of the
adsorbentswas doneat 250°C for 5 hours in the open
(ar) andtheninahedium bath for 3 hoursat the same
temperature. Thetwo columnswerethermostatically
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Figure?2 : Concentration of reagents and products of the re-
action of NO with the CuZSM -5 catalyst relativetothenum-
ber of impulses. 1 g CuZSM -5 ; temperature = 500°C ; NO
concentration=4.45mol % ; sample heated beforehand in a
500°C air current for 5 hours
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Figure4 : Concentration of reagents and products of the re-
action of NO with the CuZSM -5 relative to the number of
impulses. 1g CuZSM -5 ; temperature =500°C ; NO concen-
tration =4.45mol% ; sample heated before hand in a helium
air current at 500°C for 5 hours
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Figure6: Concentration of reagentsand productsof there-
action of NO with Cu reativetothenumber of impulses. 1.0g
of Cu; temperature=400°C; NO concentration =4.45 mo%

fixed at 70°C. The speed of the gas vector (He) in the
two columnswas 50 m2.min. Sensitivity of theanay-
sswas0.01 mol %. Thecatalyst synthesismethod was
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Figure3 : Concentration of reagents and products of the re-
action of NO with the CuZSM -5 catalyst relativetothenum-
ber of impulses. 1 g CuZSM-5 ; temperature =500 °C ; con-
centration of NO = 4.45moal % ; sample heated before hand
inahelium current heated at 500°C for 5 hours
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Figure5: Concentration of reagentsand productsof there-
action of NO with CO relativetothenumber of impulses. 0.3
g CuZSM-5 ; temperature=700°C ; NO concentration =
4.45mol%
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Figure7: Concentration of reagentsand productsof there-
action of NO with 1.0% CuO/y-AlO,inreationtothenum-
ber of impulses; 0.40g of CuO/y-Al,O,; temper ature=300°C;
concentration of NO=4.45mol %

that described by Alhazov and Gazan-Zade® and
Soualah et al.*%, X-ray Diffraction (XRD) wascon-
ducted on the Bruker model D8 Advanceinstrument
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Figure8: Speed of thecatalyticreduction of NO by CO with
thecatalysts; curvel: CuZSM-5; curve2 : CuO/y-AlO,

(operation mode, -40 kV, 30 mA, CuK , » =
0,15406). Infrared spectroscopy of the catalyst was
donewith aUR-20 spectro-photometer in the 1300-
3300 cnrwavelength range.

RESULTSAND DISCUSSION

Thephysical/chemical study of the catalyst

The study was done with CuZSM-5 catalyst of
copper oxide compounds modified with zeoliteof a
silicaconcentration of 1.5% in mass. To preparethe
catalyst, the ZSM-5 sodaic formwasused. The SO,/
Al O, relation was 66 inthe zeolite. Thiszeolite pos-
sessed amonodlinical structuré™*2, The CuO concen-
tration in the samplewas 1% in mass. In the dehydra-
tion and reduction process, it was noticed that H,O
was completely eliminated. The specific surfaceof the
catayst wasequa to 37 m?/g. Thediffractogram of the
CuZSM-5 (Figure 1) suggested that the structure of
thecatalyst did not changewhilein thereactor.

Reaction of NO with thedifferent zeolites

Nitrogen (NO) did not react with the undehydra-
ted zeolite sampleat atemperature of 500°C. TABLE
1 givestheresult of the study of this reaction with
dehydrated copper compounds zeolites. It can be
seen from thistablethat at 500°C, with 0.75% CuM
and 1.5% CuM, no reaction took place. With
CuZSM-5 zeolite and at atemperature of 440°C,
N, was formed in the reaction products. The con-
centration of N, diminished fromimpulsetoimpulse,
from0.40to O mol. Inthiscase, oxygen did not form.
Thebalancefor nitrogen indicated thetotal absence
of other secondary reactions.

—— Fyll Peper

TABLE 2: Concentration of reagentsand productsof the
reaction of NO withthe CuO/y-ALO, catalyst at theexit of the
reactor (mol %); 2.0 g CuO/y-AlLO,; Impulse concentra-
tion: NO = 4.45mol %

) ) Temperature,
Concentration of CuO inthe Reagentsand oC
catalyst, mol % products ——_300 200 500
NO 3.95 3.70
0.5 N, 0.25 0.35
0, 0 O
NO 3.85 3.70
1.0 N, 0,30 0.35
0, 0 O
NO 4,00 3.95 3.75
15 N, 0.20 0.25 0.35
0, 0 0 O

Increasing thetemperatureto 500°C, the reaction
speed increased. Thequantity of N, formed inthefirst
four impulseswas2 mol (Figure2). Asfrom thefifth
impulse, therewasadrop in the consumption of NO
andinthequantity of N, formed.

At the 22" impulse NO was not consumed and
N, did not form. Therewaslack of oxygeninthegas-
eous phasg, indicating that N, is not the product of
the decomposition of NO but that of the re-oxidation
of NO reduced on the surface of the zeolites. The
total amount of oxygen consumed for re-oxidation of
the zeolitesin theimpul seswas 30 mol s per gram of
zeolite (30 mols/g).

There-oxidation speed of the CuZSM-5 sample,
preheated in ahelium (He) current, wasmorethanthe
speed of re-oxidation after apreliminary heatinginan
ar current. It can beseenfromfigure 3that at t =500°C,
thetotd transformation of NOinto N, withthissample
was obtained at the 40" impul se.

Asfromthe41% impulse, the consumption of NO
and formation of N, dropped, and touched the zero
point at the 70" impul se. After that point NO wasno
longer consumed and N, was no longer formed. The
consumption of oxygen at re-oxidation, fromthe 1 to
69" impulse, was 145 mols/g.

If the CuZSM-5 sampleisheatedin preparationin
an air current for 5 hours and then at the same tem-
peratureinaheium current for 5hours, itscapacity of
re-oxidation with NOisenhanced. InthiscaseNO s
completely transformedinto N, at the 56" impulse. The
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TABLE 3 : Concentration of reagents and products of the
reaction of NO with CO at theexit of thereactor. 1 g of zeo-
lite; impulsevolume=0.1 cm3; concentration in theimpulse:
NO =2.22 mol %; CO = 2.23 mol%

TABLEDS5 : Concentration of the reagents and products of the
reaction of NO with CO at theexit of thereactor (mol %).
Impulsevolume=0.1cm?3; concentrationin theimpulse: NO
=2.22mol %; CO=2.23mol%; 1gCuO

Typeof Re:?]gnts Temperature°C
zeolite | Ciicts e 350 400 500 600 X 300 1o
NO 2.22
co 223
0.75%CuM N, 0
N,O 0
co; 0
NO 222 152162122122
CO  2231631631.23123
15%CuM N, 0 025030050050
NO 00100 0 O
CO, 0 06060100100
NO 102022 0 222182
co 103023 0 223183
22%CUM N, 060100111 0 020
N,O 0 0 0 0 0
co, 120200223 0 040

TABLE 4: Concentration of reagentsand productsof the
reaction NO with CO at theexit of thereactor (mol %). Im-
pulsevolume=0.1 cm?; concentrationin theimpulse: NO =
2.22mol%; CO =2.23mol %; 1gCuZSM-5

Reagents and Temperature, °C
products 100 150 200 250 300 400 500
NO 172 142 122 102 072 022 O
Cco 173 143 123 103 0.73 023 O
N, 0.25 040 050 0.60 0.75 1.00 1.11
N,O 0 0 0 0 0 0 0
CO, 0.50 0.80 1.00 1.20 150 2.00 2.23

Temper ature, °C

Reagents and products

100 150 200 250 300-500
NO 122 082 0.92 1.02 1.02
CO 0 023 O 0 0
N, 050 0.60 0.65 060 0.60
N.O <01 010 O 0 0
CO, 223 200 213 223 223

TABLE 6 : Concentration of reagents and products of the NO
reaction with CO at theexit of thereactor (mol %). Impulse
volume= 0.1 cm3; concentration in theimpulse: NO =2.22
mol %; CO =2.23mol %; 2g CuO/y-AlLO,

Concentration of

jpiatiohil Reagents and Temperature, °C

catalyst, mol % Products 200 250 300 350 400 500
05 NO 2.10 1.981.581.521.421.22
Cco 2.08 1.881.531.231.030.82
N, 0.05 0.100.250.300.400.5C

N,O <0.010.020.070.05 0 0
Cco, 0.15 0.350.701.001.201.4C
1.0 NO 197 082 132102
Cco 193 173 123073
N, 010 020  0450.6C

N,O 0.03 0 0 0
Cco, 030 050  10015C
15 NO 192 172 122072
Cco 193 153  0.730.22
N, 010 025 0500.7%

N,O 0.05 0 0 o0
Cco, 030 070  1502.0C

reaction ends at the 105" impulse (Figure4).

Thereoxidation of NOwith CuZSM-5 can be ob-
served at amuch lower temperature. COwasused as
reducer. The highest amount of oxygen that could be
eliminated from the CuZSM-5 with the ass stance of
CO, at temperaturesranging from 300to 700°C, lay
between 160 and 170 mol/g. Fig.5 givestheresult of
thereaction of NO with 0.3g of the CuZSM-5 sample
where 49.5 mol of oxygen atoms are eliminated at
700°C.

Reaction of NO with Cu and CuO/y-AlO,
Thereaction of NO with Cu and CuO coated with

Hnalytical CHEMISTRY o

y-AlLO, was studied. Copper oxide was obtained by
the thermal dissociation of copper nitrate and then
heated at 500°C for 4 hours. The coated catalyst was
prepared according to the method described by
Mehandjiev et a.[*3. Figure 6 showstheresult of the
reaction of NOwith CuO at t = 400°C. In the first five
impul ses the consumption of NO was 1 mol. To the
quantity of NOin each impulsecorresponded aforma
tion of 0.5 mol of N,,. Asfrom the fifthimpulse, the
speed of transformation of NO into N, dropped. At
thetenth impulse, NO was not consumed and N, did
not form. Oxygen was not detected in this reaction.
The quantity of oxygen consumed by NO at re-oxida-
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tion was 3.5 mol of atomfor 1 g of CuO. TABLE 2
givestheresult of the reaction of NO with the CuO/y-
ALQO,. Attemperaturesranging from 300to 500°C, in
all the cases, the consumption of NO and formation of
N, was noticed.

Oxygen wasnot equally detected inthisreaction.
Theincreaseinthe concentration of Cuinthesample
had absolutely no effect on theresults of thefiveim-
pulses. Theincreasein temperaturefrom 300 to 500°C
very dightly influenced theoutput of N,. Figure 7 gives
theresult of the reaction of NO with the 1% CuO/y-
ALQ,.

It stands out from thisfigure that for the 16 im-
pulses of N, (2.25 mols) was observed at the exit of
thereactor. From the 17" impul se, the speed of forma-
tion of N, dropped. Inthereaction mixture, therewas
NO that did not react and its quantity increased from
impulseto impulse. At the 30" impul se the speed of
formation of N, was zero. The total consumption of
oxygen at re-oxidation was48 mols.

Reaction of NO with CO

TABLE 3 presentstheresult of thereaction of NO
and CO. With 0.75 % CuM and at atemperature of
500°C, the reaction did not take place. The reduction
of NO was observed with 1.5 % CuM at t=350°C.
Productsof thereaction of thereduction of NO at this
temperaturewereN, and NO. Att > 400°C, the prod-
uct of thereactionwas N.,,. Thereactionwas: 2NO +
2CO — N, + CO,. At atemperature of 600°C, the
reduction of the catalyst with CO did not take place.

Themost active of themordenite catalystswasthe
2.2% CuM sample. Withthiscatalyst, NO reduced to
N.. Total transformation was attained at t = 500°C.
Themost activezeoliteamong dl thosethat were sud-
ied was CuZSM-5. With atemperature of 150°C, the
NO conversion ratewas 36%. The CO was consumed
at all temperatures of the experiment. The product of
thereactionwasN,. Table4 givestheresult obtai ned
withthe CuZSM-5 catayst.

Thereduction of NO and COwasequally studied
with CuO and CuO/y-Al, O, compounds. Table 5
shows the result obtained with CuO. It can be seen
fromthistablethat at t = 100°C, CO was totally con-
sumed in the reaction and the products obtained were
N, and N,O. At t = 200°C, N,O did not form. The

—— Fyll Peper

reduction of CuO was observed at al temperatures of
theexperiment.

Withtheincreaseintemperaturefrom 200to 250°C
the speed of reduction of NO dropped. After that, an
increase in temperature to 500°C did not cause any
increaseinthereaction speed.

TABLE 6 givestheresult obtained with the CuO/
1-AlQO, catalyst. Increasing the concentration of CuO
inthecatalyst from0.5t0 1.5 % in massincreased its
activity.

CONCLUSION

Theuseof copper oxidesas cataystsin thereduc-
tion of nitrogen oxideshaslong retained the attention of
researchers. Thisisduemainly tothegreet transforma-
tion speed of nitrogen oxidesat rel ativety low tempera-
tures. Figure 8 presents the compared results of the
nitrogen monoxide (NO) catal ytic reduction reaction
speedswith the CuZSM-5 and CuO/y-Al,O,.

Fromthisfigure, it can benoticed that the speed of
the NO reduction reaction by the CuZSM-5 catalyst
was more than that of the NO reduction reaction by
CuOly-Al,0O,. The reaction of the Cu”ZSM-5 com-
pound, at atemperature range of 300 to 500°C, re-
sulted in disproportionality in NO, which was accom-
panied by the oxidation of Cu° to Cu?. Inzeolite, the
Cu? ionspossessahighreaction potentia and aresitu-
atedinthe zeolite cavities. During the dehydration and
reduction processes, theseionsmigrateto the surface
of the zeolite. The CuO/y-Al, O, catalyst isnot stable
under the chosen conditions and isintensely reduced
by CO (TABLE 6). Among the modified mordenite
compounds zeolite copper oxides systems, 0.75%
CuM, 1.5% CuM, 2.2% CuM and CuZSM-5, themost
activein NO reductionisthe CuZSM-5 catalyst.

By comparing the catal ytic activity of CuZSM-5
and the unmodified CuO/y-Al,Q,, it can be said that
themost activeisthe CuZSM-5 catalyst modified with
zeolitea aconcentrationinslicaof 1.5%inmass. The
advantages of these catalystsare seeninagood cata
Iytic activity in the nitrogen monoxide reduction pro-
cessand by their high stability under thereaction con-
ditions.

Thiscatayst can safely berecommended for usein
the purification of nitrogen monoxideemissions.
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