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Catalytic ammonia oxidation to nitrogen (1) oxide

Abstract: The process of synthesis of nitrous oxide by low-temperature catalytical oxidation of NH has
been investigated for organic synthesis. The investigation has been carried out by the stage separation approach with
NH oxidation occurring in several reaction zones, which characterized by different catalytic conditions. The selectivity
for N,O was 92-92,5% at the ammonia conversion of 98-99.5% in the optimal temperature range
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Section 10. Technical sciences

The process of low-temperature catalytical oxidation
of NH has been investigated for production of N,O for
organic synthesis. The investigation has been carried out
by the stage separation approach with NH oxidation
occurring in several reaction zones, which characterized
by different catalytic conditions.

Introduction. In the recent years, nitrous oxide
has become used as a mild oxidizer for partial oxidation
of hydrocarbons, for example oxidation of benzene to
phenol. That is why, the process for direct ammonia
oxidation is of interest to numerous researchers [ 1-4].
For these applications the substantial attention is focused
on the improvement of the N, O production technology.
Nitrogen (I) oxide is produced for medical purposes
by thermal decomposition of ammoniac saltpeter. The
hazards of the existing methodology of the thermal
decomposition of ammonia nitrate involve the possibility
of explosion of ammonia nitrate at heating and speeding
up of the side reactions with increasing temperature.

The catalytic oxidation of ammonia to N,O at
low temperatures (200-400°C) is a promising and
more economically efficient technique. The catalytic
oxidation of ammonia by technical oxygen to N,O has
been investigated by N.I. Il'chenko [4]. N, and N, O are
formed during low temperatures ammonia oxidation in
reactions 4NH, +30, =2 N, + 6H,0 and 2NH, + 20,
=N,0 +3H,0.

In the course of these reactions the formation of
unstable intermediate particles (OH, ONH,, ONH,,
NH,,N,NH etc.)isalso possible in parallel and sequential
stages. In the present work we study different steps of the
ammonia oxidation process and determine the influence
of each step on the product yield. For this purpose, the
ammonia oxidation reaction steps are carried out in
separate reaction spaces, each having a different catalyst.
To some extent, this approach avoids parallel reactions
that may occur within a single reaction space and that
are responsible for nitrogen unbounding. The influence
of various technological parameters and various catalysts
[5] on the ammonia oxidation process and production of
nitrogen (I) oxide can be investigated as well.

Experimental. The measurements have been carried
outin areactor with two spatially separated catalysts. This
allowed us to investigate individual stages of ammonia
oxidation and the influence of various stages on the
product yield as well as to avoid the parallel reactions
that can occur in same reaction space and result in
unbounding of nitrogen. The influence of technological
parameters on the process of ammonia oxidation to
N, O is studied for a variety of catalysts.

The catalysts for ammonia oxidation were
prepared from oxides of Mn, Bi, Cu and Ce as well
as from nitrates of these metals by sol-gel method.
Before ammonia oxidation the catalysts were heated
to 200°C for two hours at the presence of an oxygen
tflow. A layer of catalyst 2 was stacked on the quartz
grid of the reactor. A layer of broken quartz glass with
particle sizes from 3 to 4 mm was located above the
catalyst layer. A layer of catalyst 1 was stacked on top of
the broken quartz glass layer. The design of the device
allowed us to vary the distance between the catalysts
up to 55 mm. The experiments show that in the system
containing two separate catalyst layers, the N, O yield
can be sharply increased by 7 to 15% depending on
the separation distance between layers. However, the
some negative phenomena were observed in parallel
with increase of the yield. If the catalyst 1 begins to
work in an autonomous thermal mode, the ammonia
oxidation process takes place solely on catalyst 1, and
the temperature of this catalyst sharply increases. As
a result the temperature of catalyst 2 decreases below
the ignition temperature and catalyst 2 stops working. If
the catalyst 2 is heated externally, then catalyst 2 switch
on and dominates in the catalysis. As a result catalyst
2 uncontrollably heats up and catalyst 1 stops working
as soon as its temperature decreases below the ignition
temperature.

In order to eliminate the mutual influence of the
catalysts and provide the more stable working conditions
a series of experiments have been carried out in a quartz
reactor (d = 20 mm). The design of reactor allowed us
to increase the distance between the catalysts up to
90 mm. In this way, the temperature of one of catalysts
was fixed in the range 200-225 °C, while the temperature
of the other catalyst was slowly changed. The outlet
nitrous gases were tested for the content of N,O by gas
chromatography method.

Results and Discussions. A low-temperature
oxidation of ammonia exhibits several unusual feature. At
low temperatures the reaction mainly proceeds to N, and
N, O, while at high temperatures NO is produced much
more efficiently. Formation of unstable intermediate
products, such as O, OH, ONH,, NH,, N, NH, HNO
etc., is also possible at low temperatures. The dependence
of the N, O yield on the temperature differences between
the two catalysts was studied.

The data were obtained with Mn-Bi-Cu-Ce-O
as catalyst 1 and manganese (II) oxide promoted by
palladium [3] as catalyst 2. The study shows the maximum
yield at AT=0. The date temperature dependences of the
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nitrogen (I) oxide yield at various gas flow rate show
that at optimum temperatures and low concentrations
of ammonia in the gas mixture the N2O yield can reach
98-99%.

At high ammonia concentration the N, O yield can
be decreased considerably. The N,O yield reaches 80-
82% for a given catalyst at the linear gas flow rate v =
0.005 m/s and NH3 concentration of 10%. Under these
conditions an optimal temperature of the process is in
the range 210-270°C. The N, O yield reaches 98-99% at
optimal temperature and 4.14% ammonia concentration
in gas mixture. It is necessary to note that the competing
side reactions leading to the formation of nitrogen do not
take place at the optimal temperature. At temperatures
below 200 °C the reaction rate is decreased considerably
and NH, remains in the gas mixture even after passing
through the catalyst.

The transformation of NH, to nitrogen (1) oxide
at various temperatures and the linear gas flow rate v
= 0.015 m/s and the temperature dependence of the
degree of transformation of NH, to N,O and the yield
of the higher oxides of nitrogen were studied. The data
indicate that an optimal temperature of transformation
of NH, to N,O at the ammonia concentration of 10%
can be found in the range 340-480°C, while at the
ammonia concentration of 7.7% it is situated in the
range 330-370°C. With the ammonia concentration
4.4% the degree of transformation of NH3 into N, O is
very close to 98-99% at temperatures above 340 °C. For
the ammonia concentrations 10%, 7.7% and 4.4% the
parallel side reactions occur at temperatures above 250,
290 and 330°C, accordingly.

Comparison of the N, O yields at various levels of
ammonia specific loading on the catalyst and at various
NH, concentrations gives the following results. With the
specific ammonia loading on the catalyst 11.76 kg/m*
and NH, concentration of 7.7%, the N2O yields 75%
at 280°C that avoids formation of the higher nitrogen
oxides. The same yield was obtained at the specific
ammonia loading on the catalyst 11.4033 kg/m> At
the 10% NH3 concentration in gas mixture and the
specific ammonia loading on the catalyst 15.27 kg/m?,
the N, O yield at 280 °C was 57%. Thus, at the ammonia
concentration of 10% the N, O yield is lower than at the
ammonia concentration of 7.7%. Moreover, the higher
nitrogen oxides can be formed at 280°C and NH,

concentration of 10%. A pure nitrogen (I) oxide without
the higher oxides is formed at the NH3 concentration of
10% only if temperature is decreased to 250°C. However,
at this temperature the degree of NH3 transformation is
40% and the N, O yield is only 7.9 kg/m?. At the NH, a
concentration in the initial gas mixture equal 4.4% and
the specificloading on the catalyst equal 6.7 kg/m2, N,O
yield is as low as at the NH3 concentration of 7.7%. The
concentration of NH3 in gas mixture is a more valuable
parameter in the oxidation process than the catalyst
specific loading.

An increase of catalyst specific loading at the
ammonia concentration of 10% results in a sharp decrease
in the degree of transformation of NH, into N, O. The
N, O outlet sharply decreases as well. For example, the
growth of catalyst specific loading by factor of S increases
the N, O yield only by factor of 2.45. At the same time
with the ammonia concentration of 7.5% a factor of 5
growth of the catalyst specific loading increases the
N, O yield in 4.44 times. With a further decrease of the
ammonia concentration to 4.1-4.4%, the N, O yield is
increased 5.2 times at 5.3 times growth of the catalyst
specific loading. With a simultaneous decrease of the
ammonia concentration and increase of the catalyst
specific loading, the N, O yield is increased as well. The
temperature interval within which the N, O yield is near
98-99% is reduced. For example, if the gas flow rate is
0.005 m/s and ammonia concentration in gas mixture
is 7.6%, the width of the favorable temperature interval
is about 140 °C. If the gas flow rate is increased to 0.025
m/s, the width of the favorable temperature interval
decreases to 60 °C.

Conclusions. The results of the investigation of the
low-temperature NH3 oxidation process using two
catalysts located in separate reaction zones allows us to
control and optimize the yield of N,O. The proposed
design of the reaction chamber provides the increase of
the N, O yield by 7-15% under autothermally conditions
of NH, oxidation. The degree of NH, oxidation into
N20O is increased without any detectable nitrogen
unbounding. The results of the investigation of the
ammonia oxidation process using several catalysts
and a variety of gas mixture flow rates, temperatures
and catalyst specific loadings show that under optimal
conditions a practically complete transformation of
ammonia into N, O is possible.
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Application of gis technology in the analysis of
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Abstract: We consider the evolutionary development of geographic information systems (GIS) in the Republic
and the concept of providing a high-rise in the South slope of the Greater Caucasus (Qabala).
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NMpymMmeHeHue rmc- TexHos1Iorum npu aHannse penseda
I0)KHOrockJioHa 6onbLlioro Kaekasa

AnHoTanus: PaccMOTpeHO 3BOAIOIIMOHHOE pa3BuTHe reorpadudeckux undpopmaruonnbix cucrem (FVIC) B Pe-

Cl'Iy6AI/IKe 1 KOHLECIIITHUA CUCTEMbBI BBICOTHOI'O obecrieyeHus Ha TEPPUTOPHHU IOsxno0ro ckaona Boasmoro Kaskasa

(Tabasa).

KaroueBbie cAOBa: reoAe3nIeCKas BbICOTA, HOPMAaAbHAS BbICOTA, I€OAC3NIECKHE H3MEPEHIA.

BBeaenne. AGCOAIOTHASI BBICOTA BCEX TOYEK B IIPO-
crparcrse crpad CHI' npunmnMmarorcs ot yposss baa-
THUICKOTO MOPSI, ABASIICh COCTaBHOM M HEOTHEMAEMOM
9aCTBIO pellleHust 06mux 3apad reopesun. Ha coBpemen-
HOM 9Tare Pa3BUTHUS reorpadpuueckoil HayKH yCTaHOB-
A€HBI CBSI3U MEXAY HUBEAMPHBIMH CeTsiMU Pecirybanku
co crpanamu CHI, BXOASIIITIX B €AUHYIO CETb HUBEAH-
posanus Esporst (UELN), yuactre koToporo Tpebyer
OIIpeAeA€HHsT OIITUMAABHBIX BHICOT B O0IIe3eMHOI CH-
cTeme.

W3sydyenueMm AQHHOTO HaNpaBA€HUS B 3aBUCUMOCTHU
OT [IOCTAaHOBKH 3aAQYM 3aHUMAAKCD KaK 3apyOeKHbIe, TaK
u Azep0aiipKaHCKHe HCCAEAOBATEAH, KOTOPbIe B CBOUX
TPYAAX YACAUAH AOCTQTOYHOI'O BHUMAHHMS B OCBeleHHH
pesyabraToB uccaepoBanuil. Tak, Anrumnnesoii IO. O,
Aymut XK. A. [1] npoBeaer MopdomeTpraeckuii aHaAU3

peabeda ¢ ucnoapzosanneM I'IC — TexHoAOrmit mpu
OLleHKe peKpeallnOHHOT0 II0TeHIIHaAd. 3aropyabko B. A.,
Xamapus B. 1. u pp. [2] ocBeTnam MopdomeTprdeckuit
nmoaxop peabepa cpeactBamu ['MIC. Xpomossim B. B.
[3] TUC npumeHSANCD B TeOMOPPOAOTHYECKHX HCCAE-
AOBAHHSX, B ONPEACACHUH TOYHOM KPMBU3HbBI 36 MHOMN
IIOBEPXHOCTH IIPH BbIIBAEHHU OBPKHO — OAAOYHOM
CeTU TepPUTOPUHU.

B Asepbariipxane npumenenuem ['VIC- Texroaormit
rAy60Ko 3aHuMaroTCs akap. Mextues A. I11. [4], kotopsrit
pH oreHKe KoAebanust yposrs Kacrmiickoro mops npu-
merna ['VIC. Ya.-kopp. HAHA Hemaitaossm A. 1. [S]
paspaboraHa nHGOPMALHMOHHAS CHCTeMa IO4B Asep-
6aitpxana. Axap. Mamepossiv 11 [6] — eamHas cu-
CTeMa KOOPAMHAT U AP. ABTOpP NOAYEPKHBAET, YTO I'e0-
Ae3UsI SIBASIETCST HAYKOM BaYKHOM OTPACAH B 0becIiedeHIH
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