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The |nvent|or3nlls !,at to a process for renoving nitrogen ox%t%?g/
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bl ockages. Mor.eov, , | nc sed |trogen oxi de 20 contents in the air are
frequently meas? Wﬁsﬂl “ sites, and the design of the ASP
nmust be based- on up t'!he rembvail qﬁ)rrnﬁ.rtrbbenaiaxiﬂamfrnm such gas A
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If an adsorptlon uni t for fi- cation, the quantity
of adsorbent, ‘?:O‘F?%Eﬁ)d?lﬁ FLEFT% PTe ‘Sﬁt '| | BPesEPR EKBTRLE, MATU-he
cal cul at ed rrata&w&rs of semiconductors. Particularly at low tempera-
tures below 0°C, such as occur in the low-temperature
part of an ASP, a reaction of the NO with the atmospheric
15 oxygen also takes place to give N,0; having a boiling
point at -102°C and N,0, having a boiling point at -11°C,
and these nitrogen oxides can accumulate in the low-
temperature section of the ASP and, in the solid form,
can cause blockages. Moreover, increased nitrogen oxide
20 contents in the air are frequently measured on industrial
sites, and the design of the ASP must be based on up to
6 mol ppm in the air drawn in.
A part of the nitrogen oxides can be removed
during prepurification of the air and, in this case, does
25 not pass into the low-temperature section of the ASP.
Even then, however, a small part can cause blockages or
contribute to contamination of the ASP products. '
If an adsorption unit is used for the prepurifi-
cation, the quantity of adsorbent, corresponding to the
30 impurities in the air, must be calculated mainly in
accordance with the CO, concentration, and NO is not com-
pletely adsorbed. In addition, NO also tends to form
explosive compounds with other chemical compounds, for
example unsaturated hydrocarbons or NH;, and these can
35 cause damage in the ASP. Moreover, together with atmos-
rheric moisture, the nitrogen oxides form acids which can
damage the adsorbent and other components of the ASP.
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manganese di oxi de, efo

20 known pmqe; rIn theprinted muhldagtion nGandd Arastoo- i S
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thermal regenetal ofxides i the Presence of OxygeRd ik, Bag « fReRact i on
nenti onegsby Pragkse-Ded. HOW!  198T, {20 Qades cAusHzad, raaa:mdms)ffdme

mganees bl e lEakicn. PIENG 35, 5y PhoReREBRA"! Bor cita,
quot ed, the ppagpése)sS the chemisorption of nitrogen monoxide on
manganese dioxide, based on the £following chemical
reaction equation:
20 MnO, + 2NO + O, « Mn(NO;),
is exploited. In this case, the equilibrium at high
temperatures (T>100-150°C) is on the left-hand side of
the equation, so that thermal regeneration is possible.
In addition to the reaction mentioned by Arastoo-
25 -'pour, the following chemical reaction of the manganese
dioxide with nitrogen dioxide is also possible:
MnO, + 2NO, « Mn(NO;),
In the  printed publication gquoted, the process is
described as being disadvantageous, since the absorption
30 capacity of MnO, is low. This disadvantage is, however,
unimportant for the use in the purification of the inlet
gas and of the product and process gases of an ASP, since
the NO, concentration at a few mol ppm is substantially
smaller than in the case of flue gases with, for example,
35 500-1000 mol ppm. Surprisingly, however, NO, can be
removed with high efficiency even at low concentrations,
even though, considered kinetically, the probability of
a successful conversion is lower by a factor of >10%.

The purification of air or of gases recoverable
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to the invention refe ><.¥ I S manganese di oxide, on its own or
as a mixture ®F YR ’Eﬁ"%aﬁﬂ’net als, that preferably is applied
to particles vvi twu.ﬁhawﬁag‘m.t anetall mueasoal matadsosf the 6HH i ca.

20

25

30

35

to 8th subgroup of the Periodic Table of the Elements, in
particular commercially available catalysts, can be used
in the process according to the invention. Preferably, it
is manganese dioxide, on its own or as a mixture of the

oxides of said metals, that preferably is applied to’

particles with a support material such as alumina or
silica.

For the absorption of nitrogen oxides, an opera-
ting temperature below 100°C, preferably between (0 and
100°C, is advantageous, and a temperature between 3 and
40°C is particularly advantageous.

Favourable space velocities for the chemisorption
of nitrogen oxides are between 300 h™! and 12000 h™1, in
particular between 500 and 8000 h-%,

In the reactor bed, through which the process gas
flows, the chemisorption of the nitrogen oxides on MnO,
takes place, the latter being converted thus to Mn(NO,),.
The removal of nitrogen oxides is with advantage carried
out in one or more reactor beds which contain manganese
dioxide or a material containing manganese dioxide or
coated with manganese dioxide, the reactor bed effecting
the chemisorption of the nitrogen oxides and being



25 For the absorption of nitrogen oxides, an opera- ting
tenperature bel ow 100[err]C, preferably between 0 and 100[err]C, is
advant ageous, and a tenperature between 3 and 40[err]Cis particularly
advant ageous. Favour abl e space velocities for the

chem sor ption_30 [0kt oxi b ep,3 r] and 12000
h[err], in regﬁ%???%ﬁ{iafr’ggggﬁeén-gg’aﬁe%ﬁ g%%% Efe‘?g?.gﬁga' In the
reactor bed, through Rhrciredengration, gax warm  gafis, WhécBheh®BorRion of
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converted thus to Nh(qurr])Eerr%. 35 Tgle; renoval of nitrogen tg)dees is
wi th advant ag@dvantaggously ofiovR oHBTrERghy EBRCFRRFEREQLHRI AEcohtain
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connection, pr efer Iy nitrogen, advant a eousl% flows through h%
reactor bed apxddes ipcgrdens f fm-'iﬁ’ed?ogSéBE, prefalaRBR.1 RF t HE
170[err] o nitrogen cHEdéleS ade Obnlye spradivall 1yOr pFeéseNt Ndoi thegen
oxi des from gases ,depends on %Ee overal | é;ondl ti oni gf E#\e lecat i on.
For the renovSRTSAeE, SB% F A PARARS ©of (IPRESPFHaGP(dEDY rﬁn Bde
bel ow 0.1 nol opesatdon makiek this opessibldesaamdnglley remutat deéd yeanesent

in the carry r+Lf wRa of appropriate length in the
-operation mak?ﬁv | s?g%%s?gf%h’e?’gaﬁégﬁm e reactor bed can advant ageousl y
be used. ' EE coemtinuausopeperabloni qfhe theui pauipment]sis
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the chemisorption one after the other, so that continuous
20 nitrogen oxide removal becomes possible.

The metal oxide can be employed in particulate
form in such a way that the particles form a layer in the
bed of a reactor, absorber or preferably adsorber or are
mixed with other particles of the bed. The advantage is

25 then that a single bed fulfils a plurality of functions
or even, if it is an adsorber bed, it can be regenerated
together with particles of the adsorber.

" The process can be employed with advantage for
the recovery of gases of extreme purity, for example for

30 the manufacture of semiconductors. Reactive constituents
such as the nitrogen oxides must be removed down to
traces in the lower mcl ppb range £rom such gases of
extreme purity.

Example 1

35 With an MnO,-containing catalyst made by Std-
chemie, type 2525 with MnO, on Al,0,, laboratory experi-
ments at room temperature and atmospheric pressure and
with the following data:
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Process according to Caiml, cha that the fluid can
especially al so be nitrogen or oxygen or contains oxygen or is arare

gas. 10 3. P 9623303 CEb1 ! ehiiv 4 Ui QAR biflact from a
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characteriZec}'in_tha the metals formn e net oxi des are netal s
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Process accortliaty the dlaidl canpesperiadly also behaiirogenzey PKYSRNt t he
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alimting load 1S reac
15 applied to particles with a support material such as
alumina or silica.

4. Process according to one of Claims 1 to 3,

characterized in that the nitrogen oxides’ removal is
carried out at a temperature below 100°C, preferably at
20 a temperature between 0 and 100°C and particularly
preferably between 3 and 40°C.
5. Process according to one of Claims 1 to 4,
characterized in that the nitrogen oxides’ removal is
carried out at a temperature below 100°C, preferably at
25 a space velocity of between 300 and 12000 h-1, particu-
larly preferably between 500 and 8000 h~i.
6. " Process according to one of Claims 1 to 5,
characterized in that the nitrogen oxides’ removal is
carried out in one or more reactor beds which contain
30 manganese dioxide or a material containing manganese
dioxide or coated with manganese dioxide, the reactor bed
effecting the chemisorption of the nitrogen oxides and
being regenerated before a limiting load is reached.
7. Process according. to Claim 6, characterized in
. 35 that a here non-reactive gas, preferably nitrogen, flows
through the reactor bed to be regenerated, the tempera-
ture thereof being 100 to 300°C, but preferably 130 to
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7. Process according to Claim6, characterized i n
non-reactive gas, preferably nitrogen, flows t hr E '&
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but preferably 130 to - 170C. -7-
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10, Process according to one of Claims 1 to 9,
15 characterized in that the metal oxide is employed in
particulate form in such a way that the particles form a
layer in the bed of a reactor, absorber or preferably

adsorber or are mixed with other particles of the bed.

11. Use of the process according to one of Claims 1
20 to 10 for the recovery of gases of extreme purity.
12. Use according to Claim 11, characterized in that

said gas of extreme purity is intended for the manufac-

ture of semiconductors.
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