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present sinvention is directed to a process for purlfy%ﬁglhﬂf? ide, and
nore particularly to a process in which nitrogen dioxide is reno from
‘ni.tric oxide by adsorption. 5 BACKGROUND OF THE I NVENTION Nitric oxi de has
recently been found to play an inportant role in |ife processes in humans
and animal s. For exanple, it hel ps mai nt ai n bl ood pressure 10 by dilating
bl'ood vessels, and kills foreign invaders in the body's imune system
Studi es indicate that extraordinary benefits may be obtained by
adni ni stering small dosages of nitric oxide to patients who suffer from
certain illnesses or diseases. O particular interest is the prospect of
reduci ng pul nonary vasoconstriction in pediatric patients with congenital
heart di sease conplicated by pul monary artery 15 hypertension by having
the patients inhal e oxygen-enriched air containing very snal

concentrations of nitr t abl e gas

when it is in the purebgpgg@%o?o%%ﬁmgyléwaqfﬁﬁé‘d@h‘xﬂéas ni t rogen
or argon. However when it is mxed with 20 oxygen it reacts rapidly with
the oxygen to formnitrogen di oxide, a substance that is highly toxic to
humans. The nitrogen dioxide reacts with water to formnitric and nitrous

aci ds, which, when inhaled can cause severe pul nonary oedenmm, acid
pneuronitis or even death. Because of the highl K t oxi ¢ character of
nitrogen dioxide, nitric oxide t I nhal ati on use by
humans is generally 2 :
‘The present invention is directed to a process for purifying nitric oxide, and
more particularly to a process in which nitrogen dioxide is removed from nitric

oxide by adsorption.

BACKGROUND OF THE INVENTION

Nitric oxide has recently been found to play an important role in life

processes in humans and animals. For example, it helbs maintain blood pressure

10 by dilating blood vessels, and kills foreign invaders in the body's immune system.
Studies indicate that extraordinary benefits may be obtained by administering small _

- dosages of nitric oxide to patients who suffer from certain illnesses or diseases.

Of particular interest is thé_pro_spect of reducing pulmonary vasoconstriction in

-pediafric patients with congenital heart disease complicated by pulmonary artery

15 hypertension by having the patients inhale oxygen-enriched air containing very

small concentrations of nitric oxide.

Nitric oxide is a relatively stable gas when it is in the pure state or mixed
with an inert gés, such as nitrogen or argon. However when it is mixed with

20 oxygenitreacts rapidly with the oxygen to form nitrogen dioxide, a substance that _
is highly toxic to humans. The nitrogen dioxide reacts with water to form nitric and
nitrous acids, which, when inhaléd can cause severe pulmonary oedema, acid
pneumonitis or even death. Because of the highly toxic character of nitrogen
dioxide, nitric oxide that is intended fof inhalation use by humans is generally



purified to rempve any nitrogen dioxide that is initially in the nitric
oxi de pr-oduct as a result of the manufacturing process, and the purified
product is stored and shipped in an oxygen-free environnment to prevent the
subsequent generation of nitrogen dioxide in the storage or shipping
container. 5 Nitric oxide is generally admnistered to a patient by
diluting a nitrogen-nitric oxide concenprate gas containing about 1000 ppm
nttric oxide with oxygen or oxygen-enriched air carrier gas to produce an
i nhal ati on gas containing nitric oxide in the desired concentration range
(usually about 0.5 to 200.ppm based on the 10 total volune of the
“inhalation gas). Calculations based on nitric oxide chem cal kinetics
suggest that if pure oxygen is mixed with the above-described nitrogen-
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concentratlon of 200 ppm, it takes only about 3 seconds for the concentration of

. nitrogen dioxide in the gas mixture to build up to 3 ppm. The currently accepted
15  upper limit for nitrogen dioxide inhalation is 5 ppm (based on the total volume of
breathing gas being inhaled). Assuming that this gas mixture is inhaled by a patient
within 3 seconds after mixing the nitrogen-nitric oxide concentrate and oxygen, the
amount of nitrogen dioxide initially present in the nitric oxide-nitrogen concentrate
would have to be very low to ensure that the nitrogen dioxide concentration in the
20 inhalation gas does not exceed 5 ppm. To minimize the risk of exceeding the
‘S ppm upper limit, it is desirable that the concentration of nitrogen dioxide in the
nitrogen-nitric oxide supply vessel be as low as possible, and it is most preferred

that it not exceed about 1 ppm.

25 Nitrogen dioxide is produced as a byproduct of most, if not all, nitric oxide
production processes. Various techniques are employed to remove nitrogen dioxide
from the nitric oxide. United States Patent No. 3,489,515 discloses the
purification of nitric oxide by washing the nitric oxide with a dilute aqueous solution
of nitric acid. The water reacts with the nitrogen dioxide to produce nitric and

30 nitrous acids, which can be washed from the gaseous product stream by washing

- the stream with water. This method is not satisfactory for producing medical grade
nitric oxide because it does not adequately reduce the concentration of nitrogen



30 nitrous acids, which can be washed fromthe gaseous product stream by
washi-ng the streamwith water. This nethod is not satisfactory for , _
produci ng nmedi cal grade nitric oxide because it does not adequately reduce
t he concentration of nitrogen 3 dioxide in the product gas stream

Ni t rogen di oxi de can al so be renoved fromnitric oxide by cryogenic
distillation. This nethod |ikew se | eaveg a ot to be desired because of
the high capital cost of distillation equipnent and because not all of the
val uable nitric oxide is recovered during the distillation. 5 Another
purification technique that has been reported is adsorption using as

adsorbent a bed.of ,the actjvated coke or,.activated, charcoal, (see U . S.
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quantities of oxygen must be present with respect to the quantity of nitric
oxi de to1Bc. b e oes shears they agsarbmeranpitiia exigsithan i deslied, andthey tend

to catalyze the disproportionation of nitric oxide to nitrogen dioxide and

nitrogen.

It is known that certain zeolites adsorb nitrogen dioxide from gas streams

15 containing nitric oxide and nitrogen dioxide without also adsorbing the nitric oxide
in the gas stream. For example, U. S. Patent No. 4,153,429, issued to Matthews

et al, which relates to the removal of NO, from gas streams, discloses the use of
zeolite Y adsorbent containing 8 to 30 equivalent percent metal cations to remove
nitrogen dioxide from a gas mixture. The patentees assert that zeolites do not

20 adsorb nitric oxide, and to eliminate nitric oxide from the gas mixture,
stoichiometric quantities of oxygen must be present with respect to the quantity

of nitric oxide to be removed from the gas stream. Nitric oxide is oxidized to

nitrogen dioxide in the presence of oxygen.

25 .Copending U. S. Patent Application Serial No. 129,467, filed September 30,
1993, discloses the removal of nitrogen dioxide from a nitric oxide gas stream by
passing the gas stream through a zeolite selected from types A, X and Y zeolites,
mordenite, faujasite and chabazite. Although these adsorbents exhibit superior
hitrogen dioxide adsorption properties it has been found that they also possess the

30 undesirable attribute of catalyzing the disproportionation of nitric oxide to nitrogen
dioxide and nitrogen. Itis believed that the metal cations on the zeolite causes the

" catalytic reaction..



nitrogen dioxide in the presence of oxygen. 25 Copending U. S.

Patent Application Serial No. 129,467, filed Septenber 30, 1993, discloses
t he renoval of nitrogen dioxide froma nitric oxide gas stream by passing
‘'the gas streamthrough a zeolite selected fromtypes A, X and Y zeolites,
nordenite, faujasite and chabazite. Although these adsorbents exhibit
superior nitrogen dioxide adsorption praperties it has been found that they
al so possess the 30 wundesirable attribute of catalyzing the

di sproportionation of nitric oxide to nitrogen dioxide and nitrogen. It is’
believed that the netal cations on the zeolite causes the catalytic
reaction. 4 Because of the high toxigity of nitrogen dioxide, highly

effective methodsgécuusBef tﬁé’ﬂn?g z&.&:w 6f SitrogEen divixidy] ﬁfbﬁhloéffumé metfslisFor
applications, without concom tantly J)r oduci ng addi tional nj trogen di OXI de,
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by pa55|(r)§ ﬁgﬁzestreamthrough the bed of metal cation-free silica,

al um na 2YPFY t hereby renoving nitrogen dioxide fromthe gas stream
The concentration of nitrogen dioxide in the gas streamis generally
reduced to not nore than about 700 ppm and is preferably 15 reduced to no
~nmore than about 10 ppm and nost preferably reduced to no nore than about 3
ppm According to a preferred gonag} E B pnt of the invention,
the concentration of nitrogen dioxide int e gas streambeing treated is
reduced to a

10 In one embodiment of the invention, a nitric oxide gas stream containing one

or more impurities, including nitrogen dioxide, is purified by passing the gas stream
‘through the bed of metal cation-free silica, alumina or zeolite, thereby removing

| nitrogen dioxide from the gas stream. The concentration of nitrogen dioxide in the

gas stream is generally reduced to not more than about 700 ppm, and is preferably

15 | reduced to no more than about 10 ppm, and most preferably reduced to no more

than about 3 ppm.

According to a preferred aspéct of this embodiment of the invention, the
concentration of nitrogen dioxide in the gas stream being treated is reduced to a
20 concentration of about 5000 ppm or less by washing the gas stream with dilute
" nitric acid and/or water and the washed gas stream is passed through a bed of one
or more of the above-mentioned adsorbents to remove nitrogen dioxide. The
concentration of nitrogen dioxide exiting the bed of adsorbent is generally reduced
to not more than about 700 ppm, and is preferably reduced to no more than about
-'25 10 ppm, and is most preferably reduced to no more than about 3 ppm.

In another embodiment, the nitric oxide gas stream is diluted with a
sufficient amount of an inert gas, such as nitrogen or argon, to reduce the
concentration of nitric oxide in the gas stream to a predetermined concentration,

30 generally to about 5 to about 5000 ppm, and the diluted gas mixture is further
purified by passing it'through the bed of metal cation-free silica, alumina or zeolite,



20  concentration of about 5000 ppmor |ess by washing the gas streamwith
dilute nitric acid and/or water and the washed gas streamis passed through
a bed of one or nore of the above-nentioned adsorbents to renpbve nitrogen
di oxi de. The concentration of nitrogen dioxide exiting the bed of adsorbent
is generally reduced to not nore than about 700 ppm and is preferably
reduced. to no nore than about 25 10 pgm and is nost preferably reduced
to no nore than about 3 ppm |In another enbodinent, the nitric oxide gas
streamis diluted with a sufficient amount of an inert gas, such as
nitrogen or argon, to reduce the concentration of nitric oxide in the gas
streamto a predet-erm ned concentration,,30 generally to, abgut 5 to about
5000 ppm  areraRY TaRYEInG dhe sancaniradPe of oitfegarAipxida n ihediied gas Sragmte.
t hrough the {Rg@esfredtdvad. cation-free silica, alumna or zeolite, 5

t hereby reducing the concentration of nitrogen dioxide in the diluted gas
streamto the desired level. In a third enbodinent, the nitric oxide gas
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absol ute pressures in the range of about 0.5 to about 200 bar or 15

hi gher. 180 $QQ49 PPP-t he process, the adsorption is preferably carried out
at ' : _ S :

‘The conditions under which the adsorption is carried out are not critical. It
can be carried out at temperatures in the range of about -50 to about 300°C. or
higher, and at absolute pressures in the range of about 0.5 to about 200 bar or

16 higher. To simplify the process, the adsorption is _preférably carried out at
temperatures in the range of about O to about 100°C. and at absolute pressures
in the range of 1 to about 10 bar. | |

The adsorption can be carried out in a single bed of adsorbent or in a battery
26 of two or more adsorption beds arranged in paraliel and operated out of phase, so
that at least one bed is undergoing adsorption while the adsorbent in another bed

is being replaced or regenerated. |



tenperatures in the range of about O to about [err] and at absolute
pressures in the range of 1 to about 10 bar. The adsorption can be carried
out in a single bed of adsorbent or in a battery 20 of two or nore
adsorpti on beds arranged in parallel and operated out of phase, so that at
| east one bed is undergoing adsorption while the adsorbent in another bed
I s being replaced or regenerated. . I n gne enbodi nent of the invention, a
nitric oxide gas stream containing one or nore inpurities, including
nitrogen dioxide, is purified by passing the gas streamthrough the bed of
metal cation-free silica, alumna or zeolite, thereby renoving nitrogen

di oxide fromthe gas stream The concentration of nitrogen dioxide in the 5
gas streamis genbyeomé gmbedionend of therioventions aditiic exideigassibegp epntaining one
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above- nenti oned adsorbents to renove nitrogen di oxide. The concentration of
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not nore thapyababut’9BpRPm and is preferably reduced to no nore than
about 10 ppm[E ang |6% n%gt preferably reduced to no nore than about 3 ppm
I n anot her enbodi nent, the nitric oxide gas streamis diluted with a
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concent r &0i opngenteatidn of hitrogbn dloxXidd in theogds SWEamMLeing tredtddis rdducedetb gas
mxture.is f lég;[\ggnrtration of about 5000 ppm or less by washing the gas stream with dilute
nitric acid and/or water and the washed gas stream is passed through a bed of one
or more of the above-mentioned adsorbents to remove nitrogen dioxide. The
concentration of nitrogen dioxide exiting the bed of adsorbent is generally reduced
15 to not more than about 700 ppm, and is preferably reduced to no more than about

10 ppm, and is most preferably reduced to no more than about 3 ppm.

In another embodiment, the nitric oxide gas stream is diluted with a
sufficient amount of an inert gas, such as nitrogen or argbn, to reduce the
20 concentration of nitric oxide in the gas stream to a predetermined concentration,
generally to about 5 to about 5000 ppm, and the diluted gas mixture is further
purified by passing it through the bed of metal cation-free silica, alumina or zeolite,
thereby reducing the concentration of nitrogen dioxide in the diluted gas stream to
the desired level.
25 |
in a third embodiment, the nitric oxide gas stream is first partially purified by
passing it through the bed of metal cation-free silica, alumina or zeolite, thereby
reducing the cohcentrati_on of nitrogen dioxide in the gas stream to a givén level,
and the partially purified gas stream is diluted with a sufficient amount of an inert
30 gas, such as nitrogen, argon or helium, to reduce the concentration of nitric oxide
in'the gas stream to the desired final concentration, generally to about 5 to about
5000 ppm. |



purified by passing it through the bed of metal cation-free silica, alumna
‘or zeoli-te, thereby reducing the concentration of nitrogen dioxide in the.
diluted gas streamto the desired level. 25 In a third enbodi nent, the
nitric oxide gas streamis first partially purified by passing it through
the bed of metal cation-free silica, alumna or zeolite, t hereby reducing
the concentration of nitrogen dioxide inthe gas streamto a given level,
and the partially purified gas streamis diluted with a sufficient amount
of an inert 30 gas, such as nitrogen, argon or hel ium to reduce the
concentration of nitric oxide in the gas streamto the desired fina
concentration, generally to about 5 to about 5000 ppm 7 The conditions

under which the adHe ¢YriditiorissuridRy wrﬁaaﬂsaaeécagﬂ@ﬁ i édriied @ut atd neveritival. It
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bed i s being replaced or regenerated. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
15 The nitric oxide that is purified by the process of the invention can be

The adsorption can be carried out in a single bed of adsorbent or in a battery
of two or more adsorption beds arranged in parallel and operated out of phase, so
10 that at least one bed is undergoing adsorption while the adsorbent in another bed

is being replaced or regenerated.

DETAILED DESCRIPTION OF THE INVENTION
15 _ '

The nitric oxide that is purified by the process of the invention can be
produced by any of several well known manufacturing methods. According to one
method, sulfur dioxide and nitric acid are reacted in the presence of water to
produce the nitric oxide. A number of byproducts, including sulfuric acid, nitrous

20 oxide (laughing gas) and nitrogen dioxide are produced in this process. The raw

product stream also contains unreacted sulfur dioxide. The sulfuric acid is easily

. removed from the product gas by phase separation followed by water wash. The

nitrous oxide does not interfere with the use of the nitric oxide in an inhalation gas

since it has a very low toxicity. However, as explained above, nitrogen dioxide, and

25 sulfur dioxide, must be substantially completely removed from the product gas
because of the extreme toxicity of these compounds.

Nitric oxide can also be produced by combusting ammonia with oxygen at
temperatures of about 1000°C. Byproducts of this process include nitric acid,

30 nitrous acid, nitrous oxide, nitrogen dioxide and nitrogen. The nitric and nitrous
acids can be removed by water washing the product gas. Significant quantities of
nitrogen dioxide can be removed from the product gas by water washing it with the



produced by any of several well known nmanufacturing nethods. According to
"one .ret hod, sul fur dioxide and nitric acid are reacted iin the presence of
-water to produce the nitric oxide. A nunber of byproducts, including

sul furic acid, nitrous 20- oxide (laughing gas) and nitrogen dioxide are
produced in this process. The raw product stream al so contai ns unreacted
sul fur dioxide. The sulfuric acid is easi#y renoved fromthe product gas by
phase separation followed by water wash. The nitrous oxide does not
interfere with the use of the nitric oxide in an inhalation gas since it
has a very low toxicity. However, as expl ai ned above, nitrogen di oxi de, and

25 | fur d tanti al I I .fr the

oroduct gas o B e 34 bl SR e ihhd U e
oxi de can al %estvﬁtwrsass@aﬂawgumséﬂ NGinkBTEAR proWewueés/aﬁv?ﬁ (or air) as a
tenperatures of about [err roducts of this process, i nclude nitric

acid, 30 ni mﬁsenta@in& s'm mmg oefsqed@acm w%@fvgﬁnosa prodyRe nitregesy dipxidey e
nitric and “b&fé)h‘(%sé‘ﬁé‘%ﬁl%&rﬁfb Qﬁers eﬁeﬂn gﬁl‘ﬁ@& éﬁa&mdﬁeuma iR"tA ll'Eéctﬂfi‘ls

Si gni ficant q_antltles IOXI e can e renoved fromt pr oduct
gas by waSer hissganhe aqcomnlishedn vconeueﬁnw!the qembuystiondn dwwteaemmfa@mss
bypr oduct, ﬁ,h bm equently washing the product gas with substantially pure
wat er. Since I'S process uses oxygen (or air) as a reactant, and since
nitric oxide reacts with oxygen to produce nitrogen dioxide, care nust be
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must be renoppshuced Byl this Riethdd inelidéthitrogen dioxide and ozone.

The nitric oxide-rich gas product made by the above processes may contain

nitrogen, depending upon which process is used. This poses no problem with

15 respect to the use of the nitric oxide product in inhalation therapy, because

nitrogen is nontoxic and is generally used as a diluent for the nitric oxide. The

nitric oxide gas is, however, stored in a substantially oxygen-free environment. In

this context "substantially oxygen-free” means that the nitric oxide proddct

contains no more than about 10 ppm oxygen. It is important to prevent oxygen

20 from cqmihg into contact with the nitric oxide gas product, since oxygen reacts
with nitric oxide to form nitrogen dioxide.

. Moisture is also desirably removed from the gas stream prior to or during the
adsorption step to avoid corrosion problems during storage. The moisture can be
25 removed by any one or more of various téchniques,-such as condensation or
adsorption. It is preferable to remove sufficient moisture from the gas mixture to
render the stream substantially anhydrous. By "substantially anhydrous" is meant
the gas stream contains no more than about 500 ppm water vapor. The moisture
content can be easily be reduced to about 160 ppm or less as it passes through the

30 adsorbent used to remove nitrogen dioxide from the product gas stream.



proauced by this nmethod include nitrogen dioxide and ozone. The nitric

oxi de-riech gas product nade by the above processes may contain nitrogen,
dependi ng upon which process is used. This poses no problemw th 15

respect to the use of the nitric oxide product in inhalation therapy,
because nitrogen is nontoxic and is generally used as a diluent for the
nitric oxide. The nitric oxide gas is, hawever, stored in a substantially
oxygen-free environment. In this context "substanti-ally oxygen-free" neans
that the nitric oxide product contains no-nore than about 10 ppm oxygen. It
Is inmportant to prevent oxygen 20 fromcomng into contact wwth the nitric
oxi de gas product, since oxygen reacts with nitric oxide to formnitrogen
di oxi de. Mbi sture As mantionddsibostk) the adsorbentsrusedtinahg dnventioozare pd'sorbehts or
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's silica gel of nltt.'rlc oxide to nitrogen dioxide and nitrogen.

Metal cation-free zeolites can be prepared, for example, by exchanging the
sodium form of a zeolite, such as zeolite type 4A or zeolite type 13X, or the
15 pbtassium form of the zeolite, with ammonium radicals and subsequently heating
the ammonium-exchanged zeolite sufficiently to drive off ammonia, thereby leaving
the hydrogen ion,'i.e. the proton, as the exchanged cation. The manufacture of
proton-exchanged zeolites is well known and forms no part of the present
invention. . ‘
20
The conditions under which the adsorption process is carried out are not
critical. The adsorption can be carried out at any temperature below the
decomposition temperature of the nitric oxide product and the adsorbent, and is
generally carried out at the temperature which provides optimum separation.- It is
25 . preferred to conduct the adsorption process at a temperature which is congruous -
with other steps of the product manufacturing process, and particularly at
atmospheric temperatures and pressures, if possible. Those skilled in the art can
easily determine which operating conditions are best suited for their purposes.

30 When the nitric oxide product gas is to be used in an inhalation gas it is
diluted with an oxygen-free inert gas which is nontoxic to humans and animals and
which can later be easily blended with oxygen or oxygen-enriched air to make up



terms "netal cation-free" and "substantially free of netal cations" when
‘use in reference to an adsorbent, nean that the adsorbent contains no nore
than trace amounts of netal cations. This feature of the adsorbents used in
the invention is 10 inportant because, as noted above, netal cations

catal yze the disproportionation of nitric oxide to nitrogen di oxi de and

- nitrogen. Metal cation-free zeolites can,ge prepared, for exanple, by
exchangi ng the sodiumformof a zeolite, such as zeolite type 4A or zeolite
type 13X, or the 15 potassiumformof the zeolite, w th anmoni umradicals
and subsequently heating the ammoni um exchanged zeolite sufficiently to
drive off ammonia, thereby |eaving the hydrogen ion, i.e. the proton, as

the exchanged ghlighon FAE aRRY': ggggé%ﬂm&reﬂregﬁ%ggmgrg%%egé e byl !
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bl ended wi t h oxygemor @xygen-garicked aic ite pravide taogasainixtupe havibg the desired nitric
_10 oxide concentration {usually in the range of about 0.5 to about 200 ppm nitric

oxide).

The process of the invention can be used to directly purify a nitric oxide-rich

gas, such.as the product obtained from any of the above manufacturing processes,

15 orit can be used to purify an inert gas-nitric oxide concentrate prepared by diluting

the nitric oxide-rich gas with an inert gas. In either case the process is effective

to reduce the concentration of nitrogen dioxide in the purified gas to any desired

value, such as below about 1 ppm. Itis generally advantageous to purify the nitric

oxide-rich gas prior to dilution, because the volume of gas passed through the

20 ‘adsorbent bed will be relatively small, and also because the concentration of

nitrogen dioxide in the inert gas-diluted product can be easily adjusted to any
desired final value during the inert gas dilution step.

The adsorbent used in the process of the invention has the additional
25 ' advantage of effecting the removal of other undesirable impurities, such as water
vapor and sulfur dioxide, from the gas stream being purified. This is desirable
since, as noted above,' water introduces the possibility of corrosion problems, and
sulfur dioxide is highly toxic.

30 Since the quantity of adsorbent necessary to accomplish the desired result
- will depend not only upon the quantity of gas being treated and the concentration
of nitrogen dioxide present in the fe_ed stream, but also on the concentration of



.an’inhal ati on gas having the desired concentration of nitric oxide.

"Sui t.abl e diluent gases include nitrogen, argon, helium etc. The preferred
di luent gas is nitrogen because of the ready availability and | ow cost of
this gas. The nitric oxide-rich gas is preferably diluted with the
oxygen-free inert gas to a concentration that can be 5 conveniently bl ended
with the oxygen or oxygenh-enriched gas that is used to make up the

i mhal ation gas. Typical inert gas-nitric oxide gas m xtures contain about 5
to about 5000 ppmnitric oxide. Preferred m xtures contain about 5 to about
2000 ppmnitric oxide. The inert gas-nitric oxide mxture can |ater be

bl ended wi th . ) . : : : :
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15 The invention is further illustrated by the following examples in which, unless

otherwise indicated, parts, percentages and ratios are on a volume basis.

EXAMPLE

20 A stainless steel cylinder, 13 inches long and having an internal volume of
500 mi was used in this example. The stainless steel cylinder was packed with

silica gel, sold by the Davison Chemical Division of W. R. Grace Company as grade

No. 41, and a one-half inch layer of cotton wool was inserted into both ends of the

tube to hold the adsorbent in place, and to serve as a filter. The test gas was

25 - passed through the U-tube at a flow rate of 680 cc/minute. The effluent from the
adsorbent bed was collected in a gas holder having an optical path length of

10 meters and a volume of about 2 liters. The gas holder was mounted on a
MIDAC G 1002 Fourier Transform Infrared (FTIR) spectrometer which recorded the

FTIR measurements at a resolution of 1 em™'. To obtain a high signal/noise ratio

30 60 scans were used. The gas passed through the cylinder at ambient room
temperature and was collected in the gas holder at an absolute pressure of 762 to
766 torr. The feed gas contains 98+ % NO and about 4000 ppm NO,. After 60



of nitrogen dioxide present in the feed stream but also on the

concentr-ati on of other inpurities present in the gas streamthat are
adsorbed by the adsorbent, the size of the adsorbent bed used in the
process will be influenced by the anmount of inpurities present in the gas
stream Thus, a sonewhat |arger bed of adsorbent may be required if the gas
stream being purified contains noisturej@r other 5 inpurities. The '
ni trogen di oxi de-cont ai ni ng adsorbent can be sonmewhat regenerated. However,
it isdifficult to efficiently desorb nitrogen dioxide fromthe adsorbent;
consequently the adsorbent is preferably renoved fromthe adsorbent bed and
10 discarded i tol | Q& I I re
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FTI R measurenents at a resol ution of 1 [err]. To obtain a hi gh signal / noi se
ratio 30 60 scans were used. The gas passed through the cylinder at
anbi ent. room tenperature and was collected in the gas holder at an absolute

pressure of 762 to 766 torr. The feed gas contains [er+}—%NO-and about

4000 ppm[err]. After 60 12 standard liters of gas ssed t hrough

the silica gel bed, [err] was determ ned 1® be |less t dﬁﬂﬂj’ﬁ“ﬂ&"lﬁu"ﬂrr]
ipassed

| evel increased to about 2 ppmand 5 ppm when the vol
t hrough the bed reached 360 and 530 liters, respectively. 5 Al though the
I nvention has been described with particular reference to a specific

exanpl es, .t he, exanpl es are nerely representative of the invention and
variatioﬁ@LﬁFE'éﬂggﬁhﬁfated. For instance, mixtures of two or nore
adsorbents can be used in a single bed or tw or nore adsorbents can be
used in tandemin the 10 process of the invention. The scope of the

i nventionl-i s A pracess der putilyinghan ioxyaen-freefnitrieeoxidp gasestreamicoptaining\hat i s
cl ai med i s¢ - O r : | Sy - £ T (L] e gas
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t hr ough dreecatisofberdisalectent fram silice calumiia, zbelites and eixtules ofthese,/thereby

al um na, lLites. LXL ur .0f se..thereby depleting said gas stream
of nit roé’éﬁ%&ingxﬁsad‘gggﬁg}r)éa'%hi’s"ﬂﬁ'%é@?'o&deﬂ aim1, wherein said netal - ,
cation-free adsorbent is selected

2. The process of claim 1, wherein said metal cation-free adsorbent is selected

from silica, alumina, zeolite A, zeolite X, zeolite Y and mixtures of these.

3. The process of claim 1, wherein said gas stream is substantially

moisture-free.

4. The process of claim 1, wherein the nitrogen dioxide-depleted gas stream

-contains not more than about 10 ppm nitrogen dioxide.
‘B, The process of claim 1, wherein said adsorbent is silica.

6. The process of claim 1, further comprising difuting the nitrogen dioxide-
depleted gas stream with inert gas selected from nitrogen, argon, helium and

mixtures of these.

7. The process of claim 6, wherein said nitrogen-depleted gas is diluted with
sufficient inert gas to reduce the concentration of nitrogen dioxide in said nitrogen-
depleted gas to not more than about 1 ppm.

8. The process of claim 6, further comprising humidifying the nitrogen-depleted

~ gas stream.

9. The process of claim 1, further comprising reducing the concentration of
nitrogen dioxide in said gas stream prior to passing it through said bed of adsorbent



fromsilica, alunina, zeolite A zeolite X, zeolite Y and ni xtures of

t hese. 3: The process of claim 1, wherein said gas stream is
substantially noisture-free. 4. The process of claim1l, wherein the

ni trogen di oxi de-depl eted gas stream contains not nore n |1m
ni trogen di-oxi de. 5. The process of claim1, wherei nm m“ﬂmmumm! S
silica. 6. The process of claim1, further conprising*diFuttndtHe

ni trogen di oxi de- depleted gas streamwi th inert gas selected from _

ni trogen, argon, heliumand m xtures of these. 7. The process of claim§6,
wherein said nitrogen-depleted gas is diluted with sufficient inert gaz to
reduce th 1.0 ' n,di oxi Iys | | . | et.ed gas
o not mord PRasBrigClieGed subi RAfef il nElE o B, sLBNEHg 1R i |
conpri si ngtteam to tpjogenichdistiilatioogrrbyda phatbinbtipasofsthesamproceduresthe process
of claim1, further conprising reducing the concentration of nitrogen
dioxide in said gas streamprior to passing it through said bed of
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t hese pr 08’!\' uraea.as fﬁfect opt 85%8%“ 8f axygemedriched wifto peaducesa hlengdedndi n
sai d puri frigelrgasontailing'dboit 05 2o @BSUE 2005 pRd nitrieBxfde/gen or |
oxygen-enriched air to produce a bl ended mxture containing about 0.5 to
about 200 ppmnitric oxide. 11. The process of claim®6, further conprising
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oxygen-enriched air to produce aini ng
about 200 Withmangas selegteddfrom oxygen or oxygen-enriched air to produce a blended

mixture containing about 0.5 to about 200 ppm nitric oxide.
12. The process of claim 6, further comprising humidifying said biended mixture.

13. The process of claim 1, wherein the concentration of water vapor in said gas
stream is reduced to not more than about 100 ppm as said gas stream passes
through said adsorbent.

14. The process of claim 1, wherein said gas stream contains one or hore

- impurities selected from sulfur dioxide and ozone and the concentra‘tion.of each of
said one or more impurities in said gas stream is reduced to not more than about
1 ppm as said gas stream passes through said adsorbent.

15. A method of removing nitrogen dioxide from a gas stream containing nitric
oxide and at least about 10 ppm nitrbgen dioxide comprising passing safd gas
: stream_through a bed of metal cation-free adsorbent selected from silica, alumina,
zeolite A, zeolit_e X, zeolite Y and mixtures of these, thereby producing a nitrogen
dioxide-depleted gas containing not more than about 5 ppm nitrogen dioxide.

16. The process of claim 15, wherein said gas stream additionally comprises
~ nitrogen. '



12." The process of claim6, further conprising hunidifying said bl ended
‘m xture. 13. The process of claim1l, wherein the concentration of water
vapor in said gas streamis reduced to not nore than about 100 ppm as said
gas stream passes through said adsorbent. 14. The process of clai )

.wherein said gas streamcontains one or nore i rrpurities”nm’ f
sul fur di oxi de and ozone and the concentrl&ti on of each ﬂ ' ulmmﬁ)re
inpurities in said gas streamis reduced to not nore thdn &bobt M ppm+as

said gas stream passes through said adsorbent. 15. A nethod of renoving
ni trogen dioxide froma gas-streamcontaining nitric oxide and at |east
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di oxi de t Hepletsd gasoaithadn iRFtegaszat i on-free adsorbent selected fromsilica,

alum na, zeolite A zeolite X, zeolite Y and m xtures of these, thereby
produci ng a nitrogen di oxi de-depl eted gas, and diluting the nitrogen
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wherein said nitrogen-depleted gas is diluted w sufficient inert gas to
reduce t heuffisiant inertigps to sedusethegrancentiatien of mitregen digxidetthpteinte nah about

10 ppm 13‘0',;'[@#3,%9&&5?08{,"{3[ aim 17, wherein said adsorbent is silica.

19. The process of claim 17, wherein said adsorbent is silica.
- 20. The process of claim 17, wherein said inert gas is nitrogen.

21. A process for preparing an inert gas-nitric oxide gaseous product comprising
blending a gas stream containing nitric oxide and nitrogen dioxide with sufficient
inert gas to reduce the concentration of nitric oxide in the resulting gas mixture to
about 5 to about 5000 ppm, and passing said gas mixture through a bed of metal
cation-free adsorbent selected fr&m silica, alumina, zeolite A, zeolite X, zeolite Y
or mixtures of these, thereby producing a nitrogen dioxide-depleted gas stream.

22. The process 6f claim 21, further comprising diluting the gaseous product
with sufficient inert gas to reduce the concentration of nitrogen dioxide therein to
not more than about 10 ppm nitrogen dioxide.

23. The process of claim 21, wherein said adsorbent is silica.

24. The process of claim 21, wherein said inert gas is selected from nitrogen,
argon and mixtures of these.

25. The process of claim 24, wherein said inert gas is nitrogen.



:20. The process of claim 17, wherein said inert gas is nitrogen. 21. A
process for preparing an inert gas-nitric oxi de gaseous product:- conprising
bl ending a gas stream containing nitric oxide and nitrogen dioxide with
sufficient. inert gas to reduce the concentration of nitric oxide in the
resul ting gas mxture to about 5 to about 5000 ppm and passing said gas
m xture through a bed of netal cation-frieée adsorbent selected fromsilica,
alumna, zeolite A zeolite X, zeolite Y or mxtures of these, thereby
produci ng a nitrogen di oxi de-depl eted gas stream 22. The process of claim
21, further conprising diluting the gaseous product with sufficient inert
gas to reduce the concentration of nitrogen dioxide therein to not nore
than about 10 ppm nitrogen di oxide. 23. The process of claim 21, wherein
sai d adsorbent is PROGRSS EOR THE: BURIFICATION: 0¥ MITRICWOXIBEN said inert
gas is selected fromnitrogen, argon and m xtures of these. 25. The
process of claim 24, wherein said inert gas is nitrogen.

ABSTRACT OF THE DISCLOSURE

A gas mixture comprised of nitric.oxide and, optionally an inert gas, and
containing small amounts of nitrogen dioxide, arid perhaps moisture and sulfur
dioxide, is purified by passing the gas stream through a bed of metal cation-free
silica, alumina, or zeolite. The concentration of nitrogen dioxide, sulfur dioxide and

5 . moisture in the gas stream are éignifiéantl-y'reduced as the gas mixture passes
through the bed of adsorbent.



