1. PROCESS FOR THE PURI FI CATI ON OF NI TRI C OXI DE FI ELD OF THERﬁ\NERT %
present Fnvention is directed to a process for purifying nitric oxid and-
nore particularly to a process in which nltrogen di oxide is renoved from
nitric. oxide by adsorption. 5 BACKGROUND OF THE
INVENTI ON Nitric oxide has recently been found to play an inportant role in
life processes in humans and ani mal s. For “exanple, it hel ps maintain bl ood
pressure by dilating blood vessels, and kills foreign invaders in the
body's i mune system 10 Studies indi.cate that extraordinary benefits may
be obtai ned by adm nistering snmall dosages of nitric oxide to patients who
suffer fromcertain illnesses or diseases. O particular interest is the
prospect of reducing pul nonary vasoconstriction in pediatric patients with
congenital heart disease conplicated by pul nonary artery hypertension by

having the patients i nhapROCESSFDR THECPYRIFICATION OF RITRIC\GXIDELS snal |
concentrations of nitric oxide. Nitric oxide is a relatively stable gas

when it is in the pure state or mxed with an inert gas, such as nitrogen
or argon. However, when it is mxed with oxygen it reacts rapidly with the
oxygen to formnitrogen dioxide, a substance that 20 is highly toxic to
humans. The nitrogen di oxi de react EIELM OF EHEINVENTIONN nitric and nitrous
aci ds, which, when inhaled can cause severe pul nonary oedenm, acid
pneunonitis or even death. Because of the highly toxic character of

ni trogen di oxi de, T1The present iwention isi diréctéd tale précyssifohplrifyingnitriccoxide, and
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5 . 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 helps maintain blood pressure

by dilating blood vessels, and kills foreign invaders in the body"s immune system.

10 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 the prospect of reducing puimonary vasoconstriction in
pediatric patients with congenital heart disease complicated by pulmonary artery -

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

15 “small concentrations of nitric oxide.

Nitric oxide is a relatively stable gas when it is in the pure state or rhixed
with an inert gas, such as nitrogen or argon. However, when it is mixed with
oxygen it reacts rapidly with the oxygen to form nitrogen dioxide, a substance that

20 is highly toxic to humans. The nitrogen dioxide reacts with water to form nifric and
nitrous - acids, which, when inhaled can cause severe pulmonary oedema, acid
pneumonitis or even death. Because of the htgh!y toxic character of nitrogen
dioxide, nitric oxide that is intended for inhalation use by humans is generally
purified to remove any nitrogen dioxide that is initially in the nitric oxide product as

25 a result of the manufacturing process, and the purified product is stored and



shi pped in an oxygen-free environment to prevent the subsequent generation
of nitrogen dioxide in the storage or shipping container. Nitric oxide is
generally. adm nistered to a patient - by diluting a nitrogen-nitric 5 oxide
concentrate gas containi ng about 1000 ppmnitric oxide with oxygen or
oxygen-enriched air carrier gas to producg an inhalation gas containing
nitric oxide in the desired concentration range (usually about 0.5 to 200
ppm based on the total volume of the inhalation gas). Cal cul ati ons based
on nitric oxi'de chem cal kinetics suggest that if pure oxygen is m xed mﬁth
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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
inhalation gas does not exceed 5 ppm. fo minimize the risk of exceeding the
5 ppm upper limit, it is desirable that the concentration of nitrogen dioxide in the
20. nitrogen-nitric oxide supply vessel be as low as possible, and it is most preferred

that it not exceed about 1 ppm.

Nitrogen dioxide is produced as a byproduct of most, if not all, nitric oxide

production processes. Various techniques are employed to remove nitrogen dioxide

25 | from the nitric. oxide. United States Patent No. 3,488,515 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
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

30 nitric oxide because it does not adequately reduce the concentration of nitrogen
dioxide in the product gas stream. Nitrogen dioxide can also be removed from
nitric oxide by cryogenic distillation. This method likewise leaves a lot to be



nitric oxide by cryogenic distillation. This nmethod |ikew se | eaves a | ot
to be- 3 desired because of the high capital cost of distillation
eqU|pnent and because not all of the valuable nitric oxide is recovered
during the distillation. Another purification technique that has been
reported is adsorption using as 5 adsorbent a bed of activated coke or
activated charcoal (see U. S. Patent Nos3 2,568,396 and 4,149, 858). This
procedure suffers fromthe di sadvant ages that the activated coke and
activated charcoal do not efficiently renove nitrogen dioxide fromthe gas
stream they adsorb nore nitric oxide than is desired and they tend to
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types A 1K anifrogepeol ites, 25 nordenite, faujasite and chabazite. Although
t hese adsorbents exhibit superior ni trogen di oxi de adsorption properties it
has been found that they al so possess the undesirable attribute of

catal yzi ng .t he diis s kfowh ithatodertdin aéolites prefereritiblly tadsartl nitrpgen dioxide from

gas streams containing nitric oxide and nitrogen dioxide. For example, U. S, Patent

No. 4,153,429, issued to Matthews et al, which relates to the removal. of NO,
15 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 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.
20 Nitric oxide is oxidized to nitrogen dioxide in the presence of oxygen.

Copending U. S. Patent Appfication Serial No. 129,467, filed September 30,
1993, discloses the removal of nitro.geri dioxide from a nitric oxide gas stream by
passing the gas stream through a zeolite selected from types A, X and Y zeolites,
25 mordenite, faujasite and chabazite. Although these adsorbents exhibit superior
nitrogen dioxide adsorption properties it has been found that they also possess the
undesirable attribute of catalyzing the disproportionation of nitric oxide to nitrogen
dioxide and nitrogen. It is believed that the metal cations on the zeolite cause the '
catalytic reaction.

30
Zeolites, such as type A, X and Y zeolites, and other adsorbents which may

adsorb nitrogen dioxide, such as silica and alumina, also possess the characteristic



~dioxide and nitrogen. It is believed.that the netal cations on the zeolite
‘cause.the catalytic reaction. 30 Zeolites, such as type A, X and Y
zeolites, and ot her adsorbents which nmay adsorb nitrogen dioxide, such as
silica and alum na, al so possess the characteristic 4 of renoving water
vapor froma gas stream passing through , them This is an undesirable
attribute if the gas streambeing purifi'ed is intended for use as an

i nhal ant for patients in nmedical applications, since the absence of

noi sture in the inhaled gas streamtends to cause drying and irritation of
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to the patient, to avoid drying of the patient's air passages. The present lnventnon.

provides a simple and efficient method of achieving both of these objectives.

15 ' SUMMARY OF THE INVENTION

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 a bed of one of certain metal cation-depleted molecular sieves which

20 preferentially adsorb nitrogen dioxide relative to nitric oxide, oxygen, nitrogen and
water vapor, thereby effecting the removal of nitrogen dioxide from the gas stream
without also removing significant amounts of the other mentioned components.

In a preliminary étep of the nitric oxide purification procedure of the

25 invention, the concentration of nitrogen dioxide in the gas stream being treated is
reduced to a concentration of about 5000 ppm or.less by washing the gas stream

with dilute nitric acid and/or water and then the washed gas stream is passed
through one or more beds of the above-mentioned adsorbents to remove nitrogen

: dioxide. |

30

In another embodiment, the nitric oxide gas stream is diluted with a

sufficient amount of an inert gas, such as nitrogen o'r argon, to reduce the



25" invention, the concentration of nitrogen dioxide in the gas stream
being-treated is reduced to a concentration of about 5000 ppmor |ess by
washing. the gas streamwi th dilute nitric acid and/or water and then the
washed gas streamis passed through one or nore beds of the above-nentioned
adsorbents to renove nitrogen dioxide. 30 In another enbodinent, the nitric
‘oxide gas streamis diluted wwth a suffiTient anount of an inert gas, such
as nitrogen or argon, to reduce the 5 concentration of nitric oxide in
the gas streamto a predetermned concentration, generally in the range of
about 5 to about 5000 ppm and the diluted gas mixture is further purified

by passing i tcohaéﬁust'broaennrc BRI .hqﬂs %E stle@mPRPE preduteimined cdRtehtration,
cation-depl eted nol ecul ar sieves, thereby reducing the concentration of 5
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200 ppm The resulting mxture i1s. hen passed through one or nore
t he above- nemlﬂbpewfﬂclent amount of an mert gas, such as nitrogen, argon or hehum, to
reduce the concentration of nitric oxide in the gas stream to the desired final

concentration, generally about 5 to about 5000 ppm.

‘15 In @ most preferred embodiment of the invention, a nitric' oxide-inert gas
' mixture is first blended with an oxygen-containing gas, which may be substantially
pure oxygen or an oxygen-inert gas mixture, such as air or oxygen-enriched air, to -
reduce the nitric oxide to the desired level, usually about 1 to about 200 ppm. The
resulting mixture is then passed through one or more beds of tl.He a'boVe-mentioned
20 metal cation-depleted adsorbents, thereby reducfng the nitrogen dioxide
concentration in the gas mixture to the desired level, generally not more than about
3 ppm. In this embodiment, the gas stream may be humidified before, during or™

after the oxygen blending step.

25 . The conditions under which the adsorption is carried out are not critical. In
general, 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 higher. To simplify the process, the adsorption is preferably carried out at
temperatures in the range of about O to about 100°C and at absolute pressures in

30 the range of about 1 to about 10 bar.



20 netal cation-depleted adsorbents, thereby reducing the nitrogen dioxide
concentration in the gas m xture to the desired | evel, generally not nore

- than about 3 ppm In this enbodi nent, the gas streamnmay be hum dified
before,- during or after the oxygen bl ending step. 25 . The conditions
under which the adsorption is carried out are not critical. In general, it
can be carried out at tenperatures in thé range of about -50 to about

300[ err] or higher, and at absolute pressures in the range of about 0.5 to
about 200 bar or higher. To sinplify the process, the adsorption is
preferably carried out at tenperatures in the range of about 0 to about 1
OO[err] and at absolute pressures in 30 the range of about 1 to about 10
bar . 6 The adsofie pdsprption ban baceiried autin asinglesbedjotedsosbent ards etiastery or -
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DETAILED DESCRIPTION OF THE INVENTION

The nitric oxide that is purified by the péocesé of the invention can be
15 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
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
20 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 fow toxicity. However, as explained above, nitrogen dioxide, and
sulfur dioxide, must be substantially completely removed from the product gas
because of the extreme toxicity of these compounds. When the gas being purified

25 is to be stored, moisture is also desirably removed to avoid corrosion problems.

Nitric oxide cah also be produced by cémbusting ammonia with oxygen at
temperatures of about 1000°C. Byproducts of this process include nitric acid,
nitrous acid, nitrous oxide, nitrogen dioxide and nitrogen. The nitric and nitrous

30 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
dilute nit_ric acid obtained as a byproduct, and subsequently washing the product



oxi de (laughing gas) and nitrogen dioxide are produced in this process. The
raw product stream al so cont-ains unreacted sul fur dioxide. The sulfuric
acid is easily 20 renoved fromthe product gas by phase separation

fol'l oned by water wash. The nitrous oxi de 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 dxi de, and sul fur dioxide, nust be
substantially conpletely renoved fromthe product gas because of the
extrene toxicity of these conpounds. When the gas being purified 25 is to
be stored, nmoisture is also desirably renoved to avoid corrosion problens.
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bypr oduct, §”dﬁ®%ﬁﬁque”t | y washi ng the product 7-gas wth substantially
pure water.” Si I's process uses oxygen (or air) as a reactant, and
since nitric oxide reacts with oxygen to produce nitrogen di oxide, care

must be taken to ensyre that .all of the oxygen is, consuned i,n the, reaction.
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ni trogen di oxi de and ozone. e nitric oxide-rich gas product nade by the
above processes may .contain nitrogen, dependi ng upon which process is used.

Thi S_ pOses no pr Obl’l’ﬁ@n%i&: tE»(is:ie-rich gas product made by the above processes may contain
| nitrogen, depending upon which process is used. This poses no problem with
respect to the use 6f the nitric oxide product in inhalation therapy, because
15 nitrogen is nontoxic and is generally used as a diluent for the nitric oxide. The -
- pitric oxide gas is, however, stored in an oxygen-free environment. In the context .
of this invention "oxygen-free™ means that the nitrié oxide product contains no
more than about 10 ppm oxygen. It is important to prevent oxygen from coming
into contact with the nitric oxide gas product during storage, since oxygen readily
20 reacts with nitric oxide to form nitrogen dioxide.

o The adsorbents used in the process of the invention are substantially metal
cation-free and alumina-deficient, i.e. their Iattice structures are substantially free
of alumina groups. Specifically, tl;ey have silicon to aluminum atomic ratios of at

25 least 100. Included in this group of adsorbents are molecular sieves of the FAU,
:MFI and MEL type structures, including zeolites that have been made alumina-
deficient by dealumination and molecular sieves that are directly synthesized
without introducing alumina groups into the lattice structure. Alumina-deficient
molecular sieves useful in the invention include dealuminated type Y ze.olite (DAY),

30 2ZSM-5, ZSM-11 and ZMS-20, all having silicon to aluminum atomic ratios of at
least about 100.. Other synthesized molecular sieves that are substantially free of
alumina groups which are useful in the invention include those having structures



respect to the use of the nitric oxi-de product in inhalation therapy,
because 15 nitrogen is nontoxic and is generally used as a diluent for the
nitric oxide. The nitric oxide gas is, however, stored in an oxygen-free
environment. in the context of this invention "oxygen-free" neans that the
nitric oxide product contains no nore than about 10 ppm oxygen. It is

i mportant to prevent oxygen from conmng i8nto contact with the nitric oxide
gas product during storage, since oxygen readily 20 reacts with nitric
oxide to formnitrogen dioxide. The adsorbents used in the process of the

i nvention are substantially netal cation-free and alum na-deficient, i.e.

their latti t tially f f al um.na,. .
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nmore than trace amounts-of nmetal cations, and the terns "alumna- |
‘deficient” afieargidgl empeidtwashingfegeclie Pl the destied staugturanArchy, tegatinpethes

mean zeolite with silicon tetrafluoride and ammonium thiosilicate, any of which.
procedures results in the manufacture of a molecular sieve having a crystalline

15 structure comprised substantially of tetrahedral silicon dioxide units. The particular

method of dealumination of the adsorbents to be used in the invention is not critical

and methods of effecting the desired result are well known and form no part of the

present invention.

20 The metal cation content of the molecular sieves from which the adsorbents
to be used in the invention are made can also be decreased by replacing the metal
cations with hydrogen ions, i.e. protons. This can be accomplished, for example,
by replacing metal cations with ammonium ions and subsequently driving ammonia
from_the exchanged adsorbent, thereby leaving protons in place of the metal

25 cations. This procedure is likewise well known and forms no part of the present
invention. If desired, the metal cation content of the precursor molecul_ar sieves
can be reduced by a combination of the above two procedures, that is, by

" increasing the silica-to-alumina ratio in the adsorbent and by replacing some or all
of the remaining metal cations with protons.

30 )

' " Asindicated above, the conditions under which the adsorption process of the
invention is carried out are not critical. The adsorption can be carried out at any



that the ratio of silicon to aluminumatons in the sieves is at |east about
100:1, i.e., the ratio of silica to alumna groups in the sieve is at |east
200:1. 10.Al um na-deficient nolecul ar sieves can be prepared, for exanple,
by steaning or acid washing a zeolite of the desired structure, or by
treating the zeolite with silicon tetrafluoride and ammoni umthiosilicate,
any of which procedures results in the nafufacture of a mol ecul ar sieve
having a crystalline 15 structure conprised substantially of tetrahedral
silicon dioxide units. The particular nmethod of deal um nation of the
adsorbents to be used in the invention is not critical and nethods of
effecting the desired result are well known and formno part of the present

| nvention. Fratqﬂeboeﬁ@\;v%a%gbﬁﬁoﬁﬂ% ?&%\P&fatﬁllleo E‘?ﬁﬁ"caﬂxn?é gY:gﬁc{ A"

whi ch the adso?%mﬁ e use nventon are nade can
decreased by r ehé adsamyent)eambnas geaeralbynsamadqochtydt ttgaetempemture whicprprovidss

Thi s can be acco shed aC|n met.al
ammoni um i ons gﬁ ;1 'HW VW& ‘Hﬁ%ﬁﬁ&@?‘ Qrﬁgug&@a%hﬁgﬁ phbtefled to
adsor bent, 't heeehuuém\el a"ttsomtwwmcegs at 8xemplerdtare WHich is2bongrabuowvith dthies
procedure is |ikew known and forns no paft of th
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i nvention. Pf &taRs Bﬁt hg t‘?é"‘?ﬂ?(‘aﬂ‘a’(‘}éfPFM'"SoPﬂ"éﬁ S,ohn I’l'e'spsé'g E%E' Reaferzed 0
si eves can be sﬂaeaqhbxdeo@%h'a@ﬁbm a?ab.amemwetdrwam gfédeéslf poasble.

is, by increasing th lica-to-alumna ratio in the adsorbent and
repl aci ng sorreTopsalsklllgd in the pBRanmaslly determine whick onietailrwrwzsmonssare/%est

I ndi cat ed abov under which the adsorption process of the
i nvention is cgy'rtléé;? rg{&['lﬁfd %s critical. The adsorption can be carried

out at any 9 tenperature bel ow the deconposition tenperature of the

nitric oxi ? g P’ Oduc{Nhaerr]\qthe nitric oxide product gas is prepared for use as an inhalation gas it
is often preferred to dilute the product gas with an oxygen-free inert gas which is
nontoxic to humans to produce a less concentrated gas mixture which can later be
easily blended with oxygen or oxygen-enriched air to make up ‘an inhalation gas
~ having the desired concentration of nitric oxide. Suitable diluent gases include
15 nitrogen, argon, helium, etc. The preferred diluent gas is nitrogen because of the
ready availability and low cost of this gas. The nitric oxide-rich gas is preferably
diluted with the oxygen-free inert gas to a concentration such that it can be
conveniently blended with the oxygen or oxygen-enriched gas that is used to make
up the inhalation gas. Typical inert gas-nitric oxide gas mixtures contain about 5
20 to about 5000 ppm nitric oxide. Preferred mixtures contain about 5 to about 2000
ppm nitric oxide. The inert gas-nitric oxide mixture can later be blended with
oxygen or oxygen-enriched air having an oxygen concentration that will provide the
desired oxygen to nitric oxide ratio (usually in the range of about 0.5 to about 200

ppm nitric oxide) and the desired oxygen to nitrogen c_oncentration_ ratio.

25 | |

The process of the invention has several important applications. It can be
used to directly purify a nitric oxide-rich gas, such as the product obtained from
any of the above manufacturing processes. tt can also be used to purify an inert
gas-nitric oxide concentrate prepared from the nitric oxide-rich gas and an inert gas,
-30 asdescribed above. Ineach of the above cases, the process is effective to reduce
the concentration of nitrogen dioxide in the ﬁurified gas to any desired level. Itis
often advantageous to purify the i'iitric oxide-rich gas prior to dilution, because the



the adsorbent, and it is generally carried out at the tenperature which
provi des optimum separation. In purifying crude nitric oxide product it is
often preferred to conduct the adsorption process at a tenperature which is
congruqus with other 5 steps of the product nmanufacturing process, and it
Is particularly preferred to conduct the adsorption at normal anbient
tenperatures and pressures, if possible. Ithose skilled in the art can
easily determ ne which operating conditions are best suited for their

pur poses. 10 When the nitric oxide product gas is prepared for use
as an inhalation gas it is often preferred to dilute the product gas with
an oxygen-free inert gas which is nontoxic to humans to produce a |ess
concentrat ed guelumecoligas pissing thaoughathe bed of adsorpent Mfi‘&lgﬂ miehsmaljercthan if

oxygen-enricheq .ajl.,t . _L.ph | O . ' i
concent rat i on e st eteRR gt oply i dadbiSuckt ho¥lad Bln BEBakR operated
argon, hel i um tetreducBhthep nitfogenedioxiide ueoritegh to i lswnconcentratioas carsk sulfseignent

ready avail abiljty and.l ow cost of, this s, The nitric oxide-[.ich S is

b of or ably. di | ENPrpe the Hereszpuer. geR.arathiat wil lut the editeBfabiag o 7Eeash
that it cargbedpRitecin ahs liven! gitliteti t Eordentaxy aonlevelsomelicBelow iitshddsignb
that is used to npke up the inhalation gas. Typical inert gas-nitric oxide

gas mi xtures cBHNUMARNGENYAYRN. t o about 5000 ppmnitric oxide. Preferred
m xtures contain about 5 to about 2000 ppmnitric oxide. The inert
gas-nitric oxide mxture can |ater be blended with oxygen or .

oxygen- enri ched ai rTheapioggssef theigeentinmeambe practiceding third vept vsefubweye it
desi red oxygen | LI ' | . L Qeols [ :

about 200 ppm FTPY ubds £o18H1o8 phflgeh dibFE ok b Rk xR Bhir Rhliaflomde
concent r at1@®n mixtuce after ifthasbeeoasixedfwith@xiygem ot aoroxygsnsiehagasl i.enjust priot

Sleh a8 the privadmRTaSct Wb peety: oThiE dePisab ndriadity Sabbideifiuin,

I't can al so bethstefpérnitaittiel senfoval BE hitratf diokidecfromi the gasrstrsnm avithout also

prepared fromthe nitric oxide-rich gas and inert gas, 30 .as.described
Bbove. In cacHFEROVING WaSEH aRok Jiach the Auitiste Lo & bpraborbrpaerijon SHREPIORE
len_Cent ration gdsdibérite @oBidditAY heed té réHimniBifyithe athalitfort gesafiiktGresdftérdemaval -
is
15 of the nitrogen dioxide, which would be the case if hydrophilic adsorbents were

used for purification of the oxygen-containing'inhalation gas.

The nitrogen dioxide-containing adsorbent can be somewhat

_regenerated, if desired. However, it is difficult and not cost effective to desorb

20 nitrogen dioxide from the adsorbent; consequently the adsorbent is preferably

removed from the adsorption equipment and discarded before its ability to
efficiently adsorb nitrogen dioxide begins to diminish.

The invention is further illustrated by the following simulated example in

25 which, unless otherwise indicated, parts, percentages and ratios are on a volume
basis. A hypothetical gas purifier which has an ID of 8 inches and a length of 12
inches and which is charged with 10.6 ibs. of dealuminated tybe Y zeolite (DAY)

sold by DEGUSSA AG of Germany under the trade deéignation Wessalith is used

in the hypothetical example. A hypothetical gas stream having an initial

30 composition of 50 ppm nitric oxide, 8 ppm nitrogen dioxide, 10% wate} vapor,
80% oxygen and the balance nitrogen is passed through the gas purifier during the
simulated run. The duration of the simulated run is 120 hours. The projected



of ten advantageous to purify the nitric oxide-rich gas prior to dilution,
because the 10 vol une of gas passing through the bed of adsorbent wl|
be much smaller than if it is first diluted with inert gas, and the
adsor pti.on process can be easily operated to.reduce the nitrogen dioxide
content to | ow concentrations and subsequent dilution of the nonadsorbed
gas product will |ower the concentration bt nitrogen 5 dioxide in the
inert gas-diluted concentrate to.levels well below its desired maxi mum
concentration. The process of the invention can be practiced in a third
very useful way. It can be used to renove nitrogen dioxide froma nitric

oxi de-cont ai ni_n as 10 mxture after h been.m Wt
oxygen or an &% 8ﬁ #@35&5 stream ﬁ§‘fmﬂr’ﬁ5|§af 8ugh ﬁ?g?rf%‘%n%ﬁ‘e??a{'ﬁng the
patient. Thi Sp@apR tadaldted in thedTablecul arl y advantageous in that it permts
the renoval of nitrogen dioxide fromthe gas streamw thout al so renoving
wat er vapor fromthe m xture. Use of the above-specified hydrophobic -
adsorbents avoids the need to rehumidify the inhalation gas m xture after
renoval 15 of the nitrogen di oxide, which would be the case if hydrophlllc
adsor bent sBwere used for purification of ZARExygen- containing i nhal ati on.
gas. The nitrogen di oxi de-contai ni ng adsorbent can be sonewhat regenerated,

if desired. However it is difficult and not cost effective to desorb 20
ni trogen diox|de fromthe jadsorbent; consqgydeRb¥siddae adsorbent is
preferably refroved fromtHe A S-S+Pir-aR-~eertHP ' b its
ability to ef mmmmmm;orb ni tr¢ggen di oqi de beginfs to di i nish. The

i nvention is fur il lugtr %b - ]l ova Si d}ex e {n 25
whi ch, unl ess} ot h@%ﬂbé’e irdi% Dﬂé'@ h er\cﬁé‘n ag g]ﬁé‘n#r ' on a

vol ume baghs.| A hygothetidal ggg pyridoler vr/m clgphas Jan 4> of 8 ggichep and a
he _of

l ength of 12 pnches and wihi th 10 6 i eal i nat ed -
type Y zeolitp (DAY} - 48 - 0.5 80 10 ‘Bal
72 ~ 48 -1 80 10 Bal

120 - -48 -2 80 10 Bal

15

An examination of the tabulated results shows that DAY can be expected

to efficiently remove nitrogen dioxide from a gas stream without substantial

- removal of water vapor contained in the gas stream and without substantial

20 disproportionation or reaction of the nitric oxide in the gas stream during the entire
gas administration period. '

~ Although the invention has been described with particular reference to a
specific hypothetical example, the example is merely representative of the invention
25 and variations are contemplated. For instance, mixtures of two or more of the
disclosed adsorbents can be used in a single bed or two or more of these
adsorbents can be used in tandem in the process of the invention. The scope of

the invention is limited only by the breadth of the éppended claims.



sol d’ by DEGUSSA AG of Germany under the trade designation Wessalith is used
i'n the hypothetical exanple. A hypothetical gas stream having.an initial 30
conposition of 50 ppmnitric oxide, 8 ppmnitrogen dioxide, 10% water
vapor, .80% oxygen and the bal ance nitrogen is passed through the gas _
puri-fier during the sinmulated run. The duration of the sinmulated run is 120
hours. The projected conposi tion of the gas streamexiting the gas
purifier at various tinmes during the run is tabulated in the Table. 5
TABLE Gas Conposition Adm nstration Tinme hrs No ppm—fer+i—ppm

[err]% [err]% [err]% 1 O 4 -48 . ﬂ mi
R A |
-48 -What is claimeg)is: 10 Bal 120

80 10 Bal 15 An exam nation of the tabul at ed resul ts shovvs

t hat DAY can be expected to efficiently renove nitrogen di oxide froma gas
st ream wi thout Amsshed of tneatingewndtricsxi emtamsa%aﬁﬁ@wﬁeﬁamimﬁ@m

stream an 8\/“&'“9*]%' §H9§5I E.bé‘{s %%P?rﬁlgdﬁé’ hgpé?ﬁé 589 a's%r ’E%SPH Q'bed of Ne

nitric oxi ream asamnlst ation period.
Al t hough trneta! naaub-nfm dﬂasrmmvliagmrsmm-mﬂhmnwm iatesnigrratiofgreatec tharo a

hvent i on SBu 100 { e el TR avhe R oAt ERTnRe SV RSPol e FBEESHE P il o
two or nortgpefZSM0izedlitessilicalite-d; bilialite<a) randemistardsi of these ngl e bed or tvvo

or nore of these adsorbents can be used in tandemin the process of the
I nvention. The scope of

2. The method of claim 1, carried out sufficiently to reduce the nitrogen dioxide
content of said gas stream to not more than about 700 ppm.

3.  The process of claim 1, wherein the treated gas stream is diluted with inert
gas selected from nitrogen, argon and mixtures of these sufficiently to produce a
gas mixture containing about 5 to about 5000 ppm nitric oxide.

4, The process of claim 3, further comprising blending said gas mixture with a
gas selected from oxygen or oxygen-enriched air to produce a blended mixture
containing about 0.5 to about 200 ppm nitric oxide.

5. The process of claim 1, wherein said adsorbent is selected from type Y
zeolite, type ZMS-5 zeolite, silicalite-1 and mixtures of these.

6. The process of claim 5, wherein said adsorbent is type Y zeolite.
7.  The process of claim 1, wherein said gas stream contains moisture.

8. A method of removing nitrogen dioxide from a gas stream containing nitric
oxide and nitrogen dioxide comprising passing said gas stream through a bed of
adsorbent having a silicon-to-aluminum atomic ratio greater than about 100:1
selected from type Y zeolite, type ZSM-5 zeolite, type ZSM-11 zeolite, type
ZSM-20 zeolite, silicalite-1, silicalite-2, and mixtures of these.



the invention is limted only by the breadth of the appended clains. . 12
What is clainmed is: 1. A nethod of treating a nitric oxide-containing gas
stream for admi nistration to human or animal patients conprising passing
said gas streamthrough a bed of netal cation-free adsorbent having a
silicon-to-alumnumatomc ratio greater é an about 100: I

type Yzeolite, type ZSM5 zeolite, type Z 1 1 zeolite, type ZSM 20
zeolite, silicalite-1, silicalite-2, and m xtures of t'ht Hiﬁmlumuﬁlltml od
of claiml1, carried out sufficiently to reduce the nitr 0 HIRGREEY SRIE HiWle nt
of said gas streamto not nore than about 700 ppm 3. : The process of
claiml, vdier eihelgiBcédscol Q18inD 8BS whefein Baidgadistidaftl comphisesAitiic BRide#Mdect ed
fromnitrogen, argon and m xtures of these sufficiently to produce a gas

m xture cdn¥r@gen.ng about 5 to about 5000 ppmnitric oxide. 4. The process
of claim3, further conprising blending said gas m xture with a gas

sel ected from oxygen or oxygen-enriched air to produce a bl ended m xture
cont ai ni ndiG&boThe(racess ofmiaim 208hexein thetadnceoiration of nitric tiide(in ssidgasof

claim1l, erein § nt,ls. selected fromtype Y zeolite, type ZM5-5
zeolite, \S,\s?ﬁela&rsl ?tgl'_egstzﬁg%rpit\%}ugia..of these. 6. . The process of claimb5,
wherein said adsorbent is type Y zeolite. 7. The process of claim1l1,
wherein sgid g stream cont gi n i sture,, 8. A et hod of, penoyin

i trogen doxt dBerMBRFES GEEIET Bamhetsin e Ageorbepl 1 ARPaEPdLIEML AR Yen

di oxi de cQgBliteS ityse RRFSBRoNHfY, $illéakteSt A Mhiktures @ tReseed of adsor bent
having a silicon-to-alum numatomc ratio greater than about 100:1 sel ected

fromtype-Y zeolite, type ZSM5 zeolite, type ZSM1 1 zeolite, type ZSM 20
zeolite, i3 i CohblhiodessSdf LIafh 146 wherdRtall ¥dsbrBent HHST zeolite.

13. A process for preparing an inert gas-nitric oxide gaseous product containing
about 5 to about 5000 ppm of nitric oxide comprising passing a gas stream
containing nitric oxide and nitrogen dioxide through a bed of adsorbent having a
silicon-to-aluminum atomic ratio greater than about 100:1 selected from type Y |
zeolite, type ZSM-5 zeolite, type ZSM-11 2eolite, type ZSM-20 zeolite, silicalite-1,
silicalite-2, and mixtures of these, and diluting the nitrogen dioxide-depleted gas

stream with an inert gas.

14. The process of claim 13, wherein said gas stream is diluted with said inert
gas sufficiently to reduce the concentration of nitrogen dioxide in said gaseous
product to not more than about 3 ppm. '

15. The process of claim 13, additionally comprising reducing the concentration
of nitrogen dioxide in said gas stream to not more than about 5000 ppm prior to
passing it through said bed of adsorbent by scrubbing the gas stream with an.
aqueous liquid, or by subjecting the gas stream to cryogenic distillation or' a
combination of these procedures. '

16. The process of claim 13, additionally comprising reducing the concentration
of water vapor in said gas stream to not more than about 20 ppm.



13 9. The process of claim@8, wherein said gas streamconprises nitric
oxi de and nitrogen. 10. The process of claim9, wherein the concentration
of nitric oxide in said gas streamis at |east 80% by volune. 11. The
process of claim8, wherein said adsorbent is selected fromtype Y zeolite,

type ZV5-5 zeolite, silicalite-1 and m xtures of these. -12—Theprocess—of—

claim 11, wherein said adsorbent is type M zeolite. 13.
preparing an inert gas-nitric oxide gaseous product cont a! ﬂmﬂﬁﬂl ﬂmuﬂll
about 5000 ppm of nitric oxide conprising passing a gas.s

nitric oxide and nitrogen dioxide through a bed of adsorbent having a
silicon-to-al urq,'{]um atom ra,tlg?EB ar atej t han about 100:1.,selected from
eWw

type Y zeol{t e, The peecesy ol cjaim 1515%?8? cpatains ppe pEpote
zeolite, S.W&ﬁiebtssreatedsfrbmwm em&»deaa*rfa dHonewna8thetohduntationdt sdid dd Ng

the nitrogen dioxide-depleted gas streamwi th an inert gas. 14. The process
of clai m 1o merr-irapyritias in ssidsgas skasmiis reducadde ARtiTAoe-thaniahbout 1geam.
~sufficiently to reduce the concentration of nitrogen dioxide in said
gaseous product to not nore than about 3 ppm- 15. The process of claim 13,
addi ti onal 1§. C(Thrr proicegs of ¢laiinnt3.: wherein said adsarbentdis selected fromiitype Xe i n

el R Rt T L R R SR T e

or by subjectlng t he gas streamto cryogenic distillation or a conbination
of these p conprising

cedures. he. fess of cl, 13, additiogall
reducing the ¢ PF&ﬁ 8{1”@%’3\&& 5}5b?a‘$ﬁg1§%’?’8“€2§s type X &g0f! h? *not nore
- than about 20 ppm _
20. The process of claim 13, wherein said inert gas is selecteq from nitrogen,

argon, helium and mixtures of these.
21. The process of claim 20, wherein said inert gas is nitrogen.

22. A process for preparing an inert gas-nitric oxide gaseous product containing
not more ihan about 5 ppm of nitrogen dioxide comprising blending a gas stream
containing nitric oxide and nitrogen dioxide with sufficient inert gas to reduce the
concentration of mtnc oxide in the resulting gas mixture to about 5 to about 5000
ppm, and passing said gas mixture through a bed of substantially metal catlon-free
adsorbent having a silicon-to-aluminum atomic ratio. greater than about 100:1
selected from type Y zeolite, type ZSM-5 zeolite, type ZSM-11 2eolite, type ZSM-
20 zeolite, silicalite-1, silicalite-2, and mixtures of these.

23. The process of claim 22, wherein said adsorbent is selected from type Y
zeolite, type ZMS-5 2edolite, silicalite-1 and mixtures of thess.

24. The process of claim 23, wherein said adsorbent is Y ze_olite;

25. The process of claim 22, wherein said inert gas is selected from nitrogen,

argon, helium and mixtures of these.

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



17. "The process of cl'aim 13, wherein said gas stream contains one or nore
inmpurities selected fromsul fur dioxi.de and ozone and the concentration of
said one-or nore inpurities in said gas streamis reduced to not nore than
about 1 ppm 18. The process of claim 13, wherein said adsorbent is
selected fromtype Y zeolite, type ZNB—;Rzeolite, silicalite-1 and m xtures
of these. 19. The process of claim 18, erein said adsorbent is type Y
zeolite. 20. The process of claim 13, wherein said inert gas is sel ected
fromnitrogen, argon, helium-and m xtures of these. 21. The process of
claim 20, wherein said inert gas is nitrogen. 22. A process for preparing
an inert gas-nitric oxide gaseous product containing not nore than about 5
ppm of nitrogen di oxide conprising blending a gas streamcontaining nitric
oxi de and ni trogen pgogrisge FOR THEUPURIFECATIIOR OF gNETRDCr@XIIDR t he
concentration of nitric oxide in the resulting gas m xture to about 5 to
about 5000 ppm and passing said gas mixture through a bed of substantially
nmetal cation-free adsorbent having a silicon-to-alum numatonc ratio
greater than about 100:1 sel eclgd-fh type ZSM5 zeolite,
type ZSM1 1 zeolite, type ZSNF™2¢ =1, silicalite-2, and
m xtures of these. 23. The process of cIa|n122 mhereln sai d adsorbent is
selected fromtype Y zeog]ite, VB- 5, zeoljte il t e-1, and- mi xt ur es
of these. 24 The ABasEBltue cabnedo0t oivds Sxifecind, SRYEHRLEAN 18R ANY o

25. The processhtaihing &l %omﬁsr&'rﬂt@?ér@' didifdd, 191’35 ;Fbﬂxaﬁehﬁsfsﬁﬂ'eféﬁﬂnsulfur
ni trogen, argon, hellun1and m xtures of these. rocess of claim 25,

wherei n sai d diexide, i igpurified by passing the gas stream through a bed of metal cation-free
' alumina-deficient zeolites of types Y or ZSM-5. The concentrations of nitrogen

8§ dioxide, sulfur dioxide and moisture in the gas stream are reduced to about 1 pprh
or less ‘as the gas mixture passes through the bed of zeolite.



