Method and Apparatus for Producing Nitrogen by Cryogenic Distillation of Air 5 The present invention
relates to a method and an apparatus for producing nitrogen by cryogenic distillation. The
pharmaceuticals industry is a potential market for the sale of nitrogen. In order to be fit for such an
application, however, the nitrogen must satisfy the following specifications: CO2 < 300 ppm 15CO <5
ppm 02 <5 PPm H20 < 67 ppm N2 > 99.5% 20 All the purities in this document are molar purities.
Only the CO content may raise concern. This is because in a single-column nitrogen generator, with
addition of liquidsnifregereincordeptar-maintaifcrefrigesation, the €O eentent 8% in thespitregen produced
is about 80% of the CO content in the ailésugglyingghe singl,e %ngmn. It can therefore be seen that the
critical CO content in TELALLation Of Adr

5 *
The present invention relates to a method and an apparatus
fTor producing nitrogen by cryogenic distillation. The
pharmaceuticals industry is a potential market for the sale

f nitrogen.

10
In order to be it for such an application, however, the
nitrogen must satisfy the.following specifications:

CO; < 300 ppm
15 CO < 5 ppm

O < 5 ppm
E:0 < €7 ppm

Ny > 899.5%

20 All the purities in this document are molar purities.

Only the CC content may raise concern. This is because in a
singie-column nitrogen generator, with addition of liquid
nitrogen in crder to maintain refrigeration, the CO content
25 1in the nitrogen produced i1s about 80% of the CO content in

the air supplying the single column.

It can therefore be seen that the critical CO content in
the air, beyond which the constraint for the C0 ceontent in
30  the nitrogen is no longer satisfied, 1s cf the order of 6

Dpm.

Although the normal content of CO in the air (0.6 ppm) is
generally much less <than this c¢ritical wvalue, it 1is
35 possible that it may significantlyv exceed the limit wvalue,

elther continuocusly or more generally as a peak.



the air, beyond which the constraint for the CO content in 30 the nitrogen is no longer satisfied, is of
the order of 6 PPm. Although the normal content of CO in the a(0.6 ppm) is generally much less than
this critical value, it is 35 possible that it may signifigantly exceed the limit value, either continuously or
more generally as a peak. -2 It will then be necessary to shut down the production by cryogenic
distillation of airrand,supply tee: customer bysvwaporizingdiduid aitipgenHomn a-siorage.dnitwhose
contert has been.7oUieled. & LbiniisJpets, exfiensive. and his,opeiatingImare hggdlo auonomy
other than the stored c¢apacity of liquid. It is known to reduce the carbon monoxide content of a 10

nitrogen-rich prégtict whth%he wifHas a Eorst8RERarbdiPMondxidt-85A&Nt. Ithis c45€%&ryogenic
distillation (EP-ACO3 26463156 a8ARWEIHNBIT2D96dpp 4-8) or catalysis (US-A-5441719) may be used in
order to pusify the air or the nitrogen. 15 It is an object of the invention to permit the production of

nitrogen with a ygiylowcathon-menoxide cantent by ceyogenig distillation of aif. evenif the air

supplying the column is occ%ﬂonaﬂ%h}QPﬂ%golluted \é\/lth carbon 20 g]O{IOXIde In one aspect, there is
: Ut onom er tha stored capacity of liguid.

provided a metRod T6r p?/o ucing

It is known to reduce the carbon monoxide content of a

1¢ nitrogen-rich product when the air has a constant carbon
monoxide content. In this case, cryogenic distillation (EP-
A-0376465, Gas Aktuell 39, 1990, pp 4-8) or catalysis (US-
A~5441719) may be used in order to purify the air or the
nitrogen.

.15

It is an object of the invention to permit the production
of nitrogen with a very low carbon monoxide content by
cryogenic distillation of air, even if the air supplying
the .columm. is occasionally highly polluted with carbon

20 monoxide.

In one aspect, there is provided a method for producing
nitrogen by cryogenic distillation of air, in which air
containing carbon wonoxide is sent to a cryogenic
25 distillation column, a flow D of nitrogen is taken from the
top of the distillation column, with a CO content less than
a fixed wvalue Si, and a flow ©f nitrogen-rich cryogenic
liguid coming from an external source is sent to the top of
the column, the flow rate of cryogenic liguid sent to the
30 column being less than a value V if the CO content in the
alr does not exceed a previously defined threshold (80),
characterized in that: the flow rate of cryogenic liquid
sent to the column 1s greater than the wvalue VvV 1f the
carbon monoxide content of the air exceeds said previously
35 defined threshold (50).



nitrogen by cryogenic distillation of air, in which air containing carbon monoxide is sent to a cryogenic
25 distillation column, a flow D of nitrogen is taken from the top of the distillation column, with a CO
content less than a fixed value 51, and a flow of niteogen-rich cryogenic liquid coming from an external
source is sent to the top of the column, the flow rate of cryogenic liquid sent to the 30 column being
less than a value:Mit flie € @ contendn dhe aimdde s sptexeeed a previously defined threshold (SO),
characterized in that: the flow rate of cryogenic liquid sent to the column is greater than the value V if

the carbon monoxide centent of the ale exceeds said previgusly.35 defined threshold (SQ). 3

According to other. ogtignal s&elzcts: the flow rate a dair sent to the distillation column is rdeduced if the
.gedu ? 1 e. Caxr 08 onoxidade CIOIlt?I'lt ? [ ed'.il.¥ exce% S .
carbon monoxide content of the air exceeds the previously déefined threshold; it thé carbon monoxide

content of the dir'fs BEBW e giventhré b ihesfotir flow rate of cryogenic liquid sent to the
column is at most equal to 5% of the molar flow 10 rate of nitrogen gas D taken from the column; a
flow of oxygen-entdc¢hethpurgndpbguidds prodigcettchanacterizedhia thatthédflomeiate ofioxygen-rich
cryogenic liquid;preducedds substantialy: carstant wher 19 4hke flow rate ofeyogeniediguid sent to the
column is less thanayalue,y and increased relative todhe constant flow rate if the flowsrage of
cryogenlcllbqwdrgggt to, tt}(lai(:ﬁolgmeq,l %%rgaﬁer %ﬁgg a %/raégne gﬁgoé t@g increase in the oxygen-enriched
molar flow rate taken o?f is substanti y equal to the increase In the molar flow rate of cryogenic liquid
sent to the column;  the ratio between the flow rate of cryogenic liquid sent 25 to the column and the

carbon monoxide EontéRiof ife &FKIESNSARECLYHe REWTAIE of Crjbdenic fiquid SeRERsithe column
has one or morefgiven tvahies the sarboRahondkide chhtent of 30ethe @ff liesxipamTe of niore
predefined rangesiogenic liquid produced is substantially constant when

15 the flow rate of c<ryogenic liquid sent to the column is
less than a value V and increased relative to the consgtant
flow rate if the flow rate of cryogenic liguid sent to the
column is greater than a value V;

20 - the increase in the oxygen-enriched molar flow rate taken
cff 1is substantially egual to the increase in the molar
filow rate of cryogenic liguid sent to the column;

- the ratio between the flow rate cof cryogenic liquid sent
25 to the column and the carbon monoxide content of the air is

constant;

- the flow rate of cryvegenic liguid sent to the column has
one or more dgiven values 1f the carbon monoxide content of
30 the air lies in one or more predefined ranges;

- the flow rate of cryogenic liquid is regulated according
to the carben monoxide content of the air;

35 - the flow rate of cryogenic liguid is regulated according
to the carbon monoxide content of the nitrogen produced.

In another aspect, there is provided an apparatus for
producing nitrogen by cryogenic distillation, comprising a
40



the flow rate of cryogenic liquid is regulated according to the carbon monoxide content of the 35 - the
flow rate of cryogenic liquid is regulated according to the carbon monoxide content of the nitrogen
produced. In another aspect, there is provided an apparatus for producing nitrogen by cryogenic
distillation, comprising a -4 cryogenic distillation column, a conduit for sending air containing carbon
monoxide to the ephiran: a canduit fortaking abitiagen-dchqreduetframthesealeimg and a conduit for

sending liquid nitzagen,to the calumn, from,an.5 exteral spurce, for example a sorage poit

characterized in that it comprises means for regulating the flow rate of liquid_nitrogen sent to the

column as a fulr@oHar thie cArEGIT RiBhoxide: coRtéit st the &ir mean fof Red8urirg the Barbon
monoxide contélFsithe afesr slhdififogéniich T0LprSHRE ahd ndansSfokiRereasiviy the flow rate of

liquid nitrogen serntdorthe catumadf, thecconteameteeadssa threshold: The proposeddnvenriion makes it
possible to incregse J.:significantly the Imiting, CQ-content.in the ait, beyond which sufficiently pure
nitrogen gas can.no i%ngﬂ bxe pré)xgucsee%gsiga thC%gir gg?aratiogsapgar%%sdtigihleé e?ﬂ%n will be
described in moredétail Wltrﬁ 56 Fererence to the %Jre, which represents an air separation apparatus

according to thE AR HOR oA 1EPhrifiéd With fd<pe e8¢0 2 FndRamiditBut-&6ntaining
carbon monoxide riscootedinx adieat 2B-exchanget!2: lisicarbon aforihede tonters:is medsured by an

analyzer 3aipsteamnefithaglistilation cebniScreasing the flow rate of liquid
nitrogen sent to the column if the content exceeds a
threshold.

The proposed invention makes it possible to increase
15 significantly the limiting <O content in the air, beyond
which sufficiently pure nitrogen gas can no longsr be

produced using the air separation apparatus.

The invention will be described in more detail with
20 reference to the figure, which represents an air separaticn

apparatus according to the invention.

A flow of air i, purified with respect to CO; and humidity
but containing carbon wmonoxide, is cooled in a . heat

25 exchangsr 2. Its carbon monoxide content is measured by an
analyzer 3 upstream of the distillation column 5.

The air is separated intc a nitrogen-rich top gas and an
oxygen-enriched bottom liguid. The bottom liguid 17 is

30 expanded through a valve 18 and sent to the top condenser 9
in a known way. The wvaporized liquid 21 is heated in the
exchanger 2. A nitrogen-rich gas product 29 i1sg taken from
the top of the column, heated in the exchanger 2 and sent
to a customer. Its carbon monoxide content is measured by

35 an analyzer 23 and must not exceed a threshold 81, for
example 5 ppm.



The air is separated into a nitrogen-rich top gas and an oxygen-enriched bottom liquid. The bottom
liquid 17 is 30 expanded through a valve 18 and sent to the top condenser 9 in a known way. The
vaporized liquid 21 is heated in the exchanger 2. A nitrogen-rich gas product 29 is taken from the top -
of the column, heated in the exchanger 2 and sent to a customer. Its carbon monoxide content is
measured by 35 an analyzer 23 and must not exceed a threshold Sl, for example 5 ppm. -5 -
Refrigerationsaf fhe apparatus is nfaintainedayypsending liquid niteogere=coming from asstarage unit 7,
which constitutes a éourggtq_)g%régl tocg}giq.ilggsega_rgﬁon apparatus, Jhe flow rate-V of this liquid is

substantially 5 constant so long as the carbon monoxide content of the air does not exceed a threshold

S0. The liquiff AitfogentoHtiuit ™19 i§ ConfEcted Yo T fop of te collifin S troudiPR VaREPE: A
nitrogen-rich diguigican.se taken frohetheredlamn 5cthroughsa ¢onduiti13.4f thelait &iasal ¢grbon

monoxide content {essithan the.given threshold SO, Jar example.9 ppm,.he molarguantity V of
liquid nitrogen sent to the column 5 through the. conduit 19 corresponds to at most about 5% of the
i SSPHGRAR St oLl 596 3 M ol ok Tate-oF Hlogen

g mol exceed a Thn
molar 15 flow raté of nitrogen prodiiced, o
produced, thatis i¢ say tHeeglastity: whickeis heeessary ireordet wmaintainrefrigerationzofithe
apparatus in the, absence of ga:expansion turbine qr:ptherameanstor refrgeratian. the:20 quantity V is
therefore sub%antiallx constant. The CO content of this nitrogen low rate V is less than 5 ppm, since

.. ThT.OU o condulic L . A

the liquid stored’in e%(ternantorage unit 7 can if necessary serve as a backup after vaporization in the
event dfla shutdown, untimely or not, of the nitrogen 25 production unit. All the liquid taken from the

bottom is sent threugh therconddi 47 4o thercondenser: {bhe carhommonexde eontent-exceeds the

given threshold of SQ.for the air,thepanalyzer 3 sends.a signal (g the, SIC 30, 12in grder;to modify the
flow rate sentthough the . _ . _
Voo liguid nitrogen sent to the column 5 through the

conduit 1% corresponds to at most about 5% of the molar
15 flow rate of nitrogen produced, optionally at most 3% of
the molar flow rate of nitrogen produced, that is to say
the guantity which 1s necessary 1in order to maintain
refrigeration o¢f the apparatus in the absence of an
expansion turbine or other means for refrigeration. The
20 guantity V 1s therefore substantially constant. The 0
content of this nitrogen flow rate V is less than 5 ppm,
since the liguld stored in this external storage unit 7 can
if necessary serve as a backup after vaporization in the

event of a shutdown, untimely or not, of the nitrogen

e
[

production unit. ALL the liguilid taken from the bottom is

sent through the conduit 17 to the condenser 9.

If the carbon monoxide content exceeds the given threshold

of 80 for the air, the analyzer 3 sends a signal to the FIC

30 12 in order to modify the flow rate sent tThrough the
condult 18 in order to increase the guantity of liguid
itrogen arriving in the column, so that the flow rate
exceeds Tthe wvalue V. The more impure the air 1is, the
greater the increase must be. Owing to this method, by

35 sending 10% of the nitrogen preduction flow rate asz &
Liguid nitrogen flow, the limiting content of CC in the air

can increase to 6.3 ppm withoui tThe carbon monoxide content

of the nitrogen 19 produced exceeding 5 ppm, which is

regquired by the standards. 2By sending liguid nitrogen



conduit 19 in order to increase the quantity of liquid nitrogen arriving in the column, so that the flow
rate exceeds the value V. The more impure the air is, the greater the increase must be. Owing to this
method, by 35 sending 10% of the nitrogen production flow rate as a liquid nitrogen flow, the limiting
content of CO in the air can increase to 6.5 ppm without the carbon monoxide content of the nitrogen
19 produced exceeding 5 ppm, which is required by the standards. By sending liquid nitrogen - 6 -
correspondingde 48%wohthernitrogert pfoduttiorh#ow rate pthrenlimiting contemt oft COvinthe@ir 1 is 9.5

ppm withoutthe carbop.menaxide coptant gk thecnitrogen, 19 produced exceeding s ppm;which is

required by the standards. .5 When increasing the flow rate of liquid nitrogen, it is necessary to reduce

the flow rate 6F&uppyaicandtHBREIOR refte the quartity oFC O mtrstiiced ihéo thé %%Poc &h
production unitz this alsooreduces thevklectricity 10:=cprsuaption dfithe appardusls .

g

5
When increasing the flow rate of ligquid nitrogen, it is
necessary to reduce the flow rate of supply air and
therefore reduce the guantity of CO introduced into the
nitrogen production unit; this alsc reduces the electricity

10  consumption of the apparatus.

At the same time, an additional flow of oxygen-enrichead
liguid 13 is taken from the bottom of the column > by means
of & wvalve 15 and a condult when the carbon monoxide

content of the alr exceeds the threshold 80 and when the

f
{7

-

liguid nitrogen arrives through the conduit 1%. This
purging flow rate is Substantially the same, on & molar
basis, as the extra flow rate sent into the column through
the conduit 19, and i1s extracted from the production unit.
20 It may optlionally be stored in a dedicated reserveir, or

discharged to the atmosphere after vaporization.

The ratic between the flow rate of cryogenic ligquid sent to
the column and the carbon monoxide content of the air may
25 be constant. If not, the flow rate of cryogenic liguid sent
to the column may be fixed at one or more given values, the
value being a function of the fact that the carbon monoxide
content of the air lies in one or more predetermined
ranges. For instance, the flow rate may be 10% 1f the
3¢ content is between 5 and 6.5 ppm, and 40% if the content is

between 6.5 and 8.5 ppm.



At the same time, an additional flow of oxygen-enriched liquid 13 is taken from the bottom of the
column 5 by means of a valve 15 and a conduit when the carbon monoxide content of the air exceeds
the threshold SO and when the liquid nitrogen arrives through the conduit 19. This purging flow rate is
substantially the same, on a molar basis, as the éxtra flow rate sent into the column through the
conduit 19, and is extracted from the production unit. 20 It may optionally be stored in a dedicated
reservoir, or discharged to the atmosphere after vdpaf¥ation. The ratio between the flow rate of
cryogenic liquid sent to the column and the carbon monoxide content of the air may 25 be constant. If
not, the flow rate of cryogenic liquid sent to the cglumn may be fixed at one,or more iven values, the
value being a’function ofg‘t%lé ot tha?fhre carboR MonGdde contentof the aitlies iﬁ%%%gc?rnr'ﬁ%re
predetermined ¥afgds. Fordmstarde, tielfflow rafe mayibe0sifthe 30ebAAE Rdbetw@ERSBand 6.5
ppm, and; 40% ke coatert isbatwvean 6.5an89:6:0pM ¢ 1 4-i1GLAIMSN Llebethed for preducing

nitrogen by cryogenic distillation of. air, in which air_.containing.carbon.5 monoxide js. sent.t a
cryogenic disfi Ia%érz é’lojlﬁ%%?gﬁovl\?% otfa rﬁerggeﬁxlgl{lakggrﬁro%ncl%e ?(r)]%p og}tﬁe |%tﬁ%1f{§o%%:%%mn (5),

with a CO comteAtyess tHan a fikédvaud i, aPEEEHdw dERfrogBAtich chibgericiRibitfcoming from
an external saige 47 fissent o hertopgpithe calumn;herd A flowl rade o8 cryogents |ifidhsent to the
column being Iﬁ%seggqgla _\é%lgg, Al tpg)C(gscogEq&t_ Q@e&q@o&g&o&gxc&g@ q:g&qyﬁgy’s!ytggﬂned
threshold (SO), characterized in %at: the flow rate of cryogenic liquid sent to the column is greater
than thé-dalue-YarthERCTbBA nfeREARIdGtERELRES 7 ir EReédd SHid WEVibTs defifed
threshold (SOyh2n Methrad aecording torElairn 1 wrberein the floeratel of dicsentioithexdistdlation

column (5) is 56%@9%@@13%1@%& monexide content:of the pir exceeds the 20 previgusly defined
threshold. 3. Method according to one of thegprec;edlng,clal s, wherein if the, carbo monox,ldse content

of the air is beté tHe-gert thr&shid, e R8RP-How Tad brer/oganic =°  the column 1

greater than the value V if the carbon monoxide content of

15 the air exceeds said previously defined threshold (S0).

2. Method according to Claim 1, wherein the flow rate
of air sment to the distillation column (5) is reduced if
the carbon monoxide content of the ailr exceeds the

20 previously defined threshcld.

3. Method according to one of the preceding claims,
wherein 1f the carbon monoxide content of the air is below
the given threshold, the molar flow rate of cryogenic
25 liguid sent to the column {5) is at most egual to 5% of the

molar flow rate of nitrogen gas D taken from the column.

4. Method according to one of the preceding claims,

wherein a £flow of oxygen-enriched purging liguid is
30 produced, characterized in that the flow rate of oxygen-

rich cryogenic liguid produced is substantially constant

when the flow rate of cryogenic liguid sent to the column

{5) ig less than a value V and increased 1f the flow rate

of cryogenic ligquid sent to the column is greater than a
35 value V.

5. Method according to Claim 4, wherein the increase

in the oxygen-enriched molar £low rate taken off is



25 liquid sent to the column (5) is at most equal to 5% of the molar flow rate of nitrogen gas D taken
from the column. 4. Method according to one of the preceding claims, wherein a flow of
oxygen-enriched purging liquid is 30 produced, characterized in that the flow rate of oxygen-rich
cryogenic liquid produced is substantially constant when the flow rate of cryogenic liquid sent to the
column (5) is less than a value V and increased if the flow rate of cryogenic liquid sent to the column is
greater than aeduyalued/. +H3 efnal-tethe inereasesinmibe molaiftow taie of erjogeniedguitcsent to

the column (Siiggilgeg)eq,gca@gr@iﬂg ta one.of tl@g p(eceding claims, 5 wherein the ratio between the
eni

flow rate of cryo c liquid sent to the column (5) and the carbon monoxide content of the air is
constant. 7. Method according to one of Claims 1 to 6, wherein 10 the flow rate of cryogenic liquid sent
to the columng5) has ondet mgie giveandlugs iftthe caromhontedecanterit.oktheak lims jn one or

more pregefingddaogas g Yiethod agadidiog togpesidhe pircedid eRiBgeln Whetgilue flow
rate of cryogenic liquid is re%ulated according to the carbon monoxide contént of the air. 9. Method

according to oHeRF the preteding cilifhs | whe AT the ow At 8P cRI8geRit FGuidIs F&dthattE 20
according to théeagbon menoxide wontent of the nitrogen produced.

7. Method according to one of Claims 1 to 6, wherein
10 the flow rate cof c¢ryogenic liguid sent to the column (5)
has one or more given values if the carbon monoxide content

of the air lies in one or more predefined rangeg.

8. Method according to one of the preceding claims,
15 wherein the flow rate of cryogenic liguid is regulated

according to the carbon monoxide content of the air.

S. Method according to one of the preceding claims,
wherein the flow rate of cryogenic liguid is regulated
20 according to the carbon monoxide content of the nitrogen

produced.

10. Apparatus for producing nitrogen by cryogenic
distillation, comprising a cryogenic distillation column
25 {5}, a condult for sending air containing carbon monoxide
to the cclumn, a conduit for taking a nitrogen-rich preduct
from the column and a conduit for sending liquid nitrogen
to the column from an external source (7}, for example a
gtorage unit, characterized in that it comprises means for
30 regulating the flow rate of liguid nitrogen sent to the
column as a function of the carbon monoxide content of the
air, meang for measuring the carbon monoxide content of the
air or of the nitrogen-rich product and means Ifor
increasing the flow rate of ligquid nitrogen sent to the

35 column if the content exceeds a threshold.



10. Apparatus for producing nitrogen by cryogenic distillation, comprising a cryogenic distillation
column 25 (5), a conduit for sending air containing carbon monoxide to the column, a conduit for taking
a nitrogen-rich product from the column and a conduit for sending liquid nitrogen to the column from an
external source (7), for example a storage unit, chatacterized in that it comprises means for 30
regulating the flow rate of liquid nitrogen sent to the column as a function of the carbon monoxide
content of the air, means for measuring the carbon monoxide content of the air or of the nitrogen-rich
product and means for increasing the flow rate of liquid nitrogen sent to the 35 column if the content
exceeds a threshold. 9 Method and Apparatus for Producing Nitrogen by Cryogenic Distillation of Air 5
Abstract In a m&Eod for Prodaging hitrdtientby ciyogeric distilition “&iF Eoftainme cafioh monoxide is
sent to a 10 cryogenic distillation columm (%) a flowB-of nitrogenyis taken from the top of the distillation
column, with a CO content less than a fixed value Si, and a flow of nitrogen-rich cryogenic liquid
coming from an external source (7) is sent to the top of the column, the flow rate of cryogenic 15 liquid
sent to the column being less than a value V if the £Q@ £onatent in the air does not exceed a previously
defined threshold (SO), and the flow rate of cryogenic Liquid sent to the column being greater than a
value V if the carbon monoxide content of the air exceeds this previously defined 20threshold (SO).

Figure 1 In a method for producing nitrogen by cryogenic
distillation, air centeaining carbon monoxide is sent to a
10 crycgenic distillation column (5), a flow D of nitrogen is
taken from the top of the distillation column, with a CC
content less than a fixed value S1, and a flow of nitrogen-
rich crvogenic liguid coming from an external source (7) 1s
sent to the top of the column, the flow rate of crvogenic
15 ligquid sent to the column being less than a value V 1f the
CO content in the air does not exceed a previously defined
threshold {50), and the flow rate of cryvogenic liguid sent
te the column being greater than a wvalue V 1f the carbon
monoxide content of the alr exceeds this previously defined

20 threshold (50).

Figure 1



