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. 10 In order to be fit for such an
application, however, the nitrogen must satisfy the fallowing 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 quui%gigr,o%gn in order to ma*intaingrefri%eratjon,, the CO content 25 in the nitrogen produced
is about 80% of the CO content RAe B Supplying Thé Singlec it fisanHereioroBE 56en that the
critical CO content in the air, beyond whiahi theiconstraint fersthe GO 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

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 “he sale
of nitrogen.

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

CO, < 300 ppm
15 CoO < 3 ppm

Oy, < 5 ppm
H,O < 67 ppm

N > 882.5%

4

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 liquid
nitrogen in order to maintain refrigeration, the CO content
25 in the nitrogen produced is 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 CO content in
.

30 the nitrogen is no longer satisfied, is of the order of §

pPpm.

Although the normal content of CO in the air (0.6 ppm) 1is
generally much less than this critical wvalue, it is
35 possible that it may significantly exceed the limit value,

elther continuously or more generally as a peak.



generally much less than this critical value, it is 35 possible that it may significantly 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 air and supply the customer by vaporizing liquid nitrogen
from a storage unit whose content has been controlled, This is more expensive, and this operating
mode has no autonomy other than the stored capacity of liquid. It is known to reduce the carbon
monoxide content of a.10.nitrogen-rich product when the air has a constant carbon monoxide content.
In this case, gyhoggﬁ%%jisﬁ Sﬁoﬁb&g?ﬁ%%%iéé’, Gas Akttil ,ﬁré96}1€p E_@?%pggga%isby
(US-A-5441719)R4§ BeUsEd it ordet 16 plrify thedir orahél nitrepea v15-0S-A-461 7040 anely
Jp-A-05001882:gescriberaymeltiachaccordingtodhe preamble of claim:k-dtis an.gbject gfthednvention
to permit the production 20 of pitrogen with a very,low carbon monoxide content by cr_yogenic
distillation of air, even if the air supplying the column is occasionally highly polluted with carbon
monoxid€. 25 One aspect of the invention provides a method for producing nitrogen by cryogenic
distillation of dir; s whieh aie centairimgrearben menakXide is sentite aryogenicdistillation cetumn, a
flow D of nitrogen is takendrom the i, ot the distillatign column. with,a GQ goptent less than 30 a

fixed value Si, and a flow of nitrogen-rich cryogenic

It is known to reduce the carbon monoxide content of a
10 nitrogen-rich product when the air has a constant carbon
monoxide content. In this case, cryvogenic distillation (EP-
A-(3760465, Gas Aktuell 39, 1990, pp 4-8) or catalysis (U3-
A-5441719) may be used in order to purify the air or the

nitrogen.

[
(8]

US-A-4617040 and JP-A-05001882 describe a method according

to the preamble of ciaim 1.

It is an object of the invention to permit the production
20 of nitrogen with a very low carbon monoxide content by
cryogenic distillation of air, even if the air supplying
the column 1is occasionally highly polluted with carbon

monoxide.

25 One aspect of the invention provides a method for producing
nitrogen by cryogenic distillation of air, in which air
containing carbon monoxide 1s sent to a cryegenic
distillation column, a flow D of nitrogen 1is taken from the
top of the distillation column, with a CC content less than

30 a fixed value 51, and & flow of nitrogen-rich cryogenic
liguid coming from an external scurce is sent to the top of
the column, the flow rate of cryogenic liguid sent to the
column being less than a value V if the C0O content in the
air does not exceed a previously defined threshold (80),

35 characterized in that: the flow rate of cryogenic liguid
sent to the column is greater than & value V 1if the carbon
monoxide content of the air exceeds this previously defined

threshold (30).



liquid coming from an the column, the flow column being less external source is sent to the rate of
cryogenic liquid sent value V if the CO content top of to the in the air does not exceed a previously
defined threshold (SO), 35 characterized in that: the flow rate of cryogenic liquid sent to the column is
greater than a value V if the carbon -3- According to,other optional aspects: the flow rate of air sent to
the distillation column is reduced if the carbon monoxide content of the air exceeds 5 the previously
defined thres@%lgjbgc}h% cagboon mr?ngxigez_cjpcr;}tlearht og the air is below the given threshold, the molar
flow rate of cryogenic ﬁqgid sent to the column 1€ at msc?séf%qﬁal to 5% of the molar flow 10 rate of
nitrogen gas D taken from the column; a flow of oxygen-enriched purging liquid is produced,
characterized-in that the flew rate«f exygenrricheeryogenie liguid praducess sybstantiadly constant
when 15 the floyg rate of eyogepic iguid senkio e column (s less than avalue Y and nareased
relative to the constant flow rate if the flow rate o crxogenlc iquid sent to the column is greater than a
the previously defined threshoid;

value V; -
- 1f the carbon moncxide content of the air is below the
given threshold, the molar flow rate of cryogenic liguid
sent to the column 1s at most equal to 5% of the molar flow
o)

—

10 rate of nitrogen gas D taken from the column;
- a flow of oxygen-enriched purging liguid is produced,
characterized in that the flow rate of oxygen-rich
cryogenic liguid produced 1s substantially constant when
15 the fiow rate of cryogenic ligquid sent tc the column is
less than a value V and increased relative to the constant
flow rate if the flow rate of cryogenic liguild sent to the

column 1s greater than a value V;

20 - the increase in the oxygen-enriched molar flow rate taken
off 1s substantially equal to the increase in the molar
flow rate of cryogenic liguid sent to the cclumn;

— the ratioc between the flow rate of cryogenic liguild sent

25 to the column and the carbon monoxide content of the air is

constant;

- the flow rate of crycgenic liguid sent to the column has
one or more glven 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 carbon monoxide content of the air;

35 - tne flow rate of cryogenic liguid is regulated according

to the carbon menoxide content of the nitrogen produced.

OCne aspect of the invention provides an apparatus for

producing nitrogen by cryocgenic distiilation, comprising a



20 - the increase in the oxygen-enriched molar flow rate taken off is substantially 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 content of the air is constant; the flow
rate of cryogenic liquid sent to the column has one qr more given values if the carbon monoxide
content of 30 the air lies in one or more predefined ranges; the flow rate of cryogenic liquid is
regulated accggdig% to thé—:‘ cg:{bsq:niwangxide content of the air; 35.- lhce flg\év?ratseeq O?lr%;.gegifrliquid IS

Y )3 100 COLUmn a  Jondu I
regulated according to the carbon monoxide content of the nltrogeﬁ produced. -4 - cryogenic

distillation colGifiit a’dendiit fof SeRBing'ar contiining carbsh rmeroXide totheE8lGmnTa éérduit for
taking a nitrogeritiehy preduct from thenealuatn and aconduit fersending liquidinitrtagen ta the. column

from an 5 externalisqurce. for exampls. a storage unit; characterized jn that it comprises,meaps for

regulating the flow rate of liquid nitrogen sent'to the column as a function of the carbon monoxide
content of the“air 0 Frie appidrafus optionaiFEEmprideshaAs for Hgasuringthé chfforrfidnoxide

content of theiair ohefithe nitrogen:ricteprodest:@and means foriiacreasingtthe flowwrate bfliquid
nitrogen sent {q the: eolumn jdhe content excgeds-a thresheld, 13 Ihe proposed ivention:makes it
possible to increase si nificantxthe Iimitinrgtcoﬁcotr}tl%ntaj:rtl;he air, beyond which sufficiently pure

nitrogen gas &al he Wong%rr1 %lprgdﬁgen& ﬁsing?ﬁe air'separdtion apparatus. 20 The invention will be

described in more detail with reference to the figure, ch represents an air separation apparatus
according to thednvention-2% A flow otais 1, purifiegwith sespeet tasCO2-andhumidity but gentaining
carbon monoxide, is.copledn aheal gxchanger 2. lts carbon mongxide content is measyred by an
analyzer 3 upstream of the distillation column 5O 30 The air is separated into a‘nlt‘rogen-ricﬁ top gas
and an oxygeRittithed Bbforfifigie. TRE botfom figbieE7 i§ ekpanded thidugh alvalvedB-a4nd sent
to the top condénser@in admown way. The vaporized liquid 21lis heated:iarthe exchanger 2aA
nitrogen-rich gas.product; 29 is taken from 35 the top of the column, heated in the exchanger 2 and
sent to a customer. Its carbon monoxide content is measured by an analyzer 23 and must not exceed

a threshold Sl, for example 5 ppm.
The proposed i1nvention makes 1t pessible toe 1ncrease

significantly the limiting CO content in the air, besyond
which sufficiently pure nitrogen gas can no longer be
produced using the alr separaticon apparatus.

20
The invention will be described in mcre detaill with
reference Lo the figure, which represents an alr separation

apparatus according to the invention.

2h A flow of ailr 1, purified with respect to C0; and humidity
but <ontalning carbeon monexide, 1s cooled in & heat
exchanger 2. ITs carbon monoxide confent 1s measured by an

analyzer 3 upstream of the distillation column 5.

30 The ailr is separated into a nitrogen-rich tep gas and an
oxygen-enriched bottom ligquid. The botteom liguid 17 is
expanded through a valve 18 and sent to the top condenser 9
in a known way. The wvaporized liquid 21 1is heated in the
exchanger 2. A nitrogen-rich gas product 29 is taken from

35 the top of the column, heated in the exchanger Z and sent
to a customer. Its carbon monoxide content is msasured by

:

an analyzer 23 and must not exceed a threshold 81, for

example 5 ppm.



-5- 5 constant so long as the carbon monoxide content of the air does not exceed a threshold 19 is
connected to the top 11. A nitrogen-rich liquid through a conduit 13. 10 SO. The liquid nitrogen
conduit of the column 5 through a valve can be taken from the column 5 If the air 1 has a carbon
monoxide content less than the given threshold SO, for example 5.9 ppm, the molar quantity V of
liquid nitrogen sent to the column 5 through the conduit 19 corresponds to at most about 5% of the
molarflow rate,of.nitrogen produced, optionally at most 3% of the molar flow rate of nitrogen produced,
that is to say f %Ldu_l%%%ya\?vh%ﬁ isOrTecé%élsearya?%%%dgr“tlésmaﬁ“n aiﬁn‘?é'fﬁggﬁarﬁ%ﬂ of the 588%?@5 in the
absence of an-esparisior fuirbin@<r otheéfeans ferxefrigeratior THHES20 guantity V is thirefbre .
substantially ecanstarit: The €0 gontent:ef1his nittegem How rate V igless than 5 ppms sincedhe liquid
stored in this gxternal starage yipit 7-¢an igngges\§agfsecrv% as fl.backgp .afteg Vs p%riziagion__irﬂ the event
of a shutdown,%f\timely or not, of tlh"eO?\\ltrOSen”ZS producFlorT uni]t'.q,&lft‘heﬁlsqwd“ aken from the bottom

=

is sent through A& tBhduif 7 {ofe condengerd Pthe EHB6I Hithoxiie-Eotte itiexEBads fiie given
threshold of S@far theairethecanblyzer 3 sendsl d sitgihal tthelSKE13@ 12:in ordertodnedify: the flow

rate sent through the conduit 1910 arder.tonerease the quantity of liquid nitrogen, argving jn the

column, so that the flow rate , L . : .
LE. A nitrogen-rich licguid can be taken from the column 5

through a conduit 13.

10
If the air 1 has a carbon monoxide content less than the
given threshold S0, for example 5.9 ppm, the molar guantity
V o of liguid nitregen sent to the column 5 through the
condult 19 corresponds to at most about 5% of the molar
15 flow rate of nitrogen produced, opticnally at most 3% of

the melar flow rate of nitrogen produced, that is to say
the gquantity which 1s necessary in order to maintain
refrigeration of the apparatus in the absence of an
expansion turbine or other means fTor refrigeration. The
20 quantity V 1is therefore substantially constant. The €O
content of this nitrogen flow rate V is less than 5 ppm,
since the liguid 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
25 production unit. All the liguid taken from the bottom is

sent through the conduit 17 to the condenser 9.

If the carbon monoxide content exceeds the given threshold
of 50 for the air, the analyzer 3 sends a signal to the FIC
300 12 in order to modify the flow rate sent through the
conduit 19 in order to increase the guantity of liguid
nitrogen arriving in the column, so that the flow rate
exceeds the wvalue V. The more impure the air is, the

greater the Iincrease must be. Owing to this method, by

o8
&3]

sending 10% of the nitrogen production flow rate as a
liguid 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

o

required by the standards. By sending ligquid nitrogen



exceeds the value V. The more impure the air is, the greater the increase must be. Owing to this
method, by 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 -
corresponding to 40% of the nitrogen production flow rate, the limiting content of CO in the air 1 is 9.5

ppm without the carbon @%de% content %fﬁth%.,nltrorgegl 19 g&oduce exg_:eedln% 5 gpmprr)f which is

required by the standards. When increasing the fiow rL'c‘\?[ero??i[quidpnlftcr)og’j‘zecn“,:litcD is nec ssa*r)é} 16 feduce

the flow rate of 3BpplyTait-and thepefore: Fedtice tRe guantity of €O introduéed iMGThewritrogeh
production unitythis edsareducesibe electricity 1d-consumption of the-apparatus. Apthessameg time, an

additional flow, of @xygen-enriched liqujd. 13 is taken from the bottom of the column 5 by means of a
valve 15 and a conduit when the carbon monoxide 15 content c%f %e%irségc%gé Jé?%é threshold SO and
when theliquid nitrogen arrives through the conduit 19. This purging flow rate is substantially the

same, on a molae basis,casstheiexira flow ratecsentriata:the €olummihrough the genduit 119, anrd is

extracted from, the-progduction unit..20; It may optonaliy,be stored in adedigated resenvoir, gr, 4
discharged to the atmosphere after va gsréi%zation. The ratio between, the flow raté of cr%/oge&ilc liquid
0 Q =

sent to the colthif 8hd the carbdlt fhonoXide CHtEntof tigair ay M- roduced  in

nitrogen production unit; this also reduces the electricity

10  consumption of the apparatus.

At the same time, an additional flow of oxygen-enriched
liguid 13 1s taken from the bottom of the column 5 by means
of a wvalve 15 and a conduit when the carbon monoxide
15  content ¢f the air exceeds the threshold S0 and when the
liguid nitrogen arrives through the conduit 192. This
purging flow rate 1is substantiaily the same, on a molar
basis, as the extra 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 reservceir, or

discharged to the atmosphere after vaporization.

The ratio between the flow rate of cryvogenic liguid sent to

the column and the carben monoxide content of the ailr may

X
o

be constant. If not, the flow rate of cryogenic ligquid sent
tc 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% if the
30 content 1s between 5 and 6.5 ppm, and 40% if the content is

between 6.5 and 9.5 ppm.



25 be constant. If not, the flow rate of cryogenic liquid 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% if the 30 content is
between 5 and 6.5 ppm, and 40% if the content is between 6.5 and 9.5 ppm. 1. Methodfor
producingnitrogen by cryogenic distillation of air, in which air containing carbon 5 monoxide is sent to a
cryogenic distillation column, a flow D of nitrogen jgtglﬁg from the top of the distillation column (5),
with a CO content less than a fixed value Si, and nitrogen-rich cryogenic liquid coming from
an external source (7) is sent to the top of the column, the 10 flow rate of cryogenic liquid sent to the
column beingless than &walued/ if the £O contentdnd the airdoesnotexceed a previousiyndefined

threshold (SQ);charaeterized in that: the flow rate of gryegenic liquid sent to;the columa js greater
than a value V if the carbon monoxide content of 15 the air exceeds this previously defined threshold
(SO). 2. MetHod 8EcStaing o TIdim 1owherdin U9E AdW ratfeSor din 8&nIB the tiiitlatich coltiFn (5) is
reduced if theltafBonronoxide: content ok the afrexceéds the R0 prévicusly defined theshofd. 3.

Method accorging.te-onesof the, precedingcclaims, wherein if the- gagbop moneoxide,contentof the air is
below the given thresl;uilg thgfmglag{ flow rate of gryogenic 25.Iich{£d sent to the .colur?n é&rsn) ignat most

equal to 5% of the olar flow rate of hit eg%ﬁrd‘é:s DtaKer from thelc%lf&r%n?%ﬁgthoa according to

one of the pretelfy elaints> whetein & flows ofsexygef entitked pirging ligufd is B0 producedt
charactetizeddn dhatthedlonrrate obgxygen-tichyonyegesicdiquid prodused issubstantially-constant
when the flofate, of ctypggicy/iapld sefit tedhe column (95 lass than axalie yandingiegsed if the
flow rate of cryogenic liquid_sent to the column is greater than a 25value V. - 8 -

& previcusly defined threshold {50), characterized in that:

the flcw rate of cryogenic liguid sent to the column is

greater than a value V if the carbon monoxide content of

15 the air exceeds this previously defined threshold (80).

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

20  previously defined thresholid.

3. Method according to one of the preceding claims,
wherein if the carbon moncxide content of the air is below
the given threshold, the molar flow rate of cryogenic
25 liguid sent t¢ the column (5) iz at mest egual to 5% of the

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

4. Method according to one o©f the preceding claims,
wherein a flow o0f oxygen-enriched purging liguid is
30  produced, characterized in that the flow rate of oxygen-
rich cryogenic liguid produced is substantially constant
when the fiow rate of cryogenlic liguid sent to the column
(3) 1s less than a value V and increased if the flow rate
of cryogenlc liguid sent to the column is greater than a

value V.

L
{1

5. Methnod according to Claim 4, wherein *the increase

in the oxygen-enriched molar flow rate taken off is



substantially equal to the increase in the molar flow rate of cryogenic liquid sent to the column (5). 6.
Method according to one of the preceding claims, 5 wherein the ratio between the flow rate of
cryogenic 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 0 the flow rate of cryogenic liquid 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 ranges. . .8 Methad %%‘85@”%0 ong of the preceding claims, 15 whepsin the flaw rate of

cryogenic liquid Is regulated according to the%carbon monoxide content of the air. 9. Method according
to one of the Precedifg G@Rimss, WHrein thEHow Atd BE ci/BgeRit liftid is regulated 20 according to

the carbon monoxide content of the nitrogen produced. 10. Apparatus for producing nitrogen by

cryogenic distijlation, comprising aé&%&@%@“%@'%” %§é5)p%&9@%i%umr sending ’air
containing carhon monoxide to the column, a conduit fgé taking a nitrogen-rich grdduct from, the

column and a' %Ia%i’t%ltggndviﬁéﬁaui ?ﬁt‘i’(gé}@n {8'fhe"coiimh $om an exterma g&ﬁrcél(%}fjfgr
example a stgragé uhit, chagacterizenin that itcomprises Paedris fom80 ¢egalating thesflow rate of
liquid nitrogen: sent1ethe ol as@a-function of the carbon monoxide content of the air, and
optionally means for measuring the carbon monoxide content of the air or of thenitrogen-rich product

and means for increasing the flow rate of liquid nitrogen sent 35 to the column if the content exceeds a
threshold. 7. Method according to one of Claims 1 to ©, wherein

10 the flow rate of cryogenic liguid sent to the column {35}
<+

has one or more given values if the carbon monoxide content

of the air lies in one or more predefined ranges.

8. Method acceording to one of the preceding claims,
15 wherein the flow rate of crvogenic liquid is regulated

according to the carbon monoxide content of the air.

9. Method according to one of the preceding claims,
wherein the flow rate of cryvogenic ligquid is regulated
20  according to the carbon mconoxide content of the nitrogen

produced.

10. Lpparatus for producing nitrogen by crvogenic
distiliation, comprising a cryogenic distillation coliumn
25 {5y, a concduit for sending air containing carbon monoxide
to the column, a condult for taking a nitrogen-rich product
from the column and a condult for sending liguid nitrogen
te the column from an external source (7}, for example a
storage unit, characterized in that 1t comprises means for
30 regulating the flow rate of liguid nitrogen sent to the
column as a functicn of the carbon monoxide content of the
alr, and copticnally means for measuring the carbon monoxide
content of the air or of the nitrogen-rich product and
means for increasing the flow rate of liguld nitrogen sent

35 to the column 1f the content exceeds a threshold.



