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 ailésugglying the sinf%I,e calumn. It can therefore be seen that the
critical CO content in the air, beyond whighthé tofstraint for the €O content in 30 the nitrogen is no
longer satisfied, is of the order of 6 PPm.

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

ppm.

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.



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 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. 5 Thig iswnore expensie, anddbiseperating modeasne adtonesy; etherthayy the stored
capacity of liquid,.It.i own 1e_carhon_manoxide of a 10 nitrogen-rich product
when the air hagrg?:gégga%\{[ ggr%%%ﬁ%ﬁ%%gegggn?gﬁ %ﬁ%is%%%%%rygégnigﬁgéﬁ?ﬁnpnp
(EP-A-0376465 25 hktGSll 391596, pp 4 818F CatalySi (US-ASBAATEER) Hay be YEEEH order to
purify the air ortReFirsgERs1DHSs aprobjeet bt the invention to permit the production of nitrogen with
a very low sarbon monoxide content by cryogenic distillation of air, even if the air supplying the column

is occasionally highly n_oglutﬁgf@itheser\@g@i%% mongxide|n.ong aspect. therg s provided,a method for
producing nitrogencpgocg%{oggﬁigrdiﬁﬂIatiotq}of ait_[, in \ghich air cgntaigiqg,carbf%n monoxide is sent to a
cryogenic 25 diStTAton %o urmn, a flow D 0 eniffoﬁgﬁ is Taken from the olqulfl e distillation column,
with a CO content less than a fixed value 51, and a flow of nitrogen-rich cryogenic liquid coming from
an external soutte issseRtiowthe top ofdiecolunie, the flonnratecaberydgeniodigeit sent taathe 30

column being less-thagea value.V #:1he. GO cpntent imthe-air degs nat excagd a.previoushy,defined
threshold (SO), gharaeterized in that: (tj@g flaw Eatg?%{?c’rygge%(giceliqluéd éeé'zt: (o] R%eclggll%m}%ﬁ'g greater
. ; , g

than the value \A/ if the carbon monoxide content of the air exceeds said previous

-0376465, Gas Aktuell 39, 1990, pp 4-8) or catalvsis (US-
A~5441719) may be used in order to purify the air or the

_ nitrogen.

i5
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 column 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).



35 defined threshold (SO). 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 the previously defined
threshold; if the carbon monoxide content of the-aig is-below the given threshold, the molar 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 soluan;: aflaw of ixygeoreririetad parging diquid is produced, characterized in that the
flow rate of oxygen-rich cryogenic liquid produced is substantially constant when 15 the flow rate of

cryogenic liquid sgatfo ghe colma is.less than ayalue Veand iacreasad relative 19 the, cqnstant flow
rate if the flow ratg&fgéyoigt?n&hqwd rsgznt to the calumn |Sﬁ&reater t an value V; 20 - the increase in

r e C o1l Qrox & o ent e alxy excgeds
the_oxygen-enrlc%edpmolar low rate ?‘a,ken off 1§ &libstantia y equaﬂo tiié inctéase in the molar flow

rate of cryogenic fig@aSer s the OlUMAS “tHeeftfotHétween 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 cofurhhsaszortecor moregiven valuesifithe Lation monoxide lcohtent gf30 the air
lies in one or mgrediedefinaghrnpest the flowsateroberyageanic iguidis rguatedaceerding to the
carbon monoxide,gontent.efthe 35 mthe fow.rate of crypgenic jayid issegulated-agcopding to the
carbon m%omg_,gtcgng%ntn %fttpg nitrogen Qf_oggggg. @r%%otth% aspect, Iy’)ere is provided an apparatus
for producing nitrogen by cryoggnlc stﬁlatlon, comprising a -4

- a flow cf oxygen-enriched purging liquid is produced,

characterized 1in that the flow rate of oxygen-rich

cryogenic liguid produced ig substantially constant whsan

15 the flow rate of c<ryogenic liquid sent to the column is

less than a value V and increased relative to the constant

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



cryogenic distillation column, 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 5 external source, for example a storage unit, characterized in that it comprises
means for regulating the flow rate of liquid nitrogen sent to the column as a function of the carbon
monoxide contestefdbe:air, Means fofimeasusng.the, casboromanoxidesontentiof tie air or of the

nitrogen-rich 1Q.pradgt and meaps for ipgreasing the flaw Jate of ligid nitrogenssent tq-fhe column if
the content exceeds a threshold. Tgiefo%rwglposed invention makes it possible to increase 15 significantly

the limiting CO %%ﬁéﬁ inthe"air, 5% \Mﬁ?bh Eﬁﬁﬁ:‘ilé:ﬁtly b nitroten §35EEA nd15hgér be
produced usingCthiedit SepamtidfrapgsFattisdu ITheliHvepdion Wilt bereseaAbetn Aioe detail with 20
reference tb thefigute;athiehuepeesefits an-aimrgaparation appasatus accordingdotbe ineention. A flow

of air 1, purified; yithygspeet tofz02;and hymidity but-containing casben manoxide,ds cogled in a heat
25 exchanger % Its c%'bon monaoxide contegtois {Exeasgérigmt‘)l){ aar;lsangly%ggg u.pstreag f the distillation
C ot

column S. The aﬁqiglsepgﬁa%gaﬁﬁt% asr%?r%gen-ri ?op gas and an oxygen-e%ﬁ%ﬁe(f c%lr% liquid. The

bottom liquid 17780 R Rr6Ggh &Valvé 18°%6nd Sent 1 Bief o CofdéTser et Eiown way.
The vaporized lguid<2l isheateddn theexchangert-2eAgiitrogen-nich gas produch28 is faken from the
top of thexaplunpadaeated dndhenexehangsy 2 and-serttosa eustomes.tsearbon monaxide content is
measured by 35 an analyzer 23 and must,not gxeead a threshpld Sl for example & ppm. ;5 -

Refrigeration of the apparatus is maintained by sending quui?ﬁltrogen coming from a storage unit 7,
which constitutéSRE0tHe8 external to the air separation apparatus. The 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 liquid rittegepcanckiidl 9 ismeemndeied tadthedopiof theceiimns throughracyalyesll. A

nitrogen-righ liquid.cap he faken fram the golump S droughacenduil 13.c 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.



If the air 1 has a carbon monoxide content less than the giventhreshold 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 molar 15 flow rate of nitrogen produced, optionally at most 3% of the molar flow rate
of nitrogen produced, that is to say the quantity whieéhis necessary in order to maintain refrigeration of
the apparatus in the absence of an expansion turbine or other means for refrigeration. The 20 quantity
V is thereforezsiibstantially:constant. Fhe: CQgoatent of thissnittogendevw rate kg less thamb ppm,
since the liquid g@{%d ir}@gg%@gorggﬁﬂqg 7 can.if, necessary sene a%gihgckgp after yaporization

in the event of a'shutdown, untimely or not, of the nitrogen 25 production unit. All the liquid taken from

the bottom is“€¥hE tHrodghi the ondUitI7 %o the'dondenser 9.9f thelGarbéi ondkid Contéht exceeds
the given threshoid ef:86.fof the dit,dne amalyz&r 3 Sendsia sighalitaithesSIEB0:12 1t drderito modify

the flow sate sentthgugh the gondyit:19 inordertorincrease the quantity. of liquid piteagen.arriving in
the column, s%) that the flow ratedexceg,ds th%v@ue V. The more irppt(%{e the air is, the g;%qggr the
increase must be; Owirig 10 this méthod; 5y 35 s%ngi%g 10% of tHie'ni o@éﬁﬁgﬁﬁctﬁ% W rate as a
liquid nitrogen $lows theclimitingesdntent o €0 irfthe ‘airldsn ifncrease t& 615 ppmalitifout tHerearbon
monoxide content of the nitregen-19 produced exceeding,d ppAk avhich-iswequiredby the-standards.
Bysendm9”g%ygﬂggg%pconduit 13.

G

23

If the air 1 has a carbon monoxide content less than the
given threshold S50, for example 5.9 ppm,. the molar guantity
Vv of liguid nitrogen sent <o 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 tTherefore substantially constant. The CO
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
nitrogen arriving in the column, so that the flow rate

o

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



- 6 - corresponding to 40% of the nitrogen production flow rate, the limiting content of CO in the air 1 is
9.5 ppm withoutthe carbon monoxide content of the nitrogen 19 produced exceeding 5 ppm, which is
required by the standards. .5 When increasing the flow rate of liquid nitrogen, it is necessary to reduce
the flow rate of supply air and therefore reduce the §uantity of CO introduced into the nitrogen
production unit; this also reduces the electricity 10 consumption of the apparatus. At the same time, an
additional flow®f pxygen-ehriched liguid 13 fs taken frony thresbottom of the. columhndbvby ateans of a

valve 15 and.aconduif when,the carban monoxide:gontent of the air exceeds the thrgshald SO and
when the liquid nitrogen arrives through the conduit 19. Thitsctg%rging_ﬂow rate is_substantially the

19 I ) 2
same, on a nidiar bASS PSS tHEBrafidw ratd 56ntintS The Cofunimthr6dH the Corfdlit 1, 3nd is
extracted from:the productionammit. 20Ht ray optioaglly: be Stdred tna dedicated deservoir, or
discharged to the atmosphere after vaporization. The ratio between the flow rate of cryogenic liquid

sent to the colé;hmn and the carbon monoxide contgn%of thefairlmay 25 beq.t;ﬁonstant. If nat, the flow rate

of cryogenic iqtid seht 16 ﬁ%es%&%mﬁnrﬁay%ieoﬁxea% Bne’or m%%“ji%enn\fa 5&9{%% valie being a

function of the fact H5at:the carbon Pbrigkidd Eénteht BFthe aif fies fif onE P idie prédetetftfined
ranges. For instance; dhe flow ratedmayrhe 190%.iftthe 30 egntent isibeiween Ssand6:% ppropand 40% if
the content is_hetween 6.5 %gug.@_ ppm. - 7{: CLtAhII:\L/ISS a;.sl\éle%heogufgé g@%@'%ﬁg‘&@%g@y cryogenic

.. . NLLTroder LTy gt [
distillation of air, in which &ir con aining carbori 5 monoxide is Sent to a cryogenic distillation %olumn, a

flow D éfnitrogenssTiaiterPiromtheltep BPIFE distifation column (5), 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 goluy, Ing A flowstate of givogeriediaielsenta fhe colump belng e fhan.a value v

if the CO content in the air does not exceed agreviously defined threshold (SO), characterized in that:

the flow rate ofi&idgenic ligid'seitfo e EolGfih IS Yreatdr thanthe vale Ui theGarBGA Monoxide
content of 15 ¢he air exceeds saitl previously defined threshioteh(SO)e  carbon monoxide

15 content of the air exceeds the thresholid 30 and when the
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.



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 threshold. 3.
Method according to one of the preceding claims, wherein if the carbon monoxide content of the air is
below the given threshold, the molar flow rate of Crygg“enic 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 oxy§ert8iriched 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 cryo%sgei}c%iqui% sent to t{)edcolumn (5) is‘lgss than a vglue Vca}:nd incr%%sed if the
flow rate of cr%genic quﬂl SHt to thé%plurﬁn ?s élr%%?gr thah a gg%gﬁae V. y8 eqL%?%e{he increase
in the molar fléheraid bhedegeniefiquidlisent toithe codrfin (52126, MMASE HEEFing BB of the
preceding clajfps,3.wherein the ratiodeetweenthg dewrate akaryogenieiquishsenmt fo thecelumn (5)
and the carban manoxide content of the air is censtant, Z1 Method according tQ_one.of.Claims 1 to 6,
wherein 10 tr?lg fIS%vnréjtéto%%?%lge%i% Iigﬁ%es%nt%?fﬁﬁe g‘o 8mer%cf§§ h(z":};l(;{'sC oﬁg%gr r%%)%e]l%g?v]é%%ia ﬁes if the
carbon monogigé&dnteht bf the diblies iIFOnEdRRTSHE predafineBdandest 18 Methdd &ccording to
one of the pregeding daims,d5 whereiyte-filaw nate:ofsgyogenia Hapid & regriated &ecarding to the
carbon monoxide contont gtifiealr. & Method ageordinadnone gh theepreeding elaiins. wherein the
flow rate of cr\f/ogenlc Iquid Is regulated | )
low rate of cryogenic liguid sent to the column being less

than a value V if the CO content in the alir does not exceed

a previously defined threshold (S0), characterized in that:

the flow rate of cryogenic liguid sent to the column is

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 sent to the distillation column (5} is reduced if

the carbon mwmoncxide ' content of the air exceeds the
20 previously defined threshold.

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



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 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 nitrégen to the column from an external source (7),
for example a storage unit, characterized in that it comprises means for 30 regulating the flow rate of
liquid nitrogeresenilo the ectemi asshmetianofthe cadionrmdnexde-eartenttof the-aemaans for

measuring the ﬁ%ﬁ?}?& r’ggp&xiq% cgg@n&gim&aw% of the nitrogen-rich product and means for
s :

increasing the 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 method
for producing aitrogen byerybgeniadistiltationy ait contaiaing £arbba monexekkiissent 1a k)
cryogenig distlialipn colur (3); 2 flovw,RQfditrogenisdaken fromstheop,of the. distillatin cejumn,

with a CO content less than a fixed value Si, and a flolylv of nitrogen-rich crypgenic liquid coming from
an external sotieE (A% St tSHETED of e EOTMK The TR Fite BPERHYERic A8 it sétt to the
column being téss than alvalgeMsit #1eECO content 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 maoxide conjent of the air sxpeegs this previoysly defined 20threshald (301, Figure 1
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.



