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Process for removing hydrogen by cryogenic distillation in the production of high purity nitrogen.

A process for removing hydrogen by
cryogenic distillation in the production of high
purity nitrogen, which comprises :

a) feeding a compressed, cleaned and dried
feed mixture (12) comprising oxygen and nitro-
gen, which has been cooled to about the dew
point thereof, to a first distillation column 13,
whereby said nitrogen 16 is extracted at the top
of said distillation column as a liquid, and a
liquid stream rich is oxygen 17 is extracted at
the bottom of said first distillation column ;

b) extracting a minor fraction of the gas 30 at
the top of the first distillation column, the minor
fraction containing the lighter impurities ;

¢) expanding said liquid nitrogen at the top of
the first distillation column into a second distil-
lation column 14 at an intermediate level, said
second distillation column being operated at a
pressure sufficiently lower than the pressure of
said first distillation column to provide a suffi-
cient temperature difference in a condenser-
reboiler located between the first and second
distillation columns ;

d) vaporizing the liquid stream rich is oxygen
in the overhead condenser 4 of the second
distillation column 14 against the condensing
vapor at the top of the second distillation col-
umn to form a condensate at the top of the
second distillation column, and returning said
condensate to the top of the second distillation
column as reflux ;

e) extracting a minor fraction of the gas 31 at
the top of the second distillation column contai-
ning substantially all lighter impurities ; and

f) vaporizing the liquid at the bottom of the
second distillation column 14 by heat exchange
with the condensing gas at the top of the first
distillation column 13, and recovering as pro-
duct a fraction of the liquid 24, a fraction of the
vaporized liquid 29 or both, the product contai-
ning substantially no lighter air impurities.

Jouve, 18, rue Saint-Denis, 75001 PARIS
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BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a process for re-
moving hydrogen by cryogenic distillation in the pro-
duction of high purity nitrogen.

Description of the Background

In producing nitrogen by cryogenic distillation of
atmospheric air or any mixture comprising oxygen
and nitrogen, hydrogen contained in atmospheric air
is concentrated into the nitrogen product. Hydrogen
contamination is undesirable particularly in electronic
applications where very pure nitrogen is required.

At present, contaminate hydrogen in nitrogen is
removed by passing compressed atmospheric feed
air through a catalytic bed at a temperature of about
250 to 500°F, whereby the hydrogen reacts with oxy-
gen to form water and carbon dioxide which are then
removed in a subsequent step either by adsorption or
by reversing exchangers. Removal of hydrogen by
this method is undesirable, however, due to the ex-
pense of the catalyst and the possible poisoning of
the catalyst by other impurities present in air, such as,
for example, sulfur-containing compounds. Further-
more, the catalytic reactor and the equipment asso-
ciated therewith are very expensive and represent a
significant portion of the total required expense.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present inven-
tion to provide a process for removing hydrogen by
cryogenic distillation in the production of high purity
nitrogen.

It is also an object of the present invention to pro-
vide a process for removing hydrogen by cryogenic
distillation in the production of high purity nitrogen
which avoids the use of a catalytic reactor.

It is further an object of this application to provide
a process for removing light impurities from a mixture
mainly containing a light product, one or more heavier
components and a trace of one or more lighter impur-
ities.

The above object and others which will become
more apparent in view of the following disclosure are
provided, in part, by a process for removing hydrogen
by cryogenic distillation in the production of high pur-
ity nitrogen, which entails:

a) feeding a compressed, cleaned and dried feed

mixture comprising oxygen and nitrogen, which

has been cooled to about the dew point thereof,
to the bottom of a first distillation column, where-
by said nitrogen is extracted at the top of said dis-
tillation column as a liquid, and a liquid stream
rich in oxygen collects at the bottom of said first
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distillation column;

b) extracting a minor fraction of the gas at the top
of the first distillation column, the minor fraction
containing the lighter impurities;

¢) expanding the liquid nitrogen at the top of the
first distillation column into a second distillation
column at an intermediate level, the second dis-
tillation column being operated at a pressure
which is sufficiently lower than the pressure of
the first distillation column, to provide a sufficient
temperature difference in a condenser-reboiler
located between the first and second distillation
columns;

d) expanding the liquid stream rich in oxygen in
the overhead condenser of the second distilla-
tion column to form a condensate at the top of the
second distillation column, and returning the con-
densate to the top of the second distillation col-
umn as reflux,

e) extracting a minor fraction of the gas at the top
of the second distillation column containing sub-
stantially all remaining lighter impurities compo-
nents, and

f) vaporizing the liquid at the bottom of the sec-
ond distillation column by heat exchange with the
condensing gas at the top of the first distillation
column, and recovering as product a fraction of
the liquid, a fraction of the vaporized liquid or
both, the product containing substantially no
lighter impurities.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 represents a flow sheet for hydrogen re-
moval by cryogenic distillation in the production of
high purity nitrogen, where liquid product is extracted
at the bottom of the second column as well as the
gaseous product.

Figure 2 represents a flow sheet for hydrogen re-
moval by cryogenic distillation in the production of
high purity nitrogen, where nitrogen recovery is en-
hanced with a nitrogen cycle. Oxygen-rich liquid in
the bottom of the first column is vaporized by indirect
heat exchange with a compressed nitrogen cycle
which is condensed and expanded at the top of the
first column to increase its reflux and reboil.

Figure 3 represents a flow sheet for hydrogen re-
moval by cryogenic distillation in the production of
high purity nitrogen, where the refrigeration require-
ment is achieved by expanding a fraction of com-
pressed air in a turbine before being fed to the first
distillation column. The nitrogen recovery is en-
hanced by condensing an air stream in the bottom re-
boiler of the first distillation column.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In accordance with the present invention, a
method is provided for removing hydrogen by cryo-
genic distillation in the production of high purity nitro-
gen without using a catalytic reactor containing a cat-
alyst. In essence, the present invention provides a
double column process wherein a first distillation col-
umn is used to extract a first fraction of nitrogen prod-
uct in liquid form. A very small amount of hydrogen is
present in this liquid due to the high relative volatility
of hydrogen as compared to nitrogen. Then, this liquid
nitrogen is fed to a second distillation column, where
it is further purified to yield a high purity nitrogen prod-
uct at the bottom of the distillation column.

In more detail, the present invention provides a
process for removing hydrogen by cryogenic distilla-
tion in the production of high purity nitrogen, which
entails several steps.

First, compressed air or a feed mixture compris-
ing oxygen and nitrogen which is substantially free of
water and carbon dioxide and which has been cooled
to about the dew point thereof is fed to the bottom of
a first distillation column which is operated at a pres-
sure such that heavy air components are separated
from nitrogen. Thereby, nitrogen is produced at the
top of the distillation column as a liquid, and a liquid
streamrich in oxygen is produced at the bottom of the
distillation column.

In accordance with the present invention, it is
preferred that the first distillation column be operated
ata pressure of about4 to 12 bar in order to effectively
separate the heavy air components, such as oxygen
and argon, from nitrogen. This air normally contains
up to about 20 vpm of hydrogen. As already noted, the
first distillation column produces at the top a liquid
product rich in nitrogen.

As used in the present specification, the term
"heavy air components" refers to all components of air
which have a lower volatility than nitrogen, i.e. its va-
por pressure is lower than the vapor pressure of ni-
trogen at the same temperature. Similarly, the term
“light air components" as used in the present specifi-
cation is intended to include all components of air
which have a higher volatility than nitrogen, i.e. its va-
por pressure is greater than the vapor pressure of ni-
trogen at the same temperature. For example, oxygen
and argon are examples of heavy air components,
and hydrogen and helium are examples of light air
components.

Then, the liquid nitrogen is expanded at the top
of the first distillation column into a second distillation
column at an intermediate level, and the second dis-
tillation column is operated at a pressure sufficiently
lower than the pressure of the first distillation column
to provide a sufficient temperature difference in the
condenser-reboiler located between the two col-
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umns.

Thereafter, the liquid stream rich in oxygen is va-
porized in the overhead condenser of the second dis-
tillation column to form a condensate of a major frac-
tion of the gas at the top of the second distillation col-
umn, and then the condensate is returned to the top
of the second column as reflux.

Finally, a minor fraction of the gas at the top of
the second distillation column is extracted, which
contains substantially all the light air components,
and the liquid at the bottom of the second distillation
column is vaporized by heat exchange with the con-
densing gas at the top of the first distillation column,
and a fraction of this vaporized liquid containing sub-
stantially no light air components is recovered as
product.

Generally, the second distillation column may be
operated at any pressure lower than the pressure of
thefirst distillation column to provide a sufficient tem-
perature difference in the condenser-reboiler sepa-
rating the two columns. It is preferred, however, that
the second distillation column be at a pressure at
least about 0.4 bars lower than the pressure of the
first distillation column. It is even more preferred,
however, if the second distillation column is at a pres-
sure about 0.6 bar lower than the pressure of the first
distillation column.

Moreover, as used in the present specification,
the phrase containing "substantially all light air com-
ponents" means that at least 99.99% of all light air
components are contained therein. Also, as used in
the present specification, the phrase containing "sub-
stantially no light air components" means that no
more than 0.01% of all light air components are con-
tained therein.

The process of the present invention may be
practiced with a number of variations, some of which
will now be discussed.

First, in addition to the general description pro-
vided above, liquid product may also be extracted at
the bottom of the second distillation column as well
as the gaseous product. This is represented in Fig-
ures 2 and 3.

Alternatively, a subcooler can be added to sub-
cool the bottom liquid of the first distillation column
against the outgoing gaseous product and the resid-
ual stream rich in oxygen. This is represented in Fig-
ure 2.

Furthermore, the refrigeration requirement can
be achieved by expanding the stream rich in oxygen,
or expanding the gaseous nitrogen product or by add-
ing liquid to the process in a liquid assist or by ex-
panding a fraction of the feed air.

The present invention may be used in conjunc-
tion with other processes whenever the removal of a
light product from a mixture containing heavier com-
ponents is required.

The present invention may also be used advan-
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tageously in conjunction with any process where light
products are to be removed from mixtures of heavier
components. As a specific example, the present proc-
ess may be used to remove carbon monoxide from
mixtures also containing heavier hydrocarbons, such
as methane (CH,). Generally, the process is applica-
ble to several hydrocarbon mixtures containing lighter
impurities. The present invention may be used with
any of these to effect removal of the light component.

Beyond petrochemical processes, there are
many other types of reaction mixtures which contain
a lighter component and one or more heavy compo-
nents. In some of the processes, the light component
in the reaction mixture may be an unreacted raw ma-
terial. In other processes, the lighter component in
the reaction mixture may be one of the reaction prod-
ucts. The present process may be used to advantage
with any of these processes to remove light compo-
nents.

Generally, it is preferred, however, to use the
present process in conjunction with processes pro-
ducing a light product from a mixture containing main-
ly the light product, one or more heavier components
and with traces of a lighter impurity. It is more prefer-
red if the lighter impurity is present in the mixture only
in an amount of up to about 1% by volume, most pre-
ferably only up to about 0.5% by volume.

Thus, in accordance with another aspect of the
present invention, a process is provided for producing
orremoving a light or more volatile product from a mix-
ture mainly containing the light or more volatile prod-
uct and heavier or less volatile components and trac-
es of lighter impurities which are lighter or have a
higher volatility than the light product.

In more detail, the present invention provides a
process for removing a light product from a mixture
mainly comprising a light product, one or more heavier
components and a trace of one or more lighter impur-
ities by cryogenic distillation, which comprises:

a) feeding said mixture mainly comprising the
light product, the one or more heavier compo-
nents and the trace of one or more lighter impur-
ities to afirst distillation column such that the one
or more heavier components are separated from
the light product containing the lighter impurities,
whereby the light product extracted at the top of
the distillation column as a liquid and a liquid
stream rich in the one or more heavier compo-
nents is extracted at the bottom of the first distil-
lation column, and wherein the lighter impurities
accumulate at the top of the first column, wherein
a portion of the lighter impurities are soluble in
the light product liquid, and a portion of the lighter
impurities remain in a non-condensible vapor
fraction stream, the non-condensible vapor frac-
tion stream being removed from the column along
with the lighter impurities contained therein;

b) expanding the light product containing some
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lighter impurities of the first distillation column
into a second distillation column at an intermedi-
ate level, to produce a light product stream and a
minor gaseous fraction containing a greater por-
tion of the remaining lighter impurities;
¢) expanding the liquid stream rich in the one or
more heavier components extracted from the bot-
tom of the first column into the overhead con-
denser of the second distillation column, where it
is vaporized against the condensing gas stream
at the top of the second distillation column, this
condensate being returned to the top of the sec-
ond distillation column as reflux;
d) extracting said minor fraction of the gas at the
top of the second distillation column; and
€) vaporizing the liquid at the bottom of the sec-
ond distillation column by heat exchange with the
condensing gas at the top of the first distillation
column, and recovering as product a fraction of
this vaporized liquid containing substantially no
light product.

Notably, with regard to step a) recited above, the
lighter impurities are accumulated at the top of the
first column. Some of the lighter impurities are soluble
in the light-product liquid, and some of the lighter im-
purities remain in a vapor fraction called the non-con-
densible stream. This stream is removed from the col-
umn along with the lighter impurities contained there-
in.

As used herein, in step b) above, for example, the
term "the greater portion of" refers to any portion
greater than about 50% by volume. However, it is pre-
ferred that the greater portion be in excess of about
80%, even more preferably in excess of about 99% by
volume.

Thus, the present invention provides an efficient
means for separating a light product, one or more
heavier components and one or more lighter impuri-
ties. In accordance with this aspect of the present in-
vention, the feed mixture mainly contains the light
product and one or more heavier components. Gen-
erally, the feed mixture contains from 50 to 99.99% by
volume of light product and one or more heavier com-
ponents. It is preferred, however, if the feed mixture
contains from 75 to 99.99% by volume of light product
and one or more heavier components.

As noted above, generally, the one or more light-
er impurities are present in an amount of up to about
1% by volume, preferably not more than about 0.5%
by volume.

Generally, as used herein the term "light product"
means the mixture component having the higher vol-
atility. The term "heavier components" means the
mixture component or components having the lowest
volatility. The term "lighter impurities means the im-
purity component or components having an inter-
mediate volatility and which are present in amounts of
only up to about 1% by volume.
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In accordance with the present invention the
"trace" of lighter impurities is intended to mean a mi-
nor amount of generally less than 1% by volume. Also,
the term "non-condensible" is intended to mean non-
condensible under conditions prevailing outlet for the
top condenser of both columns.

In order to more fully describe the present inven-
tion, reference will now be made to Figures 1-3.

In Figure 1, a cooled, compressed, cleaned and
dried feed stream containing light product, one or
more heavier components and a trace of one or more
lighter impurities, such as atmospheric air, is fed via
conduit (10) to heat exchange means (11), and then
to the high pressure column (13) via conduit (12). A
nitrogen-rich liquid is fed from the high pressure col-
umn (13) to the low pressure column (14) via conduit
(16) for feed. Also, liquid nitrogen (LIN) may be re-
moved from the column as liquid product from the bot-
tom of the low pressure column (14).

Non-condensible material is withdrawn from the
column at condenser-rebailer (15), and from the over-
head condenser (80) of the low pressure column.

Waste gas is removed from the overhead con-
denser (80) via conduits (21) and (22), optionally
through subcooler (18), to heat exchange means (11),
where it exits the process via conduit (28). This waste
originates from a bottom stream (17) withdrawn from
the high pressure column, wherein after it is option-
ally passed through subcooler (18) and to the over-
head condenser (80) via conduit (20).

In Figure 2, a cooled, compressed, cleaned and
dried feed stream containing light product, one or
more heavier components and a trace of one or more
lighter impurities, such as atmospheric air, and which
is close to the dew point is fed to an intermediate lo-
cation of a high pressure column (13), wherein an oxy-
gen-rich stream separates at the bottom and a nitro-
gen-rich stream at the top. Aliquid nitrogen stream is
extracted at the top of the high pressure column (13)
and fed to the low pressure column (14) via conduit
(16) at an intermediate location. A minor gaseous
fraction or non-condensible containing some lighter
impurities is removed at the top of the high pressure
columns (13) via conduit (30).

Then, lighter impurities are removed via the non-
condensible stream at the top of the low pressure col-
umn (14) with the bottom fraction being substantially
free, i.e., less than about 0.5% by volume thereof, of
lighter impurities.

Nitrogen product can be extracted from the bot-
tom of the low pressure column as a liquid (LIN) via
conduit (24). Gaseous nitrogen product is extracted
from the column via conduit (19) and rewarmed in ex-
changer (11). Aportion of this product is recovered via
conduit (54) and the remaining portion is compressed
in compressor (60). A fraction of this compressed
stream may be recovered as product via conduit (57).
The remaining fraction is sent to the high pressure
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column reboiler (52) via conduit (51) where it con-
denses to provide the reboil for the high pressure col-
umn.

Then, the condensed recycle stream is fed via
conduit (53) from the reboiler to the top of the high
pressure column to provide extra reflux for the high
pressure column.

An oxygen-rich stream is passed from the bottom
of the high pressure column (13) via conduit (17) to
the overhead condenser (80) of the low pressure col-
umn, whereby it vaporizes and passes to the ex-
changer (11), and is rewarmed. The rewarmed
stream is then fed to an expander and then to an ex-
changer where it is used to provide required refriger-
ation and then exits as waste.

In Figure 3, fraction of a cooled, compressed,
cleaned and dried feed stream is fed via conduit (73)
to the bottom reboiler (52) of the distillation column
(13) where it is liquified, the liquified feed stream is
then fed to the high pressure column (13). Another
fraction of the cooled, compressed, cleaned and dried
feed stream is expanded via expander (71) into the
high pressure column (13), wherein in the top section
thereof pure nitrogen and lighter impurities are ex-
tracted and in the bottom section oxygen-rich liquid is
extracted. Some lighter impurities may be removed
via conduit (30).

Liquid nitrogen fraction is extracted at the top of
the high pressure column and fed via conduit (16) to
an intermediate stage of the low pressure column.
The gaseous nitrogen fraction which forms at the top
of the high pressure column is condensed in reboiler
(15) to provide reboil for the low pressure column.

The low pressure column (14) further purifies lig-
uid nitrogen feed and a liquid product may be recov-
ered at the bottom of the low pressure column via
conduit (24), which is free of lighter impurities. Con-
duit (19) affords recovery of gaseous nitrogen which
is free of lighter impurities.

The remaining lighter impurities are removed via
conduit (31) and exit at the top of the low pressure col-
umn.

Oxygen-rich liquid from the bottom of the high
pressure column is transferred via conduit (17) to the
top condenser (80) of the low pressure column, where
it is vaporized and leaves the process via conduit
(21), (22) and (28), optionally passing through sub-
cooler (10), and then passing through exchanger (11)

Gaseous nitrogen exits the column via conduit
(19), optionally passing through the subcooler (18),
through conduit (23) and then passing through ex-
changer (11), wherein after it exits the process via
conduit (29).

By vaporizing the oxygen-rich liquid, some of the
gaseous nitrogen at the top of the low pressure col-
umn is condensed and returned as reflux in the low
pressure column.

Thus, in accordance with the present invention
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both processes and apparati as described above are
provided.

Having described the present invention, it will
now be apparent to one skilled in the art that the
many changes and modifications may be made to the
above-described embodiments without departing
from the spirit and the scope of the present invention.

Claims

1. A process for removing hydrogen by cryogenic
distillation in the production of high purity nitro-
gen, which comprises:

a) feeding a compressed, cleaned and dried
feed mixture comprising oxygen and nitrogen,
which has been cooled to about the dew point
thereof, to a first distillation column, whereby
said nitrogen is extracted at the top of said dis-
tillation column as a liquid, and a liquid stream
rich in oxygen is extracted at the bottom of
said first distillation column;

b) extracting a minor fraction of the gas at the
top of the first distillation column, the minor
fraction containing part of the lighter impuri-
ties;

¢) feeding said liquid nitrogen from the top of
the first distillation column into a second dis-
tillation column at an intermediate level, said
second distillation column being operated ata
pressure sufficiently lower than the pressure
of said first distillation column to provide a
sufficient temperature difference in a con-
denser-reboiler located between the first and
second distillation columns;

d) vaporizing the liquid stream rich in oxygen
in the overhead condenser of the second dis-
tillation column against the condensing vapor
at the top of the second distillation column to
form a condensate at the top of the second
distillation column, and returning said con-
densate to the top of the second distillation
column as reflux;

e) extracting a minor fraction of the gas at the
top of the second distillation column contain-
ing substantially all remaining lighter impuri-
ties; and

f) vaporizing the liquid at the bottom of the
second distillation column by heat exchange
with the condensing gas at the top of the first
distillation column, and recovering as product
a fraction of the liquid, a fraction of the vapo-
rized liquid or both, the product containing
substantially no lighter impurites.

2. The process of Claim 1, wherein said second dis-
tillation column is operated at a pressure at least
0.4 bar below the pressure of said first distillation
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column.

The process according to one of Claims 1 or 2,
wherein said first distillation column is operated
at a pressure of about 4 to 12 bar.

The process according to one of Claims 1 to 3,
wherein said second distillation column is operat-
ed at a pressure of about 0.6 bar below the pres-
sure of said first distillation column.

A process for removing a light product from a mix-
ture mainly comprising a light product, one or
more heavier components and a trace of one or
more lighter impurities which comprises:
a) feeding said mixture mainly comprising the
light product, the one or more heavier compo-
nents and the trace of one or more lighter im-
purities to a first distillation column such that
the one or more heavier components are
separated from the light product containing
the lighter impurities, whereby the light prod-
uctis extracted at the top of the distillation col-
umn as a liquid and a liquid stream rich in the
one or more heavier components collect at
the bottom of the first distillation column; and
wherein the lighter impurities accumulate at
the top of the first column, wherein a portion
of the lighter impurities are soluble in the light-
product liquid, and a portion of the lighter im-
purities remain in a non-condensible vapor
fraction stream, said non-condensible vapor
fraction stream being removed from the col-
umn along with the lighter impurities con-
tained therein;
b) expanding the light product containing
some lighter impurities of the first distillation
column into a second distillation column at an
intermediate level to produced a light product
stream and a minor gaseous fraction contain-
ing a greater portion of the remaining lighter
impurities;
¢) expanding the liquid stream rich in the one
or more heavier components extracted from
the bottom of the first column into the over-
head condenser of the second distillation col-
umn, where it is vaporized against the con-
densing gas stream at the top of the second
distillation column, the condensate being re-
turned to the top of the second distillation col-
umn as reflux;
d) extracting said minor fraction of the gas at
the top of the second distillation column; and
e) vaporizing the liquid at the bottom of the
second distillation column by heat exchange
with the condensing gas at the top of the first
distillation column, and recovering as product
a fraction of the liquid, a fraction of the vapo-
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rized liquid or both, the product containing
substantially no lighter impurities.

An apparatus for removing hydrogen by cryogen-
ic distillation in the production of high-purity nitro-
gen, which comprises a double fractionating
means having a high pressure fractionating
means in fluid connection with a feed stream
comprising oxygen and nitrogen which extracts a
first fraction of nitrogen production liquid from,
separate conduit means for feeding said liquid ni-
trogen product from said high pressure fraction-
ating means to a low pressure fractionating
means for further purification.

The apparatus of Claim 6, which further compris-
es a compressed nitrogen cycle in fluid connec-
tion with a bottom rebailer of the high pressure
fractionating means, whereby oxygen-rich liquid
in the bottom of the first column in contact with
said reboiler is vaporized by indirect heat ex-
change, said compressed nitrogen cycle stream
being condensed and expanded at the top of the
first column to increase its reflux and reboil.

The apparatus according to one of Claims 6 or 7,
which further comprises a turbine in fluid connec-
tion with said first distllation column, whereby re-
quired refrigeration is achieved by expanding a
fraction of compressed air in said turbine before
being fed to the first distillation column.

The apparatus of Claim 8, which further compris-
es a bottom reboiler of the high pressure fraction-
ating means whereby the compressed feed
stream is condensed against a vaporizing oxy-
gen-rich liquid by indirect heat exchange, said
condensed feed stream then being fed to the high
pressure fractionating means.
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