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(57) Claim
1. Process for producing gaseous nitrogen with variable
flow by means of air distillation equipment, the equipment
including an HPN air-separation column for producing
gaseous nitrogen in a product 1line, and having a head
portion and a bottom portion which is fed with compressed
air, and liquid nitrogen storage means supplying a flow of
liquid nitrogen to the head portion of the column, wherein
a nominal flow of 1liquid nitrogen from the storage means
is supplied to the head portion of the column after the
column produces a nominal flow of gaseous nitrogen,
including the steps of sensing the pressure of the gaseous
nitrogen in the product line and of selectively modulating
the flow of 1liquid nitrogen supplied from the storage
means to the head portion in a range above said nominal
flow depending on the value of the sensed pressure to
accommodate variations in « . demand for gasecus nitrogen.
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BACKGROUND OF THE INVENTION
(2) Field of the Invention

The present invention relates to the production of
gaseous nitrogen. It is more particularly concerned with
satisfying moderate (typically 100 to 1000 Nm3/h) and
variable needs in nitrogen of high purity, i.e. typically
containing less than 0.1% oxygen. In the present
specification, flows are considered in terms of weight.

(b Description of the Prior Art

High purity nitrogen is normally obtained by

cryogenic means. Where small consumptions of nitrogen are

required, construction of known self-contained production
units is prohibitively expensive, in the case of automated
installations, and slightly less ' expensive in
non-automated installations, where, however, high 1labour
costs increase the price of nitrogen for the consumer.

A more economical solution consists in utilizing an
evaporator, 1i,e. a container for 1liquid nitrogen with
large capacity, fo; example many tens of thousands of
liters, from which 1liquid nitrogen is withdrawn and
vaporized. This solution is not very satisfactory on any
energy point of view, because the frigorific energy
contained in liquid nitrogen is lost, and, in addition, it
requires the presence, at a relatively small distance, of
a unit for the production of liguid nitrogez=, so that the
cost of supplying the evaporator with a tank-truck remains

moderate.

SUMMARY OF THE INVENTION

The invention aims at providing technology which
produces variable and moderate quantities of gaseous
nitrogen at reduced cost, and at increased distances from
a unit for the production of liquid nitrogen.

For this purpose, the invention aims at a process

-1A-



10

30

35

for producing gaseous nitrogen with variable flow by means
of air distillation equipment, the equipment including an
HPN air-separation column for producing gaseous nitrogen
in a product line, and having a head portion and a bottom
portion which 1is fed with compressed air,: and 1liquid
nitrogen storage means supplying a flow of liquid nitrogen
to the head portion of the column, wherein a nominal flow
of liquid nitrogen from the storage means 1is supplied to
the‘heAd portion of the column after the column produces a
nominal flow of gaseous nitrogen, including the steps of
sensing the pressure of the gaseous nitrogemn in the
product line and of selectively modulating the flow of
liquid nitrogen 'supplied from the ‘storage means to the
head portion in a range above said nominal flow depending
on the value of the sensed pressure to accommodate
variations in the demand for gaseous nitrogen.

In the present description, the term "an HPN
air-separation column” means a simple distillation column
provided with a head condenser. In such a column, the air
to be treated, compressed under a pressure of the order of
6 to 12 bars, from which water and C02 have been removed
and cooled to the vicinity of its dew point, is introduced
at the base of the column. The "rich 1liquid" (oxygen
enriched air) collected in the vat portion of the column
is expanded and vaporized in the head condenser, after
which it is removed as a residue. The gaseous nitrogen
produced is withdrawn from the head portion of the column,

According to advantageous characteristics of the
invention:

- said nominal flow is introduced during a
period of time at 1least equal to a predetermined
length of time which 1is sufficient to ensure a
predetermined 1level of refrigerating 1liquid in the
head condenser of the column;

- to produce a flow of gaseous nitrogen which is
higher than the nomiral flow, a £flow of make-up
liquid nitrogen originating from said source 1is
vaporizd outside the column;

- at least a portion of the make-up flow is

-2-
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vaporized by heat exchange with the incoming air
upstream of the inlet of this air in the compressor
of the apparatus.

It is also an object of the invention to provide an

apparatus for the production of gaseous nitrogen with
variable flow, adapted for the operation of such process.
This apparatus including:

- an air distillation column having a head
portion with a gaseous nitrogen outlet discharging
in a product 1line, a liquid nitrogen inlet, and a
bottom portion with a feed air inlet;

- a pressure sensor in the product line, capable
of furnishing a pressure signal;

- air feed means for feeding air to the feed air
inlet via a feed air ‘line including a compressor;

- a liquid nitrogen storage means having an
cutlet and

- a firgt 1iquid nitrogen 1line between the
outlet of the storage means and the liquid nitrogen
inlet of the column and including flow control means
responsive to said pressure signal.

It is also an object of the present invention to

provide a system for supplying gaseous nitrogen to a
plurality of users, this system including:

- a central unit for the production of 1large
quantities of liquid nitrogen;

- at least one tank truck for remote dispatch of
liquid nitrogen produced at the central unit;

- within a first radius around the central unit,
at least one vaporizing unit for vaporizing 1liquid
nitrogen, having a liquid nitrogen tank for
supplying gaseous nitrogen to a first user;

- within a range between the first radius and a
second radius greater than the first radius, at
least one apparatus for the production of gaseous
nitrogen with variable flow, for supplying gaseous
nitrogen to a second user comprising:

- an air distillation column having a head
portion with a gaseous nitrogen outlet

-3-
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discharging in & product line, a liguid
nitrogen inlet, and a bottom portion with a feed air
inlet;
- a pressure sensor in the product line, capable
of furnishing a pressure signal;
- air feed means for feeding air to the.feed air
inlet via a feed air line including a compressor;
- a liquid nitrogen storage means having an
outlet, and
- a first 1liquid nitrogen 1line between the
outlet of the storage means and the liquid nitrogen
inlet of the column and including flow control means
responsive to said pressure signal, whereby the
liquid nitrogen tank of the veporizing unit and the
liquid nitrogen storage means of the apparatus are
pericdically refilled from the central unit by the
tank with liquid nitrogen.

~3a-=



-in a first radius around the prod
unit, a series of liquid nitrogen vapori#Zers which
can be supplied by the tank-truck;

-between the fir radius and the second
radius, which is mor portant than the first one, a
series of app uses as defined above, wherein the
contain of these installations can be supplied by

tank-truck.
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BRIEF DESCRIPTION CF THE DRAWINGS

An embodiment of the invention will now be
described with reference to the annexed drawinygys, in

which:

-Figure 1 is a schematic illustration of a
system for +the production of gaseous nitrogen
according to the invention;

-Figure 2 is a schematic representation of
an apparatus according to the invention;

-Figure 3 1is a diagram illustrating the

process according to the invention.

DESCRIPTION OF PREFERRED EMBODIMENTS

The system for supplying gaseous nitrogen
represented in Figure ! essentially comprises:

-a unit 1 for the production of 1liquid
nitrogen;

-within a radius Rl around this wunit, a
certain number of liquid nitrogen vaporizers 2, each
consisting of a liquid nitrogen storage 3 of large
capacity provided with a liquid withdrawing duct 4
connected to a utilization duct 5 via vaporizer 6,
for example of the atmospheric type. Such vaporizers

are well known in the art;
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_ -between radius Rl and radius R2 > RI1
around unit 1, a certain number of apparatuses 7 such

as those of Figure 2, each of these apparatuses

comprising a container for liquid nitrogen 8;

-at least one tank-truck 9, and generally a
fleet of such trucks, adapted to supply the
vaporizers 2 and containers 8 of the apparatuses 7
with liquid nitrogen produced by unit 1l; and possibly

—-a teletransmission system (not represen-

ted) connecting each vaporizer 2 and each apparatus 7

- to unit 1 to ensure the management of the deliveries

of liquid nitrogen by the tank-truck(s).

The apparatus 7 represented in Figure 2
essentially comprises:

-the above-mentioned container 8;

—-a cold box 9 containing on the one hand an
air distillation column 10 of the type HPN (High
Purity Nitrogen), on the other hand a heat exchange
line 11;

-a device 12 for purifying air by
adsorption;

—-an auxiliary heat exchanger 13;

-an air compressor l4; and

—-an air refrigerating device 15.

The operation of apparatus 7 will now be
described with reference to Figures 2 and 3. On the
diagram of Figure 3 the time t has been shown in
abscissae, and a plurality of parameters, whose
meaning will appear hereinbelow, are given as
ordinates.

The first description will be the novel
operation of the apparatus, 1i.e. at permanent rate
where column 10 via withdrawing duct 16, exiting in
the head portion of the column, produces a constant
flow of gaseous nitrogen which is equal to  the

nominal flow DN for which the column has been

-5~
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designed. Duct 16 ends in a utilization duct 17
provided with a buffer capacity 18 and, downstream of
the latter, a pressure pick-up 19.

In this operation (corresponding to t < tO
on Figure 3), the nitrogen consumption C (Fig. 3(a))
is constant and equal to the nominal flow DN, and the
pick-up 19 indlcates a constant pressure P (Figure
3(e)). Vvia a duct 20 provided with an electro-
magnetic valve 21 for any kind of adjustment, a mean
to small flow of liquid nitrogen, for example equal
to about %% DN (Fig. 3(b)), is introduced in the head
portion of the column 10 and serves to ensure that
cold conditions are maintained and also to increase
the rate of reflux of the column. The heat exchanger
13 is inactive. The entering air compressed by
compressor l4, precooled by air cooling device 15,
purified in a device 12 and cooled to the vicinity of
its dew point in exchange line 11, is introduced at
the bottom of column 10. The rich liquid collected
in the vat ‘portion of the column is expanded in an
expansion valve 22, vaporized in the head condanser
23 of the column, warmed with countercurrent air in
the heat exchange, then used to regenerate device 12
before being withdrawn via duct 24 as residual gas of
the apparatus.

It will be presumed that at instant t0O, the
consumption (or demand) of gaseous nitrogen starts to
increase (Fig.3(a)). The pressure at 19 decreases
(Fig.3(e), which provokes the opening of a valve 25
provided along a duct 26 which connects the bottom of
container 8 to the cold end of exchanger 13. A flow
DV1 of nitrogen (Fig. 3(c¢)) 1is thus vaporized by
cooling with countercurrent entering air to a
moderate temperature, for example, of the order of
-20°c, then this gaseous nitrogen is sent to a
reservoir 18. Following this, the compressor sucks

-6=
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an increased mass flow of air and the production DF
(distilled flow) of the column increases (Fig. 3(d)).
Simultaneously, the fiow of liquid nitrogen which is
introduced through duct 20 increases to some extent
(Fig. 3(b)), te¢ keep the 1level of rich 1liquid
constant in the condenser 23.

If, from tl1 to t2, the consumption
continues to increase (Fig. 3(a)), an additional
vaporization of liquid nitrogen (Fig. 3(c)) 1is
carried out in an auxiliary vaporizer 27 as a result
of the opening of a valve 28 without modifying the
flow produced by distillation (Fig. 3(d)), after
which this gaseous nitrogen is also sent to the
reservoir 19. This opening of the valve 28 takes
place when the pressure reaches a low value Pl (Fig.
3(e)). The total vaporized flow DV2, which is the
sum of the flows vaporized in the exchanger 13 and in
vaporizer 27, corresponds to the make-up nitrogen
required to satisfy ttfy demand. This vaporization of
liquid nitrogen brings back the pressure at 19 to
nominal value P (Fig. 3(e)).

It should be noted that after a certain
period of time, frosting may start to form in the
exchanger 13. This is detected by a temperature
detector 29 which is disposed at the nitrogen outlet
of this exchanger and closes valve 25.

After a phase of stabilization (from t2 to
t3), when consumption decreases, the pressure at 19
increases, which provokes a stop of the vaporization
of nitrogen (closing of valves 25 and 28), then, when
the pressure reaches a high value P2, the apparatus
is stopped, for example through compressor 14
(instant t4). '

When the consumption of gaseous nitrogen
resumes (instant t5), the pressure decreases, and
when it reaches nominal value Pl (instant t6), a

-7-
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self-starting electromagnetic valv~2 30 mounted as a
bypass: of the electromagnetic valve 21 and normally
closed, is opened. This electromagnetic valve 30 is
such that, in opened position, it allows for the
passage of a flow of liquid nitrogen which is at
least equal to the nominal flow DN. Its closing
takes place when two conditions are fulfilled:

(a) a predetermined time T has passed sirnce
its opening; and

(b) the level of rich ligquid in condenser
23 is at least equal to a predetermined value.

Time T is dete..iined so as to ensure that,
whatever the condition, hot or cold, of the apparatus
when starting same, cold conditions an¢ (he correct
charge of 1liguid at each level of a column are
obained. It is possible, for example, to select a
time T of the order of 2 minutes.

The electromagnetic valve 30 thus closes at
ingtant t7 indicated on Fig. 3.

Figure 3 also represents instant t8 < t7
and £9 > t7 for which, respectively, the consumption
C incieases beyond the nominal value after which it
stabilizes, the same phenomenon as described above
being then automatically reproduced (vaporization of
nitrogen and variations of the pressure and the flow
of nitrogen produced by the column).

It will therefore be seen that the
apparatus can very easily operate entirely auto-
matically in spite of a structure and automatisation
means which are very inexpensive. In particular, as
soon as the apparatus is started, a flow of nitrogen
at least equal to the demand is vaporized in the
column, which simultaneously ensures the necessary
cold input and the production of required gaseous
nitrogen, and moreover prevents the entering air fiom
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rising in the column. After this, the nitrogen
introduced into the reservoir 18 has immediately the
required purity.

As a variant, the two electromagnetic
valves 21 and 30 may be replaced by a single
cryogenic valve with variable flow.

It will be noted that for proper operation,
the apparatus needs only one electrical connection,
which has been illustrated symbolically on Fig. 1.



THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Process for producing gaseous nitrogen with variable

flow by means of air distillation equipment, the equipment

5 including an HPN air-separation column for producing
gasecus nitrogen in a product 1line, and having a head
portion and a bottom portion which is fed with compressed

air, and liquid nitrogen storage means supplying a flow of

liquid nitrogen to the head portion of the column, wherein

10 a nominal flow of 1liquid nitrogen from the stcrage means
is supplied to the head portion of the column after the

| column produces a nominal flow of gaseous nitrogen,
including the steps of sensing the pressure of the gaseous
nitrogen in the product line and of selectively modulating

15 \ the £flow of 1liquid nitrogen supplied #%rom the storage
means to the head portion in a range above said nominal

e ae \

a:": flow depending on the value of the sensed pressure to
cgeees .x§commodate variations in- the demand for gaseous nitrogen.
oiee 2) Process according to claim 1, including the steps ot

0,20 increasing the flow of 1liquid nitrogen supplied from the
storage means to the head of the column when the sensed
pressure decreases below a limited value as a result of an

ﬂ": increase in the demand for gaseous nitrogen.
SRR 3. Process according to claim 2, further including the
ﬂfZ step of selectively withdrawing an additional flow of the

liquid nitrogen from the storage means depending on the
sensed pressure, and vaporizing said additional flow for
addition, in the product 1line, to the “iow of gaseous
ritrogen from the column to meet & subst.intial increase in
30 the demand for gaseous nitrogen.
4. Pzocess according to claim 3, wheiein said
additional flow of liquid nitrogen is vaporized at least
partially by heat-exchange with feed air supplied to the
column,
35 5, Process according to claim 4, wherein said
add@ivional flow of liquid nitrogen is further vaporized at
least partially in «¢n auxiliary heat exchanger.
6. Process according to any preceding claim, wherein
said nominal flow of liquid nitrogen supplied frci the

-10-
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storage means to the column corresponds to about 5% bv
weight of the nominal flow of gaseous nitrogen produced by
the‘column.
7. Apparatus for the production of gaseous nitrogen
with variable flow including:
- an air distillation column having a head
portion with a gaseous nitrogen outlet discharging
in a product 1line, a 1liquid nitrogen inlet, anrnd a
bottom portion with a feed air inlet;
- a pressure sensor in the product 1l%ne, capable
of furnishing a pressure signal;
- air feed means for feeding air to the feed air
inlet via a feed air line including a compressor;
- a liquid nitrogen storage means having an
outlet and
- a first 1liquid nitrogen 1line between the
cutlet of the storage means and the 1liquid nitrogen
inlet of the column and including flow ccatrol means
responsive to said pressture signal.
8. Apparatus according to claim 7, wherein said flow
control means includes first and second control valves
arranged in parallel in a branched portion of the first
liquid nitvogen line.
9. Apparatits according to claim 7 or 8, inc¢luding a
first heat exchange means through which passes said feed
air line and further including a second 1liquid nitrogen
line between the outlet of the storage means and the
product 1line, the second 1liquid nitrogen 1line passing
through the first heat exchange means and having a third
control valve responsive to said pressure signal.
10. Apparatus according %o claim 9, wherein said first
heat exchange metns 1is coupled to said feed air 1line
upstream of said compresso..
11. Apparatus accordingy to claim 7, 8, 9, further
including a third liquid nitrogen line Lhetween the outlet
of the storage means and the product 1line, including a
vaporizer and a fourth control valve responsive to said
pressure signal.
12. A network for in situ supply of gaseous nitrogen to

=13~
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at least two zemote users including:

13.

- a central unif: for the production of large
quantities of liquid nitrogen;

- at least one tank truck for remote dispatch of
liquid wnitrogen produced at the central unit;

- within a first radius around the central unit,
at least one vaporizing unit for vaporizing 1liquid
nitrogen, having a liquid nitrogen tank for

supplying gaseous nitrogen to a first user;

- within a range between the first radius and a
second radius greater than the first radius, at
least one apparatus for the production of gaseous
nitrogen with variable flow, for supplying gaseous
nitrogen to a second user comprising:

- an- air distillation column having a head
portion with a gaseous aitrogen outlet discharging
in a product 1line, a 1liruid nitrogen 1inlet, and a
bottom portion with a feed air inlet;

- a pressure sensor in the product line, capable
of furnishing a pressure signal;

- air #eed means for feeding air to the feed air
inlet via a feed air line including a compressor;

- a 1liquid ni%rogen storage means having an
outlet, and

- a first 1liquid nitrogen 1line between the
outlet of the storage means and the liquid nitrogen
inlet of the column and ine¢luding flow control means
responsive to said pressure signal, whereby the
liquid nitrogen tank of the vaporizing unit and the
liquid nitrogen st¢rage means of the apparatus are
periodically refilled from the central unit by the
tank with liquid nitrogen.

Process éubstantially as hereinanefore described and

illustrated in Figures 1 and 2.
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14, Apparatus substantially as hereinbefore described
and illustrated in Figures 1 and 2.

DATED: 6 August 1993
PHILLIPS ORMONDE & FITZPATRICK

Attorneys For:
L'AIR LIQUIDE, SOCIETE ANONYME POUR L'ETUDE ET

L'EXPLOITATION DES PROCEDES GEORGES CLAUDE
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