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Method for on-site monitoring of the quality of the gases delivered to an
industrial consumer site using the thermal conductivity technique

The present invention relates to the field of monitoring the quality (the
“‘identity”) of the industrial gases delivered to an industrial consumer site, very
particularly in the food and pharmaceutical industry.

These industries are in particular interested in the following gases:

nitrogen, oxygen, CO,, or else argon and nitrous oxide, alone or as mixtures.

Specifically it appears that these industries are implementing more and
more regulatory requirements, where the acceptability of a gas delivery on the
certificate of analysis alone provided by the gas producer is no longer sufficient
(certificate that took into account tests carried out upstream in the gas
producer’'s own laboratories). These industries now require tests of conformity
(what gas? what content of a gas in a mixture? etc.) to be carried out at their

industrial site, during the delivery (upon receipt).

These tests carried out at the industrial site in question, during the
delivery, hence require a significant time, forcing the delivery truck to wait for
the result of the tests, often several hours (using the conventional methods
mentioned in the pharmacopoeias), before completing their delivery and going
on to their next customer. This unquestionably represents a waste of time that is
highly detrimental for the gas producer who is delivering, but also a cost, and a

waste of time, and of labor, for the business customer.

One of the objectives of the present invention is then to provide a new
method for the on-site monitoring of the quality (which may also be referred to
as the “identity”) of the gases delivered to an industrial consumer site.

As will be seen in greater detail in what follows, the invention proposes
to carry out, at the industrial site delivered to, during the delivery, a monitoring
of the gas or mixture delivered, by the thermal conductivity technique.
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According to one of the methods of implementation of the invention, a
device is provided, during the delivery, for identifying the gas during the delivery
thereof and the receipt thereof at the consumer site, which comprises:

- an analyzer of the thermal conductivity of the gases, which
analyzer will have been precalibrated using each of the pure gases capable of
subsequently being delivered, alone or as mixtures, during such a delivery
("calibration"); and

- a data acquisition and processing system,

device for identifying the gas which is capable:

- of acquiring one or more samples of the gas or mixture
delivered;

- of acquiring one or more samples of a reference gas such
as nitrogen, preferred reference gas since it is commonly present at such sites;

- of carrying out one or more measurements of the
conductivity of the sample(s) of the reference gas and of carrying out the
comparison of the measurements obtained with the thermal conductivity values
obtained upstream during said “calibration” with this same reference gas;

- of carrying out one or more measurements of the
conductivity of the sample(s) of the gas or mixture delivered, and of carrying
out the comparison of the measurements thus obtained with the thermal
conductivity values obtained upstream during said “calibration”; and

- of giving a diagnosis of “compliant delivery” or “non-
compliant delivery” type authorizing or not authorizing the delivery of the gas or

mixture delivered.

Hence the advantages which are linked to this technical proposition are
understood compared to the current methods where samples are sent to the
laboratory of the site delivered to, where it is necessary to wait for the feedback
from this laboratory, etc.:

- this on-site qualification during the delivery is carried out in a few

minutes (commonly in less than 5 minutes);
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- each molecule is characterized by a single thermal conductivity
value at a given temperature, and the available literature clearly shows that the
thermal conductivities of gases such as air, Ny, Oz, Ar, CO,, N2O, NH3, C2Hg, or
else C3Hg are clearly differentiable, and therefore make it possible to testify that
such a gas and not such another is incontrovertibly present in the sample
tested,;

- no need here to have a calibration gas for each of the gases or
mixtures delivered: the sole presence on-site (and it is proven) of a reference
gas such as nitrogen, makes it possible to measure the thermal conductivity of
the nitrogen as a reference, to confirm the fact that the apparatus is indeed
operational and provides a value in accordance with the conductivity value of
nitrogen within the observed temperature ranges, and that therefore the
analysis of the thermal conductivity of the delivered gas(es) of interest may
begin;

- no interference between gases can disrupt the result of the
qualification;

- this method is very simple, automatic, and does not require any
particular qualification or the intervention of any specialized laboratory;

- the cost of this monitoring is much lower compared to the methods
currently used (by way of example, a single analyzer instead of five analyzers
for monitoring the delivery of Ny, Ar, Oz, CO» and nitrous oxide);

- according to one of the advantageous methods of implementation of
the invention, the device in question, which is preferentially “waterproof” i.e of
waterproof construction, is “permanently” positioned in the delivery zone of the
gas fluids of the industrial site in question.

The present invention then relates to a method for on-site monitoring of
the quality of the gases delivered to an industrial consumer site, the monitoring
being carried out during the delivery, in order to declare the delivery compliant
or non-compliant with specifications, being characterized in that, during the
delivery, a monitoring of the gas(es) delivered is carried out by the thermal
conductivity technique, in the following manner:
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- providing, during the delivery, a device for identifying the gas during
the delivery thereof and the receipt thereof at the consumer site, which
comprises:

- an analyzer of the thermal conductivity of the gases, which
analyzer will have been precalibrated using each of the pure gases capable of
subsequently being delivered, alone or as mixtures, during such a delivery
("calibration"); and

- a data acquisition and processing system,

device for identifying the gas which is capable:

- of acquiring one or more samples of the gas or mixture
delivered;

- of acquiring one or more samples of a reference gas such
as nitrogen, preferred reference gas since it is commonly present at such sites;

- of carrying out one or more measurements of the
conductivity of the sample(s) of the reference gas and of carrying out the
comparison of the measurements obtained with the thermal conductivity values
obtained upstream during said “calibration” with this same reference gas;

- of carrying out one or more measurements of the
conductivity of the sample(s) of the gas or mixture delivered, and of carrying
out the comparison of the measurements thus obtained with the thermal
conductivity values obtained upstream during said “calibration”; and

- of giving a diagnosis of “compliant delivery” or “non-
compliant delivery” type authorizing or not authorizing the delivery of the gas or

mixture delivered.

An example of implementation of the invention is described in detail
below.

Consider the case where the deliveries might relate to the following 3
pure gases: nitrogen (N2), oxygen (O2), and carbon dioxide (COy).

The identification according to the invention is therefore based on the
measurement of the thermal conductivity of the gases delivered, which, as is
well known in the literature, varies, at a given temperature, significantly for each

gas, and hence makes it possible to unambiguously identify the gas present.



The analyzer used was precalibrated with “pure” gases, alone or as
mixtures, in various content ranges, for example for CO,-O, mixtures, and N /

O, mixtures.

The device uses two ranges for the measurements: a first range located
between CO. and oxygen, and a second range (for better accuracy) located
between nitrogen and oxygen.

The bottom part of the range is calibrated at “0”, whilst the top part of
the range is calibrated at “ 10%”, in other words each range is calibrated
between 0 and 1 million points (ppm).

With a predefined frequency, for example every 3 hours, the device
automatically monitors the reference gas in terms of flow rate and identity.

If a variation of conductivity is observed (beyond a certain acceptable
deviation set beforehand), the device is automatically recalibrated, whereas if
the result lies within the tolerance range, the reference gas is considered to be
“recognized” and the equipment is considered to be “ready for operation”.

The system uses for example an acceptability criterion of =+ 10 000
points to identify a gas having the target value of the corresponding range (see
example from table 1 below).

Gas Target value Acceptability criterion
nitrogen 0 -10 000 to +10 000
oxygen 1 000 000 990 000 to 1 010 000

Cco2 0 -10 000 to +10 000

Table 1

Once the reference gas has been “monitored”, the analysis of at least
one sample of gas delivered by the truck to the site is carried out, the example
of oxygen (table 1) is taken, here too with an expected target value (10° ppm),
while checking that the result lies within the accepted tolerance range.
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If this is indeed the case, the gas is considered to be “recognized” and
the delivery is declared to be “compliant”, the site delivered to will therefore
authorize the transfer of the gas to its storage vessels, whereas if the
identification is not compliant, the delivery will be refused.

The identification device is equipped with a configuration profile that
comprises in particular the following parameters:

- the gases to be identified (for example Nz, Oz, COy).

- the target values in each case and the acceptability criterion (therefore
margin).

- the recalibration criterion (therefore the maximum deviation that is
authorized).

- the number of test cycles to be carried out (flow rate, pressure,
identity).

- the flow rate and pressure ranges.

- the number of purge cycles and the purge time of the sampling line.

A test protocol is consequently set in advance, for example according to
the following steps:

- the line for drawing off a gas sample is connected to the device, with
for example a pressure of at least 1.5 bar, the measurement operation is
started: firstly, the reference gas is monitored (flow rate and identity), if the
results lie within the authorized limits it is concluded that the device is
operational (qualified) i.e capable of monitoring one or more samples for the
identification of the gas delivered;

- the operator is then for example asked to confirm the correct
connection of the device with the line for drawing off a gas sample;

- this gas sampling line is then purged, and next the pressure, flow rate
and identity of the sampled gas are verified (the number of measurements and
the number of values out of scope that are allowed are specified in the
configuration profile of the analyzer defined beforehand) and the unit then
provides a diagnosis of identity of the gas as “compliant” or “non-compliant”,
which information can be stored (archived) by the user.



Generally, the activity of the identification device can be archived in a
file, in particular to be able to generate, on request of the site to delivered to, an
“identification report”.
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CLAIMS

1. A method for on-site monitoring of the quality of a gas or a mixture
of gases delivered to a consumer site, the monitoring being carried out during the
delivery, in order to declare the delivery compliant or non-compliant with
specifications, being characterized in that, during the delivery, the monitoring of
the gas or the mixture delivered is carried out by a thermal conductivity technique,
in the following manner:

- providing, during the delivery, a device for identifying the gas or mixture
during the delivery thereof and the receipt thereof at the consumer site, which
comprises:

- an analyzer of the thermal conductivity of the gas or mixture, the
analyzer will have been precalibrated using each of the pure gas(es) capable of
subsequently being delivered, alone or as mixtures, during the delivery
("calibration™); and

- a data acquisition and processing system,

- the device for identifying the gas or mixture is capable:

- of acquiring one or more samples of the gas or mixture
delivered,;

- of acquiring one or more samples of a reference gas such
as nitrogen, the preferred reference gas since it is commonly present at the
consumer site;

- of carrying out one or more measurements of the
conductivity of the sample(s) of the reference gas and of carrying out a
comparison of the measurements obtained with the thermal conductivity values
obtained upstream during said “calibration” with the same reference gas; wherein
if during the comparison, a variation of the conductivity is observed beyond a
certain acceptable deviation range set beforehand, the device is automatically
recalibrated, whereas if the variation of conductivity lies within the acceptable
deviation range, the reference gas is considered to be “recognised” and the
device is considered to be “ready for operation”,

- of carrying out one or more measurements of the

conductivity of the sample(s) of the gas or mixture delivered, and of carrying out
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a comparison of the measurements thus obtained with the thermal conductivity
values obtained upstream during said “calibration” with the same reference gas;
wherein if during the comparison, a result of the comparison lies with an
acceptable tolerance range set beforehand, the gas or mixture is considered to
be “recognised” and the delivery is declared to be “compliant”, whereas if the
result of the comparison lies not within the acceptable tolerance range, the
delivery of the gas or mixture is considered to be “non-compliant”;

- the device then being able to give a diagnosis of “compliant
delivery” or “non-compliant delivery” type authorizing or not authorizing the

delivery of the gas or mixture.

2. The method according to claim 1, characterized in that the
device for identifying the gas or mixture is equipped with a configuration
profile that comprises in particular the following parameters:

- the gas or mixture to be identified;

- the acceptable tolerance range between the sample gas and the
reference gas for each of the delivery;

- the acceptable deviation range for the reference gas;

- number of test cycles to be carried out between the sample gas and
the reference gas;

- flow rate and pressure ranges during the test cycles between the
sample gas and the reference gas;

-flow rate and pressure ranges during the calibration of the reference
gas;

- number of purge cycles and purge time of a sampling line that is
used to draw the sample gas from the gas or mixture for each of the

delivery.



