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Method and apparatus for leak testing containers

Technical Field

The present invention relates to the field of leak testing
closed containers which are filled with a product to be
stored therein up to release of such product from the
container by its opening at a desired moment. We call such
product throughout the present description and claims

“consumer product”.

Thereby, the term “leak” shall be understood under a broad
aspect addressing any transition of a material, the
material composition thereof being dependent from the
consumer product, through the encapsulation of such
consumer product by the closed container. Thus, it may be
said that leakiness may also be considered under the aspect
of diffusion characteristics of the encapsulation by the
container with respect to a material which 1s dependent

from the consumer product.
Background of the invention

Various ways of evaluating whether a container is leaky or

not are known.

One known technique to evaluate leakiness of a container is
the so called tracer gas technique. Thereby, a tracer gas
as e.g. helium or another noble gas, nitrogen or hydrogen
is introduced into the container. Then the container is
closed. Transition of tracer gas through the now close
encapsulation by the container is monitored - sniffed in

the surrounding of the container for leak testing purposes.
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This technique is therefore also known as sniffer
technique. For the purpose of sniffing whether tracer gas
transits from the interior of the container to its
surrounding it is known to apply mass spectrometry. With
respect to such an approach attention is drawn e.g. on the

DE 33 40 353.

The tracer gas which is present in the closed container in
tracer gas technique is provided exclusively for leak
testing purposes and is thus not or does not form part of

the consumer product to be stored within the container.

This is even true if such tracer gas, e.g. Nitrogen, is
filled into the container simultaneocusly with a consumer
product but exclusively with the target of subsequent

Nitrogen sniffing.

A further technique known for testing leakiness of close
containers filled with a consumer product may be addressed,
generically, as pressure course technique. Thereby, a
pressure difference i1s applied between the inside and the
surrounding of the close and filled container. This may be
performed by lowering the pressure in the surrounding of
the container relative to the pressure inside the closed
container. This approach resides upon the fact that if the
container is leaky, there occurs pressure equalization
between the inside of the container and its surrounding. A
course of pressure in the surrounding of the container may
be sensed and exploited as a leak indicative signal. With
respect to such leak testing techniques, realized by
lowering the pressure in the surrounding of the container

with respect to the (initial) pressure inside the
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container, we may refer e.g. to US 5 029 464, US 5 170 660,
US 5 239 859, US 5 915 270, all of the same applicant as

the present application.

An improvement over the technique just addressed,
especially for leak testing closed containers with a
consumer product comprising a free liquid which covers at
least a part of the inner surface of the container may be
addressed generically as vaporizing technique. In this
technique the pressure in the surrounding of the container
is lowered at least to vapor pressure of a liquid component
of the consumer product. There results that any such liquid
component which is exposed, as through a leak, to the
addressed vapor pressure is high-rate evaporated into the
surrounding. This leads to a highly significant, accurately
detectable leak indicative pressure course in the

surrounding. With respect to this technique we may refer to

UsS 5 907 093, US 6 082 184, US 6 202 477, US 6 305 215, US
6 439 033, US 6 575 016, US 6 829 936, US 7 000 456 and
further related patent documents, all of the same applicant

as the present application.

Moreover, a further known leak testing technique is based
on mechanical squeezing the close containers filled with a
consumer product as e.g. disclosed in US 6 439 039 of the
same applicant and/or are based on impedance measurement in
the surrounding of the closed container filled with a
consumer product as disclosed in the US 5 962 776, also of

the same applicant as the present application.

Summary of the invention
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It is an object of the present invention to further push
forwards leak detection accuracy for closed containers
which are filled with a consumer product. This is achieved
by a method for leak testing containers filled with a
consumer product, comprising the step of monitoring
presence in the surrounding of the container of at least
one analyte, the material composition thereof being
dependent from the consumer product and exploiting a result
of said monitoring as leak indicative, the monitoring

comprising mass spectrometry.

The consumer product may be solid, liquid or gaseous or
comprise material in two or three of the addressed states

of aggregation.

When we address that the analyte, presence of which being
monitored in the surrounding of the container, has a
material composition which is “dependent” from the consumer
product, this shall mean that at least one component of the
analyte is equal to a component present in the consumer
product and/or that at least one component of the analyte
results from a chemical reaction or from a physical
treatment into which the consumer product is involved as a
source material. Thus and as examples, the analyte may be
the unchanged consumer product, the consumer product in a
changed state of aggregation, e.g. changed from solid to
gaseous, the consumer product in a changed chemical
composition e.g. due to decomposition over time, one or
more than one unchanged component of the consumer product,
one or more than one component of the consumer product in a

changed state of aggregation, e.g. changed from solid to
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gaseous, one or more than one component of the consumer
product in a changed chemical composition, e.g. due to

decomposition over time.

In one mode of the method according to the invention the
consumer product comprises at least one of a solid and of a
liquid product material and the analyte is dependent on at

least one of said product materials.

With respect to the term “dependent” from at least one
product material, the analogue definition applies as was

defined for dependency from consumer product.

In one mode of the method according to the present
invention the analyte is in gaseous state or the analyte is
in solid and/or liquid state and converted in gaseous state

before performing said mass spectrometry.

In a further mode of the method according to the invention
the consumer product comprises material in gaseocus state
and the analyte depends from such material in gaseous

state.

In one mode of the method according to the invention the
mass spectrometry comprises applying a quadrupole mass

spectrometer arrangement.

In a further mode of the method according to the invention
the mass spectrometry comprises applying selected ion flow

tube mass spectrometry, SIFT.

With respect to this SIFT mass spectrometric technique we

refer e.qg. to:
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e “STFT-MS”, Selected Ion Flow Tube mass spectrometry,
Technology Overview, 2007, Syft Technologies, New

Zealand;

¢ Syft Technologies, White Paper, March 5, 2004, Real-
time Resolution of Analytes, without Chromatographic

Separation;

¢ Syft Technologies, White Paper, February 24, 2004,
From flowing afterglow to SIFT-MS - the emergence of

commercially viable SIFT-MS instruments;

e New product announcement from Syft Technologies New

Zealand, Voice 200 SIFT-MS at Its Best.

In a further mode of the method according to the present
invention a conditioning step is performed upon the
surrounding into which the container is to be applied and
if necessary up to an input of a mass spectrometer to

perform mass spectrometry.

By such a conditioning step the surrounding into which the
container is positioned for testing and possibly its
operational connection to mass spectrometry is freed from
contaminants which could adversely influence accuracy
especially of the mass spectrometric monitoring. Such
contaminants may e.g. be adsorbed in surfaces and desorbed

therefrom at unknown rate.

Such conditioning step may consist or comprise e.g.:

¢ Heating up surfaces in the surrounding e.g. for

increased degassing rate;
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¢ Cooling down such surfaces e.g. to diminish degassing

rate;
e Flushing with a gas, e.g. with nitrogen;
e Reactive plasma etch-cleaning.

In a further mode of the method according to the present
invention the consumer product within the container is
subjected to a preparatory step of increasing or
establishing a leak rate of the analyte if a leak is

present.

Such preparatory step with the target of at all enabling a
flow rate of analyte to occur or of increasing such flow
rate is directed upon influencing the consumer product
within the container. Such preparatory step may consist or

comprise:

e heating up the product, e.g. to vaporise at least a

part of the consumer product;

e cooling down the product e.g. to prevent undesired
components of the consumer product to influence the

analyte;

e increasing the pressure in the surrounding of the
container relative to the pressure inside the

container;
e compressing the container by mechanical force;

e Jlowering the pressure in the surrounding of the
container relative to the pressure inside the

container;
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e subjecting the container to centrifugation;
e subjecting the container to shaking;

e subjecting the consumer product to an electromagnetic

field;

¢ subjecting the consumer product to light radiation, in

the visible and/or invisible spectrum.

In a further mode of the method according to the present
invention a gasifying step for the analyte is performed

before the analyte is applied to the mass spectrometry.

As was addressed above the analyte being monitored in the
surrounding of the container may be in gaseous but also in

liquid or solid state.

For the mass spectrometry step which finally is decisive
for classifying the container being tested as unleaky, the
analyte must be present in gaseous state. Therefore and if
the analyte will be present in the surrounding of the
container, including containers’ outer surface, in liquid
and/or solid state if a leak is present, the addressed

gasifying step is performed.
Such a gasifying step may e.g. be realized by

¢ heating the surrounding inclusive the outer surface of

the container to melt and/or vaporize the analyte

¢ Jlowering the pressure in the surrounding of the
container to or below a vapor pressure of a liquid

analyte.
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Further, it should be considered that if a container 1is
leaky, this may be to such an extent that directly applying
the analyte to mass spectrometry would lead to a long
recovery time of the mass spectrometry equipment or even to

its breakdown up to its complete reconditioning.

The present invention has thus recognized that known leak
testing methods are perfectly suited to first monitor
whether the closed container filled with the consumer
product is leaky to such an extent, that mass spectrometry

should not be applied.

Thus, in a further mode of the method according to the
present invention the container is subjected to a leak
detection step without mass spectrometry, and the mass
spectrometry is only performed if the result of the leak
detection step without mass spectrometry reveals leakiness

less than to a predetermined amount.

If the leak detection step, which is performed without
making use of mass spectrometry, reveals that the container
leaks more than a predetermined threshold amount, then the
addressed container is barred from being operationally
connected to the mass spectrometry and is rejected as

leaky.

Such preceding leak detection step may in fact be performed
by any known leak detection technique. Nevertheless and in
view of the fact that mass spectrometry, as exploited
according to the present invention for finally attributing
to a container being tested to be unleaky, operates on
vacuum input, in a further mode of the method according to

the invention the leak detection step without mass
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spectrometry comprises evacuating the surrounding of the
container and exploiting the time course of pressure in the
surrounding of the container as a leak indicative signal

and as control signal for enabling mass spectrometry.

In a further mode of the method according to the invention
the addressed evacuation is performed towards a vacuum
target value below vapour pressure of a component of the
consumer product which is liquid and possibly covers at
least a part of the inner surface of the wall or, more
generically, of the encapsulation realised by the
container. With respect to realisation of the leak
detection step without mass spectrometry in a today’é
preferred form we refer to the disclosure thereof in the US
5 907 093, US 6 082 184 which are integrated to the present

description by reference.

In a further mode of the method according to the present
invention the analyte is generated in the surrounding of
the container in gaseous state, if a leak is present. Then

there is isolated a probe of the gas from the addressed

- surrounding within a probe chamber. The probe of gas with

the leak indicative amount of analyte is applied to the

mass spectrometry.

By this mode on one hand the time amount needed for final
leak testing by mass spectrometry becomes decoupled from
the time amount a container is at all available for testing
purposes. The probe in the probe chamber may be tested even
if the respective container has been conveyed to a remote
place. This is to be considered if the method according to

the invention operates on containers which are inline
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conveyed in a stream to and from the leak testing station.
On the other hand the volume of the probe chamber may be
selected small to prevent flushing input to the mass
spectrometry. Further, one may select in the surrounding of
the container an appropriate locus from which the probe is
to be taken. This allows to selectively take such probe,
e.g. distant from walls or sealing members of a test
chamber for the container and/or distant from the
container, i.e. at a locus where e.g. contamination by

absorbed and desorbed material is minimal.

Establishing the addressed probe in the probe chamber may
be done by providing, as an initial condition in the probe
chamber, a pressure which is lower than the pressure in the
surrounding of the container and having these pressures

equalizing e.g. by opening an intermediate valve.

Nevertheless, the approach of providing the addressed probe
chamber opens further the possibility in one mode of the
invention to increase the pressure and thus gas density in
the probe chamber relative to the density in the
surrounding of the container. In one mode of the method
according to the present invention this is realized by
pumping the probe from the surrounding into the probe
chamber. Thereby, the concentration (amount per volume) of
analyte in the probe chamber may be risen which may improve

detection accuracy by the mass spectrometry.

In a further embodiment of the method according to the
invention which may be combined with every mode addressed

above, all containers are tested as conveyed in a stream of
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containers e.g. on a conveyor moving continuously or in

steps.

In spite of the fact that multiple mass spectrometry
arrangements might be provided to allow leak testing at the
rate the containers are conveyed towards the respective
testing location, e.g. by operating such arrangements in
parallel, in one mode of the just addressed method
according to the invention subsequent containers of the
stream of containers are placed within respective test
chambers and there is established, in a controlled time
multiplexed manner, an operational connection between
respective ones of the interiors of the test chambers and
an input port to a single arrangement performing the mass

spectrometry.

One mode of the method according to the invention comprises

e controllably connecting each of the test chambers,
moved as a test chamber stream, to a respective

output gas-line,
e providing at least two collector chambers,

e moving said collector chambers into gas stream
communication with respective ones of said output
gas-lines and collecting in said at least two
collector chambers a dose of gas from respective

different ones of said output gas-lines,
e providing an input line to said mass spectrometry,

e sequentially moving one of said collector chambers

after the other of said collector chambers with
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said respectively collected dose into gas stream
communication with said one input line to said
mass spectrometry and dispatching sequentially one

of said doses after thé other into said input line.

The present invention is also directed on a method of
manufacturing closed containers filled with a consumer
product and which are unleaky, comprising providing a
container, filling the container exclusively with a
consumer product which the container is intended to store,
closing the filled container and subjecting the closed and
filled container to the method of leak testing as was
addressed above under at least one of its different modes
and establishing the container to be unleaky in dependency
of the result of the monitoring by the addressed method of
leak testing.

The object as addressed above is further resolved by an
apparatus for leak testing closed and filled containers
according to the present invention, comprising a conveyor
arrangement for inline conveying a multitude of the
containers towards, through and from a leak testing
station, the leak testing station comprising a mass
spectrometer controllably operationally connectable to a
surrounding of each of the containers, an output signal of
the mass spectrometer being decisive for unleakiness of

each container.

One embodiment of the apparatus according to the invention
comprises, conveyed in said leak testing station by a
conveyor, at least two sealingly closable test chambers

each to accommodate at least one of the containers, the
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mass spectrometer being controllably operationally
connectable to the inside of each of the test chambers in a

consecutive manner.

One embodiment of the apparatus according to the invention
comprises a leak testing stage operating without mass
spectrometry and generating a leak indicating signal for
each of the containers, the leak indicating signal
disabling an operational connection of the inside of a

respective test chamber to the mass spectrometer.

According to one embodiment of the apparatus according to
the invention each of the test chambers is controllably
connected to an evacuating arrangement and to at least one
pressure sensor, the output of the pressure sensor is
operationally connected to an input of an evaluation unit
generating an output signal indicating a leak of a
container under test in the respective test chamber, the
output signal disabling an operational connection from said

respective test chamber to said mass spectrometer.

One embodiment of the apparatus according to the invention
comprises a multiplexing arrangement time multiplexing an
operational connection of the test chambers to the mass

spectrometer.

In one embodiment of the apparatus according to the
invention the mass spectrometer is controllably
operationally connected to the inside of each of said test

chambers via a respective probe chamber.

In one embodiment of the apparatus according to the
invention the volume of the probe chamber is smaller than

the difference volume of the inside volume of the test
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chamber and of the volume of the container to be

accommodated in the test chamber.

In one embodiment the mass spectrometer is controllably
operationally connected to the inside of each of said test
chambers via a respective probe chamber and a pumping

arrangement.

A further embodiment of the apparatus according to the
invention further comprises a drivingly movable collector
arrangement comprising at least two collector chambers each
with a chamber input opening and with a chamber output
opening. It further comprises gas stream lines, each
controllably operationally connected to one of the conveyed
test chambers and each having a line output. It further
comprises a mass spectrometer input line operationally
connected to the mass spectrometer and having a line input.
Thereby the collector arrangement is moveable in a manner
that, on one hand, the chamber input openings are
consecutively positioned in gas flow communication with a
respective one of the line outputs and that, on the other
hand, the chamber output openings are consecutively
positioned in gas flow communication with the line input to

the mass spectrometer.

In one embodiment of the apparatus according to the
invention the mass spectrometer is a quadrupole mass

spectrometer.

In one embodiment of the apparatus according to the
invention the mass spectrometer is a selected ion flow tube

mass sSpectrometer, SIFT.
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One embodiment of the apparatus according to the invention

comprises at least one of:

a heating and/or cooling arrangement for a line
arrangement interconnecting the outside surface of

a respective container and the mass spectrometer;

a flushing gas source in controlled communication
with a line arrangement interconnecting the outside
surface of a respective container and the mass

spectrometer;

a plasma source and a reactive gas source acting
upon a line arrangement interconnecting the outside
surface of a respective container and said mass

spectrometer.

One embodiment of the apparatus according to the invention

comprises at least one of:

a heating and/or cooling arrangement for said consumer

product;

a pressure and/or evacuation source controllably

operationally connected to the surrounding of said

container;

a mechanical compressing arrangement for said

container;

a centrifuge and/or shaking arrangement for said

container;

an electromagnetic source generating an

electromagnetic field in said container;
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a light source generating light radiation in said

container.

One embodiment of the apparatus according to the invention

comprises at least one of:

a heating arrangement for the surrounding of said

container;

a vacuum source controllably operationally connected

to the surrounding of said container.

The invention shall be further explained by examples with

the help of figures. The figures show:

Fig.

Fig.

Fig.

Fig.

1

generically and by means of a functional diagram,
an apparatus according to the present invention
and operating the methods according to the

invention;

in a representation in analogy to that of fig. 1,
generically more detailed the testing function as
of fig. 1 and as realized by the apparatus

according to the invention operating the methods

according to the invention;

still in a representation in analogy to those of
figs. 1 and 2, one embodiment of performing
testing according to an embodiment of the
apparatus according to the invention operating a
respective mode of the methods according to the

invention;

in a schematic representation by means of a signal

flow/functional block diagram, an apparatus
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according to the present invention operating the
methods according to the invention with additional
processing steps and respective processing

arrangements;

Fig. 5 by means of a simplified signal flow/functional
block diagram, an apparatus according to the
present invention operating the methods according

to the present invention;

Fig. 6 in a simplified, schematic, perspectivic
| representation in the form of a signal
flow/functional block diagram, an embodiment of
the apparatus according to the present invention
operating a mode of the methods according to the
invention for inline testing of containers or

inline manufacturing unleaky containers, and

Fig. 7 in a simplified representation, one embodiment of
a collector arrangement as provided e.g. in the
embodiment of fig. 6, operating one mode of the

method according to the present invention.

As was already addressed, the present invention relates to
the field of quality control of closed and consumer product
filled containers, with respect to transition of a product
which is materially dependent from the consumer product
through the container encapsulation into its surrounding
atmosphere and thus to leak testing in a broad sense. The
method and apparatus according to the invention find
application, e.g., in food industry and pharmaceutical

industry.
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Although the invention has been amply described and taught
in the introductory part of the description, it shall be

further exemplified with the help of figures.

According to fig. 1 there are most generically shown
processing steps according to the present invention. This
under all its aspects of a method for leak testing, a
method of manufacturing unleaky containers and the

respective apparatus.

In a step 1 addressed by “FILLING” a container 3 is filled
with the product. If the filling product is not exclusively
gaseous, there may or may not remain in the container 3 a
space as shown in fig. 1 filled with a gas. Irrespective of
the fact whether the container 3 is filled with a gas
and/or a liquid and/or a solid, we address the overall
content of the container after the filling step as
“consumer product” P. As may be seen in fig. 1 a container
3 which has passed through processing according to the
present invention is exploited in the step addressed by
“exploit” 5. The product P’ which is exploited from
container 3 according to step 5 for a respective use is the
product P which is present in the container 3 after the
filling step 1 and sealing step 7 or the product P which
has changed within the container 3 in the time span between
filling/sealing and exploitation as by deterioration. This
as 1f such container was not subjected to the testing step
9 according to the invention, but such container was
filled, sealed and then just led to exploitation as e.g.

delivered to a consumer.
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In other words no product is added to the container 3 which
would be specifically and exclusively provided to perform
the specific processing step 9 according to the present
invention. After the container 3 has been filled with the
addressed consumer product P, the container is sealed as
schematically shown in fig. 1 by a sealing step 7. Such
sealing is maintained during the subsequent processing step
9 up to exploitation in step 5. After performing the
sealing step 7 the container is subjected tc the analyzing
or TESTING step 9. In this test or analyzing step 9 there
is investigated, whether product P as contained in the
container after sealing step 7 or a product which results
from the product contained in the container 3 has an impact
on the atmosphere A which surrounds the container 3
subjected to step 9. Thus, we may address the testing to be
performed upon the atmosphere A which surrounds, during
performing testing or analyzing, a sealed container 3 with
respect to the fact whether the product P or a reaction
product of product P has a material impact on atmosphere A.
Such impact is dependent from product P and thus the
resulting atmosphere is addressed in Fig. 1 by A(P). Thus
we may say that the prevailing atmosphere surrounding a
container to be tested is A(P)and consists of the
surrounding atmosphere without any leakage, A¢ and the
material impact depending from the consumer product and
leakiness, AN (P) which we call analyte as it is the
presence of this impact AN(P) which is monitored according
to the invention to finally determine whether the container

is unleaky.
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If the analyzing or testing step 9 reveals by its result
that the container does not fulfil predetermined conditions
with respect to leakiness, then such container is rejected
as addressed in fig. 1 by the output arrow N for “no”. Only
if the addressed container having been analyzed or tested
fulfils - Y - the addressed conditions, then it is freed

for exploitation in generic step 5.

As has already been addressed before, the present invention
resides on analyzing presence of an analyte AN(P) dependent
from product P in the atmosphere A(P), by means of mass
spectrometry, also called mass spectroscopy . Thus, the
analyzing or testing step 9 of fig. 1 includes or comprises
mass spectrometry — MS - analyzing so as to finally
conclude upon unleakiness of the container -Y-. Please note
again that the product of the container as exploited - step
5 - needs not necessarily be identical to the product in
the container when sealed - step 7 - due to possible
container internal product reaction. Therefore, the product

is addressed by P’ in step 5.

Irrespective whether the product in the container has
changed or not at the instance of performing the testing
step 9, the analyte AN(P) which is monitored in this
testing step is always dependent on the consumer product

filled in the container.

Nevertheless and as will be schematically and principally
explained in context with fig. 2, it might be that a
container analyzed in step 9 of fig. 1 is checked upon
fulfilling first predetermined conditions before a

monitoring step by mass spectrometry is at all applied,
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i.e. to check on fulfilling second predetermined
conditions. An example: If a container under test is
heavily leaking it might be advisable not to have such
container to interact with the mass spectrometry equipment
so as not to overload or saturate such equipment by
extensive amount of product pouring out of the container.
This is achieved by detecting first whether the container
is or is not heavily leaking (fist predetermined
conditions) and by only activating mass spectrometry

analyzing if no heavy leaking is detected.

Fig. 2 most schematically and generically addresses such
processing. After having performed the sealing step 7 as of
fig. 1 the testing or analyzing step 9 is performed.
According to fig. 2 this testing or analyzing step 9, as an
example, may comprise a preparatory step “PREP” 9a upon the

consumer product in the container.

The consumer product in the container may be in liquid
state at any viscosity and/or in solid state as powderous
and/or in gaseous state. Depending on the one or more than
one aggregate state of the consumer product, it is
advisable to perform the addressed preparing step so as to
at all allow or to increase transition of the analyte AN(P)
through a possibly existing leak in the container. As was
addressed, such leak most generically may even include a
respectively high diffusion rate through the wall of the

container.

In this preparatory step PREP S9a e.g. in a testing chamber

(not shown) the container 3 is e.g. pressurized with a

pressurizing source of pressurised gas 8 and/or is
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mechanically compressed as shown at 13, if at least a part
of the container wall is flexible. The preparatory step
PREP 9a may further comprise evacuating the surrounding of
the container as by a vacuum pump 15, heating or cooling
the consumer product by a heating and/or cooling
arrangement 16 or exposing the consumer product to
electromagnetic or to light radiation 17. The preparatory
step may thus provide for an interaction with the consumer
product P which allows or facilitates transition of an
analyte AN(P) dependent from the consumer product P through
a leak into the atmosphere A(P) and which interaction only
reversibly or only neglectably changes the consumer product

P with respect to its desired exploitation.

After such preparatory step PREP 9a performed, the
container is subjected to the detection step DETECT 9b of
the overall testing or analyzing step 9. Thereby, as
schematically shown in fig. 2, as a first stage 9ba of the
detection step 9b there is first detected whether the
container being tested fulfils first leakiness conditions,
i.e. has a large leak. If there is detected that such first
conditions, as preestablished, are fulfilled - Ya - this
means the container has a leakage in excess of a
predetermined threshold extent. In this case the container
is rejected. If the container being tested does not fulfil
the addressed first conditions, i.e. has no “large leak”
and is thus tight within the frame of the predetermined
first tightness conditions, such container — Na - is
subjected to the second detection step 9bb, which step is
performed by monitoring with the mass spectrometry - 10 -

thereby analyzing the surrounding atmosphere A(P) of the
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container upon presence of the analyte AN (P) and possibly
upon the amount of AN(P) present. If and only if such
monitoring by mass spectrometry reveals that the container
fulfils the second predetermined conditions, e.g. has a
leakiness below a predetermined extent, such container as
addressed by Yy, is considered unleaky and is freed for
further exploitation according to step 5 of fig. 1,
otherwise, as addressed by Ny, the container is rejected

as leaky.

In fig. 3 there is, again most schematically, shown one
possibility of performing the two sub-step detection step
9b of fig. 2. The container has been prepared according to
step PREP %a of fig. 2 by evacuating a testing chamber 11
wherein the container to be tested is accommodated.
Operationally connected to the testing chamber 11, there is
provided a pressure sensor arrangement 19 as well as the
mass spectrometry equipment 21. The sub-detection step 9pa
for large leak detection is performed by evaluating the
pressure course in the surrounding atmosphere A(P) of the
container 3. This is addressed in fig. 3 by pressure
evaluation unit 23. With respect to such pressure
evaluation technique we e.g. refer to the US 5 907 093
and/or US 6 305 215, both of the same applicant as the
present application, which are with respect to large leak
detection of liquid-filled containers to be considered as

integrated part of the present description by reference.

If the pressure evaluation unit 23 detects leakiness in
excess of a predetermined amount and as addressed by signal

“LL” in fig. 3, operational connection S of the test
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chamber 11 to the mass spectrometry equipment 21 is
disabled. Only if pressure evaluation in unit 23 reveals
that no large leak of the container is present, then
operational connection S of the test chamber 11 to the mass
spectrometry equipment 21 is enabled, i.e. S in fig. 3 is

closed.

As was addressed above, containers which are filled and
sealed shall be tested or analyzed according to step 9 of
fig. 1, in one mode of the invention, in “inline” manner,
i.e. the containers are then conveyed in a stream towards,
trough and from a station whereat testing step 9 is
performed. Especially such processing necessitates making
use of a mass spectrometry equipment, which allows short-
time consecutive analyzing. At the present moment it has
been found that a SIFT-mass spectrometry technique as e.g.
addressed in the papers mentioned above is most suited to

be applied in the present invention.

In fig. 4 there is schematically shown in a different
representation, the main structures and steps as exploited
by the present invention during the testing step 9 as of
fig. 1. The close container 3 with consumer product P is
accommodated in a well-defined surrounding atmosphere which
is initially A, and becomes, in dependency of the consumer
product P, A(P). Depending on leakiness of the container 3
analyte AN(P) which is dependent of the consumer product P
penetrates into the addressed surrounding leading to A(P) =

Ao + AN(P).

To establish such well-defined surrounding atmosphere Ao

the container 3 to be tested is accommodated in a test
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chamber 30. There is established a controlled operational
connection as schematically shown in fig. 4 by 32 between
the inside of the test chamber 30 and the mass spectrometer

34.

As we have already addressed there may be performed before
establishing the controlled operational connection 32 a
preparatory step PREP 9a to the consumer product P within
the container 3, by which there is enabled or increased a
transition of the analyte depending on the consumer product
P from the inside of the container 3 into the surrounding
atmosphere A(P) in the test chamber 30 if the container 3

has a leak.

This preparatory step which has already been addressed in
context with fig. 2 i1s schematically shown in fig. 4 by the
block 36. The preparatory step interacts primarily with the
consumer product P in the container 3. This step may be
performed by a heater and/or cooling arrangement 37a and/or
by a pressurizing or vacuumizing arrangement 37b for the
inside of the test chamber 30 and/or by a compressing
arrangement 37c by which the container 3 is compressed by
mechanical forces and/or by a radiation unit 37d, by which
the consumer product P is exposed to electromagnetic
radiation and/or to light radiation in the visible and/or
in the non-visible spectrum as to ultraviolet light.
Further, the preparatory step according to block 36 may
comprise a centrifugating arrangement 37e and/or a shaking

arrangement 37f, both for the container 3.

There is further advantageously provided a further step

before applying the preparatory step according to block 36
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which further step is a conditioning step and is
represented in fig. 4 by block 38. Generically by this
conditioning step the atmosphere A, which is to surround
the container 3, thus the inside of the test chamber 30 as
well as of the operational gas-stream connection 32 between
the inside of the test chamber 30 and the input to the mass
spectrometer 34, is conditioned to remove or neutralize
contaminants which have possibly been absorbed at rigid
surfaces within the test chamber and the addressed
operational connection 32 and which e.g. by desorption may
negatively affect subsequent sensing accuracy by the mass
spectrometer 34. Thus, generically the addressed
conditioning step as of block 38 affects the test chamber
as well as the system 32 providing for the operational
connection between the test chamber 30 and the mass
spectrometer 34. The conditioning step for the addressed
interconnection between the test chamber 3 and the mass
spectrometer input may be performed before and/or after the
container 3 to be tested is accommodated in the test
chamber 3. Such conditioning step may be performed e.g. by
means of a heating and/or a cooling arrangement 39a and/or
by a gas flushing arrangement 39b and/or by a reactive
plasma etching arrangement 39b. By the reactive plasma
etching arrangement a reactive gas as e.g. nitrogen, may be
plasma activated and fed into the addressed system so as to

clean solid surfaces which might have been contaminated.

If the consumer product P comprises material in liguid
and/or solid aggregate state and thus the analyte which
possibly transits through a leak of the container may as

well be liquid and/or solid, there should be provided a



10

15

20

25

WO 2011/012730 PCT/EP2010/066058
28

further step of converting the addressed liquid or solid
state of the analyte AN(P) into gaseous aggregate state.
This further step is addressed by a gasifying step.
According to fig. 4 such gasifying step is represented by
block 40. Generically, this step interacts with the analyte
AN (P) . This gasifying step may be performed by a heating
arrangement 4la and/or by an evacuating arrangement 41b. By
means of the heating arrangement a liquid and/or solid
state analyte is gasified. By an evacuation arrangement a
liquid analyte is gasified by lowering the pressure within
the test chamber to or below vapour pressure of the liquid

analyte.

When e.g. looking at the preparatory step 36 being possibly
performed by an evacuation arrangement 37b and upon the
gasifying step being possibly performed by an evacuating
arrangement 41lb, it becomes clear that a respective
evacuating arrangement may operate for both, product
preparation as well as gasifying. As an example, if in the
preparatory step there is applied an evacuation arrangement
37b which evacuates the inside of the test chamber 3 to a
pressure which is below vapour pressure of a liquid
analyte, then such analyte is not only urged to the outside
of the container due to lowering the pressure in the test

chamber, but additionally such liquid analyte is gasified.

In fig. 5 there is shown, schematically and simplified, an
embodiment of an apparatus according to the present

invention operating the method according to the invention.
In test chamber 30 there has been accommodated a container

3 with consumer content P e.g. comprising a liquid
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component. A vacuumizing arrangement 45 is connected via
controllable valve V; to the test chamber 30. Via a
controllable valve V, the test chamber is further connected
to a probe chamber 47 which is, via a valve Vj,
operationally connected to a further vacuumizing
arrangement 49. Via a controllable valve V; the probe
chamber 47 is further operationally connected to the input

I3, of mass spectrometer arrangement 34.

By means of the vacuumizing arrangement 45, valve V; being
open, the test chamber 30 is evacuated, thereby, as the
consumer product P comprises a liquid component, preferably
at least down to a pressure level according to vapour
pressure of the addressed liquid component to be exploited
as an analyte. By doing so on one hand such liquid
component is urged through a possibly existing leak in the
container 3, and as exposed to the low value pressure, is

gasified by evaporation.

During a first time span it is determined whether the
container 3 has a leak which is too large to allow
connection of the test chamber 30 to the mass spectrometer
arrangement 34. This is, as schematically shown in fig. 3,
performed by exploiting the pressure course in the test
chamber 30 by means of a pressure sensor arrangement 51 and
a pressure course evaluating unit 53. The pressure course
evaluation unit generates an output signal LL if the
pressure course within the test chamber 30 indicates that
the container 3 has a leak which is larger than a
predetermined extent. Occurrence of the signal LL directly

leads to disabling the further leak testing operation and
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rejecting the container 3 presently under test as leaky. If
the evaluation unit 53 detects that the container has no
leak which is larger than the addressed predetermined
extent, there is generated a “no large leak” signal NLL at
an output of evaluation unit 53. Possibly after an
adjustable time span T shown in fig. 5 by delay unit 58 the
NLL signal controls during a short time span T as shown in
fig. 5 by a one-shot unit 57 opening of valve V, and of a
valve V3, and enables pumping arrangement 49. Thereby, a
probe of gas is transferred from the test chamber 30 into
the probe chamber 47. After the time span tthe valves V,
and V3 are closed again and the pumping arrangement 49 is

disabled.

The time span T started e.g. after disabling evacuation of
the test chamber 30 by the pumping arrangement 45
substantially influences the largeness of a leak which is
detectable by the mass spectrometer 34. This because at a
given leak rate at the container 3, the amount of analyte
AN (P) present in the test atmosphere surrounding the
container 3 in the test chamber 30 is substantially
determined by the time integral of the leak rate over the

time span T.

Therefore, generically the time span T is to be selected
the longer the smaller the leaks are which are accurately

to be detected.

Once the probe chamber 47 has been isolated on one hand
from the test chamber 30 and on the other hand from the
pumping arrangement 49, the valve V, is opened and the gas

within the probe chamber 47 is analyzed. From the amount of
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analyte present in the gas probe and in dependency of the
time span T, the leak rate and thus the largeness of one or

more than one leak in the container 3 may be calculated.

The volume of the probe chamber 47 is thereby selected
substantially smaller than the difference volume AV of the
inner volume of test chamber 30 and the volume of container
3. The probe loaded in small probe chamber 47 may be tapped
off from the test chamber 30 as schematically shown in fig.
5 at a locus optimally remote from surfaces which might

possibly falsify the analyte by gas desorption.

Further, due to the fact that the probe chamber 47 is
relatively small, probe loading which is performed in a
short time span 1 does not causé turbulences in the test
chamber 30 which might lead again to insignificant analyte

concentration.

As shown in dash line pumping arrangement 49’ may be
interconnected between the probe chamber 47 and the test
chamber 30. By doing so the gas pressure in the small probe
chamber 47 may be risen to a value higher than the gas
pressure in the test chamber 30. Thereby, the density of
analyte in the probe chamber 49 is increased with respect
to density in the test chamber 30, which increases the

monitoring accuracy by the mass spectrometer 34.

If the mass spectrometer 34 monitors an amount of analyte
in the gas probe which is higher than a predetermined
threshold value there is generated, as schematically shown
in fig. 5, a small leak indicative signal SL which leads to

ejection of the container 3 as did a large leakage
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indicative signal from evaluation unit 53, otherwise the

container is freed for exploitation.

As has been addressed the present invention in one mode of
the method as well as of the apparatus is directed on
inline testing containers, which means the containers are
conveyed towards, through and from a testing station,

wherein testing according to the invention is performed.

According to fig. 6 containers 3a of unknown leakiness
characteristic are conveyed by a conveyer 60 from the
filling and sealing stations 1 and 7 as shown in fig. 1
towards a testing station 9 according to fig. 1. In spite
of the fact that container testing might be performed as
the containers are conveyed on the conveyor 60, according
to fig. 6 the containers 3a of unknown leakiness
characteristics are transferred to a testing conveyor 62 as
schematically shown by the transition arrow W; in fig. 6.
On the testing conveyor 62 a test chamber 30 is applied to
each container. To each test chamber 30 there is
associated, moved by the conveyor 62, a test chamber
evaluation unit 64 which may be, with an eye on fig. 5,
conceived like the unit 64 delimited by dash-dotted line in
fig. 5. Each test chamber evaluation unit 64 comprises a
line output according to A64 in fig. 5 which is to be
brought in gas flow communication with an input I3s to the
mass spectrometer arrangement 34. The mass spectrometer
arrangement 34 is thereby e.g. stationary with respect to
conveyor 62. With the outputs A64 moving with the conveyor
62 and the input I34 stationary, there is performed as

shown in fig. 6 by dash lined unit 66, time multiplexing of
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the multitude of outputs A64 to the one input I34 to the

mass spectrometer arrangement 34.

As further schematically shown in fig. 6 the output signal
of the mass spectrometer arrangement 34 controls a gate
unit 68. If the output signal Aj3; of the mass spectrometer
arrangement 34 indicates leakiness of a container larger
than a predetermined extent, then the gate unit 68 is
controlled to reject the respective container. On the other
hand, if the output signal Aj3; of the mass spectrometer
arrangement 34 indicates that the addressed container has
not a leak which is equal or larger than the addressed
predetermined extent, the respective container is
transited, as shown by the arrow W;, to an output conveyor
70 and is fed by this conveyor 70 e.g. to a packaging
station for further exploitation according to step 5 of
fig. 1. These containers 3b are established as unleaky. The
conveyor 70 may be the same conveyor as conveyor 60, and
further as was addressed, the conveyor 62 may also be
realized by the conveyor 60. In one embodiment at least
conveyor 62, but possibly also conveyors 60 and/or 70 are

realized by carousel-type conveyors.

Multiplexing the outputs RAg of the test chamber evaluation
units 64 to the one input I3 to the mass spectrometer
arrangement 34 is performed in one mode of realization,
which is today preferred, via a collector arrangement. One
realization form of such collector arrangement to perform
the addressed multiplexing shall be explained with the help
of fig. 7. According to fig. 7 the conveyor 62 of fig. 6 is

conceived as a carousel conveyor 62¢. Along the periphery
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of conveyor 62¢x a number of outputs Ag according to the
number of test chambers and test chamber units provided
upon conveyor 62x (not shown in fig. 7) is provided as
openings through the substantially plate-shaped carousel
conveyor 62x. The carousel conveyor 62¢ is drivingly

rotatable about an axis Xgz.

There is further provided a plate 72 which is shown in fig.
7 for sake of clarity as a square plate. This plate 72 is
coupled to the mass spectrometer arrangement 34 of fig. 6
and is thus as schematised at 72, stationary. The plate 72
has an opening shown in rigid line which is the input I
to the mass spectrometer arrangement 34 not shown in fig.

7.

Sandwiched between the carousel conveyor 62x and the
stationary plate 72 there is provided a collector plate 74
which is rotatably drivable about an axis X74. The
collector plate 74 has, distributed along its periphery,
collector chambers, according to fig. 7 four of them, which
are shown in fig. 7 for clearness’ sake with a larger
diameter than the openings A64 and the opening I34. The
collector chambers 76 are in fact through-openings through
the collector plate 74. The moving path of the collector
chambers 76, My, intersect the moving path Mg of the
output openings Ag at a single locus L, where a collector
chamber 76 may be brought in alignment with one of the
output openings Ags. Thus, it is in this local position L
that e.g. according to the embodiment of fig. 5 by opening
a respective valve V, gas from probe chamber 47 is flown

into one of the collector chambers 76 of collector plate
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74. Note that the plate 72 seals one side of the collector
chambers 76, whereas the carousel conveyor 62¢ seals the
other side of the addressed collector chambers 76. Along
the trajectory path M;¢ the collector chambers are thus
both sided sealed with the exception of the position L,
where one of the collector chambers 76 is in free gas flow
communication with one of the outputs Ag and of a position
L", where one of the collector chambers 76 is in gas flow
communication with input I3; to the mass spectrometer

arrangement 34.

Thus, by providing a collector arrangement to collect gas
probes from subsequent test chamber evaluations units 64 as
of fig. 6 and transporting such probes consecutively to the
input I34 to the mass spectrometer, multiplexing as was

addressed with reference 66 in fig. 6 is performed.

Especially when the method and/or apparatus according to
the present invention are conceived for inline container
testing, it is highly recommended to apply a SIFT mass

spectrometer equipment.

The present invention may also be considered under the

following aspects:

The invention relates to the field of quality control and

in particular leak testing.

It may be said a method for evaluating a quality of a
number of closed filled containers filled with a filling
product, such method comprising detecting at least one
analyte by means of a mass spectroscopy technique, wherein

said at least one analyte comprises at least one of
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— sald filling product;
— one or more components of said filling product;
— a decomposition product of said filling product;

— one or more decomposition products of one or more

components of said filling product.

It addresses such method wherein the detecting is carried

out for each of the number of containers.

Under one aspect at least one the analyte is detected in
material that escaped from one of the number of containers,
in particular wherein the material is a fluid, more

particularly a gas.

Under one aspect the analyte is a fluid, in particular a

gas.

Under one aspect if a tracer material is contained in the
number of containers, the analyte is different from the

tracer material.

Under one aspect the analyte is neither Nitrogen nor

Helium, in particular wherein it is also not Argon.

Under one aspect the analyte comprises at least one organic

compound.

Under one aspect the mass spectroscopy technique is a

quadruple mass spectroscopy technique.

Under one aspect a soft ionization technigque is used for

ionization in the mass spectroscopy technique.

Under one aspect pre-defined precursors are ionized for

generating particles for ionization in the mass
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spectroscopy technique, in particular water vapor is
ionized for generating particles for ionization in the mass

spectroscopy technique.

Under one aspect ions used for ionization in the mass
spectroscopy technique are generated in a plasma, in

particular in a microwave plasma.

Under one aspect ions used for ionization in the mass
spectroscopy technique are selected by means of a quadruple

magnetic field.

Under one aspect N different species of ions are used for
ionization in the mass spectroscopy technique, wherein
1 £ N < 6, in particular 2 £ N £ 5, more particularly

2 £ N £ 4, even more particularly N = 3.

Under one aspect the quality is or comprises a leak

tightness of the containers.

Under one aspect the quality is or comprises an age of the

containers.

Under one aspect the quality is or comprises a remaining

time period before deterioration of the filled product.

Under one aspect the invention comprises determining, in
dependence of a result of the detecting, a value indicative
of the quality, in particular wherein the determining is
carried out for each of the number of containers; and in
particular wherein the value is determined in dependence of
results of at least or exactly two such detecting steps,
more particularly wherein the at least or exactly two
detecting steps have been carried out at different times,

and in particular wherein the value is dependent on a
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difference formed from said results of the at least or
exactly two such detecting steps, and in particular wherein
a pre-treatment is applied to the respective container

between the at least or exactly two detecting steps.

Under one aspect the invention compres determining, in
dependence of a result of the detecting, a value indicative
of a leakage rate for leakage of the at least one analyte
from the containers, in particular wherein the determining

is carried out for each of the number of containers.

Under one aspect the invention comprises determining, in
dependence of a result of the detecting, a value indicative
of a leakage rate for leakage of said filled product from
the containers, in particular wherein the determining is

carried out for each of the number of containers.

Under one aspect the invention comprises determining, in
dependence of a result of the detecting, a value indicative
of a tightness of the containers with respect to the
analyte, in particular wherein the determining is carried

out for each of the number of containers.

Under one aspect the invention comprises determining, in
dependence of a result of the detecting, a value indicative
of a tightness of the containers with respect to the filled
product, in particular wherein the determining is carried

out for each of the number of containers.

Under one aspect the invention is carried out in an in-line
fashion, in particular after a closing or sealing step for

closing or sealing the containers.
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Under one aspect of the invention a mass spectrometer is
used for carrying out the detecting which is adjusted for

specifically detecting the at least one analyte.

Under one aspect the invention comprises transporting the

number of containers on a conveyor.

Under one aspect the invention comprises transporting the
number of containers on a conveyor and rejecting containers

having a result of the detecting beyond a threshold result.

Under one aspect detecting is carried out subsequently for
different containers, a subsequent detecting step starting
within 5 seconds after a start of a previous detecting

step, in particular within 1 second, more particular within

0.5 seconds, even more particularly within 0.2 seconds.

Under one aspect the gquality is or comprises a diffusion
rate of the analyte out of the containers, in particular
wherein the quality relates to a diffusion rate of the
analyte out of the containers in excess to a threshold

diffusion rate of the analyte out of the containers.

Under one aspect the quality is or comprises a diffusion
rate of the analyte out of the containers, and comprises

quantitatively determining the diffusion rate.

Under one aspect the invention comprises detecting at least
two of the analytes by means of the mass spectroscopy
technique, in particular detecting at least three of the

analytes by means of the mass spectroscopy technique.

Under one aspect the invention comprises guiding material
from the environment of each of the number of containers

into a mass spectrometer used for carrying out the
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detecting, in particular wherein the material is extracted
from an ambient air environment of each of the number of

containers; or

— guiding material from the environment of at least two,
in particular of two or of three or of four of the
number of containers into a mass spectrometer used for
carrying out the detecting, in particular wherein the
material is extracted from an ambient air environment

of the at least two of the number of containers.

Under one aspect the invention comprises inserting one of
the containers or a portion thereof into a test chamber and
carrying out the detecting at the test chamber, in

particular doing so for each of the number of containers.

Under one aspect the invention comprises for each container

of the number of containers:

— enclosing the respective container or a portion
thereof in a test chamber, the test chamber comprising
no further of the number of containers and no portion

of a further of the number of containers;
— extracting material from the test chamber; and

— guiding the extracted material into a mass

spectrometer used for carrying out the detecting.

Under one aspect a multitude of such test chambers are
provided, and at one time, several of the test chambers

enclose one container and a portion thereof, respectively.

Under one aspect the respective container and the portion

thereof, respectively, 1is exerted to a pre-treatment in the
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respective test chamber, in particular the pre-treatment ié
carried out at the respective container before the
detecting is carried out for the material extracted from
the respective test chamber enclosing the respective

container and the portion thereof, respectively.

Under one aspect the pre-treatment comprises at least one

of

— increasing the pressure in the test chamber and/or

effecting an overpressure in the test chamber:;

— decreasing the pressure in the test chamber and/or

effecting an underpressure in the test chamber;

— purging the test chamber and/or effecting a gas flow

through the test chamber;

— increasing humidity in the test chamber and/or guiding

water vapour into the test chamber;
— decreasing humidity in the test chamber;

— applying a mechanical force to at least one portion of
the respective container, in particular so as to
change a pressure inside the respective container

and/or so as to deform said respective container;

— pushing or pressing at least one solid member against

at least one portion of the respective container.

Under one aspect the invention comprises letting the
respective container and the portion thereof, respectively,
remain enclosed by the respective test chamber, in

particular doing so for increasing a concentration of the
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at least one analyte in the respective test chamber with

time.

Under one aspect the respective container and the portion
thereof, respectively, remains enclosed by the test chamber
for more than 1 second, in particular for more than 4
seconds, and/or wherein a time during which the respective
container and the portion thereof, respectively, remains
enclosed by the test chamber is chosen in dependence of a

result of the detecting.

Under one aspect the invention comprises at least one of

the steps

— applying a mechanical force to at least one portion of

the respective container, in particular so as to
change a pressure inside the respective container

and/or so as to deform the respective container;

— pushing or pressing at least one solid member against

at least one portion of the respective container;

in particular wherein this is carried out before the

detecting and/or during the detecting.

Under one aspect at least a portion of the container is at

least substantially formed by a foil.

Under one aspect the invention comprises

— carrying out the detecting at one or more calibration

sample containers, in particular by detecting the at
least one analyte in material that escaped from at
least one of the one or more calibration sample

containers; and
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— using results thereof for calibration.

Please note that all the aspects addressed to now may be

combined unless being contradictory.

Further the invention may be considered under the still

following aspects:

Under the aspect of an apparatus for evaluating a quality
of closed filled containers filled with a filling product,
the apparatus comprising a mass spectrometer adjusted for
detecting at least one analyte, wherein the at least one

analyte comprises at least one of

— the filling product;

— one or more components of the filling product;
— a decomposition product of the filling product;

— one or more decomposition products of one or more

components of the filling product.

Under one aspect the invention further comprises a conveyor

for transporting a multitude of the containers.

Under one aspect the invention further comprises an
extraction unit structured and configured for extracting
material from an ambient environment, in particular from an
ambient environment of the containers, and a guiding unit
structured and configured for guiding the extracted
material to the mass spectrometer, in particular wherein

the guiding unit is or comprises a capillary.

Under one aspect the invention comprises one or more test
chambers each structured and configured for enclosing

exactly one of the containers or a portion thereof and



WO 2011/012730 PCT/EP2010/066058
44

further comprising a handling unit structured and
configured for moving at least one container and/or the one
or more test chamber so as to accomplish that a respective
container or a portion thereof is inserted into a

5 respective test chamber and removed there from again.

Under one aspect the invention comprises at least one of

— a pressurizing unit structured and configured for
increasing the pressure in at least one of the one or
more test chambers and/or for effecting an

10 overpressure in at least one of the one or more test

chambers;

— a vacuumizing unit structured and configured for
decreasing the pressure in at least one of the one or
more test chambers and/or for effecting an

15 underpressure in at least one of the one or more test

chambers;

— a purging unit structured and configured for purging
at least one of the one or more test chambers and/or
for effecting a gas flow in at least one of the one or

20 more test chambers;

— a humidifying unit structured and configured for
increasing humidity in at least one of the one or more
test chambers and/or for guiding water vapour into at

least one of the one or more test chambers;

25 — a dehumidifying unit structured and configured for
decreasing humidity in at least one of the one or more

test chambers:;
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— a unit for applying a mechanical force to at least one
portion of the respective container, in particular for
changing a pressure inside the respective container

and/or for deforming the respective container;

— a unit for pushing or pressing at least one solid
member against at least one portion of the respective

container.

Under one aspect the invention comprises an evaluation unit
structured and configured for evaluating the quality for
each of the containers from at least one detection result
obtained by the mass spectrometer by detecting the at least
one analyte for the respective container, in particular
wherein the evaluation unit is structured and configured
for evaluating the quality for each of the containers from
at least or exactly two detection results obtained by the
mass spectrometer by detecting the at least one analyte for
the respective container at different times, in particular
wherein the evaluation unit is structured and configured
for determining a difference from the at least or exactly

two detection results.

Under one aspect the apparatus is a container tightness

tester.

Please note that the aspects as additionally addressed may
all be combined unless being contradictory. This is also
valid for the subsequently addressed aspects of the

invention.

Under a further aspect the invention addresses a production

line for producing closed filled containers, comprising at
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least one apparatus according to one of aspects addressed

above.

Under one aspect the invention thereby further comprises a
sealing unit structured and configured for closing said
containers, in particular wherein the apparatus is
connected to the sealing unit by means of a conveyor
structured an configured for transporting the containers

from the sealing unit to the apparatus.

Under one aspect the invention further comprises a filling
unit structured and configured for filling the containers
with the filling product, in particular wherein the filling
unit is connected to the sealing unit by means of a
conveyor structured an configured for transporting the

containers from the filling unit to the sealing unit.

Under one aspect the invention addresses a use of a mass
spectroscopy technique for evaluating a quality of a number
of closed filled containers filled with a filling product
by detecting at least one analyte by means of the mass
spectroscopy technique, wherein the at least one analyte

comprises at least one of
—_ the filling product;
—_ one or more components of the filling product;
— a decomposition product of the filling product;

— one or more decomposition products of one or more

components of the filling product;

in particular comprising extracting material from an

environment of each of the number of containers or from an
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environment of two or more of the number of containers, and
detecting the at least one analyte in the extracted

material.

Under one aspect the invention addresses a method for
determining a leak tightness of a number of closed filled
containers filled with a filling product, the method
comprising detecting at least one analyte by means of a
mass spectroscopy technique, wherein the at least one

analyte comprises at least one of

— the filling product;

— one or more components of the filling product;
—_ a decomposition product of the filling product;

— one or more decomposition products of one or more

components of the filling product;

in particular wherein said method comprises determining the
leak tightness from a result of the detecting, and in
particular wherein the method is carried out in an in-line
fashion following a closing step for closing the

containers.

Under one aspect the invention addresses a method for in-
line leak-testing closed filled containers filled with a
filling product, comprising for each of the containers the
step of detecting at least one analyte by means of a mass
spectroscopy technique, wherein the at least one analyte

comprises at least one of
— the filling product;

— one or more components of the filling product;
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— a decomposition product of the filling product;

— one or more decomposition products of one or more

components of the filling product.

Under one aspect the invention addresses a method for
manufacturing closed filled containers filled with a
filling product, comprising for each container to be

manufactured the steps of

— filling the respective filling product into the

respective container or into a portion thereof;
— closing the respective container;

— extracting material from an environment of the

respective of container;
— guiding the extracted material to a mass spectrometer;

— detecting by means of the mass spectrometer at least

one analyte in the extracted material;

wherein the at least one analyte comprises at least one of
— the filling product;

— one or more components of the filling product;

— a decomposition product of the filling product;

—_ one or more decomposition products of one or more

components of the filling product.

Under one aspect the invention further addresses a method
for manufacturing at least one closed container containing
a consumer-product and which container does fulfil

predetermined leakiness conditions comprising
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- providing a closed container filled with said consumer-

product

- establishing, whether such container fulfils at least one
predetermined unleakiness condition comprising analyzing
a surrounding of the container with respect to an impact
on the surrounding from the consumer-product by means of

mass spectroscopy.

Under one aspect such method further comprises first
detecting whether the container has a leak in excess of a
predetermined amount and subjecting the container only then
to the mass spectroscopy if there is detected that the

addressed container has no leak in excess of the amount.

Under one aspect detection of whether the container has a
leak in excess of the amount is performed by evaluating the

pressure in a surrounding of the container.

Under one aspect the invention addresses an apparatus
for detecting leakiness of a container which is sealed and
filled with a consumer product, comprising a mass
spectroscopy arrangement which is established to analyze a
gaseous surrounding of the container with respect to an

impact which is dependent on the consumer product.

We repeat, that two or more aspects of the invention which
have been addressed may be applied in any combination

unless they are in mutual contradiction.
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Patent Claims:

1. A method for leak testing containers filled with a
consumer product, comprising the step of monitoring
presence in the surrounding of said container of at least
one analyte, the material composition thereof being
dependent from said consumer product and exploiting a
result of said monitoring as leak indicative, said

monitoring comprising mass spectrometry.

2. The method of claim 1, wherein said content product
comprises at least one of a solid and of a liquid product
material and said analyte is dependent on at least one of

said product materials.

3. The method according to claim 2, wherein said analyte
is in gaseous state or said analyte is in solid or liquid
state and converted in gaseous state before performing said

mass spectrometry.

4. The method of one of claims 1 to 3, wherein said
content product comprises material in gaseous state and

said analyte depends from said material in gaseous state.

5. The method according to one of the preceding claims,
wherein said mass spectroscopy comprises applying a

quadrupole mass spectrometer arrangement.

6. The method of claim 5, wherein said mass spectrometry
comprises applying selected ion flow tube mass

spectrometry, SIET.

7. The method of one of the preceding claims comprising a
conditioning step upon the surrounding into which said

container is to be applied.
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8. The method of one of the preceding claims comprising
subjecting said content product within said container to a
preparatory step of increasing or establishing a leak rate

of said analyte if a leak is present.

9. The method of one of the preceding claims comprising a
gasifying step for said analyte before being applied to

sald mass spectrometry.

10. The method of one of the preceding claims comprising
subjecting said container to a leak detection step without
mass spectrometry, and performing said mass spectrometry
only if the result of said leak detection step without mass
spectrometry reveals leakiness of less than a predetérmined

amount.

11. The method of claim 10, said leak detection step
without mass spectrometry comprising evacuating the
surrounding of said container and exploiting the time
course of pressure in said surrounding of said container as
a leak indicative signal and as control signal for

enabling/disabling said mass spectrometry.

12. The method of claim 11, wherein said evacuation is
performed towards a vacuum level target value below vapor
pressure of a component of said consumer product which is
liquid.

13. The method of one of the preceding claims comprising
generating, if a leak is present, said analyte in the
surrounding of said container in gaseous state and
isolating a probe of gas from said surrounding within a
probe chamber and applying said probe from said probe

chamber to said mass spectrometry.
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14. The method of claim 13 comprising increasing pressure
of said probe in said probe chamber relative to pressure in

said surrounding.

15. The method of claim 14 comprising increasing said
pressure by pumping said probe from said surrounding to

said probe chamber.

16. The method of one of the preceding claims comprising
inline testing up to each container of a stream of said

containers.

17. The method of claim 16 comprising providing subsequent
containers of said stream within respective test chambers
moved as a test chamber stream and controllably time
multiplexing an operational gas stream-connexion from the
interiors of said test chambers to an input port to a

single arrangement performing said mass spectrometry.

18. The method of claim 17 comprising

e controllably connecting each of said test chambers,
moved as a test chamber stream, to a respective

output line,
e providing at least two collector chambers,

e moving said collector chambers into gas stream
communication with respective ones of said output
lines and collecting in said at least two collector
chambers a dose of gas from respective different

ones of said output lines,

e providing an input line to said mass spectrometry
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e sequentially moving one of said collector chambers
after the other of said collector chambers with
said respectively collected dose into gas stream
communication with said one input line to said
mass spectrometry and dispatching sequentially one

of said doses after the other into said input line.

19. Method of manufacturing closed containers filled with
a consumer product and which are unleaky, comprising
providing a container, filling said container exclusively
with a consumer product which the container is intended to
store, closing the filled container and subjecting the
closed and filled container to the method of leak testing
according to one of claims 1 to 18 and establishing said
container to be unleaky in dependency of said result of

monitoring by said method of leak testing.

20. BApparatus for leak testing closed and filled
containers comprising a conveyor arrangement for inline
conveying a multitude of said containers towards, through
and from a leak testing station, said leak testing station
comprising a mass spectrometer controllably operationally
connectable to a surrounding of each of said containers, an
output signal of the mass spectrometer being decisive for

unleakiness of each container.

21. The apparatus of claim 20, further comprising,
conveyed in said leak testing station by a conveyor, at
least two sealingly closable test chambers each to
accommodate at least one of said containers, said mass
spectrometer being controllably operationally connectable

to the inside of each of said test chambers.
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22. The apparatus of one of claims 20 or 21 comprising a
leak testing stage operating without mass spectrometry and
generating a leak indicating signal for each of said
containers, said leak indicating signal disabling an
operational connection of said inside of a respective test

chamber to said mass spectrometer.

23. The apparatus of claim 21 or 22, each of said test
chambers being controllably operationally connected to an
evacuation pump and to at least one pressure sensor, the
output of said pressure sensor being operationally
connected to an input of an evaluation unit generating an
output signal indicating a leak of a container under test
in the respective test chamber, said output signal
disabling an operational connection from said respective

test chamber to said mass spectrometer.

24. The apparatus of one of claims 21 to 23 comprising a
multiplexing arrangement time multiplexing an operational

connection of said test chambers to said mass spectrometer.

25. The apparatus of one of claims 21 to 24, wherein said
mass spectrometer is controllably operationally connected
to the inside of each of said test chambers via a

respective probe chamber.

26. The apparatus of claim 25, wherein the volume of said
probe chamber is smaller than the difference volume of the
inside volume of said test chamber and of the volume of

sald container to be accommodated in said test chamber.

27. The apparatus of one of claims claim 21 to 26, wherein

said mass spectrometer is controllably operationally
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connected to the inside of each of said test chambers wvia a

respective probe chamber and a pumping arrangement.

28. The apparatus of one of claims 21 to 27, further
comprising a drivingly movable collector arrangement
comprising at least two collector chambers each with a
chamber input opening and with a chamber output opening,
gas stream lines, each controllably operationally connected
to one of said conveyed test chambers and each having a
line output, a mass spectrometer input line operationally
connected to said mass spectrometer and having a line
input, said collector arrangement being moved so that said
chamber input openings are consecutively positioned in gas
flow communication with a respective one of said line
outputs, and so that said chamber output openings are
consecutively positioned in gas flow communication with

said line input to said mass spectrometer.

29. The apparatus of one of the claims 20 to 28, wherein

said mass spectrometer is a quadrupole mass spectrometer.

30. The apparatus of one of the claims 20 to 29, wherein
said mass spectrometer is a selected ion flow tube mass

spectrometer, SIET.

31. The apparatus according to one of the claims 20 to 30

comprising at least one of:

e A heating and /or cooling arrangement
for a line arrangement interconnecting
the outside surface of a respective

container and said mass spectrometer;
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a flushing gas source in controlled
communication with a line arrangement
interconnecting the outside surface of a
respective container and said mass

spectrometer;

a plasma source and a reactive gas
source acting upon a line arrangement
interconnecting the outside surface of a
respective container and said mass

spectrometer.

of one of claims 20 to 31 comprising at

A heating and/or cooling arrangement for

sald consumer product;

a pressure and/or evacuation source
controllably operationally connected to

the surrounding of said container;

a mechanical compressing arrangement for

sald container;

a centrifuge and/or shaking arrangement

for said container;

an electromagnetic source generating an

electromagnetic field in said container;

a light source generating light

radiation in said container.

33. The apparatus of one of claims 20 to 32 comprising at

least one of:
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¢ a heating arrangement for the

surrounding of said container;

e a vacuum source controllably
operationally connected to the

surrounding of said container.



