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Description
FIELD OF THE ART

[0001] This invention relates to a gas analysis device
and a gas analysis method.

BACKGROUND ART

[0002] A quadrupole mass spectrometer (20) has, as
shown in Fig. 6, a measurement space (S) into which a
gas containing an object substance to be measured is
introduced, and an ionization unit (21), a quadrupole unit
(22) and a detection unit (23) are arranged inside of the
measurement space (S). The quadrupole mass spec-
trometer (20) has a principle wherein the ionization unit
(21) applies voltage to the gas introduced into the meas-
urement space (S) and gives and ionizes energy to the
substance contained in the gas. Then, the detection unit
(23) detects the ionized object substance to be measured
that passes the quadrupole unit (22), and conducts a
quantitative analysis on the object substance to be meas-
ured based on a detection signal (refer to the patent doc-
ument 1)

[0003] If the quantitative analysis is conducted on the
object substance to be measured of the mixed gas (here-
inafter also called as the mixed gas) containing the object
substance not to be measured whose mass number is
the same as or near the mass number of the object sub-
stance to be measured by the use of the quadrupole mass
spectrometer, the detection signal of the object sub-
stance to be measured is detected in a state of being
overlapped with the detection signal of the object sub-
stance not to be measured. Then, the detection signal of
the object substance not to be measured becomes an
obstruction so that it becomes difficult to conduct the
quantitative analysis on the object substance to be meas-
ured.

[0004] WO 2018/056419 A1 relates to the accurate
quantitative analysis of the Ar element contained in a
sample gas in an elemental analysis device combing a
heating oven and a mass spectrometer for performing
quantitative analysis of an element in a vacuum atmos-
phere.

[0005] Davies et al. (S. Davies, J.A. Rees, D.L. Sey-
mour; Threshold ionization mass spectrometry (TIMS):
a complementary quantitative technique to conventional
mass resolved mass spectrometry; Vacuum, vol. 101;
2014; pp. 416-422) disclose applications of the threshold
ionization mass spectrometry (TIMS) technique to a va-
riety of problems which have proved to be difficult to tack-
le using more conventional mass analysis and to dem-
onstrate the complimentary effectiveness of the tech-
nique.

[0006] Yuetal (Y.Yu,J.Hu,Z Wan,J. Wu, H. Wang,
B. Cao; Mass separation of deuterium and helium with
conventional quadrupole mass spectrometer by using
varied ionization energy; Review of scientific instru-

10

15

20

25

30

35

40

45

50

55

ments, vol. 87;no. 3;2016)relates to the mass separation
of deuterium and helium with conventional quadrupole
mass spectrometer by using varied ionization energy.
[0007] US 5294 797 A discloses a method for gener-
ating ions from thermally unstable, nonvolatile, large mol-
ecules, particularly for a mass spectrometer such as a
time-of-flight mass spectrometer.

[0008] WO 2004/098743 A2 describes a non-radioac-
tive atmospheric pressure device for ionization of ana-
lytes.

[0009] US 6 919 562 B1 relates to an apparatus and

methods that enable the interaction of low-energy elec-
trons and positrons with sample ions.

PRIOR ART DOCUMENTS
PATENT DOCUMENT

[0010] Patent document 1: WO2018 / 056419 A

SUMMARY OF THE INVENTION
PROBLEMS SOLVED BY THE INVENTION

[0011] A main object of this invention is make it possi-
ble for a quadrupole mass spectrometer to relatively ac-
curately conduct a quantitative analysis on an object sub-
stance to be measured of a mixed gas containing an ob-
ject substance not to be measured whose mass number
is the same as or near that of the object substance to be
measured.

MEANS TO SOLVE THE PROBLEMS

[0012] In order to solve the above-mentioned problem,
the applicant of this invention repeated the experiment
to conduct a quantitative analysis on an object substance
to be measured contained in the mixed gas by the use
of the quadrupole mass spectrometer. As a result of the
repeated experiments to conduct the quantitative analy-
sis on the object substance to be measured contained in
the mixed gas while changing the pressure in the meas-
urement space of the quadrupole mass spectrometer,
the applicant found a phenomenon that almost no detec-
tion signal of the object substance not to be measured
alone is detected when the pressure in the measurement
space becomes more than or equal to a predetermined
pressure.

[0013] Concretely, the experiment was conducted;
while introducing a He gas (the object substance not to
be measured) whose mass number is 4 as being the
carrier gas into the measurement space of the quadru-
pole mass spectrometer, D, (the object substance to be
measured) whose mass number is 4 is introduced inter-
mittently at multiple times into the carrier gas, and a signal
of He and a signal of D, are detected while applying a
predetermined voltage to the gas by the ionization unit.
This experiment was conducted while decreasing the
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pressure in the measurement space step by step in an
order of 2.0Pa, 1.5Pa, 1.0Pa and 0.75Pa, then a graph
shown in Fig. 3 is obtained. In the graph shown in Fig.
3, avertical axis indicates signal intensity and a horizontal
axis indicates elapsed time.

[0014] According to the graph shown in Fig. 3, it is
proved that a signal (a detection signal shown by "A" in
Fig. 3) is detected for D, in spite of pressure drop. Almost
no signal (a detection signal shown by "B" in Fig. 3) is
detected for He in case that the pressure is 2.0Pa, how-
ever, an extremely big signal is detected for He in case
that the pressure is decreased to 1.0Pa.

[0015] There exists energy (ionization energy) neces-
sary for ionization in a substance. He is taken as an ex-
ample, and will be concretely explained. A relation be-
tween the energy (a horizontal axis) given to He and a
number of ions (a vertical axis) per unit area is a graph
shown in Fig. 7. More specifically, the lower limit value
of the ionization energy of He is 24.6 eV, and if the energy
of the lower limit value is given, ionization starts and ion-
ization is quickly promoted only when the energy increas-
es just a little around the lower limit value. Then, ioniza-
tion of He is promoted until the ionization energy that is
more than or equal to a predetermined value (a value
indicated by "C" in Fig. 7) is given, and tends to be grad-
ually suppressed when the given energy becomes more
than or equal to the predetermined value. The ionization
energy differs for each substance and the above-men-
tioned tendency also shows the same for other substanc-
es.

[0016] The lower limit value of the ionization energy of
D, is 15.467 eV so that it is smaller than the lower limit
value (24.6 eV) ofthe above-mentioned He. Then, in case
that the energy given to He and D, in the measurement
space is more than or equal to 15.467 eV and less than
24.6 eV, only the signal of D, is detected. In other words,
in the graph shown in Fig. 3, in case that the pressure in
the measurement space is set 2.0Pa, the reason why
only the signal of D, is detected can be estimated that
the energy given to the object substance to be measured
and the object substance notto be measuredinthe meas-
urement space is more than or equal to 15.267 eV and
less than 24.6 eV. In addition, in the graph shown in Fig.
3, when the pressure in the measurement space be-
comes less than or equal to 1.0 Pa, the signal intensity
of He rapidly increases. This reason can be estimated
that the pressure in the measurement space rises and
the energy given to He in the measurement space be-
comes more than or equal to 24.6 eV so that ionization
is rapidly promoted.

[0017] More specifically, when the pressure in the
measurement space is increased, the energy given to
the substance in the measurement space becomes
smaller. When the pressure in the measurement space
is decreased, the energy given to the substance in the
measurement space becomes bigger. In a state wherein
the pressure in the measurement space of the quadru-
pole mass spectrum is low (in a state wherein a vacuum
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degree is high), since a number of the substance existing
in the measurement space becomes small, it becomes
difficult for the substances to collide each other. This
makes a state wherein a speed of an electron to ionize
the substance is fast, in other words, a state wherein the
energy given to the substance becomes big. Meanwhile,
in a state wherein the pressure in the measurement
space of the quadrupole mass spectrumis high (in a state
wherein the vacuum degree is low), since the number of
the substance existing in the measurement space be-
comes big, it becomes easy for the substances to collide
each other. This makes a state wherein the electron to
ionize the substance is prevented from moving so that
the speed of the electron is slow, in other words, a state
wherein the energy given to the substance becomes
small.

[0018] As mentioned above, the applicant of this in-
vention successfully invented the present claimed inven-
tion based on the knowledge obtained through the above-
mentioned experiments.

[0019] More specifically, the gas analysis device in ac-
cordance with this invention comprises a mixed gas gen-
eration mechanism that comprises a heating furnace that
is configured to heat a crucible where a sample is put
while introducing a carrier gas to be an object substance
not to be measured, to generate a sample gas that con-
tains an object substance to be measured by vaporizing
at least a part of the sample and to discharge a mixed
gas comprising the carrier gas and the sample gas, a
quadrupole mass spectrometer that has a measurement
space into which the mixed gas generated by the mixed
gas generation mechanism is introduced and that is con-
figured to conduct a quantitative analysis on the object
substance to be measured by giving energy to the object
substance to be measured and the object substance not
to be measured in the measurement space, and a pres-
sure control mechanism that is configured to adjust the
pressure in the measurement space, wherein the pres-
sure control mechanism is configured to adjust the pres-
sure in the measurement space so as to make the energy
that is given to the object substance not to be measured
in the measurement space equal or less than the lower
limitvalue of the ionization energy of the object substance
not to be measured and more than or equal to the lower
limit value of the ionization energy of the subject sub-
stance to be measured, wherein when the pressure in
the measurement space is decreased, a speed of an
electron to ionize the substance is fast and the energy
given to the substance increases and when the pressure
in the measurement space is increased, a speed of an
electron to ionize the substance is slow and the energy
given to the substance decreases.

[0020] In accordance with this arrangement, since the
pressure in the measurement space can be adjusted by
the pressure control mechanism, it is possible to adjust
the energy given to the object substance not to be meas-
ured in the measurement space so as to be near the
lower limit value of the ionization energy of the object
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substance not to be measured. Then, it is possible to
lessen a signal of the object substance not to be meas-
ured detected by the quadrupole mass spectrometer in
such a degree as not to cause obstruction in conducting
the quantitative analysis on the object substance to be
measured. As a result of this, even though the object
substance not to be measured (concretely, the object
substance not to be measured whose mass number falls
within a range of =4 of the mass number of the object
substance to be measured) whose mass number is near
the mass number of the object substance to be measured
is contained in the mixed gas, it becomes possible to
conduct the quantitative analysis on the object substance
to be measured accurately by the use of the quadrupole
mass spectrometer.

[0021] If the pressure control mechanism is so config-
ured to adjust the pressure in the measurement space
so as to make the energy given to the object substance
not to be measured in the measurement space equal to
or less than the lower limit value of the ionization energy
of the object substance not to be measured, almost no
signal of the object substance not to be measured is de-
tected by the quadrupole mass spectrum so that it is pos-
sible to conduct the quantitative analysis on the object
substance to be measured more accurately.

[0022] In addition, in case that the mixed gas genera-
tion mechanism generates the mixed gas containing mul-
tiple object substances not to be measured, it is prefer-
able that the pressure control mechanism adjusts the
pressure in the measurement space so as to make the
energy given to the object substance not to be measured
equal to or less than the lower limit value of the object
substance not to be measured having the lower limit val-
ue of the ionization energy that is the lowest among the
multiple object substances not to be measured intro-
duced into the measurement space.

[0023] In accordance with this arrangement, all of the
signals of the object substances not to be measured de-
tected by the quadrupole mass spectrum become small
in such a degree as notto cause obstruction in conducting
the quantitative analysis on the object substance to be
measured. Then, even though the mixed gas contains
multiple object substances not to be measured whose
mass number is near that of the object substance to be
measured, it is possible to conduct the quantitative anal-
ysis on the object substance to be measured relatively
accurately by the use of the quadrupole mass spectrum.
[0024] In addition, concretely the pressure control
mechanism comprises a chamber to which the quadru-
pole mass spectrometer is connected and that has an
internal space that communicates with the measurement
space of the quadrupole mass spectrometer, an intro-
ducing line that introduces at least a part of the mixed
gas generated by the mixed gas generation mechanism
into the internal space of the chamber and a pressure
regulating valve that is arranged in the introducing line
and that adjusts the pressure of the internal space of the
chamber.
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[0025] In accordance with this arrangement, since the
flow rate of the fluid flowing in the introducing line is ad-
justed by the pressure control valve, itis possible to adjust
the pressure in the measurement space of the quadru-
pole mass spectrum.

[0026] In addition, in case that the carrier gas is a He
gas and the sample gas contains D, as being the object
substance to be measured, although both the mass
number of He and the mass number of D, are four, it
becomes possible to conduct the quantitative analysis
on D, as being the object substance to be measured
relatively accurately.

[0027] Furthermore, the heating furnace may be anim-
pulse furnace, and the crucible may be a graphite cruci-
ble. In this case, a gas containing D, to be the object
substance to be measured and CO to be an object sub-
stance not to be measured is generated as the sample.
As a result of this, the mixed gas generation mechanism
may further comprise an oxidization unit that oxidizes the
mixed gas discharged from the heating furnace, a decar-
bon-dioxide unit that decarbon-dioxides the mixed gas
discharged from the oxidization unit and a dehydration
unit that dehydrates the mixed gas discharged from the
decarbon-dioxide unit.

[0028] Incase thatthe quantitative analysis is conduct-
ed on the mixed containing D, and CO by the quadrupole
mass spectrum, the detection signal (a solid line in Fig.
5) of CO is detected in an overlapped state with the de-
tection signal (a dashed line in Fig. 5) of D, in the detec-
tion CH (m/z = 4) as shown in Fig. 5. However, in accord-
ance with the mixed gas generation mechanism, the
mixed gas discharged from the heating furnace is intro-
duced into the quadrupole mass spectrum in a state
wherein CO is generally removed by each reaction so
that it becomes difficult to detect the detection signal of
CO as shown by a dotted line in Fig. 5. As this result, it
becomes possible to conduct the quantitative analysis
on D2 as being the object substance to be measured
relatively accurately.

[0029] Concretely, the oxidization unit may use the
Schutze reagent as an oxidizing agent, the decarbon-
dioxide unit may use at least one selected among soda
lime, sodium hydroxide and activated alumina impreg-
nated with sodium hydroxide as the decarbon-dioxide
agent, and the dehydration unit may use at least one
selected from magnesium peroxide or diphosphorus
pentoxide as a dehydrating agent.

[0030] In addition, a gas analysis method in accord-
ance with this invention is a gas analysis method that
uses a mixed gas generation mechanism that comprises
a heating furnace that heats a crucible where a sample
is put while introducing a carrier gas to be an object sub-
stance not to be measured, generates a sample gas that
contains an object substance to be measured by vapor-
izing at least a part of the sample and discharges a mixed
gas comprising the carrier gas and the sample gas, a
quadrupole mass spectrometer that has a measurement
space into which the mixed gas generated by the mixed
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gas generation mechanism is introduced and that con-
ducts a quantitative analysis on the object substance to
be measured by giving energy to the object substance
to be measured and the object substance notto be meas-
ured in the measurement space, and a pressure control
mechanism that adjusts a pressure in the measurement
space, wherein the energy that is given to the object sub-
stance not to be measured in the measurement space is
made equal to or less than the lower limit value of the
ionization energy of the object substance not to be meas-
ured and more than or equal to the lower limit of the ion-
ization energy of the object substance to be measured
by adjusting the pressure in the measurement space,
wherein when the pressure in the measurement space
is decreased, a speed of an electron to ionize the sub-
stance is fast and the energy given to the substance in-
creases and when the pressure in the measurement
space is increased, a speed of an electron to ionize the
substance is slow and the energy given to the substance
decreases.

[0031] In addition, the mixed gas generation mecha-
nism may generate the mixed gas containing the object
substance to be measured and the object substance not
to be measured whose mass number falls within a range
of = 4 of the mass number of the object substance to be
measured and the lower limit value of whose ionization
energy is bigger than the lower limit value of that of the
object substance to be measured.

EFFECT OF THE INVENTION

[0032] Inaccordance with the gas analysis device hav-
ing this arrangement, it becomes possible to conduct rel-
atively accurately the quantitative analysis on the object
substance to be measured of the mixed gas containing
the object substance not to be measured whose mass
number is the same as or near the mass number of the
object substance to be measured by the use of the quad-
rupole mass spectrum.

BRIEF DESCRIPTION OF THE DRAWINGS
[0033]

[Fig. 1] A diagram schematically showing a whole
configuration of a gas analysis device of a first em-
bodiment.

[Fig. 2] A block diagram showing a pressure control
unit of the gas analysis device in accordance with
the first embodiment.

[Fig. 3] A graph showing a relation between a detec-
tion signal (signal intensity) and an elapsed time
(analysis time) of D, and He.

[Fig. 4] A graph showing a relation between a detec-
tion signal (signal intensity) and pressure in a cham-
ber (pressure in measurement space) of D, and He.
[Fig. 5] A graph showing a relation between a detec-
tion signal (signal intensity) and an elapsed time
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(analysis time) of m/z = 4 obtained by introducing
the mixed gas generated by the mixed gas genera-
tion mechanism into the measurement space of the
quadrupole mass spectrum of the gas analysis de-
vice in accordance with the second embodiment.
[Fig. 6] A diagram schematically showing an internal
configuration of a quadrupole mass spectrometer.
[Fig. 7] A graph showing a relation between energy
given to He and an ion number per area.

MODE FOR EMBODYING THE INVENTION

[0034] A gas analysis device in accordance with this
invention will be explained with reference to drawings.
[0035] The gas analysis device in accordance with this
embodiment heats and melts a sample such as steel or
ceramics and conducts a quantitative analysis on an ob-
ject substance to be measured contained in a sample
gas that is produced during the sample is heated and
melted.

[0036] <Embodiment1>The gasanalysisdevice (100)
in accordance with this embodiment comprises, as
shown in Fig. 1, a mixed gas generation mechanism (10)
that generates a mixed gas that contains an object sub-
stance to be measured and an object substance not to
be measured, a quadrupole mass spectrometer (20) that
has a measurement space into which the mixed gas gen-
erated by the mixed gas generation mechanism (10) is
introduced, and a pressure control mechanism (30) that
adjusts pressure in the measurement space of the quad-
rupole mass spectrometer (20).

[0037] The object subject to be measured in this em-
bodiment is concretely D,. In addition, the object subject
not to be measured is concretely He that has the same
mass number (4) as that of D, and that has the lower
limit value (24.6 eV) of ionization energy that is bigger
than the lower limit value (15.467 eV) of the ionization
energy of D,. The object substance to be measured is
not limited to D,. In addition, the object substance not to
be measured is not limited to He as far as the mass
number of the object substance not to be measured falls
within a range of *£4 of the mass number of the object
substance to be measured and the lower limit value of
whose ionization energy is bigger than the lower limit
value of that of the object substance to be measured.
[0038] The mixed gas generation mechanism (10)
comprises a heating furnace (11), an upstream line (L1)
extending to an upstream side from the heating furnace
(11), a carrier gas supplier (12) to be connected to a
starting end of the upstream line (L1) and a downstream
line (L2) extending to a downstream side from the heating
furnace (11).

[0039] The heating furnace (11) is, so called, an im-
pulse furnace, and houses a crucible (11a) that puts the
sample into inside of the furnace (11). The heating fur-
nace (11) produces Joule het by flowing the impulse cur-
rent in the crucible (11a), and produces the sample gas
by vaporizing at least a part of the sample put into the
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crucible (11a). The sample used in this embodiment is
the sample that generates the sample gas containing D,
as being the object substance to be measured by heating
the sample in the heating furnace (11). The crucible (11a)
may be a graphite crucible. In addition, the heating fur-
nace (11) may also be a high frequency induction heating
furnace. In this case, the crucible (11a) may be a ceramic
crucible.

[0040] The upstream line (L1) introduces the carrier
gas supplied from the carrier gas supplier (12) into the
heating furnace (11). The carrier gas in this embodiment
uses a He gas to be the object substance not to be meas-
ured. The carrier gas is not limited to the He gas, and
may be an Ar gas.

[0041] The downstream line (L2)discharges the mixed
gas comprising the sample gas and the carrier gas from
the heating furnace (11). A dust filter (13) to remove dust
such as soot contained in the mixed gas is provided in
the middle of the downstream line (L2).

[0042] Since the quadrupole mass spectrometer (20)
has the same configuration as that of the quadrupole
mass spectrometer (20) shown in Fig. 6, detailed expla-
nation will be omitted.

[0043] The pressure control mechanism (30) compris-
es a chamber (31) having an internal space that commu-
nicates with the measurement space (S) of the quadru-
pole mass spectrometer (20), an introducing line (L3) that
bifurcates from the downstream line (L2) and that intro-
duces at least a part of the mixed gas flowing in the down-
stream line (L2) into the internal space of the chamber
(31), an exhaust line (L4) that bifurcates from the down-
stream line (L2) and that exhausts remaining mixed gas
flowing in the downstream line (L2), a flow rate control
valve (32) that is arranged in the upstream side from the
bifurcating point of the downstream line (L2), a pressure
control valve (33) arranged in the introducing line (L3)
and an exhaust pump (34) and a pressure sensor (P) to
be connected to the chamber (31).

[0044] The chamber (31) comprises four ports. Each
of the introducing line (L3), the quadrupole mass spec-
trometer (20), the pressure sensor (P) and the exhaust
pump (34) is connected to each of the four ports respec-
tively.

[0045] The flow rate control valve (32) is, so called, a
needle valve. The flow rate control valve (32) adjusts a
flow rate of the mixed gas exhausted from the exhaust
line (L4) whose terminal end is exposed to the atmos-
phere. Then, the flow rate control valve (32) controls the
flow rate of the mixed gas introduced into the introducing
line (L3).

[0046] The pressure control valve (33) is, so called a
needle valve. The pressure control valve (33) adjusts
pressure in the internal space of the chamber (31). Then,
the pressure control valve (33) adjusts pressure in the
measurement space (S) of the quadrupole mass spec-
trometer (20) that communicates with the internal space
of the chamber (31).

[0047] The pressure sensor (P) measures the pres-
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sure in the internal space of the chamber (31). Then, the
pressure sensor (P) measures the pressure in the meas-
urement space (S) of the quadrupole mass spectrometer
(20) that communicates with the internal space of the
chamber (31). In addition, the exhaust pump (34) ex-
hausts the mixed gas introduced into the internal space
of the chamber (31). Concretely, a turbo pump (34)a and
a dry pump (34)b are arranged in serial.

[0048] In addition, the pressure control mechanism
(30) further comprises a pressure control unit (35) to be
connectedto the pressure control valve (33) and the pres-
sure sensor (P). The pressure control unit (35) is, as
shown in Fig. 2, so-called a computer comprising a CPU,
a memory, an A/D converter and a D/A converter. The
pressure control unit (35) executes programs stored in
the memory and produces functions as a lower limit pres-
sure storing part (35a), a target pressure setting part
(35b), a pressure value receiving part (35c) and a valve
opening position control part (35d).

[0049] The lower limit pressure storing part (35a)
stores the pressure (hereinafter also called as the lower
limit pressure) in the measurement space (S) wherein
the energy thatis given to the object substance not to be
measured in the measurement space (S) and that is pre-
viously obtained for the object subject notto be measured
becomes nearly less than or equal to the lower limit value
(for example, the lower limit value, less than or equal to
the lower limit value). A name of the object substance
not to be measured and the lower limit value are linked
and stores in the lower limit pressure storing part (35a).
[0050] The lower limit pressure can be mastered by
conducting an experiment; the object substance not to
be measured (the carrier gas) is introduced into the
measurement space (S) of the quadrupole mass spec-
trometer (20), the predetermined voltage is applied to the
gas introduced into the measurement space (S) by an
ionizing unit while the pressure is varied step by step and
the object substance to be measured is introduced to the
object substance not to be measured for each step. Con-
cretely, the lower limit pressure of He as being the object
substance not to be measured in this embodiment may
be selected from the pressure bigger than 1.5 Pa and
smaller than or equal to 2.0 Pa. If referring to the graph
shown in Fig. 4 obtained by an experiment wherein an
interval between the pressure fluctuations is further
shorten than that of the experiment obtained by the graph
shown in Fig. 3, it turns out that the lower limit of He is
smaller than the lower limit of D, at least when the pres-
sure in the measurement space (S) is 1.25 Pa. Then,
then lower limit pressure may be selected from the pres-
sure less than or equal to 1.25 Pa.

[0051] In this embodiment, for example, He and 1.25
Paare linked and stored in the lower limit pressure storing
part (35a). In case thatitis not possible to specify a single
value as the value of the lower limit pressure, the lower
limit pressure may be stored as a range in the lower limit
pressure storing part (35a).

[0052] In castthat an input signal indicating a name of
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the object substance not to be measured contained in
the mixed gas is received through an input means such
as a key board by an operator, the target pressure setting
part (35b) sets the lower limit pressure linked with the
object substance not to be measured stored in the lower
limit pressure storing part (35a) as the target pressure.
In case that the range of the lower limit pressure is stored
in the lower limit pressure storing part (35a), the pressure
selected in the range of the lower limit pressure (for ex-
ample, the center value of the range) may be set as the
target pressure. In this embodiment, in case that the input
signal indicating He is received, 1.25 Pa is set as the
target pressure.

[0053] The pressure value receiving part (35c) re-
ceives the pressure value measured by the pressure sen-
sor (P). In addition, the valve opening position control
part (35d) adjusts the valve opening position of the pres-
sure control valve (33) so as to make the pressure value
received by the pressure value receiving part (35¢) ap-
proach the target pressure value set by the target pres-
sure setting part (35b).

[0054] In accordance with this arrangement, in case
that quantitative analysis is conducted on the mixed gas
by the quadrupole mass spectrometer (20), the pressure
in the measurement space (S) is adjusted so as to be
less than or equal to near the lower limit value. Accord-
ingly, the detection signal of the object substance not to
be measure is not detected or only the degree of unob-
trusive detection signal for the quantitative analysis on
the object substance to be measured is detected. Ac-
cordingly, it is possible for the quadrupole mass spec-
trometer (20) to relatively easily conduct the quantitative
analysis on the object substance to be measured.
[0055] The lower limit pressure storing part (35a)
stores the lower limit pressure of the object substance
not to be measured alone in this embodiment, however,
the lower limit pressure of the object substance to be
measured may be stored. Inthis case, the target pressure
setting part (35b) may set the value more than or equal
to the lower limit pressure of the object subject to be
measured as the target pressure. With this arrangement,
it is possible for the quadrupole mass spectrometer (20)
to detect at least the detection signal of the object sub-
stance to be measured.

[0056] <Embodiment 2> This embodiment is a modi-
fied embodiment of the mixed gas generation mechanism
(10) of the gas analysis device (100) in accordance with
the above-mentioned first embodiment. Concretely, the
mixed gas generation mechanism (10) in accordance
with this embodiment is further provided with an oxidiza-
tion unit (14) that oxidizes the mixed gas discharged from
the heating furnace (11), the decarbon-dioxide unit (15)
that decarbon-dioxides the mixed gas discharged from
the oxidization unit (14) and the dehydration unit (16) that
dehydrates the mixed gas discharged from the decarbon-
dioxide unit (15) (shown by dotted lines in Fig. 1) in the
downstream line (L2). Concretely, the oxidization unit
(14), the decarbon-dioxide unit (15) and the dehydration
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unit (16) are arranged in the downstream line (L2) in the
downstream side of the flow rate control valve (32) and
in the upstream side from the bifurcated point between
the introducing line (L3) and the exhaust line (L4).
[0057] The oxidization unit (14) may use, for example,
the Schutze reagent (concretely, the Schutze reagent
whose main component is iodine pentoxide) as an oxi-
dizing agent.

[0058] The decarbon-dioxide unit (15) may use, for ex-
ample, at least one selected among soda lime, sodium
hydroxide, and activated alumina impregnated sodium
hydroxide as the decarbon-dioxide agent.

[0059] The dehydration unit(16)may use, forexample,
at least one selected among magnesium peroxide and
diphosphorus pentoxide as the dehydration agent.
[0060] The gas analysis device (100) in accordance
with this embodiment is suitable for conducting the quan-
titative analysis on D, of the mixed gas containing D,,
CO, N, and He by the use of the quadrupole mass spec-
trometer (20). Concretely, in case that the impulse fur-
nace is used as the heating furnace (11) and the graphite
crucible is used as the crucible (11a), since the mixed
gas containing CO and N, is generated, the gas analysis
device (100) is suitable for conducting the quantitative
analysis on the object to be measured contained in the
mixed gas.

[0061] More specifically, if the quadrupole mass spec-
trometer (20) conducts the quantitative analysis on the
mixed gas containing D,, CO, N, and He, the detection
signal solid line in Fig. 5) of CO is detected in an over-
lapped state with the detection signal of D, (dashed line
in Fig. 5) in detection channel CH of m/z = 4. Then, it
becomes difficult to conduct the quantitative analysis on
D,. However, in accordance with the gas analysis device
(100) of this embodiment, the mixed discharged from the
heating furnace (11) is introduced into the quadrupole
mass spectrometer (20) in a state wherein CO is gener-
ally removed, and almost no detection signal of CO is
detected in the detection channel CH of m/z=4 as shown
in dotted line in Fig. 5.

[0062] If the sample gas containing D, as being the
object substance to be measured is generated by putting
Sn together with the sample into the crucible (11a) of the
heating furnace (11) in accordance with this embodiment
and heating the crucible (11)a, in case of conducting the
quantitative analysis on D, as being the object substance
to be measured, it is difficult to be affected by the detec-
tion signal of N,.

[0063] <Other embodiment> The quantitative analysis
is conducted on the mixed gas containing one object sub-
stance not to be measured in each of the above-men-
tioned embodiments, however, the quantitative analysis
may be conducted on the mixed gas containing multiple
object substances notto be measured. Each of the object
substances not to be measured is a substance whose
mass number falls within a range of =4 of the mass
number of the object substance to be measured and the
lower limit value of whose ionization energy is bigger than
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the lower limit value of that of the object substance to be
measured.

[0064]

In this case, the pressure control mechanism

(30) may adjust the pressure so as to change the energy
that is given to the object substance not to be measured
having the lowest lower limit value among the multiple
object substances introduced into the measurement
space (S) of the quadrupole mass spectrometer (20) ac-
cording to the lower limit value of the object substance
not to be measured.

EXPLANATION OF CODES
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Claims

1.

A gas analysis device (100) comprising

a mixed gas generation mechanism (10) that
comprises a heating furnace (11) that is config-
ured to heat a crucible (11a) where a sample is
put while introducing a carrier gas to be an object
substance not to be measured, to generate a
sample gas that contains an object substance
to be measured by vaporizing at least a part of
the sample and to discharge a mixed gas com-
prising the carrier gas and the sample gas,

a quadrupole mass spectrometer (20) that has
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a measurement space into which the mixed gas
generated by the mixed gas generation mech-
anism (10) is introduced and that is configured
to conduct a quantitative analysis on the object
substance to be measured by giving energy to
the object substance to be measured and the
object substance not to be measured in the
measurement space, and

a pressure control mechanism (30) that is con-
figured to adjust a pressure in the measurement
space, wherein

the pressure control mechanism (30) is config-
ured to adjust the pressure in the measurement
space so as to make the energy that is given to
the object substance not to be measured in the
measurement space equal or less than the lower
limit value of the ionization energy of the object
substance not to be measured and more than
or equal to the lower limit value of the ionization
energy of the object substance to be measured,
wherein when the pressure in the measurement
space is decreased, a speed of an electron to
ionize the substance is fast and the energy given
to the substance increases and when the pres-
sure in the measurement space is increased, a
speed of an electron to ionize the substance is
slow and the energy given to the substance de-
creases.

2. The gas analysis device (100) described in claim 1,
wherein

the mixed gas generation mechanism (10) is
configured to generate the mixed gas containing
multiple object substances not to be measured,
and

the pressure control mechanism (30) is config-
ured to adjust the pressure in the measurement
space so as to make the energy given to the
object substance not to be measured equal to
or less than the lower limit value of the object
substance not to be measured having the lower
limit value of the ionization energy that is the
lowest among the multiple object substances
not to be measured introduced into the meas-
urement space.

3. The gas analysis device (100) described in claim 1
or 2, wherein
the pressure control mechanism (30) comprises a
chamber (31) to which the quadrupole mass spec-
trometer (20) is connected and that has an internal
space that is configured to communicate with the
measurement space of the quadrupole mass spec-
trometer (20), an introducing line (L3) that is config-
ured to introduce at least a part of the mixed gas
generated by the mixed gas generation mechanism
(10) into the internal space of the chamber (31) and
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a pressure regulating valve that is arranged in the
introducing line (L3) and that is configured to adjust
the pressure of the internal space of the chamber
(31).

The gas analysis device (100) described in either of
claim 1 through 3, wherein

the carrier gas is He gas, and
the sample gas contains D, as being the object
substance to be measured.

The gas analysis device (100) described in either of
claim 1 through 4, wherein

the heating furnace (11) is an impulse furnace,
and
the crucible (11a) is a graphite crucible.

The gas analysis device (100) described in claim 5,
wherein

the sample gas contains D, to be the object sub-
stance to be measured and CO to be an object
substance not to be measured, and

the mixed gas generation mechanism (10) fur-
ther comprises an oxidization unit (14) that is
configured to oxidize the mixed gas discharged
from the heating furnace (11), a decarbon-diox-
ide unit (15) that is configured to decarbon-di-
oxide the mixed gas discharged from the oxidi-
zation unit (14) and a dehydration unit (16) that
is configured to dehydrate the mixed gas dis-
charged from the decarbon-dioxide unit (15).

The gas analysis device (100) described in claim 6,
wherein

the oxidization unit (14) uses the Schutze reagent
as an oxidizing agent.

The gas analysis device (100) described in claim 6
or 7, wherein

the decarbon-dioxide unit (15) uses at least one se-
lected among soda lime, sodium hydroxide and ac-
tivated alumina impregnated with sodium hydroxide
as the decarbon-dioxide agent.

The gas analysis device (100) described in either of
claim 6 through 8, wherein
the dehydration unit (16) uses at least one selected
from magnesium peroxide or diphosphorus pentox-
ide as a dehydrating agent.

10. A gas analysis method that uses

a mixed gas generation mechanism (10) that
comprises a heating furnace (11) that heats a
crucible (11a) where a sample is put while intro-
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ducing a carrier gas to be an object substance
not to be measured, generates a sample gas
that contains an object substance to be meas-
ured by vaporizing at least a part of the sample
and discharges a mixed gas comprising the car-
rier gas and the sample gas, a quadrupole mass
spectrometer (20) that has a measurement
space into which the mixed gas generated by
the mixed gas generation mechanism (10) is in-
troduced and that conducts a quantitative anal-
ysis on the object substance to be measured by
giving energy to the object substance to be
measured and the object substance not to be
measured in the measurement space, and a
pressure control mechanism (30) that adjusts a
pressure in the measurement space,

wherein the energy that is given to the object
substance not to be measured in the measure-
ment space is made equal or less than the lower
limit value of the ionization energy of the object
substance not to be measured and more than
or equal to the lower limit of the ionization energy
of the object substance to be measured by ad-
justing the pressure in the measurement space,
wherein when the pressure in the measurement
space is decreased, a speed of an electron to
ionize the substance is fast and the energy given
to the substance increases and when the pres-
sure in the measurement space is increased, a
speed of an electron to ionize the substance is
slow and the energy given to the substance de-
creases.

11. The gas analysis method described in claim 10,

wherein

the mixed gas generation mechanism (10) gener-
ates the mixed gas containing the object substance
to be measured and the object substance not to be
measured whose mass number falls within a range
of =4 of the mass number of the object substance
to be measured and the lower limit value of whose
ionization energy is bigger than the lower limit value
of that of the object substance to be measured.

Patentanspriiche

Gasanalysevorrichtung (100), umfassend:

einen Mischgasgenerierungsmechanismus
(10), der einen Warmofen (11) umfasst, der da-
fur eingerichtet ist, einen Tiegel (11a) zu erwar-
men, in dem sich eine Probe befindet, wahrend
ein Tragergas als eine nicht zu messende Ob-
jektsubstanz eingeleitet wird, ein Probengas zu
generieren, das eine zu messende Objektsub-
stanz enthalt, indem mindestens ein Teil der
Probe verdampft wird, und ein Mischgas abzu-
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geben, das das Tragergas und das Probengas
umfasst,

ein Quadrupol-Massenspektrometer (20), das
einen Messraum aufweist, in den das durch den
Mischgasgenerierungsmechanismus (10) ge-
nerierte Mischgas eingeleitet wird, und das da-
fur eingerichtetist, eine quantitative Analyse der
zu messenden Objektsubstanz durch Zufiihren
von Energie zu der zu messenden Objektsub-
stanz und der nicht zu messenden Objektsub-
stanz in dem Messraum durchzufiihren, und
einen Drucksteuerungsmechanismus (30), der
dafir eingerichtet ist, einen Druck in dem Mess-
raum einzustellen, wobei

der Drucksteuerungsmechanismus (30) daflr
eingerichtet ist, den Druck in dem Messraum so
einzustellen, dass die Energie, die der nicht zu
messenden Objektsubstanz in dem Messraum
zugefihrt wird, maximal so gro wie der untere
Grenzwert der lonisierungsenergie der nicht zu
messenden Objektsubstanz und mindestens so
groB wie der untere Grenzwert der lonisierungs-
energie der zu messenden Objektsubstanz ist,
wobei, wenn der Druck in dem Messraum ver-
ringert wird, eine Geschwindigkeit eines Elek-
trons zum lonisieren der Substanz schnell ist
und die der Substanz zugefiihrte Energie zu-
nimmt, und wenn der Druck in dem Messraum
erhoht wird, eine Geschwindigkeit eines Elek-
trons zum lonisieren der Substanz langsam ist
und die der Substanz zugefiihrte Energie ab-
nimmt.

2. Gasanalysevorrichtung (100) nach Anspruch 1,

wobei der Mischgasgenerierungsmechanismus
(10) dafir eingerichtet ist, das Mischgas zu ge-
nerieren, das mehrere nicht zu messende Ob-
jektsubstanzen enthalt, und

der Drucksteuerungsmechanismus (30) dafur
eingerichtet ist, den Druck in dem Messraum so
einzustellen, dass die Energie, die der nicht zu
messenden Objektsubstanz zugefiihrt wird, ma-
ximal so grof} ist wie der untere Grenzwert der
nicht zu messenden Objektsubstanz, die den
unteren Grenzwert der lonisierungsenergie auf-
weist, der der niedrigste unter den mehreren
nicht zu messenden Objektsubstanzen ist, die
in den Messraum eingeleitet werden.

Gasanalysevorrichtung (100) nach Anspruch 1 oder
2, wobei der Drucksteuerungsmechanismus (30)
umfasst: eine Kammer (31), mit der das Quadrupol-
Massenspektrometer (20) verbunden ist und die ei-
nen Innenraum aufweist, der dafiir eingerichtet ist,
mit dem Messraum des Quadrupol-Massenspektro-
meters (20) zu kommunizieren, eine Zuleitung (L3),
die dafiir eingerichtet ist, mindestens einen Teil des
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10

durch den Mischgasgenerierungsmechanismus
(10) generierten Mischgases in den Innenraum der
Kammer (31) einzuleiten, und ein Druckregelventil,
das in der Zuleitung (L3) angeordnet ist und das da-
fur eingerichtet ist, den Druck des Innenraums der
Kammer (31) einzustellen.

Gasanalysevorrichtung (100) nach einem der An-
spriiche 1 bis 3, wobei

das Tragergas He-Gas ist und
das Probengas D, als die zu messende Objekt-
substanz enthalt.

Gasanalysevorrichtung (100) nach einem der An-
spriiche 1 bis 4, wobei

der Warmofen (11) ein Impulsofen ist und
der Tiegel (11a) ein Graphittiegel ist.

Gasanalysevorrichtung (100) nach Anspruch 5, wo-
bei

das Probengas D, als die zu messende Objekt-
substanz und CO als eine nicht zu messende
Objektsubstanz enthalt und

der Mischgasgenerierungsmechanismus (10)
des Weiteren umfasst: eine Oxidationseinheit
(14), die dafiir eingerichtet ist, das von dem
Warmofen (11) abgegebene Mischgas zu oxi-
dieren, eine Entkohlendioxidierungseinheit
(15), die dafir eingerichtet ist, das von der Oxi-
dationseinheit (14) abgegebene Mischgas zu
entkohlendixodieren, und eine Dehydratisie-
rungseinheit (16), die dafiir eingerichtet ist, das
von der Entkohlendioxidierungseinheit (15) ab-
gegebene Mischgas zu dehydratisieren.

Gasanalysevorrichtung (100) nach Anspruch 6, wo-
bei die Oxidationseinheit (14) das Schitze-Reagens
als ein Oxidationsmittel verwendet.

Gasanalysevorrichtung (100) nach Anspruch 6 oder
7, wobei die Entkohlendioxidierungseinheit (15) min-
destens eines, das unter Natronkalk, Natriumhydro-
xid und mit Natriumhydroxid impragniertem aktivier-
tem Aluminiumoxid ausgewahlt ist, als das Entkoh-
lendioxidierungsmittel verwendet.

Gasanalysevorrichtung (100) nach einem der An-
spriiche 6 bis 8, wobei

die Dehydratisierungseinheit (16) mindestens eines,
das aus Magnesiumperoxid und Diphosphorpento-
xid ausgewabhlt ist, als ein Dehydratisierungsmittel
verwendet.

10. Gasanalyseverfahren, verwendend:
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einen Mischgasgenerierungsmechanismus
(10), der einen Warmofen (11) umfasst, der ei-
nen Tiegel (11a) erwarmt, in dem sich eine Pro-
be befindet, wahrend ein Tragergas als eine
nicht zu messende Objektsubstanz eingeleitet
wird, ein Probengas generiert, das eine zu mes-
sende Objekisubstanz enthalt, indem mindes-
tens ein Teil der Probe verdampft wird, und ein
Mischgas abgibt, das das Tragergas und das
Probengas umfasst, ein Quadrupol-Massen-
spektrometer (20), das einen Messraum auf-
weist, in den das durch den Mischgasgenerie-
rungsmechanismus (10) generierte Mischgas
eingeleitet wird, und das eine quantitative Ana-
lyse der zu messenden Objektsubstanz durch
Zufuhren von Energie zu der zu messenden Ob-
jektsubstanz und der nicht zu messenden Ob-
jektsubstanz in dem Messraum durchfihrt, und
einen Drucksteuerungsmechanismus (30), der
einen Druck in dem Messraum einstellt,
wobei, durch Einstellen des Drucks in dem
Messraum, die Energie, die der nicht zu mes-
senden Objektsubstanz in dem Messraum zu-
gefuihrt wird, maximal so grol® wie der untere
Grenzwert der lonisierungsenergie der nicht zu
messenden Objektsubstanz und mindestens so
groB wie der untere Grenzwert der lonisierungs-
energie der zu messenden Objektsubstanz ist,
wobei, wenn der Druck in dem Messraum ver-
ringert wird, eine Geschwindigkeit eines Elek-
trons zum lonisieren der Substanz schnell ist
und die der Substanz zugefiihrte Energie zu-
nimmt, und wenn der Druck in dem Messraum
erhoht wird, eine Geschwindigkeit eines Elek-
trons zum lonisieren der Substanz langsam ist
und die der Substanz zugefiihrte Energie ab-
nimmt.

11. Gasanalyseverfahren nach Anspruch 10, wobei

der Mischgasgenerierungsmechanismus (10) das
Mischgas generiert, das die zu messende Objekt-
substanz und die nicht zu messende Objektsubstanz
enthalt, deren Massenzahl in einen Bereich von =4
der Massenzahl der zu messenden Objektsubstanz
fallt und deren lonisierungsenergie einen unteren
Grenzwert aufweist, der gréRer ist als der untere
Grenzwert der lonisierungsenergie der zu messen-
den Objektsubstanz.

Revendications

Dispositif d’analyse de gaz (100) comprenant un mé-
canisme de génération de gaz mixte (10) qui com-
prend un four de chauffage (11) qui est congu pour
chauffer un creuset (11a) dans lequel un échantillon
est placé tout en introduisant un gaz porteur qui est
une substance objet qui ne doit pas étre mesurée,
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1"

pour générer un gaz échantillon qui contient une
substance objet a mesurer en vaporisant au moins
une partie de I’échantillon et pour évacuer un gaz
mixte comprenant le gaz porteur et le gaz échan-
tillon,

un spectromeétre de masse quadripolaire (20)
doté d’'un espace de mesure dans lequel le gaz
mixte généré par le mécanisme de génération
de gaz mixte (10) est introduit et qui est congu
pour effectuer une analyse quantitative de la
substance objeta mesurer endonnantde I'éner-
gie a la substance objet a mesurer et a la subs-
tance objet a ne pas mesurer dans I'espace de
mesure, et

un mécanisme de contrdle de pression (30) con-
¢u pour ajuster une pression dans I'espace de
mesure, dans lequel

le mécanisme de contrble de pression (30) est
congu pour ajuster la pression dans I'espace de
mesure de maniére a ce que I'énergie qui est
donnée a la substance objet a ne pas mesurer
dans!’espace de mesure soit égale ou inférieure
ala valeur limite inférieure de I'énergie d’ionisa-
tion de la substance objet a ne pas mesurer et
supérieure ou égale a la valeur limite inférieure
de I'’énergie d’ionisation de la substance objet a
mesurer,

dans lequel, lorsque la pression dans I'espace
de mesure diminue, la vitesse d’un électron pour
ioniser la substance est rapide et I'énergie don-
née ala substance augmente, etlorsque la pres-
sion dans I'espace de mesure augmente, la vi-
tesse d’'un électron pour ioniser la substance est
lente et I'énergie donnée a la substance dimi-
nue.

2. Dispositif d’analyse de gaz (100) selon la revendi-

cation 1, dans lequel

le mécanisme de génération de gaz mixte (10)
est congu pour générer le gaz mixte contenant
de multiples substances objets a ne pas mesu-
rer, et

le mécanisme de contréle de pression (30) est
congu pour ajuster la pression dans I'espace de
mesure de maniére a ce que I'énergie donnée
ala substance objet a ne pas mesurer soit égale
ou inférieure a la valeur limite inférieure de la
substance objet a ne pas mesurer ayant la va-
leur limite inférieure de I'énergie d’ionisation qui
est la plus faible parmiles multiples substances
objets a ne pas mesurer introduites dans I'es-
pace de mesure.

3. Dispositif d’analyse de gaz (100) selon la revendi-

cation 1 ou 2, dans lequel
le mécanisme de contréle de pression (30) com-
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prend une chambre (31) a laquelle le spectrométre
de masse quadripolaire (20) est relié et qui posséde
un espace interne congu pour communiquer avec
'espace de mesure du spectrométre de masse qua-
dripolaire (20), une conduite d’introduction (L3) qui
est congue pour introduire au moins une partie du
gaz mixte généré par le mécanisme de génération
de gaz mixte (10) dans I'espace interne de la cham-
bre (31) et une vanne de régulation de pression qui
est agencée dans la conduite d’introduction (L3) et
congue pour ajuster la pression de I'espace interne
de la chambre (31).

Dispositif d’analyse de gaz (100) selon I'une ou
l'autre des revendications 1 a 3, dans lequel le gaz
porteur est du gaz He, et

le gaz échantillon contient du D2 en tant que subs-
tance objet a mesurer.

Dispositif d’analyse de gaz (100) selon I'une des re-
vendications 1 a 4, dans lequel le four de chauffage
(11) est un four a impulsion, et

le creuset (1la) est un creuset en graphite.

Dispositif d’analyse de gaz (100) selon la revendi-
cation 5, dans lequel

le gaz échantillon contientdu D2, qui est la subs-
tance objet a mesurer, et du CO qui est une
substance objet a ne pas mesurer, et

le mécanisme de génération de gaz mixte (10)
comprend en outre une unité d’'oxydation (14)
qui est congue pour oxyder le gaz mixte évacué
du four de chauffage (11), une unité de décar-
bonatation (15) congue pour décarbonater le
gaz mixte évacué de l'unité d’oxydation (14) et
une unité de déshydratation (16) congue pour
déshydrater le gaz mixte évacué de l'unité de
décarburation (15).

Dispositif d’analyse de gaz (100) selon la revendi-
cation 6, dans lequel

I'unité d’oxydation (14) utilise le réactif de Schutze
comme agent oxydant.

Dispositif d’analyse de gaz (100) selon la revendi-
cation 6 ou 7, dans lequel

I'unité de décarbonatation (15) utilise au moins un
agent de décarbonatation choisi parmi la chaux so-
dée, 'hydroxyde de sodium et I'alumine activée im-
prégnée d’hydroxyde de sodium.

Dispositif d’analyse de gaz (100) selon I'une ou
I'autre des revendications 6 a 8, dans lequel

'unité de déshydratation (16) utilise au moins un
agent de déshydratation choisi parmi le peroxyde de
magnésium ou le pentoxyde de diphosphore.
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10. Procédé d’analyse de gaz qui utilise

un mécanisme de génération de gaz mixte (10)
qui comprend un four de chauffage (11) qui
chauffe un creuset (11a) dans lequel un échan-
tillon est placé tout en introduisant un gaz por-
teur qui est une substance objet qui ne doit pas
étre mesurée, génere un gaz échantillon qui
contient une substance objet a mesurer en va-
porisant au moins une partie de I'échantillon et
évacue un gaz mixte comprenant le gaz porteur
et le gaz échantillon, un spectrometre de masse
quadripolaire (20) doté d’'un espace de mesure
dans lequel le gaz mixte généré par le mécanis-
me de génération de gaz mixte (10) est introduit
et qui effectue une analyse quantitative de la
substance objeta mesurer endonnantde I'éner-
gie a la substance objet a mesurer et a la subs-
tance objet a ne pas mesurer dans I'espace de
mesure, et un mécanisme de contréle de pres-
sion (30) qui ajuste une pression dans I'espace
de mesure,

dans lequel I'énergie qui est donnée a la subs-
tance objet a ne pas mesurer dans I'espace de
mesure est rendue égale ou inférieure a la va-
leur limite inférieure de I'énergie d’ionisation de
la substance objet a ne pas mesurer et supé-
rieure ou égale a la limite inférieure de I'énergie
d’ionisation de la substance objet a mesurer en
ajustant la pression dans I'espace de mesure,
dans lequel, lorsque la pression dans I'espace
de mesure diminue, la vitesse d’un électron pour
ioniser la substance est rapide et I'énergie don-
née ala substance augmente, etlorsque la pres-
sion dans I'espace de mesure augmente, la vi-
tesse d’un électron pour ioniser la substance est
lente et I'énergie donnée a la substance dimi-
nue.

11. Procédé d’analyse de gaz selon la revendication 10,

dans lequel

le mécanisme de génération de gaz mixte (10) gé-
nére le gaz mixte contenant la substance objet a
mesurer et la substance objet a ne pas mesurer dont
le numéro de masse se situe dans une plage de +4
du numéro de masse de la substance objet a mesu-
rer et dontla valeur limite inférieure de I'énergie d’io-
nisation est supérieure a la valeur limite inférieure
de celle de la substance objet a mesurer.
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