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(57) A quantitative analysis condition setting unit (13)
included in a sequential X-ray fluorescence spectrometer
according to the present invention: performs qualitative
analyses of a plurality of standard samples (14); sets, on
the basis of the qualitative analysis results, a peak meas-
urement angle of each measurement line for analytical
samples (1) in quantitative analysis conditions; and ob-
tains a single virtual profile by synthesizing peak profiles
of the plurality of standard samples (14) subjected to the
qualitative analyses and sets, on the basis of the virtual
profile and a preset half value width of the peak profile,
background measurement angles of each measurement
line for the analytical samples (1) in the quantitative anal-
ysis conditions.
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Description

CROSS REFERENCE TO THE RELATED APPLICATION

[0001] This application is based on and claims Convention priority to Japanese patent application No. 2015-169543,
filed August 28, 2015, the entire disclosure of which is herein incorporated by reference as a part of this application.

BACKGROUND OF THE INVENTION

(Field of the Invention)

[0002] The present invention relates to a sequential X-ray fluorescence spectrometer which irradiates a sample with
primary X-rays and measures intensities of generated secondary X-rays.

(Description of Related Art)

[0003] There has conventionally been a sequential X-ray fluorescence spectrometer that irradiates a sample with
primary X-rays, measures intensities of secondary X-rays such as fluorescent X-rays generated from the sample, and
performs a quantitative analysis of, e.g., contents of elements in the sample on the basis of the measured intensities.
In such a spectrometer, standard samples corresponding to analytical samples are provided. Measurement lines for the
analytical samples, the sample constituting elements and their contents (chemical analytical values) of each standard
sample are preset as quantitative analysis conditions. Calibration curves are created by measuring the standard samples.
And then quantitative analyses of the analytical samples are performed.
[0004] Regarding setting of the quantitative analysis conditions, there has been an X-ray fluorescence spectrometer
including a sample type storage unit, a semi-quantitative analysis unit, a type determining unit, and a quantitative analysis
unit, wherein determination of a type of a sample based on a semi-quantitative analysis result and the quantitative
analysis under analysis conditions appropriate for the determined type are automatically performed (see Patent Document
1). Here, appropriate analysis conditions for respective types to be prestored in the sample type storage unit may include
a peak measurement angle and background measurement angles of each measurement line to be measured by a
detecting unit. In this case, for example, an operator needs to perform a qualitative analysis of representative one of a
plurality of standard samples corresponding to each sample type, and to determine the peak measurement angle and
the background measurement angles of each measurement line from the obtained peak profile of the corresponding
measurement line on the basis of the experience of the operator. The measurement angles are each expressed by a
spectroscopic angle (a so-called angle 2θ which is twice as large as an incident angle) in a spectroscopic device.

[Related Document]

[Patent Document]

[0005] [Patent Document 1] JP Laid-open Patent Publication No. 2002-340822
[0006] However, considering the fact that interfering lines against the measurement line appear differently depending
on an individual sample, if the peak measurement angle and the background measurement angles of each measurement
line for the analytical samples in the quantitative analysis conditions are set on the basis of the qualitative analysis of
only one standard sample, appropriate setting is not necessarily performed. However, if the qualitative analyses are
performed on a plurality of standard samples, a long time is taken and it is not easy to appropriately reflect the qualitative
analysis results to set the peak measurement angle and the background measurement angles of each measurement
line for the analytical samples.

SUMMARY OF THE INVENTION

[0007] The present invention has been made in view of the above problems, and an object thereof is to provide a
sequential X-ray fluorescence spectrometer in which qualitative analyses of a plurality of standard samples are auto-
matically performed and a peak measurement angle and background measurement angles of each measurement line
for the analytical samples are automatically set by appropriately reflecting the qualitative analysis results, so that analyses
can be accurately performed.
[0008] In order to achieve the aforementioned object, a first aspect according to the present invention is a sequential
X-ray fluorescence spectrometer which irradiates a sample with primary X-rays and measures the intensities of generated
secondary X-rays, and which includes a plurality of standard samples for creating calibration curves corresponding to
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analytical samples, and a quantitative analysis condition setting unit configured to preset, as quantitative analysis con-
ditions, with measurement lines for the analytical samples, a half value width of a peak profile of each measurement
line, sample constituting elements and their contents of each standard sample.
[0009] The quantitative analysis condition setting unit performs qualitative analyses of the plurality of standard samples,
and obtains, for each of measurement lines identified in each standard sample, a peak angle obtained through peak
search, background angles based on the peak angle and the preset half value width of the peak profile, and a net intensity
based on a peak intensity at the peak angle and background intensities at the background angles.
[0010] Further, the quantitative analysis condition setting unit sets, for each of the measurement lines, the peak angle
of the standard sample at which no interfering line is identified within a predetermined angle range centered on the
measurement line and the peak intensity is maximum, as a peak measurement angle of the measurement line for the
analytical samples in the quantitative analysis conditions, and further, obtains, for each of the measurement lines, a
single virtual profile by synthesizing peak profiles of the plurality of standard samples subjected to the qualitative analyses,
and sets the background angle on each of a lower angle side and a higher angle side relative to the measurement line,
as a background measurement angle of the measurement line for the analytical samples in the quantitative analysis
conditions, the background angles being based on the virtual profile and the preset half value width of the peak profile.
[0011] The X-ray fluorescence spectrometer according to the first aspect of the present invention includes the quan-
titative analysis condition setting unit that performs the qualitative analyses of the plurality of standard samples, that
sets the peak angle of the standard sample, at which no interfering line is identified within the predetermined angle range
centered on the measurement line and the peak intensity is maximum, as a peak measurement angle of the measurement
line for the analytical samples in the quantitative analysis conditions, and that obtains the single virtual profile by syn-
thesizing the peak profiles of the plurality of standard samples subjected to the qualitative analyses, and sets the
background angles based on the virtual profile and the preset half value width of the peak profile, as the background
measurement angles of the measurement line for the analytical samples in the quantitative analysis conditions. Accord-
ingly, the qualitative analyses of the plurality of standard samples are automatically performed and the peak measurement
angle and the background measurement angles of each measurement line for the analytical samples are automatically
set by appropriately reflecting the qualitative analysis results, so that accurate analyses can be performed.
[0012] A second aspect according to the present invention is a sequential X-ray fluorescence spectrometer which
irradiates a sample with primary X-rays and measures the intensities of generated secondary X-rays, and which includes
a plurality of standard samples for creating calibration curves corresponding to analytical samples, and a quantitative
analysis condition setting unit configured to preset, as quantitative analysis conditions, with measurement lines for the
analytical samples, a half value width of a peak profile of each measurement line, sample constituting elements and
their contents of each standard sample.
[0013] The quantitative analysis condition setting unit performs qualitative analyses of the plurality of standard samples,
to obtain, for each of measurement lines identified in each standard sample, a peak angle obtained through peak search,
background angles based on the peak angle and the preset half value width of the peak profile, and a net intensity based
on a peak intensity at the peak angle and background intensities at the background angles.
[0014] Further, the quantitative analysis condition setting unit sets, for each of the measurement lines, the peak angle
of the standard sample at which no interfering line is identified within a predetermined angle range centered on the
measurement line and the peak intensity is maximum, as a peak measurement angle of the measurement line for the
analytical samples in the quantitative analysis conditions, and obtains, for each of the measurement lines, background
measurement angle ranges on the basis of the peak profile of the corresponding standard sample and the preset half
value width of the peak profile, and sets an angle, which is closest to the measurement line within the background
measurement angle range, on each of a lower angle side and a higher angle side relative to the measurement line, as
a background measurement angle of the measurement line for the analytical samples in the quantitative analysis con-
ditions, the background measurement angle range being common to the plurality of standard samples subjected to the
qualitative analyses.
[0015] The X-ray fluorescence spectrometer according to the second aspect of the present invention includes the
quantitative analysis condition setting unit that performs the qualitative analyses of the plurality of standard samples,
that sets, as the peak measurement angle of the measurement line for the analytical samples in the quantitative analysis
conditions, the peak angle of the standard sample at which no interfering line is identified within the predetermined angle
range centered on the measurement line and the peak intensity is maximum, and that obtains the background meas-
urement angle ranges on the basis of the peak profile of the corresponding standard sample and the preset half value
width of the peak profile and sets, as each background measurement angle of the measurement line for the analytical
samples in the quantitative analysis conditions, each angle closest to the measurement line within the background
measurement angle range which is common to the plurality of standard samples subjected to the qualitative analyses.
Accordingly, as in the spectrometer according to the first aspect, the qualitative analyses of the plurality of standard
samples are automatically performed and the peak measurement angle and the background measurement angles of
each measurement line for the analytical samples are automatically set by appropriately reflecting the qualitative analysis
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results, so that accurate analyses can be performed.
[0016] In the X-ray fluorescence spectrometer according to the first aspect of the present invention, it is preferable
that the quantitative analysis condition setting unit sets, as new background measurement angles of the measurement
line for the analytical samples in the quantitative analysis conditions, the background measurement angles by which the
background intensity at the peak measurement angle of the measurement line is minimized when, in the virtual profile,
the background measurement angles of the measurement line which are set on the lower angle side and the higher
angle side relative to the measurement line are alternately brought closer to the measurement line within a predetermined
angle range, at a predetermined angle step.
[0017] In a case where the peak of the measurement line appears in a region where the intensity of scattered X-rays
of continuous X-rays of the primary X-rays is high, or in a skirt of the peak profile of the interfering line having a high
intensity, if the set background measurement angles of the measurement line are adopted as they are, the background
intensity at the peak measurement angle of the measurement line becomes excessively high and the net intensity of
the measurement line becomes negative, so that sufficiently accurate analysis cannot be performed. For this reason,
with this preferable feature in the X-ray fluorescence spectrometer according to the first aspect, the background meas-
urement angles of the measurement line for the analytical samples in the quantitative analysis conditions are corrected
and set so as to appropriately minimize the background intensity at the peak measurement angle of the measurement line.
[0018] In the X-ray fluorescence spectrometer according to the second aspect of the present invention, it is preferable
that the quantitative analysis condition setting unit sets, as new background measurement angles of the measurement
line for each of the standard samples, the background measurement angles by which the background intensity at the
peak measurement angle of the measurement line is minimized when, in the peak profile of the corresponding standard
sample, the background measurement angles of the measurement line which are set on the lower angle side and the
higher angle side relative to the measurement line are alternately brought closer to the measurement line within a
predetermined angle range, at a predetermined angle step, and sets, on each of the lower angle side and the higher
angle side relative to the measurement line, as a new background measurement angle of the measurement line for the
analytical samples in the quantitative analysis conditions, the background measurement angle of the measurement line
which is farthest from the peak measurement angle of the measurement line, among the new background measurement
angles of the measurement lines of the plurality of standard samples subjected to the qualitative analyses.
[0019] As described above, depending on the state of appearance of the peak of the measurement line, if the set
background measurement angles of the measurement line are adopted as they are, the background intensity at the
peak measurement angle of the measurement line becomes excessively high and the net intensity of the measurement
line becomes negative, so that sufficiently accurate analysis cannot be performed. For this reason, with this preferable
feature in the X-ray fluorescence spectrometer according to the second aspect, the background measurement angles
of the measurement line for the analytical samples in the quantitative analysis conditions are corrected and set so as to
appropriately minimize the background intensity at the peak measurement angle of the measurement line.
[0020] In the X-ray fluorescence spectrometer according to the first aspect of the present invention, it is preferable
that the quantitative analysis condition setting unit obtains, for each of the measurement lines, a net intensity based on
the set background measurement angles of the measurement line for each of the plurality of standard samples subjected
to the qualitative analyses, and when, in at least one of the standard samples, the obtained net intensity is negative and
the absolute value of the obtained net intensity is greater than a theoretical standard deviation of the net intensity, the
quantitative analysis condition setting unit cancels setting of the background measurement angle at which the background
intensity is higher in the virtual profile, of the background measurement angles of the measurement line which are set
on the lower angle side and the higher angle side relative to the measurement line.
[0021] As described above, depending on the state of appearance of the peak of the measurement line, if the set
background measurement angles of the measurement line on the lower angle side and the higher angle side relative to
the measurement line are adopted as they are, the background intensity at the peak measurement angle of the meas-
urement line becomes excessively high and the net intensity of the measurement line becomes negative, so that suffi-
ciently accurate analysis cannot be performed. For this reason, in such a case, with this preferable feature in the X-ray
fluorescence spectrometer according to the first aspect, the background measurement angles of the measurement line
for the analytical samples in the quantitative analysis conditions are corrected and set such that, of the set background
measurement angles of the measurement line on the lower angle side and the higher angle side relative to the meas-
urement line, only the background measurement angle at which the background intensity is lower in the virtual profile
remains.
[0022] Any combination of at least two constructions, disclosed in the appended claims and/or the specification and/or
the accompanying drawings should be construed as included within the scope of the present invention. In particular,
any combination of two or more of the appended claims should be construed as included within the scope of the present
invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0023] In any event, the present invention will become more clearly understood from the following description of
preferred embodiments thereof, when taken in conjunction with the accompanying drawings. However, the embodiments
and the drawings are given only for the purpose of illustration and explanation, and are not to be taken as limiting the
scope of the present invention in any way whatsoever, which scope is to be determined by the appended claims. In the
accompanying drawings, like reference numerals are used to denote like parts throughout the several views, and:

Fig. 1 is a schematic diagram illustrating an X-ray fluorescence spectrometer according to a first or second embod-
iment of the present invention;
Fig. 2 is a flowchart showing operations of the X-ray fluorescence spectrometer according to the first embodiment;
Fig. 3 is a diagram showing the peak profiles of two standard samples in an overlap manner;
Fig. 4 is a diagram showing a single virtual profile obtained by summing up the two peak profiles in Fig. 3;
Fig. 5 is a diagram showing a way to obtain a background angle on each of a lower angle side and a higher angle
side relative to a measurement line;
Fig. 6 is a diagram showing a method for correcting and setting background measurement angles of the measurement
line by using the virtual profile such that a background intensity at a peak measurement angle of the measurement
line is minimized;
Fig. 7 is a diagram showing an example in which a net intensity of the measurement line is negative;
Fig. 8 is a flowchart showing operations of the X-ray fluorescence spectrometer according to the second embodiment;
Fig. 9 is a diagram showing a way to obtain background measurement angle ranges on the lower angle side and
the higher angle side relative to the measurement line; and
Fig. 10 is a diagram showing a method for correcting and setting the background measurement angles of the
measurement line by using a peak profile of each standard sample such that the background intensity at the peak
measurement angle of the measurement lines is minimized.

DESCRIPTION OF EMBODIMENTS

[0024] Hereinafter, a spectrometer according to a first embodiment of the present invention will be described with
reference to the drawings. As illustrated in Fig. 1, the spectrometer is a sequential X-ray fluorescence spectrometer that
irradiates samples 1, 14 with primary X-rays 3, and measures the intensities of generated secondary X-rays 5. The
spectrometer includes a sample stage 2 on which the sample 1, 14 is placed, an X-ray source 4 such as an X-ray tube
configured to irradiate the sample 1, 14 with the primary X-rays 3, a spectroscopic device 6 which monochromates the
secondary X-rays 5 such as fluorescent X-rays generated from the sample 1, 14, and a detector 8 on which secondary
X-rays 7 monochromated by the spectroscopic device 6 are incident and which detects the intensity of the secondary
X-rays 7. An output from the detector 8 is inputted, through an amplifier, a pulse height analyzer, counting unit, and the
like (not illustrated), to a control unit 11 configured to control the entire spectrometer.
[0025] The spectrometer is a wavelength dispersive and sequential X-ray fluorescence spectrometer, and includes
an interlocking unit 10, i.e., a so-called goniometer, configured to interlock the spectroscopic device 6 with the detector
8 so as to change the wavelengths of the secondary X-rays 7 incident on the detector 8. When the secondary X-rays 5
are incident on the spectroscopic device 6 at a certain incident angle θ, an extended line 9 of the secondary X-rays 5
and the secondary X-rays 7 monochromated (diffracted) by the spectroscopic device 6 form a spectroscopic angle 2θ,
which is twice the incident angle θ. To cause the secondary X-rays 7, which are monochromated while the spectroscopic
angle 2θ is changed, to be incident on the detector 8 while changing the wavelengths of the secondary X-rays 7, the
interlocking unit 10 rotates the spectroscopic device 6 around an axis O, which passes a center of a surface of the
spectroscopic device 6 and is perpendicular to the drawing sheet, and rotates the detector 8 around the axis O and
along a circle 12 by an angle of twice the rotation angle of the spectroscopic device 6. The value of the spectroscopic
angle 2θ (angle 2θ) is inputted from the interlocking unit 10 to the control unit 11.
[0026] The spectrometer includes a plurality of standard samples 14 which are for creating calibration curves corre-
sponding to analytical samples 1 and which have different compositions, and further includes, as a part of the control
unit 11, a quantitative analysis condition setting unit 13 configured to preset, as quantitative analysis conditions, with
measurement lines for the analytical samples 1, a half value width of a peak profile of each measurement line, sample
constituting elements and their contents of each standard sample 14. The analytical sample 1 and the standard sample
14 are collectively referred to as the samples 1, 14.
[0027] The quantitative analysis condition setting unit 13 performs qualitative analyses of the plurality of standard
samples 14, and obtains, for each of measurement lines identified in each standard sample 14, a peak angle obtained
through peak search, background angles based on the peak angle and the preset half value width of the peak profile,
and a net intensity based on a peak intensity at the peak angle and background intensities at the background angles.
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[0028] Here, the qualitative analysis refers to analysis in which a spectrum is obtained by measuring the intensities
of the secondary X-rays 5 in a wide wavelength range under a predetermined standard analysis condition, and then,
smoothing, peak search, calculation of the net intensities of peaks, and identification and analysis of the peaks are
performed. For example, spectra of all the elements F to U are measured by scanning the goniometer 10, and the peaks
detected from the measured spectra are identified and analyzed. The peaks include not only the peaks of the measurement
lines but also the peaks of the interfering lines. On the other hand, quantitative analysis refers to analysis in which, on
the basis of X-ray intensities measured with the goniometer 10 being fixed respectively, the contents of respective
elements are determined by using calibration curves corresponding to the analytical samples 1, or by a fundamental
parameter procedure using prestored apparatus sensitivity factors.
[0029] On the basis of the qualitative analysis results, the quantitative analysis condition setting unit 13 sets, for each
of the measurement lines, the peak angle of the standard sample 14 at which no interfering line is identified within a
predetermined angle range centered on the measurement line and the peak intensity is maximum, as a peak measurement
angle of the measurement line for the analytical samples 1 in the quantitative analysis conditions.
[0030] Further, for each of the measurement lines, the quantitative analysis condition setting unit 13 obtains a single
virtual profile by synthesizing (e.g., summing up or averaging) peak profiles of the plurality of standard samples 14
subjected to the qualitative analyses, and sets, on each of the lower angle side and the higher angle side relative to the
measurement line, the background angle based on the virtual profile and the preset half value width of the peak profile,
as a background measurement angle of the measurement line for the analytical samples 1 in the quantitative analysis
conditions.
[0031] Furthermore, not necessarily in the X-ray fluorescence spectrometer of the present invention, but in the X-ray
fluorescence spectrometer according to the first embodiment, the quantitative analysis condition setting unit 13 sets, as
new background measurement angles of the measurement line for the analytical samples 1 in the quantitative analysis
conditions, the background measurement angles by which the background intensity at the peak measurement angle of
the measurement line is minimized when, in the virtual profile, the background measurement angles of the measurement
line set on the lower angle side and the higher angle side relative to the measurement line are alternately brought closer
to the measurement line within a predetermined angle range, at a predetermined angle step.
[0032] Moreover, not necessarily in the X-ray fluorescence spectrometer of the present invention, but in the X-ray
fluorescence spectrometer according to the first embodiment, the quantitative analysis condition setting unit 13 obtains,
for each of the measurement lines, a net intensity based on the set background measurement angles of the measurement
line for each of the plurality of standard samples 14 subjected to the qualitative analyses, and when, in at least one of
the standard samples 14, the obtained net intensity is negative and the absolute value of the obtained net intensity is
greater than a theoretical standard deviation of the net intensity, the quantitative analysis condition setting unit 13 cancels
setting of the background measurement angle at which the background intensity is higher in the virtual profile, of the
background measurement angles of the measurement line set on the lower angle side and the higher angle side relative
to the measurement line.
[0033] The quantitative analysis condition setting unit 13 included in the X-ray fluorescence spectrometer according
to the first embodiment specifically operates in accordance with the flowchart in Fig. 2. In Fig. 2, etc., "background" is
represented as "BG" for simplification. Further, in the quantitative analysis condition setting unit 13, the measurement
lines for the analytical samples 1, the half value width of the peak profile of each measurement line, and the sample
constituting elements and their contents of each standard sample 14, and the like are preset as the quantitative analysis
conditions. First, at step S1, the qualitative analyses of the plurality of standard samples 14 are performed to obtain, for
each of measurement lines identified in each standard sample 14, the peak angle obtained through peak search using
parabolic fitting etc., the background angles based on the peak angle and the preset half value width of the peak profile,
and the net intensity based on the peak intensity at the peak angle and the background intensities at the background
angles. Here, the plurality of standard samples 14 to be subjected to the qualitative analyses preferably include all of
the plurality of standard samples 14 for creating one calibration curve corresponding to the analytical samples 1, but
only some of the standard samples 14 selected by an operator may be subjected to the qualitative analyses.
[0034] The subsequent operations are performed on each of the measurement lines. At step S2, on the basis of the
qualitative analysis results, the peak angle of the standard sample 14 at which no interfering line is identified within a
predetermined angle range centered on the measurement line and the peak intensity is maximum, is set as a peak
measurement angle of the measurement line for the analytical samples 1 in the quantitative analysis conditions. Here,
the predetermined angle range centered on the measurement line refers to an angle range which is centered on the
peak angle of the measurement line and which is a predetermined number of times (for example, four times) as wide
as the preset half value width of the peak profile of the measurement line.
[0035] In order to set a sufficiently accurate peak measurement angle of the measurement line, when, in all of the
standard samples 14 subjected to the qualitative analyses, the interfering line is identified within the predetermined angle
range centered on the measurement line or the net intensity of the measurement line is equal to or lower than a prede-
termined intensity (including the case where the peak of the measurement line is not detected), the peak angle of the
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measurement line calculated on the basis of the wavelength of the measurement line and a lattice spacing of the used
spectroscopic device is set as the peak measurement angle of the measurement line for the analytical samples 1 in the
quantitative analysis conditions.
[0036] Next, at step S3, the peak profiles of the plurality of standard samples 14 subjected to the qualitative analyses
are synthesized to obtain the single virtual profile. For example, the peak profiles A, B of two of the standard samples
14, indicated by the solid line and the dashed line in Fig. 3 are summed up to obtain the single virtual profile indicated
by the solid line in Fig. 4.
[0037] Next, at step S4, on each of the lower angle side and the higher angle side relative to the measurement line,
the background angle based on the virtual profile and the preset half value width of the peak profile is set as the
background measurement angle of the measurement line for the analytical samples 1 in the quantitative analysis con-
ditions.
[0038] Here, a detailed description will be given of a way to obtain the background angle on each of the lower angle
side and the higher angle side relative to the measurement line and a way to obtain the net intensity of the measurement
line on the basis of the background angles. As shown in Fig. 5, basically, angles, which are each deviated from the peak
of the measurement line by a predetermined number of times (represented as "α times", which is four times, for example)
of the preset half value width of the peak profile, are used as background angles BG1, BG2, and it is necessary that no
interfering line is identified within an angle range which is a constant number of times (represented as "β times", which
is two times, for example) as wide as the predetermined number of times of the half value width from the peak of the
measurement line. When any interfering line is identified within the angle range the constant number of times as wide
as the predetermined number of times of the half value width (that is, αβ times of the half value width, e.g., eight times
of the half value width) from the peak of the measurement line, the procedure for obtaining the background angle is
repeated with the interfering line regarded as a measurement line.
[0039] A background profile is approximated to a straight line connecting two points (at which the background intensities
are represented as IBG1, IBG2, respectively), on a spectrum of the measurement line, at the background angles BG1,
BG2 on the lower angle side and the higher angle side relative to the measurement line, respectively. A background
intensity at the peak angle is obtained as k1IBG1 + k2IBG2 (wherein k1, k2 each represent a background subtraction
coefficient, and k1 + k2 = 1). The background intensity is subtracted from the peak intensity IP at the peak angle, and
thereby, the net intensity INet of the measurement line is obtained, as shown in the following expression (1). In a case
where only one of the background angles on the lower angle side and the higher angle side is adopted as described
later, the background subtraction coefficient corresponding to the other non-adopted background angle is set to 0, the
spectrum intensity IBG1 or IBG2 of the measurement line at the adopted background angle directly becomes the background
intensity at the peak angle. 

[0040] On the lower angle side relative to the measurement line in the virtual profile in Fig. 4, no interfering line is
identified, and thus, an angle which is far from the peak P1 of the measurement line to the lower angle side by α times
of the half value width is set as the background angle BG1. On the higher angle side relative to the measurement line
in the virtual profile, the first interfering line having a peak P2 is identified within the angle range, which is αβ times as
wide as the half value width from the peak P1 of the measurement line, whereas a peak P3 of the second interfering
line which is identified next on the higher angle side falls outside the angle range which is αβ times as wide as the half
value width from the peak P2 of the first interfering line. Accordingly, an angle which is far from the peak P2 of the first
interfering line by α times of the half value width to the higher angle side is set as the background angle BG2.
[0041] In this way, respectively on the lower angle side and the higher angle side relative to the measurement line,
the background angles BG1, BG2 obtained on the basis of the virtual profile and the preset half value width of the peak
profile are set as the background measurement angle BG1, BG2 of the measurement line for the analytical samples 1
in the quantitative analysis conditions. In the qualitative analyses at step S1, the background angles for each of the
measurement lines of each standard sample 14 are obtained on the basis of the corresponding profile and the preset
half value width of the peak profile, in the same manner as in the aforementioned description of the virtual profile.
[0042] Next, at step S5, in the virtual profile shown in Fig. 6, for example, the background measurement angles BG1,
BG2 of the measurement line, which have been set on the lower angle side and the higher angle relative to the meas-
urement line at step S4, are set as initial values BG1-0, BG2-0 and alternately moved closer to the measurement line
within the predetermined angle range, at the predetermined angle step, starting from, for example, the background
measurement angle BG2-0 on the higher angle side. Then, the background measurement angles BG1-n-1, BG2-n (or
the background measurement angles BG1-n, BG2-n-1 when n is an even number) which are obtained after the n (odd
number)-th movement and by which the background intensity IBGn at the peak measurement angle of the measurement
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line is minimized, are set as the new background measurement angles BG1, BG2 of the measurement line for the
analytical samples 1 in the quantitative analysis conditions.
[0043] In Fig. 6, a straight line shown above a straight line indicated as (1) is a straight line connecting two points, on
the virtual profile, at the background measurement angles BG1-0, BG2-0 which are the initial values (after 0-th movement).
The straight line indicated as (1) is a straight line connecting two points, on the virtual profile, at the background meas-
urement angles BG1-0, BG2-1 after the first movement. Similarly, straight lines indicated as (2), (n) are straight lines
connecting two points, on the virtual profile, at the background measurement angles after the second movement and
after the n-th movement, respectively. The background intensity at the peak measurement angle of the measurement
line after each movement corresponds to an intensity at a point, on the corresponding straight line after the movement,
at the peak measurement angle of the measurement line.
[0044] In a case where the peak of the measurement line appears in a region where the intensity of scattered X-rays
of continuous X-rays of the primary X-rays is high, or in a skirt of the peak profile of the interfering line having a high
intensity as shown in Fig. 7, if the background measurement angles BG1, BG2 of the measurement line set at step S4
are adopted as they are, the background intensity at the peak measurement angle of the measurement line becomes
excessively high and the net intensity of the measurement line becomes negative, so that sufficiently accurate analysis
cannot be performed. For this reason, the operation at step S5 is performed to correct and set the background meas-
urement angles BG1, BG2 of the measurement line for the analytical samples 1 in the quantitative analysis conditions
so as to appropriately minimize the background intensity IBGn at the peak measurement angle of the measurement line.
[0045] More specifically, the background measurement angle, on the lower angle side, of which the initial value is
BG1-0 and the background measurement angle, on the higher angle side, of which the initial value is BG2-0 are alternately
moved closer to the measurement line, within the the predetermined angle range, at the predetermined angle step.
When the background intensity at the peak measurement angle of the measurement line, of which the initial value is set
to IBG0 and which decreases each time the background measurement angle is moved, stops decreasing after n+1-th
movement, the background measurement angles BG1-n-1, BG2-n (or BG1-n, BG2-n-1) after the last n-th movement
are set as the new background measurement angles BG1, BG2 of the measurement line for the analytical samples 1
in the quantitative analysis conditions. As shown in Fig. 6, the predetermined angle ranges are respectively from the
initial values BG1-0 and BG2-0 to angles just before a predetermined angle (for example, 1.3 times of the preset half
value width of the peak profile of the measurement line) of the peak of the measurement line or the interfering line which
the background measurement angle approaching the measurement line first encounters.
[0046] As the method for correcting and setting the background measurement angles BG1, BG2 of the measurement
line for the analytical samples 1 in the quantitative analysis conditions so as to appropriately minimize the background
intensity at the peak measurement angle of the measurement line, the following method may be used instead of the
aforementioned method. The same applies for operations of the quantitative analysis condition setting unit 23 included
in a spectrometer according to a second embodiment (described later). In this alternative method, in the virtual profile
shown in Fig. 6 as an example, the background measurement angles at which intensities each obtained by subtracting
the intensity on the virtual profile from the intensity on the straight line connecting two points, on the virtual profile, of
the initial values BG1-0, BG2-0 of the background measurement angles become positive and maximum within the
predetermined angle ranges on the lower angle side and the higher angle side relative to the measurement line, are set
as the new background measurement angles BG1, BG2 of the measurement line for the analytical samples 1 in the
quantitative analysis conditions.
[0047] Next, at step S6, for each of the plurality of standard samples 14 subjected to the qualitative analyses, the net
intensity INet based on the set background measurement angles BG1, BG2 of the measurement line is obtained through
the above expression (1). Then, it is determined whether or not, in at least one of the standard samples 14, the obtained
net intensity INet is negative and the absolute value of the obtained net intensity INet is greater than the theoretical
standard deviation σNet of the net intensity, which is obtained through the following expression (2). When the determination
result is No, the flow proceeds to step S8 (described later). When the determination result is Yes, the flow proceeds to
step S7. TP, TBG1 and TBG2 represent measurement times of IP, IBG1 and IBG2 respectively. 

[0048] Next, at step S7, setting of the background measurement angle at which the background intensity is higher in
the virtual profile, of the background measurement angles BG1, BG2 of the measurement line which are set on the lower
angle side and the higher angle side relative to the measurement line, is canceled. For example, in the virtual profile
shown in Fig. 6, setting of the background measurement angle BG1 (BG1-n-1) at which the background intensity is
higher is canceled.
[0049] As described above, depending on the state of appearance of the peak of the measurement line, if the back-
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ground measurement angles BG1, BG2 of the measurement line, which are set at step S4 or corrected and set at step
S5, on the lower angle side and the higher angle side relative to the measurement line are adopted as they are, the
background intensity at the peak measurement angle of the measurement line becomes excessively high and the net
intensity of the measurement line becomes negative, so that sufficiently accurate analysis cannot be performed. For
this reason, in such a case, the operations at step S6 and step S7 are performed to correct and set the background
measurement angles of the measurement line for the analytical samples 1 in the quantitative analysis conditions such
that, of the background measurement angles BG1, BG2 of the measurement line which are set on the lower angle side
and the higher angle side relative to the measurement line, only the background measurement angle at which the
background intensity is lower in the virtual profile remains.
[0050] Next, at step S8, whether or not the background measurement angles have been set for all the measurement
lines is determined. When the background measurement angles have not been set for all the measurement lines, the
flow returns to step S2. When the background measurement angles have been set for all the measurement lines, the
operation is ended.
[0051] As described above, the X-ray fluorescence spectrometer according to the first embodiment includes the quan-
titative analysis condition setting unit 13 that performs the qualitative analyses of the plurality of standard samples 14,
that sets the peak angle of the standard sample 14, at which no interfering line is identified within the predetermined
angle range centered on the measurement line and the peak intensity is maximum, as a peak measurement angle of
the measurement line for the analytical samples 1 in the quantitative analysis conditions, and that obtains the single
virtual profile by synthesizing the peak profiles of the plurality of standard samples 14 subjected to the qualitative analyses,
and sets background angles based on the virtual profile and the preset half value width of the peak profile, as the
background measurement angle of the measurement line for the analytical samples 1 in the quantitative analysis con-
ditions. Accordingly, the qualitative analyses of the plurality of standard samples 14 are automatically performed and
the peak measurement angle and the background measurement angles of each measurement line for the analytical
samples 1 are automatically set by appropriately reflecting the qualitative analysis results, so that accurate analyses
can be performed.
[0052] Next, a spectrometer according to the second embodiment of the present invention will be described. The
spectrometer according to the second embodiment is different from that according to the first embodiment only in
operations of the quantitative analysis condition setting unit 23 provided as a part of the control unit 21, and thus, a
description will be given of only the quantitative analysis condition setting unit 23.
[0053] The quantitative analysis condition setting unit 23 performs qualitative analyses of the plurality of standard
samples 14, to obtain, for each of measurement lines identified in each standard sample 14, a peak angle obtained
through peak search, background angles based on the peak angle and the preset half value width of the peak profile,
and a net intensity based on a peak intensity at the peak angle and background intensities at the background angles.
[0054] On the basis of the qualitative analysis results, the quantitative analysis condition setting unit 23 sets, for each
of the measurement lines, the peak angle of the standard sample 14 at which no interfering line is identified within a
predetermined angle range centered on the measurement line and the peak intensity is maximum, as a peak measurement
angle of the measurement line for the analytical samples 1 in the quantitative analysis conditions. The operations so far
are the same as those performed by the quantitative analysis condition setting unit 13 included in the spectrometer
according to the first embodiment.
[0055] The quantitative analysis condition setting unit 23 further obtains background measurement angle ranges on
the basis of the peak profile of the corresponding standard sample 14 and the preset half value width of the peak profile,
and sets, on each of the lower angle side and the higher angle side relative to the measurement line, an angle which is
closest to the measurement line within the background measurement angle range common to the plurality of standard
samples 14 subjected to the qualitative analyses, as a background measurement angle of the measurement line for the
analytical samples 1 in the quantitative analysis conditions.
[0056] Not necessarily in the X-ray fluorescence spectrometer according to the present invention, but in the X-ray
fluorescence spectrometer according to the second embodiment, the quantitative analysis condition setting unit 23 sets,
as new background measurement angles of the measurement line for each of the standard samples 14, the background
measurement angles by which the background intensity at the peak measurement angle of the measurement line is
minimized when, in the peak profile of the corresponding standard sample 14, the background measurement angles of
the measurement line which are set on the lower angle side and the higher angle side relative to the measurement line
are alternately brought closer to the measurement line within a predetermined angle range, at a predetermined angle
step, and sets, on each of the lower angle side and the higher angle side relative to the measurement line, as a new
background measurement angle of the measurement line for the analytical samples 1 in the quantitative analysis con-
ditions, the background measurement angle of the measurement line which is farthest from the peak measurement
angle of the measurement line, among the new background measurement angles of the measurement lines for the
plurality of standard samples 14 subjected to the qualitative analyses.
[0057] Specifically, the quantitative analysis condition setting unit 23 included in the X-ray fluorescence spectrometer
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according to the second embodiment operates in accordance with the flowchart shown in Fig. 8. As in the quantitative
analysis condition setting unit 13 included in the spectrometer according to the first embodiment, the measurement line
for the analytical samples 1, the half value width of the peak profile of each measurement line, and the sample constituting
elements and their contents of each standard sample 14, and the like are preset as the quantitative analysis conditions
in the quantitative analysis condition setting unit 23.
[0058] The operations at step S1 and step S2 are the same as those performed by the quantitative analysis condition
setting unit 13 included in the spectrometer according to the first embodiment. Next, at step S3A, the background
measurement angle ranges (angle ranges within which the background measurement angles can be selected) are
obtained on the basis of the peak profile of the corresponding standard sample 14 and the preset half value width of the
peak profile.
[0059] For example, in the peak profile A of the standard sample 14 indicated by a solid line in Fig. 9, no interfering
line is identified on the lower angle side relative to the measurement line. Thus, a range not exceeding an angle far from
the peak P1 of the measurement line by W (α times of the half value width) toward the lower angle side, is set as the
background measurement angle range (a rectangular long range indicated by a solid line in Fig. 9). On the higher angle
side relative to the measurement line in the peak profile A, the interfering line having the peak P3 is identified beyond
an angle range αβ times as wide as the half value width from the peak P1 of the measurement line. Thus, a range from
an angle far from the peak P1 of the measurement line by W (α times of the half value width) toward the higher angle
side, to an angle lower than the peak P3 of the interfering line by W (α times of the half value width), is set as the
background measurement angle range (a rectangular long range indicated by a solid line in Fig. 9).
[0060] In the peak profile B of the standard sample 14 indicated by a dashed line shown in Fig. 9, on the lower angle
side relative to the measurement line, no interfering line is identified. Thus, a range not exceeding an angle far from the
peak P1 of the measurement line by W (α times of the half value width) toward the lower angle side, is set as the
background measurement angle range (a rectangular long range indicated by a dashed line in Fig. 9). On the higher
angle side relative to the measurement line in the peak profile B, the interfering line having the peak P2 is identified
within an angle range αβ times as wide as the half value width from the peak P1 of the measurement line. Thus, a range
not below an angle far from the peak P2 of the interfering line by W (α times of the half value width) toward the higher
angle side, is set as the background measurement angle range (a rectangular long range indicated by a dashed line in
Fig. 9).
[0061] Next, at step S4A, an angle, which is closest to the measurement line within the background measurement
angle range common to the plurality of standard samples 14 subjected to the qualitative analyses, on each of the lower
angle side and the higher angle side relative to the measurement line, are set as the background measurement angle
of the measurement line for the analytical samples 1 in the quantitative analysis conditions. For example, in the case of
the two standard samples 14 for which the peak profiles A, B are shown in Fig. 9, the angles BG1, BG2, each of which
is closest to the measurement line within the background measurement angle range common to the two standard samples
14, on respectively the lower angle side and the higher angle side relative to the measurement line, are set as the
background measurement angles BG1, BG2 of the measurement line for the analytical samples 1 in the quantitative
analysis conditions.
[0062] Next, at step S5A, in each of the peak profile of the corresponding standard sample 14, the background
measurement angles BG1, BG2 of the measurement line set on the lower angle side and the higher angle side relative
to the measurement line are set as the initial values BG1-0, BG2-0, and are alternately brought closer to the measurement
line within the predetermined angle range, at the predetermined angle step. Then, the background measurement angles
by which the background intensity at the peak measurement angle of the measurement line is minimized are set as the
new background measurement angles of the measurement line for the corresponding standard sample 14. That is, the
operation, which is performed on the virtual profile at step S5 by the quantitative analysis condition setting unit 13 included
in the spectrometer according to the first embodiment, is performed on the peak profile of the corresponding standard
sample 14, and then, the background measurement angles by which the background intensity at the peak measurement
angle of the measurement line is minimized are set as the new background measurement angles of the measurement
line for the corresponding standard sample 14.
[0063] For example, in the case of the peak profile C of the standard sample 14 indicated by a solid line in Fig. 10, on
the lower angle side relative to the measurement line, the background measurement angle is shifted from the initial value
BG1-0 to the new background measurement angle indicated by a solid-line upward arrow, which is closer to the meas-
urement line than the initial value BG1-0. On the higher angle side relative to the measurement line, the background
measurement angle is shifted from the initial value BG2-0 to the new background measurement angle indicated by a
solid-line upward arrow, which is closer to the measurement line than the initial value BG2-0. In the case of the peak
profile D of the standard sample 14 indicated by a dashed line in Fig. 10, on the lower angle side relative to the meas-
urement line, the background measurement angle is shifted from the initial value BG1-0 to the new background meas-
urement angle indicated by a dashed-line upward arrow, which is closer to the measurement line than the initial value
BG1-0. On the higher angle side relative to the measurement line, the background measurement angle is shifted from
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the initial value BG2-0 to the new background measurement angle indicated by a dashed-line upward arrow, which is
closer to the measurement line than the initial value BG2-0.
[0064] On each of the lower angle side and the higher angle side relative to the measurement line, among the new
background measurement angles of the measurement line for the plurality of standard samples 14 subjected to the
qualitative analyses, the background measurement angle of the measurement line which is farthest from the peak
measurement angle of the measurement line is set as the new background measurement angle BG1, BG2 of the
measurement line for the analytical samples 1 in the quantitative analysis conditions.
[0065] For example, in the case of the two standard samples 14 for which the peak profiles C, D are shown in Fig. 10,
among the new background measurement angles (background measurement angles indicated by solid- and dashed-
line upward arrows) of the measurement line for the two standard samples 14, background measurement angles of the
measurement line each farthest from the peak measurement angle of the measurement line, that is, the background
measurement angles BG1-1, BG2-1 indicated by the dashed-line upward arrows on respectively the lower angle side
and the higher angle side relative to the measurement line, are set as the new background measurement angles BG1,
BG2 of the measurement line for the analytical samples 1 in the quantitative analysis conditions.
[0066] As described above, depending on the state of appearance of the peak of the measurement line, if the back-
ground measurement angles BG1, BG2 of the measurement line set at step S4A are adopted as they are, the background
intensity at the peak measurement angle of the measurement line becomes excessively high and the net intensity of
the measurement line becomes negative, so that sufficiently accurate analysis cannot be performed. For this reason,
the operation at step S5A is performed to correct and set the background measurement angles BG1, BG2 of the meas-
urement line for the analytical samples 1 in the quantitative analysis conditions so as to appropriately minimize the
background intensity at the peak measurement angle of the measurement line.
[0067] Next, at step S6A, whether or not the background measurement angles have been set for all the measurement
lines is determined. When the background measurement angles have not been set for all the measurement lines, the
flow returns to step S2. When the background measurement angles have been set for all the measurement lines, the
operation is ended.
[0068] As described above, the X-ray fluorescence spectrometer according to the second embodiment includes the
quantitative analysis condition setting unit 23 that performs the qualitative analyses of the plurality of standard samples
14, and sets, as the peak measurement angle of the measurement line for the analytical samples 1 in the quantitative
analysis conditions, the peak angle of the standard sample 14 at which no interfering line is identified within the prede-
termined angle range centered on the measurement line and the peak intensity is maximum, and that obtains the
background measurement angle ranges on the basis of the peak profile of the corresponding standard sample 14 and
the preset half value width of the peak profile and sets, as each background measurement angle of the measurement
line for the analytical samples 1 in the quantitative analysis conditions, each angle closest to the measurement line within
the background measurement angle range which is common to the plurality of standard samples 14 subjected to the
qualitative analyses. Accordingly, as in the spectrometer according to the first embodiment, the qualitative analyses of
the plurality of standard samples 14 are automatically performed and the peak measurement angle and the background
measurement angles of each measurement line for the analytical samples 1 are automatically set by appropriately
reflecting the qualitative analysis results, so that accurate analyses can be performed.
[0069] Although the present invention has been fully described in connection with the preferred embodiments thereof
with reference to the accompanying drawings which are used only for the purpose of illustration, those skilled in the art
will readily conceive numerous changes and modifications within the framework of obviousness upon the reading of the
specification herein presented of the present invention. Accordingly, such changes and modifications are to be construed
as included therein.

[Reference Numerals]

[0070]

1 analytical sample
3 primary X-rays
5 secondary X-rays
13, 23 quantitative analysis condition setting unit
14 standard sample

Claims

1. A sequential X-ray fluorescence spectrometer which irradiates a sample with primary X-rays and measures the
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intensities of generated secondary X-rays, the spectrometer comprising:

a plurality of standard samples to create calibration curves corresponding to analytical samples; and
a quantitative analysis condition setting unit configured to preset, as quantitative analysis conditions, with meas-
urement lines for the analytical samples, a half value width of a peak profile of each measurement line, sample
constituting elements and their contents of each standard sample, wherein
the quantitative analysis condition setting unit

performs qualitative analyses of the plurality of standard samples, to obtain, for each of measurement lines
identified in each standard sample, a peak angle obtained through peak search, background angles based
on the peak angle and the preset half value width of the peak profile, and a net intensity based on a peak
intensity at the peak angle and background intensities at the background angles,
sets, for each of the measurement lines, the peak angle of the standard sample at which no interfering line
is identified within a predetermined angle range centered on the measurement line and the peak intensity
is maximum, as a peak measurement angle of the measurement line for the analytical samples in the
quantitative analysis conditions, and
obtains, for each of the measurement lines, a single virtual profile by synthesizing peak profiles of the
plurality of standard samples subjected to the qualitative analyses, and sets the background angle on each
of a lower angle side and a higher angle side relative to the measurement line, as a background measurement
angle of the measurement line for the analytical samples in the quantitative analysis conditions, the back-
ground angles being based on the virtual profile and the preset half value width of the peak profile.

2. A sequential X-ray fluorescence spectrometer which irradiates a sample with primary X-rays and measures the
intensities of generated secondary X-rays, the spectrometer comprising:

a plurality of standard samples to create calibration curves corresponding to analytical samples; and
a quantitative analysis condition setting unit configured to preset, as quantitative analysis conditions, with meas-
urement lines for the analytical samples, a half value width of a peak profile of each measurement line, sample
constituting elements and their contents of each standard sample, wherein
the quantitative analysis condition setting unit

performs qualitative analyses of the plurality of standard samples, to obtain, for each of measurement lines
identified in each standard sample, a peak angle obtained through peak search, background angles based
on the peak angle and the preset half value width of the peak profile, and a net intensity based on a peak
intensity at the peak angle and background intensities at the background angles,
sets, for each of the measurement lines, the peak angle of the standard sample at which no interfering line
is identified within a predetermined angle range centered on the measurement line and the peak intensity
is maximum, as a peak measurement angle of the measurement line for the analytical samples in the
quantitative analysis conditions, and
obtains, for each of the measurement lines, background measurement angle ranges on the basis of the
peak profile of the corresponding standard sample and the preset half value width of the peak profile, and
sets an angle, which is closest to the measurement line within the background measurement angle range,
on each of a lower angle side and a higher angle side relative to the measurement line, as a background
measurement angle of the measurement line for the analytical samples in the quantitative analysis condi-
tions, the background measurement angle range being common to the plurality of standard samples sub-
jected to the qualitative analyses.

3. The X-ray fluorescence spectrometer as claimed in claim 1, wherein
the quantitative analysis condition setting unit sets, as new background measurement angles of the measurement
line for the analytical samples in the quantitative analysis conditions, the background measurement angles by which
the background intensity at the peak measurement angle of the measurement line is minimized when, in the virtual
profile, the background measurement angles of the measurement line which are set on the lower angle side and
the higher angle side relative to the measurement line are alternately brought closer to the measurement line within
a predetermined angle range, at a predetermined angle step.

4. The X-ray fluorescence spectrometer as claimed in claim 2, wherein
the quantitative analysis condition setting unit sets, as new background measurement angles of the measurement
line for each of the standard samples, the background measurement angles by which the background intensity at
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the peak measurement angle of the measurement line is minimized when, in the peak profile of the corresponding
standard sample, the background measurement angles of the measurement line which are set on the lower angle
side and the higher angle side relative to the measurement line are alternately brought closer to the measurement
line within a predetermined angle range, at a predetermined angle step, and
sets, on each of the lower angle side and the higher angle side relative to the measurement line, as a new background
measurement angle of the measurement line for the analytical samples in the quantitative analysis conditions, the
background measurement angle of the measurement line which is farthest from the peak measurement angle of
the measurement line, among the new background measurement angles of the measurement line for the plurality
of standard samples subjected to the qualitative analyses.

5. The X-ray fluorescence spectrometer as claimed in claim 1 or 3, wherein
the quantitative analysis condition setting unit obtains, for each of the measurement lines, a net intensity based on
the set background measurement angles of the measurement line for each of the plurality of standard samples
subjected to the qualitative analyses, and
when, in at least one of the standard samples, the obtained net intensity is negative and the absolute value of the
obtained net intensity is greater than a theoretical standard deviation of the net intensity, the quantitative analysis
condition setting unit cancels setting of the background measurement angle at which the background intensity is
higher in the virtual profile, of the background measurement angles of the measurement line which are set on the
lower angle side and the higher angle side relative to the measurement line.
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