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Technical field

The present disclosure relates to techniques for
selecting products on the basis of their composition
via X-ray fluorescence spectroscopy.

In particular, the present invention relates to
techniques for selecting and preventing mixing of
metal-matrix products, 1in particular in processes of

production of the aforesaid products.

Technological background

In the production flow of metal-matrix products,
such as production of steel alloys, three main
production steps are identified: smelting in the
steelworks, hot processing, and cold processing.

It is hence necessary to proceed to identification
and tracing of the products in their different
production steps in order to guarantee that each single
type of product, identified, for example, by a
composition of the product, the so-called product mark
or name, will follow the production path envisaged for
its purpose of use.

It is known to use for this purpose methods of
quality control that envisage carrying out chemical
analyses on samples, amongst which with the use of XRF
(X-Ray Fluorescence) spectroscopy instrumentation of a
contact portable type.

The XRF spectroscopy technique is a non-—
destructive technique of analysis that makes it

possible to discover the elementary composition of a
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sample through the study of X-ray fluorescence. X rays
are emitted by the atoms of the sample following upon
excitation, which is typically obtained by irradiating
the sample in contact with high-energy X-rays and gamma
rays.

The aforesaid XRF technique is used in the
industrial field for carrying out chemical analysis of
a product, on account of a series of advantages that
this technique affords, such as high precision and
repeatability of the method, the fact that complex
calibration procedures are not required, the short
times of analysis, and the wide analytical range that
can be determined.

XRF spectrophotometry analyses are usually carried
out with a static sample, i.e., one that is not moving,
set in contact with the analyser and at room
temperature. Moreover, the sample 1is pre-treated for
carrying out the measurement.

However, in order to select and avoid any mixing
of the products being processed within a production
cycle, it is problematical to carry out an XRF analysis
on line, where the sample or product, for example a
steel bar, may present in the following conditions:

- in the presence of different levels of
contamination, such as surface oil and oxides;

- moving at a rate that may range between 5 and
80 m/min;

- at temperatures higher than room temperature, up
to, for example, 1200°C.

This would hence require carrying out the analysis
not only with the bar stationary, but also with the bar
in axial movement, in different temperature conditions
(hot product, such as at output from an oven or along a
rolling line) 1in such a way as to monitor and compare

the product chemical analyses in the various processing
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steps with the chemical analyses made during casting.
Consequently, known solutions, which amount to
sample tests on material in stationary conditions along
the production line at room temperature and in contact
with the analyser, present limits that do not allow
chemical analysis to Dbe conducted 1in a continuous

production flow.

Object and summary

The object of the embodiments described herein is
to improve the apparatuses and processes according to
the prior art, as discussed previously.

Various embodiments achieve the above object
thanks to an apparatus having the characteristics
recalled in the ensuing claims.

The claims form an integral part of the technical
teachings provided herein in relation to the invention.

In particular, the solution described herein
regards an apparatus for selecting products on the
basis of their composition wvia X-ray fluorescence
spectroscopy, which comprises an X-ray source that
emits an X-ray beam towards a product sample, and a
particle detector for receiving an X-ray beam diffused
by said product sample and generating a signal received
that can Dbe analysed to determine a chemical
composition of said product sample and select a type of
product corresponding to said chemical composition of
the product sample, where the apparatus comprises: a
first wvacuum chamber located between an output of the
apparatus facing the product sample and said X-ray
source; and a second vacuum chamber located between
said output of the apparatus facing the product sample
and said detector.

In variant embodiments, the above apparatus for

selecting products on the basis of their composition
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via X-ray fluorescence spectroscopy further comprises
an optical module with polycapillary lens located
downstream of said X-ray source, which is configured
for focusing said X-ray beam and is moreover associated
in a vacuum-tight way to said first vacuum chamber.

In variant embodiments, the above apparatus
comprises a thermal shield between said first and
second vacuum chambers and said product sample,
comprising a window at said output of the apparatus. In
particular, it includes a housing comprising at least
one bottom portion configured for operating as thermal
shield, which 1is 1in particular made of ceramic
material.

In variant embodiments, the apparatus comprises a
mechanical arrangement configured for modifying an
angle between an axis of said X-ray beam and an axis of
observation of the detector in order to modify a
position, 1in particular the depth and/or the horizontal
position, of a focus of the X-ray beam.

In variant embodiments, the mechanical arrangement
comprises a mechanical sub-arrangement for varying an
angle of incidence calculated between the axis of the
beam and an axis perpendicular to the surface of the
sample, and a further mechanical sub-arrangement for
displacing the axis of observation to an angle of
observation with respect to the perpendicular axis in
an independent way.

In variant embodiments, the apparatus comprises a
module for measuring the height of the surface of the
product sample, in particular an optical
interferometer.

The solution described herein also relates to a
method for selecting products on the basis of their
composition wvia X-ray fluorescence spectroscopy that

uses an apparatus as described above.
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In variant embodiments the method envisages:

setting said selection apparatus in one or more
control points of a 1line for producing or conveying
products;

given types of product being processed in a given
time interval, defining a set of significant chemical
elements designed to recognise said types of product
being processed; and

acquiring via X-ray fluorescence spectroscopy a
measurement signal of a sample of said product
travelling along said production or conveying line and
analysing it limitedly to said set of significant
chemical elements.

In variant embodiments, the method envisages that
sald products are metal-matrix products and said line
is a steel-production line.

In variant embodiments, the method envisages
modifying an angle between an axis of said X-ray beam
and an axis of observation of the detector for varying
a depth of the focus of the X-ray beam, in particular
as a function of the height measured by said module for
measuring the height of the surface of the product
sample, said module being in particular an optical

interferometer.

Brief description of the drawings

Various embodiments will now be described, purely
by way of example, with reference to the annexed
drawings, wherein:

— Figure 1 shows the apparatus described herein;

- Figures 2a-2d shows a diagram of axes and
movements of the apparatus described herein;

- Figure 3 1is a cross—-sectional view of a part of
an implementation of the apparatus described herein;

— Figure 4 1is a schematic perspective view of the
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apparatus described herein; and
— Figure 5 1s a schematic illustration of a
context of application of the apparatus described

herein.

Detailed description

In the ensuing description numerous specific
details are provided in order to enable maximum
understanding of the embodiments provided by way of
example. The embodiments may be implemented with or
without specific details, or else with other methods,
components, materials, etc. In other circumstances,
well-known structures, materials, or operations are not
illustrated or described in detail so that aspects of
the embodiments will not be obscured. Reference in the
course of this description to "an embodiment”™ or "one
embodiment™ means that a particular peculiarity,
structure, or characteristic described in connection
with the embodiment i1s comprised in at least one
embodiment. Hence, phrases such as "in an embodiment"
or "in one embodiment" that may appear in various
points in the course of the present description do not
necessarily refer to one and the same embodiment.
Moreover, the particular peculiarities, structures, or
characteristics may be combined in any convenient way
in one or more embodiments.

The references are provided herein only for
convenience of the reader and do not define the scope
or the meaning of the embodiments.

Figure 1 1is a schematic illustration of an
apparatus 10 for selecting products on the basis of
their composition via X-ray fluorescence spectroscopy.
The aforesaid apparatus 10 comprises an X-ray source,
in particular an X-ray tube 11, which emits an X-ray

beam XB along an axis of the beam, which corresponds to
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an axis of incidence I, towards a product sample 20,
specifically a steel bar carried by a conveyor belt 51
in a conveying direction M. Downstream of the X-ray
tube 11, the X-ray beam XB passes through an optical
module 12 with polycapillary lens, substantially
comprising a polycapillary lens, the principal axis of
which is aligned to the axis of the beam XB, the module
12 being configured for focusing the X-ray beam in a
focused Dbeam XBC. The aforesaid focused Dbeam XBC
reaches the product sample 20 passing through a wvacuum
chamber 13 and 1is reflected, more specifically
diffused, in a reflected X-ray beam XBR, along an axis
of observation O. The aforesaid reflected X-ray beam
passes through a further vacuum chamber 14, set on the
axis of observation O and is collected and measured by
an energy-dispersion solid-state particle detector 15,
the axis of observation O of which, in the example, 1is
aligned to the axis of observation O. The wvacuum
chambers 13 and 14 give out onto the product sample 20
via respective Dberyllium windows, not illustrated in
Figure 1, which close an output terminal portion 13a of
the chamber 13 and an input terminal portion 1l4a of the
chamber 14 that face the product sample 20.

Basically, the source 11, the optical module with
polycapillary lens 12 and the vacuum chamber 13
identify a source assembly 111, whereas the wvacuum
chamber 14 and the detector 15 identify a detector
assembly 115. The portion 13a substantially corresponds
to the output for the focused beam XBC towards the
sample 20, which, as illustrated in Figure 4, in turn
corresponds to a window 45 of the Dbottom 44 of a
housing 43 that houses the components represented
schematically in Figure 1.

The apparatus 10 further comprises a system 18

for wvarying an angle o between the source and the
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detector, the system being configured for rotating the
axis of incidence I and the axis of observation O,
substantially about a respective axis of rotation of
the source and of the detector, perpendicular to the
plane of the drawing (direction Y, as described more
fully in what follows) and passing through the terminal
portion 13a and 1l4a, respectively, so as to vary the
aforesaid source—-detector angle o. As discussed also
hereinafter with reference to Figures 2a-2d, the
terminal portions 13a and l4a are preferably fixed in
an rotatable way, in particular on pins 13b, 14b
rotating about the aforesaid axes of rotation of the
source 11 and of the detector 15, whereas the rest of
the assemblies 111 and 114, basically in the median or
distal part thereof with respect to the portions 13a,
l4a, are constrained to move along an arc of a circle
(for example, the guides 33, 34 illustrated in Figure
3).

By wvarying the source-detector angle o, it 1is
possible to modify a depth d of the position of a
measurement focus F so as to excite the atoms present
on the sample 20 that is to be analysed, even in the
case where these are located underneath below an
undesirable surface layer of material (for example, a
layer of o0il or oxide, which may present a wvariable
thickness of the order of tenths of a millimetre)
without modifying the tool-to-target distance and
guaranteeing the possibility of always making
contactless measurements.

The interferometer 16, an axis of measurement of
which, perpendicular to the plane of the product sample
20, 1is designated by P, 1s used for measuring the
height of the profile of the surface of the product
sample 20. Via the combined use of the information on

the profile of the surface of the product sample 20 of
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the aforesaid interferometer 16 and via the system 18
for wvarying an angle Dbetween the source 11 and the
detector 15, it is possible to vary the source-detector
angle o according to the defectiveness of the sample,
understood as surface undulation, which may wvary in the
course of the measurement with the product moving.

As has been mentioned, the product sample 20,
i.e., in the example regarding a steel-production line,
the steel bar, is usually at a high temperature (up to
1200 °C) and is moreover moving. For these two reasons,
it is necessary to be able to make the XRF measurement
in short times, and in particular to move the X-ray
source 11 and the detector 15 away from the product 20
in order to prevent them getting damaged by the heat.
However, by so doing, the efficiency, precision, and
speed of measurement deteriorate.

The apparatus 10 described herein exploits the
presence of the wvacuum chambers 13 and 14 and of the
optical module 12 with polycapillary lens to follow the
product 20 along the axis of movement M.

The apparatus 10 moreover exploits the presence of
vacuum chambers 13 and 14 and of the optical module 12
with polycapillary lens, as well as additionally of a
thermal shield described more fully hereinafter, for
shielding the source 11 and the detector 15 from the
high level of heat of the product 20.

This as a whole enables reduction by a factor
greater than or equal to 10 of the measurement time
required for the XRF analysis, without forgoing a good
resolution, keeping the X-ray source and the detector
at a safety distance from the product under
examination.

The use of a vacuum system, represented by the
vacuum chambers 13 and 14, in addition to acting as

thermal insulation, enables improvement of the optical
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path of the X-ray beam, in particular of the focused
beam XBC and of the reflected beam XBR. In particular,
the intensity of the focused X-ray beam XBC does not
undergo any attenuation, apart from the passage through
the Dberyllium window and the attenuation due to the
residual distance in air (for example, 1.5 cm as
against approximately 10 cm in a conventional system).
Consequently, the attenuation of the beam is
drastically reduced, thus enabling recognition of
elements such as Si, P, S (in the so-called sulphur
marks), which, with the prior—-art techniques, yielded a
signal that was too weak to be detected, or else such
as V, Cr, Mn, Fe, and possibly also Co, Ni, Cu, which
vielded a weak signal (e.g., with a transmittance below
90%) and hence required longer measurement times to
acquire a significant measurement signal, times that
are not compatible with the high temperature of the
sample being measured.

The use of the optical module 12 with
polycapillary lenses moreover enables focusing on the
target, i.e., of the product 20, of the X-rays
produced, thus obtaining a larger number of
fluorescence X-rays and reducing the time of exposure
necessary to perform the required chemical analysis.
The ratio between the intensity of the X-ray beam that
reaches the sample 20 with the optical module 12 with
polycapillary lens and without the optical module 12
with polycapillary lens 1s greater than 10:1, i.e.,
greater by one order of magnitude. The measurement time
is reduced accordingly by one order of magnitude or
more.

Even though in Figure 1 the vacuum chamber 13 is
represented as a block set downstream of the optical
module 12 with polycapillary lens, in effect the

optical module 12 with polycapillary lens is contained



WO 2019/049000 PCT/IB2018/056637

10

15

20

25

30

35

11

within the wvacuum chamber 13, albeit in the part
furthest from the terminal portion 13. This means that
the entire path of the X-ray beam 1is in a vacuum,
without the intensity thereof Dbeing Jeopardized by
stretches in air. Moreover this prevents the
environmental conditions present in the production
site, 1in the case in point a steel-production site,
which involves high temperatures, dirt, and humidity,
from damaging the aforesaid optical module 12 with
polycapillary lens, which, in the configuration
proposed herein, 1is protected by the presence of the
vacuum itself.

The same applies to the detector 15 that is
contained in the vacuum chamber 14.

Represented in Figure 2a is a diagram that shows
schematically a first mode of movement of the apparatus
10 described, the apparatus 10 being illustrated in
greater detail in Figure 3.

As 1is also illustrated in what follows with
reference to Figure 3, terminal portions 13a and 1l4a
are preferably fixed in an rotatable way on rotating
articulation pins 13b, 14b, which turn about the
aforesaid axes of rotation of the source 11 and of the
detector 15, whereas the rest of the assemblies 111 and
114, basically in the median or distal part thereof
with respect to the portions 13a, l4a, are constrained
to move along an arc of a circle (for example, the
guides 33, 34 illustrated in Figure 3).

In Figure 2a, where the horizontal axis X,
parallel to the axis of movement M, and the wvertical
axis Z are represented (the axis Y exits from the plane
of the sheet and is not represented), it may be noted
how the aforesaid articulation pins 13b, 14b, and hence
the terminals 13a, 1l4a, are located at a short

distance, for example of approximately one centimetre,
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above the surface of the sample 20.

In this first mode, the source 11, i.e., the
source assembly 111, is displaceable in such a way that
the axis of incidence I of the X-ray beam XB varies an
angle of incidence 6i thereof, calculated between the
axis of incidence I and the perpendicular measurement
axis P, rotating about the articulation pin 13a. In the
same way, the detector 15 can be displaced so as to
align its own axis of observation O to an angle of
observation ©6o 1in order to follow the consequent
variation of inclination of the angle of reflection,
and hence of an axis of reflection R, of the beams. In
the first mode described with reference to Figures 2a
and 2b, it is hence envisaged to wvary the angle of
incidence 6i and the angle of observation 6o, the sum
of which determines the source-detector angle «, in a
symmetrical way, i.e., getting them to assume equal
values. In this way, a focus F varies its own position
along the axis Z, changing the depth d of the focus F,
in the sample 20, Dbut its horizontal co—ordinate
continues to correspond with the measurement axis P.
Preferably, via the mechanical arrangement of the
guides 33, 34 illustrated in Figure 3, the optical
module 12 with polycapillary 1lens and the vacuum
chamber 13, when the source-detector angle o varies,
rotate with the source 11, maintaining the alignment
along the axis of incidence I, and the same applies to
the chamber 14 and the detector 15.

With reference to Figures 2c and 2d a second mode
is illustrated, in which the angle of incidence 6i
varies with respect to the angle of observation 6o in
an independent way.

As i1llustrated in Figure 2c¢, this means that the
focus F 1is located at a depth d, but displaced by a
length W with respect to the position of the axis of



WO 2019/049000 PCT/IB2018/056637

10

15

20

25

30

35

13

measurement P when the angles are symmetrical, as in
Figure 2Db.

In this way, for example, as illustrated in Figure
2d, i1t 1is possible to displace and incline in a
different way the axis of observation (represented by
the axes 03, 02, ©03), to obtain three different
positions (w1, di) (wy, dz) (w3, diz). As illustrated in
Figure 2b, by varying the source-detector angle ¢,
which is sum of the angle of incidence ©i and angle of
observation 6o, 1f the focused X-ray beam XBC 1is
focused in the focus F, the depth d of the aforesaid
focus F can be varied. The source-detector angle o 1is
preferably referred to rotation with respect to the
intersection of the axis of incidence I with the axis P
of Figure 2.

Figure 3 illustrates, in cross—-sectional view in a
plane substantially defined by the axis of incidence I
and the axis of reflection R, an implementation of the
apparatus 10 for selecting products on the basis of
their composition via X-ray fluorescence spectroscopy.
As may be noted, a frame 30 1is provided that has a
central body 30a, which in the bottom part comprises a
horizontal bracket 31 that projects outwards from the
body 30a and supports the wvacuum chamber 13. The
aforesaid vacuum chamber 13 substantially has the shape
of a conical nozzle, kept in vacuum conditions, the
tapered output part of which, i.e., the terminal
portion 13a, gives out onto the sample 20 (not
illustrated in the figures) and is in turn contained
within a chamber 17 of ceramic material for further
thermal insulation. A horizontal bracket 32 moreover
projects outwards from the bottom part of the body 30a
in a direction opposite to the direction of projection
of the bracket 31 and supports the wvacuum chamber 14,

which is also shaped like a conical nozzle with tapered
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output part, i.e., the terminal portion 1l4a, giving out
onto the sample 20 and is contained in a corresponding
chamber 19 of ceramic material, as well as the detector
15.

Provided on the horizontal brackets 31 and 32 are
respective guides 33 and 34 shaped like an arc of a
curve. The vacuum chambers 13 and 14 are associated to
the guides via slides 35 and 36, fixed in their top or
distal part with respect to the portions 13a, 1l4a. The
portions 13a and 1l4a are, instead, fixed to the frame
30 so as to be able to rotate about perpendicular axes
passing through the aforesaid portions 13a, l4a. Motor-—
driven actuators, not illustrated in Figure 1, move the
chambers 13 and 14, i.e., the assemblies 111 and 115,
along the guides 33 and 34, whereas the ends 13a, l4a
remain fixed, thus causing variation of the inclination
of the axes I and O with respect to the aforesaid
points of articulation represented by the portions 13a
and l4a.

Hence, Dbasically, the mechanical components 33,
34, 35, 36 13b, 14b identify a mechanical arrangement,
or mechanical system, configured for modifying an angle
o between an axis I of the aforesaid X-ray beam XB and
an axis of observation O of the detector 14 in order to
modify a position, in particular a depth d and/or a
horizontal position w, of a focus F of the X-ray beam
XB. As has been said, this arrangement comprises a
mechanical sub—arrangement identified by the mechanical
components 33, 34, 13b for wvarying an angle of
incidence 6i calculated between the axis I of the beam
XB and an axis P perpendicular to the surface of the
sample 20, i.e., the measurement axis, and a further
mechanical sub-arrangement identified by the mechanical
components 35, 36, 14b for displacing the axis of

observation O to an angle of observation 6o with
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respect to the perpendicular axis P in an independent
way, so as to be able to vary also the horizontal co-
ordinate w of the focus F.

Figure 3 also illustrates how the optical module
12 with polycapillary lens comprises a polycapillary
lens 12a and an orientation support 12b associated to
the source 11 so that it can translate and rotate along
a plurality of axes in order to align the polycapillary
lens 12a correctly.

Figure 4 illustrates, instead, a housing 44 of
the apparatus 10, which contains within it the frame 30
with all the components of the apparatus 10 represented
in Figure 3 (or represented schematically in Figure 1).
The aforesaid housing 43, substantially shaped like a
tank or Dbasket, has a Dbottom part 44, facing the
product sample 20 and provided with an output window
45, through which there can pass the focused X-ray beam
XBC at output from the apparatus 10 and the reflected
X-ray beam XFR, as well as the beam of the optical
interferometer 16. In this regard, represented in
Figure 4 are the respective axes of incidence I,
reflection R, and interferometric measurement P, which
exit from the aforesaid output window 45. Since the
aforesaid bottom part 44 faces the product sample 20,
it is configured as thermal shield, in particular made
of ceramic material of the type used as thermal shield
in the aerospace industry, for example, ceramic silica.
The window 45 1is represented dashed also in Figure 3,
to facilitate understanding even though the housing 43
is not represented therein.

The housing 43 moreover has, in its top part, bars
46 and 47 for fixing it to a positioning system, for
example, a robot manipulator 52, as discussed with
reference to Figure 4.

Moreover designated by 49 1is a pneumatic safety
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shutter. The aforesaid shutter 49 rotates for closing
the window 45 so as to prevent passage of the beam XBC
except when the measurement is made. In other words,
the shutter 49, illustrated open in Figure 4 for
carrying out the measurement, 1is normally closed. The
shutter 49 comprises in a portion 4%9a thereof for
closing the window 45 a plate of a known chemical
composition, for example steel of a known mark, for
calibrating the apparatus 10.

Hence, in general with reference to Figures 1 to
4, an apparatus 10 for selecting products on the basis
of their composition via X-ray fluorescence
spectroscopy has been described, which comprises an X-
ray source 11 that emits an X-ray beam XB towards a
product sample 20, and a particle detector 15 for
receiving an X-ray beam XBR diffused by said product
sample 20 and generating a signal received that can be
analysed to determine a chemical composition of said
product sample 20 and select a type of product
corresponding to said chemical composition of the
product sample 20, said apparatus 10 comprising a first
vacuum chamber 13 located between an output, the window
45, of the apparatus 10 facing the product sample 20
and said X-ray source 11, and a second vacuum chamber
14 located between said output 45 of the apparatus 10
facing the product sample 20 and said detector 15,
where the apparatus 10 also comprises an optical module
12 with polycapillary lens located downstream of said
X-ray source 11, configured for focusing said X-ray
beam XB and moreover associated in a vacuum-tight way
to said first vacuum chamber 13, in particular upstream
of said first vacuum chamber 13.

Figure 5 represents schematically a context of use
of the product-selection apparatus 10 described herein.

The aforesaid apparatus 10 operates under the
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control of a control module 60, which is configured for
controlling operation of the XRF system, i.e., in
particular of the source 11, of the detector 15, of the
interferometer 16, and of the system 18 for varying the
angle.

The aforesaid control module 60 comprises a
software analysis module 61 that receives an XRF
measurement signal Y of the apparatus 10, i.e., of the
detector 15, and analyses it to determine a chemical
composition of the product sample 20 travelling along
the production line, which in the figures is designated
by the reference 50 and comprises, inter alia, the
conveyor 51 on which the apparatus 10 operates.

The aforesaid software analysis module 61 receives
as input a list LS of significant chemical elements for
recognising the products Dbeing processed on the
production 1line 50, for example referred to a given
time interval, for instance within one day, one week,
or one month. The aforesaid list LS relates in general
to a reduced set as compared to the set of chemical
elements that can be identified by the apparatus 10.

The software analysis module 61 is connected in an
access relationship to a database CDB, stored in the
records of which are at least the reference chemical
compositions corresponding to the wvarious types of
product being processed in the time interval or that
can be processed on the production line, or else to the
casting composition.

The software analysis module 61, on the basis of
the measurement signal Y, the list LS, and the data
contained in the database CBD, identifies the type of
product C and supplies it to a decider module 62, which
on the Dbasis thereof, issues a command to the
production line 50 to perform an action. For instance,

if the product 20 passing is of an unexpected type C,
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it can issue commands to branching points downstream of
the control point in which the apparatus 10 operates in
order to convey the unexpected product 20 towards the
reject line, so as to prevent mixing of products 20 of
a different type, 1in particular of steel Dbars of a
different mark.

It should be noted that the control module 60 also
receives a synchronisation signal T from the production
line, i.e., for example a signal that supplies the time
scan at which the samples present on the conveyor 51 so
as to be able to synchronise the measurement
operations.

The control module 60, in this regard, is also
configured for controlling a robot manipulator 52,
which moves the apparatus 10, for example along the
conveyor 51, according to the reguirements of
measurement and operation of the production line.

The control module 60 1is moreover connected,
through a network 70, which may be the Internet or a
mobile-telephone network or a communication network of
some other type, to terminals 80, personal computers,
and/or smartphones, and/or tablets, with are equipped
with applications for communicating with the control
module 60 both for displaying data and for sending
commands.

The software analysis module 61 1is in general
configured for carrying out the following functions on
the measured signal Y:

- acquisition;

— correction;

— smoothing;

- removal of noise;

— detection of peaks of the spectrum obtained from
the measured signal Y;

— operations of non-linear fitting of the data of
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the spectrum;

— integration of the peaks;

— calculation, from the value of the peak
integral, of concentrations of chemical elements for
determining the chemical composition of the sample
measured; and

— comparison of measured chemical compositions c
with compositions stored in the database DCB, in
particular for recognising the type C of product.

Not necessarily can all the operations, in variant
embodiments of the solution described herein, be
present in the analysis; for example, one or more of
the operations of correction, smoothing, and removal of
noise may not be present, but a possible embodiment
comprises the operations referred to above in the order
in which they are presented.

Hence, the apparatus 10 described for selecting
products on the basis of their composition wvia X-ray
fluorescence spectroscopy in a production line 50 may
be installed along the various processing 1lines, for
example before each branching, at input and/or at the
end of each different processing line.

As mentioned previously, the apparatus 10 must be
able to perform the chemical analysis and recognition
of moving targets, at speeds that may reach 80 m/min.
It is thus necessary to complete the measurement in a
short time.

For this purpose it is envisaged to supply, prior
to the measurement made by the apparatus 10, the
indication of what are the significant chemical
elements for discriminating the different types C, or
marks, of product 20 being processed, i.e., the list
LS. This makes 1t possible to establish 1in shorter
times recognition of the type of product 20 being

processed and hence prevent problems of mixing between
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the different types of product 20, in the example
described herein mixing between different long metal-
matrix sectional elements.

In fact, once the apparatus 10 the carries out the
XRF spectroscopy measurement has made the quantitative
measurement, i.e., the measurement of the values of
concentration of the chemical elements present in the
product 20 being measured and necessary for recognition
of the type of product being processed, for example
limitedly to the ones indicated in the 1list LS, it is
sufficient to compare the results of the aforesaid
analysis with the data of a reference chemical
composition, for example the casting chemical
composition or the chemical composition of the type of
product, i.e., of the mark, stored in the database CDB
in order to recognise the type of product 20 and
prevent mixing between the different products, for
example long metal-matrix sectional elements.

Since the aforesaid comparison, which in general
may envisage verification of the concentrations of all
or a large number of chemical elements, is preferably
made via measurement with respect to the list LS of
significant chemical elements, which is a reduced set,
is much faster and enables limitation of the
measurement time, and hence exposure of the apparatus
10 to high temperatures.

With the apparatus 10 described, it is possible to
carry out control, for example via the module 60 that
controls the 1line 50, in any point of the production
line, for example at the start or at the end of a new
processing operation, in the presence of a junction. In
general, there are in any case no limits to the number
of control points that can be used on the lines.

Hence, 1in a general form, the solution described

herein is aimed at a method for selecting products on
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the basis of their composition via X-ray fluorescence
spectroscopy that uses an apparatus like the apparatus
described herein, which envisages:

setting said selection apparatus in one or more
control points of a line for producing or conveying
products;

given types of product being processed in a given
time interval, defining a set of significant chemical
elements designed to recognise said types of product
being processed; and

measuring a chemical composition of a sample of
said product travelling along said production or
conveying line limitedly to said set of significant
chemical elements.

Hence, from what has been said so far, the
solution described and the corresponding advantages
emerge clearly.

The apparatus according to the invention
advantageously makes it possible to conduct a chemical
analysis on samples of product in a continuous
production flow.

The apparatus described, thanks to introduction of
the vacuum chamber and of the module with polycapillary
lens, solves the problem of intense heat thanks both to
the thermal insulation and to the shorter acquisition
time.

The aforesaid components also enable optical
improvements in following the product along the axis of
movement.

This as a whole enables considerable reduction of
the times of analysis without forgoing a good
resolution, maintaining the X-ray source and the
detector at a safety distance from the product under
examination.

Advantageously, the vacuum chambers also prevent
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the environmental conditions present in the production
site, 1in the case in point a steel-production site,
which involve high temperatures, dirt, and humidity,
from damaging the optical modules, but also the source
or the detector.

Of course, without prejudice to the principle of
the invention, the details and embodiments may vary,
even significantly, with respect to what has Dbeen
described herein purely by way of example, without
departing from the sphere of protection. The aforesaid
sphere of protection is defined by the annexed claims.

The apparatus and method described and claimed
herein are preferably applied to the selection of
metal-matrix products, for example steel sectional
elements, which travel on the lines at high
temperatures.

However, the apparatus and method described herein
apply also to products that are not necessarily metal
products, but the composition of which can be analysed
via XRF spectroscopy. In addition, of course, it 1is
possible to examine also products at temperatures such

as not to cause damage to the apparatus.
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CLAIMS

1. An apparatus for selecting products on the
basis of their composition via X-ray fluorescence
spectroscopy, comprising an X-ray source (11) that
emits an X-ray beam (XB, XBC) towards a product sample
(20), and a particle detector (15) for receiving an X-
ray beam (XBR) diffused by said product sample (20) and
generating a received signal that can be analysed to
determine a chemical composition of said product sample
(20) and select a type of product corresponding to said
chemical composition of the product sample (20),

sald apparatus being characterized in that:

it comprises a first vacuum chamber (13) located
between an output (45) of the apparatus (10) facing the
product sample (20) and said X-ray source (1l1l), and a
second vacuum chamber (14) located between said output
(45) of the apparatus (10) facing the product sample
(20) and said detector (15).

2. The apparatus according to Claim 1,
characterized in that said apparatus (10) further
comprises an optical module (12) with polycapillary
lens located downstream of said X-ray source (11),
which is configured for focusing said X-ray beam (XB)
and 1s moreover associated in a vacuum-tight way to
said first vacuum chamber (13).

3. The apparatus according to Claim 1 or Claim 2,
characterized in that said apparatus (10) for selecting
products on the basis of their composition via X-ray
fluorescence spectroscopy comprises a thermal shield
(44) Dbetween said first (13) and second (14) wvacuum
chambers and said product sample (20), comprising a
window (45) at said output of the apparatus (20).

4. The apparatus according to Claim 1,

characterized in that it comprises a mechanical



WO 2019/049000 PCT/IB2018/056637

10

15

20

25

30

35

24

arrangement (16; 33, 34, 35, 36, 13b, 14b) configured
for modifying an angle (a) between an axis (I) of said
X-ray beam (XB) and an axis of observation (0O) of the
detector (14) in order to modify a position, in
particular the depth (d) and/or the horizontal position
(w), of a focus (F) of the X-ray beam (XB, XBC).

5. The apparatus according to Claim 4,
characterized in that said mechanical arrangement (16;
33, 34, 35, 36, 13b, 1l4b) comprises a mechanical sub-
arrangement (33, 34, 13b) for varying an angle of
incidence (61i) calculated between the axis (I) of the
beam (XB) and an axis (P) perpendicular to the surface
of the product sample (20), and a further mechanical
sub-arrangement (35, 36, 14b) for displacing the axis
of observation (0O) to an angle of observation (60) with
respect to the perpendicular axis (P) in an independent
way.

6. The apparatus according to any one of the
preceding claims, characterized in that it comprises a
module (16) for measuring the height of the surface of
the product sample (20), in particular an optical
interferometer.

7. The apparatus according to any one of Claims 2
to 6, characterized in that it comprises a housing
(43), which includes at least one bottom portion (44)
configured for ©operating as thermal shield, in
particular made of ceramic material.

8. A method for selecting products on the basis of
their composition via X-ray fluorescence spectroscopy
that uses an apparatus according to any one of Claims 1
to 7.

9. The method according to Claim 8, characterized
in:

setting said selection apparatus (10) in one or

more control points of a line (50) for producing or
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conveying products;

given types (C) of product being processed in a
given time interval, defining a set (LS) of significant
chemical elements designed to recognise said types (C)
of product being processed; and

acqguiring wvia X-ray fluorescence spectroscopy a
measurement signal (Y) of a sample (20) of said product
travelling along said production or conveying line (50)
and analysing it limitedly to said set of significant
chemical elements (LS).

10. The method according to Claim 8 or Claim 9,
characterized in that said products are metal-matrix
products and said line is a steel-production line.

11. The method according to Claim 8 or Claim 9,
characterized in that it comprises modifying an angle
between an axis (I) of said X-ray beam (XB) and an axis
of observation (0) of the detector (14) for wvarying
and/or modifying a position, in particular the depth
(d) and/or the horizontal position (w), of a focus (F)
of the X-ray beam (XB), in particular as a function of
the height measured by said module (16) for measuring
the height of the surface of the product sample (20),
said module (16) being 1in particular an optical

interferometer.



