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DESCRIPTION

The invention relates to a method for separation of at least
cne catalyst from a homogeneous mixture of catalysts, with
this separation being based on a detection of compositional
difference owing to LIBS technology, and at least one of these
catalysts is then regenerated to be reused for a new catalytic

cycle.

PRIOR ART

There is a large variety of types of catalysts and adsorbents.
A significant volume relates to the applications in the field
of petroleum refining, petrochemistry, chemistry, and the

treatment of natural gas.

The catalysts contain constituent elements (metals) that
impart to the catalyst the catalytic properties that are
required Zfor treating certain gaseous streams or petroleum
fractions, such as Ni, Co, Mo, W, in particular for the
hydrotreatment and hydroconversion catalysts, such as Pd, Pt,
Ni, Cu, Cr, in particular in methods for hydrogenation,

dehydrogenation, isomerization, reforming, hydroconversion.

One of the refining methods using <catalysts 1is the
hydrotreatment or hydroconversion (hydroprocessing) that
consists in treating petroleum feedstocks to either convert
them into lighter products, or to refine them, i.e., to purify
them.

The hydrotreatment/hydrocracking catalysts consist of a
sulfide-type active phase of metals Ni, Co, Mo or W with an
alumina or silica-alumina substrate. These catalysts are used
in reactors under hydrogen pressure, which contain several
tens to several hundreds of tons of catalysts. A reactor
always contains different types of catalysts. Even 1if they
are in general from the same family, namely containing the

metals Ni, Co, Mo or W, they can have a different shape or a
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different composition.

The service life of a catalytic hydrotreatment reactor is from
1 to several years. At the end of a cycle, the performance of
the catalysts has decreased so much that the unit should be
shut down and the ceatalysts unloaded from the reactors. Then,
they can be treated as waste or then undergo an oxidizing
regeneration that allows them to regain performance levels

close to those of new products.

Today, only about 20 % of these hydrotreatment/hydrocracking
catalysts are regenerated after review to then be reused. The
remaining 80 % become waste treated for recovery of reusable
metals. This regeneration rate is low, and it brings with it
additional costs for the user network and strategic metal

losses, with the recycling of the metals always being carried

X

cut with yields of much lower than 100 %.

The reasons for non-regenerabllity of the hydrotreatment

catalysts are four in number.

The first is a sintering either of the substrate or of the

active phase, and the catalyst 1s considered to be

irrecoverable.
The second is contamination: the catalysts are polluted by
elements conveyed by the petroleum feedstock. The same 1is

true for vanadium, which is contained in the heavy fractions

of crude.

The third reason is that they have lost a portion of their
properties, in particular properties of mechanical strength,
Thus, they become too fragile or have an inappropriate shape

to be reused.

These three reasons for non-regenerability are standard and do
not relate to the hydrotreatments but are applied to many

cther types of catalyst.
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A fourth reason relates more specifically to this invention.

It also projects beyond the field of refinery hydrotreatments.

The non-regenerability can stem from the fact that several
types of these catalysts are lcaded into the same reactor, in
order to optimize the overall performance of the reactor, with
the catalysts having varied activities or selectivities for

different reactions.

However, during the operations for unloading reactors at the
end of the cycle, the catalysts are inevitably mixed with one
another. Actually, even when the catalysts are loaded
separately according to layers (beds or stacks) that are quite
distinct, the emptying has the effect of mixing these
different layers, because experience shows that the emptying
process follows an hourglass-type law rather than a piston-
flow law, meaning that all of the layers of possibly different

products become mixed.

In this case, the catalysts are no longer reusable, with the
users requiring relocading catalysts of a specific type and not
mixtures. Such mixtures are considered to be waste and are

redirected to recycling industries for recovery of metals.

For example, the hydrotreatment reactors are often loaded with
multiple types of catalysts; thus, different commercial
names, different compositions that allow different catalytic
actions, for example, CoMo and NiMo catalysts (mixture of
cobalt/nickel and molybdenum and alumina), or NiMo/alumina
substrate catalysts, and  NiW (nickel/tungsten)/alumina
substrate and zeolite catalysts. If they have different grain
sizes, they can be separated by mechanical sorting. If they
have the same grain size, and if they have been loaded into
the same bed of the same reactor, they will be unloaded in a
mixture. They are then not reusable in a mixture as such
after regeneration and therefore become waste because no known

technology makes it possible to separate them.
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Certain dehydrogenation catalysts, containing chromium at a
level of 10 to 25 % of Crz03, can be used not in the pure state
but in a mixture with an inert product, catalytically non-
active, typically an alumina, for reasons of thermal balance.
When the catalyst is spent, it 1s unloaded with its diluent.
It is therefore appropriate to separate the catalyst that
contains metals from the aluminum diluent to recycle the

catalyst in an optimal way.

This is the problem raised by this fourth reason that the

invention proposes to solve.

The articles "Le projet Trisur, lauréat du concours mondial de
l'innovation" by Yamina Tayeb, La Tribune (02-09-2014) and
"Encore 15 milliards & distribuer" by Solene Davene, L'Usine
Nouvelle (11-09-2014) describe the use of the LIBS technique

for sorting catalysts containing Co or Mo or W.

The patent application US2009/000992 describes the sorting of
catalysts after heat treatment on the basis of their coloring

after heat treatment.

DESCRIPTION OF THE INVENTION

The invention relates more specifically to a method for
separation of at least one catalyst or adsorbent from a
homogeneous mixture in size and/or in shape of catalysts
and/or adsorbents being in the form of beads or cylindrical
extrudates, trilobes, or multilobes, said catalysts or
adsorbents having been used in a method for treatment of gas
or hydrocarbon feedstock, method in which the catalyst grains
or adsorbents are separated according to a sorting threshold
corresponding to a content of said element and defined by the

user, method in which:

- The catalyst grains of said mixture run past an LIBS

detection system that detects the wavelength that 1is
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characteristic of said constituent element,

- The analyzing device associated with LIBS processes the
signal sent by the detection system by comparing it to a set-

point value that indicates the sorting threshold,

- The analyzing device sends a signal to order the
evacuation of grains according to the content thereof in said
element, and at least 2 batches are obtained: at least one
batch of catalysts heavily loaded with said element in
relation to the sorting threshold and at least one batch of
catalysts lightly loaded with said element in relation to the
sorting threshold,

- And at least one of the batches of catalysts that are
lightly loaded with said element is recycled into said gas or
hydrocarbon batch Treatment method after possible

regeneration.

The invention can also be applied to adsorbents or mixtures of

catalysts and adsorbents.

Constituent element is defined as an element of the
composition of the catalyst or the adsorbent in the fresh (or
new) state, 1.e., Dbefore use in the gas or hydrocarbon

feedstock treatment methods.

The invention is implemented when the catalyst that is to be
separated contains as a constituent element a non-metal
element, selected from the group that is formed by phosphorus,
boron, lithium, sodium, potassium, calcium, chlorine, silicon,
and/or containing aluminum, titanium, or chromium, copper,

zinc.

The invention relates more specifically to a method making it
possible to sort catalysts or adsorbents that contain
phosphorus from other <catalysts or adsorbents without

phosphorus, or that have significantly lower phosphorus
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content.

The invention relates more specifically to a method that makes
it possible to sort a catalyst or adsorbent that contains
boron from other catalysts or adsorbents without boron, or

that have a significantly lower boron content.

The invention relates more specifically to a method that makes
it possible to sort a catalyst or adsorbent that contains a
silica-alumina - amorphous or crystallized (zeolite) - from
other catalysts or adsorbents without silica-alumina. In this
case, the compositional detection can be carried out on the
element Si contained in the fraction that contains the silica-

alumina.

The invention more specifically relates to a method that makes
it possible to sort a chromium-containing catalyst from a
mixture with other solids, catalytic or not, without chromium.
These other solids can be a diluent that consists essentially
of alumina, an arrangement that is found on the guard bed that
is at the top of the reactor and that comprises one or more

catalytic beds downstream from said guard bed.

The invention more specifically relates to a method making it
possible tc sort a catalyst that contains a so-called mass or
non-supported hydrotreatment catalyst, essentially containing
metals in the oxide or sulfide state (more than 50% by
weight), other supported catalysts with a smaller content of
metals (less than 30%). In the case where the substrate of
the supported catalyst is alumina, it will be possible to

perform the compositional sorting on the element Al.

The catalysts are used in methods for treatments of gas of
different compositions or treatments of hydrocarbon
feedstocks. Among the gas treatments, it is possible to cite
the Claus method, and tail gas <treatments. For the
hydrocarbon feedstocks, it 1s ©possible to mention the

catalysts that are used in the methods for hydrotreatment,
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hydrocracking, and hydroconversion of distillates, as well as
applications of hydrogenation, dehydrogenation, isomerization,

reforming.

The substrate [is] generally based on (or advantageously
consists of) alumina, silica-alumina, titanium oxide; in the
hydrocracking and hydroconversion catalysts, zeolite

(crystallized silica-alumina) can be present.

According to the invention, the dwell time of a grain in front
of the LIBS detection system is less than 50 ms

(milliseconds), and preferably less than 10 ms.

The method according to the invention makes it possible to
detect and to sort a number of grains that is greater than 20
grains per second, preferably greater than 50 grains per
second, and even greater than 100 or 200 grains/s and that can

reach up to 1,000 grains/s or more.

In a preferred way, the grains flow in such a way that their
spacing 1is between zero and their characteristic largest
dimension. The measurement frequency is between 1/t and 1/2t,
with t being the dwell time of the grain in front of the LIBS

detection system.

Advantageously, the spacing between the grains is at maximum
equal to their characteristic largest dimension. This makes
it possible to maximize the gquantity of material that is

treated for a given flow rate of the grains.

Advantageously, the detection system is positioned in such a
way that the depth of the field of analysis above the surface
of the transport means is between 1/3 and 3 times the

characteristic smallest dimension of the grain.

The object of the invention is to propose, for catalysts or
adsorbents, which are objects of homogeneous and well-defined

shape (cylindrical extrudates, trilobes or multilobes, balls),
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a sorting method using the very fast LIBS on-line detection

means.

The Catalysts or Adsorbents:

The catalysts are objects that are well defined in shape, size
and composition. Their mixture can be separated according to
the invention when this mixture is homogeneous, and quite
obviously when there 1is a difference in the level of
constituent element (s) (presence or absence, content) and when
this difference can be detected by LIBS.

The length of the extrudates has a certain distribution around
a mean value, this being due to a certain wvariability of
length during the production of catalysts or adsorbents, but
also to phenomena of attrition and breakage of extrudates that
undergo a c¢ertain reduction in length as a result.
Hereinafter, the mean length of the extrudates will be

referred to as the characteristic largest dimension.

The diameter of a ball or a cylindrical extrudate, or else the
circumscribed diameter that is tangent to the peaks of the
lobes for a trilobe or a multilobe, is defined as the
characteristic smallest dimension of a particle. 1In a general
manner, the term diameter will be used in the entire text as
being the characteristic smallest dimension regardless of the

particle type.
The diameter of the particles (or grains) is in general well
defined, and its dispersion is in general small compared to

its mean value.

The Homogeneous Mixture

According to the invention, the catalysts to be sorted come in

the form of a homogeneous mixture.

“Homogeneous mixture” is defined as a mixture in which the
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catalysts have a homogeneous size and/or a homogeneous shape.

“Homogeneous size” means that the diameters are very close.

In general, the catalyst has the shape of balls, or
cylindrical extrudates, trilobes or quadrilobes or multilobes
with a diameter that is often between 0.5 and 3 mm (often
close to 0.9 - 1.5 mm) and with a length that is equal to 2 to
5 times the diameter of the extrudates. It can be shaped in
the form of balls of 0.5 to 10 mm, preferebly between 0.5 and
5 mm in diameter, or pellets. The catalysts can also be used
in the form of dispersed powders, whose diameter is in general
less than 200 microns, but this shaping does not relate to the

cbject of the invention. Figure 3 shows grain shapes.

It should be noted that these shapes sometimes have defects
associated with the production method. For example,
extrudates are sometimes slightly curved over the length.
These defects &are acceptable in the implementation of the

method according to the invention.

This homogeneous mixture could be obtained at the end of the
preliminary separation step (pre-sorting) ©based on the

physical properties.

This pre=-sorting can be performed on catalysts having a

different diameter.

This pre-sorting can also be carried out on a mixture that
contains grains of similar diameter, but for which it will be
desired to eliminate the particles that are too short, which
are not reusable, and which it is suitable to eliminate before
the compositional sorting, This pre-sorting can be performed
by, for example, sieving or another technique that is known to
one skilled in the art for separating solids by their size, or

any other sorting method (sorting by density..).

This pre-sorting is advantageous, for example, for separating

the elements that are loaded at the top of the reactor, so-
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called elements of the guard layer, or of the guard bed.
These elements are often mixed during an unloading with the
catalysts that are located in the lower layers. These
elements can be balls, rings, extrudates, pellets, which may
or may not contain catalytic elements. They should be
separated before the upgradable catalysts or adsorbents are
subjected to the compositional sorting system with LIBS

detection.

This pre-sorting is also advantageous in the case of catalysts
of different shapes (for example, cylindrical or multilobed)
having different diameters, for example a mixture of 1.5 mm
and 3 mm. The conventional mechanical separation techniques,
the sieving, for example, can be implemented for recovering

each product.

It can also happen that two catalysts or adsorbents of the
same shape and dimension but of different composition are
loaded into the same reactor. In this case, the invention
makes it possible to solve the problem posed by the selective

recovery of one or more of the components of the mixture.

The Components of the Catalyst

The substrate of the catalysts or adsorbents is generally
based on (or preferably consists of) alumina or silica-alumina
or titanium oxide, with the optional presence of zeolite in
particular for the catalysts for hydrocracking, for

hydroconversion of distillates, or for hydrotreatment.

The catalysts contain constituent elements (metals) that
impart to the catalyst the catalytic properties that are
required for treating certain gaseous streams or petroleum
fractions, such as Ni, Co, Mo, W, in particular for the
catalysts for hydrotreatment and hydroconversion, such as Pd,
Pt, Ni, Cu, Cr, in particular in methods for hydrogenation,

dehydrogenation, isomerization, reforming, hydroconversion.
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The active phase of the catalysts for hydrotreatment and
hydrocracking contains sulfides of cobalt, nickel, molybdenum
or tungsten, which are supported, generally on alumina. The
new catalyst is initially prepared with oxides of these
metals, which are then sulfurized. In general, the CoMo,
NiMo, NiCoMo or NiW combinations are found based on the
reaction objectives. With the initial composition of nickel
oxide or cobalt oxide being in general between 2 and 10% by
weight on the catalyst, and the composition of molybdenum or
tungsten oxides being close to 15 to 30% by weight [sic]. The
case of non-supported catalysts, so-called mass cetalysts,
which then essentially contain mixtures of metal salts in
their composition, for example essentially in the activated

state of the sulfides of Ni, Mo, W, also exists.

The catalyst may or may not contain phosphorus or boron, which
are dopant-type elements used to improve the performance of
the products. The hydrotreatment reactor can contain various
catalysts of the same form and of different composition of P
and B and that cannot be reused as a mixture after unloading
from the reactor, The invention then makes it possible to
sort catalysts that contain phosphorus from other catalysts
without phosphorus, or that have a significantly smaller
content of phosphorus, or a catalyst that contains boron from
other catalysts without boron, or that have a significantly

smaller content of boron.

The catalyst may or may not contain silicon; this is the case
of catalysts that have a substrate containing silica-alumina.
The former can be of the amorphous or crystallized type, in
which case this is in general a zeolite. This amorphous or
crystallized silica-alumina is added, for example, when an
acid group is desired to promote the cracking of hydrocarbon

molecules.

The hydroconversion catalysts contain the element Si, with
contents of between 1 and 45%, preferably between 2 and 40%,

and in a more preferred manner between 3 and 30%. As a
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reminder, the hydrotreatment catalysts contain Si contents

that are often less than 2, and even 1%.

Certain hydrocracking catalysts contain, for example, an NiMo
or NiW phase combined with a mixture of zeolite (or amorphous
silica-alumina) and alumina. They are in general lcaded in a
reactor located downstream from another reactor that contains
one or more NiMo/alumina catalysts. Sometimes, however, they
are loaded into the same reactor in the lower layers of this
reactor. They are often loaded into beds separated from these
reactors, but in some cases, they can be in the same bed.
Upon unloading, for different types of reasons, there can be a

mixing there between these two catalyst types.

Other specific hydrocracking applications fall within the
category of dewaxing or hydrodewaxing or catalytic
deparaffination. The object of the applicaticen is to
eliminate selectively the linear paraffins that deteriorate
the <cold strength ©properties of the gas-¢cil, or the
characteristics of the lubricants. One example is shown in
the patent US-4,347,121 of the Chevron Company, which
describes the concatenation of a dewaxing catalyst with a
hydrotreatment catalyst, called a hydrofinishing catalyst.
The dewaxing catalyst consists of ZSM5b-type zeolite and
alumina, whereas the finishing catalyst contains Pd and a

silica-alumina.

The invention makes it possible to separate the mixtures of

these types of catalysts owing to their different composition.

Another mixing case is illustrated in the patent US 8,063,261,
which mentions the use of eta-alumina mixed with a catalyst
that contains chromium in the application for dehydrogenation
of a C3 or C4 hydrocarbon feedstock for making propylene or
butenes. These dehydrogenation catalysts can contain chromium
at a level of 10 to 25% of Cr203. They can be used in a method
that is widely used commercially, referred to as the Catofin
method.
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For reasons of thermal balance of this method, the catalyst is
not used in pure form, but in a mixture with an inert product
that is not catalytically active, typically an alumina, which

is used as a diluent, for example at a level of 50% volume.
When the catalyst is spent, it is unloaded with its diluent.
It is therefore appropriate to separate the catalyst that
contains metals from the aluminum diluent to recycle the

catalyst in an optimal way.

Detection by the LIBS Technique

The LIBS is an elementary analysis technique, increasingly
used for the direct compositional analysis of solids and
liquids. The increasing interest in this technique stems from
its numerous advantages including, in this case, a possible
in-situ analysis without a particular preparation of samples,

a fast analysis, simplicity of use, and specific focusing.

The principle relies on the focusing of a laser pulse on the
surface of the sample. This focusing of laser pulses of
several nanoseconds, and even femtoseconds, and energy on the
order of several tens of millijoules to the point to be
analyzed on the material <causes the formation of a
microplasma. This microplasma feeds on the composition of the
surface of the sample, which generates the vaporization and

the ionization of the material, and then cools over time.

The size of the analysis point is usually on the order of
several microns, and even ten microns. The atoms and the ions
of the material ©present in the microplasma emit by
deenergizing photons whose wavelength is characteristic of the
chemical element. A spectrometer in the UV/visible range
collects, optionally using an optical fiber, and reflects the
light emitted by the plasma. The emission lines, generated by

the analyzed sample, make it possible to identify the elements
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that are present in the sample (qualitetive analysis) and
therefore to know the chemical radicals that composed the
sample. Their intensity can also be measured and compared to
the one measured for a range of samples of known
concentration, so as to measure the elementary composition of

the sample (quantitative analysis).

In the case of this invention, a gquantitative analysis makes
it possible to measure the constituent element content on the
catalyst or adsorbent that is to be separated, for example the

phosphorus content on a hydrotreatment catalyst.

The response speed of the LIBS is a decisive advantage for the
productivity of the sorting with objects of small size such as

the catalysts.

The grains of catalyst or adsorbent are subjected to a laser
radiation. In return, in an analyzing device, the associated
emission is analyzed by spectroscopy with a wavelength that is
selected to make possible the detection of the constituent
element on the catalyst and preferably to measure the

intensity of the peak(s) relative to this element.

To do this, the analyzing device associated with LIBS
processes the signal sent by the detection system by comparing
it to a set-point wvalue that indicates the presence of the
element, and preferably also that indicates the sorting
threshold.

The sorting threshcld can correspond to 0 % by weight, and
therefore the presence or absence of the desired constituent
element is detected and the sorting is carried out in this

presence or absence.

The sorting threshold can correspond to a content that is
different from 0 %, selected by the user according to the
desired element and the constraints/objectives of the user.

The threshold of the element is selected in such a way as to



10

15

20

25

30

35

DKJ/EP 3302798 T3

- 15 -

make possible the separation of the element from the mixture.

The wavelengths that are associated with the contaminant are
known to one skilled in the art, as well as the possible

interferences with other elements.

NA is fairly emissive, and measurements of content in the
catalyst grains can be considered up to contents as low as 0.1
%, which makes it possible to sort the catalysts based on a
sorting threshold value (sorting threshold) that is selected
by the user in the interval between 0.5 and 2% by weight of
Na.

For example, for phosphorus, numerous atomic emission lines

located between

A = 178 and 254 nm are used for their high intensity and their
absence of interference with the constituent elements of the
catalyst. Alternatively, the lines with a wavelength of
214.920 or 203.240 nm are used by themselves or in combination
with any other spectrum line that constitutes the sample. The
sorting can be performed on catalysts containing a threshold

value of between 1 and 2% by weight of P.

In the case of boron, which can be a constituent element of
the hydrotreatment catalyst, the wavelengths for the detection
can be 249.772 and 249.677 nm. The sorting can be performed
on catalysts that contain a threshold value of between 0.5 and
2% by weight of B.

In the case of chromium, the sorting threshold value selected
by the user in the interval can be between 3 and 6% by weight
of Cr.

In the c¢case of silicon, to meet a certain number of
requirements for separation of mixtures, the detection
threshold can be set at 1 to 3% by weight.
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In the case of aluminum, it may happen that the two catalysts
contain aluminum, but in a significantly different
concentration, for example 40% of Al for a typical
hydrotreatment catalyst, and 10% for a zeolitic catalyst or
alumina serving only as a shaping link. In this case, the
intensity of the signal serves as a discriminating criterion,
and the threshold in this example would be set at 20 or 30% by
weight., The Al line is at 308.852 nm.

It is necessary to emphasize that the thresholds indicated
above are given by way of indication, and it is, of course,
possible to have higher values based on sorting constraints

desired by the operator.

So as to improve the detection sensitivity, it is possible to
make an analysis with several wavelengths, by wusing, for
example, multiple spectrometers coupled to the same light beam

and operating in parallel.

The detection system is preferably adjusted in such a way that
the depth of field of the analysis above the surface of the
transport means is between 1/3 and 3 times the characteristic
smallest dimension of the catalyst grain (the diameter of the
extrudate in the case of an essentially cylindrical particle,
the diameter of the grain in the case of a spherical particle)
to make possible an ultra-fast detection of the composition of

the grains.

In practice, the analyzing device makes it possible to restore
the composition in the desired element with a response time t

that is less than 50 ms, preferably less than 10 ms.

The dwell time of a grain in front of the detection system is
less than 50 ms, and preferably less than 10 ms, and can range
up to less than 1 ms. The number of grains detected is at
least 100 grains/s for a detection time of less than 10 ms.
It can reach 1,000 grains/s for an analysis time of less than
10 ms.
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In a preferred form of the invention, the catalyst grains are
spaced, preferably uniformly, by a distance preferably
corresponding to the characteristic largest dimension of the

catalyst grains, or the mean length of catalyst grains.

The measurement/detection is repeated at intervals.

When the grains are spaced by their mean length, the
measurement frequency is equal to ¥ t, with t being the dwell
time of the grain in front of the detection system. When the
grains flow in a contiguous way (the grains are contiguous;
their spacing is equal to zero), the frequency is equal to
1/t.

In a more general way, the grains, preferably cylindrical
extrudates or multilcbes, flow in such a way that their
spacing is between zero and their length, and the measurement
frequency is between 1/t and 1/2t, with t being the dwell time
of the grain in front of the LIBS detection system.

The spacing between the grains is monitored by the means that
are adjusted based on the detection time of the LIBS detection
system. The spacing advantageously can be equal to or less

than the mean length of the grains.

For example, these are the means for monitoring the supply
(flow rate) of the catalyst grains to the transport means
(rolling belt, vibrating conveyor, etc.) and the speed of said

means.

In a general way, the conditicns of the method are adjusted so
that a number of grains that is greater than 20 grains per
second and that can range up to 1,000 grains per second and
per LIBS detector are treated, and so that the response time
of the LIBS detection system is less than 50 ms, preferably

less than 10 ms.
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In an optional manner, the presence of grains can be detected
using another optical device, for example a camera, in such a
way that the triggering of the laser of the LIBS system 1is
synchronized with the passage of the grain under the laser

beam.

In a preferred embodiment of the invention, each catalyst

grain is exposed to the detection system.

In a preferred embodiment of the invention, it 1s then
possible to treat at least 20 grains per second with the same
measuring device, for example 20-100 grains/s, preferably more
than 100 grains per second, and up to 1,000 grains per second

Oor more.

It is also possible to have multiple detection systems in
parallel for operating at high speeds. Thus, the use of 5
detection systems operating in parallel with 200 grains/s will

make it possible to reach a flow rate of 1,000 grains/s.

The Determination of the Constituent Element Content

The LIBS system measures the intensity of the peak(s) relative
to the contaminant. The user selects a sorting threshold
value included in the wvalues indicated above, or greater,

according to the sorting requirements thereof.

The spectrometric analysis with the wavelength(s) being
considered make(s) it possible to work back to the
concentration by mass of the constituent element based on a

preliminary calibration.

Depending on the calibration that the operator performs, the
set=-point value (corresponding to the presence of the
contaminant or the sorting threshold) is entered into the LIBS
system. This is perhaps a content or any other wvalue
connected in a significant manner to the content (this can be

the intensity of the peak); all of these techniques are well
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known to one skilled in the art.

After comparison between the set-point value and the measured
value, the system acts to evacuate the grain to the

corresponding storage.

It is necessary to emphasize that the presence of & specific
element can be correlated with the content of another element.
This constitutes an advantage if one of the two elements is
more readily detectable with LIBS, because of one or more
lines being more emissive, or else because of the interference
of another element that disrupts the signal of one contaminant
but not the other. This can also be a deliberate choice
linked to the use of a spectrophotometer whose spectral band

comprises the lines of one element and not the other.

The Separation of Grains

When the LIBS detection system detects the constituent element
in one or more grains and preferably also determines the state
of the grain in relation to the sorting threshold, it sends a
signal to the means for evacuating this grain to be separated

in such a way as to separate said grain from said mixture.

The detection system is connected to a system for controlling
the evacuation means of the grains containing the desired
characteristic element. These means are located in the area
of the transport means (conveyor belt..), and most often they
are located at the end downstream from (leaving) the transport

means.

These means are actuated with a temporal offset depending on
their distance with the detection system. An example of an
evacuation means that makes it possible to direct the grains
in different directions is the use of compressed air. The
compressed air jet or the absence of a compressed air jet
makes it possible to direct the grain toward the different

sorting classes, for example the grains that contain more than
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X% of a desired element [are] evacuated upward whereas the
grains that contain less than X% of this element are evacuated

downward.

For example, if the grain of catalyst or adsorbent contains
the desired element with a content that is greater than the
sorting threshold set by the operator, then the means are
actuated and make possible a deviation of the flow of the
grain toward a receptacle A. If, in contrast, the catalyst or
the adsorbent contains the contaminant with a content that is
less than or equal to the sorting threshold set by the
cperator, then the means are not actuated and the catalyst

flows normally to another receptacle B.

In the case where it is desired to sort the catalysts or
adsorbents based on multiple contents of different elements,
multiple LIBS detection systems are advantageously used, each
having a wavelength adapted to the characteristic element to
be separated. The evacuation means are adapted in terms of

function.

The many sorting options will not be presented in detail here;
there may be more than one sorting in the presence of several
LIBS detectors. One skilled in the art will adapt the method

according to the invention depending on his needs.

The method according to the invention can advantageously be
implemented with the device described below using the figures.
Figure 1 depicts a preferred embodiment by way ©of
illustration. Figure 2 depicts a crenellated belt. Figure 3

shows grain shapes.

This is a device for separating at least one catalyst or
adsorbent from a homogeneous mixture of catalysts and/or
adsorbents, with said catalysts or adsorbents containing at
least one constituent element and having been used in a method
for treatment of gas or hydrocarbon feedstock, with the device

for separation and sorting making it possible to separate the
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catalysts or adsorbents according to a sorting threshold
corresponding to a content of the constituent element that is
desired and defined Dby the operator, with the device

comprising:

- A chain for transporting the mixture of catalysts
equipped with a transport means, means for monitoring the flow
rate of grains on said means, and means for monitoring its
speed, with said means being adjusted in such a way that the
dwell time of a grain in front of the LIBS detection means is
less than 50 ms, and preferably less than 10 ms, and that the
number of sorted grains is at least 20 grains/s, preferably at
least 100 grains/s, and in an even more preferred way at least

200 grains/s,

- An LIRS detection system comprising at least one laser
past which the grains run, with the detection time being less
than 50 ms, and preferably less than 10 ms, and the wavelength
being that of the desired constituent element, said system
detecting the grain that is loaded with said desired element
and measuring the intensity of the peak associated with said

wavelength,

- At least one analyzing device (8) and at least one
control means (10), with said analyzing device processing the
signal sent by the detector by comparing it to a set-point

value that indicates the sorting threshold,

- At least one means for evacuation of the grains to be
separated, with said means being actuated from said control
means according to the content of said desired constituent

element.

Conventional means for conveying (vibrating tube, vibrating
elevator, etc.) and for storing grains to be sorted and then
sorted grains can be used at different locations of the

sorting method.
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Advantageously, the transport means 1is a rolling belt (or
conveyor belt). This can also be a die equipped with an
endless screw that has a hollowed-out shaft and is equipped
with at least one opening suitable for detection and at least
one opening suitable for separation of catalyst grains. This

transport means can also be a vibrating belt or tube.

Preferably, the transport means 1s a conveyor belt that is
preferably crenellated, with the gaps being between 0.5 and 3
deep, preferably 0.7 and 1.3 times the characteristic smallest
dimension of the grains, corresponding to the diameter in the

case of a sphere or an extrudate.

In a preferred way, the adjustment of said means of the
transport chain is carried out in such a way that the grains
flow with a spacing of between zero and their characteristic
largest dimension; the measurement frequency 1is between 1/t
and 1/2t, with t being the dwell time of the grain in front of
the LIBS detection system.

The grains are preferably cylindrical extrudates, trilobes, or

multilobes.

When the grains are spaced by their mean length, the
measurement frequency is equal to 1/2t, with t being the dwell
time of the grain in front of the detection system. When the
grains flow in a contiguous way (the grains are contiguous;
their spacing is equal to zero), the frequency is equal to
1/t.

Advantageously, the detection system is positioned in such a
way that the depth of the analysis field above the surface of
the transport means is between 1/3 and 3 times the

characteristic smallest dimension of the grain.

Advantageously, the dwell time of a grain in front of the LIBS
detection system is less than 50 ms, and preferably less than

10 ms, with the analyses being repeated at intervals at most
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equal to the dwell time of the grain of the characteristic

smallest dimension.

Detailed Description of the Method and Separation Device:

The catalyst grains initially stored in barrels, containers,
silos or in bags are then generally transferred into a buffer
tank, for example a hopper, with this tank feeding a transport
chain that advantageously comprises an unrolling belt such as
a conveyor belt or a vibrating tube or channel, and which
comprises means for monitoring the flow rate of grains on the
rolling belt.

The grains that are transported run past the LIBS analysis
system making it possible to determine whether the grains have
a lower/equal or greater content (or lower  versus
greater/equal) of the desired element in relation to one or
more sorting thresholds defined by the operator. It may have
cne or more thresholds for each element according to the needs

of the operator.

Figure 1 uses a preferred but non-limiting embodiment in an

illustrative manner.

The unsorted mixture of catalyst grains (1) is brought on a
means (2) that makes it possible to monitor the flow rate of
grains on the rolling belt (5). The intake means of the
mixture (3) can be manual (unloading of a bag, for example) or

automatic (by controlled unloading of a silo, for example).

The invention is described with a rolling belt as a transport
means, but the description 1is entirely transposable with
another transport means, such as, for example, a vibrating

channel.

The means that make it possible to monitor the flow rate are
means that are well-known to one skilled in the art, such as,

for example, inclined vibrating plates, making possible the
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uniform spreading of the catalyst grain and the adjustment of
the flow rate of the catalyst on the plate toward the rolling
belt. One skilled in the art can thus adjust the distance
between two grains on the transport chain and consequently
adjust the detection frequencies or else, conversely, it 1is
possible to adjust the distance besed on the detection

frequencies.

By way of example, in Figure 1, we showed at (2) a vibrating
plate in two orthogonal directions. With this type of
equipment, it is possible to adjust the vibration frequencies
for modulating the flow rate of solid (4) toward the rolling
belt (5), to adjust the distribution between the grains over
the passage section, and thus to monitor the spacing between

the grains depending on the travel speed of the belt.

Preferably, in an optimal manner, the device will be adjusted
so that the distance between the grains is at maximum equal to

the mean length of the grains.

Leaving the flow rate monitoring means (2), the catalyst
grains fall on the rolling belt, which can be a simple flat

conveyor belt, or a crenellated belt, as shown in Figure 2.

The crenellated belt of Figure 2 has a manifest advantage -
when in particular extrudates are sorted - in that it makes it
possible, in an advantageous manner, to orient the grains in
the direction of flow. The flow of the grains is thus more
uniform and spaced, which promotes the detection and the
separation, and improves the productivity of the installation.
In a general way, regardless of the grain shape, the
crenellated belt keeps the grain from moving under the action

of the vibrations of the belt and/or pulses of the laser.

In the case of a crenellated belt (20), a form of gap (21)
that has the shape of an equilateral triangle as shown in
Figure 2 is advantageous; the depth of the gaps on the belt is
then ideally between 0.7 times and 1.3 times the
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characteristic largest dimension of the grains, the diameter
of the catalyst grains in the case of balls, the mean length
in the case of «cylindrical extrudates or trilobes or

multilobes.

The grains (22) are positioned on the belt (20). The travel
speed of the belt is adjusted so as to optimize the production
capacity, on the one hand, and the capacity ¢f the system to

detect the desired contaminant in the catalyst grains.

An attempt will preferably be made to ensure that the dwell
time of a grain is less than 50 ms, and is preferably less
than 10 ms. More generally, the dwell time is the smallest
possible, consistent with the response time of the detection

system.

Under these conditions, for example, for a cylindrical
extrudate with a length that is equal to 5 mm, the speed is
preferably between 0.1 and 5 m/s.

The detection system comprises at least one laser (6), at
least one spectrometer (or analyzing device) (8) and at least
one means (10) for controlling the opening or not of at least

one evacuation means.

A laser (6) emits radiation focused on the surface of the
sample (7). Following the pulse on the order of the
femtosecond to the nanosecond between the laser and the
sample, a plasma fed by the composition o¢f the sample 1is
generated and in several milliseconds sends wavelengths

suitable to the composition of the sample (9).

The emissions of the sample (9) are analyzed by a spectrometer
(8) with specific wavelengths of the contaminant having to be
detected. In an optional way, at least one optical fiber is
used between the plasma and the spectrophotometer. It 1is
possible to work with several wavelengths simultaneously by

positioning on the 1light beam several spectrometers in
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parallel that work simultaneously with different wavelengths.

For example, to measure the element content in the
hydrocracking or hydrotreatment catalysts, the wavelength(s)

of high intensity will be used.

Based on the requirements, it is possible to analyze all of
the grains running past the detection system (6-7-8-9) on the
rolling belt (5), overall or individually, by using several
laser systems (6) in parallel in such a way as to cover the
width of the belt and by adapting or decoupling also the laser

and the spectrometer (8) analyzing the emissions (9).

It is also possible to choose to operate statistically, by
analyzing only a fraction of the flow, or to consider a
movement over the width of the lasers (6) and the

spectrometer(s) (8).

The analyzing device (the spectrometer) (8) is connected to
control means (10) that make it possible to convert the
results of the analysis in action to act on said evacuation

means (here, the valve 12).

These means consist of, for example, a computer that makes it

possible to initiate the opening of a valve (12).

Thus, for example when the analyzing device (8) detects that
the grain has a larger content than the set-point wvalue (for
example, the sorting threshold), it sends a signal with the
control means (10) that actuates the opening of the wvalve
(12).

The former is located on a duct of inert fluid (air, for
example) under a pressure that is if possible greater than 5
bar (preferably air) to promote the creation of a Jjet of gas

(air) that is sufficient to evacuate the grain.

The valve (12) opens during a determined period and then
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closes again automatically. The opening of the valve makes it
possible to generate a jet at the lower end of the duct (11).
It acts with the duct as a gas (air) ejection nozzle.
Advantageously, the duct (11) is positioned at the end of the
conveyor belt at a distance of at most 10 cm from the end of
the belt (based on the travel speed of the belt, the lower the
unrolling speed of the belt, the closer the duct (11)
approaches the end of the belt), at a level above the belt (D))
preferably encompassed between 2 and 10 times the
characteristic largest dimension of the catalyst grain (its

length in the case of an extrudate).

It is possible to position one or more ducts (11) in parallel
depending on the width of the transport belt and the shape of
the end of the duct.

In the case of a spherical duct end fitting, the diameter of
the end fitting of the duct is preferably less than or equal
to the mean length of the grains.

If the belt makes possible the simultaneous transition in the
width of N particles simultaneously, it is possible to
position up to N tubes (1l1) in parallel, each having their
valve, the valves being <controlled simultaneously or
separately by the control means (10) based on the number of

analyzing devices used in parallel.

It is also possible to work with a single duct (11) but
providing that the rectangular section end could create a
pencil gas jet, with the thickness of the Jjet then preferably
being less than or equal to the characteristic largest

dimension of the grain.

So as to take into account the distance between the detection
means and the evacuation means, the control system initiates
the opening-closing cycles with a delay that is based on the
distance to travel between these two points. For example, if

the belt length between the focal position of the analyzing
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device on the belt (9) and the evacuation means (valve, air
injection nozzle (12)) is 3 m and the travel speed on the belt
is 3 m/s, a delay of one second is to be taken into account,
ocptionally to correct, depending on the response time of the
analyzing device (8), the control means (10) or the valve
(12) .

For the requirements of the invention and to be selective, the
opening-closing cycle of the valve is to be fast and cohesive
with the dwell time of the grains in front of the detector.
Preferably, the opening-closing cycle time will not exceed 1
and 5 times the dwell time of the grain in front of the
detection means, preferably less than 3 times this mean dwell

time.

Thus, technologies of valves and actuators will be selected so
as to have an opening-closing cycle of between 5 and 250 ms

based on the travel speed of the transport means (5).

The gas jet (for example, air) created during this period has
a speed that is at least equal to 5 times the terminal drop
speed of the catalyst grain, preferably 10 times the terminal
drop speed (in the case of a hydrotreatment extrudate, the
terminal drop speed is in general close to 5 m/s and between 2

and 7 m/s [sic].

When the actuator initiates the opening of the valve, the gas
jet diverts the path of the grein to a receptacle (14) that
harvests all of the grains in the contaminant content 1is
greater than the sorting threshold defined by the operator

[sic].

If the actuator is not triggered, then the path of the grain
exiting from the conveyor belt describes a normal parabola
depending on the unrolling speed of the belt and the terminal
drop speed of the particles. The grain then falls into a
receptacle (13) that harvests all of the grains to be

eliminated that do not contain the undesirable element.
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Thus, the grains collected at (13) will constitute a new batch
that has, for example, an element content that is lower than

the sorting threshold defined by the operator.

In relation to the prior art, the invention makes possible a
rapid sorting depending on the desired element content of at
least 20 to 100 objects (catalyst grains)/second, in general
at least 50 and even 100 objects/second, or even beyond 100
objects/s, and its use allows up to 1,000 objects/second or
more. The LIBS technique therefore allows itself alone a

significant productivity.

Another advantage of the invention is to be able to be
implemented in air or any other atmosphere (not interacting

with the detection or the grains).

EXAMPLES

Example 1: Sorting of a Batch of a Mixture of NiMoPB and
NiMoP Catalysts

Two catalysts of the NiMoPB and NiMoP types were mixed.

40 grains of a mixture were analyzed by LIBS to determine the
presence or the absence ¢f boron in these catalyst grains. An
LIBS laboratory device (MobiLIBS III, IVEA) was used for this
test and consists of a laser (Brio, Quantel, Nd-YAG at 532 nm)
and a spectrometer (Mechelle Andor, 200-900 nm). A single
laser shot was required, and each catalyst grain was analyzed
under the following conditions: 12 mJ/spot of 140 pm/ 3-5 ns
of pulse time, The doublet of the 1lines of B with a
wavelength of 249.772 and 249.677 nm was used. A signal close
to 2,000 hits on the line at 249.772 nm and a bit lower on the

second line is observed in 43% of the grains being analyzed.

In the small gquantity of material harvested during this

sorting, 100 mg of each of the two categories formed by the
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sorting was mineralized under cold conditions for metering by
ICP/OES (ICP Spectro Arcos). The mean boron content on the
grains generating a signal of 2,000 hits on the line at
249.772 nm is 1,500 mg/kg whereas boron is not detected in the
mineralizate formed by the grains having provided no boron
signal. The sorting carried out on the basis of the detection
of B on the doublet 249.772 and 249.677 nm 1is therefore
effective for distinguishing the catalyst grains that may or

may not contain boron.

Example 2: Mixture of NiMoP and Zeolitic Catalysts, Selection
by Si

In the same way as the preceding example, 40 grains of two
families of catalysts have been subjected to LIBS analysis.
Tt is a matter of a catalyst with an NiMoP-type alumina
substrate. The second catalyst is a zeolitic catalyst that
essentially contains a ZSM5 zeolite and an aluminum binder,

and it contains between 30 and 40% Si.

The LIBS system that 1is wused 1is equipped with a laser
(Centurion, 1064 nm, 100 Hz) and a spectrometer with high
acquisition frequency (HR2000+, grating at 1,200 lines/mm,
resolution of 0.18 nm for the 180-350 nm =zone). The sorting
was carried out on the basis of the presence or absence of the
Si line at 280.308 nm, a signal of more than 20,000 hits being
visible when the catalyst grain is a catalyst that contains

zeolite.

The LIBS technique readily makes it possible to differentiate
a batch of catalysts containing an NiMoP/alumina and zeolitic

catalyst mixture.
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Patentkrav

1. Fremgangsmade til separation af mindst én katalysator
eller adsorbent fra en 1 sterrelse og/eller form homogen
blanding af katalysatorer og/eller adsorbenter, hvilke
katalysatorer og/eller adsorbenter fremstar i form af kugler
eller cylindriske ekstrudater, som kan vare trelappede eller
flerlappede, hvilke katalysatorer eller adsorbenter er blevet
anvendt i en proces til behandling af gas eller
carbonhydridholdigt ramateriale, 1 hvilken fremgangsmade
kornene af katalysatorer eller adsorbenter separeres ifgslge en
sorteringstarskel, der svarer til et indhold af den gnskede
bestanddel, som defineres af brugeren, i hvilken
fremgangsmade:

- den katalysator, der skal separeres, indeholder et ikke-
metallisk grundstof, som er valgt fra gruppen bestdende af P,
B, Si, Li, Na, K, Ca, Cl, som bestanddel og/eller indeholder
Cr, Cu, Al, Ti, Zn som bestanddel

- katalysatorkornene 1 blandingen passerer foran et LIBS-
detektionssystem, der detekterer den  bglgelengde, som
kendetegner bestanddelen

- den analysator, der er tilknyttet LIBS, behandler det
signal, der sendes af detektionssystemet, ved at sammenligne
det med en signifikant madlverdi for sorteringstarsklen

- analysatoren sender et signal for at styre fjernelsen af
kornene ifelge deres indhold af grundstoffet, og der opnés
mindst 2 portioner: mindst én portion af katalysatorer, der
indeholder grundstoffet ved et indhold over den
sorteringsterskel, der er fastlagt af brugeren, og mindst én
portion af katalysatorer, der indeholder grundstoffet ved et
indhold under den sorteringsterskel, der er fastlagt af
brugeren

- og mindst én af de portioner af katalysatorer, der
indeholder grundstoffet ved et indhold under den
sorteringstarskel, der er fastlagt af brugeren, recirkuleres
til processen til behandling af gas eller carbonhydridholdigt

materiale.
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2. Fremgangsmade ifglge krav 1, hvorved sorteringen udfgres,
sd snart grundstoffet forefindes i kornene af katalysatorer

eller adsorbenter.

3. Fremgangsméde ifglge et af de foregdende krav, hvorved
processen til behandling af carbonhydridholdigt ramateriale er
valgt fra gruppen bestaende aft hydrogenbehandling,
hydrokrakning, dehydrogenering, hydrogenkonvertering af
destillater, hydrogenering, isomerisering, reformering, og
gasbehandlingen er valgt fra gruppen bestdende af Claus-

processen og slutgasbehandling.

4, Fremgangsmdde ifglge et af de foregdende krav, hvorved
katalysatorerne er Dbrugte hydrogenbehandlings- og/eller
hydrokrakningskatalysatorer, hvis barer udggres af

aluminiumoxid eller silica=-aluminiumoxid.

5. Fremgangsmdde ifglge et af de foregaende krav, hvorved
antallet af detekterede/analyserede korn er pa mindst 100 pr.

sekund ved en detektionstid p& under 10 ms.

6. Fremgangsmdde ifglge et af de foregdende krav, hvorved
afstanden mellem kornene er lig med eller mindre end kornets
gennemsnitlige l:ngde, hvor kornens langde udger enten 2 til 5
gange kornenes diameter, nar katalysatorerne og/eller
adsorbenterne fremstdr i form af ekstrudater, hvor diameter af
ekstrudatene ligger mellem 0,5 og 3 mm, eller langden ligger
mellem 0,5 og 10 mm, nar katalysatorerne og/eller

adsorbenterne fremstar i form af kugler.

7. Fremgangsmdde ifglge et af de foregdende krav, hvorved

sorteringstarsklen for P ligger mellem 1 og 2 vaegt-% P.

8. Fremgangsmade ifelge et af de foregaende krav, hvorved

sorteringstarsklen for B ligger mellem 0,5 og 2 vagt-% B.

9. Fremgangsmdde ifglge et af de foregdende krav, hvorved

sorteringstersklen for Cr ligger mellem 3 og 6 vzgt-% Cr.
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10. Fremgangsmdde ifelge et af de foregdende krav, hvorved

sorteringstaersklen for Si ligger mellem 1 og 3 vagt-%.

11. Fremgangsmade ifglge et af de foregaende krav, hvorved

sorteringstarsklen for Na ligger mellem 0,5 og 2 vagt-%.
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Figure 1
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Figure 2
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