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A METHOD FOR MONITORING OPERATIVE CONDITIONS OF THERMAL 

AND/OR CATALYTIC CRACKING PLANTS AND RELATED APPARATUS 
DESCRIPTION 

The present invention concerns the field of thermal and/or catalytic conversion 
5 processes and plants and relates to an improved procedure based on the 

measurement of a new parameter called CV/IR for determining the tendency of the 
bottom residue to foul the plant and for enabling greater yields of light distillates, 
greater control of the fouling occurring in the plant, and therefore a reduction of the 
associated energy consumption. In addition, the new procedure described in the 

io patent makes it possible to determine on-line and in real time the tendency for 
fouling inasmuch as the analyzed sample does not require any handling or dilution. 
Prior art 
Thermal conversion plants, such as visbreaking (VSB) plants, and/or catalytic plants 
(both of the fluid-bed and fixed-bed type, such as FCC, LC Finer, H-Oil plants and 

15 others), which can be found in the productive cycle of a refinery, are aimed at the 
utilization of the residues of the distillation of petroleum, otherwise destined for 
bitumen or combustible oil (products notoriously of low commercial value), so as to 
convert these products, in part, into lighter products of greater value. Conversion 
makes it possible to obtain significant quantities of distilled products, such as gas, 

20 benzine, kerosene and diesel oil. 
Normally, the conversion process is carried out so as to maximize the yield of 
distilled products, thus lowering the overall yield of heavy residues. 
Adjustment of the operative parameters of the plants described above for the 
purpose of maximizing the yield of light products and managing the plants with 

25 controlled fouling conditions is carried out by means of methods for measuring 
aggregated asphaltenes and particles of carbon suspended in the charge and in the 
bottom residue produced. This residue is a strongly opaque, high-density, oily fluid 
also referred to as tar. 
To increase the yield of the plant and therefore to reduce the amount of tar 

30 produced so as to be equal to the amount of charge, it is necessary to increase the 
severity of the operative conditions of the cycle, for example to raise the 
temperature of the furnace. However, operating the plant at the maximum severity 
possible has some disadvantages. The first disadvantage is the fouling of the plant. 
The phenomenon is caused by the formation of solid carbonaceous residues and 

35 other solid fouling compounds. Such fouling residues represent the particulate, and 
undesirable, fraction of the intermediate production products and of the final 
products, specifically of tar. Such a particulate fraction comprises coke particles 
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(amorphous carbon), known as 'dark particles', that is to say the maximum stage of 
dehydrogenation of asphaltenes, but also highly dehydrogenated, if not totally 
dehydrogenated, asphaltene particles. Due to their solid nature, these particles tend 
to deposit on the inner surfaces of the plant, thus fouling the plant itself and resulting 

5 in the need to interrupt the thermal conversion cycle in order to remove said 
particles. 

A second disadvantage caused by the high severity of the operative conditions is 
constituted by the instability of the tar. In fact, tar is formed of an oily base 

10 containing aromatic components, resins and asphaltenes. The asphaltenes, which 
are normally insoluble in the oily base, are kept in solution/dispersion in a stable 
manner by the resins. However, if the severity of the operative conditions (for 
example high temperature of the furnace) increases, the ratio of asphaltenes:resins 
is altered and the amount of available resins is no longer sufficient to keep the 

15 asphaltenes in solution. Over time, this causes a fluctuation of the asphaltenes and 
a subsequent instability of the residue (tar), thus making it unusable. 
Many methods for monitoring the thermal conversion process are known in the prior 
art. 
There is a link between (a) the yield of refined distilled products, (b) the degree of 

20 fouling, and (c) the stability of the residue (tar). Increasing the severity of the 
conditions, for example increasing the temperature of the furnace or the temperature 
at the discharge from the furnace, will increase the yield of distilled products, but will 
also increase the level of fouling and will reduce the stability of the tar. 
Once operative conditions that represent an optimal compromise between the 

25 above-indicated parameters have been defined, the thermal conversion cycle must 
be regularly monitored on the basis of parameters which make it possible to identify, 
in the products obtained, any deviation from the predefined characteristics and 
which consequently make it possible to correct the operative conditions, bringing 
such characteristics back to the desired levels. 

30 The usual methods for determining the operative conditions and for monitoring the 
visbreaking process evaluated one of the four following parameters: PV (peptization 
value), FR (flocculation ratio), MB (xylene equivalent) and HFT (hot filtration test), 

which determine the stability of the tar and the presence of finely dispersed solids 
using different methods. See patent IT 1811979 (Chimec). 

35 These methods have countless recognized disadvantages. They are long due to the 
necessary steps of dilution, reheating (30 min) and successive cooling (30 min) and 
are not easily executed. The result is heavily influenced by the sensitivity of the 
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equipment used and of the operator. In other words, the methods are subjective, not 
very reliable, and do not permit quick monitoring of the plant. 
Another disadvantage lies in the fact that these methods identify the stability of the 
tar, but do not have any direct (proportional) reference to the fouling of the plant, 

5 which, as seen, is caused primarily by the presence of the tar and the other 
intermediate products of solid coke particles and asphaltene particles in their 
maximum stage of dehydrogenation. 

A significant advantage over the methods based on one of the four above-indicated 
parameters has been offered by the introduction of the instantaneous CV parameter 

10 by the present applicant (see patents IT 1211978 and EP0529397-B1). 
Such a new CV reference parameter for the stability of the tar and for fouling 
corresponds to the number of dark punctiform particles present in the bottom 
residue (tar) measured using optical microscopy techniques and having normal 
dimensions including the range of maximum frequency between 1 and 20 |im. Such 

15 particles are formed by coke (amorphous carbon), which represents the maximum 
stage of dehydrogenation of the asphaltenes. The method, using the degree of 
fouling as a reference term, makes it possible to control the process temperature, 
and therefore the yield, up to the maximum value for which a predefined fouling 
threshold is not exceeded. 

20 The monitoring of the CV parameter requires direct observation under microscope of 
a tar sample, without any addition of flocculant solvents, and the counting of the 
coke particles present in the sample. The coefficient CV therefore makes it possible 
to carry out a monitoring process in real time (analyses carried out within a few 
minutes) of the visbreaker cycle and also allows the possibility of an immediate 

25 adjustment of the operative conditions where the CV indicates excessive fouling. 
This method is not free from disadvantages however. The instantaneous CV 
parameter is given from the summation of the areas that can be references to the 
particles present on a residue and is in fact measured in |im2. Such particles are 
identified by inserting a drop of the heated residue (the residue is in fact solid at 

30 ambient temperature) onto a microscope slide, crushing the drop with a cover slide 
so as to obtain a thin and transparent layer of residue, visualizing the enlarged 
image by microscope on a camera, and lastly counting the areas of the particles 

visible in the image using appropriate software. All of these operations however 
involve the inevitable initial handling of the sample, or the manual formation of the 

35 thin layer readable with a microscope functioning in the visible wavelength 
spectrum. If the drop of residue is not of minimal amount (a few milligrams) and if 
the layer obtained is not sufficiently thin (some tens of microns), the view with an 
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optical microscope is completely obscured. In fact, the particles become confused 
with the dark background due to the completely black layer of sample, a layer which 
cannot be passed by the light source of the microscope, which functions in 
transparency. 

5 Attempts to overcome this problem are reported in the literature. WO- 2001/38459 
"Method for improving thermal cracking process and product yields therefrom (Baker 
Hughes Inc.) 

The process described in this application is based on the evaluation of two 
parameters: one relating to the stability of the residue and one (the counting of the 

10 particles) relating to the fouling. The first parameter corresponds to the traditional 
PV and is determined by successive additions to the tar of a destabilizing solvent of 
asphaltenes (n-heptane). 
An aliquot of the residue is strongly diluted by a first solvent that completely 
dissolves the asphaltenes (toluene, xylene, etc.). This operation is necessary 

15 because the residue is too dark and opaque to the light and therefore, without the 
initial dilution which makes the solution transparent, it would not be possible to make 
any determination. A series of additions of a second solvent are then carried out 
successively (by means of an automatic titrator), said solvent destabilizing the 
asphaltenes (n-heptane), thus provoking the peptization thereof (precipitation in 

20 flakes, which are again dispersed in the residue). When a critical amount of the 
second solvent has been added, the destabilized asphaltenes precipitate and can 
be determined by means of an NIR (near infrared) probe. In this case, the parameter 
obtained, called the ISI (infrared stability index), is not an area of a count of 
particles, but is expressed as the amount of n-heptane solvent to be added to the 

25 sample necessary to highlight a pronounced precipitation of the asphaltenes. Better 
still, it is expressed as the ratio of the added volume to the initial volume of sample. 
As already demonstrated, rather complex handling and heavy dilution of the residue 
are necessary in order to obtain this index. 
The second parameter measured is the count of coke particles by means of strong 

30 dilution of the sample and counting using a laser probe of the solution obtained. The 
laser, although a very powerful source, functions in the visible spectrum and 
therefore, in order to count the particles, requires a solution that is not too opaque 

and that is at least partly transparent to light radiation. Since the residue is strongly 
colored black, the sample must be strongly diluted. The ratio between solvent and 

35 residue must be from 1,000,000:1 to 5:1, but preferably 100,000:1 
A second attempt to overcome the problems inherent to the measurement of the CV 
parameter is described in EP1092976 - Particle measurement by acoustic speckle 













WO 2014/068498 
8 

PCT/IB2013/059788 

asphaltenes, the visible range is used, whereas in accordance with the new 
technology forming the basis of the present application, the CV parameter operates 
in the infrared range, and therefore the new parameter is referred to as CV/IR. 
The choice of the type of irradiation was dictated by some basic aspects. In the 

5 visible range, unless working on microscopic layers (a few tens of microns) or at 
strong dilution, the samples appear completely black and therefore, in the 
conventional methods, a sample of minimal amount is prepared; only in this way is it 

possible to distinguish the carbonaceous particles from the rest of the black matrix. 

With an IR source however, the process is carried out in transmittance because the 
10 light is able to pass through a sample, often even 1-2 millimeters thick; this means 

that it is possible to examine a sample that is considerably more voluminous and 
therefore highly representative. The optimal thickness of the sample layer varies 
between 0.05 to 3 mm, preferably from 0.5 to 2 mm, for example 0.5 or 1.0 mm. 
Greater thicknesses can also be used. In fact, the rise in opacity can be overcome 

15 by increasing the power of the IR radiation source, and therefore the penetrating 
power thereof. However, if the sample to be analyzed is the bottom residue of a 
thermal conversion plant, it is considered that, above a certain intensity, the thermal 
energy of the electromagnetic radiations would liquefy the sample. A thickness 
greater than 3 mm is therefore not recommended, since this would make the sample 

20 completely black at the acceptable radiation intensities. Thickness less than 0.05 
mm can certainly be used, but are less preferred since many of the advantages 
offered by the new technology, as discussed below, would disappear. 
Another source of great uncertainty in the conventional measurements is the 
amount of sample analyzed: in all the prior art methods, the amount of residue 

25 sampled in order to be measured on the slide is minute (a few milligrams). Even 
when determining the ISI and when counting for dilution, which must result in 
transparent solutions, the amount of residue analyzed is less than one gram. These 
aliquots, which are decidedly small, are not sufficiently representative of the tons of 
fluid passing through the plant. The risk of the analyses carried out on the samples 

30 being insufficiently representative is therefore high. In the new method, the amount 
of sample analyzed is in the order of grams. The amount can in fact vary from 1 to 
15 grams, for example 3, 5, 8, 10 and 13 grams, and is therefore much more 

representative of the total mass compared to a drop measuring a few milligrams. 
This quantity of sample can be placed on a substrate transparent to IR light, for 

35 example a glass or quartz substrate, such as a plate (Petri plate), a cuvette, a cell or 
an equivalent container or simply a slide/cover slide system. The set amount is 
placed on the substrate so as to form a layer of the above-indicated thickness. 
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The possibility, in the present procedure, of using sample layers having a thickness 
in the order of millimeters rather than microns offers an enormous additional 
advantage compared to the prior art methods. Such advantage lies in the possibility 
of carrying out a sort of "stratigraphy" of the sample so as to observe and count the 

5 three-dimensional particles stratified over different planes in the thickness of the 
sample itself. 
For samples with low fouling and therefore containing very few particles dispersed in 

the residue, the conventional microscopy methods struggle to observe the particles, 
given that the focused sample is very small and thin. This results in a very low 

io reproducibility of the measurement in that the area measured depends on the 
number of focused particles. On the contrary, the method of the invention solves this 
problem in that a reading is carried out on each shot over more focal planes. In 
other words, a reading is carried out for the entire thickness of the residue layer. 
When the measured thickness is a few microns, the focal planes measurable are 

15 very few or even only one; instead, if the thickness is some millimeters, as in the 
method of the invention, the focal planes can be rather numerous. Capturing just 
one shot, it is therefore possible to take a reading over "n" focal planes and to carry 
out a count that is much more precise. The advantage is easily deducible. In the 
visible range working on a layer of approximately 5 microns and with an ocular lens 

20 with 10 or 20 times magnification, similarly to that which is usually used, it is 
possible to focus and therefore to count particles over one or both layers at most. 
On the contrary, using an IR technique and working over one layer of 0.5-2 mm, it is 
possible to carry out "n" stratified focusings, for example from 5 microns each where 
"n" is directly proportional to the thickness of the analyzed sample. 

25 For example, considering a single focal plane of 5 microns, n will be equal to 1 
mm/5 microns = 1000/5 microns = 200 focal planes. It is therefore possible to 
observe the particles distributed over all 200 focal planes, simply by focusing 
progressively over 200 planes without moving the ocular lens of the microscope. 
This is a procedure that can be easily carried out by any computerized apparatus, 

30 for example a microscope, assisted by suitable software. 
Transforming into volume the amount of read residue (practically at the same time), 
in the case of techniques in the visible range with slide, the read volume is 

3,000,000 cubic microns (ocular lens field: approximately 600,000 microns2 

multiplied by the thickness of the layer equal to 5 microns). For the new technology, 
35 the read volume, in the case of a thickness of 1 mm (1000 microns), is 600,000,000 

cubic microns (600,000 microns2 for 1,000 microns of thickness) or 200 times 
greater. 
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The particles in the medium, being three-dimensional, can be seen in more than one 
plane, which may result in an overestimation of the number of particles. However, 
the particles will be measured with sharp focus only in one plane. If an apparatus 
equipped with a software that operates in EDF mode (extended depth of field - in 

5 some software also referred to as EFI - extensible firmware interface) is used 
however, the particle is taken into consideration and counted only when it is located 
in the plane in which its black point (focus) is maximum and more sharply defined. 

This procedure therefore makes it possible to obtain highly reliable results. 

The counting of the particles can also be conveniently assisted by a suitable 
io software able to add together the areas of all the particles observed in their 

maximum focal definition point, instead eliminating those not in focus (EDF mode): 
in this mode, only one image will be obtained and will contain all the particles 
present in the analyzed volume. 
In addition, the insertion of an IR light polarizer makes it possible to define and show 

15 carbonaceous mesophase zones, which are clearly distinguishable from the rest of 
the residue. 
The carbonaceous mesophase, or crystalline liquid coke, is normally formed when 
the charge of the cracking plant contains aromatics having a low number of rings, 
few side chains and low content of heteroatoms. 

20 The presence of the carbonaceous mesophase is a clear sign of coke precursors 
and therefore of possible fouling. 
The use of polarized IR light constitutes a very valid qualitative and quantitative 
means for evaluating the conversion of residues and the mechanisms of solubility of 
dehydrogenated asphaltenes. 

25 Apparatuses suitable for carrying out the method of the invention are composed of 
known elements that are commercially available. 
Although specific elements of the equipment will be described below, it is necessary 
to clarify that the invention relates generically to the use of IR light radiation for the 
quantification of solid or semi-solid particles in a liquid medium, which is normally 

30 dense and normally opaque, if not black. The invention therefore does not relate to 
the specific tools for carrying out such quantification, these tools in no way limiting 
the scope of protection conferred. 

Any system that contains an IR light source, focusable on the sample to be 
analyzed, means for receiving the radiation exiting the sample, and means for 

35 processing the exiting radiation and for transforming said radiation into a signal 
correlated to the concentration of particles present in the sample, can therefore be 
used conveniently to carry out the present invention. 
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The apparatus may additionally contain tools, normally assisted by suitable 
software, able to transform the signal into a usable form. For example, the signal 
may be reproduced in planar photographic form (figure 1) or three-dimensionally 
(figure 2) so as to enable single or integrated counting of the number and/or of the 

5 concentration and/or of the sums of the areas of the particles. The signal can be 
reproduced in graph form, reflecting the number, concentration and/or area of the 
particles in the sample. The signal can also be transformed into a command that 

triggers a series of operations aimed at correcting one or more operative conditions 
of the thermal conversion plant. None of these options is mutually exclusive. 

10 In an embodiment of the invention, a possible configuration of the equipment 
comprises or is composed of an IR optical microscope. The microscope is equipped 
with a lens of defined magnification, for example 10, 20, 30,40 or 50 times. The lens 
is preferably a 10x or 20x lens. 
The apparatus may comprise a system for acquiring, processing, transferring and 

15 analyzing data (DOCU FIVE or ImagePro or Stream Essential, etc.). For example, 
means for receiving the IR signal, means for transforming the IR radiation into an 
image or into a signal, means for optical reproduction, for example a monitor. The 
apparatus may comprise a video camera, for example an Olympus XC10 IR or 
Qlmaging QlClick or Qlmaging QICAM video camera. 

20 LED light sources, specifically for emission in the IR range, could be as follows: 
DragonllR PowerStars. 
Tens of other components are offered on the market for each single stage of the 
microscope analyses. In addition, it is possible to assemble the suitable components 
in accordance with a conventional model of an optical transmission microscope so 

25 as to obtain a tool that is personalized in respect of the requirements. 
The unit for analyzing the sample may be independent or inserted within an 
integrated control system placed directly on the thermal conversion or catalytic 
plant, so as to allow the monitoring of the characteristics of the bottom residue or the 
monitoring of the charge of the plant in real time and during the working cycle, 

30 therefore with the plant functioning. 
This monitoring can be carried out manually by an operator or automatically by a 
computerized control system at regular intervals, for example every 24, 12, 6 or 3 

hours, or every hour, or also continuously, adopting a step-by-step process with 
successive samplers by means of a bypass from the plant line. A specific example 

35 of a fully automatic system is illustrated in figure 5. 
Bypass from the plant line 
The bypass from the hot line of the residue is necessary to: 
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- ensure the reproducibility of the sampled fluid. In fact, in the bypass, the 
fluid is in continuous flow and periodic sampling is carried out on an 
aliquot absolutely representative of the process fluid. 

- bring the process fluid into the desired position for the positioning of the 
5 tool on-line. This occurs without constructing lines of greater dimensions 

and without moving large quantities of fluid at high temperature. 
- The lines constituting the bypass must be thermostated so as to maintain 

the temperature of the main line. This will therefore be dependent on the 
characteristics of the automatic sampler if an exchanger is inserted to 

io regulate the temperature before the entry to the sampler itself. Possible 
exchangers could work with water or with cooling fluids (for example 
glycol) 

Automatic sampler 
The objective of the automatic sampler is to take the sample directly from the 

15 bypass of the production line. The aliquot obtained will be transferred within suitable 
carriers (for example glass Petri plates from 80 or 100 or 150 mm diameter). 
Various types of automatic samplers that can be used for the sampling of fluid at 
high temperature and viscosity are available on the market (Isolok-Sentry 
Equipment type or Dopak-Sampling Systems). Alternatively, it is possible to produce 

20 a sampler of specific design, for example enabling a washing of the sample itself, 
once the residue has been sampled, using a suitable solvent (for example diesel 
oil). 
The samplers that can be used could be formed for example by: 

- A series of valves with automated opening, either electric or operating by 
25 means of compressed air, for enabling sampling, cleaning and closing of 

the circuit. The valves are preferably piston valves formed of AISI 316 
stainless steel with seals made of PTFE, polyurethane, EPDM rubber or 
Kalrez. 

- A cleaning system, functioning with a suitable solvent (diesel oil, glycol, 
30 etc.), or functioning with suitable gases (air or nitrogen) or with a needle. 

Such a system ensures the functioning of the sampler and avoids 
blockages formed by the hardened and solidified residue. In addition, it 

prevents pollution by contamination of prior samplings. A receptacle for 
containing the solvent used for the cleaning could be necessary. 

35 - Automatic monitoring of the valves, for example based on PLC, 
interfaced with the software managing the entire sampling and reading 
system. 
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Movement of the sample (thermostating chamber and reading chamber) 
The unit for moving the sample will be appointed the task of removing the plate from 
the sampler and moving it until it reaches the reading device. This unit could be 
formed by: 

5 - a system for linear movement over three axes. The first two axes will 
move over the horizontal planes (X and Y) in order to position the plate 
beneath the pick-up system, whereas the third axis will be dedicated to 

the movement of the focal plane. The plate will be controlled by means of 
electric pincers, which will remove it from the sampler and hold it in 

io position until the reading process is complete, then release it again in the 
appropriate discharge zone. The scanning of the useful area of the plate, 
where the sample will be located, will always be managed by means of 
the precision movement system. 

- A system made completely of stainless steel (AISI 304), formed by two 
15 disks rotating relative to one another, one fixed with the task of 

supporting the step-down motor provided for the movement and the 
second tasked with supporting the Petri dishes and allowing movement 
thereof in various positions (charging, dosing, heating, cooling, analyses, 
discharge). 

20 The plates will therefore be processed and agitated within the sampler and made 
available at the end of the process for the acquisition section. 
The presence of security sensors of various type along the entire path covered by 
the plate is also envisaged for the purpose of preventing collisions with parts of the 
tool or incorrect positioning of the plate itself. 

25 It is necessary to provide a Petri dish loader, which will enable stand-alone insertion 
of the dishes and which will therefore be assembled within the sampler, thus 
enabling the machine to be reloaded easily and quickly. 
Lastly, a control system (HW+SW is provided), which will make it possible to 
position the sample to be analyzed at a programmable pace corresponding to the 

30 dispenser. It will therefore send a signal to start dosing to the dispenser. Once 
dispensing is complete, it will receive an approval signal and will move the plate in 
the thermostating chamber. This section, provided with a thermostating system 

which functions by vapor or by means of electrical resistance, will initially heat to 
100 'C (to allow homogenization of the sample on the plate) and then cool to 40 qC, 

35 monitoring the temperature by means of an infrared thermometer. 
When the Petri dish with the material to be analyzed is located in analysis position, 
the control system will send a signal to enable the microscope, which will then start 
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the analysis, then will be in a waiting state until it receives a message or a signal 
indicating that the analysis is complete. 
The sampler will be supplemented by switchboard, having alarms for any 
malfunctions (breakage of the system for heating/cooling the sample, thermal trip for 

5 step-down motors, signaling of the presence of last 4 dishes in the loader), as well 
as a series of interrupters and sectioners. The reading chamber will be equipped 
with the dedicated single-lens IR system, complete with LED condenser and IR 

illuminator and with monochrome digital video camera with extended sensitivity in 
the IR range. 

io Reading and transfer of the signal 
The entire unit will be managed by means of a local workstation which will monitor 
the entire process of movement and image capture. The workstation will be 
controlled remotely (Ethernet connection) from the main analysis station located in 
the control room. 

15 The software managing all the hardware components present in the acquisition unit 
must be developed entirely ad hoc. An analysis unit formed by a second, suitably 
configured PC workstation that carries out the control functions on acquisition and 
sampling units will therefore be necessary. The entire process will be controlled by 
means of this unit, without the need for the operator to be present in the sampling 

20 area (except for the procedures of loading the plates and maintaining the system). 
The images acquired by the appointed unit will be automatically transferred to the 
analysis workstation and quantified in accordance with the CV protocol. Here, they 
will remain archived for potential subsequent checks. In this case too, the managing 
and analysis software will be developed ad hoc. 

25 Discharge of plates 
The plates containing the samples already read will be discharged into a suitable 
container, which must be emptied periodically by an operator. 
The measurement of the CV/IR parameter according to the present invention can be 
utilized in all the applications already described in the prior art for the prior CV 

30 parameter in the management of a petroliferous thermal conversion and/or catalytic 
plant. The present invention therefore further relates to a procedure for optimizing 
the operative conditions of a plant based on the monitoring of the CV/IR. To this 

end, all the applications described and claimed in the prior patents in the name of 
the applicant, that is to say IT 1211978, EP0529397 and IT1211979, are integrated 

35 in the present application. 
In particular, the optimization of the operative conditions is finalized with the 
reduction of the fouling power of the plant or the rise of the light fractions of the 
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distillation. In the first case, when the CV/IR parameter detects a carbonaceous 
charge higher than a preset limit threshold, either a decrease of the furnace 
temperature or an increase of the amount of stabilizing additives in the plant charge 
will be operated. In the second case, when the CV/IR parameter detects a 

5 carbonaceous charge lower than a maximum acceptable threshold, an increase of 
the furnace temperature will be operated, with the entailed increase of light fractions. 
The advantages offered by the invention compared to the prior methods based on 

the calculation of the CV parameter are many. The level of manual input required by 
the prior methods (including the calculation of the CV) is rather complex, the 

io handling of the sample includes a series of rather delicate operations, and this is in 
turn reflected in the poor reproducibility of the measurement. It has been 
demonstrated how different operators provide different results with the same 
sample. The new method does not include any handling of the sample: the residue 
sample, as collected and without any dilution, must simply be poured in a fixed 

15 amount into the measurement receptacle. In an automated process, the sample is 
usually placed directly in the reading chamber without preliminary dilution. This 
comprises a very high level of accuracy and reproducibility, particularly in cases with 
low amounts of particles. 
In addition, as seen above, the method allows the analysis of samples of extremely 

20 high mass (from 3 to 15 gr per reading), which are therefore absolutely 
representative of the entire residue produced by the plant. 
The invention described hitherto in general terms will now be described with all the 
experimental details and results in the following experimental example, which is 
provided merely by way of illustration and is non-limiting. 

25 Experimental example 
Tools used 
A possible configuration of the equipment selected from countless other commercial 
solutions is constituted by: 
Olympus BX51M IR optical microscope. 

30 The microscope is equipped with a lens having defined magnification, preferably a 
10x or 20x lens. An optics that can be used is LMPL10XIR/0.25 
An IR fluorite semiaprochromatic lens with WD (working distance) 18.5 mm having 

optical characteristics illustrated in the graph shown in figure 6. 
900 nm IR-DIC polarizer, 360° rotatable intermediate IR orthoscopic analyzer, 

35 Optical Cast Plastic IR Longpass Filter 2" Diam., Universal achromatic/aplanatic 
condenser, 4 positions 
XC10 IR or Qlmaging QlClick and Qlmaging QICAM video camera. 
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System for acquiring, processing and analyzing images (DOCU FIVE or ImagePro 
or Stream Essential, etc.). 
LED light source, specifically for emission in the IR range, could be as follows: 
DragonllR PowerStars; 

5 Tens of other components are offered on the market for each single stage of the 
microscope analyses. In addition, it is possible to assemble the suitable components 
in accordance with a conventional model of an optical transmission microscope so 

as to obtain a tool that is personalized in respect of the requirements 
Image acquisition 

io The images can be acquired in order to be compared with a reference image 
(example A) or in a completely independent manner (example B): 
Example A 
- Source intensity: by comparison with reference. 
- Diaphragm aperture: by comparison with reference. 

15 - Collimator height: fixed. 
- Condenser aperture: fixed. 
- Automatic exposure. 
- No filter. 
- Sample thickness: 400 |im - 600 |im. 

20 - EDF (extended depth of field) acquisition. 
Example B 
- Source intensity: photographic light; in this way, a radiation that is very stable 

and that is of predetermined intensity is obtained. 
- Diaphragm aperture: 0.3. 

25 - Collimator height: fixed. 
- Condenser aperture: variable depending on the lens used. 
- Automatic exposure. 
- High-pass filter 900+. 
- Sample thickness: 400|im - 600|im. 

30 - EDF (extended depth of field) acquisition. 
Image processing 
Depending on the type of acquisition, it is possible to process the obtained images 

using different procedures. Two non-limiting examples are provided: 
Example A 

35 - Application of a filter for background correction. Tens of these exist, but it is 
preferable to use the DCE (dynamic channel equalizer) filter, which optimizes 
the cubic area of the pixels so as to eliminate signals too far from the close 
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weighted average. 
- Two analyses of the phases are possible: RYB and HSI. RYB (red yellow blue) 

is normally indicated more to study color images, and therefore a study of the 
HSI (hue saturation intensity) type is preferred. 

5 Example B 
- Background correction. 
- Recognition of the edges as identification of the particles, however there are 

tens of other systems for identification of the particles. 
- Insertion of a threshold which discriminates the contrast of the recognized 

io edges. 
- Exclusion of the particles having dimensions smaller than the resolution of the 

microscope. 
- Exclusion of any particles having a grey value close to that of the background, 

since these are caused by shadows and not by real particles. 
15 Obtained images 

The images of the analyses with the EDF method are shown in figure 1. 
In addition to an EDF image, an acquisition in sequence of a series of images also 
enabled successive processing to obtain a three-dimensional image. A three-
dimensional image relating to a sample with CV 785 is shown in figure 2. 

20 Results compared with conventional CV 
The measurements inserted into table 1 below were obtained on residue samples of 
a visbreaker process or of a combustible oil. In parallel, CV measurements were 
taken and also, on the same sample, particle count measurements using the new IR 
microscope. 

Values 
CV (um2) CV/IV (% of area) 

1 35 0.43 

2 105 1.58 
3 900 10.02 
4 24 0.13 
5 71 1.10 

6 251 6.14 
7 263 3.89 
8 84 3.21 
9 103 2.59 
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12 251 6.14 

11 419 9.46 

12 116 4.61 

13 191 6.92 

14 2137 28.68 

15 158 1.61 

16 49 1.24 

17 125 0.85 

18 48 0.57 

19 104 1.67 

20 637 12.17 

21 1298 16.41 

22 1841 25.16 

23 984 11.98 

24 78 1.31 

25 123 1.67 

26 55 0.84 

The values found, even if measured using different measurement units (|im2 

compared with % of total area), reveal a corresponding trend, except for the low 
5 values. It is quite understandable that the greatest disparity found between 

conventional CV and CV/IR lies in the low values, where the CV struggles to focus a 
sufficient number of particles in order to obtain a reliable value; with CV/IR instead, 
where a number of much greater particles are counted, the value is more reliable. In 
fact, with CV/IR, all the focal planes possible are counted for each shot over a 

10 thickness of some millimeters; each IR reading therefore represents a conventional 
reading repeated n times. Illustrating in a graph the CV values (in |im2) on the 
abscissa and the CV/IR values (in % of area) on the ordinate, a distribution over the 
Cartesian plane of the obtained values is produced: the trend line, which refers to all 
points, has a coefficient R2 equal to 0.95, showing a good correlation between the 

15 two sets of values. (Figure 3). 
Results of reproducibility tests 
The statistical distribution of twenty acquisitions using CV/IR performed on the 
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sample with the lowest CV possible was calculated, in this case the CV/IR being 
expressed as a percentage of area covered by the particles compared to the total 
area of the images. In the graph illustrated in figure 4, the distribution of the values 
obtained using CV/IR is shown. 

5 Other results of reproducibility tests 
The CV/IR was read after having prepared six Petri plates, filling them with the same 
residue sample. The same sample was then analyzed six times after having been 

homogenized, taking six different aliquots measuring approximately 4 grams, and 
carrying out the IR reading 5 random times in the Petri plates obtained. The six 

io samples were called a, b, c, d, e and f, and the measured sum of the areas of the 
particles was expressed in area %. 
The results with the standard deviations are shown in the tables below. 

3.77 

3.61 mean 3.59 

a 3.52 st. dev. 0.23 

3.81 rel st. dev. 6.36 

3.24 

3.23 

3.17 • mean 3.24 

D 3.31 st. dev. 0.08 

3.16 rel st. dev. 2.41 

3.33 

3.38 

3.14 mean 3.42 

c 3.66 st. dev. 0.23 

3.65 rel st. dev. 6.75 

3.27 
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3.19 

3.68 • mean 3.29 

Q 3.40 st. dev. 0.27 

3.23 rel st. dev. 8.13 

2.96 

3.25 

3.12 mean 3.42 

e 3.71 st. dev. 0.26 

3.33 rel st. dev. 7.72 

3.68 

3.29 

3.08 mean 3.09 

T 3.02 st. dev. 0.14 

3.15 rel st. dev. 4.61 

2.91 

As illustrated in the table below presenting a summary, all of the measurements 
carried out are very similar, within an error of 8 %; in addition, no differences were 
observed between one plate and another, confirming the fact that a sample of 
approximately 4 grams is absolutely representative of the entire residue sampled 

5 from the plant. 

of the 30 
of the 6 means 

measurements 

mean 3.34 mean 3.34 

st. dev. 0.17 st. dev. 0.25 

rel st. dev. 5.18 rel st. dev. 7.54 








