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pomt nlthcse operations are carried out in the industry of crude oil refining by plants

such as a visbreaker, coker, and hydrocracker for obtaining intermediate or light cuts
of higher value, from heavy residues of lower commercial valne. The thermal
cracking applied in the visbreaker process will also reduce the viscosity and pour
point of the heavy residues.

[0604] It is well known that the fouling potential of a fluid can be estimated
and characterized by the concentration of the dispersed phase, particularly by the
concentration of the dispersed phase present in a specific size range. In hydrocarbon
systems in particular, it has been recognized that the concentration of asphaltenes
(i.e., carbon particles or opaque species) with linear dimension greater than about 2

microns in visbroken tars is a good indication of the fouling potential of the material.
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unit in order to maximize plant profitability. The present teachings will show that if
the fouling potential of the tar can be quantified, then the precise level of chemical
inhibitor can be dosed to maximize the plant profitability.

[0008] Therefore, in one aspect the present invention provides a simplified,
automnated system and method that can easily be used to carry out optical analysis of
visbroken tars and other fluid samples in order to characterize and quantify the

concentration of particles within the fluid sample with high accuracy and
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acros 1¢ sample. When an opacity, scatterer or opaque pa1 ticle of a threshold size is

encountered in the sample, the intensity of the transmitted light is strongly attenuated.
Such change of light intensity is then correlated with the detection of an opaque
particle in order to characterize and quantify the concentration of particles within the
fluid sample with high accuracy and reproducibility. Data processing algorithms are
implemented to determine the background noise level associated with the acquired

data and to set a threshold level. Ag such, a specific signal-to-noise ratio can be
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[0014] Fig. 4 illustrates a plurality of spaced apart linear scans compared with

a solid block representing an equivalent effective surface area;

[0015] Fig. 5 is a graph illustrating raw light transmission data obtained over
a single line scan;

[0016] Fig. 6 is a graph illustrating the raw data of Fig. 5 after the data has
been filtered to remove line noise and gross intensity variations;

[0017] Fig. 7 is a graph illustrating decreasing statistical error as a function of
overall scan length;

[0018] Fig 8 is a graph showing the correlation of sample inhomogeneity, as
measured by the instrument to samples with a varying degree of dilution from a fully

cracked (i.e., high asphaltene particle density) sample;



cracked (i.e., high asphaltene particle density)

sanpl e; WD 2007/008787 PCT/ US2006/ 026720 5 [0019] Fig
VD p7/088%hemat i ¢ of the mechani cs of the cherg@abso06/026720
effect of the dispersants; [0020] Fig 10 is a graph

of the relation of PV to the Furnace Qutl et

Tenperature (FOT) with and wi thout chem cal treatnent;
[0021] Fig. 11 illustrates tgr stability and

conversion as asphal tenes ar di sbursed in the

conti nuous_phase through the peptizin% action_ of

ar omatB0tY BEd fsedisalematicgiahy nepipnics 201 ke ghepiggheffect of the
[ ting raw data obtained froma visbreaker
g%h%%%%?on trial; [0023] Figs. 13-16 are graphs

11 usf002d]iifig tGvis datgraphbbfitine delbi@modt BYniekiwl Gornace Quilet

hancene pplicatiqn; [0024] Fig. 17 is a graph
&Eﬁnﬁgﬁ?‘%ﬁ &[ﬁ)&% \Yf—*ﬂ?l %ﬁt%ﬁ\%‘r%@% ??4‘51%%‘}5 n tenperature;
[0025?0051]931&1&1' BB A6 YPRL LGS agd %Bh+é1-£iH§tha]5§pﬂaﬁsenes are
exenpl ary visbreaker process types; and [0026] "Figs.
dypurseflgp the ¢oggrpaus ehie tresahuhe neptizingict omofirearsatice mahtesins;
syst e f-.t he,present, i.avention. AlLLED DESCRI PTIl ON
o TRV AR ol EXERERY dboihas Somng visoresker
exBBRlcasriglescri bi ng the present invention wll be
descri bed bel ow with reference to the acconpanying .
dr awi WY& Tags- dRokrars graphy Glustyating gave dptapbipined drams a sowygrsion
opbh&enS¥SlieM.gs general ly indicated by the nunber
10, mﬁpc@?ln toﬂ’e present exenplary enbodi nent
conpr 0628 Rig.conis ergatillhsmsng §¥FM dptd versisurotie sitid terapeshidre;
mul tizaxis.tragslation stage. 14. The |ight source 12
. oI e HRn ol SRRt Singtin IpotaEE robRoBry aiioreaker
pRkésd npeatp|avi sible laser. An infra-red (IR |aser
may al so be used, and is in sonme cases preferable
owi ng00%plHigs. 1261 19hatustste Py olcatiironalt aiid 2 ygiseneyt system

. nsparent to IR light, than visible |ight.

%Qp@%}gé g?ﬁmo]ﬁ stage 14 may be noved horizontally in
the x and y directions in response to control signals

gener at ed bﬁ an_associ ated conputer 20 to direct the
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Fig. 1, this invention uses an optical system as generally indicated by the number 10,
which in the present exemplary embodiment comprises a convergent lens, a light
source 12, and a mwlti-axis translation stage 14. The light source 12 may be
implemented, for example, in the form of a solid state visible laser. An infra-red (IR)
laser may also be used, and is in some cases preferable owing to the fact that HC
solutions are typically mmuch more transparent to IR light, than visible light, The
translation stage 14 may be moved horizontally in the x and y directions in response to
control signals generated by an associated computer 20 to direct the light beam along
a plurality of paths through the sample. The third axis moves the stage vertically,
towards and away from the focusing lens, This permits selection of a focal plane
within the sample. In another exemplary embodiment, the present invention

contermplates providing means for moving the light source 12 with respect to the
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chosen.  This provides adequate power at a suitable region in the EM
(electromagnetic) spectrum to provide transmission through a thin layer of tar, while
the carbide particles remain opaque.

[0029] In order to have sensitivity to the specific sized inhomogeneities,
appropriate optics should be used to focus the laser light onto the sample. The choice
of a monochromatic light source allows the design of the optics to be optimized. As

shown in Fig. 3, a highly convergent lens system 200 is used to focus the light beam
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beam 100 is focused on the slide 104, below a cover slip 102, or a flow cell in the
sample volume. The depth and width of focus are constrained by the optical system
and the selected light wavelength. In one exemplary embodiment, both dimensions
are selected to be approximately 1 micron.

[0631] Fig. 2 illustrates an example of a screen display presemted by the
software of the present invention. The screen display illustrated in Fig. 2 represents a
data acquisition interface allowing the operator to specify a variety of scanning
acquisition, analysis parameters, operating conditions of the instrument, and results of
the measurement. The methods by which the operator selects items, inputs data, and
otherwise interacts with the data acquisition interface are conventional, and further
discussions of these operations are not provided herein. In an exemplary embodiment

of the invention, data acquisition software was implemented via Visual Basic® in
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meRuellf exdel Iﬂﬁis@feﬁx@nt%!wed that the number of counts per 15 mm line scan

were identical within 95% confidence limits. Increasing the sampling region to 20-15

mm scan paths, the same systematic effects were seen. After applying statistical
analysis to the results, it was observed that the single line scan measurements are
normally distributed, with a standard deviation (¢)==1.6 counts on a mean of 8.0
counts. Furthermore, the total integral count of the sample was 159 with a standard
deviation of 9 counts. This shows that both the mean inhomogeneity count per path,

and the total integral inhomogeneity count were statistically identical and repeatable,
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to Gpuss) Rébeatidd IS¢ LASUNMETBr § N8 SHEQE nt spanning over 20 paths,

the error decreases as shown below:

Prot = (149:£ 12) = (20x 15 mm x 1 gm) = 497 + 40 mm™>

We see that the error decrcases according to Gaussian statistics where the error

propagates in quadrature which is a well known statistical property.

[0039] As shown in Fig. 7, an approximate 5% uncertainty is achieved at 10
line scans of 15 mm length (i.e., 0.15 mm?® effective area). Statistical error is tlwus

shown to decrease with N*¢, where N is the number of 15 mm path length multiples.
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(partd al.l | luted). 043], The scanning results from
t hes épg%{ﬁ%? gis %‘3@@ n <carpdPiEEmsdinte prdicalgicagasioo (partially
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i mges and the scanned results. A graph show ng the
cor r Sradimen Gf 9aP(7 dNé <déMsihigh psrtinmais uteasltyhyheavily cracked

sample (slightly diluted).
Specimen D:  9630-mod, 13% 9630-7 + 9630 Asls, PV = about 1.35
(partially diluted).

[0043] The scanning results from these samples were then compared to
photographs of the samples, and a correlation was found between the images and the
scanned results. A graph showing the correlation of particle density as measured by
the instrument to samiples with a varying degree of dilution from a fully cracked (i.e.,
high asphaltene density) is shown in Fig. 8.

[0044] Overall, the testing results demonstrate that the system of the present
invention provides good repeatability and shows correlation with visual image views.

It has been shown that a relatively large sample area may be covered with automated
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requirements. Specific  chemical entities include, but are not limited to

polyisobutenylphosphonic acids and esters, polyisobutenylthiophosphonic acids and
esters, alkylphosphonate phenate sulfides and disulfides that may be neutralized with
alkaline earth metals or amines polyisobutenyl succinimides, polyisobutenylsuccinate
alkyl esters, magnesium or calcium salts of alkyl or dialkylnaphthelene sulfonic acids
as described in U.S. Patent No. 4,927,519 and EP Patent No. 321424B1.

[0048] These antifoulant materials have been found to function at low dosages,

1-200 ppm, to prevent the undesirable deposition or fouling of surfaces in vishreakers,
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[0051] It has also been shown that the nature of the surface plays a role in the
ability of thermally stressed fluids to deposit. Metal surfaces with higer roughness,
edges, or polarity are more prone to fouling. These dispersants will adsorb to such
surfaces and discourage particulate or amorphous insoluble hydrocarbon from sticking
to the surface.

[0052] The reaction of hydrocarbons at elevated temperatures with oxygen

(even very low levels such as <5 ppm) will result in formation of polar functionalities
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severity want to be maintained) in order to maintain the fouling rate and thus keeping
unit run-length under control. If solids increase is due to cracking severity only, the
'VEM measurement provides an early warning to potential instability of the tar and
cracking severity can be reduced by decreasing the furnace outlet temperature (FOT).
[0056] Fig. 10 shows a correlation of FOT versus PV. Increasing the FOT
will reduce the PV value up to instability (i.e., PV=1.0). With the appropriate
treatment, the PV will remain higher (i.¢., stable) at the same temperature. Also note
that the slope between the treated and untreated curves is different, with the treated

curve having a much gentler slope. This provides more security and flexibility to the
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[0058] Our MRA models attempt to define a mathematical correlation between
the operational parameters such as - feed quality, cracking severity, conversion and
the fouling rate of the subject exchanger or furnace. By normalizing the mathematical
model, the fouling rate is isolated from the varying Operational parameters and the

real fouling rate can be demonstrated and quantified. By developing a corrected
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[0060] A process for establishing effective visbreaker treatment may be

summarized as follows. First, the user clearly defines the problem to be solved.
Next, a unit survey or blank test of visbreaker operations is performed. Next,
operational data obtained from the unit survey is analyzed, and baseline performance
parameters are defined. Next, performance goals are measured in accordance with
mutually agreed upon production goals and requirements, and then an appropriate

treatment procedure may be designed. Next, the treatment procedure is implemented,



predi ct performance based on VFM neasurenents. The
chemcal feed rate is then directly tied to custoner
widrdovzeuspser f or mance measurenents such as run lpengisboos/026720
and/or conversion rate. Hi gh tenperature di spersants
can replace the converted resins to maintain tar
stability while increasing the cracking severity; or,

the systemmy increase tar stability by maintaining
constant cracking severity. reover, measuring the
tar. characteristics with the VFM before and after the
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gioverelll y in the cracking process. [0060] A process for
establishing effective visbreaker treatnent nmay be
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be provided. [0061] As shown i
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gnpl ary data recorded froma visbreaker conversion
trial is shown in Fig. 12, As it is noted from Fig.
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harge has to be considered extrenely satisfying in
Cfaéwﬁag Rspuzagpyiglpe Pyv. This allows the VEM to be used to assess the quality

of the visbreaker product and efficiently blend or produce various required fuel or
other oils. The classical procedure for measuring Pv, in use for decades, involves
slowly adding graded amounts of pure n-cetane Cis Hu to a sequence of samples of
the product, maintaining each diluted sample in a heated bath for a time (e. g. thirty
minutes) o allow the asphaltenes to agglomerate, and then detecting the concentration
of tar. The different samples provide a graph of the product stability, with an abrupt
increase in tar separation at the peptization value Pv. The concentration measured by
the VEM of the present invention provides an effective tool for performing such a Pv

measurement quickly and repeatably.



[0064] Fig. 17 illustrates VFM data versus corrected
skin tenperature over tinme, and Fig. 18 is a

wachenmsisc di agramillustrating exenpl ary vi shcealsesis/ 026720
process types. [0065] The operation described above
of path length sanpling to develop a neasure of
concentration of dispersed phase correlates well wth
a conventional HFT neasure_ of hot filtered tar and
may al so be used with a sui tabl e protocol to derive
the classical peptization value Pv. This allows the
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samples of visbreaker fluid, compared to the P values determined by the classical n-
cetane laboratory testing analysis of the samples. The measurements are essentially
identical. Fig. 19B graphs the VFEM concentration measurement (in arbitrary units)
illustrating the onset of instability and flocculation. The value Pv is readily visible as
the point at which there is a rapid increase in sample opacity with a relatively small
increase in the amount of the aliphatic (heptane) diluent. This abrupt change in the
VEM concentration measurement among the tested samples, may be automatically

defined as an output with a straightforward software comparison algorithum to provide



wei ght of the lighter heptane diluent, a correction

factor 1/0.443 is applied to the diluent volunme Xmn
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cetane, so that the resulting P value is identical in

value to the classical nmeasurenent. A series of

sanpl es can be placed on the stage. Each sanple

conprises a small anount of jgaliphatic hydrocarbon

(i.e. n-cetane, n-heptane, etc.). The nore aliphatic
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st abighd er .aspects of the sanple preparation
such[g%brﬁgﬁégé%gp(?POn of a set of different
dilutions and | oading onto a microsanple array for
concentration neasurenent may be fully automated,
using various injection, handling and transfer

mechani snms that will be famliar fromsimlar tasks
performed by equi pnent used to autonmate the handling,
processi ng and anal ysis of chem cal, biological,

medi cal or genetic sequencing materials. [0068] Wile
the di sclosure has been illustrated and described in
typi cal enbodinents, it is not intended to be limted
to the details shown, since various nodifications and
substitutions can be made w thout departing in any way
fromthe spirit of the present disclosure. As such,
further nodifications and equi val ents of the

di scl osure herein disclosed may occur to persons
skilled in the art using no nore than



routi ne experinentation, and all such nodifications
and equi valents are believed to be wthin the scope
and spirit of the disclosure as defined by the
followng clainms. [0069] What is clained is: 19 What
is clained is: 1. A nmethod to inprove the yield or
quality of light streans il a visbreaker unit,
conprising the steps of: estimating a concentration of
Whianhologahei ti es contained within a tar byproduct of
vi sbreaker operations; determining a fouling potentia
based on said concentration; determ ning an acceptabl e
1. basglnididp@riaipeder thefyidi@ior ghall lof tighbasashs R aSaiteaker unit,
fouling potential; conparing said baseline paraneter
compgispR ISt rati on of i nhonpgeneities neasured
durd.f v ' ; 4 tar hunr o
rogul Sy PG B RERELTORES ELARE R for byprgcuct of
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selecting and controlling the type or quantity of
Potbaly anti-fouling material being input into said
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conprising the step of increasing a run length or
meagyiad dvigi onbpeguentofsbeake apesbreaked unit. 4. The net hod
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~claim1, wherein said regulating step is further based
orqgHtYy  predetermined furnace Qutlet tenperature. 6. The
nmet hod of claim 1, further conprising the step of
generating a predictive nodel to verify and predict
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: L m ur | SL.AG. th ep .of .repl aci.n ,
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visbedakéremitmai ntain tar stability while increasing

3. The method of claim 2, further comprising the step of increasing a run length or

conversion rate of said visbreaker unit.

4, The method of claim 3, further comprising the step of estimating stability of said

tar byproduct based on hot filterable solids (HFT) measurements.

5. The method of claim 1, wherein said regulating step is further based on a

predetermined furnace outlet temperature.

6. The method of claim I, further comprising the step of generating a predictive

mode] to verify and predict performance of said visbreaker unit.



cracki ng severity or increasing tar stability while
mai nt ai ni ng constant cracking severity. 8. The nethod
of claiml1, further conprising the steps of conparing
VFM neasurenents at the inlet of the furnace and the
outlet of the furnace, and using said conparison to
i ndi cate an anount of inho?fbgeneities produced
directly in the cracking process. 9. The nethod of
7. cl al'im thethbdiot blieim ¢ pfupthersiongrising tsd €pp of reptacingzionger@d resing
.chem stry of sajd anti-fouling.material to reduce the,
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tenperature conpared with the PV of untreated tar in
sai d visbreaker unit. 10. The nmethod of claiml,
8. TUrfRemARAPLE Sd[zﬂ%, ?,h?uz%e?pcoﬂ{ r&ﬁ‘.g.r‘ﬁh'e”&?ﬁé“%ffc%ﬁrﬁ;%ﬁﬁg VFM
tenperature to nodify the conposition of visbroken
megspugehgots, atlthe infereofntbe Hodawf andl the mudst ofhide dimatdhand tueipg said
Comg)fél{'igoﬁﬁ%:]iim gﬁt{@%ga%rgoglg{ éigﬁlugﬁ(t)g%gtlehgs! Enig%]geldugl%gtly in the cracking

process.

9. The method of claim 1, further comprising the step of utilizing a chemistry of said
anti-fouling material to reduce the sensitivity of temperature on PV of said tar byproduct
and increase PV of said tar byproduct at a given temperature compared with the PV of

untreated tar in said visbreaker unit.

10.  The method of claim I, further comprising the step of changing the furnace

temperature to modity the composition of visbroken product.

IT. The method of claim I, wherein the step of determining a fouling potential

includes determining the peptization value (PV).



