1 A METHOD FOR CHARACTERI ZI NG FEEDS TO CATALYTI C CRACKI NG PROCESS UNI TS
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FIELD OF THE INVENTION

BACKGROUND OF THE INVENTION

Optimization, design and control of catalytic cracking
process units all benefit from kinetic models which describe the
conversion of feeds to products. In order to properly describe the
effects of changes in feed composition, such models require
descriptions of the feed in terms of constituents which undergo
similar chemical reactions in the cracking unit; these constituent
groups are .commonly called Tlumps. For design and optimization
studies, a protocol which involves off-line feed analysis taking
weeks or even months to provide a feed lump description may be
adequate. However, for real time control of a process unit, a rapid
and convenient method for characterization of the feeds to catalytic
units is required. Current techniques for analysis of catalytic
cracking feed components boiling above 650°F include High Performance
Liquid Chromatography (HPLC) sometimes coupled with Field-Desorption
Mass Spectroscopy (FDMS). Both HPLC and FDMS are laboratory
techniques which may require that a full range feed be prefractionated
into appropriate boiling range fractions prior to analysis; as a
result, analytical data are not available for several days after
samples are obtained.

The present invention provides analysis of catfeeds in real
time (a few minutes), online, and without requirements for feed
prefractionation through Infrared Analysis of the whole catfeed sample
and subsequent chemometric prediction of the feed components. The
invention can also be employed for laboratory or at-line analyses of
catfeeds. For example, the invention can be used to analyze samples
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groups are comonly called |unps. For design and optimzation
studies, a protocol which involves off-line feed analysis taking
weeks or even nonths to provide a feed |unp description may be adequate.
However, for real time control of a_pfqQcess unit, a rapid and convenient
met hod for characterization of the feeds to catalytic units is required.
Current techniques for analysis of catalytic cracking feed conponents
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prior to anglyghtini2Stfhn of a catalytic cracking unit, it could also be used
to advantage for analysis, control and optimization of other
petrochemical process units where 1lump based process models are
employed. For example, the invention could be used to monitor changes
in component 1lump concentrations across a hydrotreating unit, or
across a lube extraction unit.

SUMMARY OF THE INVENTION

The present invention is a method to determine the chemical
concentration of one or more of a number of the constituent classes of
a feed to a catalytic cracking process. These constituent classes
which are referred to as "lumps", include 14 different molecular types
in 4 different boiling range fractions. A specific lump will include
all individual molecular components which are expected to react in a
similar way in the catalytic cracking unit.

The present invention is accomplished by:

(1) during a calibration step,

(la) analyzing a set of feed samples using an analysis scheme
similar to Analysis Scheme 1, 2 or 3 described below to
obtain molecular Tumps;

(1b) obtaining infrared spectra of the set of feed samples;

(1c) correlating the molecular lumps to the infrared spectra to
obtain a predictive model for each lump.

(2) during the analysis step,
(2a) obtaining an infrared spectrum of an unknown feed;
(2b) using said spectrum and the predictive model developed in
(1c) to estimate molecular lumps for the feed;



result, analytical data are not available for several days after
sanpl es are obtained. The present invention provides anal ysis of catfeeds
inreal time (a few mnutes), online, and without requirenents for feed
prefractionation through Infrared Ampl.ysis of the whole catfeed sanple and
subsequent chenonetric prediction of the feed conponents. The

I nvention can al so be enployed for |aboratory or at-line anal yses of

cat f eeds. (Fjoin ehangdntrol foptimizantiowrsteph be used to anal yze sanpl es
(3a) using the molecular lump information generated in (2b) as
input to a process model to control and/or optimize a
process unit.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a schematic of an analysis scheme referred to
below as Analysis Scheme 1. This analysis scheme is used to determine
component lumps of feeds to and/or products from hydrocarbon
conversion, separation and blending process units.

Figure 2 shows plot of results for the calibration of the IR
analysis of heavy (VGO) and resid) component Tumps for example 1.
Component lump abbreviations are from Table 1. The 1lines on each
graph represent an estimate of the 95% confidence limits in the
reference data against which the IR analysis is calibrated.

Figure 3 shows plot of results for the calibration of the IR
analysis of distillate component lumps for example 1. Component Tump
abbreviations are from Table 1. The lines on each graph represent an
estimate of the 95% confidence Timits in the reference data against
which the IR analysis is calibrated.

Figure 4 show plots of results for the calibration of the IR
analysis of elemental data {sulfur and nitrogen contents), micrecarbon
residue (MCR) measured as weight percent of resid, and feed density
for example 1. The lines on each graph represent an estimate of the
95% confidence 1imits in the reference data against which the IR
analysis is calibrated.

Figure 5 shows plots of results for the calibration of the
IR analysis of aromatic core data for example 2. The aromatic core



2 fromresearch reactors whose volumes are too small to allow for
characterization by the distillation/HPLC/ FDVMS net hod. Wiile the
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Tumps are given 1in Table 2. The lines on each graph represent an
estimate of the 95% confidence 1imits in the reference data against
which the IR analysis is calibrated.

Figure 6 show plots of results for the calibration of the IR
analysis of HPLC mass data for example 2. The HPLC mass reference
data is obtained from HPLC analysis as described under Analysis Scheme
2 below. The abbreviations for the mass lumps are given in Table 2.
The lines on each graph represent an estimate of the 95% confidence
limits in the reference data against which the IR analysis is
calibrated.

Figure 7 show plots of results for the calibration of the IR
analysis of HPLC mass data for example 3. The HPLC mass reference
data is obtained from HPLC analysis as decribed under Analysis Scheme
2 below. The abbreviations for the mass lumps are given in Table 2.
The lines on each graph represent an estimate of the 95% confidence
limits in the reference data against which the IR analysis is
calibrated.

Figure 8 shows plots of results for the calibration of the
IR analysis of aromatic core data for example 3. The aromatic core
reference data 1is obtained from HPLC analysis as described under
Analysis Scheme 2 below. The abbreviations for the aromatic core
lumps are given in Table 2. The lines on each graph represent an
estimate of the 95% confidence 1imits in the reference data against
which the IR analysis is calibrated.

Figure 9 shows a diagram of a refinery operation discussed
in example 4. Vacuum residue (Resid) is processed in a hydrotreating
unit (HT) to produce hydrotreated vacuum residue (Residfinate) which
is then blended with vacuum gas oil (VG0) at valve X. The blended
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lump information on any of all of four streams, the VGO (Al), the
Resid (A2), the Residfinate (A3), and/or the whole feed (A4). The
component lump information can be used for feedforward control of the
hydrotreating unit (A2), for feedback control of the hydrotreating
unit (A3), for feedforward control of the blending (Al and A3), for
feedback control of the blending (A4), and for feedforward control of
the FCCU (A4).

Figure 10 shows a diagram of a refinery operation discussed
in example 5. Vacuum residue (Resid), vacuum gas oil (VGO) and Tlube
extract (LE) are held in three tanks. Component lump analyses Al, A2
and A3 are used for feedforward control the blending of whole feed
from the three feed streams through adjustment of valves (X).
Component lump analysis of the whole feed (A4) is used for feedback
control of the blending, and/or feedforward control of the FCCU.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Optimization, design and control of catalytic cracking
process units often accomplished using kinetic process models which
describe the conversion of feeds to products. Since the feeds to such
units are comprised of thousands of discrete molecular species, the
development of kinetic equations for each molecular species is
impractical. Instead, molecular species ~which undergo similar
reactions are classified together in the development of the kinetic
process model. These classes of molecular species are commonly
referred to as Tumps. To describe how changes in feed composition
effect unit operation, feeds must be analyzed for their component
Tumps. In addition to molecular lumps, certain other feed qualities
may also be included as inputs into process models including elemental
data such as sulfur and nitrogen contents, physical inspections such
as density, and reactivity measures such as micro carbon residue.



i T

.obtain nolecular lunps; (Ib) obtaining infrared spectra of the set of feed
sanples; (1c) «correlating the nolecular lunps to the infrared spectra to
obtain a predictive nodel for each lunp. (2) during the analysis step, (2a)
obtai ning an infrared spectrum of _agg .unknown feed; (2b) using said spectrum
and the predictive nodel developed in (1c) to estimte nol ecular |unps for

t he feed;

For design of the kinetic model and use of the model for

off-line optimization studies, an off-line feed analysis protocol
taking weeks or even months to provide a feed Tump description may be
adequate. However, for real time control of a process unit, a rapid
and convenient method for on-line characterization of the feeds to
catalytic units is required. Current techniques for analysis of
catalytic cracking feed components boiling above 650°F include High
Performance Liquid Chromatography sometimes coupled with
Field-Desorption Mass Spectroscopy. Both HPLC and FDMS are laboratory
techniques that may require that a full range feed be prefractionated
into appropriate boiling range fractions prior to analysis; as a
result, analytical data are not available for several days after
samples are obtained.

Feeds to catalytic units can include components with boiling
points in the naphtha to vacuum resid range. To analyze such broad
boiling range feeds in terms of lTumped components that undergo similar
reactions will generally require a sophisticated analytical scheme
involving prefractionation of the feed into appropriate boiling range
cuts and analysis of the cuts in terms of molecular component Tlumps.
An example analytical scheme (Analysis Scheme 1) is shown in Figure I.

Analysis Scheme 1 involves fractionating the full boiling
range feed into a Cg - 430°F, naphtha cut, a 430°F-650°F distillate
cut, a 650°F-1050°F vacuum gas oil cut, and a 1050°F+ vacuum resid cut
using standard 15/5 distillation and vacuum distillation procedures.
The naphtha and distillate cuts are analyzed by standard mass
spectroscopic analyses to obtain naphtha and distillate component
lumps. The vacuum gas oil and vacuum resid cuts are first separated
into fractions by preparative High Performance Liquid Chromatography,
and then the HPLC fractions are further characterized by mass
spectroscopic techniques such as Field Desorption Mass Spectroscopy.
One HPLC technology suitable for separating feeds into appropriate
fractions for subsequent MS analysis to produce molecular lumps has



3 (3) inthe control/optimzation step, (3a) using the nolecular |unp
“information generated in (2b) as input to a process nodel to control and/or
optim ze a process unit. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 shows a
schematic of an analysis schene refejred to bel ow as Analysis Schene 1.
This anal ysis schene is used to determ ne conponent |lunps of feeds to
and/or products from hydrocarbon conversion, separation and bl endi ng
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Overfeld, and W. K. Robbins, U.S. Patent 4,988,446, January 29, 1991).
The types of molecular lumps typically obtained by an analysis scheme
similar to that shown in Figure 1 are listed in Table 1.

TABLE 1
MOLECULAR LUMPS OBTAINED FROM ANALYSIS SCHEME IN FIGURE 1
NPAR, ETC. ARE ABBREVIATIONS FOR LUMP NAMES

Compositional Lump Naphtha Cut Distillate Cut VGO Cut Resid Cut
(C4-430°F) (430°F-650°F) (650°F-1050°F) (1050°F+)

Paraffins NPAR LPAR HPAR HPAR
Cyclic Olefins NYCO

Noncyclic Olefins NNCO

1-Ring Naphthenes NNAP1 LNAP1 HNAP1 HNAPL
2-Ring Naphthenes NNAP2 LNAP2 HNAP2 HNAP2
1-Ring Alkyl Aromatics N1AA LIAA H1AA H1AA
1-Ring NaphthenoAromatics NINA LINA HINA HINA
2-Ring Alkyl Aromatics L2AA H2AA H2AA
2-Ring NaphthenoAromatics L2NA H2NA H2NA
2-Ring Denuded Aromatics L2DA H2DA H2DA
3-Ring Alky1 Aromatics H3AA H3AA
3-Ring NaphthenoAromatics H3NA H3NA
3-Ring Denuded Aromatics H3DA H3DA
4-Ring Alkyl Aromatics H4AA H4AA
4-Ring NaphthenoAromatics H4NA H4ANA
4-Ring Denuded Aromatics H4DA H4DA

Alkyl Aromatics are aromatics which contain only straight or
branched substituent chains. NaphthenoAromatics are aromatics which



anal ysis of heavy (VG and resid) conponent |unps for exanple |I. Conponent
“lunp abbreviations are from T Table 1. The lines on each graph represent an
estimate of the 95% confidence limts in the reference data agai nst which
the IR analysis is calibrated. Figurge_3 shows plot of results for the
calibration of the IR analysis of distillate conponent |unps for exanple 1.
Conmponent | unp abbreviations are from Table 1. The |lines on each graph
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ni trogen clargertthhn dheCh@hyn bervup. 2-Ring and 3-Ring Aromatics contain 2
and 3 aromatic rings per molecule. 4+ Ring Aromatics contain 4 or
more aromatic rings per molecule. Polar fractions separated by the
HPLC can be separately analyzed and included as polar lumps, or can be
distributed across the other measured lumps. In addition to the
molecular lumps, elemental data such as sulfur and nitrogen contents,
physical inspections such as density, and reactivity measures such as
micro carbon residue may be measured on total feeds and/or distillate
cuts.

Because of the large number of fractionation steps and
analyses required in the scheme shown in Figure 1, the time required
for obtaining the molecular lumps for a feed sample can be days to
weeks. Data obtained in this fashion is used for design of the
kinetic model, and for off-line calculations of optimum unit operating
conditions, but it is not sufficiently timely to be used for the real
time control and optimization of the process unit.

An alternative to Analysis Scheme 1 is to eliminate the mass '
spectroscopic analysis of the VGO and resid fractions and directly use
analytical scale HPLC analyses of these fractions. The HPLC
technology described by Haberman, Overfield and Robbins can provide
total mass of aromatics, and aromatic core mass (mass in aromatic ring
excluding substituents) through combined use of evaporative mass and
UV diode array detectors. Analysis Scheme 2 is of particular
advantage when feeds are limited to the VGO boiling range since it can
be accomplished solely using HPLC. For full boiling range feeds,
prefractionation of the feed prior to HPLC analysis, and MS analysis
of the naphtha and distillate cuts are still required. The
alternative Molecular lumps for VGO and Resids obtained from Analysis
Scheme 2 (Table 2) are then used directly as inputs to a process
model.



resi due (MCR) neasured as wei ght percent of resid, and feed density for
“exanple 1. The lines on each graph represent an estinmate of the 95%
confidence limts in the reference data against which the IR analysis is
calibrated. Figure 5 shows plots of yesults for the calibration of the IR

anal ysis of aromatic core data for ekanple 2. The aromatic core 4
reference data is obtained fromHPLC anal ysis as descri bed under
TABLE 2

MOLECULAR LUMPS FOR VGOs AND RESIDS OBTAINED BY HPLC

Compositional Lump VGO Cut and/or Resid Cut
(650°F.-1050°F.& 1050°F.+)

Saturates HSats

Total 1-Ring Aromatics TAl

1-Ring Aromatic Cores AC1

Total 2-Ring Aromatics TA2

2-Ring Aromatic Cores AC2

Total 3-Ring Aromatics TA3

3-Ring Aromatic Cores AC3

Total 4+Ring Aromatics TA4

4+Ring Aromatic Cores AC4
Total Polars TP
Polar Cores PC

The mass spectral analyses of the VGO and Resid cuts required by the
analysis scheme in Figure 1 add significantly to the time and cost of
the total amalysis. The MS analysis does, however, provide additional
molecular breakdown of the feed that can be useful in modeling the
process. A third alternative (Analysis Scheme 3) is to correlate the
molecular lumps obtained from Analysis Scheme 1 (preparative scale
HPLC plus MS) to the lumps from Analysis Scheme 2 (HPLC with mass and
UV detection) for a set of feeds, and then to use those correlations
to convert results from Analysis Scheme 2 into the molecular Tlumps
which would have been obtained by Scheme 1. The correlations can be
accomplished using only the HPLC mass and core lumps, or they can be
augmented by additional analytical tests. For instance, API gravity
(ASTM D287), elemental data, or micro-carbon residue (D4530) data on
VGO or resid cuts could be used as independent variables in addition
to the HPLC mass and core lumps to correlate to Scheme 1 Tumps as
dependent variables.



Anal ysis Schene 2 bel ow. The abbreviations for the aromatic core

| unps are given in Table 2. The lines on each graph represent an estinate
of the 95% confidence limts in the reference data against which the IR
analysis is calibrated. Figure 6 §q§mLplots of results for the calibration
of the IR analysis of HPLC nass dat'a for exanple 2. The HPLC nmass reference
data is obtained fromHPLC anal ysis as descri bed under Analysis Schene 2
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analyze the cuts by MS and/or HPLC will be on the order of days to
weeks. The analyses are thus not suited to on-line analysis, control
and optimization. The present invention seeks to address this problem
though the use of infrared analysis to replace these analytical

schemes.

The use of infrared analysis in process control has been
discussed by several authors. None have used infrared to obtain
detailed compositional 1lump information on petrochemical feeds as
complex as cat feeds.

Espinosa, Lambert, Martens and Ventron (European Patent
Application 0304232, 11.08.88) describe the use of Near-Infrared
spectroscopy to determine the properties and/or yield of a product from
a hydrocarbon conversion or separation process. Unlike the current
invention, their method works by correlating the spectrum of a feed
directly to the property and/or yield of product without the use of a
process model. Their invention cannot be used with a complex kinetic
process model, and is applicable only to processes at the same fixed
conditions as were used in developing the correlation.

Maggard (U.S. Patent 5,349,189, Sept. 20, 1994) describes
the use of MNear-Infrared to measure gross molecular grouping or
classes such as paraffins, isoparaffins, aromatics, naphthenes and
olefins (PIANO). Maggard does not demonstrate that his technique is
applicable for hydrocarbons other than gasolines (naphthas), and does
not provide the differentiation of aromatics and naphthenes by ring
size that the current invention provides.

Maggard (U.S. Patent 5,348,645, Sept. 20, 1994) describes
the use of Near-Infrared for controlling organic sulfur content of a
hydrocarbon product from a sulfur-removal process of a blending



"Figure 7 show plots of results for the calibration of the IR analysis of
"HPLC nmass data for exanple 3. The HPLC nmass reference data is obtained from
HPLC anal ysis as decri bed under Analysis Schene 2 bel ow. The abbrevi ations
for the nmass lunps are given in Tabie 2. The lines on each graph represent
an estimate of the 95% confidence’l thitts in the reference data agai nst
which the IR analysis is calibrated. Figure 8 shows plots of results for
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The present invention is accomplished by:

(1) during a calibration step,

(1a) amalyzing a set of feed samples using an analysis scheme
similar to Analysis Scheme 1, 2 or 3 described above to
obtain molecular lumps;

(1b) obtaining infrared spectra of the set of feed samples;

(1c) correlating the molecular lumps to the infrared spectra to
obtain a predictive model for each Tump.

(2) during the analysis step,

(2a) obtaining an infrared spectrum of an unknown feed;

(2b) using said spectrum and the predictive model developed in
(1c) to estimate molecular lumps for the feed;

(3) in the control/optimization step,

(3a) using the molecular lump information generated in (2b) as
input to a process model to control and/or optimize a
process unit.

The spectra in steps (1b) and (2a) are preferably collected
over the extended mid-infrared spectral range of 7000 to 400 cm-l.
The spectra may be collected using cells with calcium fluoride windows
to contain the feeds which have nominal pathlengths of approximately
0.5 millimeters, in which case the spectral range will preferably be
from 6700 to 1720 cm-1. ‘Alternatively, for laboratory analysis, cells
with potassium bromide windows and nominal 0.05 millimeter pathlengths
may be employed, in which case the spectral range will preferably be
from 3800 to 400 cm-1. Other sampling techniques such as attenuated
total reflection (ATR) could also be used in the collection of the
spectra over all or part of the extended mid-infrared range.
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lunps are given in Table 2. The lines on each graph represent an estinate
of the 95% confidence Iimts in the reference data against which the IR
analysis is calibrated. Figure 9 shows a diagram of a refinery operation
di scussed in exanple 4. Vacuumresid (Resid) is processed in a
hydrotreating unit (HT) to produce hydrotreated vacuum resi due
(Residfinate) which is then blended with vacuumgas oil (VGO at valve X

‘The bl ended S  Preferably, the extended mid-infrared spectra are obtained
using Fourier Transform Infrared (FT-IR) instrumentation. Spectra are
preferably collected at 2 cm-! resolution, although other resolutions
could also be employed.

During the collection of the extended mid-infrared spectra,
the feed samples are maintained at a temperature sufficient to ensure
flow of the feed through the cell. Flow may be interrupted during the
spectral measurement as would be typically done for laboratory
application, or may be continuous during the spectral measurement.
Temperatures in the range of 60°C. could typically be employed,
although higher or lower temperatures can also be used providing that
they are high enough to ensure flow of the feed, and low enough to
prevent thermal reaction of the feed during measurement. Temperatures
will preferably be maintained to within +/-5°C of the nominal
temperature during the spectral measurement.

The correlation in step (lc) is accomplished using any one
of several chemometric methods including Multilinear Regression (MLR),
Partial Least Squares (PLS), Principal Components Regression (PCR), or
Constrained Principal Spectra Analysis (CPSA). CPSA which is
described by Brown in U.S. Patent 5121337 (June 9, 1992) is the
preferred means of obtaining the correlations.

Example 1: Estimation of Compositional Lumps for Catfeeds boiling
above 430°F. via Correlation of Extended FT-MIR Spectral Data to Data
from Analysis Scheme 3.

Spectra for 74 catfeeds boiling about 430°F were measured
over the 7000-400 cm-1 extended mid infrared range using a FT-IR
spectrometer operating at 2 cm-1 resolution. A cell with 0.5
millimeter pathlength and calcium fluoride windows which was
thermostated at 60 +/- 1°C was employed for the spectral measurement.
Two calibrations were developed for molecular Tumps, elemental data,



material is used as the whole feed to a Fl uidized Catal ytic Cracking Unit

" (FCCU). The present invention can be used to determ ne conponent |unp

i nformati on on any of all of four streans, the VG (Al), the Resid (A2),
the Residfinate (A3), and/or the &gole feed (A4). The conponent [ unp
i nformati on can be used for feedforward control of the hydrotreating unit
(A2), for feedback control of the hydrotreating unit (A3), for feedforward
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Spectfa] range:

Calibration 1 - Spectral absorbance values in the frequency ranges
from 6700 to 3100 cm-! and from 2600 to 1720 cm-1 were used
in a CPSA model. The region from 3100 to 2600 cm-1 and
below 1720 cm-1 are excluded since the absorptions occurring
in these regions are beyond the linear dynamic range of the

FT-IR spectrometer.

Calibration 2 - Spectral absorbance values in the frequency ranges
from 5524 to 5155 cm-1, 4999 to 4860 cm-1, 4694 to 3100 cm-!
and 2600 to 1720 cm-! where used in a CPSA model. Maggard
{(U.S. Patent 5349188 had used at least one of the various
absorption bands occurring across the Near Infrared (NIR)
range from 824-1810 mm (12136-5525 cm-1), from 1940-2000 nm
(5155-5000 cm-1) and from 2058-2130 mm (4859-4695 cm-1)
sometimes in combination with absorptions in the region from
2064-2234 mm (4845-4476 cm-1) to measure PIANO components in
gasolines. The NIR measurements conducted by Maggard
require thicker cell pathlengths (2-10 millimeter) than are
used in the present invention to obtain absorptions in the
overlapped regions which are sufficiently intense to be
useful in the calibrations. To demonstrate that the
absorptions used by Maggard do not contribute to the
calibrations of the present invention, the regions from
6700-5525 cm-1, from 5155-5000 cm-1 and from 4860-4695 cm-1
were excluded from calibration 2.



~extract (LE) are held in three tanks. Conponent |unp analyses A, A2 and
A3 are used for feedforward control the blending of whole feed from the
three feed streanms through adjustnent of valves (X). Conponent | unp
anal ysis of the whole feed (A4) _h used for feedback control of the

bl endi ng, and/or feedforward control of the FCCU DESCRI PTION OF THE
PREFERRED EMBODI MENT Opti m zation, design and control of catalytic cracking
process Uﬁhf‘ﬁec‘ﬁ&@? acconpl i shed using kinetic process nodel s which
descri be the conversion of feeds to products. Since the feeds to such units
are conprised of thousands of discrete nolecular species, the

devel opnent @fiilFdt9bhCl eqgaidransc fpen yeasia1 nedreeut tonsspexe emplayed in
the CPSA models to compensate for baseline variations. Two
sets of polynomials were generated, one spanning 6700 to
3100 cm-! and one spanning 2600 to 1720 cm-1. Water vapor
corrections were also included to compensate for variations
in the spectrometer purge.

Calibration 2 - Quadratic polynomial corrections were employed in
the CPSA models to compensate for baseline variations. Two
sets of polynomials were generated, one spanning 5524 to
3100 cm-! and one spanning 2600 to 1720 cm-l. Water vapor
corrections were also included to compensate for variations
in the spectrometer purge.

Regression:

Both Calibrations - A press based stepwise regression procedure was
used in developing the CPSA models. A maximum of 14
constrained principal components was retained in each case.

Results for the two calibrations are shown in Table 3.
Abbreviations in Table 3 are from Table 1. Calibrations were
developed for the distillate lumps and heavy (VGO and Resid) Tumps as
well as for feed sulfur and nitrogen content, micro, carbon residue of
the resid fraction, and specific gravity of the feed. In the majority
of the calibrations, there is no statistically significant difference
between the Standard Errors of Estimate (SEE) obtained for
calibrations 1 and 2 (F values <1.53 based on 60 degrees of freedom in
both models). For those components that show a statistically
significant difference in SEE (F values > 1.54), the SEE for



i npractical . I nstead, nol ecul ar species which undergo simlar
reactions are classified together in the devel opnent of the kinetic process
nodel . These classes of nolecular species are -commonly referred to
as lunps. To describe how changes igéfeed conposition effect unit

operation, feeds nust be anal yzed f fheir conponent lunps. In addition to
nol ecul ar lunps, certain other feed qualities may al so be included as

i nputs int dels ingludin enen h

it rogen o SRt URAETon Tk | RS TTLSt hi. Bk FUE " ANitasish

measur es sédeardy, nther absenptdons esediue. the Maggard patent do not contmbute
to the correlations on which the current invention is based.

Figure 2 shows plots of calibration results for the heavy
(VGO and resid) component lumps. Figure 3 shows similar plots for
distillate Tumps. Figure 4 shows plots for elemental data, micro
carbon residue measured as wt% of resid, and feed density. In each
case, the lines on the graph are an estimate of the reproducibility of
the reference method data. Abbreviations in Figures 2-4 are from
Table 1.



6 For design of the kinetic nodel and use of the nodel for off-line

optim zation studies, an off-line feed anal ysis protocol taking weeks or
even nonths to provide a feed |unp description nay be adequate. However

for real time control of a process_g&ig, a rapid and conveni ent nethod for
on-line characterization of the fee to catalytic units is required.
Current techniques for analysis of catalytic cracking feed conponents
boi | i ng above 650F include H gh Perfornmance Li quid Chr omat ogr aphy
sonet i nes coupl ed with Field-Desorgtion Mass Spectroscopy. Both HPLC
and FDMVB are | aboratory TABLE 3

Component Calibration 1 Calibration 2
wt% SEE PRESS SEE PRESS F Value
H1AA 0.931 0.986 0.928 0.980 1.00
HINA 2.537 2.723 2.586 2.737 1.04
H2AA 0.449 0.485 0.427 0.477 1.11
H2NA 1.447 1.510 1.338 1.398 1.17
H3AA 0.412 0.441 0.407 0.440 1.02
H3DA 0.129 0.138 0.101 0.109 1.65
H3NA 1.112 1.228 1.041 1.211 1.14
H4AA 0.678 0.812 0.671 0.780 1.02
H4DA 1.165 1.336 1.153 1.317 1.02
H4NA 0.954 1.143 0.970 1.102 1.04
HNP1 1.723 1.927 1.649 1.744 1.09
HNP2 3.107 3.536 3.031 3.357 1.05
HPAR 1.339 1.417 1.310 1.504 1.04
L1AA 0.266 0.275 0.171 0.186 2.40
LINA 0.751 0.795 0.476 0.522 2.49
L2AA 0.415 0.441 0.306 0.329 1.84
L2DA 0.426 0.448 0.297 0.321 2.06
L2NA 0.264 0.276 0.190 0.210 1.94
LNP1 0.864 0.908 0.634 0.677 1.86
LNP2 2.004 2.089 1.392 1.532 2.07
LPAR 1.322 1.416 0.940 1.066 1.98
SULFUR 0.575 0.600 0.424 0.466 1.84
ppm
NITROGEN 813 871 778 845 1.09
wt% on resid
MCR 0.980 1.238 1.112 1.349 1.29
grams/cc
DENSITY 0.0192 0.0201 0.0153 0.0172 1.57




techniques that may require that a full range feed be prefractionated into
appropriate boiling range fractions prior to analysis; as a result,

anal ytical data are not available for several days after sanples are
obt ai ned. Feeds to catalytic units can include conmponents with boiling

points in the naphtha to vacuum resjd-range. To anal yze such broad
boiling range feeds in terns of |unped conponents that undergo simlar
reactions will generally require a sophisticated anal ytical schene

i nvol vi ng (fixahplec @z orkstimation ohEompanent ntlampp pfarptatfiesds Aail ing r ahove cut s
and anal ysigggof, fvt?E ﬁﬁ%léﬁoéﬁé}ﬁx@%d@?é e -'cr)ﬁ‘ﬁ f#%@‘gmeﬁhté $8PPata N fRom P! €

anal ytical schenme (Analysis ene wn I gure |
Analysis Scheme 2.

Spectra for 40 catfeeds boiling above 650°F. were measured
over the 7000-400 cm-! extended mid infrared range using a FT-IR
spectrometer operating at 2 cm-l resolution. A cell with 0.5
millimeter pathlength and calcium fluoride windows which was
thermostated at 60 +/- 1°C was employed for the spectral measurement.
Two calibrations were developed for molecular lumps, elemental data,
physical inspections and reactivity measures of the feed and feed
fractions using Constrained Principal Spectra Analysis (CPSA). The
parameters used in the calibrations were identical to those used in
calibration 2 in example 1.

Results for the calibration are shown in Table 4, and
plotted in Figures 5-6. Abbreviations in Table 4 and in Figures 5-6
are from Table 2.

TABLE 4
HPLC SEE PRESS
Component
ACl 0.415 0.460
AC2 0.430 0.501
AC3 0.295 0.436
AC4 0.396 0.474
PC 0.583 0.716
TP 2.020 2.288
HSats 4.147 4.649
TAl 3.443 3.932
TA2 1.372 1.665
TA3 0.957 1.053
TA4 1.163 1.450




Anal ysis Schenme 1 involves fractionating the full boiling range feed into a
[err], naphtha cut, a [err] distillate cut, a [err] vacuumgas oil cut, and
a [err] vacuumresid cut using standard 15/5 distillation and vacuum
distillation procedures. The naphthg and distillate cuts are anal yzed by

st andard nass spectroscopi ¢ anal yse &5 obtain napht ha and distillate
conponent |unps. The vacuumgas oil and vacuumresid cuts are first
separated into fractions by preparative H gh Performance Liquid

Chr omat ogr aphy, and then the HPLC fractions are further characterized by
mass spect Exampiei 3: t Eshimation oflEomponert ollumpse Sor piatdaedn $oiking  pbaveopy .

One HPLC t g80fPvqgYeortel #3oR 607 FFORRT Shdctdal DREE |tY DabdFroR’ IANabysis
Scheme 2.

FT-MIR Spectra of 50 catfeeds having initial boiling points nominally
greater than 650°F were measured over the range of 4000-400 em-1  mid
infrared range using a FT-IR spectrometer operating at 2 cm-1l
resolution. A cell with 0.05 millimeter pathlength and potassium
bromide windows which was thermostated at 60 +/- 1°C was employed for
the spectral measurement. A calibration was developed for molecular
Tumps of the feeds using Constrained Principal Spectra Analysis (CPSA).
The parameters used in the calibrations were as follows:

Spectral range:

Spectral absorbance values in the frequency ranges from 3800 to
2995 cm-1, 1935 to 1550 cm-1, and from 1400 to 600 cm-1 were
used in a CPSA model. The region from 2995 to 1935 cm-! and
from 1550 to 1400 cm-! were excluded since the absorptions
occurring in these regions are beyond the linear dynamic
range of the FT-IR spectrometer.

Corrections:

Linear polynomial corrections were employed in the 3800 to 2995
cm-1 and 1935 to 1550 cm-! regions and quadratic polynomial
corrections in the 1400 to 600 cm-! region in the CPSA
models to compensate for baseline variations. Water vapor
corrections were also incliuded to compensate for variations
in the spectrometer purge.

Regression:
Both Calibrations - A stepwise regression procedure was used in
developing the CPSA models. A maximum of 12 constrained
principal components was retained in each case.



fraétioné for subsequent MS analysis to produce nol ecul ar |unps has
been descri bed by Haberman, Overfeld and Robbins (J.I. Haberman, R E

Overfeld,

and W K. Robbins, U S. Patent 4,988,446, January 29, 1991).

7

The

types of nolecular lunps typically o ?ained by an anal ysis schenme simlar

to that shown in Figure 1 are listed

OBTAI NED FROM ANALYSI S SCHEME | N FI GURE 1

The results for the calibration are shown in Table 5.
Figure 7 shows comparisons of results for analyses by scheme 2 versus
IR estimates for component lump weights, and Figure 8 shows similar
comparisons for aromatic cores. Abbreviations in Table 5 and in
Figures 7-8 are from Table 2.

TABLE 5
| SEE PRESS |
| |
| |
| HSATS 3.173 3.626 |
| TA1 1.963 2.570 |
| TA2 1.600 1.935 l
| TA3 0.976 1.135 |
| TA4 0.871 0.908 l
| TP 2.400 3.138 |
| Acl 0.376 0.483 l
| Ac2 0.466 0.629 l
| AC3 0.348 0.436 |
| Aca 0.380 0.525 |
| pc 0.602 0.710 |
| |

Example 4: Control of FCCU and Hydrotreating Units

On-line availability of lumps analyses can allow for
real-time control of integrated refinery operations of blending and
control of multiple units. Figure 9 shows a refinery operation in
which vacuum residue material (Resid in the Figure) is processed in a
hydrogen treatment unit (labeled HT) to produce hydrotreated vacuum
resid (Residfinate). The Residfinate material is then combined in
varying proportions with Vacuum Gas O0il (VGO), and the blended

n Table 1. TABLE 1 MOLECULAR LUMPS



NPAR, ETC. ARE ABBREVI ATI ONS FOR LUMP NAMES Conpositional Lunp Naphtha Cut

Distillate Cut V&0 Cut Resid Cut [err] [err]
[err] [err] Paraffins NPAR LPAR
HPAR HPAR Cyclic Aefjns NYCO Noncyclic
A efins NNCO l-Ring,Rb% t henes NNAP1

LNAPI HNAP1 HNAP1 2- R ng Napht henes

NNAP2 materH\fAﬁ)ﬁ" %&d as the wholﬁrmﬂga to a Fluidized ﬁ%ﬁié‘ R khgY!

Aronati cs
HLAA 1- R nd'midiptiGUhoARepid i online fnfemred analyses of theaResidfinate and pHinA

E%ANQ 2- Ri ngyef)! Kiibeafls O"HRrhPE continuous optimization of lpH0fess operations.
Control of the integrated process is obtained through adjustments of
Hydrotreating severity, Residfinate/VGO mixing ratio, and FCCU process
variables such as temperature.

Example 5: Control of feed to a Catalytic Cracking Process

The online Tumps analyses of individual component streams
which are blended to produce a whole feed to a Catalytic Cracking Unit
allows for feedforward control of the composition of the whole feed,
within 1imits imposed by the compositions of the individual streams.
Figure 10 shows an example of a refinery wherein Catalytic Cracking
feed components are ségregated by type: Vacuum Gas 0il (VGO), Vacuum
Resid (Resid) and Lube Extract (LE) are held in three separate tanks.
An online infrared analysis of the 1lump composition of each of the
three component streams is performed. The compositional information
provided by the analyzer is then used to control the mixing ratio of
the three streams to provide control of two independent feed
properties, for example, coke make and crackability. The feed
analysis 1information 1is also used for control of FCCU process
variables such as temperature.



2- Ri ng Napht henoAr omat i cs

- H2ZNA 2- R ng Denuded Aronatics
H2DA H2DA 3-Ri ng Al kyl Aromatd
H3AA H3AA 3- Ri ng Napht henoAr of
H3NA H3NA 3- Ri ng Denuded Qliorrat ics
H3DA H30A 4-Ring A kyl Afomatices™
HAAA HAAA 4- Ri ng Napht henoAronati cs
HANA . HANA 4-Ring Denuded Aromatics
HADA CLAIMS: ypa Al kyl Aromatics are aromatics which contain only
a}lrair]ght or branched substituent chains. Napht henoAronatics are aromati cs
iC

1. A method to determine the concentration of one or more compositional
lumps of table 1 or table 2 in a feed to or product from a hydrocarbon conversion process,
hydrocarbon separation process and/or hydrocarbon blending process comprising:

(a) measuring the IR spectrum of said feed,

(b) applying a correlation to the spectrum to determine the concentration
of one or more of said compositional lumps, wherein the correlation is
obtained by multivariate regression.

2. The method in claim 1 wherein said multivariate correlation is obtained

by Multiple Linear Regression, Principal Components Regression, Partial Least Squares

Regression, or Constrained Principal Spectra Analysis.

3. The method of claim 1 further comprising the step of determining
elemental density, Micro Conradson Carbon, or yield from distillation process.

4. The method of claim 3 wherein said elemental compositions include
nitrogen or sulfur composition.

5. The method of claim 1 wherein said hydrocarbon conversion process is
fluidized catalytic cracking.

6. The method of claim 1 wherein said hydrocarbon conversion process is
hydrotreating.

7. The method of claim 1 further comprising the step of controlling said
hydrocarbon conversion, separation or blending process.

8. The process of claim 1 wherein said compositional lumps are selected
from the group consisting of naphtha lumps.

9. The process of claim 1 wherein said compositional lumps are selected

H2NA

from the group consisting of distillate lumps. T

e eet Has Been Reﬁacec
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8 contain one or nore saturate rings in addition to possible straight or
branched substituent chains. Denuded ar omaffi-CS- Bave.. N0 si:dée’l chains
| arger than one nethyl group. 2-Ring and §3-‘Ri"‘r’1g;§}g;dlr"r§_t;l"C‘s""tqnt ain 2 and
3 aromatic rings per nolecule. 4+ R ng Ariamati-cs:.-cohtai.n 4/ or nore
aromatic rings per nolecule. Polar fractjions separated by the HPLC can be
separately anal yzed and i ncl uded as pol‘azz'l unps, or can be distributed
across the other nmeasured | unps. In addition to the nolecular |unps,
el enental data such as sulfur and nitrogen contents,

10. The process of claim 1 wherein said compositional lumps are selected

from the group consisting of VGO lumps.

11. The process of claim 1 wherein said compositional lumps are selected
from the group consisting of resid lumps.

12. The process of claim 1 wherein said compositional lumps are selected
from the group consisting of total 1-ring aromatics, 1-ring aromatic cores, total 2-ring
aromatics, 2-ring aromatic cores, total 3-ring aromatics, 3-ring aromatic cores, total
4+ring aromatics, 4+ring aromatic cores, total polars, and polar cores.

13. The process of claim 8 wherein said compositional lumps are selected
from the group consisting of paraffins, cyclic olefins, noncyclic olefins, 1-ring naphthenes,
2-ring naphthenes, 1-ring alkyl aromatics, and 1-ring naphthenoaromatics.

14. The process of claim 9 wherein said compositional lumps are selected
from the group consisting of paraffins, 1-ring naphthenes, 2-ring naphthenes, 1-ring alkyl
aromatics, 1-ring naphthenoaromatics, 2-ring alkyl aromatics, 2-ring naphthenoaromatics,
and 2-ring denuded aromatics.

15. The process of claim 10 wherein said compositional lumps are selected
from the group consisting of paraffins, 1-ring naphthenes, 2-ring naphthenes, 1-ring alkyl
aromatics, 1-ring naphthenoaromatics, 2-ring alkyl aromatics, 2-ring naphthenoaromatics,
3-ring alkyl aromatics, 3-ring naphthenoaromatics, 3-ring denuded aromatics, 4-ring alkyl
aromatics, 4-ring naphthenoaromatics, and 4-ring denuded aromatics.

16. The process of claim 11 wherein said compositional lumps are selected
from the group consisting of 1-ring naphthenes, 2-ring naphthenes, 1-ring alkyl aromatics,
2-ring naphthenoaromatics, 2-ring alkyl aromatics, 2-ring naphthenoaromatics, 3-ring alkyl
aromatics, 3-ring naphthenoaromatics, 3-ring denuded aromatics, 4-ring alkyl aromatics,
4-ring naphthenoaromatics, and 4-ring denuded aromatics.

This Sheet Has Been Replaced
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_physi cal inspections such as density, and reactivity nmeasures such as mcro
carbon residue may be neasured on total feeds and/or distillate cuts.
Because of the | arge nunber of fractionation steps and anal yses required in
the schene shown in Figure 1, the tine required for obtaining the nolecul ar
lunps for a feed sanple can be days to weeks. Data obtained in this fashion
I's used for design of the kinetic nmodel 23and for of of
optimumunit operating conditions, but it is not suffriie SREEYHABMEEN tio be
used for the real tine control and optim zation of |t he prodes&GEN t . An
alternative to Analysis Schenme 1 is to elimnate themass" ' -

ABSTRACT

A METHOD FOR CHARACTERIZING FEEDS
TO CATALYTIC CRACKING PROCESS UNITS

The present invention is a method to determine the chemical concentration
of one or more of a number of the constituent classes of a feed to a catalytic cracking
process. these constituent classes which are referred to as "lumps", including 14 different
molecular types in 4 different boiling range fractions. A specific lump will include all
individual molecular components which are expected to react in a similar way in the
catalytic cracking unit.

is Sheet Has Been Re{\laced
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spectroscopi ¢ analysis of the VGO and resid fractions and dfffectry&Se—~~
analytical scale HPLC analyses of these fractions. THES S HPEC# i
t echnol ogy descri bed by Habernman, Overfield and Robbi ns canjiprovi de"’t‘\jt‘af
mass of aromatics, and aromatic core mass (nmass in aromatic ring éxcluding
substituents) through conbi ned use of evaporative mass and UV diode array
det ect ors. Anal ysis Schene 2 1is rticul ar advant age when feeds

are limted to the VGO boiling range @cmit can be acconplishkd solely

using HPLC. For full boiling ranggSf&&ds, prefractiona;g'of the feed

prior to HPLC analysis, and M5 anal s Qff the naphtha distillate
cuts are still required. The al ifjve Mol ecular lu for VA0 and
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Schene 2 (Table 2) are then wused directly as input && Sy=Pf 0£€$S: o1 i
nodel . 9 TABLE 2 MOLECULAR LUWPS FOR VGOs AND RESI D Al NE.D;B}( sHPLC H
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.

analy5|s schene in Figure 1 add significantly to the tlne

anis SHEET oSt BREN !

total analysis. The M5 anal ysis does, however, provide ad |t|oﬁ§F“HbNeCularH
breakdown of th eed useful in nod “AThiTd
alternative (AnSf;b e é%‘é gs to correl at e&h@%ﬁsgé WE
obt ai ned from! y® < Qr‘?m (Preparative ssale HRLC ! ud® M) t,'@ t he
| unps from Ana chene 2 (HPL¢ W th nmass d UV detection) Tor} a set of
feeds, and the those corre¢lations to cpnvert results fromjAnal ysis
Schenme 2 into ul ar | unps|whi ch woul d have been obtai ned by Schene
1. The correlati ca be acconplii shed using onlyythe HPLC mass apd core
| unps, or th " c aygnent ed by additional™ang @t \cal tests. Fof
i nstance, Pl -
iy @
= 3. T1
m —_— . p=- — o
T (= . Q
I N o I
pu ot .
S b~ 5 E.
; - % ok
2 s
® R
o [« WS
O
@ o
Scheme 3 H4NA Wt % Scheme 3 H3DA Wt %
© N A & ® © D (Times 1E-1)
° L L] LI T c N '“ m m
o g , .
3 —
m o
2 @ nF
S my B my
= «©Q =l «©
T N 286 N
E & ﬁ; g =11
£ L0
> >
2 s*
* 2
¢}
3 o
Tl




(ASTM D287) el emental data, or mcro-carbon residue (D4}
resid cuts could be used as independent vari abl es in addilt 0% if e { -l ;
mass and core lunps to correlate to Schene 1 Iugﬁ1 "? mﬁiya i ’Ie_s_..._.ﬁ_?
10 Regardl ess of which analysis schene is used 3 e e® to
prefractionation the feed into boiling range epts, end tocanal yre the cuts
by M5 and/or HPLC will be on the order of daﬁFto
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weeks.

optim zati on.

The present

The anal yses are thus not suited to on-Iline analyswﬁk,,Qﬂntkni and k
I nvention seeks to address this

pr obkem khpugh .'

: i
t he use of |nf a o, epl ace these I e Fhegser
of infrared & %@&%ﬂ'ﬁg’%\b&é contr ol hasaégééw%sm sever al
authors. None Raves usedw NS armed to obtaion desai ked conpesi ta:onal
lunp infor on" pétrochem chl feeds sKeqnpl ex as ‘cat ‘Teeds.
Espi nosa, La , Martens and Ventron (Europegn ¥Patent Application
0304232, 11. 8) describe the wuse of ar-\l nfrared spectroscopy to
det ermi ne tHe E? erties and/or y|eld of a pfoguct \from
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a hydrocarbon conversion or

i nvention, thei

directly to the

process nodel .
process nodel ,

Saheme:

Separati on process.
r met hod works by correlating the spectru

and/ or éﬂ
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5,349, 189, Sep 20, 1994) descrl bes the use ar-Infrared to|nmeasure
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not provide the differentiation of aromatics and naphthen ' —b+ze+:g
that the current invention provides. Maggard (U. S. Patent ‘Baptaiv

20, 1994) descri Near - I nfrared for .""'-l‘ﬁ’é‘éulfur |
content of a hydﬁ@ﬂggrﬁ%ﬁg _from a sulélﬁgﬁeﬁhoprmes& H

bl endi ng Re0Tess. cMaggar sBTBASUr enent s & S f erent
spectral regi fromthe present |nvention. Th{ i's
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1

(1) during a calibration step, (la) analyzing a set of fe %ﬁg@p}
an anal ysis schene si mlar to Analysis Schene 1, 2 or 3 dgscri

obtai n mol ecul arg ining infrared g
sampl es; (1c) 50& tg,ﬁn i:ii'h‘;?%é?‘g‘cul ar | unps bo the ,\l,a%&,arg vechra to

obtai n a pred gt+vemodet—fer—eaeh | unp. (2) dyrng-the—anatysts—siep, (2a)
obtai ning an ipfrared spectrum of jan unknown fged; (2b) using saidfspectrum
and the prediciive nodel devel opeﬁ in (1c) towgstimate nol ecul ar | ynps for
t he feed; o
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(3) in the control/optinization step, (3a) using the ol ed ITEFV’Fu@g
information generated in (2b) as input to a process nmodel |t o coft’ I“‘a,ndLgL—
optim ze a process unit. The spectra in steps ( (Seégﬁf%d%bpreferabl y
col |l ected over the extended md-infrared spectr I"%ﬂ to 400
[err]. The spectra may be collected using cebl s aPbeiDale NLi de

w ndows to contain the feeds which have nom né pathl engt hs of
approximately 0.5 mllineters, in which case tlhe spectral range Wl |
preferably be from6700 to 1720 [err]. Alterng for | aboratpry

anal ysis, cells with potassium brom de: wi ndoWs 0.05 mllineter
pat hl engt hs
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may be enpl oyed, in which case the spectral range wll pre eTfaBI%BEéHAr&)BtI:N I
3800 to 400 [err]. Q her sanpling techniques such as enuat BEeXAGED

reflection (ATR) oul d ed in the collgction tra over
all or part of éul@-&emﬁnfrared range. h %r'é' E‘gaktst he

ext ended mi d- |@frued3peara%\re'¢}bbt ai ned using Rurigr Teansdor @I nfrared

(FT-1R) i nst fuenTartom —Spectra gre pref erabkp coPlecPed Gt Pl eaP]
resolution, alf m@h ot her resol ut}i ons
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coul d aiso be enpl oyed. During the collection of the extend@d' AL
spectra, the feed sanples are maintained at a tenperature suffici e_nt_ﬁ
| . Flow

ensure flow qf the feed through the cel

t he spectral neasurenent as would be typically
application, or may be continuous during the spectsal dreasurementm

d typi®
hi gher or | ower tenperatures can al so be used

enough to ensure flow of the feed, and | ow eno

Tenperatures in the range of [err] coul

reaction of the feed during measurenent.

mai ntained to wthin [err] of the nom nal
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tenperature during the spectral neasurenent. The correl ati of TRISSKepi( 263 sron l
I s acconplished using any one of several chenonetric net hodé_ I ncl GePhYCED

Mul ti Li near Regr£ssian ) tial Least Squgr SH&P ), o, ETTHCT Pt
Conponent s Regr %ﬂe(é%icﬁ nst rai ned Prgﬁgﬁ bﬁ'&*ﬁb&““ atg\nal ysi s

(CPSA).  CPSks whigh 8s d&scrifed by Brown in WeS. Ratept 42137 (June

9, 1992) is fhE prererre | -obt ai ning &fe cRrrePat iPns SExFple 1:
Estimati on of [Conpositional Lunps |{for Catfeeds{boiling above [err]}via
Correl ati on of| Extended FT-M R Spéctral Data tﬂ &ata from Anal ysi s| Schene
3. Spectra fek}l74 Batfeeds boi I i ng about [err]
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over the 7000-400 [err] extended mid infrared range using

ﬂns'@ CET HAS BEEN i

spectroneter operating at 2 [err] - resolution. . A celdl pnth 3
mllimeter pathlength and calcium fluoride _w ndows
thernostated at 60 [err] was enployed for the spe LEEAd. Two

calibrations were devel oped for nolecul ar |unpsg elpnegt afy di aly 13

physi cal inspections and reactivity measures oP ftirerfeed—amdfeed— act I ons
usi ng Constrained Principal Spectra Analysis (BF
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parameters used in the calibrations were as foll ows: Sped_ﬁghségﬁéépﬂgggém |

Calibration 1 - Spectral absorbance values in the frequengy ranges adfsam 1

6700 to 3100 [err] and from 2600 to 1720 [err] r g odets=

The region froScheowe 2HPECHAGSE r] and bel ow 1%‘%&?%@6 'uded since

t he absorptiqps R‘g’cugi ng, | Ngt hege regi ons are bayondst henl i reear @ynamn c
T o

range of the FF—R-speettrometrer— Cal i brati ofP = Spectral 'absbrba}nce val ues
in the frequegsyyranges from 5524 to 5155 [erf], 4999 to 4860 [ery], 4694
to 3100 [err]| and\2600 to 1720 cm+1 where wugéd in a CPSA nodel.
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(UTS. Pat ent 5349188 had used at

occurri

from 2064- 2234 mm (4845-4476 [err]) to neasums Pl ANO corponents in

ng across the Near Infrared
(12136-5525 [err])

, from 1940-2000 nm (5155-500
nm (4859- 4695 cm 1) sonetines in conbination w Sﬁhgﬁ'@?

gasol i nes.

t hi cker

cel |

The N R neasurenments

pat hl engths (2-10 millinmeter) thEa
invention to obtain absorptions in the overl ©

sufficiently intense to be useful in

t hat

~

t he

(NIR)

conduc

t he
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absorptions wused by Mggard do not contribute to the calibrati ons
of the present invention, the regions from 6700-5525 {FeFFfF="ff6ft—" =
5155-5000 [err] and from 4860-4695 cm 1 were excluded fronj d&#% By 5‘51 oﬁSZ’ &N
14 Corrections: Calibration 1 - Quadratic polynom al corr ctiond?

enpl oyed in the CPSA nodels to conpensate for baseline variations. Two
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s e
sets of polynom als were generated, one spanning_6700'
spanni ng 2600 to 1720 [err]. Water vapor corrections
conpensate for variations in the spectroneter purge.
Quadratic polynom al corrections were enployed in the
conpensate for baseline variations. Two sets of polynomals were
generated, one spanning 5524 to 3100 cm1 and one spanning 2600 to 1720
cm1l. Water vapor corrections were also included to conpensate for
variations in the spectrometer purge. Regression:
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s .4 I LALSTE S S LE N B 4o

Bch Callbratlons - A press based stepmnse regressi on procedu&g ygﬁquy

d?veloplng the CPSA nodels. A maxi mum of 14 constrailbed-principa
conponents was retained in each case.. Results for the two calibrations are
shown in Table 3. Abbreviations in- frable 3 are from Table 1

Cal i brations mere devel oped for the distillate |unps and heavy (VX and
Resid) lu | FOR CRARAGTER SR NG FERISE NP I@ORLY, ent, mcro, carbon
resi due orﬁﬂﬁﬁﬁiﬂﬁcPROQEsscﬂNImm Speci e feed. In the
majority of the calibrations, tThére is no statistically significant

di fference between the Standard Errors of Estimte (SEE) obt ai ned

for calibrairgParlt@ dndedtioNd! ues <1.53 based on 60 degrees of freedomin

BACKGROUND OF THE INVENTION

Optimization, design and control of catalytic cracking
process units all benefit from kinetic models which describe the
conversion of feeds to products. In order to properly describe the
effects of changes in feed composition, such models require
descriptions of the feed in terms of constituents which undergo
similar chemical reactions in the cracking unit; these constituent
groups are commonly called lumps. For design and optimization
studies, a protocol which involves off-line feed analysis taking
weeks or even months to provide a feed lump description may be
adequate. However, for real time control of a process unit, a rapid
and convenient method for characterization of the feeds to catalytic
units is required. Current techniques for analysis of catalytic
cracking feed components boiling above 650°F include High Performance
Liquid Chromatography (HPLC) sometimes coupled with Field-Desorption
Mass Spectroscopy (FDMS). Both HPLC and FDMS are laboratory
techniques which may require that a full range feed be prefractionated
into appropriate boiling range fractions prior to analysis; as a
result, analytical data are not available for several days after
samples are obtained.

The present invention provides analysis of catfeeds in real
time (a few minutes), online, and without requirements for feed
prefractionation through Infrared Analysis of the whole catfeed sample
and subsequent chemometric prediction of the feagd components. The
invention can also be employed for laboratory or at-line analyses of
catfeeds. For example, the invention can be usedfto&analyzehsamnles’

;N. > o ’ ﬁ 4 ;-.
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ot h nodel s). For those conponents that show a :I:ea+~t—y ‘
significant difference in SEE (F values > 1.54), the SEE || _cn ';’“1 t
calibration 2 was always smaller than that for calibrati ol ﬂaﬁl,;ﬂ[\,,t*h'e: i
absorptions used in the Maggard patent do not contribute imtbe ...... U ; B I

correlations on which the current inveaRBen is based. Fi glice=2-shows=prots
of calibration results for the heavy (VGO and resid) conponent | unps.
Figure 3 shows simlar plots for

ABSTRACT

A METHOD FOR CHARACTERIZING FEEDS
TO CATALYTIC CRACKING PROCESS UNITS

The present invention is a method to determine the chemical concentration
of one or more of a number of the constituent classes of a feed to a catalytic cracking
process. these constituent classes which are referred to as "lumps”, including 14 different
molecular types in 4 different boiling range fractions. A specific lump will include all
individual molecular corhponents which are expected to react in a similar way in the
catalytic cracking unit.

FIG. 1



distillate |unps. Figure 4 shows plots for elenent ﬂlRE,q]% ME? I.0-

carbon residue neasured as wt % of resid, and feed dens (ﬁaMa‘é“eT ,
the lines on the graph are an estimate of the reproduc %4&”0 1996 L
‘reference nethod data. Abbreviations in Figures 2-4 _are "~ f"r"'ri'rﬁ"‘fable i
16 TABLE 3 Conponent Calibration 1 Cal i bration 2
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wt %
0.931
2.723
0.427
1.398

1. 02 H3DA
H3NA
0.678

1. 336

0. 970

SEE PRESS
0. 986 0.928
2. 586 2. 737
0.477 1.11 H2NA
1.17 H3AA 0.412
0.129 0.138
1.112 1.228
0.812 0.671
1.153 1.317 ©
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1.04 H2AA )
1. 447 é} LlSpOGJUNﬂgQ&B ]
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HNP1

3. 107
1. 417
0.171
0. 522

1.84 L2DA

L2NA
0. 864
2. 089
0. 940

2z

1.723 1.927 1. 649 1.7 -
3.536 3.031 3. 357 1. 0% RENRACEME!
1.310 1. 504 1.04 L1AA 0. 266 06 JUb 70
0.186 2.40 L1NA 0. 751 LA A M VW ¥ 4
2.49 L2AA 0. 415 0. 441 0.3 0. 329
0. 426 0. 448 0. 297 0.321 - 2.06
0. 264 0.276 0. 190 0.210 1.94 LNP1
0. 908 0. 634 0.677 1.86 LNP2 2. 004
1.392 1.532 2307 LPAR 1.322 1.416
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SULFUR 0.575 0. 600 0. 424 0. 466 === 84=ppmr==

NI TROGEN 813 871 . 778 845 if “*:” AQT08 V\IE%'-”
Qn resid MR 0. 980 1.238 1.112 i WJU :
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Exanpl e 2: Estimation of Conponent Lunps for Catfeeds B

via Correlation of Extended FT-M R Spectra

nﬁﬁﬁﬁfQﬁgxﬂgf@ﬁ?

Data to Data from)alipsig
Schenme 2. Spectra for 40 catfeeds boiling above [err] =ﬂ%ﬂ%eaSUTed ov r
the 7000-400 [err] extended md infrared range using a

operating at 2 [err] resolution. A cell w
pat hl ength and calcium fluoride w ndows  whi
60 [err] was enployed for the spectral

devel oped for nol ecul ar | unps, el enental

measur enent .

;|

th 0.5 mllineter
ch

i nspections and
reactivity neasures of the feed and feed fractions using Constrai ned
Pri nci pal

Spectra Analysis (CPSA). 5 The

15

DA Wt %

10

IR Estimated H4

5

o
o 0
0 -~

eéleVGva;aumuasl

spectroneter

was t hernost ated at

Two calibrati ons were
dat a, physi cal



calibration 2 in exanple 1. Results for the calibration arje
4, and plotted in Figures 5-6. Abbreviations in Table 4 andg

paranmeters used in the calibrations were identical to thosjgJL ,' S

................

are from Table 2. TABLE 4 HPLC SEE PRE (‘nrmnnen’r ACT:
0. 415 0. 460 AC2 0. 430 0. 501 AC3
0. 295 0.436
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ACA

2.020
3. 443
0. 957

Fig. 3f

Fig. 3e

0. 396 0.474
2. 288 HSat s
3.932 TA2
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18 Exanple 3: Estimation of Conponent Lunps for Catfeeds

2. FT-MR Spectra of 50 catfeeds having initial boiling pajnts n
greater than [err] were neasured over the range of 4000- 400 Cpéerer.

Y uuuvc

[err] via Correlation of FT-MR Spectral Data to Data fron RE&W@E@*“S@WT

l>

ﬁ'ﬁﬂ”@!ﬂ.ﬂgﬁﬁ.ﬂ;

infrared range using a FT-1R spectroneter operating at 2 [€Fr] Te&soluti On.
Acell with 0.05 mlIlinmeter pathlength and potassi um brom de w ndows whi ch
was thernostated at 60 [err] was enployed for the spectral neasurenent. A
calibration was devel oped for nol ecul ar Bunps of the feeds using

Constrained Principal Spectra Anal ysis (CPSA).

22¢9¢ WISV HN4NS 0ESY WISV HOW

=] @
) o
3 Je
3 o @
P
8 i 1=
mo oy Lo
LY
@) I 22
o =
8 E 1oy
0 N Z ] aa-o
<r o @ <r 2
- _8"5 - _mtﬁ
®)) 2 E o E
e A 1y k7
:gm GDE
8 1@
0 ©
o
o
O
-
=
i
3
e 73] (&)
<3 o <3
f=) g O
L A L
|37]
o
— ' 6 v N O ® 6 TN
v <« ® N ~ O - - - -

(Times 1E-1)

IR Estimated MCR



Thre paraneters used in the calibrations were as follows: $peectral range:. _
Spectral absorbance values in the frequency ranges from 3$0ﬁ 10 2895 Lerr] '
1935 to 1550 [err], and from 1400 to 600 cm1 were used i a CPS g

The region from 2995 to 1935 [err] and from 1550 to 1400 c!:m»l were excl u e@

............................

dynam c range of the FT-1R spectroneter. Corrections: Llnear polynon1al
corrections were enployed in the 3800 to 2995 [err] and 1935 to 1550 [err]
regi ons and quadratic pol ynom al

IR Estimate of AC2
Fig. 5d

IR Estimate of AC4
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IR Estimate of AC1

Fig. 5¢

Fig. 5a
IR Estimate of AC3
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corrections in the 1400 to 600 [err] region in the CPSA
conpensate for baseline variations. WAater vapor correctio
i ncluded to conpensate for -variations in the spectromneter
Regression: Both Calibrations - A stepw se regression procied
devel opi ng the CPSA nodels. A maxi rum of 12 constrained principal
conponents was retained in each case.
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19 The results for the calibration are shown in Table 5. Fi gure 7 shows

conparisons of results for analyses by schene 2 versus I STTTELES. er ‘,_{
conponent lunp weights, and Figure 8 shows simlar .‘af ﬂbﬁ‘g Fopt: Tt 15
aromatic cores. Abbreviations in Table 5 and in F| ngr esr7 gsarwN nm ';..
Table 2. TABLE 5 SEE PRESS HSATS 3.173 t3 626 TAL. _j
1.963 2.570 TA2 1. 600 1.935 i
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0.629 AC3

O-1line

0. 976

Fig. 6e

Fig._6f

dl O7dH ¢ swsyos

VL O1dH ¢ ewsyos

1.135 TA4
3.138 ACL 0. 376
0. 348 0.436 A4
0. 710 Exanpl e 4: Control
avai lability of [lunps

anal yses
I ntegrated refinery operations of blending and
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IR Estimate of TP

IR Estimate of TA4

0. 483 AC2 : REP!TA(@;\%.%:HEETW

| el Bl

5 _PC

of FCCU and Hydrotre

1996 |

real -tine



control of multiple units. Figure 9 shows a refinery operation in which
vacuum resi due material (Resid in the Figure) is processedi iy Eggfpyg,rrog
treatment unit (labeled HT) to produce hydrotreated vacuu resra oo
(Residfinate). The Residfinate nmaterial is then conbi H atel N \ar ,\p

proportions with Vacuum Gas O 1 (VGO, and the bl ended 20" et uﬁu 2)995
used as the whole feed to a Fluidized Cajglytic Cracking Unit (FCUUg”"R‘ "&*'*
online infrared anal yses of the Residfinate and
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VGO streans permts continuous optim zation of process operati-ens-=Cont l’f)Jr——
‘of the integrated process is obtained through adjustnent RHP.H;C&MEN‘E@’EEmgi
severity, Residfinate/ VGO mxing ratio, and FCCU processjvari an (@gg@
tenmperature. Exanple 5. Control of feed to a Catalytic rJ STh
online lunps anal yses of individual conponent streanms wh

produce a whole feed to a Catalytic Cracking Unit allows for feedforward
control of the conposition of the whole feed, within limts inposed by the
conpositions of the individual streans. Figure 10 shows an exanple of a

refinery wherein Catal ytic Cracki ng feéﬁ conponents are segregated by type:
Vacuum Gas O | (VA VacudHA— &
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Resid (Resid) and Lube Extract (LE) are held in three. separaté€ tanks.” n““--'—,s.
online infrared analysis of the |unp conposition of each of the- imee
conmponent streams is perforned. The conpositional |nfornat|on_‘prog|5dgqNb3ﬁng
the analyzer is then used to control the nmixing ratio of the-“three ...

streans to provide control of two independent feed prop‘érTlea ot

exanple, coke nmke and crackability. The feed analysis information
is also used for control of FCCU process variables such as tenperature.
15
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21 CLAIMs: 1. A nethod to determi ne the concentration of
| unps in one or nore boiling range fractions, naphtha, di
gas oil, and vacuumresidue, in a feed to or product fro
eonver si on process, hydrocarbon separation process and/or #r-ocar.ban,,.
bl endi ng process conprising: (A measuring the IR spectr 3 feed-
or product, (B) applying a correlation to the spectrum obt ai ned by

mul tivariate regression to determ ne the concentration of (a) napht ha
boiling range fraction |unps consisting of paraffins, cyclic olefins,
noncyclic olefins, 1-ring naphthenes, 2-ring naphthenes, 1-ring alkyl
aromatics, ’

tHE H%M&HW%FE*T
a_hydr@Gadtignmas

|
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and 1-ring napht henoaromatics, and/or (b) distillate boulrng faﬂge fon: ;}!
*l unps consisting of paraffins, 1-nng naphthenes, 2-ring n phthﬁ Lﬂé ring
al kyl aromatics, 1-ring naphthenoaronmatics, 2-ring al kyl aroma qﬁg’ -mgr@
.napht henoaromatics, and 2- ring denuded aromatics, and/or Hey===pacuum.gas:
and/ or vacuumresidue fraction |unps consisting of (i) paraf fins, 1-ring
napht henes, 2-ring naphthenes, 1-ring al kyl aromatics, 1-ring

napht henoaromatics, 2-ring al kyl aromatics, 2-ring naphthenoaromati cs,
3-ring al kyl aromatics, 3-ring naphthenoaromatics, 3-ring denuded

aromatics, 4-ring alkyl aromatics, 4-ring naphthenoaromatics, and 4-ring
denuded aromatics; and/or 17
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22 (i4) total 1-ring aromatics, 1-ring aromatic cores, W
aromatics, 2- ring aromati.c cores, total 3-ring aronmatics| RERGACEMENRBHERT
cores, total 4+ring aromatics, 4+ring aromatic cores, tot aﬂ pol §rs,JUdhd936
pol ar cores. 2. The method in claim| wherein said multivar?®ee-correl-ation
I's obtained by Multiple Linear Regression, Principal Conponents
Partial Least Squares Regression, or Constrained Principal Spectra

Anal ysis. 3. The nethod of claim1 further conprising the step of

determ ni ng el enent al

18
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conposition, density, Mcro Conradson Carbon, or yield fromdistillation .
-process. 4. The nethod of claim3 wherein said el enental conpositions .EETJ
i ncl ude nitrogen or sul fur conposition. 5. The nmethod of cl ai RER ENWISH

. sai d hydrocarbon conversion process is fluidized catalytic crackin

met hod” of claim 1 wherein said hydrocarbon conversion pro CAAENT SHEET
hydrotreating. 7. The nethod of claim 12f urther conprisin Ep OS;G -\'ggg |
control ling said hydrocarbon .conversion,” separation or -bl efdi ng W“) .............. S
The met M@CI:& m 1 wherein said conpositional |unps areld¥ecred romr=—
the gro I sting of naphtha | unps.

1. A method to determine the concentration of compositional lumps in one or more
boiling range fractions, naphtha, distillate, vacuum gas oil, and vacuum cesidue, in a feed to or
product from a hydrocarbon conversion process, hydrocarbon separation process and/or hydrocarbon

blending process comprising:
(A) measuring the IR spectrum of said feed or product,

(B) applying a correlation to the spectrum obtaihed by muitivariate regression to determine -
the concentration of

(@) naphtha boiling range fraction lumps consisting of paraffins, cyclic olefins,
noncyclic olefins, 1-ring naphthenes, 2-ring naphthenes, 1-ring alkyl aromatics,
and 1-ring naphthenoaromatics, and/or "

(b)  distillate boiling range fraction lumps consisting of paraffins, 1-ring
napﬁthens, 2-ring naphthenes, 1-ring alkyl afématics, 1-ring
naphtﬁenoaromaﬁcs, 2-ring alkyl aromatics, 2-ring naphthenoaromatics, and 2-
ring denuded aromatzcs, and/or : '

(¢)  vacuum gas and/or vacuum residue f_raéﬁon lumps consisting of

()  paraffins, 1-ring naphthenes, 2-ring naphthenes, 1-ring alkyl aromatics,
1-ring naphthenoaromatics, 2-ring alkyl aromatics, 2-ring
naphthenoaromatics, 3-ring alkyl aromatics, 3-ring _
naphthenoaromatics, 3-ring denuded aromatics, 4-ring alkyl aromatics,
4-cing naphthenoaromatics, and 4-ring denuded aromatics; and/or

-



9. ':‘The met hod of claim1 wherein said conpositional |unps are rom
‘t he group consi sti ng of distillate |unps. 10. The rmet hod oﬁéﬁd-m@\ﬁ SHEET

wherein said conpositional |lunps are selected fromthe greup—consisti-ng- of——w
vacuum gas oil lumps. 11. The nethod of claim 1 wherein sal‘eEhGrq:iﬂs.L T SH%BL{

| unps are selected fromthe group consisting of vacuum reﬁl due |L“‘HSAUG
DD i
22 T

(i)  total l-ring aromatics, 1-ring aromatic cores, total 2-ring aromatics, 2-
| ring aromatic cores, total 3-ring aromatics, 3-ring aromatic cores, total

4+ring aromatics, 4+ring aromatic cores, total polars, and polar cores,

2. The method in claim | wherein said multivariate correlation is obtained by Multiple
Linear Regression, Principal Components Regression, Partial Least Squares Regression, or
Constrained Principal Spectra Analysis.

3. The method of claim 1 further comprising the step of determining elemental
composition, density, Micro Conradson Carbon, or yield from distillation process.

4. The method of cla:m 3 wherein said elemental compositions include nitrogen or
sulfur composxtxon.

5. The method of claim 1 wherein said hydrocarbon conversion process is fluidized
catalytxc cracking.

. 6. The method of claim 1 wherein said hydrocarbon conversion process is
hydrotreat

7. The method of claim 1 further comprising the step of controllmg said hydrocarbon
conversxon, separation or blendmg process.

8. :l'he method of claim 1 wherein said compositional lumps are selected from the
group consisting of naphtha lumps.

9. The method of claim 1 wherein said compositional lumps are selected from the:'-.;'.' o
. group consisting of distillate lumps. '

R
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10. The method of claim 1 wherein said compositional lumps are selected from the
grdup coasisting of vacuum gas oil lumps.

11.” The method of claim 1 wherein said compositional lumps are selected from the

group consisting of vacuum residue lumps.
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