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Abstract

Over the past several years there has been increased interest in combining refinery and petrochemical
projects to maximize production of the highest value products while meeting transportation fuel
needs. To accomplish thesten competingbjectives the hydroprocessingpproaches utilized in

the refinery are critical. Both the process and catalysts selected have a significant impact on
petrochemical feedstock productidRecently, CLG has been assisting several of our cligitts
identifying ways to increase their project values based on our extensive portfolio of residue
hydrotreating, residue hydrocrackingnd VGO/Distillate hydrocracking technologies. This paper
shaes some of these newer approaches now availablecampbresheir benefitavith the traditional

paths for producingetrochemical feedstocks.

Refineryéds Role in Petrochemical Production

The conventional rokeof hydroprocessingh petrochemical production héagen to pretreat FCOr
RFCQ feedso asto increasepropyleneand naphthayields, especially heavy naphthas it isan
importantreformer feedstogkandasource foIC8-C10aromatics. Other refinery strearsgitable for
petrochemical production include light naphtha and LPG steam crizekis.

The manufacture of girochemical feedstockfrequently competes witlthe manufacture of
transportation fuels. This is because:

- Maximum propylene production requires tllR)FCCto operate ahigher severityascompared
maximum gasolingroduction Figure 1lillustrates thisfor a RDS/RFCC refinery configuration
at different RFCC severities.
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Figure 1: IncreasingRFCC severity increases propylene yield at theast of
transportation fuel.

- Maximumaromaticgproductionrequires maximum reformate production, which in turn requires
maximum heavy naphtha production. A VGO hydrocracking unit can be tailored toward
maximum heavy naphtha production with ligh a C8-C10 aromaticscontentas possible, but
maximizing the naphtheange aromatics yield will be at the cost of the middle distillate yield, in
particular the diesel yield. Interestingly, thegpears to be a shift transportation fuellemand
from diesel towardyasolinein some of thevery sameregionsthat areinterested in enhanced
production of petrochemical feedstocks

Residue Conversion Approach Implications

Il rrespective of a r e furerofdrangportatiorfuelcou of petroohenticale ma n
feedstock, the fate of the residual oil is frequently a critical component of the refinery margin. There
are three majaresidue conversion options of interest to most projects:

- Delayed Cokinghashistoricallybeenthe most populafull conversion technologyHowever, it
has adisadvantagen that this process/ields a comparatively large fraction l&ss desirable
products like fuel gas and cokeoke yieldscan be as high &9 to 35 wt%.

- Residue Hydrotreating (RDS) is attractivefor maximizing gasoline anthereby popylene
yields A disadvantage is that this process exhibits limited feedstock flexibility, and that it
struggles in particular to handle the heaviest feedstocks

- Residue Hydrocracking (RHC) is attracive for maximizing the yields of liquid product
manufacture with the broadest possible feed siBgpical resicle conversionyields with an
ebullated begrocess such dsC-FINING are 6580+ wt%. Combining LEFINING with coking
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canboostconversion levelsoward 85-90 wt% and reduce the coke make1&14 wt%. This
combinatiornresults in 1520 wt% higher liquid yields compared to coking itself,as shown in

Figure2 Al so shown are CLGG6s | atesMARMHAadUG gh cc
SLURRY™ which have even higher total liquid yieldghe higher total liquid yields accessible

with the LC-FINING technology platform tend to be in tineiddle distillatesboiling range, so

that they require further processing so as to be turned into petrochéseitstiocks
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Figure 2: Yield Comparisons BetweenCoking and RHC Options

Refiners invariably wantie reliability ofproven technologies in new projects yet wantiximize
profitability by ther ability torespond to supply and price volatility flooth feedstocks and products
Thanks to recent technical advances, CLG can now sdiiegtionsbased on theeliableLC-FINING
and RDS technolgg platforms that expand feedstock optionality and that provithe desired
flexibility to diversify product dispsitions, e.g. switching emphagism diesel to naphtha or from
transportation fuel to petrochemidaédstockproduction Theseadvances icludeboth processes and
catalysts

Advancesin Process Technology

RDS: So as to mitigate the feedstock limitations intrinsiRRS/RFCCand thereby expand the range

of RDS applicationsCLG offersUpflow Reactor (UFR") technology for both new and existing

units. The UFR reactois addedn front of the fixed bed reactorSincethe UFR reactor hasvery

low pressure drop it is an excellent solution for revamp applicatisifiBscan be isolated from the

main fixed bed reactorand the UFRcatalystcan bechanged out while the main RDS reactors
continue in serviceAn UFR reator has beesuccessfully employedy several ofCL G6s | i cens
RDS units.
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LC-MAX: One of the more exciting developmefusincreasingaromatics productiomas been the
development of the LBIAX process. This is a LEEFINING basedprocessthat first hydrocracks

resicie at low conversion, subsequentlyilizes a Solvent Deasphalting step to reampounds

likely to form sedimentand finally achievesiearly completeconversion of the DAO and HVGO
products in a additionalLC-FINING step
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Figure 3: LC-MAX for maximum liquids production using standard technology platforms

Figure 3 illustrates this L&MAX process. LEMAX makes about 10 wt% more VGO and 13 wt%
more distillates as compared to coking. Figure 2 highlights theMIAX yield advantage over
conventional technologies. l-=®AX has been selected for 2 large residue conversion projects, both
in the engineering phases.

An added advantage of ERMAX is that its VGO is a better hydrocracker feedstock than that of
conventional higher conversion RHC. $i8 because the combination of solvent deasphalting and
high conversion resice hydrocracking effectively eliminates the feed components that make highly
refractoryVGOs

LC-MAX -G: For applications where increased FCC feedstocks are desirediied LGMAX -G,

a modification of the original LAAX processis available.In this version of LEMAX the
hydrocrackedesidues fractionated and only the unconverted oil is deasphalted. The VGO and DAO
are subsequently combined and hydrotreatédufe 4. The desiredVGO/DAO hydrotreating
severity dependson the desired FCC performanddigh quality distillates and naphtha can be
manufactured more or legglependent of the VGO/DAO quality objectives.
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Figure 4: LC-MAX -G for maximum petrochemical
feedstock production at low process complexity

Hydrocracking RHC Distillate Product: CLG has pioneered thategraton of RHC andooth RHC
product hydrotreating andHC producthydrocrackingnto a sharedRHC high pressure loog:his
results in a highly costffective operation as compared t&BEC producthydroprocessing facility
that is disconnected from the RHC operatigvith LC-MAX -G addition of an integrated product
hydroprocessing optiois fairly straightforward requiring aly a few additionakatalyst beds oa
smalladditionalcracking reactor.

With integrateddistillate hydrocrackingthere isa significant shiftfrom distillates to naphtha
implying an increasegdroduction ofeformateand FCC feedstoskthat can be uskfor petrochemical
production Figure 5 showsiow LC-MAX can shiftyields depending on the product objectives.

LC-MAX VGO can be processed in a high conversion, naphtha selehyigieocracker.In this
scenario thegjield of reformer feed anbe as highas 45wt% of the vacuum residue. For the LC
MAX -G cases where the objective nsaximum propyleneyield the potential reformer feedan
approach22 wt%, after the FCC heart cut naphtha is sent to the refolméiis case,he vacuum
residue yields some\Bt% overall propyleneafter conversion of the hydrotreated VGO/DAO in the
FCC unit.
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Figure 5: LC-MAX Process Optiongcantailor the Yield Structure for maximum
Petrochemicals Production

Advancesin Catalyst Technology

CLG and its catalyst partnehdvanced Refining TechnologieART™), offer world class resige
hydroconversion catalysts with continuously evolving performance as shown in Figure 6. The proper
choice of catalysts leads to a higher tolerance of feedstmtikminants, and to an RDS atmospheric
residue product with a higher hydrogen content. The overall impact is a better selectivity toward
propylene and naphtha in the (R)FCC unit.

Therelentless focusof both CLG and of its catalyst partner ART residuum upgrading has made
CLG the only licensor that offers a complete portfoliopodcesses and catalystsn@aximize the

value derived fromesidue. An integral and often underestimated part of this mzatien of residue

is the upgrading of the RHC products. These products contain an unusually high concentration of
refractory components (particularly polynuclear aromatic hydrocarbons) that seriously threaten run
length if left untreated. Specially desaghcegel catalysts, such as IER1000, exemplify a class of
catalysts that combine the required high aromatics saturation capability with a high selectivity to
specifically hydroconvert these most refractory components. Early elimination of these -residue
derived poisons is essential to the conversion of particularly the VGO into transportation fuel or into
petrochemical feedstocks.
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Figure6: CL G/ ART6s continuously evolving RD

After sufficiently deep hydrogenation, the boiling pahRHC products can be further reduced in a
hydrocracking stepFigure 7 shows the continued evolution diydrocrackingcatalysts each
generation exhibiting an i mproved tsustidableuhf bet
| engt h o )Fravided thevandillary equipmetms the capacity handle the changes in product
streams, atraightforward change itatalystfrom a catalyst geared toward jet or diesel such as ICR

180 to a catalyst geared toward naphtha and jet, such as IC&&Impart a dramatic change in
hydrocracking yield structure from diesel to naphtéiage aromatics, suitable for both reforming and
petrochemicals production.
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Figure 7: ISOCRACKING Catalyst Advances
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CLG combines access to statiethe-art catalysts wit 60 years of experience on how best to deploy
these hydroprocessing catalydtor maximum VGO hydroconversion into transportation fuel or
chemicals CLG hastraditionally offered a twestage hydrocracking proce$sgure8 illustrates this
process layout
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Figure 8: CLG Two-Stage ISOCRACKING ™ Process
for maximum sustainable VGO Conversion

Theincreasingdemands fopropylene and gasolinacreasehe attractivenessf RDS + RFCC.
There have been tremendous advanc&b8 and=CC designs and catalysket further enhance
propylene productian

Case Studes i Residue Conversion Option and Hydrocracker Catalyst Typelmpacts on
Petrochemical Feedstock Production

To illustrate the opportunities associated with the additiornvasfous Residue Hydrocracking
technologiesand VGO Conversion approaefy CLG evaluated several optiongilizing our
comprehensive process planning and optimization models.

Case Study Ii Heavy Naphtha Production
Production of Heavy Naphtha can vary significantly, based on the following:

- Residue Conversion Yields
- VGO Hydrocracking Selectivity
- Synergies between the Residue Conversion and VGO Conversion processes
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When comparing processes such as Delayed Coking tMAK the combined light and heavy
naphtha yields are within about 1 wt% of each otfdris by itself would suggest that these processes
would result in similarC8-C10 aomatics yields after reforming. Bubecause the/GO vyield
difference is 13 wt%he impact of the downstream VGO conversion unit also needs to be taken into

account.

Figure 9 shows the combined yields of the Naphtha and Distillate products from the Residue
Conversion Unit and a high conversion VGO Hydrocracker operating in various modes. Because the
LC-MAX caseconvertssignificantly moreresidueinto liquids ascompared to aking, the resulting
naphtha +distillate yieldsof this optionarethe highest
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Figure 9: Combined Residue and VGO Hydrocracking
Key Product Yields I llustrate the Advantages of LGMAX

For the LGMAX case the second and third columns show the shifts in yields dependentsa@he
hydrocracker selectivityAs can be seen both heavy and light Naphtha can be increased considerably
with anaphtha selectiveperationresulting inmoresteancracker andC8-C10 aomatics feed stocks.

Although LGFINING by itself does not show an enticingly highphtha and distillatgield, its
Unconverted Oil could bprocessed in a delayed cokethich in turn wouldsignificantly augment

these yield.
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Case Study 2 Maximizing Gasoline and Propylene

Figure10shows the overall refinery yields for bd®@DS + RFCC and LBIAX -G + FCCflow
schemes. The respective yields from each option also depend on the operating mode of the (R)FCC
unit.

For the RDS HRFCC flow scheme the gasoline yield could be significantly reduced when the
RFCCis geared toward maximizing thegpylene yieldIn this operation propylene yield can be
further enhanced if also the C4 production that is usually of use for alkylate poodten be
minimized

Figure 10: Residue and VGO Hydrocracking Key Product Yields

LC-MAX -G with the integrated distillate product hydrocracking option can result in higher gasoline
yields compared to a RDS + RFCC flow scheme. AlthougiMA&X -G has less (R)FCC feed

stock, the FCC feed quality is high&r.addition,LC-MAX -G produces aignhificant amount of
naphthaby itself The effective result is high overall gasolaned C8C10 aromaticyields RDS +

RFCC willbe preferred in case high propylene yield is preferred

Summary:

Residue and VGO conversion are important aspectadaimizing the production of
petrochemical feedstoskCLG can help with tailoring combinations Io€-FINING or LC-MAX
with VGO hydrocracking toward maximum production of feedstocks for ethylene cracker and
aromatics plantsrhile minimizing residue byprodits Proper integration oRDS + RFCCcan
maximize propylene productioAdvances in RDS catalysts and a combination of UFR and
traditional RDS reactorsxpands the feedstock range for this applicati@MAX -G + FCC
facilitates both higlpropylene and galine yields.
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